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Atmospheric Transmittance/Radiance:
Computer Code LOWTRAN 4

1. INTRODUCTION

This report describes the development of a Fortran computer code LOWTRAN 4
designed to calculate atmospheric radiance and/or transmittance for a given at-
mospheric path at moderate spectral resolution. The present code is based on the
current LOWTRAN atmospheric treuismittance code, LOWTRAN 3B1 (and its pre-
decessors LOWTRAN 3, 2 LOWTRAN 2,5 LOWTRAN 1%). All the capabilities of
the LOWTRAN transmittance codes have bern preserved in the conversion of the
computer code to atmospheric radiance calculations. The LOWTRAN 4 program
will perform either atmospheric transmittance or radiance calculations. The mode

of the calculation is determined by a single input control parameter.

(Received for publication 27 February 1978)

1, Selby J.E.A., Shettle, E.P,, and McClatchey, R.A. (1276) Atmospheric
Transmittance from 0. 25 to 28,5 um: Supplement LOWTRAN 3B
AFGL-TR-76-0258.

2, Selby, J.E.A., and McClatchey, R.A. (1975) Atmospheric Transmittance from
0.25 to 28.5 pm: Computer Code LOWTRAN 3, AFCRL-TR-75-0255.

3. Selby, J.E.A., and McClatchey, R. A, (1972) Atmospheric Transmittance from
0.25 to 28.5 um: Computer Code LOWTRAN 2, AFCRL-TR-7T2-0745.

4. Manley, O.P., Smith, H.J.P., Treve, Y. M., Carpenter, J.W., Degges, T.C.,
and Doan, L.R. (1971) OPTIR II, AFCRL-71-0528 (Vol. 2 & 3); (1973) OPTIR
III, AFCRL-TR-73-0217 and 0491; and (1974) OPTIR IIB, AFCRL-TR-74-0319.




Continuity with the LOWTRAN 3B transmittance code has been retained.
Changes in the program required for radiance calculations have been minimized,
Only two new subroutines have been added to the program. Although a new card
sequencing has been established in the LOWTRAN 4 program, a comparison with
the previous LOWTRAN 3B code has been provided (see Appendix A) to facilitate
user conversion of this program to the radiance mode.

In this report, we will describe the changes made in the transmittance code.
These include a discussion of the method used in the calculation of atmospheric
radiance, the addition of 11.\'()3 as an atmospheric absorber, and the modification
of the empirical transmittance functions for small absorber amounts. In addition,
instructions for using LOWTRAN 4 are given in Section 6. A listing of the com-
puter code and data is given in Appendix A (note data is the same as LOWTRAL o Bl
A flow chart of the program is provided in Appendix B, and a definition of symbols
in Appendix C. Sample output from the program is provided in Section 7. Examgles
of atmospheric radiance calculations from LOWTRAN 4 are presented in Section 8.
Comparison with measurements are given in Section 9. Some comments on the
program use are discussed in Section 10.

The 1atest errata sheet (September 1977) to the LOWTRAN 3B (1976) code has
been reprinted in Appendix D, Users of the LOWTRAN 3B program should verify
that the corrections listed in Appendix DD have been made in their present codes and
in the conversion of their ccdes to the radiance mode, as described in this report.

Users of the current LOWTRAN 3B transmittance code will find this report
sufficient in itself for performing atmospheric radiance/transmittance calculations.
For those unfamiliar with the LOWTRAN band model type calculations, more com-
plete information is provided in the previous LO\\"I‘RANI“1 reports, as well as the
Optical Propertics of the Atmosphere Report, 5

The computer code has been tested for atmospheric radiance calculatiors for
various atmospheric paths. However, no attempt has been made at this time to
optimize either the computer code or the execution time. If anyv discrepancies are
encountered or problems occur in the use of the code, please notify I') X. Kneizys,
AFGL/OPI, Hanscom AFB, MA 01731, '

The LOWTRAN 4 card deck will be made available from the National Climatic
Center, Federal Building, Asheville, NC 28801 for a charge of §20. G0. (Pleasc

address requests to Mr. R. Davis,)

5. MMeClatchey, R.A., Fenn, R.W,, Selby, J.E.A., Volz, FF. E., and Garing, J.S.
(1972) Optical Properties of the Atmosphere (Third Edition) AFCRL-72-0497,




2. ATMOSPHERIC RADIANCK

The LOWTHAN 3B transmittance program has been modified to caleulate at-
mspheric and earth radiance, A numerical evaluation of the integral form of the
equation of radiative transter bas beew added to the program, The emission {rom
aerosols and the treatment of aerosol and molecular scattering were considered
only in the zeroth order.  Additional contribuations to atmoespheric emission (rom
radiation scattered one or more tinmes has been neglected, Loes! thermodynamic
equilibrium was assumed in the atmosphere,

The average atmospherie radiance (over : '.30—cm'1 interval) at the frequency,
I along & given line-of-sight in terms of the LOWTRAN transmittance parameters

is given by

1
W = [ 4T BELDT. + BETOTY (1)
T R = bt
"a

where the integral represents the atmospheric contribution and the second term 13
the contribution of the boundary, (for example, the surface of the carth or a cloud

top) and

T’_\ = average transmittanee due to absorption,
T = average transmittance due to scatterving,
™
_T_t:': T = average total transmittancee,
R N

- =D - . . .

Ty = average total transmittances from the observer to boundavy,

B, M = average Planek (blackbody) function corresponding to the
frequency i and the temperature ' of an atmosphevic layer,

T, = temperature of the boundary,

The emissivity of the boundary is assumed to Le vnity,
The LOWTRAN bpand model approeach used here assumes that sinee the black-
body function is a slowly varving function of frequencey we enn represent the average

value of the radiance in terms of the average values of the transmittance and the

R . - = = . ~=b  =b =b
blackbody function, T Tt and Tyovary from 1 to T To and Tt along the
< 5 < >

abservers line-of-sight. For lines of sight which do not intersect the cavth ov a
cloud Iaver, the second term in Bg. (1Y is omitted,

The numerienl analogue to Eq. (1) has been incorporated into the LOWTRAN 4
computer program,  The numerical integration of the radiance along a2 line-of-sight

for a given model atmosphere defined at N levels {8 given by



T (D)+T _(i+1)
s S - -b
) ( ) >+ B(V- Tb)lt

10 = 5 (Fam - 'Fa(nl)) B (7, Zelirl)

(2)

Thus, the spectral radiance from a given atmospheric slant path (line-of-sight) can
be calculated by dividing the atmosphere into a series of isothermal layers and
summing the radiance contributions from each of the layers along the line-of-sight,
that is, numerically evaluating Eq. (1). This can be clearly seen from the follow-
ing simple example.

Neglecting scattering, consider a three-layered atmosphere characterized by
temperatures T,, T,, and T, as shown in Figure 1. Let Ty» Tg» and '73 be the
transmittances from the ground to the boundaries of each of the layers respectively
(sce Figure la). Figure 1b shows the corresponding case for an observer in space

(distinguished by primed 7 values).

OBSERVER IN SPACE

T ) ] i
T Ty F T
*
?2 Tz ?2| T2
¥ - S
T, | 7 T T
L N «T
GROUND OBSERVER GROUND b
(a) (b)

Figure 1. Upward and Downward Atmospheric Radiance
Through a Three-Layered Atmosphere

Then from Eq. (2) the total downward spectral radiance for an observer on the

ground (looking upwards) is giveh by

Wy = (1-?1)8(?,’1‘1) + (771

—72)B<V)T2) + (TZ‘TB)B(V: T3) . (3)
Similarly for an observer looking down from the top of the atmosphere (see Fig-
ure 1b), the total upward spectral radiance is given by

’

— -_— — —
)T = (-7 1)B(V,TS) + ('r1

?é)B(?.Tz) + <F;-F;)B<'§,Tl) + ‘Fé B (1, T,).
(4)

A comparison of Egs. (3) and (4) shows that in addition to the boundary con-
tributions to the total upward spectral radiance, the total downward and the total

10



upward spectral radiances from the same atmospheric layers are not the same but
depend on the position of the observer relative to a given atmospheric slant path,
In the LOWTRAN 4 radiance program, the position of the observer is always defined

by the input parameter, H1 (see Section 5),

3. MODIFICATION OF TRANSMITTANCE FUNCTION

2 .
In the LOWTRAN 3/3B transmittance model, L2 the average transmittance 7
over a 20-cm°1 interval {due to molecular absorption) is represented by a single

parameter model of the form
— %
T = f(va ) 5

where C,isa wavelength (or wavenumber) dependent absorption coefficient and w'
is an "equivalent absorber amount'" for the atmospheric path, which is defined in
terms of the pressure P{z), temperature T(z), concentration of absorber AL, and
an ernpirical constant n as follows

. n
| P(z) Ty
w = Aal, t—p—- Tz . (6)
o .

If Eq. (6) is substituted in Eq. {5) and n is set to zero and unity, respectively, Eq.
(5) reverts to the well known weak line and strong line approximations common to
most band models,

The form of the function {f and parameter n was determined empirically using
both laboratory transm:ttance data and available molecular line constants. In botn
cases, *.e transmittance was degraded in resolution to 20 cm-1 throughout the
entire specival range covered here. It was found that the functions f for HZO and
the combined contributions of the uniformly mixed gases were essentially identical,
although the parameter n differed in the two cases. Mean values of n were deter-
mined to be 0.9 for HzO 0.75 for the uniformly m1\ed gases, and 0. ¢ for ozone,
For sufficiently small values of the argument C w » the transmittance in LOWTRAN
3B and earlier models was set to unity.

Since the LOWTRAN 4 program now calculates radiance as well as transmittance,
the transmittance functions, f, were modified for radiance calculations from at-
mospheric layers of small optical thickness. For cases where (0,999 € 7 £ 1) the
transmittance functions now have the analytic form

-— ":( b
T=1 —a(va ) (7)

11
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i prang as i scparate almospherie absarber, i
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!' The transmiibmee due to HN(),{ Lt been agsumed to Be in the weal line or i
. . T . . -1 . . |
) Hnear repion, Absorption cocthicients digitized at B oem mtervals for the 5. 9 0m,
1

ihpnn, and L3 po bandss of HINO L, Bive heen mearporated mnto the FLOWTRAN
propram s o subrontine (SUBRROWTING BINO3Y These cocllicient= were obtajned

by Gobilnan, Kyle, ang Bonomo ' hy Dting there experimental results with the

statistieal haad model appreximation,

The concentration of atmospherie niteic acid vivres with adtitude and also ap-
po s to depend oo atitode and season, Fiporee 2 shows the volume mixing radio
prohie of atmosphoereie nitvie acid as o Onetion of altitude ferom the meagurement s

N . . R
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’ propram,
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acid profile.
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6. INSTRUCTIONS FOR USING LOWTRAN 4

bars in the margins.

application will be discussed,

6.1  Input Data and Formats

as follows:

RO, TROUND
CARD 2 1, H2, ANGILI, RANGLE, BETA, VIS
CARD 3 V1, V2, DV

CARD 4 IXY

6.2 Basic Instructions

14

The instructions for using LOWTRAN 4, with the exceplion of & chunge in a
single control card, arce egsentially the same as those for the LJOWTRAN 3, 38
transmittance codes.  In an attempt to make the instructions as clear as possible
and to provide sufficient information for utilization of the computer code in this
report, Section 5 of the LOWTRAN 32 report has been repeated here in its entirety.

Changes in the instructions required for radiancce caleulations ure indicated by

The input data for LOWTHRAN 4 are given in Appendix A, In general, it is only
necessary to change the last four cards (referred to here as No's, 1-4) in order to

run the program for a given problem, The formats for the last four cards and their

The data necessary 1o specify a given problem are given on the last four cards

CARD 1 MODEL, MHAZE, ITYPE, LEN, JP, 1M, M1, M2, M3, ML, IMMISS,

FORMAT (1113, 21710, 3)
FORMAT (6110, 3)
FORMAT (31710, 3)

FORMAT (13)

Definitions of the above quantities will be discussed in Section 6, 2,
It the quantity MODEL given in CARD 1 is set cqual to 0 or 7 (which is the case
1t meteorological data are used input to the program), then the above card sequence

(and format for CARD 2) is changed, These cases will be desceribed in Section 6, 3.

The various quantities to be specified on each of the four control cards (sum-

marized in Scotion 6. 1) will be discussed in this section,

ey




- e e o e g e

VAR MODUT, 1A B, VY EE, LN, N, N, DY, R, RS, AL, VNSNS,
Roy, THOUND i

Tihe pavaraeter MODEL selects one ol the sy peographical model atmospheres
o1 specities that meteoralopical data ace to bewsted o place of the standard odels,
LHAL B specilies whether acerosol attenaation iz to be melinded e the cadeulation or 3
ot For any peoblem the atmospherte path tst be specified as one of threee fvpes
aveotding o EEY PR and TN MRS and TROUND ave new conteol paviunetees S
tor vtadiance caleadattons, Uhe rest of the quantitios piven on CARD D awhich can
beotett bhank 1l oot requived) provide the user with options to suppress printing o),
o mterimny the sin stadard todet attosphoeres (ML N, R3S and to mput anew
naodel aremosphere (&L MEDY, Uhe options Tor the above parameters and theiv vnes
ave stated and deseetbed i detaad below;

MO = 0l nu,-\vnrnlwn:i\-;xl data ave speciticd (for horivontat

pathss onladt,

Esefeets TROPICAL MODEL ATMNOSPRERE,
2oselects NUDEATHEUDE SUNMEFR,
Soselocts MEDEATITUDE WINTER,
oo seleet:s SURARCTIC SUMMIER,
= 0 nelectn STVARCT IO WINTER .

I

=0 oselects 1ol LS, STPANDARD

T new model stimosphere v radiosonde data) N
15 to be fnserted,

THALTE = 0 peans no acrvosol attemwtion ineluded e the caleabations,

VLA = 1 or 2 aerosol attenuation s requited (seo also CARD 2),

ICTHEN s set egqual o 1o 2 and vistid e e (VI8 is not specilied on AR D 2,
| 1

then the progeam wall autontically select vciaal canges of 238 Ko or b e respees .

Tiveds,
A T Read other aerosol model into the program,
(RN 1 tor o horivontal eonstant pressuaere) path,
2 for aoveretical or sl path between two altitades,
Jtor a vertread or slant path to space, .
Lie these cosies the format tor Card 2 clunges see nonstandard condition:) _
Section b3, "_lv
"
b4
.
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The TYDPE 1 path should not be confused with a long 907 path where the jocal height
of the end of the trajectory is at a significantly different height,  In such a case,
speeity the path accovding to ey = 2,

1IN ‘= 0 for normal operation of program,

1.19N = 1 scelects the downward TYPE 2 [LONG pata,
The parameter LEN can be ignored (that is, left hlank) for the majority of cases,
t need only be used for a downward looking path (H2<111) when two paths ave
possible for the same input parameters. In such a case, a computer printout state-
ment will be given indicating that the user has two choices for the problem and that

the shorter path has been executed, Set LICN = 1 for the longer case,

Jp = 0 fur normal operation of program

Jp = 1 to suppress printing of transmittance table/or radiance table

M = 1 when radiosonde data are to be read in initially

M = 0 for normal operation of program or when subsequent calculations
are to be run with MQDIT, = 7

ML = Number of levels to be read in for MODEL. = 7

Note that IV and ML are only used when MODEIL, = 7 and then
only on the first calculations when the data are read in,

M1 = M2 = M3 = Q for normal operation of program,

The parameters M1, n2Z, and M3 can each take integral values between O and 6 and
are used to modify or supplement the altitude profiles of temperature, water vapor,
and ozone respectively, for any given atmospheric model specified by MODYL,

For example:

M1 = 1 gelects the TROPICAL temperature altitude profile

M1 = 2 selects the MIDLATITUDE SUMMER temperature altitude profile
M1 = 6 selects the 1962 U, S, STANDARD teminerature altitude profile
M2 = 1 gelects the TROPICAL water vapor altitude proiile

M2 = 2 selects the MIDLATITUDE SUMMER water vapor altitude profile
M2 = 6 seleets the 1962 U, S, STANDARD water vapor altitude profile
M3 = 1 selects the TROPICAL ozone altitude profile

M3 = 2 selects the MIDLATITUDE SUMMER ozone altitude profile

M3 " - 6 gelocts the 1962 U, S, STANDARD ozone altitude profile,
The coutrol parameter, [KMISS, determines the mode of execution of the program,
IEMISS = 0 for program execuiion in transmittance mode
IFMISS = 1 for program execution in radiance mode.
A message is printed to the user on the output file indicating the mode of propgram
execution,

RO = radius of the earth (km) at the particular peographical location
at which the calculation is to be performed,

16

——— —— —

I T T

L



B ————

‘ RO i Tert blank, the pros an wall vee the noadbatitude vadue of 8304003 ot

MODIE] s set cqual to tor 7, Otheraese the ecarth radius for the appropeate

standard model atmosphere specifiod by MODELY wll be ueed. i
! THROUND = temperatuee of the eaeth ¢ at the foeation at whieh the
L catentation s o e performed,
L FROUND s ondy useod i the vadianee mode of the propgram for slant paths whieh
inteesect the cavth, WTUBOUND s et Blank, the progeam wall use the tepperature
v the Thest atmospherice aver as the boundaey temperature,
!, o the case where NMTODEE - 7, the new atmosphere gnodel o vadionopde datd

i

soanserted between CARDE P oand D e Section 8, 8)Y,

CARD D HL, B ANGEE, BRANGE, PITA, Vs

CARD 2 s wsed to detine the gectsetereal path parainceters Tor o gooen peohiloem,
H1 - indtial altitude (o)
H? final altitude (and
I is ttoportant to cimphasice hove that in the radianee made of progeam execation
(TERISS D, N, the inttial altitade, always defines the position of the observey
o sensord, B and 12 cannot be used interchangeably s in the transmidpoeee

mode,

s e b o T i . .l e i

ANGEHE = andtiad renith angle vdescees) o measuiced {roan it
RANGE = path lensth (ki)

1T carth center angle subtended by 1L and 112 Glegrees)
A sea level visual vange (k)

It is nof necessary to specily every quantity saven above; ondy those thnd ade

quately describe (he problem aecording (o the parameier UUY PE as deserghed

PO

below):
(1 Hovizontal Paths (1Y e = 1)
GO specity AL RANGE and VIS only

(Y nonstandard meteorological dita are to be used, that s, ar

s i

MODEL = 0 on CARD 1, then the following paramasters must be spoecified on F
CARD 2 fL U v DY REL WL WO, VIS, BANGE aceording to FORMATY '
GIETO, R, 2001, 210,03, 210,00, where B, T, DEL, RH, WH, and WO apee the —
pressave (mb), temperature (O, dew pomnt temperatave (OO0, velative hygpidaty 1

" . 3

, . -3 -3 .
(MY, 1,0 density onome ) and orone density (anome D) pesipectivety,
Noe that it is necessary to gpecity allt of the quantities uvndertined with a ratl

line and vne of the quantitics undectined with o dashed dinee W the orone gensiey

3

(WO is not known, aovadue can be chosen from one of the standavd atmosphoerice i
models by wiing the paeameter M3 o CARD T,

5

p

1

.. 4

1 i

i

3j

3




(2 Slant Paths to Space (INPy v )

() specily H1TL, ANGLE and ViS

(b)Y speeify U1, BAIN and VIS (for limb viewing probleny wheve HRIN s
the required tangent height o miinimum altitude of the path teagectovy,

13) shant Paths Between 'Two Altitudes (UPY PR 2)

() specify HT, H2, ANGLE and VIS

th) specity 11!, ANGLE, BANGE and VIS

() specify 1, N2, RANGE and VIS

For cases () and (0), the progeram will calewlate N2 and ANGLE vespoectively,
assumming no vefractivn: then proceed e for case (1), 'T'his moethed of defining
the problem should be used when refraction effeets ave not impartant; for example,
for ranges of a fow tens of ki at zenith angles less than 80°, It can also be used
for larger angles (inclhuding 907) provided that the path Hes within one atimosphetie
Iaver.

{(d) Specify 11, HZ, BETA and VIS, Leave ANGLE and RANGE blank in
thisx case. This method can be used when the geometeieal configuration of the
sourer and receiver is known accurately, but the initial zenith angle is uot known
precisely due to atmospheeic refraction effects, Beta is most frequently deter-
mincd by the user from ground range information,

In the cases of 2(b) and 301 above, the subroutine ANGLE (s calied i the
propgraim ta determine the appropriate input renith anple by aniterative technigue
taking into account atmospherie refeaction,

I the case where MODEL = 7, the new model atmosphere (or radiosonde data)d

is inserted between CARDS 1 and 2,
CARD 3 Vi1, Vi, by

The speetral range over which transmittancee data are required and the spee-

tral increments at which the data arve to be printed out is determined by CARD 3,

. C A . -1

V1 = initial frequency i wavenumbers (em )
. . . -1

2 = final frequency in wavenubers (om ) whore v2~ vl
. . . . -1

DV = Trequency incerement (or step size) (em )

4 . . . - . .
(Nate that 2= 107 /X where pis the frequeney in em ! and A is the wavelength in

microns, and that DV can (_\_t}lL take vatues which ace a multiple of §,)
CARD 4 INY

The control parmmeter INY can cause the propram to recycele, so that a sevies

af problems cun be run with one submisston of TOWTRAN,  Five values of INY can

be used to provide the options given on the following pages,




INY = 0 o hlank cavd to end of program

"

1to select anew CARD 3 and CARD A4 only (assuming other
parimeters are unehanged)

2 to seleet anew data sequence (CARDS 1, 2, 3, ang )

At seleet aonew CARDY 2 and CARD O andy (assuming othe v
paroeters ave anchangedd

]

4 to seleet a new CARD T and CARD 4 only (assuming olher
parameters ave unchapped)

Thus, Af for the same model atmosphore and tepe of atmospherie pah the
veader wishes to make further transmittance caivulations in diftereny spectral in-
tervals Vit to V2 etels and for o different step sive (DU otel), theg TRY s set
equal o 1, In this casce, the card sequence is s fottows and ean be popeated as
many times as requived,

CARD A INY =1

CARD S V1Y VI by

CARD 6 INY =

CARDT V1" va” ny"
CARD 8 INY = 0
The final INY cavd should always be a blank or zero, When using the INY = 1 optioy,

the wavelength dependence of the refractive index is not changed (use INY Joption

if this is requiredl,

To make successive transmittance computations where just the pcographical
madel atmosphere 18 changed and{or with or without acrosol attenuagion, sel
IXY = 4 and construet a data card sequence along the same lines as givey above,
This sequence of recycling can be repeated successively,

Wheon o qervies of problems is to be executed (with one submissign of TOWTRAN)
involviog the standavd atmospherie models (MODEL = 1 to 8) as wel] as cases in-
volving MODEL = 0 and MODIEL = 7, {then the order inwhich the daty are setap
becomes very important,  Note the following sequence,

1. Run all problems using MODML, - 1 thvouph 6 (ivst.

2o Secondly, run all problems involving the use of MODEL. = @,

3. Run all problems involving the use of MODEL = 7 jast,  The reagon fore
running MODEL = 7 cases last is that when a new atmaosphevie mode) W@ opead in,
the altitudes may not corrvespond with those piven in the standard mgdels and the
program will erage them,  Similacly, if a MODEL = 0 case is run fgllowing a

MODEL = 7 case, the fivst level of MODEL 7 is crased,
6.3 NMon-Standard Conditions

Three aptions ave available af atmoshevie transmittance caleulations are re-

quired for non-standard conditions,  Here non-standarvd vefers to eopditjons other

14




than those specitfied by the sivomodel attnospheres provided by TOWTRAN, which
ave selected by the perameter MODEL on CARD 1, The three aptions enable the
render tooansert:

v ths owismodel atiosphicregs) in place of any (o alld of the six standard
madels, provided that the data ave in exactly the saime foermat and are specified
the same altitudes as the Latter, Inothis case the appropriate print statements in
POWTRAN (that vdentiny the atmospheric model used) must be cliinged corvespond-
ingiy,

Y Anaddtional atmospherie madel (MODEL 7Y, which can be in the form of
vadiosopde data, The datic veed not be specified at the same altitudes as in the
standatd model s,

WY Aleteorologieal conditions for apiven harivontad path caleulation (MODEL =
Q caned,

The [est of these ontions requives the most etfort and needs no favther discus-
sion heve, other thae a reference to Appendic A Tor o sunnvaey of the standared

model atmosphere pavdmeters, units, and formats,
ADDITIONATL ATMOSTPHERIC MODEL, (MODEL = 7)

Now modelatmosphieres can be inserted between CARDS T and 2 provided the
pavaneters MODEFT amd TA ave set equat to 7 oand | orespeciively on CARD 1, The
number of atmaspierie levels to be inserted (MDY must also be specificd on CARD 1,
The appropriate mcteorological parvameters and format tor the atmospheric data
are given below,

o1 DB REG WL WO, AHAZE [FORMAT (3110, 3, 216, 1, 2110, 3,
210, whoepe

"

= altitude (ko)

P pressure (mby
T ambicnt temperature Y40
by dew point temperature (°C)
it velative humidity (%)
Wi water l\';l}un‘ density (nm m—:i)
WO ovone density (amoan - )
AHACE acrosol nunher depsity \cm—:{)

Note that it is only pecessary to specify those quantities undevlined with o tall line
and either of the quantities vnderiined with the dashed line,

I the orone density (AWOY is not kKnown then o value can be obtained from one of
the standarvd atimospheric models (for the appropriate tatitnde and season) by using

the pavmueter M3 on CARD Y,

20
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I the acros ol number density was oot nreassueed as o haaetion of altitude and i ';
the readier washes to mchaude aerosel attenuation by the calealation, set 1AL 1 z
S0 CARD T, Toothis case Ges owithothe ML, N2 ang NS optionsY TOW TRAN will nae ; E'
the acvonol models aleeady contained o the propvgan and interpolate to pive aerosol ‘ i
ninber density andues ot the =mane altitudes as the radiosonde (or new moddel at -
tosphere) data, The progeas will ther Took Tor gosea loved visnal vangs (VAS) o
be specificd on CARD 20 10VIN 4= not specified, o 23 kinosea devel visual range woill '

be assumed, 10 acrosol attemuation is oot required, set A E 0 on CARD 1 as

Betore,
HOKECONTAL PATHS (MODEL = )

IV wetcorolopival data are o be gsed for hoeiyonta?] path admospheric teans -

mittanee cateulations, then set MODEL = 0 on CARD 1, The Tollowing parameters
van then be specified on CARIDY 2

CARD D HL P bl RH, WH, WO, VIS, l’Li\:\\’g_;l-‘[l-‘(‘lil\l-\'l‘ (3, 110, 3,
DELOL IO R, T, 3 where the above parameters refor o altitade (and, :
prossure onh) ambicnt temperatuee ), dew point tommperature (5C), relative
humnidity (), water vapor density (am m-s), orune density (i 1\\‘3), vistid range
) and path Fenath (ki) vespoctively,

The format for the above card is =tnilar to that for inputting tadiosonde data
MODET = 7Y, Apain, it is only necessaey o specily (e quantities undorlined with
the sobid Hiee and one of the quastities undervlined with the dgashed tine, The orone
densuty WO can be o specitiod using the pavameter M3 op CARDY 1D measurements
are not available, Inthe Tatter ease, dovalue wily be cadentated at attitude H1 based

ot the appropriate mmodel atmosphere selected by M3,

To ENAMPLE OF PROGRAM USKE

T Problem

Calcuiate the travsmittnee froin 2350 ta 2160 \“m—‘ in steps of & eny 0 for a
shant path from 2,08 Kmoto 8, 0 ki at a venith angle of 657, for a subavetie winter
model atmosphere, and a0 28 ki visual vange, Repeat the eatenlation for the samne
conditions executing the program in the radiance mode.

cGARD LR NI N BN S

CARD D Sa 4082 500N S GOV SRRRREN, 0

CARD D S ASADRE0, QLW LAQ, 04 R34 80 )

CARD 4 3

CARD A SRR PR AR R R R R R R R (o 33)

___.-__._‘_M, " DILUANK

Cooreprenents aospace on the eard)
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7.2 Qutput from LOWTRAN 4

The output  for this problem s given in Table 1, A messape indicating the
mode of execution of the program is printed as the fivst line of the output,  For this
problem, the first case will be eoxecuted in the transmittance mode,

The parameters defining the atmospherice path, model atmospheres and fre-
queney range are next printed out,  Fol'owing the heading HORTZONTAL PROVFILES
there are 13 columns,  The fivst colunn gives a running integer associated with
each level (Jevel indicator),  The second column gives the level altitude in km, The
next ¥ columns give the cquivalent absorber amounts per ke for the following ab-
sorbing species: water vapor, unitormly mixed pases, ozane, nitvogen, continuun,
water vapor continuum (10 md, molecular scattering, aerosol \‘xtilwti0111 and UV
ozone, respectively, The next three columns pive the mean refractive index modulus
from that Tevel to the level above, the equivalent absorber amounts per ki tor the
water vapor continuum (4 o) and for nitric acid,

A heading VERTICAL PROFILES is then printed followed by 156 columns, The
first and secand columins give the inteper associated with the levels traversed by
the path and the height of the fevel, Then follow 8 columins which give the integrated
equivaient absorber amounts from the initial altituwde to the level above (in the same
order as indicated above), The next 4 columns arve labelled 1’51, PHI, BloTa, and
THETA, and correspond to the angles similar to, ¢, 3, and 0 desermbed in
LOWTRAN 3, 2 Columns PS1and BETA give the acemmulated values of ¢ and o
the level above, Columns THETA and PHI give the local zenith angle (‘1 correspond -
ing to that level and the angle of arrvival at the level above, respectively. The
accumulated stant range (s printed out in the last column under RANGE,

The total equivalent absorber amounts for cach absorbor species are then sum-
marized below in thewr appropriate units,

The second line in the total equivalent absorber amount table gives the water
vapor capntinuum amount (4 pm) and the nitrie acid amount,

A transmittance table, containing 12 columing, now follows, The first 3 col-
uming give the frequency (om-l) wavelength (i), and total transmittance, The
next 7 columing show the individual transmittance due to water vapor, wnitormly
mixed gases, ozone, nitrogen (4 pin) continuum, total water vapor continuum, mole-
cular scattering, and acvoesol extinetion, The iast 2 columns give absorption due
to aecrosols and the cumulative integrated absovption, The latter quantity can be used
to determine the average transmittance over any given spectral interval within the
spectral range covered hy the caleulation, ¥inally, the total integrated absorption
from V1 to V2 is printed out (units are \‘m-l) topether with the average transmittance

over the band,

1

ror all radiance caleulations in this report, the average continental aerosol model
was used.
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The second case is now execcuted for the same conditions in the radiance mode,
The output of the program is identical to the transmittance mode up to and including
the printing of the equivalent sea level absorber amounts.

