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Frrata

1. Pages 38 through 44 —=The transmittance curves presented in Pigures 5
through 11 should be terminated at 0,25 wni, The figures show an increase in
transmittance due to ozone ahsorption as the wavelength anproaches 0, 2 um,
nu\h\;vtl‘, ahhux‘piinﬂ duie o ORY BT brecumies iﬂipul'idl‘ni below 0025 m and hse
not been taken 1nto account 1in LOWTHAN 3.

2., Page 69—l.ine namber A 1268 and A 134 should read as fullows:

IF (VIS.GT. 0, 00 PRINT 417, VIS A 1268
IF (VIS LE.O.0.AND IHAZIL GUL0) PRINT 416, IHAZLY, HZOHAZLY) A 134
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Atmospheric Transmittarce from 0.25 to 26.5 um.
Computer Code LOWTRAN 3

boOINEFREeDUCTECN

The need for predicting the transattance of the dmosplicre 9ver o broad
spectral interval at tow resgolution 1s not « new one, and m.ny methads have been
proposed to do this. A major problem with most of tne techmgu=s 17 tha they are
difficult te applyv,  In order to A'leviate this situatien and to provide a faris aceu-
rate, simple, and rapad woon of estimating atmospherie transmiltance i the 0.2H
to 28.5 um region, an empitical Jraphical prediction scheme was devised using
some techniques originally suggested by :\ltshuh-r.‘ The prediction scheme 15
based manly on recent laborato-y ‘ranzsmittance measurements ~omple mented by
us:ng availabie the theoretical molecuiar line constants in Linc-oy-hite transeat -

y
tunce calcu’ations, and 1s presented by MeClatehey et al, -~

Recause of the large amount of interest shown an this work, a1t was recided to
commputerize the preaiction scheme and to digitize the enectral curves, trans-

"
mittance functions, and noadel arrospheres contaned ain e tatchey et al,”™ wihaeh

forms the basis of LOWTRAN 4,

(Receved for pubnlication 6§ Man 1975

1. Altshuler, T. 1. (196D Infroved Transmussion and Background Haaiation by
Clear Atmospheres, OTC Report 61 Sy 100, AD 4010071,

3]

~3

Mictlatehey, ROAL, Fenn, ROV, Selby, 10104, Volz, 1. L., and Guaing 1.t
(1972 Optical Properties of the Atmosphere (Third Lditian), AY CRI.-72-04

PR CERNTE IPEPY, YrRRE
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The 1ortran compnter code LOWTRAN 3 15 designed to cateoulate the trans- :

. _ 1
B m;ttince (averaged over a 20 em ! mtervall for a given atmospl ere poth ot

: - - -1 ) i

steps of 5 em ! from 350 ta 40,000 ¢m (0,25 to 28,5 ). Y chorece of s1x i

made! atmaspheres 18 Foven with an option tor 1 seventh mode! which can be -
aeried as o et of radiosonde datu. Aerosol attennation 1s caleulided for a given

visual range based on anaaterpolation ‘extrapolation scheme usimg two Gerosol

Lt ot e

maodeis (sec Sect.on 3.1,

The computer code TOW IRAN 1 superscdes two cartier verstoas of the pro-

Erong, namelt TOWTHAN I{ and TOWTRAN 2.7 TOWTRAN 3 15 o radifieation

of the LLOWTR N 2 comnputer code, and provides an updating of the original data 3
as well as piving more flexatnhity to the user. The differences betweenthe two 3
programs v:ll he desceribed in det 1l on the following sections, }

For herizontal path transnuttance caleulations under nonstandard conditions, 4

the user can spe~ifs hus cwn meteorological cor.ditions,  1Tae amount of water
] K

vaper in the path s caleu'ated in TLOWTRAN 3 asing aither dew poiit temper:itare

or ambient temperature and relative humidity, whichever the user specifies (see
Sectian 3.1

The c g sequence numbering sy stem used (n TOWTHAN 2 has bean preserved
S0 that workers who arce sdready using LOWTRAN 2 cun update theiv card decks
with + munimum of effort. Al changes and odditions to the latier program hane
been indicated by 4 symbol, (for example, , A, 13, (', ectectera) against an ori-
ginal sequence number tsee Appenadix A\,

We a1l first briefiv describe the theory and input data used o the program,
General instrections for using TOWTRAN 3 are siven in Section i, A\ senes of
examples 1llustrti-g the input data necessacy tor making 1 vartety of typical
atinospheric transmuttance calvulitwons is given in Section 6, histing of the
computer code and dotaas grven in Appeandix A, supplemented by o fow cham
(Appendix B and + det:nition of svmbols tAppend:x ), Ap aterative refraction
scheme ased for ane particular application of the progfram (see Section 6.6) is
described 1in Appendix ¢, lxamples of atmospheric transmittuance spectra obh-
tained from LOWTRAN 3 together with comparisons with Liboratory oad field
n.easurements are given in Section 7,

I anv discrepancies are enconntered i the program, we would appreciate

notification in writing,

3. Manlew, (n P, Stoath, Ho I P, Treve, VoM., Carpenter, LW, Degpes, T. 0.,
Doun, 1., R, (1271 OPTIR 1], APCRP=T1-0528 (Vol, 2& 3
(1975 OPTIR I, AT CRI-TR-T3-0217 and 0491
(1974Y OPTIR TR, AT CRI-TR-74-0310,

4. Selbv, ToEO A, and MceClatchev, Ro A0 (19720 Atmaspherie Tronsmittance

from 0,25 to 28.7 ym: Coniputer Code 1TOW TN 2 AT R -7 2-074T]




2. MODEL ATMOSPHFRES

The altitude, pressure, tempera‘ure, water vapor density, and ozone density
for the U.S. Standard Atmosphere and five seasonal model atmospherss, as well
as the nuinber of particles per cm3 for two haze models — corresponding to sea
level visual ranges of § and 23 km — are provided as basic input data for LOW-
TRAN 3, The model atmospheres correspond lo the 1962 U, S, Standard Atmo-
Spheres and the five supplementary models: that is, Tropical (15°N}, Midlatitude
Summer (45°N, July}, Midlatitude Winter (45°, January), Subarctic Summer {60°N,
July), and Subarctic Winter (60°N, .lanuary). The different models are digitized
in 1 km steps from 0 to 25 km, 5 km steps from 25 to 50 km, then at 70 km and
100 km directly as given by McClatchey et al.2

The water vapor and ozone aititude profiles added to the 1962 (!, 5. Standard
Atr.osphere by McClatchey et al were obtained from Sissenwine et 316 and
Herring et 317 respectively, and correspond to mean annual values. The water
vapor densities for the 1962 U, S. Standard Atmosphere correspond tc relative
humidities of approximately 50 percent for altitudes up to 10 km, whereas the
relative humidity values for the other supplementary models tend to decrease
with altitude from approxi.nately 80 npercent at sea !l
cent at 10 km altitude.

2l 4o approanimnaiely 30 per-

In addition to the model atmospheres provided in this report, the user has the
option of inserting his own mcdel atmosphere [specifically designed for direct in-
gertion of radiosonde data {see Section 6,9}], or of building another model by
combining various paris of the six standard models (see Secticn 6.10).

One major difference between LOWTRAN 3 ar.d LOWTRAN 2 is that the
reader no longer has to look up the saturation vapor :ensity of water (from Table 1
in Selby and McClatcheyq) when using meteorological data as input t~ the program.
In ..OWTRAN 3 the actual water vapor density is calculated for 4 given ambient
uie and relative humidity or dew point temperature using the following
empiricol expression for the saturation vapor density:

n

F(t) = A exp (18.9766 - 14,9595 - 2.4388A°) gm m™>

5. Valley, S. L., Ed, (1965) Handbook of Geophysics and 'pace Environments,
AFCRL, ) )

6. Sissenwine, N,, Granthan, D.D,, Salniela, H. A, (1968 Humidity Up to the
Mesopause, A,"CRL-68-0550. )

7. Herring, W.S., and Borden, T.R., (1964) Ozone Observations Over North
America, AFCKL-64-30, Vol. 2.
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v aere
A = 273,15/(273,15 4+ t)

and

t is given in °C.

The above expression was found to give = good fit to published values of sat-

. . 3
uration water vapor dersity measured cver water to better than 1 percent for

temperatures between -50°C and 50°C.

If t is the dew point temperature then I'(t) gives the actual water vapor den-
sitv directly at the corresponding ambient temperature. If * is the ambient tem-
perature then the water vapor density is givea by F(t) X RI1/100 where Rli is the
percent relative humidity.

Thrs the user has a choice of meteorclogical parameters necessary to

specify the amount ¢f water vapor, that is, ambient temperature and relative

oy i o2 Y NG

hurniuity, or dew point temperature, or water vapor density. The procedure for
inserting radiosonde data intc the program and the necessary formats are des-

cribed in Sections 5.3 and 6.§.

Ay

; 4. ATMOSPHERIC CONSTITUENTS

é 3.1 Atmaspheric Gases é
; It is assumed in this report that mixing ratios of the gases, (‘()2 , NZ(), (‘H4 . 3
! Cu, 1\-72. and ()2 remain constant at all altitudes at the fcllowing values:i 330, §
0.28. 1.6, 0.0.5, 7.905 X 10°, and 2.005 % 10° parts per million respectively.
% These gases as & whole, with the exception of nitrogen, will be 1eferred to as the

) uniformly mixed gases,

: Absorption coefficients for water vapor, ozone, and the comt [.ed effects of

the uniformly mixed gases were digitized {rom the spectra’ _urves (Figures 16-

25)2 hy MceClatchey et al and are included as data for LOWTRAN 3. The trans-
mittance spectra fronm which the coefficients were derived were first degraded
in resolution to 20 cm-‘ and the da'a points were digitized at steps of 5 cm-l.
I'or the ultraviclet and visible ocone barnds (see McClatchey et al, Figure 26),2
the absorption cocfficients were digitized at 200 cm” ! and 500 cm™! intervals

respectively,

8. List, R..J. (1768 Srnithsonian Meteorological Tables (6th reviszd edition),
Smithsonian Institute Press, Washington.

10
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There has been one modification to the spectra! data fcr water '.'apor* in the
2.7 uym region (since LOWTRAN 2 was published) based on a more recent review
of available experimental measurements. The above modification leads to slightly
higher atmospheric absorption by water vapor in the 2.2 to 3,4 um spectral region
than given by LOWTRAN 2,

3.2 Contimsam Absnrpiwn

Absorption cvefficients for the water vapor continuum near 0 um and 4 ym
in LOWTRAN 3 are based on 1.1easurements of Burch et al, McCoy and Rensch,

and Bignell, ¥ 13

The effect of absorption by the water vapor continuum between
14 ym and 28,5 um has not been included at this time because there ic insufficient
data in this region,

The continuum due to collision induced absorption by nitrogen in the 4 um
region is included in LOWTRAN 3 based on the measurements of Reddy and Cho14
and Shapiro and Gush15 (see also McClatchey et alz}.

In all cases the transmittance due to continuum absorption is8 assumed to

follow a simple exponential law.

3.3 Moiecular Scattering
The absorption coefficient due to molecular scattering, C6, is introduced
into LOWTRAN 3 via the foliowing expression:

-20 V'l km-l

C6 = 9,87 x 10
where v is in wavenumbers (cm 1)

The above express._on was obtained as a beat fit {o molecular scattering co-
efficients published by lf’enndorfm and is shown in Figure 1 together with the
aerosol extinction coefficient.

3.4 Acrosol Models

Two aerosol models are incerporated into LOWTRAN 3 and correspond to
visual ranges of approximately 5 km and 23 km at sea level. However, an aerosol
attenuation for any visusl range is calculated by LOWTRAN 3 using an interpola-
tion/extrapolation procedure (described in Section 3.5) which utilizes these two
modela. As these aerosol models are baged on measurem:nts of continenial
serosol under moderate visibility conditions, they mey rot be valid for very low

~
No: included in LOWTRAN 2,

NOTE: For references 3-16, sce list of References or, page 63,

11
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Figure 1. Attenuation Coefficients for Aerosol Transmittance
i {Absorption and Total Extinction) i
1 i
l visibility cond‘tions less than 2 km, Reported low vistbility conditions less than
§ 2 km are probably representative of fog conditions, In this case, the LOWTRAN 3
g results will tend to underestimate the attenuation (overestimaie the transrnittance)
4 . . . . .
i in the infrared and overestimate the atienuation in the uliraviclet. A niore realjs -
fx tic result can be obtained by agsuming the attenuation to be wavelength independent
4 Z .
i (see McClatchey, et al, 1972, p. 79) and asswning that the aerosol attenuation
12

provided by LOWTRAN 2 at 5500 ! is also valid throughout the infrared and n- ar
vitraviolet. The application of this ''fog model" should only e applied to the low-
est few hundred meters above the surface. In OWTRAN 3, a message will be
printed out to warn the user in the event that results are required for sea level
visual ranges less than 2 km. The two aerosol models sre bascd on the following 3
agsumptions.

(1} A particle size distribution similar to Deirmensijizn's Haze Model , 17, 18
but where the large particle radius cutoff has been extend-.4 10 100 um (compared
17. Deirmendjian, D, (1964) Appl. Opt. 3:187. {

18. Deirmend)ian, D, (1969) Electromagnetic Scstiering o Spherical Polvdis -
persions, American Elsevier Puh To, mY, o

]




to S54um in D(:irmendjian” and 10 um in McClatchey et a12 and Selby and
McClatchey ),
(2} The particle size distribution i3 assumed to remain constant with altitude.
(3} The variation of aerosol number density with altitude i1s agssumed to be
the same as previocusly given by McClatchey et al2 for the 23 km visual range
model. The latter aerosol number densities were adjusted to give extinction co-
efficients at a wavelength of 0,55 um that corresponded to those obtained by

19,20

Elterman at each altitude.

(4} The variation of asrosol refractive index with wavelength has been ob-

tained from measurements by \.0”21 (see also McClatcheyv and Selb_yzz

}, who
has found that aserosols are composed of water-soluble substances as well as
dust like material,

Aerosol extinction (C7) and aerosol absorption (C7A) values '.ere calculated
based on single s-attering Alie theorv using the above aerosol size distribation
and refractive index values (assuming the aerosols to be composed of 70 percent
water-soluble substance and 30 percent dust-like substance, which appears to be
represecntative of continental aerosol). 1igure | shows the variation of the calcu-
lated aerosol extinction and abscrption coetficients with wavelength, In LOW-
TRAN 3, (C7) and (C7A) were digitized directly from Figure 1 at discrete wave-
lengths (see Appendix A and Table A2).

The above aercsol model replaces the empirical function previously used in
LOWTRAN 2, Figure 1 can be used to calculate aerosol extinction and absorption
in the same way as described yn Mc(latchey et 312 and replaces Figure 22 in the

latter reference.

3.5 Aaovssl Interpolation/Extrspolation Scheme

The total extinction coefficient U,y at 0.55um is inversely proportiona! to
visual range, VIS, and can be wiitten as follows (Middletonzj);

19, Elterman, L. (1968) UV, Visible ar.d IR Attenuation for Altitudes up to
5€ ki, AFCHL-68-0153, -

20. Elterman, 1., (1970) Vertical Attenuation Model with Eight Surface Mateoro-
logical Ranﬁges 2 to {3 km, ATFTCRI.-7T0-0200. -
? 5 7°
21, Volz, F.E. {1972) Appl.Opt. 11:775.

22. McClatchey. R. A., and Selby, I.E.A. (1974) Atmnasphueric Atienuation of
Lager Radiation frem 0.76 to 31.25 um, l\l-‘Z'Rl.-'iil‘(--T1-50')5

23. Middleton, W, E.K. (1952) Vision Through the Atmogphere, Univ, of Toronto
Press. - -

.
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assuming a 2 percent contragt thresho'l where the suffixes a and m refer to the
aerosol and molecular components respectively. The aerosol extinction coefficient
can thus be written as

Since the zerosgol extinction coefficient v, i8 directly proportional to the
aerosol number density N(z}, we can write

N(z) = %"I—’S‘ - blz),

where a(z) and b(z) are constants for a given altitude z. [t will be noted that

b(z} is proportional to the molecular scattering coefficient at 0,55 um at altitude
z, where molecular absorption hag been assumed negligible at A = G.55um.

The above equation forms the basig for the interpolation/extrapolation pro-
cedure used in LOWTRAN 3 to deterriuine aerosol attenuation at any given 1isual
range.

B b e Ly

The coefficients 2 and b are deterrnined from the ahove equation

titude using ine two aerr .0l moaels, that is,

1

-
o
1

|N5m - -.23(z>]/,1/5 - 1/23|

= |N23(z)/5 - Ns(z)/Z;'.i/Il/!i - 1/23'

-2
-4
N
)

where N'i and N23 refer to the number densities for the 5-kin and 23-km sea

level visual ranges, Note that the above procedure is used only in the lower 5 km

'
]
H
<

of the atmosphere since the two aeroscl models are identical above 5 km altitude.

4. THEORY

4.1 Basic Assumaptions

The computer program LOWTRAN 3 follews almost exactly the procedures
outlined by McClatchey et al.2 The main assumptions made are that the atmo-
sphe: can be represented by a 33-layer model, and that the average transmit-
tance 7 over a 20 cm~‘ interval (due to molecular ahsorption) can be represented
by a single parameter model of the foim

T = r(cvw‘) (1

14




e e, 3 Ch gl

where Cp is a 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), concentratiocn of abscrber al.,

and an empirical constant o as follows:

B ‘p(z) ‘/.T_;-ln
w = Al t P 'I—(-;)) . (2)

(o]

If Eq.(2) is substituted in Eq. (i) and n is set equal to zero and unity, respec-
tively. Eq.(1) 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 labaratory transmittance data and available molecular line constants,
In both cases, the transmittance was degraded in resolution to 20 em”™ ! through-
cut the entire spectral range covered here. It was found that the functions f for
Hz() and the combined contributions of the uniformly mixed gases were essen-
tially identical, although the parameter n differed in the two cases. Mean values
of n were determined to be 0.2 for H,0, 0.75 for the uniformly mixed gases.

and 0.4 far oz20ne.

4.2 Farth Cunature and Refraction

In general, earth curvature has n greater influence on the path length {and
herice on the transrmittancc) than atmospheric refraction. For long slant paths
with zenith angles close to 20° in the lower layers of the atmosphere, however,
refractive effects can cause a significant increase in the path length (up to 30 per-
cent for . 90° path to space from ground level). Figure 2 shows the effect of
atmospheric refraction on defining the mimmum height of a path trajrctory f~om
space. The miaimum height referred to here is also known as the tangent height.
In I"igure 2, the difference between the geometrical (no refraction) and the actual
minimum height i8 plotted against ttie actual micimum height for three different
model atmospheres. The sketch in the upper right-hand corne- of Figure 2 indi-
cates that there is also a discrepancy in the earth center angle 8 subtended by the
trajectory, when refraction is significant. The difference B - B’ ghown in Fig-
ure 2 is equal to the total angular deviation § of the trajectory due to refraction.

FFor many applications it i8 neccssary to accourit not only for the effect of re-
fraction and earth curvature on the transmittance over a given path trajectory, but
also on the purely geometrical aspects of the trajectory itself. Yor example, the
total deviation ¥, angle of arrival ¢, or angle B subtended by the path trajectory
may be required as illustrated in Figure 3. LOWTRAN 3 calculates the gquantities
¥, é, B and slant runge on the basis of a layvered atmosphere in the following para-

graphs.
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Figure 3. General Schematic of a Refracted Path F'rom Altitudes
H1 to H2 Showing the Angiles Defining the Trajectory. Initial
zenith angle 1, at H1, angle of arrival ¢ at H2, total angular
deviation ¥, and angle subtended by path at the earth's center, 8

The earth's atmosphere is assumed to he divided nto i series o1 concentriv
spherical layers for each of which 1 mean refractive index 1s defined. However,
the non-sphericity of the earth is taken into account to some extent by using a dif-
ferer. earth radius for each latitude (associated with a g:ven model atmosphere).

Consgider the trajectory of a ray passing from heights H1 te H2 at an initial
zenith angle 0. l.et z; and Zii define the boundary heights of a given laver,
and let Hi and t?h] be the local zenith angles at the respective boundaries (see

Figure 3}, Then at a height of Zi,1° the angle of refraction is ”iﬂ . The angie
of incidence @; at height z, . can be defined as

1

. . /i
sina;, = (R_+z] sin 0,/ (B, + 2, (N
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Applving snell's law at boundary 7. e have

_ . . ‘
npsinoa, = n, sinb, “

where n, and n,, are the mesan refractive indices of the layers above z and

Z.

iel respectively.

Substituting for sin a. 1n Lq, (4), we have
n (R,+ z;) sing, = M, (Be* Z4,y) sin om . {5}

It follows from symmetry that

ni (R =+ z,) s 6, =10, Ry + z, 4} sin 6.

= ng (Ro + H1) sin 6,

const, (6)

Theretore, the angle of refruction at any level z can be written in terms of the
(o] .

imitial input conditions and the refractive index n, of the layer above Hl as

sin i = no(l\c)» H1) sin Go/n (1{04 zj . (7

The angle Bi subtended at the center of the earth by the intersection of the rav
with the layer 2, to LA 1S given Uy

8. = 6 -a . (8)

enter angie subiended by the ray when traversing the atmo-
rom Il to H2 s

-

sphere
m-1

8 ? {0, - a,) (9

m-1

r

1"

-1, -1 \
sin {“/nl(l‘!O* zl)} - sin {-\/n‘(no+ zl‘l),» (10

where 11 is the number of levels between H1 and H2, and A = n“(Ro H1l} sin 00.

The angle of arrival é of the ray at 112 18 given by

- o _ L1 \ )
¢ = 180° - sin”' {A/n_ (R4 H2)) . (1
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The total angular deviation of the trajectory ¥ 1 given by
¥ =H-6-0,+180. (a2
The effective path length between levels 7, and z,,, '€ given by

DS, = (R
1 Q

/s e a g = .
47,1 8i0d /sind for 0 6 180 (13)

for ¢ = 0° and 180°, I)Si A, e - If we assume that the equivalent absnrber

amount per unit path length @ (see Hection 4,1} for a given gas varies exponentially
with altitude, we can write
Fia
. . . _
5 w dz = rl‘[wiz“ w(z

Z

1 )
nll_l (14

: = - . . | . ¢ .
where H = {z, . zi',/loﬁe[“' (zl),/‘“\'zul’_j . The amount of absorber W, along a
path of iength l)“s‘l between altitudes z, and L is therefore given by:

DS
- 1
v\ was
“a
DS, I
= z _— \ w dz
t+] 1 ‘2

DS [w(z‘; - w(z,‘l\]

5 . (15
loge[u.:(zl)/ w(z ,]

The total equivalent absorber amount W for a given atmmoaspheric path is given by
m-1
the sum of the “i values for all lavers; thatas, W = 20w

_ , where m 1s the
=i :

number of levels traversed by the path,

4.3 Refezctive Index of Air

2
The following simplified version of lidlcn's~4 expression for the refractive
index of air 1s used in LOWTRAN 3:

PH.,0
6 oo .., 0.459) P 2 oL 0347
(e - ) 0% = (a8 0 00 ) 5 - i (34 - S,

24. Edlen, B. (1966) _.}Letrqlogiu 3‘:12.
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where Plio and P’ refer respectively to the purtial pressute of water vapor and
atmosgpheric pressure 1n millibars, T is atmospheric temperature in degrees
Kelvin, and A 18 the wavelength 1n micrometers (uym).