Two pavameters, J1 and J2, are then printed out, These parameters control
the Inading of the cumulative absorber amounts into the matrix, WPATIH,

A heading CUMULATIVE ABSORBER AMOUNTS FOR THE ATMOSI'HERIC
PATIH is then printed followed by 12 columns, The first column gives an integer
associated with the layer traversal by the atmospheric slant path, The following
10 columns which give the cumulative absorber amounts for the following species:
water vapor, uniformly mixed pases, ozone, nitrogen continuum, water vapor
continuum (10 pm), molecular scattering, aerosol extinction, UV ozone, water
vapor continuum (4 pm) and nitrie acid.  The last column is the average tempera-
ture of the layer,

A radiance table, containing six columns, now follows, 'The first two columns
give the frequency (cm"l) and the wavelength (gm). The next two columns pive the
radiance in units of W/<s|112--st(>1' —om™! and —W/cmz-stev—um. The next column gives
the cumulative integrated vadiance (\V/(‘1112-—Stot‘). The last column ig the total
transmittance,

Finally the maximun and minimum radiahces and their frequencies, the inte-
grated absorption, the average transmittance, and the total integrated radiance are

printed.

8. FXAMPLES OF RADIANCE SPECTRA

Some examplea of radiance spectra obtained from LOWTRAN 4 are presented
in Figures 3 through 9, Figures  and 4 show the atimospheric radiance a8 seen
by an observer al the ground looking straight uptospace (H1-0km, zenith ANGLE-07)
for the six model atmospheres with a 23 km visual range, Figuve 3 is for the
spectral region from 409 to 2000 on\—l a  W¥igure 4 for the spectral region from
2000 to 3600 om .

Figures 5 and 6 show the atmospherie radiance as seen by an observer in space
looking straight down to the pround (1> 100 km, zenith ANGL =180%) for the six
model atmospheres with a 23 km visual vange, The tempervature of the ground for
these plots is the appropriate boundatry temperature of the first layer in the model
atmosphere, Figure 5 is for the spectral region from 400 to 2000 om-l and kig-
ure & for the spectral region from 2000 te 3600 (':n-l

Figures 7 through 9 show atmosphervie radiance spectra from 400 to 4000 «-m-l
caleulated using the U, 5, Standard Atmosphere, 1962, with a 23 km visual vange
for three different types of atmospheric paths,  Figure 7 shows the zenith radiance

for an obzerver at altitudes of 0, 20, and 40 kmi.  Wigure 8 shows the atmospheric
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ndianee ada venith anple of 487 as scen by an observer at altitudes of 0, 20, and
A0 L Figure 0 shows the comparisons of the Himb radiance as seen fram space

For tangent heights of 0, 20, and 40 kus,
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9. COMPARISONS WITH MEASUREMENTS

Figurves 10 through 22 show some comparisons of LOWTRAN 4 caleulations
with measurements of atmospherie spectral radianee from both balloan and =atellite
platlovis,

Figure 10 shows a comparison of the caleulated upward atmospherie radiance
with aninterferometer measurement from a balloon flight over northern Nebraska
by Chaney af the University of Michipan, ! The measurement was taken at a float
altitude of 113,700 11, The ealeutated radiance used the midlatitude winter model,
with a 23 ki visual range, and a ground tempe rature of 280°K,

Fipure 11 shows a comparison of an interferometer v asurement nade from
the Nimbux 3 sntvllitvm looking down over the Gulf of Mexico with the calculated
atmosphoerie radianee, The vesolution of the interferometer was 6 cm-l as com-
pared to the 20 cm-l resolution of LOWTRAN,  Two theoretical models, the tropi-
cal and midlatitude sunnuer, were used for comparison, as shown in Figure 11,
and ave Jdisplaced two divisions above and below the  measured radiance for clarity,
Roth models assumed a 22 Kimovisual range and used the temperature at OKM in the
nindel atmosphere as the boundary temperature, )

Figure 12 shows the comparison of atmospherice radiance as seeun from space
between the LOWTRAN caleulation and measurements from the Nimmbus 4 satvlh‘.tt‘“
for three different geographic locations, The spectra, obixined with a Michelson
interferometer of resolution 2. 8 cm-l. were measureod over the Sahara Desert, the
Meditevranean, and the Antarctic, The caleulated LOWTRAN radiances used the
midiatitwde winter model and a ground temperature of 320°K for the Sahara; the

ound tempetrature of 285°K for the Mediterranean;

It

midlatitude winter model and o
and an arctic winter cold model taken ferom the ARCRL Handbook of Geophysics and
Space l-‘n\‘il‘onmuntr‘-u and a ground temperature of 190°K for the Antavetic com-
parison,  All three caleulations assumed @ 23 km visual range for aerosols,
Figures 13 through 22 show oo detailed comparison of caleulated and observed
atmosphevic specteal radianee va wavelength in both the 8 to 14 gm and the 18 to

27 o wpectral vegions,  ‘Uhe measurements were made on a balloon flight launched

O, Chaney, 1LW, (1969 An Fxperinental Fouvier Transform Asynunetrical Inter-

ferometer for Atmmospheric Radiation Méeasurements, (aiversity of Michigan
T&Echinical Reoport GORGI-1R-T, "

10, onvath, B, 0., Hanel, R, A,, kunde, V, ., and Prabhakacva, ¢, (1970) The
irared Inferferometer Fxperiment on Nimbus 3, Goddard Space Flight Center
Greonbelt, Maryland, Report N-830-70-213,

11, Hanel, Ro A, and Coneath, B3, (1970) Thermal Fimission Spectra of the Parth
and Atmosphere Obtained feom the Nimbus & KlichieTson Inferferometer
Fx!wl‘{mont. Coddard Space TTight Center, Greenbelf, MavyTand,” Report

0-70-2

BRI BN
12, Valley, 5,1, Bd, (1865) Handbook of Geophysics and Space Environments,
ABFCRIL,




PR

[P . S

ot S o it m meme e

et e aat o i o

e e i+ et s e A et ki o

. . - 13 . . .
from Holloman AlB, New Mexico hy Mureray et al, University of Denver,  The
instrument used for these obscrvations was a llle prating spectrometer, operated

in the first and second order of the peating,  The resolution was 0,03 o in the

§ 1o 14 p region, and 0.06 jum in the 18 {0 27 m region, The datain these ligures

are presented as o function of alitude and as a function ot zenith angle,  Pigures 13
through 18 cover the 8 to 14 pm region and Fipures 19 through 22, the 18 to 27 pum
vegion, The LOWTRAN radiaice caleulation nsed the pressure, temperature,
vzane, and nitrie acid profiles from the RMurceray report, 1 and the midlatitude
winter water vapor profile contained in LOWTRAN,

The dominant spectral features in Figures 13 to 18 ave the 9,0 and 8, 6 jum
ozone bands, the 11,3 o band of nitrie acid, and the carbon dioxide bands between
12 and 14 2. o the long wavelength vegion, the spectral radiance is due primarily
to water vapor rotational transitions, Because the resolution of the LOWTRAN
radiance calculation is inferior to the measurements in this vegion, the comparisons

here can only serve to verify the level of the caleulated radiance,
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Figure 10, Comparison Between LOWITRAN Prediction and University of Michipan
Balloon Measurement of Atmospheric Radiance Over Northern Nebraska

13, Marceay, 1L G,, Brooks, J, N, Geldman, A,, Kosters, J.0., and
Wiliinms, W..J. (1077) Water Vapor Nitrie Acid and Ozone Nixing Ratio
Height Profiles Devived Trom Spectral Radigmeiric NMeasurements,
Thilversity of Denver, Denver, Colorado A0a068, Contract Report No, 332,
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10, COMMENTS

The TOWTRAXN modet was originally conceived as an atmospherie teansieittance
model, o the converson to a radiance model, additional consteaints on both the
valudity of the model as well as the range of applicability are inteoduced for atimos -
pherie vadiance caleulations, It should be remembered that the digitized molecutar
abzorption coellicients in FOWTRAN were obtained for conditions representstive of
muoderate atmospheric paths and will tend to underestimate the transmittance fop
very long paths and overestinate the transmittance for veey shovt paths, ‘The
modilication of the transmittance function described i Section 3 was made totgive
some inprovements o the radiance caleulations for the short path cases, 1o addi-
tion, the radiacee caleulations assume toeai thermodynamie equilibrium exists in
cach fayer of the model atimmospheres,  This assumption will break down tor vadiancee
catlculations in the upper atmosphere, Thevetore, because of the limitations in the
LOW PR AN modeld for short pathis (or small absovber amounts) and deviations from
thermal equilibrium, both conditions which oceur in the upper atmosphere it is
recommended that the TOWTRAN radianee cateulations be restricted to altitudes
below 40 K,

For the shovter waveiengths (<5 pm), scattered solar radiation beconies an
important source of backeroond radiation. Since this has not been included in the
LOWTRAN madel, radiance caleulations at the shovter wavelengths with a sunlit
atmosphere shourd be made with vaution,

With the obvious lunibrations in the LOWTRAN radiance code described above,
the agreement between measurements and radiance caleulations shown in Pigures
10 through 221 is remarkably pgood for the cases considered, Furether comparisons
with weasurcments ave planned tor other specteal vegions and other geometries to
verify the radiance model,

An additional note should be made here on the caleutation of transmittance,
Although the code will caleulate total transmittance for a given atmospherie path

in either mode of propraum exceeution, the time is increased by a tactor ot N in the

radiance mode, where N s the number of atmospheric layers along a given path,
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\ppendix A

Listing of Program and Ounta

A listing of the Portran progrom LOWTRAN 4 (PROGHAN LOWEAD 1= piven
in Table At together with the four subroutines PATH, HNOG, POINT, and ANGL,
The jnput data for the program is piven i Table A20 A peneval flow chart for the
nein program is prescuted in Appendix B, and deflinitions of the symbols used in
the compuier codes are summarized in Appendix O,

The subroutine POINT has a twofold purpose,  When the sabroutine is called
for a piven alidtude N, it is used o determme the mean vetractive index (0 and
the Laver between N and the level above, PN, and (23 the Tayer hetween N oand
the lovel below, YN In addition, anointerpolation scheme is used to determine the
effective absorber amounts per ki at altitude N for cach absorbers When the
parameter 1His sob eguad to cero, ondy the mean retvactive index above and below
adtitude N s dotermined From POINT,

The subroutine ANGL 1s used solely for the purpose of calealating the initind
senith anple (U\‘ or ANGEY by an iteraive scheme taking into acceount vefraction,
piven (1) the initial and Goad altitudes of the path (I aud 12 vespedtively) and the
angle subtended at the ecarth's conter (38 er BETAY by the teagectory, or ¢ the intad
altitude aned tangent heipht G and HAHN pespectively), A more detailed explanation
ol subroutine ANGE. t5 paiven o Appendix O of the LOWTRAN 3 veport, :

PATH and HNOS are new subroutines which hove heen added to the propran,
Subroutine PATH s used to detereime and stove the cumulative absorber amoants

throuph the lay ers of the atmospherie shint path, Subroutne HINOS s called to find

the nitvie acwd absorptivn coctficients as o function of frequeney.

L
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The last column in the listing of the program in Table Al is the corresponding ;
{

i listing of the LOWTRAN 3H computer code. Changes in the previous code are :
; indicated by the word, NIW, i

It should he noted that in the main program, card LOWE 7290, the temporarvy

 PUREPoY

fog correction has been commented, The fog model should only be used for trans-
mittance calculations as discussed in Appendix D. 1t should not be used tor radiance ’

calculations,
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Table A1, Listing of Iroetran Code FTOWTRAN

PROGEAM LOWESUINPUT L, OUTHUT YAPE S, TAPER-QUTPOT T APE 1) L0kt
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LR A A R RIS T LT A TG S SRR SR P I LUkt

FEATLV) 21 10098 nE = et (VE20) / (cXP (1, 4 3B79¥y/T)=1,) L OkE
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[N 10kt
. AUTHOE S {OWt
¢ R PN A A N LW
* F LY WNET Y, Luk
. Je M THLTHYND )2, Lkt
. Po A, MOCLATRHLY LUKt
¢ LOWE
¢ PROGRAM LOWTRAN  CALCUWATCS THE TRIANSHTTTANUE ANDYOR RaDTANGCL LUM
[N 0P YHE AT HOSPRE R LUnt
" FROM 00 CH=1 Y0 40000 CM=1 (MW 26 T PART MICRONNY AT g UM~ LN
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¢ REFRACYLION AND { ARTH CURVATURY tEFECTS ARPE INCLUDE D, ATMOSHHE RVLOHE
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G INTERVAL TO 120 KM, LUkt
(‘_l!‘!?!.!OO!‘!!‘!"‘I""!!!.!‘Q!!!’!"'!l".!!!!"!Vl!l‘!!t‘l!"!!'!"!b!!lnHI
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G CARND 1 MUDP Ly THAZE  TYYPE,LEN, Py IMy M M2 M, ML, TEMTISS 10 ,T HOUND LOWE
( FORMATCLLT 3,00 L, X LUONE
© CAR® . HI L HANGLY p RARGE 3 DL A, VIS FORMAT( LG, D) Litht
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[ WREAD HL (M) T (DEG CHgUr W PTLYEHP(OEG C)y%REL BUMIDTTY,HO GENSITULOMWE

1h

Tuy

by
by
Gy
Wiy
o)
4y
LNAL
LR
«q0
“00

B>>D 5>

rzz =z z
LEfsIs=oLs
ITXxXxILTLLELT T YT X

Z Z

N
Nt
Nt
Nt
Nt
NE W
Ni W

Tr¥Xxx~7T;

AR

cre

Gl oL
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THIS PACE 15 BEST QUATITY PRACTICABLE
FEOM COPY FURNLSILD IO DRE ™

Table Al, Listing of IFortran Code LOWTRAN 4 (Cont)

CCH M=3) 3,03 DENSYITYIGMaN=) , VIS{KM) yRANGE (KM) WITH FORMAT 4?y, LOWE 519 A
NUDEL =7 WHER NEW MODEL ATNGSPHERE (E.G, RADIOSONDL DATAY) USEN. LOWE 500 a4
DATA CARDS ARt READ IN BETWEEN CARDS 1 AND 2, AND SHUULD CONTAING LOWE S350 A
ALTITURE (KM, ) (PRESSURF o TCMP 4 UEW PTLTEMP,REL, FUMIUITY,KI0 OENSITY,LORE S0 A
O OENSTTYLAEPOSOL NO, OENSITY(TM-3) ACCORDING TO FORMAT 429, LOWE 550 A
NOTE THAT FITHER DEW pT, TEHP,OR REL. HUMIOITY CAN BE USED. LOWE 5460 A
LOKWE S70 A
M1, M2 yM3, ARF USEN YO CHANGE TEMP,H2Q, AND O3 ALTITUQE PROFILES. LOWE 580 a
IFMISS=0D=TRANSMISS JON MODE / TEMISS=z{=tMISSION MONE LOKE S30
TBOUND=T1EMPERATURE OF FARTH IN OEGREES KELVIN LOWE 600
IF TBOUMD = Z¢R0y ASSUMFS aIR TFMPERATURE OF MUUEL ATMDS, LORE ©172
LOWE 670 a
1F THAZF=) NO AP ROSOL SCATTERING IS COMFUTFD LOWE 30 A
THASE =1 1€ ACROSOL ATTERIATION REAUIRED (THIS IS USED IN LOWE tul A
CONJUNTTTON WITH VISUAL RANGE(SFE CARD ?2)) LOWE bS50 A
THAZE = 1 OR 2 ALSO GIVE AFROSNL ATIFNUATION FOR 22KM AND SKM VIS, LOKE &RU A
HATE MOOS(S F€SFSCTIVELY IF VIS =0 ON CARCN LOME 70 a
IHAZE = 7 FOR OTHER AFROSQL MODELS (.G, MARITIMF ECT) WHICH LORE 680 a
AKf READ INTO PROGRAM LOKE &30 A
LORL Y0u a
ITYPE=1,2 00 I INDICATES THT TYPI OF ATMOSPHIRIC PATH LOWE 710 a
TYYPE=R,VERT INAL OF SULANT PATH TO SPACE Lowl 729 A
ITYPE=D WERTICAL NR SLANT PATH AFTWEEN TH ALTITUDES LQOKWE 73U A
ITYFE=1, CORRESPONDS TU & HORTIZONTAL (CONSTANT PRLISURE) PATH LOWe 74 A
LMt /50 a
H1zQASERWVER ALTTITUDE (kM) LOYE 760 A
HIz SOURPCE  ALTITUDE (XM) Lokt 770 a
ANGLEz TEMITR ANALE AT HY (M GREES) LOWE 280 A
RANCE=PATR LENGTH (KM) LOW 790 A
AFTA=CARTH CEHNTRE ANQLE LOWE 59u a
VIS = VISUAL RANGE AY SFA LEYEL (XM) LOWE bd1d a
(IF ITYPF=y1 READ Hi AND RANGESIF ITYPE=X READ HE AND ANSLE, LOME 820 a
IF ITYPE=D READ M1 ANU THO CTHER PAKAMEIEKRS bebe H2 AND ANGLE) LOWE o030 A
LOWE bao a
VI=INITTAL FRIOUENCY IWAVENIINAEF CHM-1 ) INTEGER VALUY LOKE 450 A
VO=FINAL FREQUEMCY (NAVERUMAEY CHM=1 ) INTEGER VALU® LOML 86y A
"Dy= FREQUENCY INTERVALS AT WHICH TRANSMITTANCE 1S PRINTEO LCOWE @&7¢ A
NRTES DV HMUST AC A MULYIRLE QOF & (OM-4 LOKE 830 A
LOWE 890 a
IXY=0 TO END DATA ,=1 FOR NEH V1,V2,0V ONLY , =22 YO CONTINUL DATALOWE 40O A
IxY=X FO® NTW CARD [ ONLY, =& +tQOR NFW CARN 1 DNLY. LOWE 919 A
ll.l!l.lul.l!.!ul!lluo!'!;’!!l'0"..'!.'!!.!00.‘0!0!0!0QQ!OQ!!!-n\.vll.\lLUH[ S0 A
HNIX(3)=HMIX(2Q)=1,0 F~5Q LOWE 930
Txyzn LOKE 90 A
KMAX=11 LOWE Y594
READ (S,400) IATM,NL LONt Yol A
REAN (5 ,6035) (HZ1(T1,T=1,NL) LOWE 970 A
READ (H,401) (H22(I), I=1,5) LONE 940 A
H72(b)=HZ1 (R) LONF 940 L}
00 1 J=1,3 LONE3OUYY [
46
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cae
CYA
2496
cac
1]
1
29F

HEW

Wl

51

St
S7TA
a8

NE W

sTC

NFW

58
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, . THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COP'Y FURNISHED T0DDC -

Table A1, Listing of Fortran Code LOWTRAN 4 (Cont)

K2z 2*J LORE 3010 A b?
K12K2=1 Lowt 1020 A 63
00 1 I=g,NL LUNWF1G3Q A by
READ (5,602) 201D (P (KoY, Y A, 1D s WHIK, I}, WO (K, I)  K2K1y KD LOWL 104D A vy
READ (5,431) (VX(I),C72¢1),C7A(T),1=1,64) LOWE 3059 A by
READ (5,40%) C(TR(TI),FHII} FO(L),I=1,67) LOWL 1360 A b
READ (5,404) (C1(1),1=1,2580) LOWEL070 A F8
PEAD (5,406) (CP(1)4131,4157%) LOWE108 ¢ A by
READ (5,u04) (CI(I),I=1,50uD) LOHE 1u99 A Tu
READ (5,406) (H4(]),Iz1,1%X) LOWE 1109 A7y
READ (5,604) {05(]),T131,15) LOWL 1110 a Ty
READ (%, 408) (C8(T),T=21,1020 LOWL 1179 A T3
JSTUR=0 LOKRE 1140 Nt w
PIz2,0*ASTNI1,0) LONWSL1hy A Ty
CAzPI/1680, ) LOWE 11n) 4 1%
L LOWE 1370 A T
CONTINUF LOWEL18 0 a7
Rezh3T1.73 LOWE 10y AT
IFINn=p LOR 1700 ATy
JV ONF € SUPPRESS PRINT LOWS10L 4 7ae
RFAT 400y MONFLyTHATE TTYOR JLEN, IRy IM, ML, MO M3 ML, TEMINS, RO, TECURDY LDRE 3000 MUK
IEMISS=O=TRANSMISSION MODE /7 IHMESS=1=ENISSION MQODE LOWE 1230 Nt W
TFCIEMISS EQ41) PRINT 1171 LUKWE 1240 NE W
TFLIFMTSS.FN, 0) PRINT 1171 : LOMEISHY Hiw
LENSTOR =LFN : LOKEL1 66 Nt W
PRINTLOGMONEL y THAZE JETYPE GLUNp Py TMyH1 MO M3, HL,; LEMESS, RO, THUUND LW 107y N W
LELTML LOME 120U a o oay
IF (Mt 0. 1) PT26374,10 . LOWE L1230 A &3
IF (MafQuk) RF=615A,01 LONE 3109 A A
IF {MaE Q0% RFERIGA, Y LOKESL10 A BLA
IF(THAPE,ME LT GO Ta 0% LOYEA 3D Al
READ G431, (VXCTH, 070078010, T121,044) \ LONEL S S0 A BeC
PRINMT 631, (VX(T) 3 C7 (1) CTA(T) ,I=1,04) LONWE1 5S40 A wsp
THA?E =y LONE L3Sy A ag
IFEROLGTLDIREZRD LONL 1360 A r
TE(M,FOL7.AND,TMGNELOY GO TH & LOWEL1370 A uy(
IFCTYY, 67,5 GO Yo & LOWE 188U A aa
LF (MODELLENL0) GO TO & LOHEL330 A B
READ 406, HLyH?y ANGLF,RANGF, RET 8 ,VIS LOWF1400 A
PRINT 425, 1 ,H],ANGLE)OANGT ,AETA,VIS Lowbikge [ Y
X1=RE +H1 LOWE 1470 A 89
IF (1TYPF.FQ.3) GO TD 5A0 LOWE 1630 A yor
IF (ITYPF.ET.1) GO TO & LOWE 1400 Ayl
X>=QEH? LOWE Lub5u a o yr
IF (RANCF.TT40.) GG TO S LOW 14 by Aol
PRINT 428, H1,HD,ANGLE yRANGE yAFTA,VIS LUKE 1470 A au
TF (M2 FDL0.ANDLANGLE G NEL D) GO 10 3 LORE 16 BC A y%n
ANGLE=ACOSIO WS CIHD-HL) * {1 ¢X /X1) /RANGE~RANGE/ZX 1)) /CA LONE 1490 A 4o
Ge Yo 7 LOKE L5y 0 A a7
47
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JHIS PAGE 18 BEST QUALITY PRACTICABLE
mwu FURNLohew 10 DL

; Table Al. Lisating of Fortran Code LOWTRAN 4 (Cont)
}
é 3 X 2=SART (X 1/RANGF ¢RBNGF /X1 +2,0% COS IANGLE®GA) P*X1*RANGE ) LOWELH 1D [T
i H2=2X2-FE LOHELR? Ay
d €0 10 7 LOREIS3y A 30
% 4 CONTINUE LOKWE 15840 A 101t
4§ TE(MLLLE ML= LOWE 1650 A acge
5 N0 540 K=1,4L LOHE 1500 A 1034
AHAZELK) =0,0 LOWE 1570 A 1u3d
TF(M,ECLO)READ 420, H1 4P (7 ,1) ,THE, 0P, RH, WHIZ, K) MO (74 K) (WIS, QRANGE  LOWL 1Y dd A 1,36
! TFQM EOLOIPRINT W30 4H1yPIT 1)y THP NP RMHHLT, M) (WD (7 ,K) , VIS, RANGE LOWELSYD a 103
: IFAM GTLCIREAD 429, 2(K) 0 (74K} 3 THP ,DP R HH(7 JKY 4 N0 (7, K) ,ARAZE (K] LOWE 160D a 103y
: TF(M,ER D)7 (X)3HY LOWE 1610 A*103F
i JIFIX(74KI 41 ,0E-6) 41, LOWEL RSy A% 20
{ TEOZEK) WGF V25400 J2(ZiK) =25,9) /5,026 LOKE 163D A {uaH
TEA2(K) oGFa59.0) J=CZIK)I=S04))/720.0+31. LOWL 1LLD A 13t
i TFO2(K) WGF 470,00 Jx (2(X)=7049)7 30,7432, LOWE 1653 A 103J
\ TFCJ, AT, 330 2333 LOWE Lbny A 101K
) FAC=2 (K)~FLOAY{(J=1) LOWFInTO a 103
i TF(JLT426) GO TO §00 LOwWE S 681 A 1T 3M
i FACE {Z(K) -5,0%FLOAT (J-26)~25,) /5, LOWE 169y A 1,28
\ TFLJ,GE. Y1) FAC=(Z(K)=50.0)0/20. LOWE 1700 A 1530
; TF(JLGE.32) FACZ(ZIK)-70,0)/39, LOREL710 A t0xp
IF(FAC.GT,1,0) FAC=1,0 LOREL? 3G A 108
500 L=Jet LoWE17 30 a 103
TU7,X)=THPI2T Y, 15 LOKEL 745 A 5035
TF ML CTa0IT AT, K) TT (ML, D #(T(ML,L) /T (M1, J)) **FAC LOWELTSD A 108
TT2273.45/7(7,%) LOWF 176y A 1.y
i TE(FHALE 0.9 TI1=07X,15/(272,15400) LOWt 1770 A1,y
! IFURH(T,K) ,LF,0,") VH(T,x)=F(TT) LOKEL?, A 1w
i T4 TLQINHEZ,)KIs RN, ) P (HH (2 L)/ RH(VD , J)) =*FAC Luwy 17w LI RN
IFCTHLGT 0, WHZ K)Y S0 11200 (7 X)) Livde 30 a0 Aty
TF(MILGTLTIHO AT ) XIS PO (M, U 2 (UA (1, L) /HCIMY, JYY **F AL LOHL 1c 1 FRT b4
HETOR(KY =0, LOWg $87 N oW
IFLEMIXLIILLE LD, Ao Tp 822 LOK! 14130 Nt W
i HETORAKITHMI XN CJ) € (HMIX (L] FHMTX(J1) **FAC LOWE 1ou( NEW
500 CCNTINUE Lewt 1dhy NE W
1 TFLZ(K) oGELS.0)GE TO 20 LOKHE 1609 A 1ush
TF{AHAZE(X) o1 000 0) AHZ2 (NISHT2(JI*(HIZILY/HZD(JY)I**FAC LOHE Lto?( A 1Co
520 TF{AHAZECKILET.C ) AHATE(R) =HZL () *(HZLLL) /H?1(J) ) *%FAC LOWE 1day A ytat
TF{MONEL,LEQ,00G0 Y0 & LORE 1840 A fBuD
! TFIN,ED.1)PRINTY b4y LOW 190y A Lewt
POINT 429, 7(K)yPLTyK) yTHP NP OH WH (T oK) yHO(T7 X)L ARAZE(K) LOWE 1917 A 1iaf
i su0 CONYINUE LOWE197) A 10 ab
TH=( LOME 1950 A 1LeH
{ NL =ML LOK 194 4 A 1ral
' M1z LOWE 1950 A {NLd K
; H2=p LOHE 196, A LiuK %
1 MI=n LOWELSTQ A 10w 3
| c NCTE THAT ZCId MAY NOT CORRESPOND YO THE VALUES GIVEN FOP STANDARNLORLL Y4 A fihM
¢ MODEL ATMOSPHERES LOKE 1990 A 104N .
! IFLIXY.6T4%) GO To & LORE 2000 NTH E
l 4
i 3
;
e :
IS i -4
{
b
o,
; ;
.
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3 €0 Yo 200 2 LOKE 2010 A 1040
560 IF {PANGF(GT,J.C) GC TO 530 . LOWE B 2y A Lloah
1F (H2.GT, 0.0, ANOLH2L LT HLY TFINNZY LORE PO 30 A 1uan
GO Y0 ® . LOWE QOGO LS WIS
580 1Tvetr=" LOWE 050 A Lres ;
AYTA=ACOSIDLS* (NANGERRANGE /(X 18X D) =X 2/ N1 >X1/XE) /LA LOWE 2060 A fual
. 5 IF (BETA,E0,0.) (O To e - Lawt 2070 Ao !
TFINO.] . LOWE 2060 A 3o6
AL T=CA® PFTA L OWEZU90 Ao3n
X0= 20 #H? LOWE J190 Arod
ANGLE=AVAN(X2*SINCAET) /(X! *CNS (I T)-X8))/0A LOWE P10 A 1.9
i RANGUSY P *SIN(BET) /SINCANALE *CA LORE 2120 A 110
y ATV ERFT A . Luwt 139 A 11t
ac Ty . LOHL 214y A1l
6 RANGE = (X7 /X1 ) ** 2w (STHIARGLT*OAY ) #rY LOKE 216y LSRN
IF (OANGE, 07 7,1) RANGE 2XL® (SIST (AN ) =AASIOUSANGL =) ) LOWE Jdul) L R
7 T9OGANS L o 1, 0 A0GL T i 18 ) e s AST (R ARG ¥ PR CANGL. “CAY /X)L 17 A pth
TF ARNCL LT, M) AMPLE=d sl Fat] (WAL Y N1l
T (RANCT (LT, Vg P} 2AMCE = —2ANAE LWt 219, A7
Tz T /CA LOWE 2000 a 118 ,
PRINT L8, H1gHI ANGLFyRANGE 3 AFT, VIS LOWE D)Ly AU !
L] CONTINUE LOWE 2320 A 1234
nOo1007 T=1434 - . LOWER23D NE W
0O 1002 J=1,KMAX LOWF e wd NEW
1000 WLAY(T, D=0, LOME 35D NEW
Stimazn, LOKE 2260 A 1000
TFCIXYLLELTY READ LOR,VLI,V2,MV LOREZ2TO A1l
IFLINYLLE L 2VPRINT GLl&,V1,V¥0,0V LONE 2280 [ R
IF (TTYPELENG1) PRIAY 407, Hi,PANRE LOWL 2O 90 a 123
IF (TTIYFELEQ.2) PRINY 408, H1,HC,ANGRLE LOWE2300 R17Y
IF (TTYPELFN, ") PRINT 403, H1,ANGLI LOKEZSLL A 10w
IF {HODFL EN.0) ™=7T LOWE Q32w a4 1lbA
TF (VIS,AY,0,0) PRINT 417,VIS LOW 2330 A3 Te -
TF(VTS LT 2, 0.,ANDWVIS.GT.2,0) PRINT 440 LOWE 3l A 1060
IF (M.E0,1) PRINT 410, M LOWE 2354 A a7
IF (M.fC.2) PRINT Li1t, M LOWED 360 4 108
TE (M, EQ,3) POINT 412, M LOW 7370 A 10y
IF (M fTat) PRINT 013, ™ LORE 2340 A 130
IF (M.E3:%) POINT 415, M LONWE 2350 A 138
IF (MLECGa6) PRINT 414, M LORE JL0C A 130 "
IF (IMATE(F,N,) PRINT 42k LOWE Jhiy A 133 ¢
TF (VIS.LELNa04AND, THAZE AT 40) PRINT 416, THAZE,HZ(THAZD) LOWE 2420 AL
AVW=10000./V1 LONE 2430 LR BARY i
ALAM=10000./7V7 LOKRE 2440 A 1o :
QANMIN=1.0F+300 FRADMAX=0, § VRYIN=D, » JRMAX=0. LOWE 2uhy NEWN
OPINT 418, Vi,V],DV,ALAM, AN . LOHE 24 by A 13T
AVR=( ST-L 2 (VL +VD) LOWE 2474 At lu f
AVH=AVH*AVH LOWF 7480 A 139
CO=77 . LA+ ,L459%AVH LOWEDPLIO A 140 :
CWzL3 687 =0 UTI*AVH L0kt 2D a0 A Le) :
| .
U
"
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LD 20 bog