The above expression has been used over the entire wavelength vonge 0.2 to
28.5 g an LOWTRAN 3, Althcugh Edlen's expression for the refr.ctive :nde..
of air is widely used 1n both the visible and infrared spectr-al regions, 1t 18 quess
tionable how far 1t should be used into the ultraviolet and into the far intrared
since the formula is based primarily on measurements made 1n the visitle part
of the spectrum from (.43 to 0.8 pm.

4.4 Geometncal Path Configurations

When using «OWTRAN 3, the tvpe of atmospaeric path for which .« caleulation
is to he made must be specified according to one of the three hroad categores
listed below,

TYPE 1. Horizontal path: that 1s, u constant pressure path where the

effects of earth curvature nd refraction are neghgible,
TYPE 2. Slant paths between two altitudes from Hi to HI.

TY DR 2 Slant naoths &

D e o
O BpRAGOC i

Gin orntral altitude Tild.

The variations within the latter two categories for both upward and downward
path trajectories can be seen from Figure 1.

It w:1l be noted that two trajectories are possible for a given set of inpat
paramete. 3, 1, H2, and 8 for a downward lookhing path (TY PiD 2), provided that
H2 hLes between i1 und the mimimum height, HNIN.

In most instances, the reader will not be aware that two paths are possible
for a given set of 1nput conditions. !or such « case, TOMWTHRAN 3 will execute
the shorter path conastion [Figure 4id)] and print out . message to the effect that
the case shown in Figure 4(¢) does exist. Should the reader decide to rug; th

latter case, he need only set the parumeter ILEN equal to umty and resubmit the

case, This will be seen more clearly from the following section talso Section 6.4,

3. INSTRUCTIONS FOR USING LOWTRAN 3

The input data for LOVWTRAN 3 are given in Aopendix A, In general, 1 is
onlyv necessary to change the last four catrds (referred to here as Nos, -4 in
order to run the program for a given problem. The formats for the last four

cards and their application will next be discussed.

T These four cards were referred to as Nos,4.0-473 in the LOWTKAN 2 report.
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5.1 Input Data and Feanats

The data necessary to specify o given provlem are giver on tae last four
A K £

]
cards as follows ;:
CARD 1 AMGDIUL, (HAZL, ITYPL, LEN, JP, I\, A1, M2, M3, MIL, R2 1

{FORMAT (1013, 110,31} 1
CARD 2 M1, H2, ANGL.E, RANGE, LBETA, Vi LEORMAT (61°10.3)) i
CARD 3 V1, \2, DV { FORMAT (31°10,3)) ]
CARD 4 1IN { FORNAT (1)), 3

Definitions of the aboye quantities will Le discassed in Section 5.2, : ;

If the guantity MODEI. given on CARD 1 is set equal to 0 or 7 {which is the
case if meteorological data are used as input te the program). then the above
rard sequence ‘and format for CARD 2) s chunged. These cases will be des~ #
cribed in Sect:on 5.3 and examples for some typical problems will be given in
Sections 6.7 and 6.8,

5.2 Bamc lnstructions

e

The various quantities to be specified orn each of the four control cards (sum-
marized in Section 5.1 will be discussed in this section,

5.2.1 CARD 1 NMODEFL, TiNZE ITYDPE, LEN, P, M
AL A2, 13, NI, Ro

The parameter MODLEIL selects one of the six geographic ! adei atmo-
spheres or specifiex that meteorological data are to be use- in plice of the stan-
dard modeils., [THAZE specifies “.nether aerosol attenuation is to be included in
the calculutien or not. For way problem the atmospheric path must be specified
as one of three tvpes according to I'TY P and [LEEN, The rest of the quantities
given on CARD 1% twhich can be 1+t blank if not required) provide the user with
options to suppress printing ¢/}, to internux the six standard model atmospheres
(M, M, M Lna o input @ new model atmosphere U\, M), The options for
the above parameters and their uses are stated and described in detail below:

MODELD =

'
=]

if meteorological data are specified (for horizontal paths on,l‘\')I
= 1 selects TROPICAL MODE, ATVOSPHIIRYL
setects MIDIATITUDE sUMMIR
3 selects MIDIATITUDL WINTER
= 4 selects SUBARCTIC STUMAER
3 selects S BARUTIC WINTER
b selects 1962 US STANDARD
= 7 1f a new model atmosphere (or radiosonde dati) is to be inserted. !

Tt The parameters JP, 1M, ete. given on CARD | were not included in LOWTRAN 2,
1 In these caces the fermat for CARD 2 changes (see nonstandard conditions)
Nection 5.3 and examples 7 and L (Section 6.7 and 6.8).
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IHAZE
THAZLE 1 or 2 if aerosol attenuation is required (see alsc CARD 2).

0 means no aercsol attenuation included i1 the calcuiations.

'f THAZE is set equai to 1 or 2 and visual range (\IS$) is not speciiicd on CARD 2,

then the program will automaticaiiy select visual ranges of 23 km or 5 km re-

spectively.
ITY PE

1 for a horizontal (constant pressure) path.

2 for a vertical or slant path between wvwo altitudes.

"

3 for a vertical or slant path to space.
The TYPE 1 path should not be confused with a long 96° patli where the local
height of the end of the trajectory is at a signifizantly different height, In such a
case, specify the pzth according to ITYPE = 2 (see Section 5.2.2).

LLEN = 0 for normal operation of program.

LLEN = 1 selects the downward TYPE 2 path shown in Figure 4(e).
The parameter ILEN can be ignored (that is, left blank) for the majority of cases,
It need only be used for a downward looking nath (H2 < H1) when two paths are
poJdsible for the same input parameters (see Sectior 4.4). In such a case, a com-
puter printout statement will be given indicating that the user has two choices for
the r ..lem and that the shorter path [zee Figure 4(d)} has been execvted. Set
LIEN = 1 for the longer case (an example of this is ziven in Section 6,7 .

JP = 0 for normal operation of program.

4P = 1 to suppress prinling of transmittance table (sez Table 1)

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

IM = 0 for normal operation of program or when subseguent calculations
are 10 be run with MODEL = 7

MI. = number of levels to b~ read in for MODEL = 7

Ncte that TV and M. arc only used when MODEL = 7 and then enly
on the first calculation when the data are read in.

Mi= NMI= M3 = 0Cf&

'~ A v e AF e
e = v {GL Noriaag i

VO O program.,
P1VE

The parameters M1J, M2, and M3 can each take integral values betwaen 0 and 6
and are used to mod.ry or supplement the altitude profiles of temperature, water
vapor, and ozone respcctively, for any given atino pherie model specified by
MODEIL. For example:

M1 = 1 selects the TROPICAL temperature altitude profile

M1 = 2 selects the MIDLATITUDE SUMMER temperature altitude profile

M1 = 6 clects the 1962 US STANDARD temperature altitude profile

M2 = 1 selects the THOPICA]L, water vapor altitude profile
M2 = 2z selects the MIDLATITUDE SUMMER water vapor altitude profile
M2 = 6 selects the 1962 US 5TANDARD wzter vapor altitude profile

23
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M2 1 selects the TROPICAIL. ozone altitude profile
M3 = 2 selects the MIDLATITUDE SUMMER ozone altitude profile
M3 6 selects the 1962 US STANDARD ozone altitude profile

RO

radius of the earth (km) at the particular geographical location
at which the calculation is to be performed.

If RO is left blank, the program will use the midlatitude value of 6371,23 km if
MOQDEL is set equal to zero or 7, Otherwise the earth radius for the appropri-
ate standard model atniosphere (specified by MODEL) will be used,

The use of thr parameters defiued above will become more apparent by re-
ferring to the examples given in Section 6.

In the caze where MODEL = 7, the new atmosphere (model or radiosonde
data) is inserted between CARDS 1 and 2 (see Section 5.3).

5.2.2 CARD 2 H1, H2, ANGLE, RANGE, BETA, VIS

Card 2 is used to define the geometrical path parameters for a given problerm.

H1 = ipitial altitude (km)

H2 = final altitude (km)

ANGLE = 1nitial zenith angle (degrees) as measured from H1
RANGE = path length (km}

BETA = earth centre ungle subtended by HI and H2 (degrees)
VIS = sea level visual range (km}

It i3 not necessarv to specify every guantity given above; onty those that
adequately describe the problem according to the parameter ITYPE {(as described
below).

(1) Horizontal I’aths (ITYPE = 1}

(a) specify Hl, RANGE and VIS only

()  if nonstandard meteorological data are to be used, that is, if
MODEL = 0 on CARD 1), then the following parame’ers must be specified on
CARD 2: Hi, P, T, DP, KH, WH, WO, VIS, RANGE according to FORMAT
(3F10.3, 2F5.1, 2E10.3, 2F10.3), where P, T,VDP, RH, WH and W) &«re the
pressure (mb), temperature (°C), dew point temperature {°C), relative humidity
(%), H20 density (gm m'3) and ozone density (gm m” 3 respectively.

Note that it is necessary to speci{y all of the quantities underlined with a full
line and one of the quantities underlined with a dushed line, If the ozone density
(WO) is not known, a value can be chesen from one of the standard atmospheric
models by using the parameter M3 on CARD 1 (see Section 5, 2.1 above).

Some examples of typical horizontal path calculations are given in Sections
6,1 and 6.C,
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(2) Slant Paths tc Space (ITYPE = 3)
(a) specify H1l, ANGLE and VIS
(b) apecify H1, HMIN and VIS (for limb viewing problem where HMIN
is the required tangent height or minimum altitude of the path trajectory,
(3) Slant Paths Between Two Altitudes (ITYPE = 2)
(a) specify H1, H2, ANGLE and VIS
{b) sapecify H1l, ANGLE, RANGE and VIS
{c) specify H1l, H2, RANGE and VIS

For cases (b) and ‘c), the program will calculate HZ and ANGLE respec-
tively, assuming no refraction; then proceed as for case (a). This methcd of de-
fining the problem should be used when refraction effects are not important; for
example, for ranges of a few tens of km at zenith angles less than 80°. It can
algo be used for larger angles (including 90°) provided that ithe path lies within
one atmospheric layer.

(d) Specify H1, H2, BETA and VIS, Leave ANGLE and RANGE
blank in this case. This method can be used when the geometrical configuration
of the source and receiver io known accurately, but the initial zenith angile is not
Knowii precisely due o aimvepheric reiraciion effecis. Beta is most frequeniiy
determined by the user from ground range information.

In the cases of 2(b) and 3(d) above, the subroutine ANGLE is called in the
program to determine the appropriate input zenith angle by an iterative technique
taking into account atmospheric refraction (see Appendix C),

In the case where MODEL = 7, the new medel atmosphere {or radiosonde data)
is inserted between CARDS 1 and 2 (see Section 5.3).

5.2.3 CARD 3 V1, V2, DV

The spectral range over which transmittance data are required and the spec-
cra: increments at which the data are to be printed out ig determine i by CARD 3,

Vi

V2 final frequency in wavenurnbers (cm'l) where V2> V1

DV = frequency increment (or step size' (cm_l)
(Note that V = 104/A where V is the frequency in em™! and A is the wavelength
in microns, and that DV can only take values which are a muitiple of 5.)

"

initial frequency in wavenumbers (cm-l)

5.2.4 CARD4 IXY

The control parameter IXY can cause the program to recycle, so that a
series of problemns can be run with one submisgion of LOWTRAN 3. Five values
of IXY can be used to provide the options given below.

IXY = 0 or vlank card to end of program

= 1to select a new CARD 3 and CARD 4 only (assuming other param-
eters are unchanged)
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|1

= 2 1o selert a new data sequence (CARDS 1. 2, 3, and 4)

3 1o select a new CARD 2 and CARD 4 only (ar3uming other parameters
are unchanged)

= 4 to select a new CARD j and CARD 4 only (assuming other parameters
are unchanged)

Thus, if for the s.ine model atmogohere and type of atmosvher.c path the
reader wishes to make further trangmittance calculations in differeat spectr.a
interv:ls V1' to V2' ctc. and tor a different step size (V! etc.), then IXY is
get equal to 1, In this case, the card sequence is ag follows and can be repeated
as many times as required:

CARD 4 XY =1

CARDS5 VI1' V2 DV'

CARD 6 1IXY = 1

CARD7 vi1" v2" pv"

CARD 8 IXY = 0

The final IXY card should always be a blank or zero (see also Section 6.2). Whan
using the IXY = 1 option, the wavelength dependence of the refractive index is not
changed (use IXY = 2 option if this is required),

To make successive transmittanc» computations where just the geographical
o4+l atmnosphere is changed and/or with or without aerosol attenuation, set
IXY = 4 and construct a data card sequence along the sarme lines as given abeve.
Thig sequence of recycliag can be repeated successively, and several examples

are given in Section 6,
5.2.5 PROBLEM SEQUENCING

When a series of problermns is to be executed {with one submission of LLOW-
TRAN 3) involving the standard atmospheric models (MODEL = | to 6) as well as
cases involving MODFEL = 0 and MODEL = 7, then the order in which the data are
set up becomes very important. Note the following seguence,

1. Run all problems nsing MODEL = 1 through 6 firsy,

2. Secondly, run all problems involving the use of MODEL = 0,

3. Run all problems involving the use of MODEL = 7 last. The reason for
running MODEIL = 7 cases lust is that when a new atmospheric model is read in,
the altitudes may not correspond with those given in the standard models (gee
Section 2.1) and the program will erase them, Similarly,if a MODEL = 0 case is
run following a MODEL = 7 case, the first level of MODEI. 7 is erased,

5.3 Non-Standard Conditions

Three options are available if atmospheric traremittance calculaticas are re-

quired for non-standard conditions. Here non-standard refers { conditions other

26

o i A e b i &

ra——e

Lrvalnne aae e e e

ke

R T

o




B s

than those specified by the six rnodel atmospheres pravided by LOWTRAN 3 (see
Section 2.1), which are aelected by the parameter MODEL on CARD 1 (see Sec-
tion 5. 2, 1), The three options enable the reader to ingert:

(1) his own model atmopshere(s) in place of any (or all) of the aix atandard
models, provided that the data are in exactly the game format and are apecified
at the same altitudea as the latter. In thie case the appropriate print statements
in LOWTRAN 3 (that identi{y the atmospheric model used) must be changed cor-
respondingly. :

{2) an additional atmospheric model (MOI®'£L 7), which can be in the form of ;
radiosonde data, The data need not be specified at the same altitudes as in the

.y

B )
s ik b ‘-““

standard models.
(3) meteorological conditions for a given horizontal path calculation (MODEL =
0 case), i

The firet of these optinns requires the most effort and needs no further dis-
cussion here, other than a reference t¢ Appendix A for a summary of the stan-
dard model atmosphere parameters, ' nits and formats (gee also Table A2).

5.3.1 ADDITIONAL ATMOSPHERIC MODEL (MODEL = 7

As stated in Section 5, 2,2 a new model atmosphere can be inserted betwzen
CAXDS 1 and 2 provided the perameters VWODEL and IM are sei egual to 7 and 1
respectively on CARD 1. The number of atmospheric levels to be inserted (ML)
must also be specified on CARD 1. The appropriate meteorological parameters
and format for the atmospheric data are given below,

Z, P, T, DP, RH, WH, WO, AHAZE [FORMAT (3F10.3, 2rs5.1, 2E10.3,
2F10.3'] where

Z = altitude (km)

P = pressure

T
DF = dew point temperature (°C)

ambient temperature (°C)

RH = relative humidity (%)

WH = water vapor density (gm m™3)

WO = ozone density (gm m™ %)
AHAZE = zerosol number density (em™3)

Note that it i only necessary to specify those quantities underlined with a full
line and either of the quantities underlined with the dashed line.

If the ozone dengity (WO) is riot known thern a value can be cbtained from one
of the standard atmospheric models (for the appropriate latitude and season) by
using the parameter M3 on CARD 1 (see Section 5. 2, 1).

If the aerosol number density was not measured as a funclion of altitude and

the reader wishes 40 include aerosol attenuation in the calculation, set IHAZE = 1
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on CARD l. In this cage (as with the M1, N2, and M3 options) LGWTRAN 3 will
use the aeroszol models already contained in the program and interpolate to give
aerosol number densgity values at the same altitudes as the radiosonde (or new
model atmosphere) data.t The program wi’. then look for a sea level visual

range {VIS) to be specified on CARD 2, If VIS5 is not apecified, a 23 km sea level
visual range will be assumed, If aerosol attenuation is not required, set IHAZE = 0
on CARD | as before.

5.3.2 HORIZONTAL PATHS (MODEL = 0}

If meteorological data are to be used for horizontal path atmospheric trans-
mittance calculations, then set MODEL = 0 on CARD 1. The following param-
eters can then be specified ocn CARD 2:

CARD 2 H1, P, T. DP, RH, WH, WO, VIS5, RANGE {FORMAT (3F19.3,
2F5.1, 2E10.3, 2F10.3)] where the above parameters refer to altitude (km),
pressure (mb) ambient temperature (°C),1 dew point temperature (°C), relative
humidity (%), water vapor density (gm m™3), ozone deasity (gm m™3), visual
range (km) and path length (km} regpectively (as previously defined in Sections
5.3.1 and 5.2, 2).

The format for the above card is sumilar te that for inputting radiosonde data
(MODEL = 7) described in Section 5, 3. 1 above, Again, it is only necessary to
specify the quantities underlined with the solid line and one of the quantities under-
lined with the dashed line. The ozone density WO can be specified using the pa-
rameter M3 on CARD 1 if measurements are not available, In the latter case, a
value will be calculated at altitude H1 based on the appropriate model atmosphere
selected by M3,

6. EXAMPLES

The following examples explain the problem parameters that need to be speci-
fied and card formats necessary for using LOWTRAN 3 to make a wide range of
atmospheric transmittance calculations, Example 9 describes how the reader
may insert an additional model atmosphere (for example, a set of radiogsonde or
rawingonde data) into the program.

As mentioned earlier, only the last four data cerda (see Table A2 in Appen-
dix A) are necessary to specify a given problem, It should be noted that the

t A simitar interpolation scheme is applied when the M1, M2 and M3 options are
used to gupplement MODEL 7 (and also for MODEL = 0) using the standard
atmoespheric models.

1 Note that temperature i8 given in °C for MODEL = 0 option and not °K as pre-
viously used in LOWTRAN 2,




terms "CARD 1, CARD 2, etc.' are used for convenience to denote these impor-
tant control cards in their correct sequence, and do not refer to the actual first,
second, etc, data cards in LOWTRAN 3 (described in Appendix A),

6.1 Exampie 1 - Horizontal Path Calculations (ITYPE = 1)
PROBLEM AND CARD 2RMAT
Calculate the transmittance from 500 cm~

for a horizontal path of range 10 km at an altitude of 2.5 k. for a midlatitude

summer model atmosphere and the 5 km (sea level) visual range haze model,
CARD 1 ##2 7}:%]
CARD 2 “at5x3 SO0 45 itk skl o0 D L Lnntl 10,000 ¢ w kb
CARL 3 #*%500,000° ~1900,000" = -+5,000
CARD 4§ %%

or alternatively
CARD 1 #%27%2%+}

CARD 2 ez §O00%7 %0 ki
CARD 3 =+%500.000" ©1000,000"
CARD 4 Blank
{" represents a space on the card.}
Note that setting THAZE = 2 can seiect 2 5 km visual range at gea level without

setting VIS on CARD 2,

1 1

to 1000 cm™ 1 in steps of 5 cm”

+54%5,000

LEd sEEE 10,0
: 5,0

6.2 Example 2 - Sant Path Calculation to Space (ITYPE = 3) for Two Spectral Intervals

PROBLEM AND CARD FOQRMAT

Calculate the transmittance from 3to 5 ¢um and 8 to 14 um in steps of
~0.05pum for a 45¢ slant path to space from 12.2 km, for a midlatitude winter
model atmosphere and a 23 km visuai range haze model,

lu this case V1= 2000 cm’~ !, VZ= 3335 cm_“‘. and DV varies from 20 cm~

1

to 55.5 em™ !, Let us choose the lower value, that is, DV = 20 cm”}; also,
Vi'= 714 em™ ! and V2' = 1250 cm”! with DV' varying from 2.55 ecm” ! to
7.81 em™ )., Thus DV' = 5 cm-l. since this is the nearest multiple of 5 em™1,

CARD 1t #=3"+1":3

CARD 2 %%2412,200" +% tkdwdickastainsgd5 0

CARD 3 #%2000.000-%3335,000 = +%220,0

CARD 4 1

CARD 5 *+%714,000-'1250.000 »*=**%5,00

CARD 6 Blank

Note setting IHAZE = 1 on CARD 1 will select a 23 km sea level visual range if
VIS is not set on CARD 2,
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6.3 Example 3 - Upward Looking Slant Path Calculatica (ITYPE = 2)

PROBLEM AND CARD FORMAT

Calculate the transmittance from 4 to Spum in steps of ~0,01 um for a slant
path from 2,25 km to 22.8 km at zenith angle of 65°, for z subarctic winter model
atmosphere and a2 15 km (sea level) visual range haze model,

In this case V1= 2000 cm™ !, V2 = 2500 cm™!, and DV varies from 4 cm™ !

to 6,26 cm-l. Therefore, set DV = 5 el since this is the nearest multiple of

5 cm-l.
CARD 1 #=5:71:%2
CARD 2 #%252%2,26 %33t28,50 '+ 4% +§5,0 *2rtstsstsstruttssssst =5, 000
CARD 3 ++2000,000"-2500,000: = *xx+35 0

CARD 4 Blank

6.4 Example 4 - Slani Path Between Two Altitudes Looking Downward (ITYPE = 2)

PROBLEM AND CARD FORMAT
Suppose the transmittance from 10 to 20um is required for a downward path
from 10kmte Skm ata 2 U5 Stundard Model
Atmosphere and no haze.
In this case set V1 = 500 cm™ ! (20em), V2= 1000 ¢} (10 um) and DV =
5 cm—l.
CARD 1 %670 -2
CARD 2 *=%:10.000"%+%+8,000:":%92,000
CARD 3  =#%590,000° ~1000,000 *=*+5,000

CARD 4 Blank

When this case ig executed, however, there will be a message printed out tc
the effect that a longer path is also possible for the same input conditions [for
example, see Figures 3(d) and 3(e}]. if you wish to rerun the conditions for the
longer path, the card sequence i8 as follows:

CARD i L ] | S |

CARD 2 *%¥%10,000%%%+§,000 92,000

CARD 3 **%500.006°%1000.000:%+5.000

CARD 4 Blank

6.5 Exampls 5 - Repeoved Problems in Sequence

PROBLEM AND CARD FORMAT

Calcuiate the transmittance for the 4 to Bjym region for (1) a 75° 2enith
angle slant path from 0.23 km to 8,55 km for tropical, midlatitude summer and
subarctic sumnmer conditions, and (2} for horizontal paths of 1. 5, and 10 km at
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S km altitude for midlatitude summer conditions. In both cas.., assume the sea
level visual range to be 15 km,
The set up cards for the above problems are as follows:
CARD 1 ¥=]lsx]1z%2
CARD 2 w20 230¢%%x+%§ 5§50 %%T8 000 *stxnrahhbbnvrtnsvisnnsn]ls 000
CARD 3 *%1250,000**2500,000**+*25,000

CARD 4 ==:4
CARD 5 ®#2ux]1"%2
CARD 6§ ++4
CARD 7 xx4=x1%%2
CARD § =22

CARD 9 #32nx]=¥]

CARD 10 x.¢#¢¢5.000¢#$t¢¢¢¢¢¢¢tﬂaauat**tw#tl_ooof
CARD 11 **1250.060%%2500,000%**=%5,000

CARD 12 *=3

CARD 13 ¢-‘&#n¥5_000ﬁ$t##**¢*¢*¢**h*#*##**v##5.ocof
CARD 14 =*+3

CARD 15 $vttﬁs_ooott##*#twét#u*u*#vna**t:v#lo_ooo'
CARD 16 ##*x

6.6 Example 6 - To Calculate Viewing Angle, Teking Into Account the Effect of Refraction

PROBLEM AND CARD FORMAT

Suppose the exact position of a source and rveceiver is known; that is, H},
H2, and geometrical range. From this, one can calculate the apparent zenith
angle (assuming no refraction) and the total angle subtende by the path at the
center of the earth, B (see Figure 3)., li the apparent zenith angle ia such that
atmospheric refraction could cause appreciable bending of the path trajectory,

then the receiver could be considerably off target. To take intn zegount the efiect

of atmospheric refraction, one can use the subroutine ANGLE (with H1, H2, and
BETA as inputs) which is called by the program to determine the correct zenith
angie,

Suppotge Example 4 wasg the sbove case where 8= 5.3715° ig known specifi-
cally for the shorter path, The card sequance would then be:

CARD 1 x#g#%Q*%2

CARD 2 #+%210,000%%%%xf QOCHxxstchikxpkbtsrbrihubrdvws 9715

CARD 3 *%4500. 000%* 1009, 00Q*+**+5, 000

CARD 4 Biank

t Since the aerosol attenuation models are independent of seu level visual range

above 5 km altitude, it is not necensary to specify VIS in this case.
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6.7 Exsmple 7 - Earth Limb Viewing Casc
PROBLEM AND CARD FORMAT

Consider an earth limb viewing problem where it is required to calculate the
atmospheric transmittance from, say, an altitude of 100 km to space passing
through a tangent height (HMIN) of 12 km {see Figure 47", .. the 2%0 5um region
for a subarctic winter model atmosphere. In this case let us assume that aerosoil
attenuation is required. As described in Section 5,2, 2, only the quantities H1
and HMIN are specified on CARD 2. The appropriate zenith angle (taking into
account atmospheric refraction) is calculated by the program using the subroutine
ANGL,

CARD 1 =5 13

CARD 2 ++%100,000" =+ 12,000

CARD 3 *%2000.000 =2500,000 :%++5,000

CARD 4 %%

6.8 Example 8 - Horizontal Path with Non-Standard Conditions

If the appropriate conditions are known for the horizontal path, then a differ-
ent procedure $¢ that given in Cxaiupies 1 to 7 can be used. #or this case,
CARD 2 (see Sections 5.1 and 5.2) contains the following infermation:¥
altitude (km), pressure (mb), ambient temperature (°(’), dew point temperature
(°C), relative humidity (%), water vapor density (gm.m'B), ozone density (gm.m's)
sea level visual range (km), and path length (km) according to format '3110,3,

2F5.2, 2E10.3, 2F10.3),

’

PROBLEM AND CARD FORMAT

Calculate the transrnittance from 3 to 5um for a 10 km path at sea level
(midlatitude winter environment} for the following conditions: Pressure = 1000 mb,
mbient temperature - 19°C, relative humidity = 40%, and sea level visual range =

CARD 1 ¥Q*%1:*1%0" 70 #0**0*>0" =3

CARD 2 %t#*‘.ﬂo'ooo ' ‘1000.000 Tk 10’000 B &:a'i:-'llo.()()' e R R - -8 T U
50.000 +**10,000

CARD 3 **2000.000 *3330.000 *~+%%5,000

CARD 4 ==

The index 3 on CARD 1 corresponds to the parameter M3 (see Section 5.2}
and selects the ozone density corresponding to the midlatitude winter model atme-
sphere, since the iatter quantity is not gpecified in the above problem. If M3

T Note that this problem is specilied differently in LOWTRA 2,
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were left blank, then ozone attenuation would not be included in the transmittance
calculation.

If &8 number of different problems are being run with one submission of the
program involving the standard model atmospheres as well as problems similar
to Example 6.8, then the order in which the problems are run becomes important
(see Section 5.3),

6.9 Exampic 9 - To Insert or Change Model Atmosphere Data

If the reader wighes to include hi1s own model vtmosphere data in LOWTRAN 3
two options are available. Either replace one or more of the standard models by
the new data or use the MODEL =7 option which is more convenient. If the for-
mer approach is taken, i i8 recommended that the new atmospheric data be digi-
tized at the same altitudes and according to the same format as the remaining
standard models (see Appendix A and Table A2), Note that each of the standard
model atmospherc Jdata cards contain the following- altitude ‘km); pressure (mb),
temperature (°K), water vapor density (gm.m’ 3). arnd ozone density (gm,m—s)
with two models specified on one card (see Table A?! according to format (16,1,
2E10.3, F6.1, 2E10.7),

In the above case, the reader should modify the appropriate print statements
in the program accordingly in order to identify the new model atmospheres, other-
wise ihe printout from LOWTRAN 3 will identiiy them according to *ie standard
stmospheric models which they replaced,

If the reader wishes to make a limited number of atmaospheric transmittance
calculations for one or more sets of radiosonde (or rawinsonde) data, it is more

convenient to use the MODEL = 7 option; an example of which is given below.
PROBLEM AND CARD FORMAT

Calculate for a given set of radicsonde data the transmittance in the 4 to
8um region for (1' a slant path from 0,21 km to 8,55 km at a zenith angle of
35.5° and (2) horizontal paths of i, 5, and 10 km at 0.21 km altitude. Assume
the sea level visual range to be 15 km and the ozone distribution to be represen-
tative of midlatitude summer conditions. in this example, the radioscnde data
consists of 21 levels and only the following parameters are given: altitude (km),
pressure (mb!, ambient temperature (°C), and dew point temperature {°C).

The get up cards for the above problem are as follows:

A A Bl A Mt Retd Rl M R b B |

*xex00,000%*1015.000% %424 44421 ,4

0.136 1000.000 22,0 19.4
0.560  950.000 17.8 16.1
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1.080 802.000 14.8 11,9
1.526 850.Q00 12.8 5.8
1.650 832,000 12.48 -6.2
2,270  775.000 11.8 -18.2
3.140 700,000 7.2 -20.8
5.820 500.000 -10.1 -28.1
5.990 448.000 -11,5 -27.5
7.510 400,000 -19.5 -31.5
8.720 338.000 -28.5 -4L15
9.180 318.000 -32.,7 -39.,7
9.590 300,000 -35.3 -43.3
9.720 254,000 -34.7 -42,7
12.020 281.000 -38.7  -45.7
10.830 250.000 -44.7 -50.0
12.290 200.000 -57.1 -50.0
13.600 161.000 -69.5 -50,0
14.050 150.000 =711 -50.0
16.450 100.000 -70.9¢ -50.0
¥raar), ZI0TFXFVH, S50 % 2% %35 [0 sk xxwaxdxny ‘:w:ﬁ;gtt$$$*ls. 600
**1250.000 2500,000 - *5.000

2
-

U1 0 6 N 6 6 021

$542-0,210 CEr e s ] OO0 Rt 15.000
*%1250,000 2500.000  -*5.000

~x3

wERL Q2P0 T iTEE M s g 00900 vttt tie15,000
13

SERHE0, 210 L FTtEtRecAtAac2rta a1 000 sttt stw1R g0

sy

Note that problems atilizing the standard mode) atmospheres must precede
problems similar to Example 9 {see Section 5,3).

6.10 Typical Output from LOWTRAN 3

The output for a problem similar to Example 3 {Section 6.3) 1S given in
Table 1. The parameters defining the atmospheric path, modei atmospheres
and frequency range will first be printed out. [ollowing the heading HORIZONTAL
PROFILES there are 12 columns. The first column gives a running integer asso-
ciated with each level (level indicator). The second column gives the level altitude

in km. The next 8 columns give the equivalen: absorber amounts per km for the
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following absorbing species: water vajor, uniformly mixed gases, ozone, nitro-
gen continuum, water vapor continuum, molecular scattering, aerosol extinction,
and UV ozone, respectively, The last two columne give the mean refractive index
modulus from that level to the level above and the refractive index modulus {mul-
tiplied by 10%) at that 1evel.
A heading VERTICAL PROFILES 18 the~ printed followed by .5 co amns.

The first and second columns give the integer asgociated with the leve's traversed
by the path and the height of the level. Then foliow 8 columns which give the in-

tegrated equivalent absorber amounts from the initial aititude to the level above
(in the same order as indicated above). The next 4 columns are labelled PSI,
PHI, BETA, and THETA. and correspond to the angles similar to &, é, 8, and 6
given in Figure 3 (Section 4.2). Cclumns PS] and BETA give the accumulated
values of ¥ and 8 to the level above. Columns THETA and PHI give the local
zenicth angle 6, corresponding to that level and the angle of arrival at the level
above, respectively. The accumulated slant range is printed out in the last col-
umn under RANGF.

The total equivalent absorber amounts for each absorber species are then

summarized below in their appropriate units,

A transmittance table, containing 12 columns, now follows. The first 3 col-
umns give the frequency (cm_i). waveiength (inicrons), and total transmihiance.
The next 7 columnsa show the individual traingsmittance due to water vapor., uni-

i irmly mixed gases, ozone, nitrogen (4 um) continuum, water vapor (10um! con-
l tinuum, moelecular scattering, and aerosol extinction, The last 2 columns give
the absorption due to aerosols and the cumulative total integrated absorption.

The latter quantity can be used to determine the average transmittance over any
given spectral interval within the spectral range covered by the calculsation.
1"inally, the total integrated absorption from Vi to V2 is printed out (units are

em™H together with the average trangmittance nver the band,

L

7. LIMITATION AND COMMENTS

It should be remembered that the transmittance values obtained fram

AT D

LOWTRAN 3 are at & spectral resolution of 20 cm-l. although the output can be
obtained at 5 cm ! intervals.

. i

The program will round off input frequencies to the nearest frequen~y at which

pr

spectral data are given,

The overal! accuracy in transmittance, which thig technique provides, is
better than 10 percent. The lurgest errors may occur in the distant wings of
strongly abaorbing bands in regions where such bands cverlap appreciably.
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Table 1, Typical Output From LOWTRAN 3
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The reascn for this error is twofold. First, a unique spectral _urve in Figures
13 to 18, McClatchey et al, 2 is hased on a single sbsorber parameter and cannot
be defined for a wide range of atimospheric paths without soine loss in accuracy.

Secondiy, the transmittance in :re window regions between strong bands gen-
erally lies in the weak Yine approximation region, where the transmittance is a
function of the quantity of absorber present and not of the product of absorber
amount and pressure, "The one-dimensional prediction scheme presented in this
report is not accurate for such conditions, which in general give transmittznce
values greater than 0. 99, The digitized data were obtained for conditions repre-
sentative of moderate atmogpheric paihs and will tend to overestimate the trans-
mittance for very long paths and underestimate the transmittance for very short
paths, in the spectral regions described above,

As the transmittance approaches 1,0, the percentage error in tranamittance
decreases toward zero but the uncertainty in the absorptance (or emittance; in-
creases greatly,

Because of the nature of the program - which uses a layered atmosphere -
errors can be introduced into the refraction calculation, since we assume 2ach
layer to have a mean refractive index associated with it, This is particularly true
for a long path in one layev near ground level where one would expect refraction io
be a maximum. But i; fact, for such a condition the prograrm may indicate no
refraction at all. 1f problems like these are encountered, the nuicher of levels
must be incr'eased in the altitude region of interest.

The effect of wavelengtbh on refraction has been included (see Section 4.3).
"When a particular problem is set up for a frequency range V1 to V2, however, the
average frequency is used in the refractive index calculation, If the reader is
using LOWTRAN 3 for trajectory analysis where wavelength dependence of re-
fractive index may be important, it is recommended that dummy values for V1 and
V2 be ueed such that the average frequency corresponds (o the frequency of interesy,

iIf LOWTRAN 3 is to be used for trajectory analysis, it is recommended that
the number of levels in the inodel atmospheres be increased substantially between
the altitudes of interest., The computer program (with 34 levels) will tend to under-
estimate the refraction cf the atmosphere by as much as 20 percent for the worst
cise (that is, a 90° path to space from sea level),

If LOWTRAN 3 is not being used for problems similar to Lxamples € and 7 it
is recommended that the subroutine ANGIL. be removed from the program, there-
by reducing the size of the card deck by approximately one -third,

Some examples of transmittance spectra obtained from LOWTRAN 3 are pre-
sented in Figures 5 through 11. From Figure 5 one can see the separate contii-
bhutions tc the total transirittance due to the various absorbing gases, molecular
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scattering and aerosor atienuation, The other figures show the variation of at-
mospheric transmittance with (1) model atmosphere for fixed paihs, (2) altitude
and path for & fixed model atmosphere, and (3) range and zenith angle for a fixed
altitude. In Figures 6 through 11 the aeroscl attenuation is calculated onthe basis
of a 23 km sea level visual range.

In general, fairly good agreement has been found between experimental field
measurements and LOWTRAN 3 predictions although a lack of accurate meteoro-
logical data (including visual range and actual aerosol characteristics) gives rise
te sorne uncertainty,
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8. COMPARISONS OF LOWTRAN 3 PREDICTIONS WITH MEASUREMENTS

Figures 12 - 14 show some comparison of LOWTRAN 3 predictions with labora-

tory measurements of Howard, Burch and \&'illixu"ns“‘,5 and lElurch26 for some im-

portant water vapor and carbon dioxide bands. It will be seen that the LOWTRAN

3 calcvistions agree closely both spectrally and in integrated absorption,
In Table 2 a comparison is made between five integrated absorption measure-
ments of !{BW25 in the 2,7 um H,O band and those predicted using LOWTRAN 3,

The measurements were chosen to be representative of conditions occurring in the

first 50 km of the atmosphere.

Comparison of LOWTRAN 3 Predicted and Measured Integrated

Table 2,
Absorptions in the 2,7 ¥ m Water Vapor Band
A = Integrated Absorption (3450 - 3850 cm ™))
Pressure HoO ALOWTRAN 3 AMeas.
(mb) {pr cm) (cm-1) {em-1)
Case No, 1 1073 1,68 399 399
Case No, 2 997 0.21 382 374
Case No, 3 413 0.034 273 258
Case No. 4 413 0.017 133 131
Case No, 5 90.6 0.017 226 206

Figure 15 shows a transmittance spectrum measured by Gebbie et al27 for a
1 nautical mile path over water, covering the G.5 to 15 um region, In the LLOW-

TRAN 3 simulation of the spectrum the visnal range was assumed to be 13
The effect of ozone absorp-

which gives a transmittance of 60 percent at ¢. 6 pm.

tion in the 10 um region can be seen in the LOWTRAN 3 comparison, which shows
a midlatitude winter concentratior in one case and no ozone in the other, The no-

ozone case appears {0 agree better with Gebbie's me2surements,

25. Howard, J.N., Burch, D.L., and Williams, D. (1955} Near-Infrared Trans-
misaion Through Synthetic Atmospheres, AFCRL-TR=-55-213, Geophysical

‘Research Papers No. 40.
26, Burch, D.E., Gryvnak, D., Singleton, E.B,, France, W,.L., and

Williams, D. (1962) Infrared Absorption by Carbon Dioxide, Water Vapor,
and Minor Atmos;;hcnc l.'onsh!uen%s, FF'UVRE—B!-GQH. )

Gebbie, H.A., Harding. W.R., Hilsum, C., Pryce, A,W,, Roberts, V, (195%)
Proc. Roy. Soc. 206A:87,

27,
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Figures 16 - 22 show a series of measurements by Yates and 'I‘aylor28 cover-
ing a wide spectral interval. The path lengths in these mieasurements are 0.3, 5.5,
16. 25 and 27.% km and were made at sea level (over water) with the exception of
the 27.7 km path, which was at an altitude of 10, 00 feet. No aevosol attenuation
wac used in simulating ine G.3 km path using LOWTRAN 3. The apparent wave -
length shift at short wavelengths 1n Figure 16 1s due to a calibration error in Yates
and Taylor's measurements. The obvious discrepancy between prediction and
measurement 1n the 10 un is due to the fact that Yates and Taylor artificially set
the trensmittance level to be 190 percent in this window region (since they were
unable to estimate the water vapor continuum countribution), The water vapor con-
tinuum given in LOWTRAN 3 extends from 7 to 15 um. There is evidence that the
effsct of continuum absorptior. by ”20 extends to longer wavelengths (Bignell, v
Burch et alm), and this is currently being investigated,

28, Yates, H.W., Taylor, I.H. (1960) Infrared Transmission of the Atmosphere,
NR Report 5453, U, 5. Naval Research Laboraloyy, Washingion, . C.
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‘o Figures 17 - 22 the transmittance values at 0.55 km given by Yates and
Taylor were used to estimate the visual range used in the LOWTRAN 3 aimulations.
In some cases (see Figure 22 for example), choosing a lower visual range gives
far betier agreement between the ineasurements and LOWTRAN 3 predictions,
Generally, the predictions and measurements disagree most in the 10 uym region,
where it i8 extremely difficult to obtain absolute transmittance values from long
path measurements in the atmosphere, Because of the importance of the 10 um
window region in many applications, it is strongly suggested that future field mea-
surememnts of this kind be carried out with extreme care, in order to obtain reliable
atmospheric transmittance data against which a rnodel such as LOWTRAN 3 can be
tested,

It is also apparent that there are some inconsistencies in the measurements
shown in Figures 16 - 22 which are the cauge of some apparent deviations between
the LOWTRAN 3 predictions, and the measurements.

Figures 23 - 26 show some more recent sea level measurements made by
Ashley et a!29 {General Dynamics), These measurements have been made at some-
what higher resclution (~ 4 cm’lb and cover the spectral regions 1,8 - 5.4 um and
4.8 - 14 um using two interferometers with different detectors. In Figures 23 and
24 the transmittance measurements were made over short and medium path lengths
{ihat i, -~ 0.045 km and 3. 25 kin) and cuvered ihe specival region from 1.8 io
5.4um, A 1,3 km sea level path transrmittance spectrum covering the 1,8 to 14 pm
region is shown in Figure 25. In the latter spectrum the transmittance was.nor-
malized to unity in the 10 um region, The anomalous spike shown at ~ 13 ym was
due to electrical npise. Figure 26 shows a long slant path measurement (~— 12 km)
frrom 800 ft to 3187 ft altitude. Again the agreement between these measurements
ana LOWTRARN 3 predictions is8 good, The improvement of LOWTRAN 3 over
LOWTRAN 2 inthe 2 - 3,5 u4m regioﬁ can be seen from Figure 25,

Figure 27 shows three aircraft measurements made by Cumming et al30
(CARDE} in the 2,7 um region at an altitude of 13.7 kni. The measurements were
made over Florida using the sun as a radiation source.

In the LOWTRAN 3 predictions shown in Figure 27 the sensitivity of the trans-
mittance to atmospheric conditions is indicated. For example the upper figure
shows the transmittance obtained from LOWTRAN 3 using the tropical and 1962
U.S, Standard Atmospheres compared with the CARDE measurement, The second

29. Ashley, G.W,, Gastineauy, L., and Blay, D, (1973} Private Communication,

30. Cumming, C., Hawkins, G.R., McKinnon, D.J,G.. Rolling, J.. and
Stephenson, W, R, (1965) Quantitative Atlae of Infrared Stratospheric
Trangmigsion in the 2,7 Micron Reglon, Canadian Armament Research
and Development Establishment, CAR T.R. 546/65, Project D46-38-01-19.
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tigure shows a LOWTRAN 3 comnparison using the Tropical Model Atmosphere

with and without acrosol attenuation, The latter curve appears to agree better

with the measurement,
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Figure 28 shows two atmospheric transmittance measurements made by
Farmer et 3131 (EMD for horizontal paths at 5,2 km altitude in the Bolivian
Andes, The measurements were made over path leugths of 1,9 and 3,4 km and
covered the 4 um spectral region.

In general, LOWTRAN 3} predictions compare fairly well with available at-
mospheric transmittance measurements. Further laboratory studies will be
conducted to determine more accurately the effect of continuum abgorption by
water vapor primarily in the 10 gm and 18 - 30 um regions, It is hoped that
further refined atmospheric transmittance measurements over long atmospheric
paths will be made in the near future, with much attention payed to obtaining ac-
curate absoluie transmittance measurements in the window regions,

As more measurements become available, it is planned to update LOVWTRAN,
A version of the program which is also capable of predicting atmospheric "clear
gky' and earth backgrounds will be publighed in the near future. Two examples of
some typical radiance calculations using a modified LOWTRAN program are shown
in Figure 29. Figure 29a gives the clear sky radiance for a vertical path from se2
level to space for six model atmospheres and }igure 29b shows both the upward
spectral radiance (as viewed from space) for a midlatitude winter model atmos -
i€Te and ine downward radiance at sea level., The back body spectral radiance
curve, superimposed on Figure 29b caorresponds to & ground temperature of
272°K (assuming a grourd emissivaity of unity),

31. Farmer, C.B., Berry, P.J., and l.loyd, D.B. (1963} Atmospheric Trans-
mission Measurements in the 3.5 to 5.5 Micron Band at 5!56 Meters
Kltitude,  EMT ETectronics Limited, Hayes, Niddlesex, England, Report
No.DWMP 1578. '
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Appendix A

Listing of Program and Daa

A listing of the Foriran program LOWTRAN 5 is given in Tabie Al together
with the two subroutines POINT and ANGL (see Appendix C for an explanation of
subroutine ANGL), The input data for the program is given in Table A2, A gen-
erz] flow chart for the main program i8 presented in Appendix B, and definitions
of the symbols used in the computer codes are summarized in Appendix D.