L
Table Al Listing of Fortran Code HDOWTRAN 4 (Cont) 3
|
i‘f\,
IF (IFIMD.F2,1) GO TO 1% LTIV A gy . i
9 IF (IFINDJEQ.1) CALL ANGL (H1,HI)ANGLE,RETA,LEN,ML) LUNE2H 20 A Lur : ;
I+INQxQ LOKE 2L XY A 1un
IF (JP.FN,0) PRINT 427 [ILTINETN A jue®
IF (ITYPF,EQ. 1) GO TO 15 LOMEDSDD A ja?
N0 11 K= ,K9MAYX LOKE 2600 NEW
YH(KY20.0 LOKEDPH TN A fu9 ‘ 4
11 CAONTIRUE LOKED S0y LIS i 3
RETA=D.0 LOR: 26 95 LT ' 3
SAx0.0 LONL 2600 A tn3 )
JEN LOKE 2010 A (S N
C*®er AOW DEFINE CONSTANT FRESSURE PATH QUANTITES EH(1=b) LORER6 20 A 160 =
Y=CA®ANGLE LONE Jo 30 A oSt
SPHI=SIN(Y) LOWE cou0 LR
R1= (RE+HL)*SPHT LURESLS0 A 1uy
IF tH1,6T.7(NL)Y GO YO 1% LOWE ooy A 10
60 To 1% LOWE26T) A g61
13 X (RE4T(NLI)/LRE ¢H1) LONEZ68Y A 16
IF {SPHILulaX)} GO 10 14 LOWEDB 9D A tud
Hi=Z(N) LOwE 27 00 A 1e4 :
Ji=NL tOMEPTL) A 1LS :
SPHIzSPHI/X LOWL 2720 Attt H
ANGLE®180.0-ASIN(SPHIN/CA LOWE T X0 A 16T 5
Riz (RE+H1) ¥ SPHY LONE T 4 A 163 i
6C T0 15 LORE M7 S A7
14 HM INzR1-Rf LUKRE 2?60 a 171
PRINT 433X, H1IN LOREXT? 7D A g7 -
Go To 9§ LOWL 07 8o a 17} i
16 00 17 JT=1,NL LOWE 2790 A 17y H
PSrP (M, I1/1013.0 LONE 70 30 A 17s
TS=273e15/77 (4, 1) LOWE Moty A 1/0A
IF(MLeG T CoANDaMaLT ¢ 7ITS=7 X140/ TIML, 1) LOWE 2320 A 1lud
X=PS*Is LOME DAY ATy
PY=FSESORT(TS) LOWE 2840 L o178
D=0y 1PWR(H, I) LOME 8% A 179
IFIM2CT0JAND M LT 7)Y 020, 1®RH(MD, 1) LOWH 28Ry A 1bQe
EH(1,1)=0"PT®eq,Q LOKE a7y A e
CH(2, T}aXPT#eg,. 7R LWL T B8y a 1uce
EH(4y 1) =0, REPT Y LOWE 2890 A 183
PPNl RHE~S*D* 27 3415/1S LORE?N 0D A 184
TS1=(296,0/27 3,15) * 18 LOWE2491) *A 1ana
EH{S, 1) SO PPHNPEXP (O 400 (TS1~1.0))¢0, 0070 (PS-FPK) LOWE 2900 *a 1803
EH(L0,T) D*(PPH+Q 12 {FS~PPRH) ) *EXP(4,56* (TS1-1,0)) LOREIR) LYW ENN
EMUIE, 1) =X LONE D9uy A fub
HAZE=N2 1 (T) LOWE 2950 A ia?
IF(M.E0.7) HAZE=AHAZF (1) LOYE 26D A 188"
IF(Z{I) . GEL5.0) GO TO 165 LOWRE 2979 4 189
IF(HGNE L7 JAND TMATE JFGe2) HAZE=HI(T) LOWE2980 a4 19
T+ ({THAZELFQO 2 ANDGWHLFQ, 7YHATF=AHZ 2( 1) LOWE? 990 A 1unn
TE(VIS,LE.0.0) GO TO 150 LOWE 2000 A 1aue

50
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Table Aty Listing of Vortean Code TOWTIULN

TFOEMONE o 7) MATE 26 09%E (M2 (DY =HIL (I /W INeRIL (T G 20 (170 8,)
Tt (4NELTY L0 TO teg

HAS LT RAYRCEAHT CUTY =ANASC (1Y /WISAANATE QLI Za0=AH? D (1D/7 > 4,0
TFANATE JL T40e0) HATE 9,0

FROT, TV =HATE 7021 (1)

TFEMODEL S EQ 7Y EHL7,TI=HATEZARATL (L)

EHIR ) shb.obn TN (M, 1)

TPAMILG Y00 ANDG M LT W7D EHEB L atb neTENN(ME,1)

ERII, TI=EN{R, 1) "D Y®")

CEHOLL, TI=HNOY AQSORMER AMOUNT (ATH=-CMI/ZKM

13

FHOLL 1) =P85 TSYHMIX(TI® 1.0 -00
TFAMOCEL o b Mo Dp R GMODEL B Qe 7) FHOLL T} <PSPTSEHSTORLTI® L0 t-Bw
FH(N, 1) 31,0
REF21,00=-H*(COYXY101Y,0/273,10-PPWeCN)
IF 11,8 0eNLY GO TO 16

TF (MODELENL 04NN, TGt GO TO 6
To21(M, T21)

WAz WH (M, T4Y)

VRN CT, T (41,1¢8)

UMY L G VWD NN T 01
VOoRzy g CREan T WY

P U 1040 (Rt L O =™ (COP (M, TRL)/T7-FORT(H))
T {TLEQaNLY FH{I, TP,

18 (H1LGELTUTN) =l

TH AL IR PR 0.0RGUP L E R, 0 PRINT 634, T,70Ih, ettt 1) Ket ghNAY)
FI, T =FHE, T a0

CONTINUFE

It C¢IFINDLENL 1) A YO A

1v=1

1x-0

1=K

CALL POINT {HIL,YN,NyNPLTY, TP}

11 =8

ThL-TX(9)

DR 18 K=dyKMAN

F )T Tx (L)

1F AIYYFELFQ1) GO 10 2o

I (TTYRE LFQe 1) HY=T(NL)

IF (ANCLE W4T ,90.0) GO To &

IF (ANGLE 68T a0 40, AND JNPLLGT D) JL=1¢)
NARER S

IF (TTYRF tQ.3) GO 10 20

CALL PUINT (HO G YN NGNE,TY, TFY

JTEN

I ANF. CT W 0) =001

DO 71 onxt,KNMAYX

TF AR EQa9) 6O Y0 218

EHIR,J1¥:F (XY

IF (TIYPFLEQ«Y) LU YO i
EHIRGUJ L =T XUK)

o1

(Cont)

LUNESDLY
LON 3500
LOWE X) 30
LUNE X040
LOWE 3050
LOWEXOB D
LON Q70
LUkt 3u 30
LONE 30490
LUNE 2100
LONE 31D
LOWE 3100
LW 3139
LOWE S0
LOWE 1LL0
L OKE d16d
LOW 3170
LOWE X180
LTRSS E
[T
CONF IS 1D
LON 3200
LONE 20 %0
LUOWE 327460
LUNE 300D
LOKE 000
LOW[ T2y
LOWt $000
LOWS 3090
LUNE X320
LON( 3X10
LKL TS 00
IRUTIRERT
LONE X300
LORE X300
LONFIEnD
LUWEINTD
LOnt J 380
LONF 3290
LONEJGuL
L.OWE X610
LOME X420
LOWE 3630
LONE 3uel
LONWE 3450
LONE 3bbD
LONE 3670
L ONE J& By
LON Su40
LUwe 3400

DPED DD B>

-
L EDBPYEPDEE)E

~ B

P p DD

PP DB DBDB P

L
LD

{TY FRACTICABLE

P
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THIS PAGE 1S BEST QUALITY FRACTICABLY
FEON COUX FURNLSHED 1o 800"

Table AV 1isting of Feptran Code TOWTRAN 4 (Cont}

CONTINUF
IF (J1,8Q,Jd2) TXAcTXIAYN-FH(9,01)
NUW CFFINE VERTICAL FATH QUANTITIES VH{i-a’
TF (JPLEQ,0) PRIKNT &2¢
DO 1030 K3 laKHAX
W iK)=0,
ne 2% lagi1,J2
X120
XZx7(1¢1)
IF (T.tQ.J1) X1THi
TF (1.60,J2) X0=HD
DY=xal=xy
I€ (1.tQeNLY OT=2{I)=T7(1-1)
ns=?
UPWARD TRAUECTORY
RX2(RESX1Y /(RE+XD)
THETASASIN(SPHI)/CA
PNI=ASIN(SPHNI®*RY) 7CA
AF T=THE TA=-PHI
SALPZRX*SPH]
IF (SPHI,G¥, 1aE-10) DSs (RESXII*SININFTCCAY/ SPH]
DeTA=OE TAQET
PSI=AFT A+PHT = ANGLE
PHLI=1A0~PHI
SR=SReDJ
JEXTRARD
00 1024 K=1,KMAX
EVIPS*EH{K,])
TF (1,.,EQ.NL) GO TO 20
TE (EF(K, T2,FNe 0,00 CR.EH(K,I+1),EQ.040) GU TO 23
IF (EMUK, 1. EQEHIXK,Te1)} GO TO 24
EV=DS*ATHAX G I =EHIK ) Y41 D7 ALOG(EH{Ky T/ EHEKe T2 L))
GC 10 2
Ir (EHGRTY_FDL0 ) U TO 23X
IF (THIK, I-10) o E0,0,0) Gu 10 22
IF LEMIK, 1) EQFHIN,TI-1)) GO TO 24
FV=EV/ZALOGLEH(K, I-1YZ7FH X, T))
HC TQ P4
€V,
VHUK) SVH{K}¢+EV
JFU].€R,JUSTOR) GO TO 1073
WLAYLI, K) 2EV 4u (KD
HAI=D,
GO TO 1324
Nik)=zEV
IFLJLNELI?) GO YO 1024
WLAYEJ2ed g K) =R (K}
wWiK) =0,
JEXTRAT
CONTINUE

LOWE XSO
LOkEIN2D
LOWFAS3D
LOKWE IS6D
LOWE 3u6D
LOWEIS6D
LONE3S T
LUWE Xn30
LOWEISYD
LOWE 3600
LONEINLY
LONEIG?
LOWE Iy
LONE 366l
LONRE 3650
LONE J600
LONE SBTO
LWt 3680
LONE Indg
LGOWE 3760
LONE3T1D
LOWE X700
LONEIZH)
LOWE 3740
LOMWE 375
LOKE Y760
LOWEX?T7Y)
LOWL 378y
LOWEA74Y
LOwWtE Y800
LOWE3IR10
LOMERR D
LOWF 3810
LORE Xg40
tOWEXRS0
LOWE X802
LOWE 3870
LOwt X880
LCHE 389D
LOwt 3900
LOWE 3910
LOWE 3920
LONE 3930
LOWE3IND
LOREIISD
L ORE 2 9o0t
LONE 3970
LONE 39RO
LQOwt 3909
LOWE 4000

P3N % ]

PP LR b DD

PP PF DD PD

Tk Gt el Tk At A g L T T ISy RNy
DL E~wT rfLmtie O LT LN

[320 237 "2 iramy 97 grufs T ZEscy st
z

&
-

e it e e e gy o




TH1S PAGE IS BEST QUALI‘;Y P’RACIIC.{LBLE
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Table Al, listing of Fortran Code JOWTRAN 4 (Cont)

IF (JPET,0) FRINT 035, I,X1,)¢VH{L)y1=1,85),PS1,PHI, €74, THETA, SR LOWto(10 A 2el*
IF (1.GE.NL) GO TD 7S LOWEwU 20 A Co3
IF (T+1.,FQ.J02) EHUq I +1) =YN LOREGG 3D A i
IF (TeFQedid EH(I,1)2TXt LOWELOGD & 765

RN=EH(S,Te1) /FH(Q, T} LCWE&O50 A Pe6 -
SPHI=SPHI*RX/RN LOWF 4y 61 A 267
TF (SBLF.GF,RN) SPyI=SaLP LOME4070 A 268
25 CONTINUE LOWE w 8u 4 209
GO TD &7 _ LOMERD90 A 270
Ce®vr NORIZONTAL PATH LOKES 0D A 27
26 DO 27 K=1,KMAX LOWEw110 NE W
WIKITFANGE*ER (K, 1) LONE 4120 A 273"
IF (MODEL.CT40) W(K)=RANGT*TX(K) LOWELL 30 A DT4T
VH KD =W (K) LOWE 140 NEW
o7 CONTINUE LONE G190 a 2rs
GC 10 &9 LOWE 4160 A lle
8 CONTINUIE LOWEWRZD a 77
nrres DCRNNARD TRAJECTQFY LOWe 4180 A T8
LR LOWE &1 G A T73
IF (NP1,FQ,1) Ji=Jdy-1 LOHFLZ Uy A oue
£ Jr=J1e LOWEGWDLD 4 2a1
3 J=liey LOWES2O S A 283
3 ¥YNL=YN LONEGD 3O A 2AZ
E IF (M2.6T,2¢(J1+1)4nReHI,E7,H?) 6D TO 21 LOWF G240 A 784
i. IF (NF1.EQ,1.ANDWH GEL7{J1#13) G0 TO 30 LOWEW2SD a 2a%
3 CALL POINT (MO YNNG NF2, TX, 1) LOWNLG 0D A 86
) No 79 K=1,KMAX LOHE 4270 NE W
L 29 W(K)=TX () LOWEL28D A ooBa
R TX2:TY(9) LONE W22 A PE9
ol YRIEYN LOHWE &340 A 93
N IF (M2 LT HL) H=RHD LOWFG310 IR
L J2:N LOWFGXDC A 090
: TE (A1 €0,02) TPy dAtYND-EH{O,N) LORES330 A 93
: IF {H2¢6THL)Y Txispx LOWELIND A 294
TF (J1aFQ, 2 oANDHZ LT ML) YN1ZTX? LOWEL3IS0 A 245
: 30 A= (RF*+ HL) *SPHI* YNy LOWF436n A 29b
IF (H2.GE,L,H1) YN2=yN1 LOWEWLITD A 47
ne 1 T=1,41 LONE 4380 A Qas
HMINZAG/EH(G, 1) =RE LORE &390 A 299
IF (I.E0.J3) HMIMAQ/YNY=-RE LOWEG&DO A 300
: JMINZT LOWEG410 A 301
. IF (HMINLLE.2(T+1)) GO TO 32 LOW 6e20 A 302
34 CONTINUE LOWE b4 30 A 303
32 X=4MIN LORFGUGD A 304
IF (HMINJLE. D) GO 1O 34 LOWE44LSO A 305
. CALL POINY {Xa¥YN/N,HP T, IP) LOAE LGB A 306
P IMINZN LOWELLTD A 207
. TaA3=TX(G) LOME 6t 80 A 3u8
) . IF {J2.EQ4Ne ORaJLWERs N} TXZI=YN2 +TX(9) -EH[I4 N) LOWF 4490 A 309
- TFOTX3elTo0a0) TX32T LG LOWEGS QO A 309e




THIS PAGE 1S BEST,QUALITY PRACTICABLE
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Table Al. Listing of Fortran Code LOWTRAN 4 (Cont)

IF (J1.CQ¢NANDH2Z6t.H1) GO TO 33 LGRE4S1D A 310 L ;
HMIN=AD /TX3~RE LOMWE 662 A 311
TF (BBS(X-HMIN) GT,0.0001) GO YO 32 LOWELS 3D A 312
.33 TIF €(J1eEQWN, AND.HZ.GF ML) YN1=TXE LOKWE 4540 A 313
IF (J24EQeNJAND.J1.NELUZ) YN22TXX LONRE 455 A 314
IF (H24GE4H1) TX2=1X3 LOWE U569 A 315
IF M2, GF,H1) J2aK b LOWELSTQ A 316 X
IF (M2, GEoH1eGRAHZo LT JHMMIN) HM=HMIN LOWELS B0 A 3LF ¢ -
PRINY 4316, HMIN LOWE 4590 A 318 :
IF(HZ,LTLHMIN) J23N LOWELEOL A 318+
IF (M2, LT HMIN) BTNT 4W0, HHIN LOWENH10 A 319 h
GO Tn = LOWE L4620 A 329 . R
I PRINT 436, HMIN LOW[ 46 3Q A 3214 -
I€ (H2.LT.H{) GO TO 35 LOWE 4b 4D A 320 ;
IF (TITYPF.tQe3,0R.HZ,GEaHiI) PRINT 437 LOWE 4650 A 323 =
ITYPE=2 LOWE 4660 A 324 E
TX22EH(Gy 1) LOWELE?D A 32
JHETN=O LOWE468Y A 326
2=1 LOWF 4095 A 227
H2=G. 0 . LOWE 4700 A 328 ;
H=0.0 LOKWE G710 A 32 :
C*®v» NOW DEFTNE VERTICAL PATH QUANTITIES VK(i-8) LOWES4T720 A 330 )
35 TF (JF.EQLL) PRINT 420 LOWE 4730 A 331*
JSTOR=J-1 LOWE L74D Nt H
00 40 I=1,NL LOWELTS0 & 137
J=J-1 LOWELT76D A 3133
PEF=EHR(S, N LOWE 4770 A 33
IF (1.F0.1) REF=YNL LOWELT 30 a4 315
IF (T4FQe1¢ANDsK2.EQsL) REF=YN2 LOWF 4 /79U A 33p
IF (JsFOaJ2sAND VK24 EQe 0 REF=TX?2 LOWE LB 00 A 327 :
IF (TJNEL1) ¥X1=2(Jei) ' LORE 4310 A 338
X2=7 (0 LOWEWLB20 A 39
TF (JeE0,J2.ANDK2.EQ.0) X2uM LOHE 45 30 LERIN
IF (JoEQ.JMIN,ANDLK2.¥041) X2=HHIN LORE o by A 3bL1
HM=(REe ¥1) ¥SPHI=RE LOWF&B5L A 242
TF (HM, GT.Z(J) JAND.HM.GT,X2) X2=HM LOWE 4460 A 363
RX=CRE+ X1) 7(RE* X2) LOWEGET70 A 3uy
DS=X1=-x2 LORE 4880 A 345
ALP=90,0 LOHELBY0 & 346
THFY=ASIN(SFHII/CA LOHE L3 U A 34T
SALP=RY*SPHI LORE 4916 A 34n
TF (ABS (X2=HM) . GT.1.0E-5) ALP=ASIN(SALP}ZCGA LOREWY20 A 349
RET=ALP-THET . LOWE4930 A 350
IF (SPHI.GT.1,0E~-10) DS= (RE¢X2)*SINIBET*(A)/ SFHI LORE LGy, A 351
THETA=180.0-THEY LOWELIGY A 352
BETA=BETA+REY LOKELD60 A 353
PSI=BETA-ALP=ANGLE+180.0 LOWELSTD A 354
SR=SR+DS LOWNELQBG A 355
B) 1039 K={,KMAX LOWE 4990 NEW
AJ=EH(K,.0) LONES00Q A 357
A
54
&
w
. »
;
£
[N




36

40
L}

i el b Rk b 2

B A TINE. TP S

DRI S e L e

S T

THIS PAGE 15 BEST QUALITY PRACT1CABLE

© FROM COLY FRNISHED TODDC

Table Al Listing of Fortran Code 1LLOWTRAN 4 (Cont)
ARETLTLERISY) LONESD 10
IF (2.FQ.J1) AJ=E(X) LONES D20
IF (JaEQy J2 JANDLHZ LT JH1LANDHZ,6TL0.0) AW (K0 LOWES030
IF (J.EC,IMINLANNLGHZLGEL ML) AYRTXIX) LOMWE 5540
IF (U EQ.JHINLANDLARS(H2=HM) o LT 14 0E-5) AJxTX(K) LOWEB0S0
IF (K?.£Q.0) GO TO 36 LOWES060
IF (J.FQ.J2) NJ=HIK) LOWEL5470
IF (JeFCaJNINY AJSTX(K) LOWL 5u 80
IF (8JsEQ4 040, 0R.8J,FR.0,0) GO TO 38 LOMES090
IF (AJJFQ.2J) GO TQ X7 LOWES100
V= 0S* (AJ=BJ) /AL OG(AJ/RJ) LOKES11u
GC Ta 39 LOWES 120
EVENS*AL LOWE 5130
GO 1O XA LONES140
EV=0.0 LONES150
VHIK) =VH(K) +E Y LONES 160
WLAY(J, XD =F VY LOMESLT0
1F (JPLEQ.0) PRINY 435, J,Xi, (VH(L),L=1,8) (PST,ALP,BLTA, THEVA,SR LORES5180
IF (J4FQeJ7. ANDH?,GELHIY GO TO 45 LONES190
IF (JEQ.JHINAND.K2.E0,1) GO TO &% LONE 5200
IF €J.NF.11 RNzREF/PH(S, J=1) LORES210
1F (D007t 1) RN3REF/TX2 LOWES220
IF 1J.€Q.J2.8ND.K2,E0,0) RN=REF/YND LOWE 5230
1F (J.FC.CJMINEL) JARD X2 (EQ41) RNzREF/TX) LORE 5240
IF (SALP.GF.RN) RN=1,0 LOWE 5250
SO Iz SALP*RN LOKE 5260
IF €U, FQ,J2, ANDLK2Z,€0,0) 60 TO 43 LOWES270
CONTINUE LOWES280
IF (HMIN.LE.0) GO TO o7 LONE 5290
TF (LFNGF0,7) PRINT &38 LOME 5300
IF (LENGE0LO) GO TO &7 LOWESILD
1F (LENLFO.1) PRINT 439 LOWES370
k2= LUOME 5330
Xi=X? LOWE 53~ 0
IF (AR (X1-HNIN) . LF.0.001) GO TO 47 LOuE S350
H=HHTN LONES3bY
RENEZSY LOWES379
TF (NPZLFOL 1) JTd-1 LONES3BY
wzafTA LOKESSI0
PH=180. 0-ASIN(SPH1) /CA LORESL )0
TS= S LOWES&10
PS=PST LONWES542D
D0 47 K=1,KMAX LOME 5430
FOK) =VH (K) LOWESLLO
60 YO 25 LOWE 5450
QETA=2, *DETA -8 LONESLoU
PS 122, FST-PS LORES479
SR=2,%5R=TS LOKESWB0
LONG ‘ATH TAKEN LOWESL90
PH1=PN LOWE 5500

DD RPPRPEREDRDER PP

PP RPREPPRP PP, REEPEPEPREDP DN

PED>D>DD D

358
359
360
36l
3n?
363
K1Y
365
306
367
3b8
3n9
37y
31
re
373
NE ¥
I7h®
376
376
xr7
378
374
380
361
382
RLR
RE1Y
LR
3se
87
388
285
390
391
392
EER)
394
395
396
397
398
NEW
%00
L1
w2
4yl
4ok
LY )
406

N g T A R T
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RIS PAGE 135 BEST QUALITY PRACTICARIAS
ZROM CAEX, FULNLOtw L0 LG e

Table Al Listing of Fortran Code TOWTRAN 4

N0 &4 hxl KMAX

VhIKY P, * VHIK ) -t (KD

GO IO k7

00 &b K31 ,KMAX

VHIK}I 22 0" VH (K)

AEV =P, 0*AFYA

$Rx2.0%SR

IF (HJ.€Q.H1) GU YO &7

RN=TX1/YN1
SPHI=SINANGLE®CA)

IF (SPRILLY.RN) SPHI1=8SPHI/RN

GO 10 19

CONTINUE

IF (ANGLESCGY,.90,0) FRINT 4Ob,HH

DO WA Xx1,KMAX

WIK) =YK (K)

CONTINUE

WRITE (6,419)

HRITE C(£,1155)

WRITEAE, 4210 (WYY, T21,8) , WL}, WLLLD

WRITEAT )N000) My THAZE ,1TYPE K1, ANGLY JHMIN, V14V, NV

FORMAT(I1346F11.44)

I=1

L=1

IVisvi/se, 0

IV2=V2/5,4+4,99

Ivi=s®*Ivy

IV2as*Iy

IF (IVLLLTe2%0) IVLI=16D

IF QIVZ,GT,50000) TV =503)0

IF (OVLLY,5.) Dy=s,

1rv=0V

T¥=TVi-10V

ICOUNT=0

IFCIFMISS.EQL0) GO To &0

RADSUM=0, 0

FACIOR= 0,5

CALL PATHIWLAY,KPATH, THBY)

PRINY 116b

PRINT 1157

IF(IEMISSEQ.N) TKMAX=IKLO
DEGINING OF TRANSHITTANCT CALCULAT TONS

Tu=TIveINV

SUMY=0,

TLOLO=Y, $ TS0LDx1.
IkL0=1

IF(IEMYSSLFNL0) IKLOsINMAX
00 1050 IK=IKLO, IKMAX

IF{IFNISS.EQ.D) GO VO 1055
DO 1052 Kxy,KNAX

b o e i

{Cout)

LOWEBYLD
LONEYS 20
LONELS 30
LOWLSS 40
LORNESS 50
LOKE SH 60
LUOWERLNTD
LOKWESHHY
LOKRE BBy
LONE 50600
LUHE b1t
LURE e dU
LONE 0 S0
LONE Y el
LUNXE a5
LOWE Y LhY
LOKWE wh7D
L OWe 56 8y
LO®E RE90
LOKLEART YD
LOWE 2710
LOREST7.00
LORLST3D
LORES 740
LOWNE 9760
LONE %/ 00
LUWES YD
LOWE S 730
LOWE S 790
LONWE 530D
LOKE S8 La
LONWt %800
LEREHa30
LONE 8w
LOKE S 8%
LOWE 5860
Lk ha T
LOKE ol
LOKHE A9y
LOWE 9900
LOWE %910
LOwE %920
LONE 5530
LOWE 594y
LONWE 595D
LUNt »960
LOWE L9720
LOWE 2980
LOME L9y
LOME 6000

P2rrrropbD PBn

F-a _ar—d

Pk bb>DD

NL ¥
Lok
409
Nt W
41
w1l
w1l
414
Lih
'S N3
W17
ain
419
419
Nt W
[T

WX
Nt W
Nt MW
Hih

LRI
win
KW

Nt W
Nt W
IR
Nt N
NiR
Lz
4 3ah
NiW

THNEW

Nt W
Nt W
Nt w
N W
Nt W
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TILS PAGE 15 BEST QUALTTY PRACTLCALLY :
FROM GUU'Y FURNLSHED Tobbe  _ . -
T ey Less
|
. [
Table A1, TListing ol IFortran Code TLOWTRAN 1 (Cont) ;
WK EWPATHOIK, K) LONERDLQ NEW "
1052 CONTINUF LOKEBD 2O Nt W
1059 1J=1x LONEGLDID NEW
TFC(JP.NELGY GO YO &2 LONERD L0 A 4388
IF (ICOUNTY,fN.0) GO YO 61 LONE&O S0 A w34 H
IF (ICOUNT,EQ,50) GO YO 51 LOREBILU A w4l
G0 Yo %°? LOKERDT7T LYY
51 TCOUNT2 0 LONWESD80 [ Y'Y |
1F({IFNY SS,EN.D) PRINT 422 LOWEHBLYD NEW
52 00 53 K=1,KXMAX LONE®LOD NEW
TX(K} 20,0 LORERL1D A Wys
TF (Kol T ) TX(KI=1,0 LOWEBL120 A W46
53 CCNTINUE LOWEBY X0 A w47
ICOUNT= ICOUNT + ¢ LONERLLD A wod
SUNz0.0 LOKEBLSE 4 Wiy
v=lv LOREB160 A uh0
T {IV=350)/5¢1 LOWEGRLTO LIS
C BIPRIBRIEBIFUIELEIFIES Y HNQJ - LOHL("l au Nt‘"
C HNOY ARSCRPTION CALCULATION LOWF 6190 NEW
CALL HNOX (V,HARS) LOKEB2DD Nt W
TXCI1)=HARS*W(1]) LOWFE21D NFH !
SULM=SUM+TX(11) LOREBZ2 20 NEW
IF(IV.LT,679) GO YO 770 LOWFGP X0 A 40
IFCIV.LE43630) GO TO 63 LOHE GO 4 A 4L e
Gevrerrery MOLFCULAR SCATTFERING LOWE62 Oy A 4Su
Coz G, ACTE=271%(V**4, 0117 . LOWE b2 b1 A unYy
TXMU6) 2RO (4) LoWE62TO A Lhi
SLM=SUM+T X (6) LOWEBIBY A LSy
IF (Iv.LT1,Q200) GO TQ 72 . LOWE L2910 A und
TF (IVeLT.13000) GO TO &9 LOWE 63100 A 459
Ceerevver Uy (O70MNE . LOWE 6310 A 460
IF (IVL.LF,21400) GO TO Su LOWEBLI 2w A NG
IF ([V.GF,27500) RD TQ &5 Luneni g A uny
GO T 67 LORE 654D A b}
1 Xx=200,0 LOWEE3SE A Lt
X[=4¥=13000.0) /XX+1,.0 LOWELABD A Lus
L1=1 LOMEEI 7y A 4bo
L2=57 LOWF 6380 A Lb7
GO 10 %6 LOREGIYD A 468
55 XX2500,10 LOWF o400 A 469
X1z (V-C7500.0)/XX4+57,0 LOWE bl A w70
L1=57 LOWE 6429 A u7t
L2107 LOWE B4 X0 A w7?
56 00 S7 ML 1,2 LOWE oy o 4rd
XDz X1=-FLOAT(N) LOWE busd A 47
IF «x0) 59,58,57 LOWEGLGD A u?7%
57 CONTINUE LOMEGL 7D A 476
58 TX(8) =KW(B8)*CB{N) LORE ba 3¢ A Wt
G0 T0 &0 LONEB4SD A 478
59 TX(B)2CB(MN) ¢XBE(CH(N) =CAIN=1)}) LOWEOS Q0 A 479 E