The subroutine POINT has a twofold purpose, When ihe subroutine is called
for a giver altitude X, it i8 used to determine the mean refractive index (1) in the
layer between X and the level above, TX(9), and (2) in the layer betweer X and
the level below, YN, In addition, an interpolation scheme is used to determine the
effective abscrber amounts per km at altitude X for each ahsorber. When the
parameter IP is set equal to z- » only the mean refractive index above and below
altitude X in determined from .>O'. T.

The subroutine ANGL is usea -‘olely for the purpose of calculating the initial
zenith angle (6)o or ANGL) by an itera:ive schemne teking iatoc account refraction,
given (1) the initial and final altitudes of the path (H1 and H2 respectively) and the
angle subtended at the earth's center (b or BETA) py the trajectory. or (2) the
initial altitude and tangent height (H1 and HMIN regpectively)., Examples of two
typical problems invelving the use of the gubroutine ANGL are given in Sections
6.6 and 6.7. An explanation of the iteration scheme is given in Appendix C.

The changes necessary to update LOWTRAN 2 to LOWTRAN 3 are indicated
by the symbols #,4, A, B, C etc. against the card sequence numbers in Table A1,
The - symbol indicates that the following card (in LOWTRAN 2) has been removed.
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Table Al, l.isting of Foriran Code LOWTRAN 3

PROGRAM LONTRANRIINPUT,OUTPUT TA2E5=INPUT (TAPI6=0UTPUYT)
COMHON ZUSLD 4P U750 o TH7 s W T o FHILD,30L) WHIT 43U M NLyREL,SWZ0,PI
DIMENSYION WO(7 4343 yMZ218360 ,H472(5) JA4AZE(IG) ART2020)
DYMENSION YPUSTY JFHIAT) JFO(OTY 4 4Z(2) 4 TXLLT),VHEL0) 4 WL E(LD)
OIMENSTION C1(2580), C2(1575) 4 C3{560), Ce(133), CS(15), CE{L192)
DTMENSTON VX{LS5),CT(L5),LTALLS)
FUAY =EXP(18.9766-14.9595%A-2 438320 24)%A
DATA HZU1)/5H23 KM/, HZ(2)/5H S {M/
Cr e RSN IR R NI R RS A T ST RN AP SO I P AV PP PRSI B E N U UAS S SR PRI I PRI I YD RSN
PRIGPAM LONTRANI CALCULATFS THE TRANSMITTANCE OF THi ATMOSPHERE
FROM 350 CM-~1 T0O 448607 TM-1 (€5.25 T2 28.%7 MITRONS) AT 20 CH-1
SPECTRAL RESOLUTTON ON & LINEAR WAVZNUMARER SCALZ.
REFRACTINON AND FARTH CURVATURE ZFFEZTS ARE INCLUDFD. ATHOSPHERE
IS LAYERFD TN ONE KW, INT-RYALS BETHEEN C AND 25 KMo, 5 KM, INTER-~
VALS TO <% KMeqa A THENTY KM, INTERVAL TO 70 KM.,, AND & THIRTY KM,
INTEFRVAL T3 190 K9,
L2 TR YN LT P L Iy A Y Y R Y Y I R Yy Y P S IR TS T Y XY Y Y )

PRNGRAM ACTIVATCED SY SUBMISSION OF “DUR CARD SEQUEINCE AT FOLLOKWS

CARD & MODL THAZE 4 ITYPELLEN, JP, T¥W, M}, M2 ,M3,ML,RO FORMAYI1CI3,F10.3)
CARD 2 M1 H2,ANGLE,RANGE,BEYA, VIS FORPAT(TF 0. 3)
CAPD 2 Vi, V2, 3V FORMAT(TF 1643}
CARD & IXY FORMATL] 3)

MCITL=1,2,3,4,5 OR 6 SELEZTS ONZI OF THE FOLLOWING MODEL ATMOSPHERF
YRIPICAL,MIDLATITUDE SUMMIR,MIDULATITUDE WIMTE?,SURARCTIT SUMMZIR,
SUBARCYIT WINTER,OR THE 1362 U.3. STANDARD RTSPECTIVILY

HQNEL=0 FOR HIRI7, PATH WHEN METEORQ2L. DAYA USEDTINSYEAQD OF CARD 2
RFAN HE,PIMB). . TINES C) NEW PY YZMOIOES C) JURCL HURISITY 420 DENSTITY
(GM,M-Z) 035 DENSITYVIGM.M=3), VIS(K®) ,RANGE(KM) WITH FIRMAT 423,
MABEL =7 WHEN HEW HODEL ATMOSPHERE(E.G. RADYOSONOE DATAW USED.

OATA CARDS AR® READ IN BEYHEEN ZARDS ! AND 2, AND SHOULD CONTAINY
ALTITUDF (XM, V¢ PRESSURFLTFYP,OF W PT.TEMP ,REL, HUMIDITY, H20 DENSITY,
0X OTUNSITY,AEROSOL NO, DFENSITYY(ZHM-3) ACCORDING TC FORMNAT 629,

NOTE YHAY EITHER DEW o7, TEMP,03 RZL. HUMICITY CAN 8F USED.

M1, M2,M3, APE USED TO CHANGE TEWP,420, AND G3 ALTITUDF PROFILZS.

I¥ YHAZFE=C NO AFROSOL SCATTERING IS COMPUTED

THATZF =41 IF nHtROSCL ATYENUATION REYDJJIRED (THIS IS USED IN
CONJBUNCTION WITH VISURL RANGESISZE CARD 2}))

1HAYE = 4 OR 2 ALSO GTVF AERQSOL ATTENUATION OR 23XM ANJ SxW VIS,
HAZE MODELS RISPLCTIVELY IF wIS =0 ON CARD 2

IYYPE=1,2 OR 3 INDICAYES THF TYPE JF ATMOSPHIRIC PATH
JTYOFE=Z,VFRTIZAL 0P SLANY PATH TO SAPACE

IVYPE=2,vFRYICAL OR SLANY PATH BETHZEN TWO ALTITUDES

ITYpr=1, CORR"SPONDS YO A HORIZINTAL (CONSTANT PRFSSURE) PATH

+1=0B<FERVFR ALTITUDE (xH}

HZ=SOURCE AL TITULE (KM}

ANGLF= ZENITH ANGLE AY Hi (DEGRZCS!

RANGE=PATH LENGTH (KMY

RETA=FARTH CENTRE ANGLE

VIS = VISUAL ANGF AT SEA LEVEL (KM)

(IF TITYPE=1 RCAD Hi H&NO RANGF:IFY ITYPE=3 READ M1 AND AKSLE,

1F ITYPE=2 RFEAD Hi AND TWO OTHER PARAMETERS E.G. HZ AND ANGLES

V1i-INITIAL FPREQUENCY (MAVENUMBER CM-1 ) INTEGIR VALUE
V2=FINAL FRFQUENCY(HAVENUMBER CM-1 ) INTEGER WALUF

2 ez Exla iz Xz Xz ivEe s Xz R B Xs Xa EsRa i Ne RaNe N NN e ReNo NoRe o Na N Ny NeRu e NoNeNa Ny Re R He Ro e e Na la Ny |
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Table Al., Listing of Fortran Code LOWTRAN 3 (Cont)

¢ DV= FREQUENCY INTERVALS AT HWICH TRANSMITTANCE IS PRINTED 53 i ]
c NOTET DV MUST BF A NULTIPLE OF 5 CM-1 54 1
c 55 i
t TAY=0 TO END DATA ,=1 FOR NEW V1,¥2,0V ONLY , =2 TO CONTIMUE D3TA 56 !
c IXY=3 FOR NEM CARD 2 OMLY,=6 FGR NEN CARD 1 ONLY. 574 .
c".....“.'.......“’..U'..UU’.'...’.."...I...........'....QQ.....C.”-' 578 5
IXv=0 s7¢C 3
READ (5,4000 TATM,NL 58 :
READ (S.601) (HZilI) . I=1ML) 59 ]
READ (S,.601) (HZ2€Y),1=1,5) 6l ;
00 1 J=1,3 61 ~ ;
K2=2% 62 3
K1=K2-i €3 3
0f 1 I=deNL 6l 1
1 READ (S48652) ZET) ¢ CPUNST oY (Ky I8 yKHEK, T o WO(K, 1) KIKLWK2) 65

6e® i
67
Y3
69
7n
71
72
73

REED (SehTL) SVXUID C7CTNCTACYY o T2t Q40
READ 15,603) (TRIID ,FHIT).FOLtI},I=1,67)
READ (5,606) (CL{YD,I=2,25A0)

PELD (S,406) (C2(YT)eY=1,4575)

PEAN (S,40%) (C3(I)sX=1,560)

READ (5,405) (Ga(I),I=1,133)

READ (S,404) (CS(IV,1=1,15)

READ (S,47%) (CB(TI),Y=1,102)

PI=7.0%ASIN{1.0) 764°

Ca=PI/i86, 14 3

IP=4 76 =
r4 CONTINUE 144 1

RE=6374.23 78 H

IFIND=8 79 i

(]

JP NE & SUPRESS FPRINY
READ GO0, HODEL ¢ THAZE  ITYPE L FNJP TN, ML, M2, N3, KL, RO
PPINTLEO MODEL ¢ INAZE s ITYPE L LENJP  IM 4 ML M2 K3 ML, RO
c PRINT 426, MOJEL,THAZF,ITYPE LEN
260 H=MODFL

IF (K. EQ.1V PE=0G378,39

IF (M. EQ.%) RE=6356,.91

IF (M, EQ.S? RE=6356,91

IFIIXY.GT,3) 50 7O &

IF(RO,NE.(,9) RFE=RO

JF(M.EQ.7.AND, TH. KE.G)IGO TO &

IF (MODFL.EQ.0) GO 7D &

73

ol

81

ap

83

P ;
854 4
858 ~
85¢C

650

se

T A AT AR L e

380 READ 406, H1,42,ANGLE,RANGE,BETA,VIS a7+ ;
PRINT 425, Hi,HZyANGLE RANGEBEFALHIS 88 |
X1 =€ 1 c9
IF (ITYPE.EQ.3F GO ¥O 560 sc*
IF (ITYPE.EQ.1) GO TO 8 91
X2=RF #H2 32 ]
IF (RANGF.EQ.0.) GO YO 5 93

PRINT 428, K1sH2,ANGLERANGE ,BTFA, VIS

e
IF (HZ2.EQ.0.AND.ANGLE .NE.C? GO TOD 3

9%

ANSLE=ACOS(0.5 " ({HZ=-H1IPLL,+X2/X1) 7AANGE-RANGE/X1)D/CA 36
co Y0 7 7
3 X2:SART (IXL1/RANGE+RANGE/ XL +2.C%20SCANGLLE®CA) I * XI*RANSE ) 98
H2zX2=-RE 99
GoD YO 7 100
L CONTINUE 101*
IFML.LE. QML= igae

DO S&0 K=1,Mi

AHAZE(X)=0,.0

TFIM.EQ.IIREAD 429 )HIoPUT 1) o THP, OP  RHWHIT oKD JWO L7 ¢K) o VIS ¢RANGE
IF(M.EQ.0IPRINT S30,HL1,PET,19,TMP, D2, RH, HH(T 4K+ HOGT KD, YIS, RANGE

102
1038
103C
1630
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Table Ail., Listing of Fortran Code LOWTRAN 3 (Cont)

IF(H.GT0)IREAN 29, ZEKIyPI75xX) 3THP 4 IR, RH HHI7 4K} o WOL7 KD 4 ARAZC (K}
JIFIXAZIK) ¢1,.0E~B)¢L,

IF(N,EQ. N} ZIK) =HY

TFEZIKD 4GFa25.0) J=(ZIK)-25.00/5.0¢26.

TF(TIK) oGE LS50, 0) J=E€ZUKI=50,0)/20,0+31.

TFIZiK) .GEL70.0) J=0ZiKV-TD,0)/30.0¢32,

I¥(JeGT 3300233

FAC=7(K)~FLOAY (J~1)

IFWJ.LY.26Y GO TO 500

FAC=(7(K)-5.Q°*FLOAT(J-261-25,1/¢3,

IF(J.GE,31) FAC=CZ(K)~50,0) /720,

IFRJ4GE.32Y FACZ(ZEK)-?0,70/30,

IFIFAC,GV,1.0) FAC=1.0

L=J¢+t

TI(7,X)=THP427%,15

TFRIML . GT 0 TL7 o I=TIML I (T (ML, L)/T LML, D)) S FAC
VYT=273.15/717,K)

IF(GH.LE.0,0) TT=273,15/(273.150P)

TFAMH{7 4%} oLEL 0.0} HH(Z7,K)=F(TT)

TFIM2.GY OPRHIT Y =HHM (M2 o J) * {HHIM2, L) /WHIM2Z,J) ) #*FAC
AR GT, 0,00 WHIZK)=0,01%H*K4{7,X)

ICEMI . GT,OINODE7,KI=HOIRI J)* INO(M3ILI/HO(M2,. J)IPFAC
IF(ZIKYGELS.T20G0 YO 520

TIF(RHAZE(X) cEN a0 01 AHT2UKIZHZ2 () PUHTZHLI/HZ2( S ) **FAC
IFLAHAZEIK) aFG o0 0P AHAZE(K) =HZIC IS LHZLIULY FHZLCJD D P*FAC
IF(MCOEL.EQ.00G0 7O 8

TIFIXKLEQ. 1IPRINT 441

PRINY K29, 7(K) oP (74K} ,TMP,DP RHy WHIT? .Y 017 U} AHAZELIRS
CUNTINUE

TM=§

NL=%L

Ki=¢

#2=9

LR

NOVE THATY Z(I) MAY NOV CO2RESPOND T2 THE VvALUES GIVEN FOR STANDARD
MODEL ATHMOSPHTRES

GO ¥Oo 300

IF (RANGE.GT.0.0) GO YO 5-8

IF (H2,6Y.0.0.AND.H2.LT.H1) YFIND=1

GO YO &

ITYPF=2

EETA=ACOSIU. 5" (RANGE®RANGE Z7(X1¥X2)-K2/X1~X1/X2H)/7CA

IF (BEYA €0.2.) 60 V0 ©

IFIND=1

BEY=CA®RETA

X2=RE4+H2

ANGLF=ATANIX2*STN(BET) /(X2®COS(3EY)-X1D)/CA
RANGE=X2*SINIBET)/SINCANGLE®CA)

BF 1 =RETL

GO 10 8

PANGE=(X2/X1)P®2-(SINIANGLE*CAD} **?2

IF (PANGE.GEL7.0) RANGE=X1* (SQRTURANGE)~ABSICOIS(ANGLE®CA))?
IF (ANGLE.NE«J..0R. ANGLE.NE.180.7 BET=ASIN{RANGE*SINIANGLE®CA) /X2)
IF (ANGLEWLT.9.) ANGLE=ANGLESP]

IF (RANGE.LT.0.0) RANGE=~RANGE

BEY=RET~CA

PRINT 428, HI1,HZ2 ANGLE,RANGE yBET, VIS

CONTINUE

IFCIXY.LE.2) QEAD 406,Vi.VZ2,0V

IFAIXYoLE.2)PRIHT 406,Vi,V2,0V
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14 3€
193F
1336
1034
1231
1334
13K
103L
103M
113N
1:30
103P
153Q
193R
103s
1037
123U
133V
1C03W
103X
133y
1332
1064
1348
1440
1340
104E
104F
154G
104H
1361
106J
156K
134l
104M
104N
1240
1)ue
1047
134R
1048

e new
AuN T

115
116
117
114
119
1204
1208
121*
122*
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Table A1, Listing of Fortran Code LOWTRAN 3 (Cont)

IF (TITYPE.EQet) PRINT 407, H1,RANGE

IF (ITYPE.EU.2) PRINT &08, H1,M2,ANSLE
IF C(ITYPE.ED.3? PRINT #09, H1,AKGLE

IF (RODEL.EQ.0) M=7

IF (K.EQeT) PRINT 417, VIS
TFIVIS.LY.2.0.AND.¥WIS.6T.9.00 PRINT 442
IF (®.€EQ.1) PRINY 410,
IF (M,EQ.2) PRINT 6iy,
IF (M.ECG.3) PRINT 612,
IF (M.EQ.6) PRINT 413,
IF (M, EQ.S) PRINY 4iS,
IF (K,EQ.5) PRINY Mibk,
IF CYHAZE.EQ.0,) PRINT 426

123
124
125
1264 T
1268 L
126¢
127

128

129

130 T
134 . 4
132
133

ZAXTXXXX
R

-~

IF EN.NCo7,AND,IHAZE.GT.0) PRINT 416, INAZE.I-Z(IHAZE) 1340 E
A¥N=10000,./v1 135 3
ALAKS18800./7V2 136 E

PRINT bifs V1,V2sDV.ALAN,AVH
AVH=0.5E~4®(V1eV2)

137 ]
138 k

A
A
A
A
A
A
A
A
4
[ ]
A
A
[ )
A
A
A
A
A
AVH=AVHEAVN A 139 ]
CO=77.46¢ 4597 RVN A 140 1
CHxbI . 687-0,34P3%AVH 4 1461 E
IF {IFIND.EQ.1) GO YO 315 A 142
9 IF (TIFIND.EQ.1) CALL ANGL (Hi1,H2 ANGLESBETA,LEN,ML) A 143* 1
IFIND=0 A 1&& 7
IF tJPLEQ.N) 2RINT &27 A 146* g
IF (IVYYPE . EQ.1) GO TO 35S A 147
00 11 X=1.10 4 148
YHIK) =0.0 A 1469
11 CONTINUE A 3iSC
BETA=0,.0 £ 151~
SR=0.0 A 153
IPx0 A {564~
Cress  NOW OQEFINE CONSVANT PRESSURE PATH QUANTIVES EH(1-4} A 156
Y=CA®ANGLE A 157
SPHI=SIN(Y) A 158
RIz(RE+FHLI*SPHT A 159
IF (H1.GVLZ(NL))} GO TO 13 A 160
GO Y0 15 A 161
13 XTARE+ZAINLI Y/ ERE+NL) A 162
IF (SPHI.GT.X} GO TO 14 A 163
H1zZ (NL) 4 164
J1z=NL A 165
SPHI=SPHI/X A 166
ANGLE=180.0-ASTIN(SPHII/CA A Q%7
Ris (RFE&MIDECOLY A 1656
GO YO i% A 170
16 HHIN=R]1 -RE A 171
PRINT 233, KMIN A 172
60 fC 95 A 173
15 00 17 I=1,M A 17w
TSe273.15/77 (R I A 176A
IFINL.GT 0 AND M. LY.7ITS=273.15/TI41,1) A 1768
X=PS*YS A 177
PIsPS*SCRT(TS) 4 178
DB, 15NN, Y 4 179
IFIRZ2.GToCoAND N LT.7) D=(.1°MHINZ, I 4 150°
EH(1,T)=0%PTS8Q,G A 101°
EHE2,T)aXoPT®2D, 75 A 182%
EH{&,I2=208.8%PT *X A 183
PPU=4,S6E-S"DP2T3,i5/ 1S 4 184°

89
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Table Al. Listing of Fortran Code LOWTRAN 3 (Cont)

EMIS, T)=(PPH+0 . LOS®(PS-PPH) ) &)
HAZE=KZ1(I)

TFIM.EQ.7) HAZE=AHAZE\D)

IF(ZUID) HELS40YV GO TO 150
IF(THAZE.EN.2)HAZE=HZ 2]}
JF(IHAYE.EQe2+ AND.HEQ.7TINAZE=RAZ2(] )
IF(VISLLE.0.0) GO YO 150

HAZE= 6.389% (CHZ2C(ID-HZI(I}) /VISeHZLILID/5,0-HZ2(I})/723.0)

IF (M.NE.7) GO TO 1S0

HATE=64309% € CAHZ2(I) = AHAZE{ I ) /VISHAHAZE(I§/5.0-4HZ20]1)/23.0}

IF{H&ZE LY. 0.0 HAZE=C,C
ER{7,I)=3,5336E~4L*HAZE

FH{3,1) =46, 666 7% HO(N, T)

TFIM3.GT.0aAND N LTL7) EHIB, IV =LB.657%KOINI,T)
EH(Y, TIEREB, TI*PTIR] ¢

EH(9,1)=1,0
EH(10,I)=10E-62(CO*X*101¥.9/273.15-PPN*CH)

IF (I.EQ.NL) 50 VO 16

IF (MODEL.EQ.O0.AND.I.GE:.1) GO T 26
T2=T (M, 1¢1)

H2=HH(H,T+1})

TF(H1.6T.0VT2:=T(N1,T¢1)
TFAM2.GT . CIW2=HHIMZ,T¢1)

PPH=4.S56E-6*N2*T2
FHI9eT)=0.SPLFH(10, 1) ¢1,.CE-6%(CI*PIY1,]¢1)/T2-PPU>CH))
IF (I.EQeNL) ER(9,I)=C,

TF (HL.GE.ZU(I}) Ji=T

IF (IFIND.EQ.0.0R.JP.E0Q.0) PRINI 43t Y, ZEI)  4EHIR I oR=1oi0d

EH!Q;I"O’EHQ(}'!’GioU

CONTINUE

IP=1

1K=0)

X1sHY

CaLL POINT (HL,YN,N,NPL,TX,IP)
Ji=N

TXL=TX ()

DO 13 X=1,8

E(K)=TUIK)

IF (ITYPE.EQ.1) GO TO 26

IF (ITYPE.EQ.Y) M2=ZANLI

IF (ANGLE.GT.30.0) GO YO 28

IF {ANGLE«GTe30.0ANG.RP1.GY,0PF J1=ul¢}

J2=NL

IF (ITYPE.EQ.3? GO YO 20

CALL POINT (H24YMyNogNPTX,IP)

J2=N

IF (NP.GT.9) J2=42-%

DO 21 K=i,8

EH{Ke J1}=F (KD

IF (ITYPE.EQ.3) GO TO 21
EH{NyJ2+1D=TX(K)

COKRTINLE

TF (J1eEQ.02) TXLI=TXLEYN-EH{9, 1}
MOW OEFINE VERTICAL PATH QUANYITIES VYHi{1-8?
IF tJP.EG.00 PRINT 420

DO 2% I=J1,42

X1:=20(7)

X2=Z24T+1)

IF (T.EQ.J5) Xi=H1

70

PP DB EPRPEDRERLRED DR EREDRDEED>

PRI EEDEPRPEPPLEREEREEDEDPERD

|

R el Aty 1 FIOH Attt v v

v ki

e e s



TV TP R, &

T T Y

22

23
26

s

2%

T

gceves

26

29

Covsae

Table Al. Listing of Fortran Code LOWTRAN 3 (Cont)

IF (Y.€QeJ2) X22H2
DZsX2-XY
IF (1.EQ.NL)Y 5Z2=7¢X)-2(1~1)
DS=02
UPWARD YRAJECTORY
RX=(RESXL) /(RERX2)
THETA=RSINI(SPYI) /CA
PHI=&ASINISPHI*RX)/CA
BETxTHETA=XH]
SALP=RYSSPUTY
IF (SPHT.GT.1.E=10) OS=(RE+X2)*SIN(IEV®CA) /SPHI
BEVARETA+BEY
PSIRPETAMPHI-ANGLE
PHI=180,-PKI
SRxSReDS
DO 24 K=1,8
EVaDS*ENIN,IY
IF (I.EQ.NL) GO TO 22
IF (EHLK, IV o E0.0.0.0R.EHIK,T¢1).EQ.0,.0) GO VO 23
IF (EMIK,T).EQ.EHIK,1¢1)) GO TO 2%
EVIDSP (EHIKyI) ~EH(K QI #2) ) /ALUGIENIK I) ZEHIK, I¢2))
GO TO 24
IF {EHIK.I)LEQ.0.0} GO VO 23
IF (EK(KeI-1}.€0,0.0) GO TO 23
IF (EH(XK17.EQ.EH(K,Y~1)) GO TO 2&
EVZEV/ALOGIEHI Ky I=1) FEHIK,TH)
GO YO 24
E¥=08.
VHIK) =YH(K) *EY
IF (UP.EQ.O) PRINT 435, I oXi (VH(LIoL=1908)oPSIPHL,BETA,THETA,SR
IF (T1.GE.NL) GO TO 25
IF (142 EQ,J021 EH{C,I¢1)=YR
IF (J.€6CaJ1) ENI(9,I)=TX1
RN3EH{9,I¢1) 7EH(Q, I}
SPHI=SPHI®RX/RN
IF (SALP.GE.RN? SPRI=SALP
CONTINUE
GO TO &7
HORIZONTAL PAYH
00 27 K=1,8
WIK)=RANGECEH{K,1)
I¥ (MODEL.GV,0) WIKI=RANGE®TX(K)
CONTINUE
GO VO 49
CONTINUE
DUWNWARD TRAJECTORY
X2=Q
IF (NPL.EG.11 JlaS1-1
JZzJi el
YNi=YN
JE el
IF (H2.GT.Z(J141),0R. H1,EQ.H2) GO 1D 30
IF (NP1 ,EG.1.AND.H2.GE.Z(J2#2)) GO TO 30
CALL POINY (H2,VYN,N,NP2,TX,1IP)
00 29 K=1.8
NEKY=TX KD
TX2=TX(9)
YNZ=YN
IF (H2eLT.HLY HxH2
JZ=N .
IF (J1.EQ.J2) TXZ2aTXL10YN2-EH (9, MD

71
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24610
24y
262
243
Zhb
245
2466
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248
269
280
251
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2690
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265
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Table A1, Listing of Fortran Code LOWTRAN 3 (Cont)

IF (H2.GT,H1) TX1=Tx2

IF (J1.EQeJ2uAND.H2. LT H1D Y¥YNL=2TXR2
AQ=(RESHII*SPHT®YN]

IF (H2.6E,H1) YN2=YN1

00 31 I=1,J1

HMIN=zAG/EM (9, T)-RE

IF (T.EQ.J1) “4MIN=B0/7YNL-RE
JMIN=T

IF (HMINJLEL2(I+1)) GO TO %2
CONYINYS

THMIN

IF (HMIN.LE,0) GO TO 34

CALL POINT (X3 YNGNL NP, TX,TP)
JHIN=N

TX3=TN (9)

IF (J2.€0.N.0.J1,EG, N TXR=YNZFTXOII-EH(D,N)
IF €J1.EQ.N,8ND.H2,GE.H1) GO YO 33
HMIN=AD/TX3-RF

IF (ABS(X-HNIN).GT.0.0001) GO T2 32
!F lJl-EQ-N;.MD.HZQGE-Hi’ YN1=TX3
1F {J2.EQ.N.BND.J1.NE . 2D YNZ=TX3
1F (N?.GE.HlD T!2=TXJ

IF (H2.GE.H1) J2=N

I¥ (H2,6E.HL,3ReH2 LT JHMIN) HzHYIN

" PRINT 436, HMIN

IF {H2,LY_HMIN) PRINT &40, HMIN
G0 YG 35
PRINT &36, HNMIN
IF (H2,LT,Hi) GO TO 3%
IF CITYPE EQ.3.0R.M42,GE, 418 PRINT 437
ITYPE=2
TX2=EH (9,1}
JMIN=0
J2=1
M2=0,0
H=0.0
NOW ODEFINE VERYICAL ®ATH QUANTITIES VH(1-A)}
IF (JP,.EQ.0) PRINT 420
DO &0 I=1,NL
NENES]
REF=ZEH (9. J)
IF {I.,FN.1) R=EFzYNY
IF 41.€Q.1.AND.X2,EQ.1) REF=YN2

Y ay aco o
IE (UL B U2 AND K2 ED W B} REF=TKRZ

IF (14NE. 1) Xi=z=2iJe1)

X2=7¢)

IF (0.EQuJZ2.AND. K2, EQ.O} ¥2z=H

IF TJ.FN.ININ.AND.K2.EQ, 1) X2=M4IN

MMz {RE+X1) *SPYI~RE

IF CHM.GT.249) LANDHN.GT  X2) X2=HM
RX=(RE#X1) 7 (RC+K2)

DS=X1-x2

ALP=90.0

THET=ASINI(SPHI) /CA

SALP=RX*SPHI

IF {A9SUX2~HH) .GT . .1.0F-5) ALP=zASINI(SALPI/CA
BEV=ALP-THET

IF (SPHI.%V.1,0E-10}) OS=(REOXZ)'SlﬁlBET‘CAbISDHI
THETA=180,0-THFETY

BETAzSETA¢BET

PSI=BEYA-ALP-ANGLE+18" .0
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29°%
2 26
297
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293
390
ARBS
392
323
kv’
305
3.6
3.7
3)8
383
31c
3it
312
Ji12
Jiu
315
J1é
317
318
319
324
321

r
veo

323
324
3zas
3ze
3az
328
329
R
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332
333
13
135
136
317
333
339
340
361
342
363
364
345
346
367
Jus
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354
351
352
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356
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Table Al. Listing of Fortran Code LOWTRAN 3 (Cout)

SRzSRPeDS
00 39 X7i.8
AJ=EH (K, J)
BUzZEH(KyS81)
IF €J.EQudl) BJI=E(K}
IF (JaENJ2.8AMD.HZ. LT H1.AND H2.GT0.0) AJxRIK)
IF (JoEQeJJRINLANDHZGE KL} AJ=TX(X)
IF €U EQuUMIN,AKD.ABS (H2-HH) (LT, 2. 02~-5) AJ=TX(K)
IF (K2.EQ,0) GO TO Y6
IF (J.EQ.J2) J=MIX)
IF (J,EQeIMINY AJ=TX K}
IF (AY.EQ.0.0.0R.BU.EQ.C.7) GO TO 33
IF (AJ.EQ.BJF GO TO 37
EV=0Se {AI-BIV/7ALOG(AI/B))
GO Y0 39
Ev-DS®ay
G0 To 39
Ev=0.9
VHIK)=VHIK)SEV
IF (JP.EQ. Q) PRINT 35, JeXi,(VHILY,L=1,80,PSL,ALP,BEVA,THETA,SR
IF (J.€EQ.J2.AND.H2,.6E.H1) GO TO 4S
IF (I FQ.IUNIN.AND,K2,.FQ.1Y GO T) &3
IF (JoNE.1) RN=REF/EN(9,J-1)
IF (J.EQ.JZ+1) RN-REF/Tx2
IF (J.EQ.J2.AND.K2,EQ.0) RN=REF/YN2
IF (JoEQatININGI) JAD.K2.EQ.1) INEF/TX]
1F (SILPOGE- RN) RN=i.0
SPHI=SALP*RN
IF (JoEQeJ2.AND. X2, EQ.0) 50 TO &1
CONT INUE
IF (HMIN.LE.8) GO TO &7
IF (LEN.EQ.%) PRINY &18
IF (LEN.EQ.C) GO YO &7
IF (LEN.EQ.1} PRINY &g
Keg=1
X1=X2
IF (ASSIX1-MMIN) LE.OQ,.801Y GO T &7
HzHMIN
JzJ2er
IF (NPZ.EQ.1) J=J-1
B=8ETA
PH=180,0-ASINISFEHIN/ZCA
¥S=SR
PSaPST
00 &7 x=1.8
EIK}z¥H(IK)
GO YO 3%
BETA=z2.%9ETA~8
P3I=2.%P5T-PS
SRz2,.*SK-TS
LONG PATH TAKEN
PHI=PH
DO &4 ¥=1,8
YHEKY} 22 ,SYN(K) -E . KD
GO YO &7
D0 &6 K=x1,10
YHEKD) =2,0°%¥MNix)
BETA=2 0%BETA
SRzZ.0*SR
IF (HZ.EQ.H1} GO TO W7
PN=TXNL/¥N]
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35%
3156
as7
354
359
367
361
362
363
Jou
36s
366
367
k11
363
7
372
372
373
374"
3rs
376
yrz
37a
379
38)
EED!
382
383
384
385
3A6
387
k1)
389
3N
391
392
393
394
395
398
397
328
39%
«00
71
€02
$03
w04
oG0S
406
«07
008
819
610
13
hi2
813
(3L
hisS
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Table Al, Listing of Fortran Code LOWTRAN 3 (Cont)
SPHIzSIN(ANGLE *CAY A 416
IF (SPHILLY.RN) SPHI=SPHI/RN A w17
GO Y0 19 A 418
(%4 CONTINYE A L13 ,
PRINY &86, HH A 4190 i
00 &8 K=zt,10 A W20 .
MWEK)=VHIK? & 421 -
(Y ] CONTINUE A w22 3
49 WPITE €64019) a 423 i
WRITE (6,0621) (K(ID,I=1,8) A 424 1
1=1 4 425 i
L=1 A 426 i
TV1=V1/6.0 A 427 i
IVZ=¥2/5.+.99 A 28 ;
Iyi=5°1vy A 423
Jv2=581V2 A W30
1F CIVL.LT.354) Ivi=35¢ A 431
IF (IV2.GY.50000) Iv2=50070 A 432
I; (DV.LT.‘S.) iv=5, A 432 /
10V=DV A 43 g
IV=IVi=10V a4 35 1
ICOUNT=Q A 436
geses  BEGINING OF TRANSMITVANCS ZALCULATIONS A 37
se V=TV IOV A 4384
IF(JIP.NELO) GO TO 52 A «388
IF (TCOUNT,.EQ.8) GO YU 5% A ~3a .
i IF (ICOUNT.EQ.5S0) GO TO S1 A 44t A
: GO YO %2 A bul :
51 TCOUNT=0 A Lu? !
PRINT &27 A wu3 1
L34 £O & K=1,10 PRTTS i
TXIK) =0 .0 4 445 :
: TF IK.LV.6) YXEKI=2.0 A L6
! 53 CONTINUE A Wb7
: ICOURY=TCQUNT £ 4B
; SUM~8.0 A 6L9
: V=1V A 45
! T=(IV=-3501 /7541 R 451
: IF (IV.LV.1403) GO YO 61 A %52
: IF (IY.LT,.2709) GO YO 68 a #53
: Cosvessor  MOLECULAR SCATTERING A 456
: C639.8BTE~20%(V**4,0117) A 455
) TXU6)2L6PH(E) A 456
; SUK=SUMMTX (6} & 457
: IF (iVel7,9280) SO TO 72 A 53 j
IF (IV.LV.13060) GO Y0 69 A 454 k-
Cessseses Uy O7ONE A 4o7 ]
IF (IY.LE.2X400) 6O TO S& A 4bl 3
IF (IV.GF,27%30) GO ¥9D 5% & 4h?
Gu Y0 a7 a4 wo3 1
Se Xx=280.0 A b
X1z=(w-13000.0) 7XKie1.0 A w65 ]
izt A uwb6 3
L2=53 A wb7
GO TO 56 A 4B
55 XX=S8f, 0 A 463 1
XI=4V=-27500.08) /XX357,0C 4 L70
L1=9%7 A W71
L2=102 A 422
$6 0O ST NaxLilL? A o473
XD=XI-FLORT(N) A a7

74

e 4
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Table Al. Listing of Fortran Code LOWTRAN 3 (Cont)

Vo P A i

IF (XD} 9%4,58,57
57 CONTINUE
58 TXIAY=WIBICCHING
GO 10 &0

475 {
876 i
LF7 3 1
Y4 H ;

59 TXC(A)2CHIN) ¢ XN*(CBEH) -COIN-1)) ©79 §
TX(B)=HIB)I®TX{A) Lo !

(1] SUR=SUMITX(8) 081 H
IFI(IY.GYe 16500160 VYO 97
GO0 TO 69

Coasasess WATER VAPOUR CONTINUUN 484

61 IF (Iv.LEL.H670) GO VO 72
IF ¢IV.LT.T8L) 50 YO 656
XI=t¥y-700.2/50.01.

DO 63 NH=1.15

XH=NI~FLOST (NU)

IF (XH) 85,64,83
6Y COKTINUE

©a2> i

83 : 1
(4.1 ;
Y. 1.}

887 ’
'Y.1.]

%89 4
820 ]
«91 3

66 TX(S)=CSINH) w92
GO TO &7 .93

6% TX(S)=CSENHI ¢XH® (C5(NHI =G5 (NH=-1)) a9 e
GO T0 57 495 ]

86 TX(S)=(¥=-£70.) 20,89

34 TRISY=H(SI®TXL(S) W97 i
SUMzSUN+TX(S) %71
GO T0 72 %99

Cossssvee NITR OGEN CONTINUUM
68 IF (Iv.LY.2869) GO VO 72

Kbz1~-346 502 1
TSI =8RG 2 i)Y 533 i
SUNzSUMTX LG She
GO0 TO 72
Ceesssvss  WYATER VAPOUR 596
69 IF (IV.LT,12600.AND,IV,GE,9875) GC TO 70 507
IF (IVLLE.14520,AND, TV.GE.13400) 6O VO 7% 528
GO YO 7% 539
4] 1=1-13% 510
GO YO 72 511
14! 1=1-25% 512
r2 K1z 513

IF (MEL).LV.1,06-200 SO 1D 76
WS1xALOGLC (ML V) eCI ()
IF ANS2.LT,.-2.3668) GO TO 76
IF (NS1.67.2.0) Kizel
IF (NS1.67.3.5682) GO VO 75
DO 73 KzK1,67
IF (NS1.LE.FWIK)) GO TO 74
73 CONTINUE
™ TXOLP 2 TREKD ¢ (TREK=1D=TRINI ) * (FRIK) NS 2D/ (FRCK) =FH(K=1})
GG T0 76
75 TRC 10,0
76 CON . INUE
Cesesssas UNIFO. ALY WIXEL GASES
IF (IV.LV.0060 AND.IV.GE.500) GO YO 77

521
$22 ) 4
523 j
526 3
52% :
526 ;
s27

IF (TVaLT.1319¢.AND.TV.6T.12970) GO YO 78 522
GO0 T0 83 529
r7 J=1-3¢ $30
GO T0 79 53¢

rs JELIV=-12958) 75¢1516

Te ICIRI2D.LT.1.0E-28) GO TO 83
Ki=1
NS2=ALOTICIWE2)) *C20T)

532
533 1
536
$3%

P PP PRI PRI PP R R PEEEIDPPE PRI RSP PP EEEEEEPD
Ll
L=
W

75




L

Table Al, Listing of Fortran Code LOWTRAN 3 (Cont)

IF (WS2.4T.-2,3468) GO TO 83 A 536
: IF (WSZ2.GY,3,5682) GO VC »2 A 537
: 1IF (MS2,.67.2.%) Ki=40 A 538
: 00 80 KaKl,.&7 A 519
IF (WS2.LF,FH{K)) GO YD 2% 4 Sul
L.} CONT INUE 4 541
81 TXC2)=TRIK) ¢ [TRIK~1F-TREXIIPLF M) ~NS2V/(FHICI-FHIX-1}1 A Su?
60 TO RY A 543
82 TX{2)=¢C.0 & Sy
83 COMTINUE 4 54%
Groussans  (g7INT & Sub
IF (IVrT.SP5.0P, IV . GT.327TNY GO TO 87 A 557
L=1~uS a4 547
X1=% A 548
IF (M{3). LT . 1.0F=20) GO T9 AT 4 5.3
WS=ALOGLGCMITIISCILL) A 552
IF (WSTLT,~1.6778) G YO 07 A 551
TF (WS3.NT,3,3365) GO YO 38 4 552
IF (HS3.G%.1.5! Ki=36 A 553
00 B% K2K1,67 A S55¢
TF SNSI.LEL.FOIXIY GO TO A5 A 55%
8 CONTINUE A 558
es TX(3)=FRIK)=(TRIK)I-TR{K-11)*{FOU) ~uSIV/(FO (K} ~FO(K=1)) A 558
GU YO a7 A 553
.13 TX(3)=0.0 A SBD
4 87 CONTTNUE A S61
cesrssvns AYROSOL EXTINCTION A 562
ALamM=1 9F ¢V A 5634
XX=0,1 A 56238
YY=0.9 4 3B3C
TF (THAPE.E€2.7.) GO Y0 93 A 564
N0 A8 N=f.bb A 565°
XDz ALAN=-VX(N) A 566*
TF(XD)89,88,89 A Sp7*
as CONTINUE A 5634
89 XXZ(CTANI =C7EH=1) 12X/ LVXIN) =VX(N=-2) ) ¢CT IN) A SoA8
YY=(CP7RAIN)~CTAUIN=-2II XD/ (VXIN) -y X (N=-1))¢C?AN) A S58C
3¢ TXCI0Y=YY®N(T) A 5640
TXLT)=XX®N(7) A 569*
SUM=SUMTY (7} 4 5719
TX (9) =SUN A 571
DC 9% K:=4,10 A 572+
IF (TX(X).EN,N,.0) GO YO 92 4 572
IF (TX¢X),LF.0,1) GO YO 9i A 574
IF $YHSK3L0V.TF.9 GO TO 9% & 57%
TXERIZEXP (=T LUK)) A 576
GO YO 94 ASTT
91 TXIKY =L D-TX(C)O0 G TXLKI®TX (X} A S7A
GD YO G4 A 3579
92 TXix)=1.,0 & 53¢
GO YO 9% A 58,
92 TXIK)=Q, A58
9% CONTINUE 4 583
TxC1C)=1,0-YXNC10) 4 50
TX(O)=TXI13 TN (2 *TXLT)*TA (D) A 584
IF (IV.GELL13000) TX(3)-TX(B) a4 335
TFLJP.E. TIT XL =TX(TF) A S46A
45:=1,.-TXt9) A SpeRg
TF(IV.ET. I¥1. IR, IV.EQ.I¥2) AB=0,5%A3 A SA8RC
SUMA:SUMA¢AB®Y A 5860
IFEJP.E.0) WRITE(6.023) TV, ALAS, TN (), (THIK) ,(=1,7),TN{20),SUMA A 587
76




Table Al, Listing of Fortran Code LOWTRAN 3 (Cont)

IF (IV.GELIV2) GO TO 95
GO0 Y0 S¢
95 READ 400, IXy
AR=1.-SUNA/VE- vy
PRINT 624, IVi,IVv2,SUMa,48
PRINY &80,IXY
TFIIXY.EQ.8! 30 YO 13¢C
GO TO 1(96,2+97,93,1000,1IXY
% WEAD 438, Vi ,V2,0V

5ca
589
538
S48
5918
s9i1C
5910
SI1LE
992

AvN=10000./V1 593
ALAW=10080,/V2 594
PRINY 418, V1,V2,DV,ALAN,AVN 51% E
SuUMAxL. 3 596* »
CO YO &9 537 5
97 IF(MODELL.EQ.0) GO TO 200 €984
60 YO 3ge 5988
90 READ LOOMODEL ¢ INAZELITYPS L LEN, )P, T K1,M2, M3, M .20 $98C 3
PRINT 400, MO0 LoTHAZE SITYPE JLENe JPoIM ML K2, M3 ML, RO 5440 3
GO TO 200 tE 113
100 SYOP 599+

(11} FORMAY(1913,F18.3)

(Y B FORWAT (8FE410,3)

LY F4 FORMAT (FHel,oZ (F10.3,F601,2E10,.11)

w)3 FORMAT (N(F6,2,2FT. .01

(Y 1% FORMAT {1SFS,.2)

(11 FORWAY (8F9,2)

(313 FORMAY (7€18.3)

487 FORMAY /710X, 281 HORYIZOMTAL PATH, ALVITUDE =,F7.%,11% XM ,RANGE =,
L1FT.Te3H XM

(Y]] FORMAYT (s/710X,S0M SLANT PATH BETWEEN ALTYIVYUDES Hl AND HZ2 WHERT H1
L= FF T84 MM 42 o 57 184 XM 7RIV 4 ANLLS =2 F7,.3.8H DEGREES)

(Y L] FORMAT (7/10X%X, 391 SLANY PATH TO SPAZE FROM ALTITUDE H1 =2,F7,3,.19M
LXMNy TENITH ANGLE =oFT7.3,84 DEGRIESH

L 3] FORMAY (/28X,10K WODEL AYMOSPHERT ,T1.11M

[ 3§} FORMAY (/720X 184 MODEL ATMOSPHERE oI1,21HM

a2 FORMATY (/720X,18H MODTL AVTWOSPHERE L,T1.2%H

13 FORMAT (720K410H MODEL ATHMOSPHERE LI1,21iN

hib FORMAY (/28X,18KH MODEL ATHOSPHERE o11421H 1362 US STANDARD )

[ $§ FORMAT (/28X ,18M4 MODEL ATMOSPHERE ,I1.2iM SUB-ARCTIC WINTER ?