T ein ko L R )t it

57
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FROM COLY KUluvd i) 10 LLC —

Table A1, Listing of Fortvan Code FOWTRAN -

TXL8)=H(B) *TX(B)

60 SUN=SUMeTX (R)
IFCIV,0T.145000C0 10 A7
GO0 To £9
creesnsess  JATER VAPOR CONTINUUM {0 MICRON REGION
61 IFCIVLETL1350) GO TQ A2
TXAG) -4 a1 B+5578.,0% EXPA-P, BYE-3*V))EH(H)
GO0 TO 6¢
62 IFCIVLLT,.?350G) GO 1O 68

Corvasavs  RATER VAPOR CONTINUUY & MICRON REGION
XT={V=~2350.0)/50.0¢140
NH=2XT ¢1.001
XH= XT-F LOAT(NH)
TXLS)=CHINH)

bl TX(OI=TX(SYP e XH® (CEUNH)-CR{NH=-1))
6o TX(S)=TX(SIeH(10)
6h SUN=FLM eTX(5)

IFCIVeLEQ L350 O0RTYLGYa27040) GU YO 77
Cortreres NITROGEN CONT INUUM
68 IF CIV,LY,2080) GO YO 72

LT CRITY

TXL4Y=C (kL) *H(L)

SUM=SUMIT X (&)

50 10 T2

Ceeeerser  HATER VAPOUR

69 IF (IVelT.iC800,AND4 IV 9879 3 1Y 70
IF (IVLLE 10520, AND G IVeGE 13400 GO TO 7
60 Y0 ?n

70 T=1I-13¢%
Go TQ 7>

T [=T=25%

re K1=1

IF (H{1)4LT,1,0t~70) GO TQ 7b

WSIZALOGLIO(NELYp ¢CL ()

IF (WST LY, =2,36463) TX(1)51e- 0R7787%EXP(1,855590% 5 1)
IF (RSLLT.=2.346h8) 6O 10 7t

IF (M51.67,3.,5687) 60 TO 75

TF (WS1,67.7,0) K1i-40

N0 73 K=K1,67

IF (WSLLELFHIK)) GO TO 74

73 CONTINUVE

Ty TXQII 2T RO (TR(K=1) =TRAK) P {THIK) ~HS{ I/ (FHI{K)=FHIK=1})
Gu T0 76

75 TX(11=20.0

76 CONTY INUF

Cesertnsy UNIFORMLY MIXEN GASES
TF (IVLLYeB8000,ANOLIV,GELSODY GO TO 27
IF (IVaiTa13190,ANDLTIV,GY,12970) GO YO 78
GO T0 63

r? J=1-30

oYy

(Cont)

LOWE 6510
LONW 6529
LOWESGS X0
LORELS LY
LOKWE 6550
LOMWE 6560
LOWF A5 7y
LOWFGS580
LOKWE6D30
LOWE 6D
LOWE 6610
LOWEDR D
LORE b6 30
LOWE 6540
LONEGESD
LOWE bubl
LOWE (070
LOWE b6 82
LOWE 6690
LOWEDB7 OO
LOWt 6730
LORERT? 20
LOWE BT730
LOKEEZ4LD
LOMHEBT GO
LOWELZ00
LOREGT 70
LONFBTHO
LORERTYy
LOWE vB 00
LOWEARBLY
LOWE LB 2O
LOKWEbB 3L
LUNE DBy
LORLLASY
LOWE 6469
LONF-RT70
LOkFoBBO
LONE b8 Y
LOHE LAY
LOWEGYLD
LOHELY D0
LOWE 69 3y
LORE by
LOWEDLISD
LCREBIBY
LOMERUT Y
LORE6Y8Y
LOWE 6930
LOWE7puu

P o> DO PED D>

PEBEDBDDo>DO DD DD

Ly
Ypg
480
s
YN
L0
b4ab
487
4us
469
490
491
LR e
493
LR
4y ?
LRL)
way
e
961
(,0.!
“ed
R¥EY
506
U
vor
508
hey
%10
511
530
513
Sih
HyE
Nt W
H1t
W7
TiR
519
6520
S04
Goo
AR}
[N
non
R0k
l':

Hra
Rl9

30




P

PR TR

THIS PAGE IS BEST QUALITY IRACTICABLE

"Rodl Gul Y FURNISHED 10 LDC

Table Al, lListing of Fortran Code LOWTRAN 4

GO 10 74

Ta J(IV=12950) /5+¢1 516

79 IF(N{2),LT,1.0F-20) GO TD &X
Kizt

NSz ALOGID (H (2)) ¢C2 (J)

TE (WST A To-2.3468) TX(2)24,-.0877A7EXP(1,B55549R*WS2)
IF (WS2.LT,=2.2668) 60 TO 82

IF (NS2.GT.3.5682) GO TD A7

IF (NS2.GT.240) Ki=40

00 A) K3K1,67

IF (HWS2.LELFNIK)) GO TO A%

a0 CONTTNUE

a1 TX(2)=TRKI+ {TRAK=1 )= TRUKD) #(FHIK) =NS2) /(FHCK) ~FRER-1))
G0 70 83

az Ta(2y=0.0

83 CONTINUE

Ceeatvery  70ONE
IF (IVelT4S75,0R0 IV,6Y.3270) GO TO 37
L=1~4$S
K1=1
1F (W(3),LT.L.0E-20) GO 10 &7
HS3zALQ0G10 (W3 ) ¢CR (L)
TF (WS3.LTe=1oh778) TX(3)21,=-a055190%EXD (2,36 708524 HS D)
IF (WSXeLYa-1.6778) GO TO A7
IF (WS3.GT.3.9345) GO TO 8p
IF (WS3.GT.1a5) X1=36
N0 84 K=K1,67
IF (WSI.LFL.FOIK)) GO TO 35

-1 CONTINUE

as TX(D =TR(K) =CTRIK) TR (K=1)})} *(FO(KI=WS3) /{FO(X)~FO(K=1))
<o TO 87

86 TYX{3)=0.,0

a7 CUNTINUE

Cerreecae AERQSNL EXTINCTION
ALAM=1.DEC W/ Y

XX=Ca0

YY=0.0
Cervrsrar  TEMPORARY FOG CORPFCYION FOR VIS RELOW 2 KM,
c IF{VIS.AT,. L 0. AND,VIS.LT,2,0) XX=0,1K8
G TEMPORARY FOG SUPPRESSFD

I (THAZELFN.0.0RXXeGT o 040) 60 TO 90
00 48 N=i,; 4t
XD=ALAM=-VX (N}
1F(x0Y89,88,58
8a CONTINUE
a9 X%z (CTAN) =CT {H=1)) * XD/ (VX (N) = VX{N=-1)) 407 (N)
YY=(C?ACI~CTAIN=1 I XD/ (VX (NI =YX (N-1)) +C?A(N)
90 TXC10)=YY*H{T)
TX(C7) =X X*H(T)
SUM=SUN+TX (7}

w
=

(Cont)

LOWE 7010
LOWETD20
LOWETD 30
LOWF 7040
LORE 7050
LUWET060
LOWE 7070
LONE 7080
LOWE 70 90
LOWE7100
LOWET7110
LOwE 7120
LORET7130
LOWE 714U
LOWF 7350
LOWE 7160
LOWET7170
LOME 748U
LOWEL 7190
LOWE 7200
LOWET210
LOWET 26
LOWF 7239
LOWE 7240
LOWE7250
LONE7 200
LOHE 7270
LONE 7200
LOWET7290
LORE7X00
LOWE 7310
LORE?320
LoLFE73Xl
LQWE 730y
LOWE?350
LORETIbD
LOWET370
LOMET 380
LORWET3IN
LOWEFu DD
LONET &1 D
LOWE TR 2u
LOWETH SO
LOWETG 4D
LOWETUSD
LONt 7400
LOWEZ4TD
LOWE7480
LOHET 49D
LOWE 7500

>>pP DD

PPODPEBLLBEPPPPEPR

>PPpbDPDP>PBEDODDPPBPDD

PP EP AL >D >

551
532
G332
936
53%
NEW
536
$37
HX8
539
el
541
562
563
Gl
Yub5
H4L6
G4 be
547
S48
549
550
NL W
551
65
561
L% 4
HH o
H6 b=
558
(]
Sel
TS |
560
56 3A
56Xy
L 3G
Sh3U
Nc W
NEW
hek®
Lehe
566
LL7e
YhBas
Heal
5 6aC
5600
“6ge
570

o d M T

b b

ot el

st B R

SRS NPT S
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Table AL, Listing of Fortran Code LOWTRAN 4 (Cont) :

1X{0)xQUN LOWE 7510 A uiy '
" DO 94 Kay,KNAX LOWE 7520 NEW !
. 1F (TXU(K)0.0.0) GO To a? . LOWE 753y A 573
{ 1F (T¥(X},LE.0.1) GO 10 91 LOME 7540 A 574
IF (YX{K),GT,P0.) GO ¥TO 493 LK 7RG A LR
] TXEK) =E XP {-TX1K)) LONE 7560 A 6H76
GC TO 94 LORE 7670 A LTT7 '
91 TXCKY =1 0=FX(KI €0, 5*TX(K) *TX(K) LOKL 7580 AS78 !
G0 To a4 LOWE 7590 A 579
9 TX(KY=1,0 LOWE 760y A 580 3
i GC 10 @4 LOWET610 A 581 i
ax TX(K}=0, LOWE 7620 a 582
94 CONTINUE LONE 7R 35 LY Fo
TX(N VX220 T X ()2 TX(9) LONWE 7640 A Sha
j IF (IVeGE<13C00) VX (3)=TX(A) LOWE 7650 A REG e
4 TFCIENISS. 0,00 60 T 1210 LOWE 766U NE W
ALANS 14 NE+OL/Y : LOWE 7670 Nt W
ALK =FFOTBAY (1K) ,V) LOKE 7680 NEW
TUNEW 3 (TX(9)*TX0100D /7 (VX7 *TX(6) ) LOWE 7690 NER
TSNEW SATXCTI*TIN (6D} 7 T(10) . LOWEP7D0 NEW
DTAU=TLOLO-TUNER LORETZ1D N H
IF (DVAU,LT,1.0E-5,AND,TUNEW WLTa1,06-5) GO TO 1104 LaRe 7720 N W
i SUMV=SUKVe 0, R* RRIL® DT AU® (TSOLD+TSNEK) LOWE 7730 Mt W
TLOL D= TLNEW ¢ TSOLN=TSNEW LOWF 2749 NEW
1050 CONTINUIE LOWL 776D Nt H
1104 CONTINUE LOH[ 7760 NER
TAUG=0 LOWE 7770 NEW
IF (HHINGLESB40AND eILGENG 1) TAUG=TX () LOWE 2780 N{ W
TizTiM,1) LOKE 7790 ]
TFETROUND,GT L 0,00 TI=TROUND LONW[ 7800 NEW
ABGEFFITL,VI*TAUG LOKE7810 NER
IF (HMIN,Lf,0) SUNVaSUMVHAGL LONET8 0 Nt W
SUNVY=SUMy LOWF 7330 NEW
It (1VabLT,IVL) FALIOR=1,0 LUNE Ta0{ NE W
IF (IV.GFoaIV?) SACTOR=D.S ' LOMWE 7850 NE W
SUMVE (1 ,0E¢06/V"*2) “SUNY LOKE 7860 NFW
RADSUM= RANSUM+NV*FACTCOR*SUMY LORLZ870 NE W
IF(JPLEC, 0) PRINT 1160, V,ALAH;SUNV,SUNYV,RANSUM,TX (Y) LOWE 7830 NEW X
TFESUMM L GE . RADMAXY VRMAX3V LOWE 789 NEW -
TF(SUMV.GE.QADRAX)  RADNAX=SUINY LOWETY0C NE W
IFUSUMV,LE.RADMIN) VRMIN=V LCKE?910 Nt W
[FUSUNV,LE.RADMIN) RATMIN=SUMV LOW 7400 NEW ;
KRITE(7,2010) V,SUNV,SUMYY,RAQSUM, TX (9),TX (1) LOKETY3L NE W !
3010 FORMAT(FIO0.1,11F10. %) LOHE 7940 NLW
1210 TXC10)=1,-TX(10) LONETYS5D MW |
Afz1,-TX(9) LONEZH60 A Sue
TFCIV.FQ. IVILOR,IV.EQ.IV2) AB=0.S*AR LOWE 7aro A S8BC
SUNA=SUHA®AQ®NY LONE 7980 A 586D
IFCIENISSLEN.1) GO TO 1229 LOKE 7940 NE W
IF(JP.EQa0) WRITE (b 423) IV,ALAM,TXCA) , (TXIK) KZ3,7),TXC10),SUMA LONEBODD A 587"
60
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Table AL, Listing of Fortran Code TLOWTRAN 4 (Cont) !

1020 CONTINUE LOWE 8010 NfHW
IF (IVeOGE.IVD) GO VO 95 LOHESD 20 A 588
«d 10 %40 LOREBD 30 a S8Y

95 READ 00, YXY LOWEBD WO A SY4 .

IF(IEMISS, €T 1) PRINT 1175, YRHMIN, RADMIN, VRUA X, RADMAX LORC 8050 NEW :
1175 FORMAT(® RADMIN * ,F12,3,042.5,7,*% RADNAX *,F12,3,F12.5) LOWe 3060 NEW
ENOFTILE 7 LOMEBQTQ NEW
JSTOR=0 § IFINOzQ LOW:8yAd NEW
AR=1, 0~SUMAZ/FLOAT(IVZ=-1IVY) LOMEBO90 NEW
PRINT 424, TV1,IV2,SUM4,Aa8 LOWESL1Q0 A 5918
TF(IEMISS.FRe1) PRINT LU 3,RANSUM LOWE 8110 NEW

443  FCRMAT (* TNTFGRATED RADIANGE =",F12.5,*NATT CM -2 SR*) LOWE 8420 NE W .
FRINT 400,TIXY LOWE31 30 A $591C
TFLIXY,E0,0) GO TO 100 LONWEB16D A 5910
GC TO 196,2957,98,300),IXY LOWF 8150 A 591t
o6 READ 406, VI, V240V LONE 8160 A 592
AVR=10000,/7V1 LOWEB170 A 59%
ALAM2 10000,/ V2 LOKF8180 A 594
PRINT G418, V3i,V2,0V,ALAN,AVH LOKE 8190 A 595
SUMAxX G. 0 . LOWEB200 A sap
6O TQ &7 LOWEB210 NEW
97 IF(HODEL.EQse 0) GO Yo 209 LOWE&22¢ A 5984
6C Yo 300 LOWE 8230 A 5988
94 READ LGO,MONEL, IHAZE, TTYPY,LEN,JP, TM, ML, M2, N3, ML, JEMTSS, 20, THOUND LOKES24LD NEW
JF(IEMISS,.FR.1) PRINT 1170 LOWEB250 NEW
TF(IEMISS,FN .0} PRINT 1171¢ LORE8260 NEW
LENSTOR=LEN LOWE 8270 NE W
PRINT LON, MOVEL s THAZE G ITY PE JLEN JP, IMgML 4 NP M3 MLy IEMISS, RO, TROUND LOWEA 280 NEN
. 60 TO 2% LOWES290 A S9aF
160 c¥CF LOWE 8300 A S599*¢
400 FORMAT (11T %5 PF10. %) LOWFAZLD NE W
1170 FORMAT(*1 PROGRAM WILL RY EXECUTED IN THF FMISSION MCDE®) LOWEB320D NEW
1171 FOPMAT(*1 PROGRAM KILL Bc FXGGUTEQD IN THE TRANSHMISSION 40DE*) LORES 33D NEW
401 FORMAT (3F19.3) LURE B 34D A 6O}
W02 FORMAT (FH o1 Q(FL0+3,FRet,2E1043)) LORE B350 A By2
403 FORMAT (4(FAR.J,OFT.0Y) LOWEB 36U A 063
494 FORMAY (15F5,2) LOKES3?O A 604
uns FQRMAT (8EQ,?) LOKE 8380 A 6ub
406 FORMAT (7FL0., %) LOWFA3Q) A &06
407 FORMAT (/71%%,28H HORIZONYAL PATH, ALYITUDE =,F743y14H KMyRANGE =,LONFB400 A 607
1F 7,3y 3P KN) LOWEBLLD A 608

4038 FORMAT (//710X%,50H SLANT PATH BETWFEN ALTITURES H1I AND HZ2 WHERE M1 LONEB&20 A 6buyv :
12 9F743)8H KN H2 =9F743,18H KM, ZENITH ANGLF =,F7?,3,BH DEGRFES) LOMWE B4 3G A bl
L09 FORMAT {/740%,39H SLANT PATH TO SPACE FROM ALIITUDE Hi =,F?.3,19H LONE44LGLD A 61t
1KM, ZFNITH ANGLF =,F7,3, 84 DEGREES) LOWEBLS O 4 61?2
410 FORMAY (/20%X,18H MONEL ATMOSPHERE ,T1,11H = TROPICAL) LONRE Bubu 4 b1l
411 FORMAT (/20%,418H MODEL ATMOSOHERE 411,214 = MIOLATIYUDE SUMNFR) LOREJLTE A 614
L2 FURHAT (/720%,18H MODEL ATMOSPHFRE +11:21K = MTOLATITUDE WINTER) LONE 84 8y A 615
413 FORMAT {/20%,18H MODEL ATMOSFHERE ,I1,71H = SUB=ARCTIC SUMMER ) LONEB &Y A 616
Ltd FORNAT (/20%, {BH MODFL ATHOSPHERE , 11,244 = 1¢62 US STANDARD ) LONERS 00 A 617

3
3
3
k|
2
3
1
]
i
5
;

61
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Table A1, listing of Portran Code LOWTRAN 4 (Cont)

w15 FCRMAT (/20X,08H HOCEL 8T4H0SPHERL 414,214 = SUB-ACCTIC WINTFR ) LOWE BS10
L16 FORMAT (/20%,18H HA?E MODEL ,11,3M = 485,134 VISUAL RANGE) LOMWEB52u
1?7 FORMAT {/25X*HAZE MODEL =7,F9.1,% KM ¥VISUAL RANGE AT 5SEA LEVFL®) LOWESS3D
418 FORMAY (/10%,24H FRFQUENCY RANGE V1= ,F7,3%,13H CH-1 YO ¥2= 4 F7.1,1LNNE8L40
14N CM-1 FOR OV =,FE.1,04 CM-q (eFG.2,® = *»,Fn 2% NIGCRONS 1%) LOWE 8R40

419 FCRMAT (/710X%X,34% FOQUIVALENT SEA LEVFL ARSORBER AMUUNTS//J1X110HWATLONE 8563
1ER VAPOUR CO2 ETC, 02 0NE NITROGEN (CONTY HZ0 (CONT) LUWEdL T

k4 MOL  SCAT AFROSOL 07ONL (U-V) /264X THGM CM=2,1 Xy 2HKH, LLORI 8% 00

JOX y6HATM CM, 20X ) 2HKM,9X , ZHGM CM~2y 10Xy CHKM 13X, 2HKM, 10 ¥, s HATM CN) LOMEBSYY

w20 FQQMAT (LH1,///710%,* VERYICAL PROFILES *,04X,*PSI*,6X,*PHI® ,6X ,*LON 8600
IREVAY &%, *THEYA RANGE * ) LOWEBB1D

4“2 FORMAT (/10X%,81 M(1-8)28CE14 3)7 TuX,t14e3,28X,L1043/) LOWFBL 20
42?7 FORMAT (1H1,/10%X,32H FR0 WAVFLENGTH TYOTAL H20y GXHC 02+, 65X, 0L 0RE Bu 3y
14HOZONE NP CONT M0 CONT MOL SCAT  AFROSHDL  AEROSOL INTt GRATEDLONE 8600

2 /11%y14H CHM-1  MICFONS, 3 (4UXSHTRAMS) 44X, 20H ARS ABSORPTLION 1 LOWEBESY

621 FORMAT (10X L6y 1 LF 9, 4 } LONt Bhot
Lou FORMAT (% INTEGKATED ARSORPYTION FROM®.15,% TO%,16%,% CM=1 =*,F10. 2L CHEB6?0)
1*,AVERAGE TRANSMETTANCE =*,F{aa) LORE 86 685

42% FCRMAT (10X, 7F10,3) LOWE 86490
426 FORMAT (/20%,*AEROIOL SCATTERING NOT COMPUTED,IHAZF=0®) LOwWE 8700
427 FORMAT (1H1,///10%, T0H HURIZONTAL PROTILES/) LOWE BT 10
428 FORMAT (10X, ® HEZ® F7 .3, %KM HO=% F7, Y, "KM, ANGLE=*yF5,4,*G0OM, RANGLOWEAT 2D
1E =%, FT 47 "KM, BETA=*, FR _5,¢ VIS=*,F.1) LOWE 8730

429 FORPMATCIF 106 34 TF 5,1 42610 %,2F1043) LOWEB 74T
L30 FORMATLADX¢* INPUT METLOROLOGTICAL DATAI®/ 10X, * 7=, F7,0 % KM, P=# ,F7LOWIR7?%y
1e29® MB,T=%,F5,1,% Cy, DEW PY,TEMP® ,F5.4,% Oy FLL RUMIOITY=2",F5,1, LOW®T76D

D vy, RPO OFNSITY=%, 1PEQ, 0y % GM M-T#/ 10V, * Q70N DENSTIY=*%09,0,* GLOWESZTO
IM-3, VISUAL RARGF=*,0PFes1,y® KM RANGF=*,F10,2,* kKM & ) LORE o070y

W3t FORMAT(LI(FR.2,2FT.R)) LOWHE 790
3?2 FORNAT (* STARTING FARAMETERS HI AND ANCLF MAVE QFEN RFOCFINEUIMIZLUWE 2801
1 PyF10.7, FANGLE =%, F10.6) LoWt 8810

w33 FORMAT (* TRAJFCTORY MIGSES FARTHS ATHOSPHFRE, CLOSFST VISTANCE OFLOME 8820
1 ARPIROACH TIS*,F10.2,1%,/91Y,"“N0 OF CALCULATICN®) LOWL 8330

aty FORMAT (10X, Tnu,Fe,1,11(E10.353) LOWERRLD
w3s FCRMAT (15,F7.1,8F10.3,uF0.4,¥F7,1) LOWE a85,
L6 FORMAT (* MMIN = *,F10,3) LOWi daby
437 FCRMNAT (* PATH INTERSECTS EARTH -~ PAYH CHANGED TQ TYPE 2 WITH M2 =LOWt 8870
1 C.N KM¥) LONt 8080

438 FORMAT (* CHOICT OF THG DATHS FOR THIS CASF -~SHQRIFST FATH TAXEN, LCWEbOIQ
1 FCR LONRFR PATH SET LEN=1,%) LONWE 093Y

%39 FORMAY (* CHOICE OF THO PATHS FOR THIS CASE ~LONGEST PAITH TAKtN, LIOWELBYIQ
1 FOR SHORT OATH SET Lty = [ *) LONFBUZ2D

440 FCRMAT (* H2 WAS SFT LFESS THAN HMIN AND MAS BEFEN RESLT COUAL Ty LOWE 8937
1 HHIN 1.6, H? = *,F10, D) LORE 3940

(131 FORMAY (¥ MODFL ATHOSPHERE NO. 7%,/ 4X %7 (KM)I*,3X,"F (M) %, 4X, LOMWE 8951,
1 *T (C) DEW PT ¥RH H20L(G4,M=3) UJ3I(GM.M-3) NO, NENL®) LONE 896U

W42 FORMAT(* FOG CONDIVIONS MAY EXIST AT SEA LEVEL FOR THIS VISUAL RALOWE 897y
IMGE®, /,* IF SO THFN ASSUMS THEC TRANSMITTANGF OUE YO FOG IS GIVFN LOWESMbY

28Y TMF TRANSNITTANCE AT 03,59 MIGRONS*) LOKESIIO
1109 FORMAT (91I3) LOWE 9000

- S - BB B REF 2

P - 2

>PEr PP OBl LR POP AT RPEPERESDRRRD

618
619
hoeo
601
[Tl
bk
[SaEH
[T
6260
[Thrd
[l ]
NtW
hipe
hi1®
[N
NEW
[SRETY
(SR}
(S
[TRIY
(SR 4
[SRY}
Hiq
haCe
whle
[
LR
Chhe
il "
tiaty
Y4
LX)
L]
w50
(]
Bh
[SSR)
S
bhe
Ghu
6ny
©hE
ohy
[
[R5
(S ds
Q‘h!‘
[0 %4
t‘““‘
NEW
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i Table 41, Listing of Fortean Code LOWTRAN 4 (Cont)
1155 FORMAT (118X,*NITRIC AG1D®) LOWE 9D 1D NEW !
H 1156 FORMAT (1H1,50%, *RADIANCE (WATTS/CM2 -STER=-XXX)*) LOMED 20 NEW
} 1457 FORHAT (30X,*FR(CM=1) WVL (MICRON) PER CN-1  PER MICRON®,*  LOWI9L1Y NEW
1 INTEGRAL TRANS*) LOWE 3040 NE W
4 1160 FORMAT(30XsFBa14F13,6,3E13.5,F13,0} LOKESOS0 NEW
£ND LOKEI060 4 666 '
i
3
N
1 '
. ’
\
)
i
63 \
( { ‘
%
-
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Table A1, listing of Fortran Code LOWIRAN (Cont)

SURRQOUT INE PATH(MLAY,HPATH,TAAV) PATH 10 Nt W !
COMNON 7(34) ,P(?,30),1 (1.3&).%(11.3&).an.sw.n.NL,R:.CH,CD,H CATH 20 NEW o
DIMENNTUR WLAY(36,11) , TBRY(68) MPATHI6E,11) eatuw 10 NE N
CONMON /FHLZ IEHIS<.KHAx,ANGLF..LEN,HHIN,U.Jx.J?.JNiN.JrVTRn.IIvPFDMn 0 Nt W
CONMON /FH27 TL,IKMAX ,LENSTOR gNLLp W1t g ECILY PATH B0 NEW
CCMMON /EM37 HL,M2,NP1 4MODEL | PATH B0 NEW
IE(ITYPE ,EQ, 1) GO TO 2000 PATH  TO NE W ’
IF (ITYPE . EQ,2.ANDHLLEQHZ)Y J23J1 PATH 80 NEW !
1F (H2.GToHis AND, ANGLE L GT . 90,4« ANDWNPLLEQ. 1) J1=Ji=1 PATH 9D NL W
IFLJEXTRALEN 1) J2=J0+1 ealv 100 NEW
IF((ITVFF.F\.?).AND-(HI.GT.HZ).AND.(LENSI‘OR.EQ.U)J?=JZ-1 PATH 110 NEW
TFCITYRELEN, X)) J2=NL eatH 120 Nt W .
PRINT 1109, J1,42 PATH 130 Nt W
1109 FORMAT(9I 1) PATH 140 MEW
PRINT 840 PATH 150 NI W
91) FORMAT (/7,23%,* CUMULATIVE ADSORBRER AMQUNTS FUR THE ATHOSPHERPATH 100 T] ]
. 11C PATH®,// PATH 17C NE W
LOX P HIO% (A PO 2+, BX, #O X%, IX, "N2%, BX, IO Co, b Xy *rOL S®yTX, PATH 180 NER ‘
T ORAERCT ,AX,TOY UVR, 7%,%H20 CF,7X, "HNO3*,6X, *TAVE™) PAYR 190 NEW !
Nno 1050 IK=1,68 Paty TO0 Nt W
TRRY(IK)I =0, ) PATH 210 Ny W
(i) 10582 K=1,XMAX PATH J2u NEW 4
RPATH(IK,K) =04 PATH 2380 Nt R E
1165  CONTINUF OATH 40 Nt H :
LEN=0 PATH 250 NI E
NLL=NL-1 PATH 260 NEW ;
IL=J1+1 TPATYH PTG Nt h :
Tg=IL4nLL PATH [ a0 NE W ! E
0C 1000 K=1,K™aX PATH 29D N R E
ELx)=0, . PATH 3Q0 NE W =
1060 CONTINUF PATH 310 NEW E
1€ (ANGLE.GTL.90.,0) GO T 10b1 PATH 320 NEW 7
=1, pPATH 330 NE W 5
TL=di-1 FAIH 340 NEH
HNIN=1, DE-6 . PATH 350 NE W :
TJ=NLL PAYTH 3ov NEN E
1061 CONTINUE PATH 370 Ne W E
no 1650 1K=1,68 eATH 340 NI N ]
IF {LEN.EG,0) Tb=TL-1 CATH 399 NEW k
TE (LENLED,1) IL=TL 41 PATH 430 Ntk
Ty=1J=1 PATH 41l NI W E
TF(IL.FO.0) GO TO 1050 PATH 420 NE W i
DO 1064 K=1, XMAX PATH 43 NEW 3
WK =E QKD +HLAY CTL,,X) PATH 4ud Nt W 3
WRATH(IK,K)=H (K} PATH 4&0 Nt W 3
1064 CCNTINE PATH LbD Nt W o
TFCTL L E0,0RILGGELNL) GO TO 1053 PATH 470 NEW ;
TRAR=(TIM, ILY ¢T (M, TLe1Y) *0.5 FATH 480 NEW 3
c JEXTRA 15 1 ONLY WHEN PROGRAM NEVER LEFAVES ONE LAYFR PATH 490 NEW i
IFC(JEXTRACEDL) TRAR=(T(H,J1) AT (M, J11)) %05 PATH 500 NE ¥ H
64

v

g
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Table A1, Listing of Fortran Code LOWTRAN 4 (Cont)

CONT TNUF PATH 10
TRAY(IK) = TAAR PATH 520
00 1103 K=1,KMAX PATM 5§30
E(X)=H(K) PATH 5S40
CONTINUE PATK 550
IF (ANCLEJLF,30.0.ANDLILEQ,NLLY) 60 TGO 1104 PATH Sb0
TF (ITYFEJEN Y ANDL ANGLE (LE.90.0) GO TO ifer PATH 570
IF {ITYPELFQ, 2 ANDs LENGE Qa1 AND.TLLEQ.U2) 6O 10 1104 PATH 580
IF (ITYPF,E0, 2, ANDJLENSTOR, F2, 0, ANOLIL L, EQ,J2) GO TO 1404 PATK §490
IF (TLLEQLJMINLANDLHMINCGGT . 0) LEN=1Q PATH €U0
IF ATLVEQG 4o ANDGHMINGLEOW0) GO TO 1104 PATH 614
IF (LENGED.I) GO To 1062 PATH ©20
TE (TL FQe JMIN, NN, TJWEQ, TLANLL) TUL=TL-Y PATH &30
IF (TTYPFLEQ,2,AND.IL,F0Q,J2) GO TO 1104 PATH 640
CCNTINUE PATR 650
PRINTINO0, 1K, (WPATHCTK,K) yK=1,8) ,NPATHCIK, 10) ,NPATH(IK, 11D, TBRY(IK)PATH 660
CONT INUE PATH 672
IKMAX=€8 PATH Ba0
LEN=LENSTO® PATH 690
RETURN PaTH 740
CONT INUF PATH 710
PRINYA00, LKy (WPATHOIK,K) \K=1,8) yWPATHIIK,10) ,HPATH(IK,11),TBBY (IKIOATE 720
IKMPAYZIK PATH 73D
LENZLENSTOR PATH 740
RETURN PATH 780
N3 2060 K=1,K%Anr Paln 7ol
WPATH{L KIS (K) PATS TTC
CONTITNUS PATH 780
IF IMOPFLLED,0) Ji=q PATH 290
2= PATH 300
TARY (L) =1 (M, g1 PATH 810
ITKMaAX=1 PATH 22Q
PRINT 1109, 1,42 PATH 830
PRINT 910 PATH Sau
IK=1 PATH &%0
PRINT00, I, {IMPATHOIKK) ¢XK=21,8) ,WPATH(IK,10) ,NPATH(TK, 112 TSBY (IK) PATH 86
KMINz1,0E=h PATH 870
RETURN PATH &80
FORMAT(IR, 10F11.3,F10,3) PATH 890
END PATH 400

.

NE W
NEW
NEW
NEW
NL N
NEW
N W
NE W
NE W
NEW
NEMW
HE W
NL W
NERW
NEW
Nt W
Nt W
NEW
NEW
NEN
NE W
NEW
NEW
NEW
Nt w
Nt W
New
Ni K
NEW
NEW
NEW
Nt W
Nt W
NEW
HEW
NE W
NEW
Nt W
NEW
NE®W

[ S T,
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i Table A1, Listing of Fortran Code LOWTRAN 4 (Cont)

. SUAROUT INE HNO3 (V,HARS) HNO3 10 NEW
OIMENSION M1(15): H2(16), W3(1X) HNC3 20 NEW
[] C ARRAY Hi CONTAINS HNOX ABS, NOEF(CH=1ATH-1) FROM 850 TO 920 CM=-}1 HRNG3 3 MEW
$ DATA H1/2019793¢994,F 01506, 84150,0.287,9,461,11¢56,11010,11017,12¢4HNO3 60 NE W
s 10,10.49,7.509,6,136,4,899,2,866/ HNO3 S0 NEW
€ ARRAY HZ CONTAINS HNO3J ARS, COEF(CHM-{ATHM~1) FROM 1275 TO1350 GM~) HNO3 60 NEW
DATA HZ/2,828,44611,60755,84759,10.54,13474,18,00,21.51,23.09,21.6HN03 70 NEW
18,21.32,16462,16s42 )17487 1142664847867 HNO3 84 HEH

C ARRAY H3 CONTAINS HNO3 3RS, COEF(CM-1ATH~1) FROM 1675 TO1735 CM-1 HNO3 90 NEW .
OATA H3/5,003,8,803,14012,1%,83,2% 31,23458,23422,21.09,26,99,25,8HNC3 100 NEW
‘ 16,24.79,17.68,9,420/ HNC3 110 NEW
! HARS=0, MNO3 120 HEW
i IF (VoGE.B50,0,AND. VoLEL920.0) GO TO 1300 HNOX 130 NEW
i IF (VeGE.1275.0¢AND,V,LEL1350.0) GO YO 1001 HNO3 140 NEW
i IF (V.GE.1675,0.ANDVLEL1735,0) GO YO 1002 HNO3 150 NEW
) 60 TO 1003 HNO3 160 NEW
: 1000 I=(V-845,) /5. HNO3 170 NLH
! HARS=H1(I) HNCT 180 NEW
G0 T0 1333 HNO3 192 NEW
3 1001 I=(v¥~1270.) /5, : HNO3 200 NEW
HARS=H2 (T) HNO3 210 NEW
Go TO 1003 . HNO3 223 NEY
1002 I=C(V=1670,)7/5, : HNO3 230 NEW
HARSZNY (1) HNO3 24y NEW
1003 RETURN HNCY 250 NEW
i END HNO3 260 NEW

e Al &




THIS PAGE 15 BEST QUALITY C?mcncm
© T PRaMCorX ¥ JROL SHED TV DD

Table A1, listing of Fortran Code LOWTRAN 4 (Cont)

SURROUT INE POINT (X ,YN,N,NP,TX,1P) POIN 10
COMMON 7(34) P73 340, T(7,34),EH(L1,34) yWH (T ;34) yMyNL 4RE,CH,CO4PI POIN 20
COMMON /EM1/ TENMTSS,KMAX POIN 30
DIMENSION TY (11) POIN Wy

CrOePIR I s sQrB IRt O IR i Ol OP I BT R RO IR P T IR IR rRTIRRNCY Y SRRSO RS YSREADOTN 50

Cc
C
c
¢

SLBROUTINE POINT COMPUTES THE MEAN REFRATIVF INDEX ABOVE AND BELOWPCIN 60
A GIVEN ALTITUDF AND INTERPOLATES EXPONTNTIALLY TO OETERMINE THt POIN 70

FOQUIVALENT ABSORBER AMOUNTS AT THAT ALTITUDE, POIN 80

POIN 90

clll.l"..l!.!Sl"ll‘l.'l.'.lll...'..ol!!lll!....l!’l'l..!...!"l! l‘lO'CPcIN 100
POIN 110

X IS YTHE HEIGHT IN QUESTION POIN 120

s Xe e Ry Nol>]

[

>

\

TX(9) ANN YN ARE THF MEAN REFRACTIVE INDICES ABOVE ANC DELOW X POIN 130
N IS THE LEVEL INTEGER CORRESPONDING YO X OR THE LFVEL BELOW X PCIN 1w0
NP =1 TF X COINCINES MITH MODEL ATMOSPHFRE LEVEL ,IF NOT NP = 0 PQIN 150

TX{31-8) ARE ABSORBFR AMOUNTS PFR KM AT HEIGKT X POIN 160
CH S SR BTN NIV IC NIRRT R TR ORI RGP NEABR S L AN LR EN OO IR PRSPPI RBEFR AR LI B RAIRAAPGIN 170
N=NL PQIN 180
NP=0 POIN 190
TF(X LT 0,00 xX=2(1) POIN CO0U
IF (X GT,7(NL)} GO TO & POIN 210
N0 1 I=1,NL POIN 220
N=1 POIN 230
IF (X=2(1)) 2,4,1 PCIN 240
CONTINUE PoIN 250
J2=N PGIN 260
N=N-1 POIN 270
FAC=(X-C(N))7{Z¢J2) -2(H)) POQIN 280
PX1=P (M ,N)®(P(M,J2) /P (M,N)})**FAC PGIN 290
TXL=TM,NI*(TAM, J2)/TAMN) ) **FAC PCIN 300
WY1=WH( M, N) * (RHE{M,J2) /HH(M ,N))**FAC PCIN 310
TXC3)=CO0®PXL/TXL b, S6F~H6*UXI*TXL*CH POIN 320
TRICISPOMP U, I /T M, UTY 2 o SOE -G WM, QI TN, ) 0N fOIN 330
TXA1I=CO%P (MaN)/T (M NI=4,5BE-R*HH(Hy N) *T(H,N) *CH POIN 240
TXCEI) =0 SE=BF{TX() +TX( D)) PCIN 350
YN2DLSE=6* (TX (1) +TX (3)) POIN 3610
IF (IF.EQ.0) GO TO ¢ POIN 370
00 X X=1,KMAY POIN 380
IF(X.€E0.9) GO TO 3 POIN 390
TX(K)=0.0 POIN 40O
IF (EH(K, M), EN,04C) GO To 2 POIN &1C
IF (EM(KyN)GT42000.Y) GO TO 3 PQIN 420
TXC(KIZEHCK yN) ¥ (EHIK,J2}/EH(K,N) ) **FAC POIN &30
CONTINUE POIN G&i
GC ¥0 9 POIN 450
NP=1 POIN 4b0
IfF (IP.E0,0) GO TO 6 . POIN L7U
DO S K=1,KMAX POIN 480
TXCK)=EH(K N POIN 490
TX(I)=EH(IIN) -1, POIN 500
’
67
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Table A1, Listing of Fortran Code LOWTRAN 4 (Cont)

IF (IP.EQe1) PRINT W00, X N NP TX (31, ¥N,IP, {TX(K),K=4,8)

YN=0.0
Greees
IF (NGGY 1) YNIEH(IgN=1) =140
9 CONTINUE
TX(N=TX{T)r+1,
YN= YNed,
RE TURN
c
400

CARDS B 2% AND $0 THROUGH 59 ARE NOQ LONGER ®EQUIRED

POIN
PUIN
POIN
POIN
FOIN
POIN
POIN
POIN
PCIN

FORMAT (/,* FROK POINTE HEIGHT=®4F10.4)* KM yN=*, I3, %) NF2*,]24%,REFPOIN

1. INDEX ABOVE & BELOW Xz % 211,44 IP=%,T397/,12X, EQUIV.

JAMOUNTS PER KM AT X=%*,8€10.3)
END

ABSORBER POIN
POIN
POIN

510
520
6530
S4Q
550
560
ere
5840
€90
cuo
610
620
30

D TODDOTDIQLDID

uh
o8¢
49
60
&1
6l
€3
64
65
by
67
oa
€9

bl 12 L

[

ool D L
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Table Al Listing of IYortran Code FOWTRAN 4 (Cont)

SURARPQUT INF ANGL (M1 yHZ 4 ANGLE y BL 4 LEN, ML) ANCGL 10
COMMON 7 (34),P (7, 3u4),7(7, 3‘0),[H(11|3‘0|.NH(7,3R),M,NL,RE.CH,CO'F’I ANGL 2
COMMON /EML1/ TEMTSS,KMAX ANGL 30
OQIMENSION TX 11D ANGL 40
CD'l‘lllill!ull.!!l!!!!“l!!!!'Dl!u..vl‘!n.!v!.l#u!vo".t-q-!u;"!ovv;!otANGL 50
o ANGL ol
C THIS SUAPQUTINC CALCULATES THE INITIAL ZENTIVH ANGLS (ANGLE)D ANGL 70
G TAKING INTO AGCOUNT REFRAGTION EFFECTS GIVEM Hi,H2, ANO 8&TA ANGL 11}
c (WHERF BFTA IS THE EARTH CFNTPE ANGLE SUBTENDFO £ty M3 AND H2 ), ANGL 30
¢ ASSUNTYG THE REFRACTIVE INDEX To BE CONSTANT IN A GIVEN LAYER. ANGL 100
o FOR GREATER ARCURACY INCREASE THE NUMBER OF LEVELS IN Y4t HOOEL aNGL 110
c ATMOSPHERE, ANGt 120
C AHGL 130
o A 15 SURRGUTINE CAN Bf REMOVED FROM THE PROGRSM IF NOT RLCQUIRED. ARNGEL 140
Cll.'!l.ll“l...ll‘!l!!!‘.!!!'!O!'!!!!l!#!!l‘!!.‘!!!l'!‘.b!'!l!u!.!!‘!!!leGL 150
TP=99 ANGL 160
CA=F1/180. ANGL 170
X{=FLe¢H1 ANGL 180
X2=RF+H2 ANGL 19y
LEN=0, ANGL 200
IT=¢C ANGL 210
31=n1*CA ANGL 220
TANG=X2*SIN(ALY/ (X2*COS(B1)=X1) ANGL 24U
THET=ATAN(TANG) ANGL 250
IF LTME T.LT, 04,0, THET=THETPI . ANGL 060
SFYI=STH(THET) ANGL 2790
ANG=THE T/CA ANGL P890
G PRINT GQhy S1yANG,T ANG ANGL 297
TN=THET ANGL 300
TMzTN=( S®CA ANGL 330
1 ANGLFSTHFT ANGL 3720
faT=0, ANGL 33y
RETA-G. ANGE a0
AFT1=0 ANGL 350
AET2=0 ANGL 36y
FAT 1= 0 ANGL 37U
FaTZ=Q ANGL 380
FatT3=0,0 ANGL 390
IF(A1,LF.040) GO 1O 2 ANGL 40D
C PRINT woOO, IT ANGL 410
Y=, *THET ANGL 4?20
IF (Y-FI,GV.1.0E-8) GO TO 9 ANGL 430
I¥ (1P, FQ.100) CO TO b ANGL 4 &0
XMIN=X2?COS(R1Y-RF ANGL 450
IF (XMIN=H1) B,L,4 ANGL 4abl
2 HMIN=H? ANGL w70
H2=HY ANGL 480
H1=HMIM ANGL 4 9u
3 ANGLE=C45*PT ANGL 500

69
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FROM COrY ¥URN Lot 20 DO e

Pable A1, Pisting of Fortran Code LOWTRAN 4 (Cant)

THE T-ANGLE

SPrH1I=1,0

ANG=ANGLE 7GR

PRINT 404y M1, ANG,SPHI

I1=100

CALL POINT (Hiy YN, Ny NP, TX, TP)
J1=N

TX1=TX(9)

CALL POINT (M3 YN NyNPTX, IP)
1F (RP.EN. 1) Nx=N=1

JT=N

17 (Ji. . J™) TX1 2T Y] eYH=-FNK{9,J1}
O 7 A5 d, 00

X1=RC+Z2 (N

FRELI N NNTY B

1F (JJFQadi) Xi=RE4HL

TH (JWEQg g3y XO=RLH!
SALP=X]ESPHT /XD
ALPASIN{SALR)

RNz {HLQ,J¢1) 7EH1T,.0)

TF (02011, 24000 ONTYN/EHI9, U}
IF (JLE0, 01 RNzt M Je1) /1
TP ((021) (€TI0 AND LS ,FR.J1) RN=YN/T XY
ACY=THE T-AL0

FRz-TAN (ALS)

1F (JWNFedl) FRU=FReTANLTHET)
LAT=FaTern

NETA=DF TARLT

TH1=THE T7CA

AL AL T/CA

CzALPCA

ORINT 40>, J.I(J).IN[T.ntv,nrl,n[lh,fnl,ru,lux,nl,c
IF AN N RTe kY CzFY=ALY

1F (SALPLGELRNY RN: 1.
SPHI=SALP/RN

THET=ASIN(SPHT)

TUNTINUE

THIM UL« 0400 GO TQ 09

GC T DA

CONTINOF

TANGR=-T 8NG

ANGLE=PI=ANGLE

TN=ANGLY

ANG=AN(LL ZCA

CRINT G404, B1,8K6,TANG

IF (dleLt,0,0) GO TO 3
CONTINLI

1P=101

GCALL POTINT {HL, YN NyNP1,TX, I
TX1=Tx( 49

ANGL
ANGY,
ANGL
ANuL
ANGL
ANGLL
ANGL
ANGL
AN L
ANGL
ANL
Ava
ANLL
ANGL
ANGL
AN L
ANGL
ANCL
ANGL
ANGL
ANLL
ANGL
AN L
ANGY
ANGL
ANGL
ANGL
ANGL
ANLL
ANGL
ANGL
AN L
AN
aNcL
ANGY,
ANGL
ANGL
ANl
ANLL
ANTL
AN GL
ANGL
ANGL
ANGL
ANGL
ANGL
AHCA
ANGL
ANGY
ANGLY

Y iU
vo0
Y 30
Gl
ase
Y e
570
80
530
6y
10
00
630
oul
ol
bl
670
[SrY)
SRR
70
71
0
IRAY
Tl
7o)
7Tou
Ay
740
7490
adi
oll
L)
Ry
Bell
[UCT]
[ INY
a70
r30
Yy
ERRY
yiv
90
AN
BT
yh
PINt
arqg
Rt
BT
vy

P Y s s e Aa R R e e Rl

RN Rl N Rar R eiie
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ke

wh
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P
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53
Gy
ah
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Table Al, Listing of Fortran Code LOWTRAN 4 (Cont)

YN1ZYN

IF (NP1,EQe1) N=N-3

J2= N

IF (HEQeT)Y JaML

J1=N

NENBES|

IF (H2.GE.H{)Y GO TO 13

Cabklt FOINT (HYw YNaNgNFo U X, 1P)
TX22VX(9)

YNT=YN

JlaN

1F (J1eEQe ) TX2n YN #TX () =FHI9, J1)
RENLS

X1=RE+7 (Ue 1)

X2=REe2L)

IF (J.E0D.J1) Xi=REeHI

IF (J.FQed?) XP=RE#HD
SALPxX1#SPHI /XD
HMIN=X1®SPHI-FE

PRINT 602, JaXLs2(J)SPHI,SALPyHHINGRE
IF (SALP,.LE,1,0) GO TU 118
SAL Pz SPM]

IF (H#IN,GT,H2}Y GO TO 1R
ALP=ASIN(SALT)

THET=ASTH (SPHT)

ng T=ALP-THEY

ACT1=8E V1 ¢RCY

FR=TAN{ALY)

IF (JNEJ1) FRzFA-TANITHTT)
FRT{zFOTL4FA

TH1=THET/CA

AL =0FT/CA

AL=ALP/CA

PRIMT 400, JoeX2oTHETHALP ST, 06T, AMEINGHMIN,,FB1L, THY 0, AL
IF (X7.EQeRF+HDY G=FI-AL®
REF=EH( Sy J)

1F (WaENWJ1) REF=YNY

TF (JafQuJ?) REF=TX?D

1F 44.60,1) G0 10 19
RNzFHR{C 4 JI/TH{A,0-1)

IE (JubCaJl) RNzYNLI/FEH(O,.)-1)
IF(JetQe32+1) RN=REFZTIXRD
TFLJeFQauly RN=REF/YND

IF {SALP, Gt 4 BN) NNz 1.
SPHI= SALPeRN

IF (7C0)LEL,HDY) GO 1O LT

<0 To 1

LR IR

Tt (ARSI (I ~HD2) L T.1.0F-10.ANDVJWNELT) GO TO 1S
GO 1o 1k

-1
—_

ANGL1O1LU
ANGL 1020
ANGL T 1D
ANGL £ 00
ANGL 1U%D
ANGL 1060
ANGL1GTO
ANGL1D 80
ANGL 1090
ANLL 1100
ANGL11L0
ANGL 1120
ANGL 1130
ANGL 1140
ANGL 1150
ANGL 1160
ANGL 1170
ANGL 1180
ANGL 1190
ANGL 1700
ANGL 310
ANGLTICSO
ANGL 13T
ANGL 1263
ANGL 1250
ANGL 120D
ANGL12T7Y
ANGL 1789
ANGL 1240
ANGL 1 30
ANGL 1 X0
ANGL 1320
ANGL 1 X3¢
ANGL 1 X449
ANGL 1350
ANGL 1360
ANGL 1370
ANGL 1 380
ANGL § 390
ANGL 1ady
ANGL { w10
ANGL 142U
ANGL 14 X0
ANGL 1440
ANDBL 1450
ANGL L 46y
ANGL 1470
ANGL 1400
ANGLI @Y}
ANGL IS DO

nc"lﬂﬁ",nnﬁnﬂo.“.n:‘»nqt‘;cnoon:‘.c

DEOLAHTD

e

no0D

ke

<

STINDOD

-

-~

94
9%
964
96N

131
132
{X3r
132
133
[y
13%
136
137
138
1319
140

KSR
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Table A1, Listing of Fortran Code LOWTRAN 4 (Coat)

FENESY

X1cRE+2 (Se1)

IF €J.FQeJ1) XI=RE4HY

TF (0uF 0y U7« ANDeJa NEW J1) X1 =RE #H.
X2=RE71J)

HNINeX$ *SPHT ~-RE

IF (HMINJLE«0.0) GO TC 25

IF (20U LT.HMINY GO TO 18
REFEEH(9,J)

IF (J.rQ,)2) REFxYN

SALFeX] *SPHT /X2

ALPzASTNISALP)

VHET=ASIN(SPHI)

AET=ALP =THET

FA=TANCALPY-TAN(THET)

FRT2:FRT24F0

BET Jefk TR AR Y

SHINTDETI4BETD

AL=A(C/CA

TH1=THE T/CR

PRINT 402, J,X?.TM[T,ALP.UET?,REV,ﬂHIN.HHIN,FPIZ,THI.BF.AL
RN=REF/EH (O, J=1)

IF (SALP.GF.RN) RN=1,0

SPRIRSALP RN

GO0 10 13

TXItYNI4TXE9) =EH (T, Ji)

YNL1=TX3

IF (ABS{H2=Z(J¢1)) sLEy1edE=5) ¥YNL1xTX(G)
IF (ARS(HL=Z(J+1)),LEa8ed-%) YNI=TX (O}
PRh=1.0

«0 10 10

CALL PDINT (HMINy YNyN,NP, TX, 1M
IP=302

TEI=Tx(w)

IF (JeEQuJBaANN,H2, GELHT)Y GO YO 17
IF (JeEQuJ1.0RULFAJD) TXX=YN2eTX(9) -FH(9,J)
TF (HMIN,GT4NH2) TXXzTX(9)

TF (€00 J1a AMOCHMIN, GTL H2Y 50 TO 17
RN=REF/TX3

IF {SALF.GE.RN) RN-1,

SPH1=SPLP*AN

XxX1¥SFH]=PF

OIF=ARS (HMIN~X)

HHIN=X

IF (OIF-1.0F<5) 14,19,14

XZ=RF¢h MTH

PRINT 6403, HNIN,(IF RN

THE Tz ASINCSPKI)

IF(RN.FU.1.0) FRTX=~TAN(THET}

If (RN,EQ.1) GO TO 20

o

ANGL 1510
ANLL1S 24
ANGLE63)
ANGL 1540
ANGL156D
ANGL 15610
ANGLISBTO
ANGL15S480
ANGL LSO
ANGLIBOY
ANGL1b1Y
ANGL1620
ANGL 1630
ANGL 1660
ANGL1bLSu
ANGL 1660
ANGLI6TD
ANGL16680
ANGL 1690
ANGL1700
ANGLL71y
ANGLITZ0
ANGLL73D
ANGLI7LY
ANGL 1750
ANGL 1700
ANGLL770
ANGL1780
ANGL 1790
ANGL1b0G
ANGL B 10
ANGL1 82D
NGL 1336
ANGL 1840
ANGL 1350
ANGLio06)
ANGLLAYY
ANGL 1880
ANGL 1890
ANGL19UD
ANGL 1910
ANGL 1920
ANGE 1930
ANGL1Y by
ANGL 1960
ANGL 1960
ANGL19TD
ANGL 1980
ANGL 1990
ANGL D00

L e A R e N R N R s N oW A e N R R B W R e N e B WO W N N S Wl W A S BN o)

in)

OO0 TGOS0

1l
142
143
144
149
tod
167
148
149
150
iha
157
1513
154
154
156
187
in8
149
160
ivt
160
163
ing
16%
166
ih7
168
169
17¢
171
177
13
174
17%
17e
177
178
179
lou
181
182
182
184
18%
186
187
iss
18813
189

i s Miderom

]
N
3
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Table Al. Listing of Fortran Code JLOWTRAN 1 Cont)

ONX=(TXI=1.0)%ALOG((T X3=1, 00/ (REF=1.0))/(X2=X1) ANGL201Q ¢ 190

Y FATAZ~TANCTHET) *{1.0-1.0/C1,0+¢TXS/(X2*ONX))) ANGL20 20 ¢ 191
20 BFTz(."*PI~THET ANGL 2030 ¢ 192

JET2xBET e RET ANGL 2040 ¢ 193

AMINZAFT14RCT2 ANGL 2050 C 194

IF (H2,0F,HM1) GO T0 23 ANGL2060 c 195

BET=RET142.*NET? ANGL 20 Tu C 19b

1B1=A1-BETY ANGL 2080 C 197

DA2=0ET~P1 ANGL 2040 C 196

21 CA3=ARS(BMIN-R1) ANGL &100 C 1994

1 IF (DAY, G NAL,AND,DA2,GT.GRE) GO TO 25 ANGL1LD C 1998
: IF(OR2,6T,M1¥) GO To 27 ANGLZ120 € 199C

IH(DAZ,GT. DALY GO Y0 25 ANGL 2134 [

AETA=HET ANGL 2140 ¢ 201

FET=FAT 142, 0% (FRTO+FBTI) ANGL21510 [

LENZT. ANGL 2160 c 23

GC TO B ANGL 2170 C 04

{ 22 ARETA=GET1 +RET] ANGLC18u C 2us
FAT=2FATI4FRTP4FATS ANGL2 190 G ub

¢ PRINT 601, J,8E1 JFRT,FOTYFET?WFATE, [X1,YNT ANGLZ2200 [T 4

GO T0 06 ANGL 2210 ¢ fue

21 NETA=D, 0 (BET1+NETD) ANGL 2220 ¢ 209

LENT1. ANGLZZ 30 [MERE Y

FAT22,C *(FATL+FATO+FRTY) ANGL 2260 C 11

PRINT @01, JyBFETALFRT FBT1,FBT2,FOT3, TX1, YNL ANGL 2050 ¢ M?

IF (H2.tQ.H1) 50 TO 2A ANGL 226U ¢ o213

TFRe103 ANGLCO2TY C 214

I[F (NP1.b0L1) Ji=Jdlset ANGL 22 80 [N

SPRI=SIN(ANGLE) ANGL 2290 C 216

IF (7€J1e1)WLELH2) GO T M6 ANGLZ 30U cotr

PRETXL/ YNL ANGLZX 1Y c 218

TF (SPHTI,GH« RN) RNag, ANGL 320 c 219

SPHT=SPHI/PN ANGL 2330 [y

. THFET=ASTIN(SPHT) . ANGL3 44 [N
N ¢ Yo & ANGL 2350 coere
{ . 24 CALL FOINT (H? 3 ¥NyN,NPTY,IF) ANGLY 20U o3
TX1=T X1 ¢ YN=EH(Q, J1Y ANGLP37C c 206

RN=TX1/ YN ANGL 2180 Coars

2zJt ANGL 2390 oS

B TF (SPHI,GELKN) RN=1, ANGL 2690 [ 4
¢ SPH1-SPHI/RN . ANGL 74 10 AR
] THET=AS IN(SPHD) ANGL P&20 c oca
1 GO0 Tu F ANGL 2430 c rxc
1 el QETAzBETY ANGL Pdu) [N
LFM=0, ANGE 2450 [ i

: FAT=FAT1 ANGL P by ooz
1 2h THET=ANGLE# (R1=-DF TA)/ (1, +FRT/TANG) ANGL 7470 ¢ o23a
NAFTa=AFTA/CA ANGL 248U G 23%

! B=aETL/CA ANGLT G W C Q3w
THY=THFT/(A ANGL 2500 c 237
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PRINT 404, BEYA.OBETA,F%T,YH:,TANG ANGL 2510 C 238
TF (TNET.GT-!N.OR.‘NEY.LT.TH) THET!ITN&YN)/?. ANGL 2520 ¢ 239
THI=THET/CA ANGLL 2530 C 240* .
PRINT w04, BET1,B,FRT,7Hy ANGL 2540 C 2610
TN{=TN/CA ANGL 2559 C Pyp
THizTN/CA ANGLZ5B0 C 263 ‘
PRINY 405, TN,TH,TN{,1H} . ANGLZ57) ¢ 2u4 '
SPHI=SIN{THEY) ANGL25 8¢ [N
TANG=TAN(THET) ANG( 2590 G 2ub {
IT=1T+4 ANGL 2500 C 2uy
DBE=ARS(BL«BETA) ANGL ?b1p C 248
UlH:A‘iS(ANGLE—THET) ANGYL 2629 ¢ 2u9
IF (11,E0,10) THET=0 .5 (ANGL €2 THET) ANGL263y ¢ 2sae
IF (1Y, EQ.10) 6O To 2a ANGL 2640 6 251
1€ (O8E G114 0E=7.AND,DTH.GT,1,0F=7) 60 10 1 ANGL 2659 C 252
08 ANGLE=THET/CA ANGL2b6Y v o253
PRINT alby ANGLE,TT . ANGL AT C 2%
RETURN ANGL 2b8p C 2%%A
2a Hi=H? ANGL 2690 G 2558
AMGLES® /04 ANGL 270y C2%60
PRAINT 406, ANGLE, IV ANGL2749 C 2550
RETURN ANGL 2720 C 258
o : ANGL 2730 C 256
L0o TORMAT (sr® ITTERAYION NUMBER 10,72 ANGL2740 c 252
Lty FORRAY (I6,%4h.7,8F1%.8) ANGL 2750 C 258
Wg FORMAY (Ik.Pm.u.ﬁns.«,urm.w) ANGL 2760 C 2%9
il FORMAT (» HH!Nt‘.Flk.E\,' DIF=®Fy4,6,¢ PR=*,¢16.8) ANGL 2770 C zeg
404  FORMAT (* TOTAL 3CTA < CrELLLB 15,60 %, FAT = T E16, 0,4 THEY =*,Fi0aNGL278) £ 261
.\.69'\'ANG=°'F10.M ANGL27 90 C 7?62
“0s FORMAT (5F12, 8) ANGL 280¢ C 2o3
n06  FORMAT (AX,/{H*, *2ENITH ANGLE PF7.3,* DEGREES 4 RECCMPUTEC ANGL 26 10 C 264 :
1 FRCM SURROUTINE ANGL (ITTERATION®,T3,%)r) ANGL 2820 C 265
£R0 ANGLTB30 C Pbe
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Tuble A2, Listing of Data fur LOWTRAN 4

& 36
2¢B30C¢03 1,2456403 S, 3TLECYD P.257F 402 1.19%F 07 8.992F«01 ba30i0+ul H.8930+01 i
De073E401 SL.3220408 5.076E 401 5,3208401 S.639E401 5,159 +01 S.057c#)1 G Tulceiy ™
Ue S1LE40] 4, Wb)EC0L 4o JITE40L 2,0636F 401 246AJC¢01 1.935E401 1,45604 01 1o11hL4dy o
B0 831E400 7. u30E+IL 20 D39E4 10 G0 893501 14S0LE=U1 BauBLE=I0 La070T=0 5 by 3E=Ds W
1.970E-08~0. @
163792606 5,030 ¢u3 1,8450¢03 67350402 2.454E+02