1% FORMAT (770X, 08n HAZE MODIL sI143H = JAS,134 VISUAL RANSE)

17 FORMAT (/2SX®HATE MODEL =®,FS.1,* N VISUAL RAMGE AT SEA LEVEL®)

hio FORMAY (/718X%,21H FREQUENCY RANGE Wiz 4F7.1,134 CM-1 VO ¥2= F¥,.5,1
14H CW=-1 FOR D¢ 2,F5.1,9% ZW={ (1FEa2e® =~ ®,F5.2,* RICRONS I *)

63C* :
6.1 i

606 ]

TROPICALY

HIOLATIYUDGE SURHER)
MIDLATITYDE MINTERD
SJB8-ARCTIC SUMMER )

613
614
615
616
617
618
619
620
621

622

(LI I TR O L |

4
|

%19  FORMAT (/10X,384 EQUILAVENT SEA LFVSL ABSORBER AWOUNTS//21X11iMNAT 623
iTR ¥aFOUR coz €vL. TIINE RITROGEN (CONTI w20 ¢CoNT) £2k
2 moL sCAY AEROSOL IZOMZ AU~V /26X, PHON CH=-2,10 X 2HEM, L 625

JOXOHATH CM 10X, 2HKMN, X, 7HEN CM-2, 10K e 2HKM 1IN 2HXN, 1IN, 6HAYN CN)
LY4 FORMAY (1M1.77/719X,* VERVTICAL PROFILES ®,66X ,*PSI®,0U,*PN]® 6X,*

626
627

ARETAS AN, PTHETA RAMGF®) 628 1
w21 FORMAY (710X,%H N(1-B) =8¢ 14,337) 629
622 FORWAT (1M1,/10%,326 FREQ WAVE_ENSTH FOTAL HZ0,5X6MCO02¢+,5X, 6 630

14HOTENE  H2 CONT  H20 CONT MOL SCAT  AERDTOL 4EROSOL INYEZGRATED 31

2 /711¢,16H CH=1 MICRAONS BCuNSHTIANS) (bX.20H ARS ABSORFTION 632¢

423 FORMAY (10X,154,18F9,8,F12.2)

42k  FOINAT (2 INTIGRATZ) ASIPPTION FROW®,I3,* TJI%,I7,% CH-1 =%,710,2,
1% ,AVERASE TRANSHITTAICE =®,Fh,%W)

.25 foPmarT (12x,7F13,3)

» 26 FORMAT (/720X ,®*A-P0,0L SCATTERING NOT COWYUTED, I4AZE=4")

427 FORALT (1M), /7771CK, 20 HIPIZONTAL PROFILESY)

28 FOPAMAT (10U, % H13® SF UV P N2 F7.3"XM ANGLEL® (FB, 0w "JEQON. RANG
1€ =’."7.2"'("'.E:°.ll‘—'“ .FO.S.’.VIS='.:>.1I

23 FORAUT (3F1C0.2,2F5.142F13.%2F10.3)

«3) FORMAT(1)x,% INPUT HMETED2AL0GTICAL DATAIS/Z11IX,275%,FT.2:¢% XN, Rs®,F?

b33
63.LA
6343
635
630
637
638
634
60

bwli®

RS a1t
_ o
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O
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™




(33}
“Xe

433
w36
L 0

433
N3T7

%19
1Y}
hay

b2

Table Al. Listing of Fortran Code LOWTRAN 3 (Cont)

1e2:® MB,T="¢F5.1,% Cy OFEW PT . TENP®,T5,1,% C, REL HUKIJIVY=?,F5,1.
2% Y, H20 DFNSITY=%,1P°9,2,% GM 4-3#/10X,* O7ONE DENSITY=®,E9.2,* G
IM-3, VYISUAL RAHGE=",0FFH.1,% XM, RANSE=®,F10,3,* KN * )

FCRMAT(&L(FB,2,2FT.5))

FOINAT (* STAZTING PAGAMETERS M1 AND ANGLE HAVE BEEN SKEGEFINEDIHLI=
1 B, F10,.3, *ANGLE =¥%,F17.6)

FOMAT (* YRAJECTORY WISSFS EARTHS ATMOSPRERS. CLOSEST DISTANCE OF
1 APPROACH IS®,F1l.241Xe/91X,"ENT OF CALCULATION®)

FORMLY (10X, T4, 6.1,11(F1l.3))

FORWMAYT LIG4F7.1,8E10. % 04F3.4,F7,1)

FORMAYT (®* wMIN = ®#,F17,.7;

FORMAT (® PAY4 INYERSFELTS EARTM =~ PATH CHANCED TO TYPE 2 WITH H2 =
1 0.0 KH®)

FORMAY (® CHOYCE OF WD PAIMS FI3 F4IS CASE -SHORYESY PATH TAKEN,
1 FOR L ONGER PATH SEF LEN=1.*)

FORMAY (* CHOICE OF TWO PATHS FIR YV~)S TASE ~LONGEST PATH TAKEN.

1 FOR SHMORY PATH SEY LFN = ¢ *)

FORMAT (* H2 4AS SET LFSS THAN <MInv BND HAS BEEN RESET E€QUAL TO
1 NMIN T.E. M2 = ®,F10.3)

FORMATI® MODT( ATMOSOHERT NO, 7%,7 X,%7 (KM.*,3X,*P (MB)*,4X,

1 *T (") DEN PT YRH H O(GH,.M-3) O03(5M.™M-3) NO DENLF)

FOPMAT(®  FQOG CounITIods My SxXINT AT 374 L<vil FOw THIS VvISULL RA
IMGEs /7, 15 30 TrZ ¢ A339M° TH. TRANSMITTANCE U2 TO FOS5 IS5 GIVEN
1BY THFE TRANSMITYRNTE AT (,55 MIZIN3?)

ENT

SUBRODTING POTNT (X, YN, N,NP,TX,I2)
CONMON Z7(T4) 007, 30) , T(7, 36D oEHEL0,34) ,HH{7,3L) M osNL4REWSW,20,PL
DIMENSINN TX(10)

COU"..O"T'.'.I'I.I.l..'l!..l.!.. (ZEINEI SN RS T EES SRR SRR PY TR R S RE W 4 L

n
C

C
c

SUIROUTINT PCINT COMPUTES THE MIAN RESRATIVE INDFEY ABIVS AND 3ELOW
E STIVEN AL TITUDF AND INTEQRPOLATZS IXPONFNTIALLY TO DETERMINE THE
ECUTYALENT ARSORBER AYOUNTS AT THAY aLTITuDS.

CODQ.QUOUOUOQNUOU‘!I‘OD.'!..JO"!EO'.I..IU'l'lOltill!!i'..ivllilCl.ltl;l

O3 Oan

s

¥ IS THE HEXISHT IN QUESTIQON

TX(9) 4G YN ARE THF MFAN REFRACTYIVE INDICSS A3SOVE AND BELOW X
N IS5 THE LFVIL INTEGER CORRESPONDING VO X OR THE LEVEL AFLOW X
NP =t TF X CRIRCITGTS wWiiH MODEL ATMOSPHERE LTVEL IF NOT NP = 7
TX(1-8) ARE AQSCRITIR  AMOUNTS PIR (% AV HEIGHT X

POSBIISIPBBERLI SN EINRI OIS UUP PN NSRRI RS IP IR N PO B PR PRSI PR REBER IR LY

NN

NP =D

IF (X .L7.0.0) x=0.

IF (Y, GY.ZINLRY GO TO &

DOt I=1eNL

N=T

IF (X-7(I)1 2,4.1

CONTY INUF

J2N

N=N-1

FAC=(X=T(NY) /(21 42)-2(N})
PXLZPIANI®IPIN, J2 /P (M, N)) P *F AL
TUL=T (M NI YT, 32V /T (M NV) " "CAC
NXLSHHEN N) P (WHIN, J2) /NN (M N)D ®PFA

78

PP oD OB DPD LD

POV ITRADIIPIEODDHEELOUDDTETWWRLD WD

642®
uwhe3®
6htL
uGsS*
kb
€L7
bwd
6«9
650
651
652
653
bbb
695
656

"

[CTAR AV o

&

Cd T b= € O B O

L S S

b a pa s
OB NI NS
g - ¥

198
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£ Tahle Al. Listing of Foartran Code LOWTRAN 3 (Cont)
L YX(X)=CO*PX1/T X1 =8 SHF-6ONXIBTXLICCH 8 31
I TX(2V=COPP(MGJ2) /T (M J2) ~4,56E-5*WHIMJ2)*T (Me J2) *CN B 32
i THCLICOPP UM NIZT(M NI~ SEE =6 HH (M, NI *T (M, N)*CH 8 33
5 TX(9) =0,56-6%(TX (25 ¢TX(3}) 8 34
i YH=0 ,5E-6¥1TX(1}+TX(3}) 8 35
i IF (TT.€Q,0) 50 7O 9 8 36
4 DO 3 ¥K=1,% 8 37A
§ TX(K)=0,0 8 378
i TF {EH{KeN) . EQ.0.C) 50 TQ 3 B 33
8 IF (EH{K,N) ,GT.1000.0) GO TO 3 8 35
l TX(KY=EHIKyNY* (EH K, J2) FEH(K,N)) **FaC B 4C
¢ * CONTINVE a 41
: GO YO 9 B 42
. & NPzt B 43
; IF (IP.FQ,0) 50 TO 6 B 44
: no 5 x=1,% B 4%
! 5 TX(KY=EH{K,NY B 4B
: 6 TX{9I=FH{G,N) -1, B 47
: YN=1.0 B 48
; Cewswe  CAPNS B 24 AND 50 THROUGH 59 ARE MO LONGER REQUIRED 8 &8¢
: TE IN.GT.1) YN=F!'19.HN-1)-1.0 B 49
i 9 CONTINUE 8 60
t IF (IPL,EQel} PRINT 407, XoNgNPoTX(3) o YN, IPy (TX (KD ,K=148) 8 61
TXC(I) =TX(I) +1, § €2
YN=YN+1, 8 ©3
RETURN B Gk
1 . C B 65
400  FORMAT (/,* FROM POINTS HEIGHT=¢,F1lete® KM, N=¥.I3,% NP=#,I2,%,REF B &5
1. THDEX ABOVE T RELOW X=%,2F11,4¢%, IP=s%, T3,/ 12X #EQUTy. ABSCRBER 5 &7
ZAMOUNTS PFR KM AT X=* 8E1,3) B &8
END 8 69
4 SUBROUTING ANGL (H1,H2,ANGLE $B14LENy ML)
t COMMON Z{(34) yP U7 ¢34) 3 TU7 436) 3EHI10530) ysHH(Z5 342 yMy KL ,RE,CHW,CO,PL

DIMENSION TX{(15)

cl".l-lv-#l!ll'l.l‘l‘"".’l.ﬁ‘%vﬂ'lll... BEERLFSFRAIL LS VP SV ES S L PFRBSPBIFELEL

IF(B1.E6Q.C50) BL=ACNZAXNT, X!
YARG=R2CSTN(HL I/ (X2®C0OS(BTIY~X1])
THET=ATAR(TANSG)

IF (THST.LT.0.0) THEV=THET+P]
SPAI=SIN(THET)

c

¢

c

c

c c

Cc THIS SUBROUTINE CALGULATFS THE INITIAL ZENITH ANGLE (ANGLE) c

C TAKING INTO 4CCOUNT REFRACTION ZFFEZTS GIVEN H1,H2, AND DETA c

C {WHFRES BETA IS THE EARTH CENTRE ANGLE SUBTENDSN BY Hi AND HZ ), 7

C ASSUMING THE RESRACTIVE INDEX TJ 8F CONSTANT TN A GCIVYN LAYER, e
C FOR GREATER ACGURACY INCREASE THE NJNBER OF LEVELS IN THE MODF) ¢ 10
c ATHOSPHERE, c 11
c c 112
c THTS SUBROUTINE CAN A€ REFOVED FROM THE PROGRAM IF NOT RLQUIRED. c 132
L T R Y R R e e R S R A L AL gt R Ll s s h b N Y
IF=99 c 15
CA=P[/180, C 16
X1=RE+HM1 C 17
X2=RE+HZ PR
LFN=0, c 19
I7=0 c &¢
Bl=81%CA C 21

c

C

c

c

c
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Table Al. Listing of Fortran Code LOWTRAN 3 (Cont}

ANG=THET/CA

PPINY 404, B1,ANG,TANT
TN=THFT

TM=TN~D.5°CA

ANGLE=THF T

FaT=C,

RETA=D,

BETL=0

BEY 2=

FRT1=0

FRrI2=0

FRT3=0,9

IF{RBi.LE.1.0) GO YO 2

PRPINT 400, IT

¥Y=2,*THFY

IF (¥-01.GT.4.0F-8) 50 TO 9
IF (IP.EQ.100) GO 10 &
XMIN=Y2*COSCR1)-RE

IF (XMIN-H1) R,bL,04

HMIN=H?

H2=H1Y

H1=HIN

ANGLE=0.5%P1

THFT=AMGLE

SPHI=1.9

ANG=ANGL=/CA

PRINT 404, B1,ANG,5°HI

I1p=100

CALL POTINT (Hi3¥YNyNNP,TX,TI")
Ji=N

TXI=TX (D)

CALL POINT (H23YNgN NP TX,I7)
IF (NPLFQ.1) W=N-1

J2=N

IF (J1.EQ.J2) TX1=TX1eYN-CH{G,J1)
0O 7 J=U1,42

Y1=RE+7 ()

X2:=RF+2(3+1)

IF (J.F2.01) X{=REe41

IF ‘JIFQ'JZ) XZ:QF,'HZ
SALP=X{®SPHT/X?
ALPSASIMISALP)
PN=FH(9,5¢1)/TH(9,J)

IF ((J+1).EQ.J2) AN=YN/EHI(9,J)
IF (J.FQ.J1) PN=FHEZ, fel1e/TX1
TF (€(J+1),€0.J2.ANDLJLEQ.J1) RN=YN/T X
BFT=THET=-LLP

FR==~TAN(ALP)

IF {J.NE,J1) FB=FBeTAN(TH T)
FBY=FBT4+F3

RETA-RETA+REY

TH1=THFT/CEL

BE=BET/CA

C=ALP/CA

PRINY &02, Jo7(J)THFT  ALP AFT,3CTATERT F3,TH]L 43F,C
I¥ (X2,EQ,RE+H2) C=Pl-ALP

IF (SALP.GELRN) ON=1,
SPHI=SALP/RN

THET=ASINI(SPHKT)
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Table Al. Listing of Fortran Code LOWTRAN 3 (Cont) E
E73

? COXTINUE s
IF{B1.LE. 0.8 GO TO 29 C 8i¢
60 Y0 26 ¢ ez
6 CONTINUE c a3
TANG=-TANG c 8%
ANGLE=PI-ANGLE c 35
TNSANGLE v ch
ANG=ANGLE/CR c 87
c PRINT &0&, B1,ANG,TANG C 0e
IF (H1.LE.0.8) GO TO 3 c 49
9 CONYINUE c 99
1Px101 c g1
CALL POINT {HL YNyNNPL,TX,IP) c 92
TXL=TX(9) s 93
YN1xYN L9
IF (NP1.EQ.t) N=N-1 c g5
J2=NL C 96a
IF (H.EQ.7) J2zML C 368 :
J1zN c 97
JzJieg cC 98
IF (H2.GE.H1) GO TO 11 c 99
CALL POINT (HZ,¥NyNoNP,TX,IP) c 160
TX2=TX(9) ¢ 121
YNZ=¥N c 102
J2=N c 123
IF (J1.EQ.J20 TX2=YNL1#TXCI) ~EH(T, J1) C 136
10 FENEEY c 10%
X1=RF+2¢(J0¢1) C 1086
X2=RE+Z(J) c 127
IF (deE@eJdll Y1=RESHY Cc 10¢
1F (J.EQeJ2) K23RE®H2 c 109
SALPzX143PHI/X2 C 110
HNINzX1*SPHTI~RE ¢ 111
c PRINT 802y JuX1sZ(J)eSPHI,SALPHHIN,RE C 112
¢ IF (SALP.LE.1.0) GG 70 1i C 113
! SALP=SPHT C 114
. IF tHMIN.GT.HD) GO TO 18 C 115
s 11 ALPEASTINCSALP) C 116
: THET=ASIN({SPHT) c 117
: BEYxALP=THET C 118
BET1=BEYL ¢BEY ¢ 119
FEaTAN(ALP) C 120
IF (J.NE.J1) F83FB-TANITHET) c 121
FRET12FATI +FB c 127
THLIZTHEY/CA c 123
BE=BET/CA € 124
AL=ALP/CA C 12¢
c PREINT 402, JyXZsTHEY o ALP BET1,BET BMIN,HNIN,FATL s TH1,BE,41L C 125
IF (X2.EQ,RE+H2) CzPI-ALP c 127
REFXEH (9, ) ¢ 128
IF (J,EQ.42) REF=TX2 £ 130
IF (J.€Qa2) GO TO 12 C 131
PNEEH(D,J) 7EHIG, J=1) c 132
IF (J.EQ.J1) RN=YN1/FUt9,0~1) C 1334
1F(J.EQ.I2%1) RN=REF/TXD t 1338
IF(J.EQ.J2) RN=REF/YN2 C 133¢C
IF (SALP,GE.RH) RNsi, [ 1%
SPHI=SALP*RN € 135
IF (ZUJY.LE.H?) GO YO 32 c 136
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Table Al, Listing of Fortran Code LOWTRAN 3 (Cant)

GO 70 19

X1=x2

IF (ABSUT(J) =42} L VT,31.,0E-10.AND, J.NZ.1) GO YO 13
GO 7O t&

Jsd-1

X1:=NE+Z7 1410

IF (J.EQ.JL) X1=RE+H]

IF (J.ETeJ?2.AND.JNEL J1) X1=RES42
X2=RF+2(J)

HMINSX1®SPHTI-RE

IF (HMIN,LF.0.0) GU TO 25

IF (Z{JP,LY.HMIN) GO YO 10

REF=FR(9,J)

IF (J.€0.J2) REF=YN

SALP=X1¥SOHT/X?2

ALP=ASIN(SALP)

THET=ASIN(SPHT)

QET=ALP-THET

FB=TANCALP) ~TAN(THETY

FRT2=FRTZ+F R

BET2=8FT2+9FT

BMIN=BEY1tBET2

ALzALP/CA

THI=YHET/CA

PRINY 632, JeX2,THET g ALP AT 2,BE T4 BMINHNIN,FBYT2, THL,SE,AL
PNz=REF/EH(D,J-1)

TF (SALP.GE.RN) RN=1.1

SPHISSALP*RN

60 YO 13

TXI=YNLeTX(GI-EH(G,J1)

YNL=TX3

IF (ABS(H2=7(S41)).LF.1.0=5) YN1i=TX(9Q)
TF (ABS{HI=Z20J¢1)) . LF,1.0E~5) YNL1=TX(Q)
RN=1.0

60 YO 19

CALL POINT (HMIN,YN,N,NP,TX,IP)

IP=t02

TXI=TX(9)

IF (J.EQ.J1.AND,HZ,.GE . H1) GO YO 17

IF (Je€Qet1aDRGJEQ.J2) TXI YNZ+TX(I) =EH (Y, U}
IF (HMIN.GT,H?2) TXI=TX{(0Q)

IF (JeEG9eJ1ANU.HMIN.GT.H2} GO TO 17
RN=REF/TYXS

IF (SALP.GE.RN) KN=1.

SPYI=SALP*RM

X=X1¥SPHI-RE

OTF=ABS (HMIN-X)

HMIN=X

IF (DIF=1,0E~5) 19,19,18

¥2=RF #HMTN

PRINT 403, MHMIN,OIF,RN

THET=ASINISPHT)

IFIRN,EQe1.0) FBY3I=-TANITHFT)

IF (RN,FN.1) GO YO 20

PDNX=€TX3-1 . 0G)FALOGE(I XY=L, 0)/(REF=1, 07 (X2=-X1}
FBY3=~TANCTHETY J*(1,.0-1.0701,00TX3/(K2°DONXI D)
BETz0.5%P I ~-YHFET

BLYZ2=BEVZeHFT

BHMIN-BETLBET?

IF (M2.GE.H1V GO TQ 23
BET=HEYL142,.2BET2

DEL=R1-GETY
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163
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171
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179
176
177
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18C
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1yrB
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197
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19%
196
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Table Al, Listing of Fortran Code LOWTRAN 3 (Cont)

0822BET~81

DB3=ABS(BMIN-RL)
IF(UR3.GY . DB1.AND.UBL.GV,081) GD TO 25
IF(0B2.GT,.0B%) GO YO 22
1F(DR2.G7,081) GO TO 2%
BETA=REY
FRT=FBT1+42.0%(FBT2¢FBT3)
LEN=1.,

60 TO 26

BETA=REV1+BEY?
FRY=zFBT1+FHT24FBTS

PRINT 401, JSETA,FBY,FBTL,FBT2,FBT3,TX1,YN2
GO0 To 26

BETA=2,. 0% (BETL1+BET2)

LEN=1.
FBT=2,04{FBT1+FBY2¢FBT3)
PRINY 401, J.BETA,FBT ,FBTL FBYZ,FBTI4TX1,¥NL
IF (H2.EQ.H1) GO TO 26
IP=103

IF (HP1.EQ.1) Jiz=/)141
SPHI=SINC(ANGLE)

IF (Z(J1¢13,LE.H2) GO TO 2&
RN=TXL/VYNL

IF (SPHI.GE.RN) RH=1,
SPHI=SPHI/RN

THET=ASINISPHI)

t0 Y0 S

CALL POINT (MZ,YN N NP, TX,IR)
TXL=TXL+YH-EH(9,J1)

RN=TX1 /YN

J2ad1

I¥ (SPHI.GE,RM) RN=1,
SPHIZSPHI/RN

THET=ASIM(SPHI)

GO 10 S

BETA=AFTY

LEN=D,

FET=FOTY

" R MIP JER A -
THEVSANGLT ¢ {8] -5T

QHETA=BETA/C

B=BET1/CA

THL=THET/CA

PRINT 404, BETA,DBETA,FBYT,TH1,TANG

IF (THET,.GT.TN.OR,THET,.LT.TH) THET=(TNETM)/2,
TH1=TKET/CA

PRINT 404, BEVT1,8,FBT,THL

TN1=TN/CA

THL=YM/CA

PRINT 405, TN,TH,THN1,THM]

SPRYI=SINSYHET)Y

VTANGTANITNHET)

IT=IT¢2

OBE=ABS(BL-BETR)

DTHEABS (ANGLE« THET)

IF (IT,€EQ.10) THET=0.S5®(ANGLESTHET)

IF (IT,€Q.10) GO TO 29

IF (D9E.GYV.1,0FE~7 ., 4ND.DYH,GT,1,0E~7) GO YD ¢
ANGLEsTHET/CA

PRINT &06, ANGLE,IT
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226
227
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229
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234
232
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Table Al, Listing of Fortran Code LOWTRAN 3 (Cont) ' 4

RETUGN C 255A

29 HinH2 C ¢558
ANGLE=C /CA S 25sC
PRINY 406, ANGLELIY c 2550 A
REVURN C 255 !
c C 256 4
(% 1] FORNMAT (/7% ITTERATION NUMB:ER *,13,7/) ¢ 257 i
43 FORMAT (16,C16.7,8F13.9) C 258 !

Lg2 FORMAY (T4 ,F10 4,6E13.8,4510.4/) c 257
LY ] FORMAT (% HMIN=*,Fi8,.6,*% OIFz=*Eil4eb6y* PR-*,E16.8) C 26C ;
Lod FORMET (® TOTAL BETA = %y 84 .69F15.59%yFBT = #4€14,.6,* THET =*,710 C 261 H
1464 FTANNG=",F 10 6,47) C 262 bl

405 FORMAY (S5F12,5) C 262
406 FORIMET (BX o /1H®,*7ENTTH ANGLE =%4F7.3,% OEGREZS 1 RECONPUTED - 2064 1
1 FROM SUBROUTINE ANGL (ITVEQAVIOIN®,IX,®*)*) T 265 3

END C 268

The input data given in Table A2 can be summarized as follows:
(1) The first card gives the number of model atmorpheres IATM to
be read in and the nunber of levels NI..