0.0 1.u13E+03 300, 0 1,9F 01 G.b6F=-45 1.3135+03 294,) 1,45 y1 LelE-uo
140 94 C40E+02 294,u 1.3E4+01 S.6E=15 Yy.020t402 290.0 C, 3t 90 He0t~Gb
2.0 8,050E+02 28840 9,3°¢00 SoLf-05% bad20ued2 285.0 S.9040¢ HeGt=0u5
3.C 7 IS50E4LE 28G.G 4. TERDC S§,1=35 T.1000 430 J794u 3.3 40, CI A
4e0 6,4330E+02 277,0 Je2E4+00 Ga7E=1% 642806412 27344 1.974), oali=th
S5¢0 5.590F €07 270.0 1.5F+¢00 L4eSE =05 5.5400¢02 26740 1.0ctnQ Lebe=35
50 ,92UE4IT 264 C 8.5E=01 Lo3E=)% LJATOE+D. 261.3 Galb=01 fadE-0%
7ed 4o 320F+22 257.4 LaTE=01 Lo10~0% e Q005002 256, 307701 7 5E =00
0.0 3. TBUE *ul 25L40 PeSe-01 J.9F=05 700E+32 2LAL0 SetE-01 7.90=GY
Y,0 3.290E+402 244,10 L2E-01 Io90=33 3260k #g2 J67,0 1,060 3 onE-0%

L0.0 2,86G0F+02 227.0 G,98-0¢ T,9C-05 Q4RI0TID T30, (PRSI 100 =00

114) D.u70€e02 2305490 1,72=02 Gu1F=05 2a4gLee? 279,07 R I 1e10=0w

12,0 2. 130E+07 2240 RedF=03 G, 3E=0> D7.I90FEI7 22,0 Baut=g3 1.76-204

13,0 1.820F402 217.6 1.3F-22 LySE~05 10790t +J2 21649 1,80-)2 1.58-204 B
1640 1.56UF+72 21¢.0 JL0F=g3 G.RE=35 1.530F¢)7 21kl 1.0F=23 LaBL=yh N
1500 14320E402 204, 7.6E=00 Le70=05% 143008+ Ml 7ol -06 1.9L- 0k B

1640 1a11dF+02 197.0 Houwb ~0G Ge?0=3% 14 11CF #0) 21,2 Daki-Ju a1V (4 »
17.0 9,37ub+)1 19%.0 DabE=U4 6,49F=0% 9,.650004)1 T1tk.° Cabit =J0& Salble0h S
18,0 7.89CE+01 199,00 R,JE-0% 9, uF-i% 8e1lLct ! TLf.. N0 mub 2.86e0a4 o
19.C vebb0E*CL 03,0 U, AF -4 1auE=0w AL9TNCe0] 17,4 ) 00k kA
Jusl S.650E401 207.C LL5E=0Y 1.80=06 S50 #01 21840 4, =Ju Seeielu -~
210 4,8)0E+01 21140 Self-d0 et -ds Celguceny T1a,. Beif-ju Sent-(n V
2240 44 5Q0E+71 215,10 Halt=(4 Ca8E=08 G 3T F)L 000D Selt =yt It U o
23.0 2.500E+01 217.0 L SL20~06 3,.7600401 07,2 R A Saan-ia )
2he7 T, 00UE+0L 219,90 fyE-uk Teal =04 7,020C491 001, e {50 .M -04
2Beu 2.570E401 221,0 (AN Jobi=)e Do77LF431 20l e 7L=04 Jewz=it
3040 L.2208401 231740 3.6F-00 Tobb=dhd 143230401 23400 I.ul=g4 RISV b
3540 Ha0JUE*IY 264343 1e1E-ub MaIL-J8 6.9200400 Q45,0 1al. -Jn 9,0 -8
Lusl 3.050F4)0 25L,0 L,3E-25 Go15=-05 33300400 2%Bay GosF=yh wylomif
WS¢ 14590400 265430 t,9L-0°% 1.3:-95 1.760E400 279.0 1.90 -3y FIRKEAENTEN
50.0 8.560F=01 270.0 bL.3t=-0k Ly3b=06 94510E=01 27bay be3T-3kh w3 lu

70ev 54790500 214900 Lebr=u? Babb=03 6e710E=L ClBay ler=17 Jahr=Gn
10040 3.udUL=L4 Q1C,v 1,3€-59 Ly dt=11 343206-34 210, 1.0:=00 4,311

993499, J.000F+00 214, 0.0E-D0 0.UE-00 0.000F 30 21040 L TN 1.0: =du

.5 1. 0LHE03 270,72 TL5F 600 A0E=30 L1010t #J7 o7t [P SN Gate ey ®

1,0 3,373€442 A8, 7 2509y GenfoJS Jadh0F 6,0 2B2,) cultdy Faun-uh

240 TB4TCHU2 26Y.2 1.0E+00 449E=0Y 7.32QF )7 7641 Gl v Sent=0%

3.0 6.938E¢02 261.7 1.2E+00 L.GE=05 7,0001¢02 271.3 2u7sac LN U
Lyl b, 0RL1E$DD 2655, 7 . B6F=01 4o 9F =05 GalbPL4+d2 Inbaey 1.7%4030 6o0L-05 _
5,0 5.313E402 249,7 I, 8E-u1 GaBE=0D batl100tdZ R0 1. dc 4y Saet-dh &
€00 e GPTE®02 24307 S 1E-01 6a6F=05 4o730C+00 253,90 Sotut-01 Tale-9F ™
7.6 4. ULBFeL? 237.7 H.5E-07 ToTE=25 41306400 J46,¢ 2e4E-01 Tevt-0n N
8.0 3,473E402 231.7  3,56-02 Y. 0L=35 F.GY0E402 J3Yeu 137 =01 7 ,9C=05 4
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9,0 2.992E¢0.; 225.7 1.6E=02 1.2E=04 3,107E+02 23240 bolE-D¢ 1.1E-04
1040 2.568E¢02 219.7 T.5E-03 1,6E-04 2,6778¢12 2250 1.5E-02 1.3E-04
1160 2,199E 402 21942 6,92-03 2e4E-04 2,300£+02 225.0 J.4bE-03 1.8E-00

4 12.0 1.882€402 218.7 6,0E-03 2.BE-D4 1,97TE+02 225.0 6. GE-03 Cele-004

13.0 1.610F+02 218,2 1.8E-03 3.0E-04 XA,700E®U2 225.¢ 1.0E-03 2.bE-0%

140 1.378E402 217.7 1.0E-03 2.26=34 1,460E¢)2 22540 1 DE-V3 2e80-04 = -
1 150 1.178E402 217.2 7.6E=04 3.4E-04 1,250€+02 225.0 7.6E-04 3.26-04 3

16.0 1.007€¢02 2167 GelE-04 3.6E-94 1,0806¢02 225.0 bebE=0b AFIEEY
17.0 8.610E¢01 216,2 S.6E-0D4 3.9E-04 9,280F+d1 22540 SebE-UG 3.9€~0h
1849 743I50E+04 215.7 S.0E-00 Lo lE-04 7,98uE+dL 225.10 5.0E-04 eilF-04
19.0 6.280E+01 215.,2 449E-0u 4,36~04 6,860E+01 22540 4e9E-Jb LylE-Uh
200 5437001 215%,2 4eS5I=04 LySE=d4 5,39uf¢01 22540 e 5E-08 3.9c~04
4.580£401 216.2 5.1E-0t4 4,3E=04 S5,070.+d1 2251 Delo=Jdb Jebr=04
22.0 3.910E+01 215.2 Se1E-04 4a3F-04 4,360E+01 22540 S.lE-04 3. 2E- 04
23,0 3,3u0b+L1 21%.2 S.4F-04 Jo =34 J,75ubtul 22540 S.ub=J4 3J.ub-04
2440 2.860E401 21542 6. 0E=-06 J.6E-06 3,2276¢61 226440 BevbE-da 282-04
2500 2404305401 21542 be7E~04 I uE=-04 2,750E431 228,90 b,7E-00 JeBE-04
1.110E401 217.4 2. 6E-04% 1,9E~06 1.300E+¢01 23540 J.OE-0Ot 1.4f=00
35,0 H5.130F 4J0 227 .8 1.1€=-ub G,26~05 Be6L0E+00 247a) 1e17-00 3.2:-05

o
b
-

<

DA LU0 bR T SIMIRLSOW LY T

(2]
o
-

(=1

60,0 2+530E+00 243+2 4 3E-05  G4,1E-35 3,400F430 26240 4,3E=05 La1:2=09
g 45,0 1.200E400 258.5  1.95=05  1.3F-15 1.810E+00 274,90  1,30-05  1.3E-05
50,0 6.820E-01 265.7  6.3E=06  4.3F-06 9.870E-31 277.0  6,3t-d6  @.3i-vb

70,0 4o 670507 23ue?  1.4E-D7  &.6E-08 ?,070£-02 216.0  1,4E-07 B8.bE-0B

X 100,0 BoUOOF=cl 21Ce2  1.33-09 44 3i=11 3.0uE-0Gy 210,0 1.0E-09  &.3E-11
} 39399, 0.090E+00 210, 0,0E-00 0.0E~00 0,000E 00 210.9 0.0F=00 0JL0E=GO
. 0.0 1.013E 443 257.1 1,2F400  belE-05 1.013F+33 788.1  5,9£400 5, 4E~J5
1 1,0 B.878E402 25941  1.2E4U0  wele=-05 B.306F#02 231.0  4e2E+00  Ge4E-05
2.0 7.775E+02 2559  9.4€=01 4. 1E=05 7.950E 02 275,01  Z.9E+0u  S.4E-0S

3.0 6.79BE+02 252.7  6.8E=-01  4.3E-05 7.0126+J2 268.7  1.8E+00  5,08-05

4ol 5+9306+02 24747  4,1E-01  4.SE=05 6.166E+32 ZAJ2 1416400 @.6E-D5

: 5.0 5.1535402 240a%  2,06-01 45 7F-05 G LOSE SN2 255.7  R.Lfel1  L.bE-05
- 6.0 L LBTE0? 234yl Y.8c~02  4uIF-05 4. 722E+02 24800 3,8E-01  4.5C-05
7.0 3.853E+02 227,3  5,4F-02  7.1F-05 4.111F#J2 242.7  2.1F-21  4,9€-05

8.0 3.308FE+02 220+6  1,1E-02  9,0£-J5 3I.565E+32 236.,2  1.2t=91  5.2c-05

9.0 P.829E402 217,72  B.4E=03  L1.6E=0% 3I.000E+032 229.7  4.6E-02  7.LE-05

. 100 Z418E402 21742  Ge5E-03  2.6E-04 2.650E002 223.2  1.8E-02  9.,0E-05
11,0 2.067E4+02 217.2  3.8E~02  3,2E-04 2270c+U2 216,86  8,2t-0X  1.3E~04

i 12,0 1,766E+02 2172  2.6E=u3  4.3E-04 1.940E4)2 23640  3478-03  1.66-0
: 13.0 1.510F#02 21742 1.8E-03 Lo7E-0O4 1.655E+02 216.6 1.86=-03 1.,7€E-04
] 14,0 1,291E402 21742 1.0E=03  449E-D+ 1+417E#J2 216,6A BebE-04  1,9E=-0h

15,0 1,403E+02 217,2  7,6E-0&  S.6b=-04 1.211£+32 21646 7e2E-J4  2.1E~04
{ 16.0 9.631E+01 21646  bL.4E-04  6.26-06 31,035E+432 2166 B.1E-Q04  2.4E~04
i 17.u 8.058E+D1 21040 5.6F=00 6426=0u B:85uF+01 216,06 5,22-00 2,8E~04
' 18,0 6,882E+01 215,64  5,0E=-064  6.2E-34 7.565F+¢01 21646 hobt-0b  3.2E-Ub
i 19,0 5.875E¢01 214s3  449E-04 E.0E~04 6.467E¢0)1 216.6  4.4F=06  3.5E-04
i 20,0 5,014E+GL 214,1  &.5E-0b4  5.6E-04 5.529E+01 216, by4E-Qh  3,8F=04
2ie0 9e2TTE+DL 04306  Geil-0%  5a1F-J4 4,720C#d1 217.6 G4eBE-06  3.8F-00
22.0 3,647TE¢01 213.0  5e1E-D&  L,7E-04 4s 047E+0L Z38,6  S.2b~dh  3,9E-0b
' 23.0 3,109E401 212.4  S.4E-D4 L.3E-06 3+6b7E¢01 219.6  S.7E-0%  3.8E-04
: 24l 2.6W0E¢0L 21148  6.0E-04  3.6E-04 2.9T2E+U1 220.6 B,1E-04  3.6E-04

B 2 TEWASASONLY TITTV
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i Jed BEC0Y 211.7 Ly TE-04 J.2E-04 D.S5L9E401 2201 .6 €,bf{ =04 J.bt=0y ]
1,0.0E+01 216,00 3.6E-00 1.5E-04% 1,197L+01 226.9 2.8E-04 2.0€-04 ;
Lo 7OL1E+30 22060 lLelE-~04 GePF-09% S, T4l 40y 236,5 1,0F=-04 1elb-0u
Qe 264IECJ0 234,47 4oy 3E-GS Lo 105 2.8T1E+00 252,40 €, 78-05% 4,9t -05
1.113F000 JL7.0 1.96-0% 130-1% 1,491E¢Q0 Zou,? 3, 2f-05 1.76~-08
Se739E=01 259,3 6. ¥F=08 Loa3E-0hA 7.978BE-QL 270.6 1.J6=d5 GegtE~-06h
0 &u016E=02 24547  1.4E-07  Ba6E-08 6,520E=32 21947  1,5E~07  9.6C~08 l
100.0 3,000F~-04 210.0 1.0€E-09 4,.3C=-31 3,008E-00 210,0 1,0€-09 “.3E-11
999499, 0.000E+3J0 210, Ja0E-00D 0«.CE~07 C.u90E 30 210.4 LelE=0u vedE-QOC
e 200 438223 L0795 L2250 432 7 03661 «300 428540 02110 PR AT 6 Y1337
e 288 o17389 201114 «550 4158097 401095 +598 412004 00968 2800 o 1 91058
.

5.0
6.0
.0
0.0
.0
%00
0

NS E W W

.
.
0
.
.

[N T -

e

1. 060 +07078 +01070 1,536 +06184 ,00933 1.800 03126 400700 2,000 0 400637
2,500 402068 ,0066% 3,000 401900 ,0058% 3,500 01767 00250 3,750 699 LJU1n
4y 00U «01654 #00232 54000 401533 (00321 5,700 «ul679 400388 6,000 +051389 JD0un?
7, 200 401569 .00745 7.900 »01102 00617 4.200 01019 00807 8.5J0 01778 .01754
8,700 .01994 (1126 9,000 202112 401209 3,290 L0213 L017%78 9,500 .34187g L01udy
3,30 L01744 Lug3d32 10.C0 JO0L730 L,00810 1057 2U1588 S00hRL 11400 «3151e <Jun7
11450 01655 L 0UR3S 17450 4 0130% (00916 13.00 01339 00523 10,00 C1286 ,0058R
1500 01368 ,00834 16,00 « 01384 J0069b 17420 «01430 L007h7 1R.50 401353 00077
20600 01627 L00767 20450 01381 00767 25040 01302 00749 3).0. 411014 00761
G 999-2, 30816770 0.998-2,0362-1,3900 J,93n=~1,0390-1,1192 [,994-1,4815-0,9502
2 9902-1,3279~0,8239 04990-1.2007-0.7258 J1.98I-0.7875-0.,4318 0.970-0.5229~-0, *260b
0 90 =0.,36FB-041074 4.,950~0,1Q33-0. 1.90-04965% 140369 (4,930 Celblu (,1701 2
Je 900 0416553 242306 04910 2,730 La3Ull 34930 043324 043527 0,880 VeIl Uobely
JeBOC 01,6128 045563 0,840 1, 7243 0,6435 ), 82, 57,4261 0.7263 0,606 0.9191 0,792+ 3
0,780 1.0000 D0.8573 0,760 1.0792 §.9191 3,740 1.1461 0,9731 0,720 31,2127 1.00%3 -
Je 700 147672 31,0739 0,680 1432804 11173 24660 1,337 1.1614 (o000 1.4409 11,2995
00020 1,4955 1,2080 0.60C 1,56061 3142900 Le58) Lev)606 143263 0y Sbu 146435 1,3017
(540 1.6857 1,397% 0.%20 1,7360 144393 0,500 11,7780 1.4F38 0,480 1.8.61 1.4983 B
04460 1,8692 145316 0,600 1.9191 1.5F82 04420 1,9538 1.6021 P.4fb Ped(3F 1.6335
0e38J 240607 146721 0,00 241038 1.7076 04343 2,14b1 147480 0,320 C.2075% 1,7924
Je J0C 2. 0306 1,832% 0,280 2,2788 1.,8865 2,200 2,3263 1.9295 0,040 23717 0, 0000
0,220 2,4183 2.0607 0.209 2.4098 2.,1206 D.130 2.5159 241903 0,16t 2,574d 2,295
U 140 20284 7,3335 041lu 240300 204313 0,100 2.7559 2,5195 0,080 J.8061 0, 606730
J, 000 2.9031 2.7853 0,000 3,000 249777 131D 243037 3e1u?2 0,udyv Xslupl 3, 296X
0,015 3,041 343517 0.C10 347718 344771 0,008 3,5054 3.5967F 0,000 3.344u 3,6233
e 004 3.3979 3.7076 0,000 3.63306 348326 0.001 3.5687 T.936S
3093 3472 3456 3442 XeT7 3437 53436 3433 3eCh 3eld Faul 2096 2,97 I,ub Je08 3G,
3012 3408 3403 3,00 Jo01 3603% 3,07 .05 3,01 2,94 2,83 2e71 2407 2458 2407 &
2002 2467 2472 23T) 2460 Jalb 2435 2076 2,32 273 0,109 2017 2017 2,20 2.200 B4
230 2,02 2039 2,20 2401 1497 1,833 1473 1473 181 1,00 1483 1,80 1.71 1.51 L7%
1639 1,30 142% 1418 1419 1418 1401 1433 1047 153 156 3070 1,10 0489 a8 ©590
1 249 2.560 0471 0.79 0.99 086 0,73 0,53 Q3,43 0,91 0,52 Q.67 0.73 0.80 J.83 729
080 0463 0447 0432-0.08~0,23=Ue29-0224-9,01 0e08 0416 0.U9-0,05-0,24-0,37 1QQ
“0035-0430-0¢31-0,437=0,82-00s08=0a847=0eb4U0=)03I=0¢63=0,77-0.33-0,83-0,79-J460 87%
. =00 53~0e02«Ue33-0e38~0037~0090-0,51-0 o667 =0.82-0,58-0,40-0.32-0,21~0,09~0.18 450 3
] =0 16-0,19-0:28-0.33~0.35-0.7R8-0.72-010-0,06-0e11-0413=-0,27~¢.27=0.,18=-0,06 1075 L.
Usedl 0,23 0.26 0413 0et1~Cul0-0s09 0202 1409 0012 5622 0428 0432 uoBb )68 1131
0675 Ua79 0479 0671 0atvd 0076 CaB3 1401 L1416 1418 1,14 1.0% 2,02 La11 173 137> 3
10641 1475 1483 1.99 2.05 Co03 2,00 1496 1,90 1.8b 1,91 2,08 2e24 2441 263 17%) 3
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Table A2, Listing of DHata for LOWITRAN 1 (Conp)

Ce68 2067 2073 2,79 2,81 2491 2493 3402 3016 3623 3,30 3,34 Xa43 3,57 3,69
3,59 3,58 J.S57 3.61 3071 .71 3.69 3464 3,60 3.68 3,80 3,95 4e05 4,05 bL,Q0°
3099 3095 4,01 4al3 4022 4335 4449 LaH8 4.6 Le63 L4601 4.S7 GaHE G b6 4,53
Gy k) GolE L U0 LaC8 Ha106 3,97 .63 3435 3,15 Fl0 Fel4 3,47 3.66 3,80 3,93

e D0 a0 4o1S 4923 431 4,35 Lo3l 4423 4020 Galt 4428 4.35 Goa2 4087 Hoby
Qe b Loel0 4430 Gol22 Ha1F La07 Gol?2 4el9 4022 4423 H.1b L,06 3,99 J.ybh 3,93
3091 3,80 3,83 I B0 3,78 3470 Jab6 3atD 3Ja3J J431 T2 3,52 3450 Joud 3,41
3021 3416 3410 JeUb Jall 2u93 2488 Ca78B 2,74 2476 2,72 2,76 2433 JedY J48u
2,75 2,08 2460 Cab1l 2466 Pe5b 2e49 2437 2425 2414 2,08 2.11 2,20 2431 2,72
2615 2406 1,98 2403 2405 196 1,84 1.72 1464 14959 3457 1457 1.60 1,63 1,61
138 1,07 0491 Je87 0492 1404 1,01 492 Jo86 D,92 3,97 1,01 1.06 1,10 1400
1008 Je91 0479 0655 0447 Vel 0429 0438 0,34 0.23 0.36 0.4L3 0,48 0.45 0,38
0027 0421 0,22 0429 0437 0438 0437 0479 04193 9413 0411 0,03~0,05-0,12-0,24
=00 31~0439-0,43-0450-0459-CobB-0,73-0a480-2,9"=1,006-1414-1,70~1,27-1,284-1,32
“1,32~1e03-1051"1403=1470=1e82-1496-C409=2431-CeC1=0¢ b=y 7=243n-2431=2,09
“20702463=2457=0.562459~2eb7 =009~ 67«2 ,068-7 b= 0 2=2,0L0~2,029=-2,14=2.02
=1a87=1a71-1451~1:30-4,07-1412-1401=0cBY=0075=0,408~0207 =0 47 =Udl=)adl =ued?
~0e 2604130 ,180.11-0,01 0405 G408 0,17 3426 0,31 Jail 003 Latit Jauwd Jodb
00 35 2431 0425 Ual% 2422 04721 Ue33 0,49 I ,6% 0.76 0471 0051 030 013 0.10
0o 17 0424 0431 0438 Ua &S 0651 0456 0460 Jebd 0,562 463 0enb JoBD Jabd JuTb
0s75 Qa7 (470 Da€2 Uet3 Datb La39 038 0637 vads wet2 0047 0,50 Jo53 .64
0. 67 0e62 D264 Vo0 De7b [a90 1411 1433 141) Ja97 da98 1417 1438 1492 1,70
1.7b 1,84 1,92 1.90 1,87 1491 022 2,12 2,10 2,88 2022 2.25 2.03 2.01 1.77
1693 2618 2,28 2,14 2,15 2422 2a01 el 2.020 2430 QB 2:66 2473 2468 Taby
Ca Bl 2422 1695 1461 1411 0,88 U883 0489 1420 14b2 1482 1498 2,01 2,14 C2el6
2021 2430 233 2442 2450 2451 2449 2,046 2,42 237 2437 2.3X 2,31 2443 Dd56
261 2463 24060 2450 2.38 2,041 2434 2431 2430 24b0 2477 2030 2427 2409 2,08
2e17 2441 2477 2ubb 2449 2429 T423 2440 Zebl JeB59 2ot 2440 439 2451 Dahu
2o B8 2,68 2,70 2.82 2483 2482 2481 2.84 ¢80 2491 2,96 .03 3,08 3,21 3.3
JeleD 3452 3,49 T, b6 IJo5L FoS4% 3.56 3.55 3.57 3.bl 3.71 330 2e92 3499 uwalbv
Ga02 Gaolb 9ed? GalB 4elu La22 B30 042 4oB3 B0 9455 4oh0 Be0R 4430 .35
437 Loll G413 Gadd 4,30 4425 G932 G o306 Badl L7 4405 H4al7 4o dl Godb Ge01
H052 4e59 He7) 4079 4,81 Lu73 Le61 L0672 9228 4a08 4,00 3,88 3,00 3,32 3.Y8
e 2 Geld 4.31 4437 4es2 He350 LeB53 4,58 4.59 Lokl G,61 G453 8,53 Gl Labwy
hefd okl 4,30 4430 G,20 4309 Jo90 Ja87 3673 3477 3,79 X,75 2,72 3.b2 i,.50
3051 Jab8 3432 3418 3,07 2490 Ta87 2680 2463 2698 Zo9Y QeD1l 249 2497 240D
Celi2 2432 2420 2412 2400 1092 1679 1463 1460 1eHh3 1.78 2404 D000 1481 1470
14663 1.61 1.60 1449 1,134 1.35 1464 1,69 1,70 1459 1,45 1.29 1,19 1,08 1.0l
1604 1010 1416 120 1,23 1,22 1408 1408 1406 0,89 0,93 0,73 0,58 0454 0,77
0.81 0,76 C.71 0457 0249 G443 0438 0492 0,10 0470 0,41 0437 0031 Jv11-0.13
“0021-032-0,36=0.39-0e33=0,39-Coalt5=0.50-0455~Jebl=0468~0:s77=0,84-J.9L=1.00
=le11-1,1991,20=1s31"0439-1,b3-1ebB8-1,57=1.57-1,60-1,61~1.60=1.58~1,"1-1e¢42
=14 32=1426"1,16=1e00=0e 8304 71-0ab1=ye52~)0u3~0436~0,30~0.22-0,18=0,17-0,1%
“04s13-0617-0,419-0.13~0,06-0.01 0,00=0411=0423-0432-0,4u~0.51-0,048-¢ u7~0. 42
=0 40~ ) b0=-0,39-0e37=00¢35=0448~0475-1,13-1,58-1.80-1,66=1.50-1,35~1,19-1,¢(¢
~0s80-0456=0 465~ 045300204 bE~0a 73 0 e?9=0 ¢ 830 ,4864-0,70~0,59=0,43-0,39=0,%0
“0s61=0e7 4=04aT9=-0e70-0a59-0eb2-0:50=0.52-0.08-0+48-U,u>~0439-0.38~0.33-C,4"9
=0, 26=0s23=0a22~0428-0437=0e50~0e60-0¢60~s51=0el4b=delZx0et3=Calh=0a35=0,24
“0s14=0cUB=0e08 0,00 Dadl (o322 Uste3 Do 2432 0423 022 0608 UotB 0,95 0oRC
0465 071 0a75 0480 0483 De85 0,87 0080 Je93 1400 1,06 1.1% 1,20 1432 1024

4yi7s
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w3CH
LLdy
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w559
4ED R
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Table A2, lListing of Data for LOWTRAN 1 (Cont)

1032 1433 1,48 1.78 1.87 2.01

1. 286 1589 1492 1098 2403 2439 2431 2,468
2470 2,71 2,76 2,78 2,70 2.77 3.
3.