(2} The acxt 5ix cairds coilaln the haze number densities (HAZF 1

and HAZE 2). Units: em™,

(3 The next 102 cards contain the model atmosphere data for the six geo-
graphical models {with two models for each altitude on one card). Units:
altitude (km), presssure (mb), temperature K, H,O den ity (gm m¥

).

{4) The next 11 cards contain the aeresol extinction (C7) and absorption

O, density (g m’

(C7A) coefficients as a function of wavelength VX, The order and units
are as follows: VX (um), C7 (kmkli and CTA (km-l).

{5) The next 17 cards contain the transmittance scale (TR) and logarithmic
gcaling factors for water vapor and the uniformly mixed gases (FW), and
for ozone (}'O), Units: “2” (log 1o B cm _2), uniformly mixed gases
log 10 km), O, (log 10 atm cm) respectively.

(6) The next 344 cards contain the spectral data for the various molecules
in the following order: (1 (Hz()), C2 (uniformly mixed gases), C3 (ozone),
C4 (nitrogan continuum;, €5 (Hz() continuum), C8 (UV ard visible ozone),

The parameters C1, ("2 and C3 are in the form of logariti mic absorption
coefficients, with units log |, (gm “lem?), log ;q (km 1) and log |
(atm "V am "N, respectively. The units of (4 to ('8 are km ~
(7) The last four cards contain the operational instructions for executing the
program and are discussed in detail in Section 5.
A wavenumber (cm -1 identification is given in the lagt 5 columns of the
spectral data cards described above, lL.abels identifying the various card groups

are also given in Table A2,
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Table A2, Listing of Data for LOWTRAN 3
6 3b&
2.830€¢03 1.2hSE0T 5.37465202 2,.257€E¢02 1.133F+02 8.992F+01
6,073Ee01 R,822E¢01 S.67IE+Q1 S,320E001 5.509E1C1 5.159E¢(1
f.51E40] L UBTE+DY 4.J1TE+QL . 63€E201 2,.663E¢01 1.935E¢(1
B8.831E+00 T,43LE+00 2,239FE¢00 S5,893E-01 1.551€-01 4.084E-02
1.970E~08-0,
137964086 S.03LFI03 1.845FE¢03 E.T7356002 2.450EeD2
0,0 1.013E¢23 300.0 1.9€ 01 Se5E=-037 1.013E4dC 294,10
1.9 9.040E+02 29%.0 1.3€6¢01 S.5E-05 9.,020E402 290.0
2.0 B.050F+0Z 288.0 9.3E+0r S.hE-05 2.020€E402 285,.0
3.0 7.150€+02 28k .0 4,7E+03 S.1E=05 7.,16CE¢D2 279,0
Lo0 6.330E402 277.0 2.2E¢00 4. TE~)S 6.28C€002 2713,.0
S.0 5.590€+02 270.90 1.5E+0" 4.,56-05 5.5h0E+52 267.0
6.0 4.920E+¢02 264,0 8.50-04% 4.35-056 4L.b7CEeDZ 261,90
7.0 %H.323F+02 257.0 L,7E-01 4.1E-D5 4.260E+02 255,50
8.0 T.73"F+02 2%50.0 2e5E~0C1 343E=3. 3J.720E002 242,0
Q.0 3.290E+82 244.0 1.7%E-01 3.35«05 3J.2L40€+02 242,30
10.0 2.880E+02 237.0 S.0E-02 3.3E-05 2.81GE«02 235,13
31,0 2.,470€+02 230,90 1.75-02 GolE-05 2.430E¢02 229.5
12.0 2.130E¢02 224.0 6,0E-C2 4,3E-35 2.09CEe02 22240
13.9 1.820€¢02 217.0 1.96-03 445E~05 1.7S[E4D2 216.J
16.0 1.568F#+062 210.0 1,0€-C3 Lo3E~-05 1.530E¢02 216.0
15,0 1,320E+02 204.0 7.6E=04 & FE-D5 1.30CEeCG2 216.3
16,0 1.110€+02 197.0 6. LE~fL 4L 7E=-D5 i.110E¢02 216,
17,0 o . 370L+01 195.0 Se6E~04 €e3E=05 S.SCLEI01 21645
18,0 7.890€E+01 193.0 5. TE~-04 3.,0E-05 8,120€401 Z16,.C
19.0 6.560€6¢01 203,.0 4.9E-00L 1.6E=-04 6.95(E+01 217,13
20.0 S.650F+0% 207.0 4.5€E~00 1.9E-04 S.950Ee¢0) 218,0
21.0C &,80NE#01 211.0 S.tE-CQb 2.4E=-20 S.10CEe01 219,20
22,0 4.090F+01 215.0 S5.1€-04 2.8E-04 L 370Ee¢D1 220,35
23,0 3.S500F+01 217.0 S04 3.26~06 3J.7€0ESGL 222.0
26.0 3.000€6401 219.0 H5.0E-00 J.4E=Db T,220E¢04 223.0
25.0 2.S570E¢01 221.0 Be7E-CG To4E-D4 2.7T0Ev0YL 226.3
30.0 1,220F901 232.0 .3.6E~06 2JE=-08 1.322F0u1 234,°
5,0 6, 000€E+90 243.0 1.1E-06 9,2E-05 6€.520E¢00 24%5,0
40,0 3,050E¢00 254.0 4.3E-05 bolE-D5 3.33CE+UL 258.0
65.0 1.590€E+30 265.0 1.9€-05 1.3E-05 1.760FE+00 27(.0
50.0 B.54L0EF-01 270.0 6015'06 “035"36 9-51EE“01 27610
Tle0 De790E<0Z Z2i3.0 LeGE=y7 8.3E=-38 6!71EE’E2 Z12.9
190.0 3.0C0E-04 210.0 1.CE-09 ©,3E-11 3,000£-06 ?40.C
99999. 217.0 210.0
0.0 1,018F¢03 272.2 3.5€4+0°0 6.06-05 1.010€403 28743
1,8 8,973€E+02 26%.7 2.5€¢0° SeuE-J5 8.96CE+(2 282,23
2.0 7,897C«02 265.2 1.E8€+40C 4.3E-05 T.929E¢02 276,12
3.0 6.938E+02 261.7 1.,2E+07 b .IE-35 7.000E+92 271,0
©.0 6.081E¢02 255.7 6.,6E-01 “.9E-05 6.160E202 266.)
5.0 S,313€402 243.7 3, 8€-01¢ 5e8E~)3 5.41C0E402 26045
6.0 LLH2TESD2 243.7 2. 3E~C1 6RE~DS LT 3I0EX02 25%.)
7.0 L.OLAFeC2 237.7 8.5€-02 T TE~-D5 4.130E¢02 246.0
8,0 3.L73E+02 231.7 3. 5E-02 G.0E-85 3.590€¢02 239.9
0 2.992E¢02 225%.7 1.6E-02 1.77=04 J.1CTESD2 232,
10.0 2.568%e02 219.7 7.5€-01 1.3€-36 2.6T7E¢02 225.0
11.9 2.199802 213.2 6.9F-03 2.1E-06 2.300F¢02 225.0
12.0 1.682€¢92 21%.7 6.CE~-412 2+6E-0k 1,977E¢0C 225.0
13.0 1.610E¢02 218.2 1.8€-0% 30E~Di 1.7C0Ce82Z 225.0
16,0 1.378€402 217.7 1.0E-03 3.28=04 1.660E002 225.0
15.0 1.17%€¢02 217.2 T.€E~04 3.9T-06 1.250Ee02 225,0
186,06 1,007€eN2 216.7 B %t ~00 3.86-06 1.088E002 225.0
i7.0 B.510F 081 216.2 S.HE-CL J.IE-D4 9.280E¢C) 225.0
18,8 7,.350F+31 2i%.7 S.2E-04 G LE~6% 7.,980Es08 225,20
19.9 6.280¢¢81 215.2 &, 9E-0¢ b.3E~04 G.B60Ee94 224%,0
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6,3L15+01
5,C52E¢C1
1,6565+01
1,078z-02

1.4€ L1
3.3E+01
S«9E+00
3.3E¢07
1.9€4+0.
1.GE*QC
6. 1€=-01
3.7TE-T1
201E-21
1.2E-J1
6. WE~Q2
2.2E-02
6.0E-.3
1.86~03
1.06€-03
7.6E-04
G UE=)b
Seb60=3w
S« UE-0u
4. 9E-~04
“sS5E-0w
SelE-~D4
S5¢1E-0%
SsbE-du
6.0E-dk
€.TE~Ju
3.6E-Jw
1,1E-04
ko 3E-45
1. 95'0;
6.3E-)6
labE~J7
1,0€£-39

J.1E40°
6.0E*Q)
bo250070
CoTE®]
1.7E+0)
1.08%).
S.6E-L
2.9E~-d1
1. 3€-31
4o 2E-)2
1.5:-02
J eE-03
6.0E~03
1.8€-03
1.06-33
TebE-d0
6, %E-O04
54;85'0‘!
5.0€-14
4,.9E-04

%
S.893E¢01
LolW?7€+01
1.134E¢08
9.353E-05

6.dE-0¢
6.3c~35
G.0E-05
6,2E~-0C9
6.4c-05
6.5E-05
6.3E-05
7956‘]5
TIE=DS
8.3E-05
50)5‘05
1.1E~0¢
1e2E-00
1.3€E~0%
1.3€e-0¢4
1.3€-04
2.1E-0W%
2ebhE~3&
2.8E-04
3'25-0‘0
3|“E-ﬂ“
3,500
3.3€E-04
J.sE~ib
3.2€-04
Z.0E~Jb
2.1E-04
I.2E-05
4.1E-05
1.3E-35
., JE=.6
Be3E-Q.
“n!E’ll

*
b,3E-05
S.WE-09
5.35£-05
5,3E-05
G.0E-09
BebE~0S
7.1E-05
T.%E-05
7.3E-0%5
1.1E-04
1.3E~-04
1,8E-Cu
?.lE-D‘b
Ced3E-D&
2.8F ~0u
3.ZE-0s
3.6E-00
3.2 =04
LR N
L. 1E-0%
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Table A2, Listing of Data for LOWTRAN 2 (Cont}

20,0 S.370E401 215,2 b.S5E-04h Ho3E=T0 S.8905E*0L 225.2 e 5E-04 3. 3Z-04
1 : 21.0 L. 580E«01 215,2 5.1€~06 @ 35-04 S.O07TE+u1 22F.0 5.1F-2% RS- TR N
22.0 3.910Fe0)1 215,2 Se1€E~Ch o 3E~0t4 &.36LE¢*DL 226, 54 1E-04 2.2=J~
23.0 3,340Fe01 255,2 5. E -0k Y.IE-0% TL.TECE+0) 225,40 5.0E-00 J.07-36
i 26,0 2.860€+¢91 215.2 6.oE~04 JJ5E-04 3,227E¢0: 226.73 6.0E~]4 2.3E-)4
25.0 2.430E+01 215.2 6.7€~00 3.4E-04 2.TBCE®Q01 228.0 6. 7E-J+ Za3i=lt
30.0 1.110F 081 247 .4 J.6E-C% L1eIE=D0 1,300E¢01 235, 3.6E-J4 1e¢E=)u
35.0 S.180€«00 227.8 1.1E-0¢ 9,2E=05 6H,610E¢0. 247 .. 1.1E=-24% 3.,2E~55

panujiucs % 9 SAUAHISORLY TIAOR

{
t { 40,0 2.S30E+00 243,72 W SE-0S  4.1E-05 I, k006¢00 262.] 4.37=05  4,15-25
45,0 $1,2G0F+90 258.5  1.9E-05 1.3E-05 $1.81CE¢QC 27w.0 1.9E=-B5  1.32-06
‘ 0e@ 6.820€~01 265.7 5.3E-06 4o3E-06 9.8T0E-01 277.1 6.3E-06 4.3:-26
: 78,0 8,670E~02 230,7 1.4E-07 A.5E-08 T,.070E~02 215eu 1e&F-37  0.5E-0"
; 100.0 3.0C0E~06 218.2  1,0E-0+ &,36=-41 3,0CCE-0% 210.0 1.0E-93  &.3:-11
i 93999, 210,0 21010 *
! 6.0 1.013E¢03 257,81  1.2E600  4,1E-35 1.0136¢43 288.1  S.9E¢J!  5,45~05%
! 160 B.878F202 25941  1.2640°  woLE-35 8.986E¢07 281.6 4. 2E00)  5.4E-35
L) Z2a0 7 77SESD? 255,9  9.&E-[L1  4l.1E~-85 7.950E+(2 275.1 2.9E40: S5.3€-05
Eo 3.0 6.798E¢02 252.7  B.AE-01  6.3C-05 7.012E402 263.7 1,8£¢0] S5.05-05
S el 5.932E402 25747  241E=01  4e38=05 6.166E802 26242 1.1E¢00  4,55-05
ool .0 S.158F402 26049 2.70=01  &.PE-§5 S.6USE0? 255.7  6.6E~i1  keHE-.5
: 6all hoABTESG2 238,11 G ME-02 43585 47226907 24,2  3.BE~21 & 5C-35
: 7e8 3.853FEe02 227.3  S.4E~02  T.1E 05 4.111E¢02 262.7  2.15-31  4,3E-)S
8.0 3.508E¢0° 220.6 1.1E-02 ©,3E=05 3.565F+07 236.2  1.2£-21  S5.20-G% =
Sl Z.BZUTADZ 21T 2 B WE-0F 1.5E=3% 3.GE0E¢G2 229.F  4.6E-02  7.i5-05 3
, 10,0 2.61%€6402 287.2 S.5E~03  2.0E-Qb 2.650E407 223.2 1.8E~32  9,05-45 ™
. 11,0 2.067E462 227.2  3.96-03  3.2c-0& 2.27CE+02 216.8 B.26-d3  1.3E-J4 -
12,8 1.766F¢02 247.2  2.6E=07  4.3-0% 1.940E+02 216.6 3, 7E~J3  1.3E-04 g
1300 1.510€452 247.2  1.8E-03 & 7E-0% 1.658E¢0% 216.56 1.8E~)!  1,TE-Jé g
14e0 142916402 217.2  1.0F-03  w4eIE-U% 1.817E402 216.6 B8.4E~J4  1,35-24 4
15.0 1.103E0082 217.2  7.6E=Df%  S.3E-0b $1.211E+02 21be6 7, 2E=0Gv  2.1€E<08 &
16.0 G. L31F401 216.6 6G.4E~C4 H.2E-06 1.035F¢02 216,6 6.1E-04  2.4E-uUh =
17.0 6.058C¢0L 216,00 S.6E-04  6,2C-04 B,.BSLE¢D] 2166 S.2E=C% 2.8€~-04 -
18,0 6.802FE401 215.% 5.0€<04 6,2E-06 P.SEEE+01 216.6 . hE~B4 B, 2E-C4 v
19,8 S.875E401 21ks8  L,OE-0L  6.IE-0% 6. 46FE+01 Z16.6 b, &E-J%  2.3E=0¢ e
20.0 S.O01GE401 28h.1 4oSE-0L  5,55-0% 5.5Z9E¢CY 21646 w4 &E-J4  3.32-0u -
21.0 &4L.277E+0L 213.6 5.1E-C¢ S1E-DG &,7296401 217.6 b, B8E~D4 J3E-00
22.0 3.667E401 21340 Se1E-Dt L 7E-0& 4,067E+01 218,6 5.2E-06  F.IE-4
2%.0 X.48QF4R1 2926  S,5C-0h i o3E-Ji 3.edTEeCE 219.6 S 7E-)u  3.8E-i4
26D 2.643E+01 231.8 6.0E-04  B,5E-0 2.972F5+401 220.6  6.1€-04  3,5E-~0"
23.0 2.256E#01 215.2 6.7E-06  3,26-0% 2.S69E¢01 221.6 6.BE-G4  I.4S-04
30.0 1.026E¢01 216,89  3.6E-04  145E=C% 1.197E+01 226.5 3.8F~04 -2.)E-04
36,6 4.TO1E+00 22522 1.1€E-0%  3,26=05 S,.T4bFEed. 236,5 1.€.=0w  1.1E~06
0.0 2.2L36400. 2347  H.3E-0U5 b LE-05 2.871E40] 253.4  6.7E=)5  4.IE-35
85,6 2.1137¢00 26740 1.9E-05  1,.3E-05 1.491€¢00 264,2 3.2E-05  1.7F-35
50,0 S.7198-01 253.3  6.3E-06  4.35-06 7.97bI~0! 270,6 4.2E-05 4.05-06
707 &.016F=02 2b5.7 1.4E~07  B.0FE-38 5.520E-02 219.7 1.56-(7 8.5E-08
100,G 3.800F-0& 21040 1.NC~-09  #e3°-1f 3.008E~C4 21C.3 1.8F-19  4&.36-11
93599, 210.0 210,06 *
220 28608 04530 .25 .2B000 LUS660 L ¥5 26200 LC2661 .36 24500 .01650% 2
o%9 18500 01057 .51 17600 .01000 .63 14600 .0831% .69 .136J) G096k 3
.86 10806 01020 .06 08910 .0£780 1.5¢ .05730 .C0924 2.00 .C351) ,0)368¢ 2
2.50 02660 .003L9 2.70 ,02670 .00388 3.00 .022u0 00487 3.20 .02:i50 .Cu2l2® ©
3.39 02990 ,08222 3.50 ,021CC 00171 .75 ,C1950 00163 4,00 01823 035568 2
4.53 J0L678 . DG624% S.50 .01360 .00295 6.60 .01130 ,0036) 6.50 .01230 .00423% O
7.28 01330 006629 7.99 00784 .C0%506 A.2C .3GB"9 .007C2 8.50 .01537 ,01360% o
870 02190 01160 9,00 .023%8 02310 9.20 .023530 .C1+33 9.50 01850 ,00337% E
160.€C .01570 00693 10.59 .01350 ,00569 11.00 .01220 .u0639 13,00 .00938 .50¥86%
14,60 00827 00466 15.00 ,02010 08631 37.20 .03100 .C0G07 33,5" 0323 ,005C6® 2
26.00 .8104€ 00567 25.860 .00878 .00565 27.93 .0082Y 00562 30.0. .008238 ,u)S51e >
0.999~Z.34608-1,6778 0.998-2.8362-1.3380 6.996-1.6930~1.1192 0,994~1,6815-0.3508
0.992-1,%278~0.8233 0.990-1.2097-0.7258 0.980~0.7825-(.4313 D.970~3.5223-0.2366
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0.960
£.92¢0
€.868
0.780
0.708
0,628
0.548
B.460
0.%0
0.3c0
0.228
04160
0.%60
e.015
8.004
3.93
.12
2.62
2.3
1.39
8.9
8.8¢

e.11
0.75
1.4%
2.68
3.%9
3.99
h.49
b.00
haebb
3.91
3.21
2.7%
2.1%
1.38
1.01
8.27

0.5
2.17
0.7%
g.C7
l.'&
1.93
2.64
2221
Zebi
2.17
2,68
3.60
4,02
8,37
&.%2

-0.3%08-0.107¢%
¥,15%53 0.2306
8.6128 0,.%5563
1.0096 0,857
1.2672 1.8713
1.4955 11,2480
1.6857 1,3979
1.8692 1.53%6
2.9607 1.6721
2.2306 1.08325
2.610Y 2,0¢07
2.6284 2,33585
2.9031 2.7853
3.2843 3.3617
3.3979 3.7076

3,72 3.5 3.42

2,88 3.03 3.90

2.67 2,72 2.7

Zo02 2.39 2,00

1.36 1.2% 1.18

0.6080 0.71 0,79

0.86%

0.2% 0.26 0.13
0.79 0.79 0.7¢
1,7¢ 1.83 1.99
.67 2.73 2,79
3.58 3,57 3.61
3.96 .81 ».13
h.66 A.4%0 &.28
h,00 L.15 4,29
L,60 &.30 6,22
3.28 3.8Y 3.0
3.14 3.10 3.08
2.6% 2.60 2.81
2.06 1.9% 2.08
1.87 0.9 0.87
Ca91 073 0.55
0.21 0.22 8.29

€31 0,25 0e2%
0.2 0.31 8.3
0.7h 0,70 9,62
8.62 0.6% 0066
1,86 1.9 1.90
2:.19 2.28 2.1b
2.22 1.95 1.61
2e30 2.33 Z.62
2.6Y 2.60 2.90
el 2477 2468
2.58 2,74 2.82
3.52 J.49 300
&8-06 6,12 &, 20
holh 8,13 b.54
0.5% &4.71 5.79

Table A2.