1
2494 3,05 2494 3.23 3.20 3419 3.32 3.11
3o41 3¢31 3436 J.0b 3.36 3.39 Jo41 3.22 3.19 2.98 2.78 2.98 3.02 2.82
2498 2486 2492 2492 3.05 3.22 3, Je78 3481 3496 3,76 3,62 3.34 3.08 3,31
3,16 3,37 3,41 3.30 3.33 3435 3451 .48 .03 3452 .31 340 3.58 3,61 3,069
J.46 3,42 3,19 3J.1b 3,30 3000 2499 3.21 3,11 3,16 3,10 2.72 2.81 2,95 2.4
2073 2.72 2447 2¢51 2460 2042 2437 2473 1491 1,87 1481 1,78 1453 1451 1462
1059 1450 1442 1432 1422 1412 14UB 1402 0497 0492 0,90 0,87 0484 D0o02 Q.79
0478 0476 0475 0472 0071 Qo 74 Co70 0469 Ja6?7 Juab1 ULe59 0.52 0o4d 0,41 5,39
De38 04,33 Go32 0430 0430 0030 0429 0428 0427 0426 03425 0423 0422 3421 (o229
0018 Ooll 0413 0406 0.01-0.03-0.407~0,11=0,16=-0,21-0,24=-0,29~0632=0438=D¢41
~0a 45-0050-0454~0+61-0469-0¢76~0486-0,90-1497-1+01-1410-1,13-1419-1,22-1.28
=1, 301 ,33-1.36=1.39-1.43-1,43-1.50-1.52~1.57-1.61-1.66=1.70~1,72-1,78-1.81
“1e89-1.92-2,00~2+08-2,16=2,24=2.3122.,40~2.48-2.54-2,61-2.71=2,83-2,85~3.110
=54 00-5400-5¢00-5¢00-5400-5000~%200=5+00=%400-540J-5,00-5,00-5400-5,00-5.00
=34 03=5400=54uU0=5+00=5,00-5000=5400~5+00=540C0=5,00=5,00-5,00-5.00~-%.00-5.00
=5, 00~54,00-5,00-5.00-5,00-5+00~5,00-5.00~5.00-5,00=-5.00-5.00-5,00-5,00-5.00
~Ge00-5400-5400-5¢00-5430-5¢0Q00=5,00~5400~5400-5400-5400-5e00-5¢00-5490~5,00
~5.00-5,00-5,00-5.00~5,00-5200~5.00-5,00=5,00=5,00=5,00=5.00=5,00=%400"%430
-3.78-3,33-3,01~2.,82=2,68-2,49-2,30-2.12-0,00-1.81-1.60-1.41~1.13-0.90-0.79
=0 63-0,48-0436-0428=0416-0+06 0+08 (20 Je23 Yol 0S4 0.69 C0o80 Vo492 1.04
1019 1019 1,01 0498 1,02 1.19 1,29 1.30 1.29 1433 1419 1,39 1.42 1,43 1.70
1,62 14546 1,451 1,53 2,386 1096 197 2402 2401 1494 1,94 1,83 2,53 2,21 2.42
230 2416 2402 2¢02 2402 2013 3490 1471 2e01 1456 1456 1.51 1.30 1,63 1464
167 1070 2422 2437 2438 2430 1,93 239 2abtY 2652 257 2621 ColB 2,060 2401
2045 2451 2423 2049 2030 2061 2472 2452 2463 2.56 2451 2476 2462 2462 2480
2.7 2,79 2.7 2,70 2.88 2.81 2,72 2.76 2.Bu 2.92 2.98 2.A8 2.88 3.02 3.08
3.26 3,03 3.14 3.28 3,03 3.14 3.15 330 3.31 3.22 3.00 3.06 3.36 3,40 3.37
3032 3408 3409 3409 3408 3eu7 3407 3031 3421 3031 Jo67 358 3473 3470 o4y
3,39 3,11 3,13 3401 3410 Je 01 3418 3432 34043 3,35 I, 40 3.39 2,39 T.61 3J.54
3o 42 3050 Seb/ 559 3eb3 Jebb FouB 3439 3,709 S.31 3F.al 3423 3,32 3.12 2.931
2091 2475 2478 2472 2462 2058 2432 24282 2400 1497 1,68 1462 1eb4 14052 1,50
1651 1452 1468 1e042 1442 1040 1,41 1,63 1,56 1,52 1,51 1452 1439 1434 130
109 1.16 1.21 3$.20 1.22 1.20 1,18 1.20 1.19 1.17 1,10 1.10 1.09 1.10 1.11
1.0 7498 0490 086 0490 0-90 0.9u 08t D471 0473 0470 Qo714 0467 0,62 3,53
Dad02 0031 0620 0401=0,38-0017%0425=035=0084060a53-0463=0673=Ue83~0,93-14db
~1p 14-1e24-14Sb=1alpti=LaSb=1abb~1,370 =1 8041 ,94-2,04=-2,14=2.2L=2.3U=2,44~2.54
—2.BU=2,74=2.80-2.9b4=3.06"3s10~3,26-3¢34=3,408=3e56-3,64=3,76=-3,04=-3,904-0L,04
“5400~5,00-540054100~5,00-5+00~5400=5400=5.03-5+00-5400=5,00=5,00=~5,0U0~5,00
50 00~5400-5400-5400-5400-54(0~5200-5400-5400=-5¢00-500-5430~54(0~-5400=5.20
~5,00=5.00-5,00~5.00-5+60-5200~5.00-5.00~5.02~5,00~5.00~5.00-5.00~5,00-5,00
=5, 00~5.00=-5,00=5,00=-5,00-5000~5400=5+00-5.00~5.00-5,00-54J0-54u0=5,00-5,00
~5.00-5,00-5400-5+00-5,00-5060~5,00-54060-5400-5400-5400-5,00=-5,G6U-5,00-5,00
U 1504 06=3497~3:88+3,79~3+70=3.61-3e52=-3.43-3,3064=-3,25-3.16-3.07-2,98-2.,89
“2e80-2.71-2462-2453~2,44-2+35~2.26-2,18-2,09-2.00-1,91-1.,82-1.73-1,64~1.55
“lo06=1437=3428-1419-1410-1+01=0492-083=VeT7t=0+65-0456-0,47-0,38-0,29-0.,20
“0elh=0,09~0402 0403 0,10 Do17 0422 0e30 Ja35 Toltl Usth Doty Ush4l Usa3 Gatb
Ds50 0459 0+74 0484 0493 1401 1405 107 1,02 101 1412 1.23 1424 1,28 1.30
1,63 1.52 156 159 1,56 1¢51 1,61 1450 1470 1.82 1,92 1,96 1.89 1,81 1.45
1630 2428 £443 150 1449 1055 1,48 1432 1439 1453 1.82 2.23 2.61 2,51 2. 20
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Table A2, Listing of Data for LOWTRAN 4 (Cont)

1486 161 1049 1,32 1.52 1470 1,90 2,01 1.92 1.91 2,12 2,10 201 2,18 1,39 882%
2e11 2,28 2421 2413 2400 1,91 1,92 197 1488 1.9% 1,91 1,92 1,93 1.76 1.61 B8yly
1058 1,27 1,20 1,18 1611 0499 Lat6 0,78 3460 Deltts 0,31 0419 0.03~0,07-0.21 8975
~0035-0449-0eB4-0079-0.96-1411~1.24=1.L1-1.57-1473-1,91=2,09=2,27=2,45-2, 6) 3457
~2eB81=2,99=3,418-3.37=3:156=3475~2490-bed3-4aIl=lybI-U, 06U, BI=4,99-5,14~5,208 9125
“G,00-5¢00-5,00=5,00=5,00=5,00%5,00=5,060-4ab63= u.26-3.69-3.57-3.32-3.11-2.91 987%
w2 892,792 F0-24s63-2,87=2.20~2,20=2.17=2,3%=2.27-2.32~2,12-2.08~2,07-2.,07 93959
=207 =1498~1477-1a70-1¢63-1¢6U~1459=1e¢03-1421- 1 15-4.09-1.13-1,29~1,149-0,9%1002¢
~Ue93-0487-0491-0,88=0a71=0eb20459=0,58=0,623=0¢58=0,39-0,22-0,14~0,06-0,011048¢
=0a01=0408~0020-0016-0,02 0,18 (,32 0D.42 0,37 0423 0,12 0,15 0.28 0.43 0.5910175
0.58 0.53 0stbs D.39 0438 0435 0423 0e2h 0417 0408 0,10 0,18 0,27 3,38 V.4310250D
0¢32 0437 0258 0464 0487 0,98 1400 1402 1417 1408 1,08 1,16 1,16 1,20 1.,411032+%
1040 1.32 12072 1437 1442 1450 1.6 1438 1,30 1438 31,49 1,63 1662 1,62 1.701060yp
1.68 1,60 156 1456 1463 164 1456 1449 1,69 1.52 1,58 1,62 1,62 1.61 1.61104675
1062 1,63 171 1472 1470 170 1.67 1.62 1466 17U 1,67 1,56 1,49 1,42 1,381065p
1426 1,20 1413 101t 1e19 1429 1450 1472 1,83 L1478 1,82 1,88 1.0”7 1.89 1,9910025%
2000 2414 230 2e0¢ 2402 1.98 1490 1483 1at1 1472 1.69 1,59 1.0 1,36 1,2010700¢
0:¢98 0¢63 0443 029 3.16 040% 0402 0403 0403 0401-0,08=0,18~0420-3431-3.0610775
“3.03-0,14~0a21-0+08-0,06 0410 D418 Coll Js32 0ol Doleh Q.38 0420 0,42 0621085,
0,41 0433 0432 0gbd 0050 Cot6 La%L 0418 J403 0a2u Us2L 0ol (436 Jy20 043510925
0,39 0442 0438 0432 030 0e16~0401-0,23-0.41-0.52~0,48=0.58=0,61=3,48-0.31100)
=0403 0,21 0436 0439 0447 Dottt Cot0 0454 D459 uvS3 NebHS 0,57 048 0,52 ,,.6211075
0059 0455 D50 0432 D426 D011-0+08=0410-0416-04030.62-048b-1eu9-L0elb=1,3111150
=1 U5=1o49=1478-4491-2,31-1,097-4.97=1,97-1.972-2,20-2,20=2,01=1.99=2,00-2,0411729%
Ze 37 =249 b2 362,32 -2¢19-0410-2425-2,16-243h=7 b6=2, 402,492 ,48=7,643113(;
— e 4d=2a36-00 0=, 49-2,592.68-7,89=3,28-3.51=F4704=3 437 o0 ~bob3-b,060-4,8911326
=50 005400540054 00L=5a Ul~54LU-5400-5¢0u=5,0Jd=54J)=ba00=5,20~ S.OG-:.Lu—b.Oalxh ¢
-5.00-5.00—5.un-s.nn—s.00-5.00-5.00—5.00-9.00-9.00—5.00-9.00 W 00=5.00-5,3011526
=5 00=5400-5+0 =5,00-5,00~5:00-5,d0-5.,00-5.0J)= .00~ 5‘00~,.00 5 00-5.0011¢€00
“5,00=5,00~5,00=5.0(-5,00-5:00~5.00-5,00-5.¢C)~ ).00 W00-5.00"54bU0=5,00=5,001167¢
-3, 71-3,56~3,640-3,21-3.06~2.90-2,74=2ab0" L.un-;.«z-e.lf—e 03~5e67-147G-1+74117583
10 83-1e82-1¢71-1.59-1,49~1.46=1,4b=1.49=1,043=1,25-1.24=1,08~C490=-1,up-Js9111820
“0491214U3=00a99~0e87=0s32~C0 790 ol d~UsB50=0338=0 4420 ,048=0,34~0,727-0,17=03.3811900
“0s38=0,22-0430=0+08-0,01~0623 Gad6 0610 J6CH Dyltr=Jed12-0e02~v, i2-0.13-0.111197%
“0010-0606-0405=0404~0s10-0s04=0,06"0.21-9438-0,61=0.40-0+331~C0ab2-0458-045712950
“0e59=042% Lall 051 0481 0079 Leb2 0426-1431-0467=ue00-0.88~0450-0,39=0,10121029%
Ve 09 0406 0408 0216 0421 0613 032 0435 De51 046U 0451 0453 Lalbu yebltl 0.6312200
Jak2 D¢33 0443 0034 0422 0013-0,11-0431-0.31=0,41=0.41-0+29~0,53-0+64-0,8412775
~0.88-1.01=1410-1419-1,29-1:65-1,09=3467-1e67-1,51=2+66-1.60~1.69-1,83-1.5112380
“1442-Le 014241 438=1,34-1430-1+30~1e28-1,39=1,33~1.40-1435-1437~1,39-1.4112425
“1, 49-1,08=1656-3 s L7=2abb=fobi=10b2~1ott8-10ab1~1,431-1,15-2413~1,20-1,41~1.8812%00
=20 08-2.08-2.22-2435=2.35~1498=1,97~1470-1457-1,69-1.70-1.70~1,66-1.84-1.501257%
=10 56-1442-1.:29-1,30=1,28=1,068e1,5821,40b-125T~1.00~1448-1,5U~5458-1469-1,791265D
=2¢00-20165=1499-2423-2+00-2404-2439~2470-3,.09=3,404=3,79b, 106,049=4.86=541912702%
=2 46-2,26-1.99=2.01-2.14=2e31-2415=2401-1493-2,106-2,43-2.12~1,99-1,8L-1.79134Q0
“le 7110783, 72-1468-1478=1:52-2438=1.29-1.:22-0,91=0.90-1.21~C.76-0.90-0,9013475
“0¢96-1419=1.00=0479-0a68=0068=0473-0485=),85-0,61-U+61=UebB=l,blay,4e=0,83i3553
~0e651~)alh1=0,29-0429=0461~0¢74=0,19~0418 1, 0.19=0,10 0+20 0,20 }.02 +201302%
-0.01 0,18 0.28 0«11 04 =-0-37-0.10 0.02 0.16 0,20 0. 0.09 0.09 0,09 0.07137gw
0622 0411 0411 0421 0,09 0021 0620 0437 3428 0407 0409-0,29-0,69=9¢69=0,7413775
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Table A2, Listing of Data for LOWTRAN 4 (Cont)

=~0¢ 88 1401-0,86-0,56=019 0.19 0,23 (421 Ju?J 0428 0479 0,52 0,54 0.531 + 6013850
b 0ol 044G Qa8 0,46 04649 0,27 (,0Fh-0433-0,81-31417-1,71=1,37-1,52~1454-1,9413925
P =20 00=2,062414=1,96-2,00-2400-2.08-2423-2431-2431-2,53-2,31-2.31-2421-2,2814000
. S 30=2,30°1.91-1.82-1469-1.56~1.84-1491~1,75~1483"1,7h1.564=1.98-1.80-1,6814075
=1e69-1,5€6-1.60=1.71~1.3b6=1,30=2.04=1,048],060-1.08=-1,36~1,45-1.,49-1.85=1,3914150
A “1a03-1e18-1418-1,30-143b=1,C3~1¢03=)1 4370 ,%0=1400-1428-1,27-1,37=1,42-1,3214225%
P =14022-1428-1438-1069=2407-2,42-2458-C458-2,8)=2,58-2,43~1.88-1,60-1,20~1,1614300 '
“1423-1,10-1,23-1,10-0.83-0,80-0,80-04,80-2,98-0.97-0.97-0491-0,92-1.13-1.,24L14375
=1, 501,892+ 18=2,32-2:63-3,91-0,20~0,43=4,78=-6,07-9407-5,07=5,07-5,07-5,0714450
=4y 2534703420 -2,75~1090-1473-1.51=1429-0s81~0a91=0,71=0451"us3u=Jeib wvel22 520
0,49 0,76 1408 1,29 1.56 1476 1,91 2408 2.23 2¢3b 51 2472 2.90 3,12 3,37 575
N 3.56 3469 3a73 3,86 Ja88 TeB6 3473 T4583 3438 3447 J.8b 2.7F 2457 2431 2,17 ¥
Eos 2001 1489 1077 1,63 1647 1,21 092 0,53 3.23-0,17-0.53-0.74-0.81-0avu=us88
=10 00-14108=14042"4,61-1486-2410-2429=2451=2,72=2,491-3,106~5,00-5,00-5.00-5.03
=5, 00=5.00-5.900-5,00-5+00-5.00~2+HB=2¢t47=2,19=1,97=1,71-4,50-1,32~1.01=-1.13
r =1009-1411-1410-1.09-103=1401-3411-3433-1460-7423-2451=283-0a71-2439-20uY
: =1e78-1459-133=1.18-1401-0.36-0491~0,90=)a07=0a0d"0s79-0s86=1,<7~1428~1,0u3 1
~ 20112 T4=3.009-3,50-3.03-2.58-"472-1.89-1.5+-1:28-1.13-1,11-1.10~4+20~1.23 1
“1e21=1417=1410=1,.45-1419-1,20-2¢17-1.02=),83-0.63=0,0L2«0,24-04s31 0418 DJ.40 1175
0¢57 3477 0496 4,07 113 111 1408 1,15 1,37 1433 1,406 1,40 1,13 0.89 J.bd 12590
0s 54 2455 0478 0481 Ja8b 032 yeod D47 Jalu-0.12-0,48-0,92-1,431.99 2,72 132¢
“2eB1=5.00-500-5400-3014-2047-2400-1471-4,53-1451-1.639-1.82-1.37-1,90-1.9% 1400
=20 04v2.10=0423-2,32-2,082,71-"083-3,09-2493-2043-2,00~4409-124~14338=Lewd 1475
=1, 70-200172¢41=2,64-2.63-2,s49-2438=2427=2,10=2,05%1,9U=14,R3*1,76~1.71-1.70 155¢
~1072-§£481-1490-0403=2¢27=2sb1=3.01=4.01-3,00-5,00-5.00-5.060~5,00-5.00=5.00 1625
~5200-5400=5400-5.00~5400~5400~5400-5400-5,00=540J0=5,00=5.5v=%9,00-5400=52,00 1700
=54 00-5,00~5¢10=5,00-5400=5,C5=5400-5.00-5.00-5.00-5400~0430-2,42~3.17-2.18 1776
: =2083=2471=2467=2,67-2e4b8-2,58-2¢33-2.01-1.00-1,72-0.,97=0.76-0.62%-0.59-0.60 i850
: . -0.E3-0,69-0.87-1,08-1,26-1,53-1,87-1.91-1.93-2.02-2.21-2.48=-2,8u~3,08=3.11 1925
I =30 09-2493-24706-2639-2e01-1469-1,%6~0,99-1,63-0428 0,00 D.08 0,11 0412 0412 2900
3407 0401-0408-0623-064C-ua51-CeB3-0457-1000=0sbl-0,473=-0681-0,95~1,05=1,02 2075
"UsY1°0.08~0241-0.09 0e¢i8 Towi Goaib 1.060 1686 1639 1451 158 14068 1471 1480 ¢
1,91 2,02 2418 2,72 2450 2461 2469 2,81 2483 2.95 3J.04 3,14 3,27 3.4l 3.55 2
3072 3490 4003 4,27 G4et2 4aBYl Go78 6473 465 B.H3 472 LJTB 4e?79 LS50 3.62 2
3423 2479 2430 1.8b 1¢35 G4H52-0,24-1,69-2,10-2,01-1.79-1.53"1.,372-4.720-1.15 ¢
"14312-3418-1425"1,26-1220-1417-1420~3.30-14564-3s84-2,16-2430-2+26=2,01-1.71 245
"1, 3601406081 =0,61=0043=0¢u5~=0207-048493,4b=00a37-0.31-0436-0449-0475~1.11 2525
*1el43=2,01-246024BUm2487=247U"2,51=2.42-2438-2233-2,42-2006b=24408=2,43-2,043 2600
2432 0b~2453-2 6827024822487 =2,83~2.87-2,79-2.71-2.b6=2,49~2,4D0-2.32 2675
=2426+2.23-2420-2.09-2402-14¢36-1+83-1484-1405-1.8b"1,87-1,83-1,79-1,73=1,68 750
~leBU=1,69=10TU=1,79=1487=3478-1463-1450-1437-1421-1,00-0.83-Ce63~0.55-G.,41 2825
“00 30=3019-0,09-0,00 0,02 C,10 Q.16 0.18 J.23 (20 0,27 026 02w J.22 0417 2900
0+12 0.07-0401-0407=0¢09 0¢32 0472 0.91 1412 1,03 0.67 0.18-0411=3,38-0.29 2975
~00172-0408-040C 0439 0613 0e18 0o2% 0437 2423 03] 039 J026 0,23 0,21 0.13 3050
0003 0402-040L=0,10=0, 32-0a 54U 72=0499-1+18=1553-1+62=1¢81-2404~2,29=".49 312%
~2e62«2.87-3.03~3.21-5,00-5.00-5.00-5.00-5.00-%200-5,00-5.00=5,00-5.00=3.d0 3200
~Ge 00«4 01~3438-3,01-2.63-24322+09-1+98"194=2.,00-2,14=-7,26-2420~2.02-1.82 3275
“1e59 =131 038=1 440610 bl=1eYU=Cs0Y=CoD0=2491"3,28=3,:81i=3,72=Fe6u~3,50=3,.01 335y
=3037-3.30-3416-3,01=-2.76-2:51-2420-180-1.49-1,22-0.97-0,72-0,49~0,20 0.03 3u42%
0,20 036 0451 0453 0eb7 0083 1400 1422 1433 1,56 1470 1.86 2,01 2,20 2+ 31 3500
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Table AZ, Listing of Data for LOWTRHAN 4 (Cont)

5 2.98 w01 3,03 2.97 2.78 2,64 2,13
0 271 L~9‘ I.12 3,18 3,17 3.15 3,
5234271409254 -3,00=-C494=2+78=2,08
64=2,77-3, 04~3 38-3,98 = 5-UU'5.J0 e wd
s+ 00-5,00-5,00-5.00~5400~5.00-%,00-%400~-5.00-5,00~5,00-5,30-%,00-5.06G0=%,00
-5 QU440 0-3473-3.62-3453~3:53~%,.56-3.57-3.53=3,51~ 3 45-3,37~-1,20- 3.?1-3 14
-3,27-3,3€=-3,60- 3 9E=5,00-5,00=-5400-5400-9401=5,00%9,00-5,00+5.00-5400=5.,00
=54 00=5¢ D=5 0=-54U00~5400=%5,00-5%.30-5,00-5,02-%,00~-5.00-5,00-6.00-5. DU-&.&Z
-h.07—3.69—3076‘3q67-3.§6~3.%2-3.3“-\.(h-l 13-3.14-3,11-3,09=-2,10-3.12-3,23
'3.30'3.}5-3.37'3-29‘301“‘5-08‘3.JD“Ln93‘ eB83-2491=3,00-3,08=-3¢1bh=~ 3;31'3.“6
-3.71‘3.96-5-00*5 Ou- 5.00 S 0= 52~3a98=3,09-3,42-3,18~2,95=2,77"2.01=2,48
=2, b1~2. 041~ ?-hO*’ 38-2,2~2.27- ;.? ‘¢.11- JUR=CLT73-3.0174413-%.00-5.0U0-3,00
-5 0J=%.00=5,00- OL-).DU ~5430-5,0U~5400-5,00-%,0d=%.00=%,00=5,00-%5.00~5, 0d
=54 00-5400-t.,13~- k 02-3,99~3,96=3,87-3.,73~- j $51-3,429=-3,412~ ;-QQ-L‘UM“2-73-L.hQ
'3.63-3.69'210 ~2462-2459~2457-2.62-2 b1=TF. b4~ 3-?1-‘ 29-3, 423,30~ 213,
=2, 83-2,30-2,6u=2,52-2,37~2+28-C420-2413-2,07-2,02-1 .96~ 1.*5"1.73‘1.63~1.%Q
~1,31-1,20- 1-00 0,96-d, Qb=0, 86-&.76-0.)L—J.§1-Q.UJ Jel® Vel 0037 uodb Jo30
0635 3435 0433 0,06 0,08 Jobl (423-0,C08=0, 33, 07=0,88-0,96-u,98~}saT7"Jeu?
=0y 36=0.12 0.1 Doty 0obB 0480 1411 1419 1,30 125 1,26 127 1,51 1.0y 1.50
1,29 0471 0e11-G026-0067=3,32-1.P1=1408=1.062=1,418-0,91-0,9-0,27~)sub 3a29
1,57 0.73 0492 0491 0473 0479 0491 1401 1463 0,88 L,77 063 6,38 Jo12=]421
e 47=04B7=1¢23~1,67-2.31=2.76-Fe26=3,69~3,51-2,47-3,29-3,37-3,4T~3,63=3,5(
~3036=3,18-3407-2496-3.08-2.14-3.12-3,23~3, 07"‘8‘-g.h7" PI-2,7~-1.491-1.78
‘1.63-1.h6‘1127'1523' s lb=10 4010597 -1498-~-2403-2,87=3,T6=5,00=-5,00-5.0u0-3 401
~0g QU=540 054 00=540 =5, Ju=b4 00=5400L~ 5.00-5.u)-)-03-v.uu* .Uu- oL 05, TU=5437
“5. 00-5.00-5e00-5400-5400~5,00~5.00-5,00+5.00-5,00-5.,00-%+00-%,00~-5.00-5.00
“5.00=5,00=5400-54006=5, 00-)-00-)n00 500~ 5 [QRESIITIN RS 5.00‘5.]0—).qu- LU =5,00
“Sy 00=540U=54¢00=5.00=5430-5¢00=9e00-5400°2¢00=~540)-0400-540L=5,00~5,20"5.01
-5;05-5.00‘5:0U—5.05'5.00—5c00'5-90-5.00-5.UO-S.DU—b-30‘5100-5c00~5.50‘5v00
~5.00-5.,00-%<00-%5,006-5,00-5, DO'“.UD-5.00‘5o0]-3-33-5_L0 J-UU-r Ca=5.00=5..00
=S, bu=5.00-%+00-5.00-5%,00-5, Ou-';.OU Cu=5,00=-5,01- QU =S eld=bedo=b Jy
=5, 00=5,0u~ 5-]0‘ e i0-%4ui-5430- JU-r OO-B.GJ‘“.JJ‘ﬁ.bU G.DU-“ Yl=uw./Y-w,bl
-Q.HB—%-QC‘MoZQ-h 17-3. 90-3.73-3.59-3.62-3.72-3‘73‘3n6Q-3'31-3.13-3-@1'3-h3
Clb1=2, 2072616241124 28-2.29~2.7122,06-1,9121,39-0,27-2459-2,90-3,35=3 .63
=3+79-3,66~3.53~ 3 40-3439-3431-3418-2497=2463=-0,34-2411=1,083-1,58~1,&9=1,27
~1008-0,89~0468=0,454=0s71~0:79-0478=0466=T,L3-0.54-0+80=1,37-2,08-".064"3.ub
“ 50 723 T 4~3¢569-3,20~2,98-7,52=-0,71-1,606=1.34-1.03-0486-0+72-0.61-0+s70-0,72
“ds 6705700382451 -0e97-1436~1489-C4704-3,33-4,21-4,57~0,62-4,70-4.87~,,00
=Sy 00- 590 0=54 00-5alu=5g I0=Ly Gt altb=3,99-3,45-2,99-2¢632430=-2,09=-2,02-0,17
~20 187241324 04~1eTB-10B3-2,08=2428~2.61-3,01=3,15=3.022~3473-3,58+3 489"k bb
“4e88-5,00~5400-5.00=5,00-5,00=5400-5e00~%003=5,0d=5400~5.00-5,00~5,00=3e33
~lUe Bl-We52~6411~-3,69-3,09-0499~0,91-2489-3,19-3,210-3,36~3,62-3,84Y-3,02-3,72%
=3 53-3, 373,193,002 2479 2¢52-2+436-C.24=2,10-2,.32-24041~2.29=-2,00=-2,00-"418
=27 =2.91~3,57% RY=5,00~5.00~5400-5,00-5.00-beC1l-0a183~3,89-3,57-3,30-8492
~20 TU=2451-2+20~1496-1,73-1,57-1,38+1,21-1.11=0.98=0487~0:478=-0+60-0427-0.18
~0e 04=0,0u=0,40b6"041h=0¢ 18-0s619-0423-0,46-1,02-1.97-0,70~3,.71-4a01l 0, 04435
~5.63 4,734 AL-5.00~5,00~-5.00-5.00-%.00-5.00- 5 00-5.00~5,00=5,003-%,00-5,00
=5 00-5.00~-5, UO-:"](] “5,00-5400=5¢90=5,00-5.00-5,00-54060=5,00=5,00~54050=5400
~5e 00", 00-5.00-5+00~5.00=5.00-5400=-9400-540J=-5,00-%,0U0~5.00-5.03=540U%¢00
=54 00-5.00-5,00- 5 60-5,00~%,00~5.00=5.00-5.00- q «00-5400~5.00-5%400-5.00-5,00

Je b7 2461 2e7b 2442 3401 X065 2,02
1.83 4479 1449 1.50 1.67 1.94 2,27
1 26 3419 2498 2459 2404 1470 1,22

e 651-2.60-2463-2460-2457~C453-2.57~
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Lbols
47023
wr7re
w3,
Larsn
SEad
5275
51650
G2
LRV
PRYAX
G489
5629
Sohy
5675
R4
S0
5993
%975
605D
612%
ol0Y
6276
baSu
Lz S
6500
0575
[
6725
(o3 U]
BRTH

950
7028
71w
71 5
7250

o e

Er

IS
~
«
Y.
o
-
-

i 2.

" s y g




»

R 9O

—F
o mm T e

(it 7 S

TR T TR

TULS PAGE 15 REST GUAT T TR R TR AR

o po 0 .

e Cul Y F U 1w

Table AL, Listing of Data Tor - OWTRAN 4 Toal)d

~5a00-5400-5,00-%4d0-%200=5,00-%a30=%,00-%,00-5:00-%,00=-5, Jy=Syvu=~vab0~5,00
=5, 06-5.00-%, 00~ .-71-%2313,99-3.68-3,0U0~3.34-3,22-3,23-3,05-3.,2L,-3.,18-3,10
“3.07-3.18-3, 41X, 67=4,10-4.h8-%,00-%.00=5,00=5,00=5,00=5,00~5,00-6.+%3~ustt
Sl T3 -3 170 9627304030458 =2,0U=D h7«2, 092,400, 3R8=2,048-2,67-3,02

9=y 169,00~y 00520054 00-HavU=%200=5,40d"5%400"5%,00=%,40+5,00-4.87=0,%0
PL-3090-3, 003,503 0123, 513,01 -3.069-3,41-3,34-3.34-3.47-3.,60-3.87 4,4
55=5.00-5,00-9400-5,00-5400-%400-5,00-5,00-%200-5400-5a00-5400" 50004493
DL L 20-3,7R-3.32-3.03-0,70-2.43-2,08-1483-4.79-1,2Y-1,.02=-0,84-0,70-0,77
J-1.08-1,19~1,35=1,47=24.5H7-1.66=1.80~1.91-2.04-2.,18-2,33-2.647-2.61-2,78
Q7 -2,10-3,78~3,640=-3,63-3.81-3.98-06.15-4,32-0,61~4.T1=4,80-5,00~5.00=5,4dy

732%
7400
TL7S
7560
7€2%
7700
7775
7850
792y
dgdo

00- %009 d0=9e00-0ed2=3al6 " u5Y =217 =180"1,07=1o3,=1,10=1407-0s082=)0 60417952
W8~0a33~0,16-Ca 0t 0alB Do 21 0e 39 04O2 Jabl uel/l 2,85 0,96 1,07 1412 1,181302%
F1 1417 1,08 0,9t 0.90 0497 1443 107 1.58 1474 1070 1e48 1413 3473 042213100
51=1097=3,%=9,00-9400=54)=%a00=5.C0~3,0)~5aN0=5,00~5,u0=5.(0=5200~94013175

150351 3400~ e 0b=2¢ 1010 7bm1450r1el1=)¢8U=0a09-0,29=-0.30 0,02 9012 7,74
32 0443 0,57 0458 0ud% 0470 079 Uyt 9.72 0cts8 0,F6 0,08 G.79 0,83 D.BY
80 Ja78 L OB DGt 0.4 Dot Goldb 0olf Jold Jall-Calt-0,3%-0,51-0,70~y,88
17-1460-1,98<" 11~ 47 =00 83-3420-3,59-3,94-5400-%s00-5,00-5,u0-5.00-%,0
00-5.00-5, (0=-La00~2a 00 =hatn=bL, 0=3,"0~3,14-".78-7,41-2.10-:a78~0i+49-1.20
PO 001% 0439 Deu? .78 0695 1420 14640 1.0% 183 1,97 2,10 Z.21 2.31 2.34
M0 2Ll TeBE 2657 Jed0 el 454 D005 2430 2.00 Lo20 0495 a9l 0.9 9,40
89 0.9C 0,58 dode 0095 o080 Lad% 0490 satd 0atd 0a%% Ul Ledu 0419 J, 08
0201 1-0,00=0a01=0.%6-0e471-0+89-1.03-1,19-1s33-14b0-1.76-1.90-2.07=2,2
GH=2089-2, 703,003,272 -3ah1~4s1n=5,30=5,03%.0d"%.J30-5,00~5,0,=5.00~9,Ju
D0-5,006-5,00-5.00-40J=5e 0025 ,00=% 4,000, 0)=5edi=He00-5,00~5,0C~5u5U~5,uy
00-GedU-Ya00~H4Lu=5000-%a00=-%400=-%2005,580-520d=5.00~5,00U=-%,100-5.00-5,40
00-5400-5,00-5400-%400-%at10-%200-5200-5,00-%e00-%200-540U0~%40J-%+00-5¢3y
J0-53000-5,M0-0030-5,00%200=-%200-5200-540J-4aln-3291-3,66-3,41-3.0%~2.69
Ly ~2419«0, 031 Aha i Ty, Sbhrlet8=1,s19=1,42u-1e13=0,297=0.31~00Lu"0sub~), 3%
22=)e14-0.06-0,07~0,09-0.18=C,14 0,06 9,76 0e02-0,42-0.80-0,82-)+8U~0.74
s T 7T, BL-C o BU=J  BE =0 A o0 a?h=0.70«) b=l Jblb-L65=-0.66=-0.72=0.78~0.8%4
A0 ~1ellrm) o 10=1a 201033 Jau7-1a i1 e77-1¢90-1039-" e 08008~ ad0=l0ub=loud
JU=1e83-1,F7~1.30-1.76=1471=14H5=1.59=1.51-140606-1.36~14.8~1.18-1+408-0.98
BH=0+78-Cotr9=0,54=0,09=-4,.37-0.26=-0.18=-0.10 %,0J C.+16 0,27 Le38 357 v, 75
Q3 1edl 1,00 1433 1460 ot 1408 1448 1,03 158 1ou9 1,703 0,60 o3, 32
71 -0abb=0,598~Cat -y, bta~0eui=-0attC-0obtb=ds T Deblhve To-0s B9=-1,ul=Ls 14 -1 ,50
GO=1. 6071, 691,381 ,98-"013-2008-0,63-2,04-2.80~3.07-3.78-3,50-3¢72-3.94
00-5e00-5.00-54006=5.0u=5sU0-52auu=5,00=5,00=2,0)=-5,00-5,3C=5,00-500-5,030
VU=Sed US4 00=2edt=5:30=-5e 00=Co00=3400=%401=%e00-%200-5,00=b4Qu=%40=0,ul
00-5.0u-%.00-5.00~5.00-5,00-%400=%00-%,00-%.00-%.00=-5,00-%,00-%5.00-%,09
00 =5e00-5,00=5.00=5.)0~-5.00=5a00-500=5400-5.0J=0.00-5200-5.00-%400%a01
00-5e00=5, 305400 -5, 00"9%¢d0-2ed0=-5,00=0,16-3.97-3.77-3,58=3,38=-3,07-".70
Uy =Tl 01y B5m iy 07>l XC~1a 0 7=Le98-0,96-3,09-0,80-0e81-0477=6.70=0.68=-0,063
So-0e53~0, 4B8-0,41-0.36~(,76-0.19-0.17-0.18-0.,19~0¢bb=0,79=1,1-1.45-1.75
I3-Ce87-3007 -4 4360, 00-%a 00~ e 00441t =3,9)-3,0F=3237=3,10=2479"a&-415

BU-1e7 3-1,03=1 4501041 =1,83-3.059-2417=1,09-1,0/-0496~0,89-0,82-0.73-6.08
S4=0.40-0,27-8.17 0,08 0,18 0,00 0.31 0.39 0,47 D.48 0,49 0,60 0.50 0, U@

1i
b 0423 0, N1-0,11~04 330590/ -UeB3=0+83-0¢94-0.30~0s91-0.,90-U 85y 80
To=d 710,090t 7=0ibb-Pebbhalebbh-Uabb-1 6700804 70-0,7"-0402-0aQ3-14ul
1a=1alh 1, X1 0 -1, 03 =1 8-/ =00 3030 P03l 1. 106-5.00-5.00-%s 0 0-5, 00

83

575

RrGQ

[0

s0Q

8§74

EER]
102%
1:900
17y
1260
1304
1499
1475
1650
1p2%
1700
1778
1850
1924
2u6y
J07Ts
2193
2225
oxo0
2Ty
2450

2529

2uud
e’y
2759
PR
2940
2ars
3L 0
312
32080

i

i b

TR R

SR



E AT

b
o % i A o o i e ke ¢ In emdmdans o e = e e JPTE——. s

e Q3F =04
2. 07F-03
1. 36t =02
3. 40 =02
S U0F -0l
8, 086 ~07
« S8 -01
1.166-01
1. 13E-01
Ba 69€E-00
4o SOL=02
1,95%¢~00
5, 00t <2
' J.50E-03
1. 50E-013
Da 06E-U4
1494E-06
U.0u «18
e F0E~03
3.076=-00
1eQUE=-01
1. 03001
Gy Q0L -02
1,17t =02
285t =03
e OS50
L, 02t ~00

Y.86F-04
Qo7 3t=03
1.668-02
Y.66E=-02
6,306~0¢
4 30502
t.0dt-01
114f-01
1.12¢-014
d.006-02
4,00€=02
L. 75F-1¢
T.006~02%
J.o0t-ud
1.50f=03
T+53E~04
1.57-04
7 kb7
B,J0t6=d3
3.6t -02

«o0t-0t
Qs 24f-0¢
3. 87E=-02
7.70t=-03
1,98F =03
2.00L-03
1.9%-00

« 117

Table A2,

He UQF -0ty
JJIE~LY
1.96F-02
3. 92e-02
Gabbl-02
g.706-02
1.690-01
1.12t=01
1e09E-01
7ebSt-07
3.75€-02
1eH6E-07
6. 500-023
CeblE-02
1a540-03
belle~Jdb
1.31E~00
(897 W0
107002
Ga?EF=-DV
1edbt=ul
SelBU=g?
I 8L~
6. 30t -03
1eul¥=-023
743%~03
3. 796-00

R.5Jt ¢t 1.2bE+¢82 1abtedl?
Je G20+ 2a90F+02 2.77F460
1o 37t ¢02 9¢75t+G1 7e65c+ L
1. G700 SoUE AL 1.000 40
LI S
Sas0 ReH0t bhey

20644000 24500000 .0
H 7 1 Q b

2200 L0830 ul0%L  J2LU .
SUPRR L1621 4uG193 .6%0 ,
1.060 13909 L1019t 1.536
22500 40996 L0033 3,000 o
4,000 L08670 ,003i6 Y,00d
7,200 J0L758 L20YLS T.900
8,700 L042AT 401114 3,000
9,80 LOI257 2u09832 4C.00
11250 L925%6 ,01bb3 12.%03
1500 03888 «N296A 16,40 .
C0ed0 #03652 JUlRIVT I0.%Y &
0' 0. 01
1820, 20000, L

[

"

TR AT - e v vl

rpaa o Al v Tedafmha we

cabiodmaissdom o dus.sWler bt sube thothas. =

THIS PAGE 18 BEST QUALITY PRACTLCABLE
FROM COLY Eunalotind SO LDE s

1isting

beHEE-D 4
396002
2atbb-07
Ge260~07
089 -07
V13000
le6iF-03
1.120-01
Leb7e-301
TeDOE=UC
J.u0E-02
l1.40€-0¢
b.,00F=-02
2.2t =03
1.568~03
VAR
1.07t-0%

57 410

1eluvb=02
Sebdt-(D
1e126=01
T.57€=-00
Qe ILE=LD
3.5t -023
B, o8%F =iy
2eQ3t -0 S
(SRR ]
2.06t+07
2eSh #g?

of Data fors TOWTRAN 4

B8e 8570w
Gy b=yl
2.3bE-00
4,00t =02
7.18¢~02
Qe HHE =0
1,51 =01
1.11.-01
1,uPc-ul
byt 02
Isl i =02
1,00F =02
E,60 =4 .
P I R
le? =03
hy 04T =04
A, 07 =56
170 o187
1o 7000
bebue =0
1,010 -01
Tol?i-U0
Celii=w?
ba 10t -063
CeB =L
Led3T-0"
1,240+01
S I
2ethT el

G 04T 401 G027 k0
38000 & 37 =09
Ry
00
19G148 JQubbb - 3yl
15800 , 00186 LHJa
10754 00191 1.800
L06l6 L0528 1,50y
GF0L2 400978 543D
ghpts . 0093 a..°90
gL208 . 01119 3.000
03051 «ugys7? 10.5Y
03085 ,003006 13,00
04071 « 00964 17.700
§3222 02263 0BG
10.
14

1ad6E=-03
7.130-03

Pab3e-02

&St =00
Te3OE~U2
1.088-01
1.376-01
le it -01
Seir=00

1e85c=03
1.20E=-323
e Jor - Uk

I S

1,24.-00
Zevlb =072
lelor =t

fae AT =2
Ledyt =yl
LIPRA LR M
Ve 00S-24
1.185=01
TLl0L 40!
REWA 1IN
1967430
T40E 401
8. 60 =00

s 18479
<1301
. 12048
« 04399
suh308
«0396 48
RS T
a5
L1239
PR
XTI Ri B

(Cont)

1434€-93 1,73€-063 cuBu
9,00t =93 1,313E€-~02 2129
2,90t -02 3.158-02 c16n
S¢30F-02 %.65%E-0u2 2000
?.60F =02 7,841 =42 2outb
1.008=01 1.36L=01 o080
1.03F-01 1.19F~01 J320
1.,128-01 1.36b-04 cinl
J,5JE~02 9, Y0t~ 2ad?
G606 =02 4.95F=-0C2 Juko
PLSOF-ud JL20L-00 cusp
9.50e=03 J,u0di=01 I
L 00E-03 3,7%E-~0% 2464
1.708=u3 1.0lt=ul Juld
1.5E-03 1.u6E-U3 Jobu
Cedbf=04 2, 321 =0u ce8n
2700
[ e T A A S Y
QeuQt-ul Qb= ul 13uvd
Y16 =02 1.,00t-01 14608
1.,198-01 1.13F-04 16202
LHeGRE =02 by 77i=ul 17800
o102 1 RFESDD 1960
3003 X, 1ut~03 Jiton
0s2)u=0% Jedui-ve VRS
Jebb-b1 S, $8L-01 ST
3076401 L9504 01 31504
CeULE4UT TLJlt 02 RRRONIY
LeoA0 eyl teuucr? R RWH
2.60Fe01 20000408 LN U
w7501
SU04LS  sulu J17030 000612
00165 CBHL Lll&tl L0017
200345 Pevul 13530 L0018
200658 J4 750 L 00191 ,)al’7)
w005L7 LaUlT LubLURL L yl108d
fUI006 HeH00 L 0kleh L9117y
« 01141 9,500 L0365 ,01011
LCL0RY 11400 «ul4?0 01330
L0IS7S 16,00 03688 W38T
200936 138,50 L0391 J30T6Y
20205% Xu du LUTWI0 L QLTTN

PEAT IR

"o

<
r
-y
S

TETOM RN

=

E:

el

Py

o

e 1 AR

i, b

I

et acE o




YT T

TR Y

U, NUR- S

————

e e —— o atm tct s

— i A e el o

[} 7
«c00
« 488
1.060
2e 500
4. 006
Te 00
8,700
9,80
11 .50
15490
20 .00
0.
1824,
5 7
. 000
. 4828
1. dtu
Jet 00
L Q0
Te0C0
de 720
Y.80
11«50
13 .00
20 .00
[V
1820,
z

v 7
. S0
TR
1s 0
JeF U
7, 200
8y 7JU
9.80
115y
16400
2.0
0.
1820
3 ?
eV
2Ly
«8h
2450
.39
b obd

1 0 1

» 31030 J10&97
«17631 L0960
O8I0 L0300k
«03211 .01827
202319 ,010203
01747 010670
« 01854 ,01172
201669 ,009723
201eH2 L0705
«0L315 S0084L3
Q1lv? (007041

[UN
SJJan,

1 J 1
308203 07940
»17989 L01010
207078 wulu?u
+ 07008 00403
JOLESE G003
01568 QU745
01996 401100
JOLTG0h Lu08A0
0 Lusn L50%30
«Bldbs LL08 2y
201477 L0707

0.
Juydn,

1 0 1
PLEVAS AR (L RV
«18187 2030770
f0B2L5 S JLbYEs
+00783 00142
0368 L0020
e OB «0IHLD
L00377 00311
«0L191 L001bS
200382 L0087
00251 Jullbl

0.
REUREVIUN

10 1
28600 09520
«10500 4010590
10300 01020
s0lb00 L0030y
.02090 ,00220
e A0TH L0048

Table

250
« 550
1936
3. 000
Y. 000
T. 00
9,000
10,00
12 .50
16,40
22.50
0.

S

« 7h0
5590
1. 526
3.000
Se 000
7. 300
9, 003
10.00
12,00
leabu
>C .50
0.

£
.

o OO
L5450
1 B30
. 000
74900
9,300
in.00
12.50
16260
2 0
0.

e

o0

» 51
1.0k
Sl
J.0u
Le50

THIS PAGE IS BEGT QUATITY TRASTLCAR
Fi oM Qe Y UL L

s JBRID
«15800
«Uh408
02838
202010
« 01t
«013C0
sUlbky
«01373 00227
201397 00751
01709 Q0719
1.

080649
. 05087
<0769
. 01699
01074
+» 00453
« 0202
» 0095

« 32979
15807
«TLL bk
« 01800
016533
L0110
00110
U171y
«U13nh
0136y
01381

10.

PRUREAD
«U1096
«QUYT2
T
SU03ct
+00617
«L1.09
LQ0RL0
« 00416
s LUBID
« 00707

DR S R LS §
193077 JUG76n
PRURIVIFE B U RS
<0000 L 00001
L0043 L0080
JUA7OH L QLRY R
«003%9 .062G9
«00177 00167
DUdtL S O0UC3D
U30HT L0004
10.

7000
.17600
< 08uU10
UL
«02100
« 013060

0600
«01000
2 U108
+ 00988
«00171
« QU285

«300

PRI
148490
3.500
b B
d.000
3,200
10.59
13,00
17.20
25,00

PRI
RGREN
1.804
5.%00
ERRNVRY
3.000
34 20)
1.5y
13,00
17400
2h,00

320
PIRE"
1,811
3,509
dey
N, )
10.59
13.00
17,24
NN

o34
£ B3
.50
Xoud
.75

[AFRHY

AL Listmg of Data for LOWTRAN 1

RN TO I
(Cont)

« 0598005 L07571 00 L0807
12601 04528 ety L L3071
slluby LU2608 2,000 , 03839
207545 01360 2.750 02421
201896 L0104R BadI0 L01770
U384 L0103X7 8,500 JLLITHT
w1939 01278 9,900 «t17s8
«019%9% 00868 11,00 01499
JUL¥L? 00731 L9400 Luldlds
201333 00770 18,50 4 01Jun
-0114% ,00691 30.96 L0L0-0
« 2850 LOM1LED @00 20000
«170b4k L00ubLY PR CERIL B R
UL Wyl it lebuu e C2H1
SOE707 L 000HD 3.70h0 4 D1BYY
1749 ,00% A8 bouol o C1INY
JO101Y ,00847 8,530 L0177
PRVIATLS S WL IAE S P Rt N R A
JULHRE L 00080 11.00 L0114
«u1339 400523 14aJu LULTHL
dV1a80 L 00707 39.%0 L1 3
«08307 ,00749 20,00 JO0LTUG
¢ CUGLTN LY THT edlu o JSIVaN
31700 400019 LHBE L8037
01910 L0038 T,000 JO01{wd
L0060 L0007 3,250 L0903y
«QUbLBs L00463 debH0U s 078D
JO0yBLd L, 0d70l Q,5%uy 4GOS
00770 L0027 11400 LOOMLS
«00180 L00168 14,00 ,CYY8S
SA020 L0070 18,50 L0000

JUUYH0 s 00740 30.0L L0000
T2 00 L 0T0G6RD v T . w00
Jde600 L0091 by L 13409
007490 00976 PaLu L UXBLD
+ 02240 00487 .0 L0250
«U14950 200143 Laed 013700
01190 L0036 behe L0 1w

06376
W00l
29211
«01074
010223
01251
sull’s
00796
L0707
w710
A0end

01317
fJiLSY
«UCL37
PRV X
PRURETIN
PEUS IR
«0100%
L0570
J00%3Y
edub 7
00701

08T
sdubdl
WU017 8
RN
« 00 70b
V0427
L0175
PTRYE WAV
L00012
PR U

01450
00918
FURURYAS. |
R TARN
D015
040

w

s RN

I Tt

[y

Amrem - veERs ek o

R

ot kB e

fhrats e




THIS PAGE IS BEST QUALITY PRACTICARLES
FROM COPY FULNLoIED T DDC

Table A2, Listing ol hara for LOWTRAN 4 (Cont)

a2 «91330 L000609 7090 400786 00564  B420 00809 00700 B.HD «01530 401160
Aa70 02190 01380 .00 232380 01310 9.0 L02350 01630 9,%U 51650 L00937 v
10,00 21570 00698 .59 (021350 LG0569 11,00 01220 L00634 13,00 00933 ,0034b <
Lo ed0 00827 2l Yutd 19060 08010 20651 17,20 01100 00607 18450 00973 00506 ©

y J0.0U LUA0LL 400%ET 29400 JOUATS L00S6% 1740 L0821 .Q0%6C 30,30 .C08G8 L0UGRAL  «
I 0. 0a 0. 20,
1820, O, Yy -

v




- — ezl

JUESRES VSRS

e haim A —————

et et

Appendix B

Basic Flow Chart for LOWTRAN 4

A general flow chart for LOWITRAN 4 is given in Figure Bl which shows the
overall mode of operation of the program. More detailed flow charts are also given
for the main blocks in the program, that is, where the equivalent absorber amounts
and refroaction ealeulations are made (FMigure 132), the transmittance/ radianc e loop
(I'igure B3), and the transmittance caleulations (Figure B34),

The notation usead 1n the flow charts is as follows:

(1) 1f a condition stated within a given bluck is fulfilled, then the direction of
flow is sideways as iadicated by the direction in which the block points (for
example ™ for the following block [>).

(2) 1f the condition stated within o block is not fulfilled, the flow is downwaerds,

The numbers appeaving on the flow charts correspond to the statement numbers

riven in the main program {(seoe Table Al),
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Appendix C

Symbols and Definitions

AB Absorption at frequency V; also average transmittance
AHAZE Aerosol number density for MODEL = 7
AHZZ Aerosol number density for MODEL = 7
Al Equivalent absorber amount per km at level J
ALAM Wavelength (Uin)
ALP Angle of arrival at adjacent level
ANGLE Input zenith angle (degrees)
AOQ Constant A = (R +Hl)n_ sing
AVW Average wavelength used in refractive index expression
B Storage parameter for BETA
BBG Black body function of boundary times the total transmittance

along the path
BBIK Black body function of the IK layer and the frequency V
BET Angle subtended at the earth's center a path traverses andjacentlevels
RBETA Total angle subtended by path at earth's center
BJ Equivalent absorber amount per km at level J + 1
CA Conversion factor from degrees to radians
CcO Wavelength dependent coefficient used in refractive index expression
CwW Wavelength dependent coefficient used in refractive index expression
C1 Log absorption coefficient for water vapor
C2 L.og abgorption coefficient for uniformly mixed gases
C3 Log absorption coefficient for ozone
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B9, D
EH(10,1)

EH{i1, 1)
Y

I

e

FAC
FACTOR
FO

Fw

H

1
H2
HARBS

Absorption cocefficient for mitrogen (~4 )

Absorption coefficient for water vapor continuum (- 10 pm)
Extinetion coefficient for molecular scattering

Ixtiuction coefficient for acrosol models

Ag¢rosol absorption coefficient

Absorption coefficient for ozone (UV and visible regions)
Water vapor amount (pr. cm/km) at level ]

Differential transmittance {(due to absorption) across the
IK layer

Dew point temperature (°C)

Path length from level L to level I+ 1

Wavenumber increment at which transmittance is calculated
Height increment from level 1to level 14 1

liquivalent absorber amounts per km at height H1

Fquivalent absorber amount per km for 113() at level Z(1)
Lquivalent absorber umount per km for ¢'O,+ N,)() ete at level 4D
kquivalent absorber amount per km for 03 ":lt le:'vl 2
Eqguivalent absorber amount per km for N at level Z(1D

Bquivalent absorber amount per km for 112() continuuam at
lovel Z(1), (10 pm)

Lquivalent absorbes amount per km for molecuiar scattering
at level Z(1)

Iiquivalent absorber amount per km for acrosol extinction at
level 4(1)

Lquivalent absorber amount per km for ozone (UV and visible)
at level Z()

Mean refractive index of loyer above level Z(l)

Equivulent absorber amount per km for 1,0 continuum at
level Z(l), 4 pm) h

IBquivalent absorber amount per km for nitric acid at level (1)
Inlegraled ubsurber awouint fron level Lo level T+ 1

Function for determining saturation vapor density of water (gm m-s)
Black body function (W/cm‘)'—stcr—pm)

Interpolation parameter

Integration weighting parameter

Transmission function logarithmic absorber amount scale for 03

Transmission function logarithmic absorber cmount scale for L0
and the uniformly mixed gases >

Altitude dependent control parameter
Initial altitude (km)
Final altitude (km)

Nitric acid absorption coefficient
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HAZWV
HM
HMIN
HMIXAD
HeTOR(D
HZ(N
Hz1

HZL

1

IATM
ICOUNT
Y
IEMISS

IFIND
THAZ N
1J

IK
IKLO
IKMAX
11,

IM
P

ITYPE
v

V1

2

IXY

J
JENTRA

JMIN
Jp
JSTOR

Ji
J2

K

Acvrosol nummber density (no, cm-'%)

I'stimated tangent beight (ki)

Minimum altitude of path trajectory (km)

Nitrie acid volume mixing ratio (times 1.0 17410 at the level 7 (1]
Interpolated nitric acid volume mixing ratios

[ollerith titles for visibilit

Acrosol number density (o, (‘m-‘%\ for 23 km visual range
Aercsol humber density (no, em ™) for 5 km visual range

Running integer used as altitude (level) indicator and trequency
indicator

Number of model atmospheres
Output page counter

R . -1
Frequency increment (cru 7))

Input control parameter determining mode of program execution
(=0 for transmittance, =1 for radiance mode)

Indicator for using subroutine ANGL.

Aeroscel model indicator

Equals IK

Running integer used as layer indicator alang the atmospheric path

Tower lunit of layer loop (=1}

Upper limit of layer loop

Inteper indicator used to determine if the atmospheric path
intersects the earth _

Parameter used when reading in & new atmospheric model

Indicator for using subroutine POINT to calculate refractive index
only (IP = 0) or equivalent absorber amounts also (1P #0)

Indicator for type of atmuospheric path

I*requency at which transmittance is caiculated

Starting frequency (equivalent to V1)

Last frequency (eaquivalent to V2)

Paranmeter for terminating program and cycling indicator
Running integer for altitude identitication

Integer indicator used when H1, 12, and HMIN are in the same
layer (ITY PE=2)

Altitude indicator for minimum height of path
Print option parameter

Integer indicator used when vertical profile changes from
downward to upward paih

L.evel indicator for altitude 11
L.evel indicator for altitude U2

Absorber indicator, K = 1, 2, 3, ete,, corresponds to 1,0
uniformly mixed gases, 03 ote, respectively -




KNMANXN Uppesr limit of absorber amount loops (=11)

K1 Inteper used in reading two model atmospheres on one card

K2 Integer used in reading two model atmospheres on one card
and cycling parameter for downward looking paths

K4 requency indicator for nitvrogen continuum transmittance caleulation

1. Frequency indicator for ozone transmittance calculation

1.LION Parameter used forr defining longest of two paths

L.LIENSTOR Integer storage for parameter LIIN, neededfor cases run in
suceession

1.1 I'rrequency identifier for UV and visible ozone transmittance
caleulation

1.2 Frequency identifier for UV and visible ozone transmittance
caleulation

N Intever used to identify required model atmasphere

K Number of levels in radiosonde data input (MODEL. = 7)

NMODEI, Integer used to identify required model atmosphere

M1 Inteyer for selecting 1,0 altitude profile for (M=M1)

N2 Integer for sclecting t(‘:npm‘aturo altitude profile for (M-M2)

M3 Integer for selecting 03 altitude profile for (N=M3

N Indicator for level below piven input altitude used in POINT

subroutine; also as frequency indicator in UV and visible
orend transmittance calculation

NH P'requency indicator for water vapor continuum transmittance
calculation

N1, Number of levels in model atmosphere data

NI.1L. Fquals NIL.-1

NP Indicator for determining whether H1 or H2 coincide with levels
in the model atmosphere

NP1 Value of NP for altitude 11

NP2 Value of NP for altitude H2

PN, D Pressure (mb) at level 1 tor model atmosphere M

PH 180° — PH!

PHI Angle of arrival at 12

P 3, 1415928664 that is ()

Pprw Partial pressure of water vapor (in atmospheres)

s Total pressure in atmospheres

PsI Angular deviation of path from initial divection

pT Product of total pressure (atm) and the square voot of 273/7T(0, D

RADMAX Maximum value ol radiance

RADMIN Minimum value of radiance

RADSUNM Integrated radiance (W/em® -gter)

RANGE Path length (km)

R I'arth radius (km)
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REI
RH
RN
RO
RX
R1

SALP
SPHI
SR
SUM
SUMA
SUMV
SUMVV
T(M, 1)
TAUG
THBY (IK)
TBOUND
THET
THETA
TMP
TR

TS
TSNEW
TSOLD
151
T
TR(K)

TX(9)
TX(10;
TX1
TX2
TX3
11

T2

\%

VI(K)
VIS

Refractive index of air at level [

Relative humidity (%)

Ratio of refractive indices of air above and below a given level
Irarth radius (km) read in as input (=Rk)

Ratio of earth ceunter distances between adjacent levels

The product of the sine of the initial zenith angle and the earth
center distance to starting altitude

Sine of angle of arrival at adjacent level (cf sin &)

Bine of the local zenith angle at a given level {cf sin 8)

Slant raage (km)

Sum of the optical thicknesses of absorbers 4 through 11
Accumulated integrated absorption

Radiance (W/cmz-ster-cm-l)

Radiance (W/cmz-ster-u m)

Temperature (°K) for model atmosphere M at level 1

Total transmitlance to the boundary

Average temperature of the Ik layer

Input temperature of the boundarvy i °K

Zenith angle at a given level {in radians)

Zenith angle at a given level (in degrees)

Ambient temperature (°C)

Transmittance scales for transmission functions

Ruatio of standard temperature (273. 0°K) to temperature at Level 1
Transmittance (due to scattering) to the far boundary of the IK layer

Transmittance (due to scattering) to the near boundary of the IK iayer
Ratio of 296°K to ambient temperature (°K)
Ratio 273. 15/(TMP + 273, 15)

liquivalent absorber amounts per km at a given altitude obtained
from POINT; also transmittance values at a given wavelength for
each absorber type (K = 1, KMAX)

Total transmittance at frequency V

Absorption due to aerosol only at frequency V
Refractive index of layer above initial altitude H1
Refractive index of layer above final altitude HZ
Refractive index of layer above minimum altitude HMIN
Temperature of the boundary (°K)

Temperature of the I+1 boundary used in index of refraction
calculation

Running frequency (em’ 1)
Integral of the equivalent absorber amounts {rom It1 to level 1

Visual range (km) at sea level
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VRMAX Frequency of the maximum radiance (ecm~ by

VRMIN Irequency of the minimum radiance (cm'l)

VX Wavelength at which aerosol coefficients are read in (um)

Vi Initial frequency for transmittance calculation, (:m‘1

Ve Final frequency for transmittance calcylation, c:m—l

W(K) Total equivalent absorber amount for entire path

WH(M, D Water vapor density for atmospheric mcdel M at level 1 {gm m_"ﬁ)

WLAY(I, K) The absorber amount for the species, K, and the atmospheric
layer, I

WO{M, 1) Ozone density for atmospheric model M at level I {gm m-3)

WPATH(IK, K) The cumulative absorber amount of the species, K, for the IK layer
along the atmospheric slant path

WS1 Transmission function scaling factor for H20 at given wavelength

ws2 Transmission function scaling factor for COZ’ etc., at given
wavelength

WS3 Transmission function scaling factor for 03 at given wavelength 3

w2 Water vapor density for atmospheric model M at level I+ 1 {gm m )

X Input height to POINT subroutine

XD Wavenumber interpolation parameter in UV ozone transmittance
calculation

XH Wavenumber interpolation parameters in HZO continuum calculation

X1 Wavenumber interpolation parameter

XX Wavenumber identification parameter for UJV ozone transmittance
calculation

X1 Earth center distance of level I

X2 Earth center distance of level 1 + 1

Y Input zenith angle in radians

YN Refractive index of layer below input height from POINT subroutine

YNI1 Refractive index of layer below initial altitude H1

YN2 Refractive index of layer below final altitude H2

YY Aerosol absorption coefficient at frequency V

Z(D) Altitude at level I in km
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Appendix D

Errata Sheet No. 2 (September 1977), Atmospheric Transmittance
From 0.25 to 28.5 um: Supplement LOWTRAN 3B(1976),
AFGL-TR-0158, 1 November 1976,

Environmental Research Papers, No. 587

1. Page 52 - Line A 3M should read A 3+

[$+1

Page 53 - The second line A 81 should be removed
3. Page 54 - Reversc the order of statements A 103" and A 103G and relabel them:

i.e., IF (M,EQ.0) Z(K)= H1l A 103K
J = IFIX {Z(K) + 1. 0E-6) + 1 A* 103G

4. Page 56 - Line *A 185B should read:

EH(5,1) = D*PPW*EXP (6. 08*(TS1-1.0)) + 0, 002+ IXPS-PPW) *A 18513
5. Page 56 - Line A 204 is correct, i.e. [P=-1
6. Page 63 - Line A 586A should be removed.
7. Page 64 - Replace UALENTVENT by EQUIVALENT in line A 623
8. Page 78 - The 9th and 10th cards from the bottom of page 78 should be inter-
changed. The wavenumber identifications for these cards are 17800 and 19400
(see extreme right hand side of card).
Q.  Cautionary Note: When standard radiosonde data are used (MODEIL-T option),
insert a card for sea level even though the required transmittance path does not
extend to sea level. The reason for inserting the sea level altitude card is tc
correctly interpolate the aerosol number densities at the required altitudes for a
given sea level visual range. However the above does not apply if the user is in-

serting his own aerosol extinction data for a given starting altitude.
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10. Example: On page 79 a set of input data for LOWTRAN 3B is given. The first
example (represented by the {irst three cards) is to calculate the transmittance for
a 65° zenith angle slant path from altitudes 2.5 km to 8.5 km for a 23 km visual
range (rurrl aerosol) subarctic winter atmosphere covering the wavenumber range
from 2350 to 2450 cm” ) (i.e. 4.08 - 4. 27um).

The four examples which follow are to calculate the average transmittunce
fra:a 1820 to 20, 000 cm-1 (i.e. from 0.5 to 5.5 um) for a 10 km horizontal path
at sea level {using the 1962 U. s, Standard Atmosphere) for four different aerosol
models, namely, Maritime, Urban, Rural, ond Tropospheric respectively,

1t is recommended that the various aerosol model data sets be labelled and
stored for further use.

The extinction coefficients for the Average Continental aerosol model originally
contained in LOWTRAN 3 are included as an additional data set at the end of
LOWTRAN 3B (1976) card deck available from the National Climatic Center,
Federal Building, Asheville, No. Carolina 28801 for a charge of $20.00. (Please
address requests to Mr, R, Davis.)

11. Page 25 - delete the last three lines on this page.

12, Page 26 - Delete lines *A 494 and *A 495, and change line *A 491 to read:

NH = XI + 1,001

13. Page 33 - Lines A 85G and A 85H should be interchanged to be consistent with
page 53.

14. Page 54 - Insert - IF(IXY,.GT.3) GO TO 8 after A 104N,

15. Page 62 - A 563 should be

IF(VIS.GT.0.0. AND, VIS, LLT. 2. 0) XX=0, 158

Cautionary Note: The temporary fog correction will scale acrosol
extinction regardless of atmospheric path. As presently coded, it probably should
be restricted to horizontal paths (ITYPE=1) under 1 km in altitude.

16. Page 66 - Delete card C 21B in ANGL., !

TN EW ERRATUM

YoULN . GUVERRBENT PRINTING OFHICE 1978 -700-08 -t
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