€.950~0,1938-0.
0.910 C.2430
0800 0,723 €,
0.750 1.€7." @,
0.680 1.3256 1,
0.600 1.564) 1,
0.520 1.738) 1,
O.b40 31,9191 1,
0.350 2.,1038 1,
0.288 2.2783 1.
0.280 2.4633 Z.
0.120 2.69.2 2,
8.960 3.0000 2.
b.010 3.2718 3.
0.002 3.%91is 3.
3.37 3,37 3,36
3.014 3.93 07
260 2.46 2,35
2.01 1.92 1.83
1.19 1.168 1,21
0.93 0.86 2.73

0.11-0,83~C,09
J.69 0.75 2.48
2.05 2,03 2.00
2.8 2.91 2.9
371 3.71 3.6%
8.22 H.3%
.16 3.92
h.31 &.35
©.13 &4.987
3.78 3.70
3.11 2.98
2.6 2.56
2.056 1.96
0.32 1.04
Dot? Gobt
0.37 0.33

3.63
b 31
412
3.%54
2..0
X ) ]
184
1.01
.39
0.37

0.0%
0.23%
.51
8.68%
0.9%
1.9
2.22
0.a8
2.5%
2.618
2.29
2.82
3.54
0.22
.25
b, 73

0.22
0.45
2.53
9.76
1.37
2.15
1.1t
2.%9
zI!o
2.49
2.83
3.51
5,38
620
§.08

0.33
FaS6
0.39
111
2.82
2.0%
7.83
2.%9
230
2.23
2-81%
1.56¢
[ ¥4
e ¥2
a. b1

€.3310 3.900

6435
9191
173
29900
4393
$682
376
88695
1206
8313
arr
&771
832%
3.33
3.085
2.26
l. ?8
133
0.53

O.467 0.32-8.08-0.21-0.29-08.21~3.01
SO.32-0 X80 NE_0 XVl hZ-d afeN. k2B uw0=0.39 0,430, 77~0.83-0.88-8-79~-0.50
0. 50~0.82~0.30-0,38~0037-0.60-0e51-0.07~048C~8:56~T00~5.32-0.21-0.0%=C.18
*0.16-6.19-0.28-0,33-0.35-0.20-0,22-0,10-0.05-9.21~0.33-~0.27-0.27-0.18~0.06
0.22 0.28 0.39
t.16 1.05 1,02
1.91 2.08 2,26
T30 3.36 3.43
.80 3.95 4,09
.61
3.24 3.87 3,66
B, 28 6,35 6,42
k.16 .06 3,99
J.e2 3.52 3,852
2.72
2,08 2.13 2,20
1.50 1.57 i.80
.97 1.81 1,06
€.36 V.48 0,63
0.11 C.03-0,3%-0.12-0.2%
-ﬂ-Si-E.SQ"B-ES-G.SD-0.59-0.60-E-73-0o00°0.92-1.06-1.1#-1n22'l.27-l.23'1-!3
-1-!2*1.%3-1-51‘1-6!'1.76-1FSZ-l‘33-2-09-2-21-2.Zl-Z.Zt-Z.Z’*?.36'2-51'3.55
“2e70-2483-2.57-8¢56°2,59-2,67-2.69-2,67~2.68-2.62-2,52~2.02-2,29-2.14-2,1010
—1.07-1.71-1‘91'1.39-1.27*1-12‘1.01-'-!9-0.75-0.66-0.57-..&7—..hZ-D.SZ-B.!'
-0.26-0.19-ﬁ-i3'0-11-0.01

0.02
1.“1
1."}6
3.02
J.64&

be®d 8,58

3. 35
4.23
&, 19
J.60
Z.78
2.37
.72
9.92
.38
0.29

C.08 D.17 3,25

0.%9
9.60
0.38
1.13
2.1
2 1b
.39
2.46
2. 31
2.42
2,84
3. 5%
8. 62
&, 35
LY ¥4

Listing of Data for LOWTRAN 3 (Cont)

'09“0‘3.0655
0.3324
C.8261
1.1661
1,3832
1.5966
1.7782
1.,9638
2.14661
2.3263
2.5159
2.7%59
J.06C7
1. 3054
J.5682

J.13

2-9"}

2.23

1.81

1.53

.51

0.08

j.e2¢
0Tk
0.66)3
c.5890
0.500
.!“2’
0.340
D261
Do184
g.140
t.030
0.008
D081
35
J.01
2.82
1.79
1467
B.6%

0.08 8.122
1.36 1.18
1.90 1.3¢
J.16 3.23
J.00 3,68
h.62 &.63
3,16 3.10
8.20 k.26
.20 &.23
3.30 3.31
2+74 2.76
22% 2.1
1.66 1,59
J.04 0.92
0.3% 0.33
0.19 2.13

06.31
U.76
0.62
0.36
G.97
2.18
2.36
1.62
2.37
2.60
2.58
2.91
3.6
LT 1
h.27
“.08

0.&)
J.63
6.37
1.1‘
2.10
2.26
1.2¢
2.42
2.32
g.61
2.06
.57
b.53
~.31
.28

81

Jaled 9,43
(.71 8.51
0,63 0.64
N.62 0.467
.98 1.L7
2.22 2.29
2.51 2,66
1.82 1,93
237 2.33
2.27 2.32
2.89 2.80
2.96 3.03
3.71 3.80
855 &,0d
8,25 &.27
.00 3.08

C.0953 0,939
0.3522 0.80820
C.7243 C.800
0.9731 9.726
1.1614 0.660
1.3263 0,500
1.0693 J3.48)9
1.6621 0.400
1.76482 0.320
1.9395 C.240
2+.1903 d.164
2.5105 0.080
3.1072 8.020
3.5563 0.006
3.9365

3.02 2.96 2.97
283 2.71 2.62
219 2.17 2.17
1.8 1.83 1.80
154 $.36 1.42
0.52 0.67 9.73
0.16 0.,09-0.03-0,21~0.37

4.57 4,56

2.76 2.82

0,04
0. 3%
0.66
4.9%0
1.38
2.03
Z,73
2.91
2,31
2.82
2. 39
3.0
L9
“, 28
. 33
.06

0elbilb
Je3Ih2
J«33191
1.2122
$.6403
1.6435
1.8261
2.0086
2.10878
23787
25740
2.8261
3.1061
L P9 DAY

R.176%
0.46624
0.7
1.025%3
1.209%
1.3617
1.64983
1.6335
1.732¢%
2.9000
2.2552
2s6~35
X.2553
3.6233

1.0t 3.18
2,58 2.37
2.20 2.%8
1.7 .5%
0.89 v.39
6.80 0.3)

352
425
$00
875
650
T2s
280
8rs
950
1025
1180
1175
12%0
132%
130
1475
1550
1625
1780
177
1850
1928
cugi
2078
2150
2228
2300
237%
2650
o%2%
2500
267S
27590
2028
2990%
2975«
3050w
31254
3260
L red?
33508
38254
Isece
L3402
36508
JIrase

0.% C.5%8
1.41 1.23
201 2.53
3.57 31.39
.05 4,)2
5.56 4.33
3.80 3.33
Lol2 Hablb
3.9 3,33
.69 J.w1
2.85 2.86
2.3% 2.28
1.3 i.31
1.10 1.36
D.&5 G.38

0.63 0.36
€.13 68.10
0.69 0.7%
0.%8 0.59
1.%2 1.T¢
2.01 1,77
2.88 2.5%9
2.14 2.16
2.63 2.5%
2.0% 2,50
2.%1 2.3
3-21 3.30
5.9% &4.06
®.32 6.38
k.30 b6,
3.92 3.3
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Table A2, Listing of Data for LOWTRAN 2 (Cont)

Wol? %10 .31 Bo37 MoW2 A .50 €053 858 L5 H.61 web1 6,59 4.53 4. kD bbb
Soi &.460 6,36 L,T0 %.26 .09 .92 3.87 3.78 3.77 3.79 3,75 3.72 3.62 3.5¢%
3.51 348 3,32 3,13 3,07 2.96 2.87 2.30 2.68 2.53 ?.53 2.51 2.59 2.57 2.30
DebZ 2.32 2.2M 2.12 2.00 1.92 1.79 1.63 1.6% 1.69 1.78 2,04 2,08 1.81 1.74
1.63 1.61 1.68 1,49 1.16 1.35 1.64 1,69 1.70 1.59 1.65 1.29 1.19 1.08 1.02
1008 1410 1.16 1.20 1.23 1,22 1,08 1.08 1,56 0.89 7,93 2.73 3.58 2.%6 (.77
'-51 'n’ﬁ 0.71 B.57 o.ﬁq 0.6 .38 0-12 u-l' I.ZO r.hi 0.!’ 0,31 0-31'0.13
~0.21-0.32-0,%6-0.33-0,33-0.39-..45-C.50-0.56-0.62-0,68~-0.77~y.86-0.91-1.00
*1.11-1.,19-1.26~1431-1.39-1.83~1.48-1,52-1.97-1.60~1.61-1,60-1,568-1.%1-1.02
=1032-1.26-1.16-1.080-0.83-0.71~-0.63-0,52-),43-0.36-".3C~-0,21-0.29-0,17~0.15
~0e13-0¢17-9019-0.12=0,06-0.01 C.00-Cel1=2,23-0.32=) 0b~0,54~0,40-0,&7-_,042
~0. 08 -0. 000039037 -0.35-0.08-0,75-1.13~1.53~8.20~1,66-1,52~1.35~-1.19~-1.22
~0eB83-B.85~0,65-0.63~-0.62-0.66-0.73-0,79~0.88~0,84-0.,70-0.59-0,43~3.39~.,.58
‘.161'00 Th=0. 79’0.76"'69’0 B8240.59-0.52-0.468-0.68~0442-0.239~0.380-0,33-0,29
0,200,200, 22-Co28-0.37~0.5C~C , B0-0s60-0.51~0.06"C.42-0,%3-0,45-0,35-_,24
=0al16-0.00-0.08 0.80 0.21 0.32 L.43 Gob2 0.32 0.23 T.22 0.29 0465 3.5% 0.52
0,65 2.7 0.75 #.8% A.83 0.85 .87 C.90 0.93 1.00 1.0¢ 1,15 1.22 1.32 1.31
1.32 1,3Y 1,68 21,78 1.87 2,01 1.92 1.686 1.89 1.92 1.96 2.03 2.39 2,31 2.68
278 J.TL 2.T6 2478 Z2aT0 2.77 3.08 2.94 3.05 2.9% 3.23 3.2 3.19 3,32 3.12
J.81 I3t F.36 Jobb 3.36 3,39 3,5C 3.1 5,22 2,19 2.98 2.78 2.98 3.02 2.9%2
2,98 2.06 2.72 2.97 3.0% 3.22 3,60 3.78 3.61 3.96 3.76 J.62 X.3¢ 1} na 3 14
Fo16 N .7 Foal O30 3.37 3033 3.91 J.eB 3,63 3 B2 T.YL J.kl 3.58 3.61 3.89
Se00 3,47 3.19 3.18 3.30 3.90 2.99 3.21 ¥,11 3.16 3,10 2.72 2.81 2.95 2,59
273 2477 2207 2:%1 2460 242 2.37 2.7 1.91 1.07 191 1.78 1.53 1.52 2,52
1.59 28.50 1.42 $£.32 1.22 1.12 1.08 1.062 §."7" 0.92 £.30 0.87 2.8% 0,87 0,73
0.78 €,76 8.75 §.77 €.71 0,71 C.70 0.69 D.67 C.b1 2.59 0.52 Do48 0,61 0,39
0.58 0.33 6,32 6.3¢ 0.30 @.300 0,29 0.28 £2.27 0.26 0.25 0.23 0.22 0.21 0.20
.18 Q.16 €.13 0.¢6 0.61-0,03-0,07-0.21-0.-16-0.21-2,26~0:¢29-1432-2.38-0,01
~0obS-0,.50~0,56-0,61-8.69-0,76-0,84-0.9C-0.97-1-01-1,20-1.13-2419~1,22~4.24
1,301,534 ,36-2.33-2,63-20.80~1.50-2.52~3.57-1.61~1,.0658~1.7)~-1.72-1,78~3.91
*1e89-1.92-2,00-2.09-2,16-2,20~2,.31~2.040-2.608-2.54-2,61-2.73-2.83-2.99-3,10
-5.00-5.00-5,080-5,01-5.00-5,00~5.00~5.00-5.08-5.0C~-5.00-3.00~5.00~-5.07~5.00
~Gef0-5,02<5.00-5,03~5,00-5,00-5,00-5.00-5,00~-5.LC~5.0(-5.05-5,00-5.09-5.3¢
~5.08-%,00-5,08-5.080-5.00-5,080~5.00~-5.00-5.00~%5.00-5,00-%.0)~5.80~-%5,00-5,0C
~$.00-5.00-5,00-%5,00-5.00-5,80-5,00~5.00-5.00~-5.00-5.00~-5,0.-5.00-5.00-5.24
~5,08-5,00-5,60-5,00-5,00-5.88-5_00«6 08-C,85-5,00-5,00-5.07~-5.0/-5,0G-5.00
3 T8~ , 333 04-2,8%2 ., 68~2.69-2,3C~2,13~2.00-1,81~¢ 160=-1.0L1~-4, ',3'3990'05'9
“0.63-0,00-0,36-0,22~-0.16~0.00 0.0080 0.20 0.298 O0.%1 _.5& 0.6 2.80 0.92 5.3
1.39 1.19 1.0° 0.9 1.02 1,19 3.29 1,30 1.29 1.38 1.19 1,33 1.%2 1.63 31,70
1.62 1.56 1.7 1.53 1.86 1.96 §1.97 2.02 2.C1 1.9% 1.9 .03 2,03 2.21 2.42
2,30 2.16 2,02 2.82 2.02 2.4% 1,90 1.71 2.01 £.56 1.56 1.51 1.30 1.63 1.3¢
L.67 170 2,22 239 2,38 2.30 293 2.39 2.49 2.52 2.57 2.21 2.49 2.60 2.%1
2.5 2.51 2.23 2.63 2.30 2.61 2.72 2.52 2.63 2.5b6 ?.51 2.7) 2.62 2.62 2.%i
2.78 2,79 274 2,70 2,88 Z.81 2,72 2.76 2,84 2.32 2.38 2.03 2.85 3.02 3.08
3,26 3.0 3,14 3.2% 3,03 3.31 3,15 3.30 3.31 3.22 3.]0 3.06 J.36 3.8 3.37
3,32 3.080 3.09 3.09 3,01 3.07 3.07 3.1 3,28 3J.°1 3.6T7 3.58% 3,73 3,70 3.09
3,39 3,11 3,17 3,01 3.10 3.01 3.18 3.352 3,63 3 S J.uC 3.39 3. 39 3.5%: 3.5
J.62 3.50 3.67 3,59 3,63 3.66 J.08 3.39 3.29 .31 3,461 3,23 3.32 J.12 2.31
291 2.75 2.78 2.T72 2.62 2.58 2.32 2.22 2.00 1.97 1.608 1.62 1.64 1.53 1.56
151 1.%2 1460 1.8627 1.62 1.0 1,61 1.3 1456 1.52 1.91 1,52 1.39 1.39 1.3%)
1,09 1,156 1.2¢ $.20 1.22 1.20 1.18 3.20 1.19 1,17 1.18 2.40 1.09 1.1% 1.3
1,00 0.8 0.97 €.85 0.93 €.90 0.906 0.56 2.71 0,79 0.70 0.71 3.67 0.62 0,53
8.2 0,31 0.20 0.01-0,08-0.17-0,26-0.35-0.44~-0.53-3.63-0.77-0.83-0.93-1.04
=1.1%-1028-1e% 1000 -0.501.6b-1,78-2.66-1.90-2,06~2.106-2,24-2.30~2,40-2,%0
~Ca b =278 M =299 ~3,0b=3,18-3,26-3.36-3,600=-3,54-3.5664-3.74~J. 063,96 4.30
~5,086-5,00-5,.00-5,00-%,00-5,90-5.00-5.00-5.00-5.00-5,0C0-5.0,-5.20~-5.02-5.00
*5.00'5.00-5.90‘9n§0~5.‘ﬁ'5.00'5. 00-5.00-5.060-5.00~5.00-5.60-5, 9¢-~5.83-5.00
-5 . 98-5.00-5.00~-5.006-5,00-5.,80-5%.00~5.06-5.00-5,00-5.00~%5.42-5.0C~5.00-5.52
~5,00-5,08-5.00-5.00-2.00-5.00-5,00~-5,30-%3,00-%5,60~5,00-5,0)-5,00-5,02-5.20
~%.,00-5.00-5.00-5.03-5.00-5.00~-5,0€-%,00-5.00-5.90-5.6R~-5,80-5,00-5.080-5.0¢
~al15-0,06-3.97-3.88~Y 73-83.70-3.6i-3,5C-3.03-3,34~3,25-3.16-3.07-2.986-~2.99
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Tabie A2, Listing of Dete for LOWTRAN 3 (Cont)

2280275 ~2.622.9 V2. 60~2,35-2,26-2.18~2.09~2,00-1.91-2.82-1.73~1.04-1.35
~le®6~21,37-1.28-1.19-1,10~-2.,084-0,92-0.833-0,70-0.65-0.56-0,07-7,328-0,29-0.20
"316=0.09-0.62 §.83 B.18 0.17 0.22 0,306 0.35 D.41 C.6% 0.62 0.60 J.0) Jobb
0.%8 0.5% G71 0.8% .97 2,61 1.06 3,07 1.82 1.81 112 4.3 1.26 1.28 1.34
1863 £.52 1.96 1.%3 1.% 1.51 1.61 1.50 170 1,82 1.32 £.3¢ 1.89 1.81 1.45
1.30 1.78 1.63 1.50 1,49 1.55 1.68 21.32 2.39 1.53 1.82 2,23 2.61 2.51 2.2
166 1.61 119 1.32 1,52 1,70 1.90 2,01 1.92 1.91 2.12 2.1) 2.8¢ 2.318 1.39
T.11 2.28 2,21 2.13 2.00 1.91 1,92 1.97 1.98 1.91 1.91 1.92 1.93 1.76 1.531
1.%0 3127 120 1.18 1,11 0.-99 ).06 0.71 0,68 0.4 0,31 0.3i3 5.03-..87-0.21
‘.o?S‘.-bﬁ-ﬂ.bb-l.79-0.9h-1.11-1.25-1-&1-1;5?“1.73-1.91-2.09~Zg27-2.b5"2.sl
-2,81-2,99-%, 13-3,37 3,96~ .75-3.30=0.13-4.31~4.63-4.66~8.0F~8.99=5.16-5.28
-5.00-5.00-5.00-5,00-5,00-5.88-5.06C-5.80-0b.60-4.26=-2.89~3.57-3.32-3.21-2.31 9875
*2e89 =2, T02,P4=2,63-2,67=2,29=2,20-2,17=2,23-2.27-2.32~2.12-2.00-2.07-2.,37 993
~2e07=1086=1,7T=2.P0-1,63~8,60-1,59-3.43-1,24~1.35~1439=2.13~1.29-3.19-3.3810)25
~0.93-0.87-8.91~0,88-0,74-0.62~".59-0.58-0.638-0,58~_.39~9.22-0.14-0.06-0,21131480
-loil—'oll-l.ZU-O.!&-..OZ 0.18 0.32 0.42 0.37 023 0.12 8.15 0.28 .63 0-59131’5
0.%2 0.53 0,06 0.39 3.38 0.3%5 ©.23 #,26 0,19 0.08 D10 d.1% 0.27 J.3% ..532025)
0.32 9.37 0.58 h.6h 0.87 0.96 1.00 $.82 21.13 1,08 1,00 1.16 $.16 1.30 1.6510325
Lobl 1,32 1,32 2,37 21.862 21.50 1.842 1.30 1.56 1.35 1.69 1.63 1,62 2.62 1.721040)
1.68 1.68 1.56 1.56 1,53 1.66 1.56 $.69 1.69 £ .62 1 €8 1.52 1,02 i.01 1.%110676
192 1,83 1,71 1.72 1.78 L.T8 1.67 1.52 1.686 1.70 1.67 1.56 1.49 1.2 1,38109%5)
1426 1,20 1,13 1.1% 2,19 $.29 1.50 1,72 1.086 1.78 1.82 1.863 1.02 1.89 1.331062%
2.08 2.16 2,04 2,07 2,92 1.98 1.90 1.83 1.81 1.72 1.69 1.59 1.50 1.36 1.20157463
6.98 §.63 0,473 6.27 6.16 6.05 .02 0,92 0,04 0,01-0400~0.18~0,23-0.11-0.8650775
~0.63-8.44-0,21-0,08-2.06 0.10 0.,8 2,112

0.32 0.42 o6k 0.38 0,28 0.462 (.0310059
0.61 0,33 0,32 0,03 0.50 0,66 031 0,10 C.C8 D.20 C.21 0.3% o35 0.29% 0.3%10925
2.39 9,67 0.385 0.32 0.%0

0.16-".01-0.23-C.41-0,.52~0 .48-0.523.61-0.45-2.2311000

~0,03 0.21 0.36 0.3 0.47 G.64 7,60 6,51 7.%59 0,53 2.69 0.57 0.46 0.52 0.6241.7S
..s' 8.95% on" 0.32 3.26 ﬂoll-O-DG*l-lﬂ-l-li-ﬂ.blﬁn.62'0-00‘1-‘9'1.16‘1.!111150

-1.59-1.69-1.?0‘1-91‘Z-Ut-1-97-1-97‘1.97-1.97'2;26-2.20-Z-E1-1-99-2.0:~2.0h11225
Sl 3T 24092, kb2 2R =2.32-2.19-2.10-2.25-2,16~2,36-2.06~2.00"2,.032,4b~2,.03123L¢
w2, 00-2.36-2,00-2.03-2,59-2,68-2,09-3.28~3,51~-3.78-3,97-4.20-0.063-6.66~4.5911375
-5.00-5.00-5,00-5.80-5.00-5.0C-5.00-5.00~-5.00-5.06-5.0C-5.00-5.60=5.00-5.0011450
=5.00-5,.00~%,00-5,87-65.00-5.00-5.00-5.00~5.00~5.00-5.00-%.C}~-5.00-6_00-2,0833%2%
B O S R -5 TS WO ~9.00-5,00~5,00-5.00~-5.0C(~5,0.-5,00-5.02-5,001160
~5.00-5.00-5,00-5,80-3,86-5.50-5.00-5,088-5,00-5.00-5.0(-%5.00-5.40~5,02-5.0011875
"'3-71-’l;‘-!'~.'1521 -3.86~2.90~-2. Flo-2,60-2 ,46~2,32-2,17-2.03-1. 87-1.73~-3,7611750
-1.33-1-'?’1-71’1-99’1.6?’1.56-1»66'1.59~1.h9=1q25-tuzh-l-06-0.90-1-06'0c9111825
=F.91=f G100 FV~C BV =920 FT-0uhZ-Co54~0.38-0.02=D%8-0.30-0.2F=0.17-0,2811900
B 30-08.22-0.3¢-0.9%-6,01-8.20 C,06 0.10 0,06 O.14~5.22-8.02-0.02~0.143-0,122137S
-..1'*'.56‘9-.5*!-05‘.-1'*'.05-0.06-0921-0.3!—0.61-:-68-0.31-0.52‘0-56-0.5712559
=0.50=0.20 9,11 8.%51 €.81 0.79 D.62 8.26-0.31-0.67-0.80-8.88-0.56-0.39-0.201212%
$.99 0,06 €.88 0.25 0,21 0.13 9,32 0.35 0.54 £.60 0.51 8.51 0.80 0.60 G.0312200

Q.02 0.53 0.3 0.3 2.22 9.53~-0.11-0.31-0e31-0.81=0.%1-0,.3~0.53~0.69-C.3412275

_‘-..‘1..1":0 1"‘03”2 «29-1 +65-1 -59-1.‘7-‘ «6r-1.51~-1.66-1.60-1, 6"1-‘3-1151!2350
—1-§Z*i-il-l-15‘1-3901.31-3.!B-l.!0-!-20-1.3’-!.33'!.bl-l-35-1.!7‘1.39-l-b112ﬁ25
'1.&9‘1.§l~1-96"1-67¢1-ﬁ6-1.hl“l-hZ’l.tO“l.ﬁl'l-ll-l.15'1-13*1.20*1-51‘1-!01?55H
2002 08242224352, 355.98-1.92-2. 781 .57 -2.69~1.70-170-2,66~1.84-1.30.2575
“1a56=5.02-3,28-2.99 1. 20-1,00-1,.50-2.00~1,.53-2.08~1,.69-1.58-1.58~1.69~1.7912650
“2.00-F.216-1.99-2.2V-2,00~2,06~2,39-2, 703,093, 44~3,.79-0.10~b,069-4.80-5-2912725
“Tekb 2. 28~1.99-2.81-2.10~2.31-2.15-2.05-1099-2.24-2,:81~2,12-1,99=1.046-1.7913400
-1-71'1.7I~1-72‘1460-1.70-1.52-1-35-1-!9-1-22-‘.91'3.90-1.01-0.76‘0-90’0-9013&75
'..Qi‘lci"l-'ﬂ‘!.TQ-'.&I-U.‘B-U-'!-I,SS-O-Os-oubx'icbl“acbi-'.51‘@-9?-5-’31!558
~0.61-0.41-0.29-8.29-80,861-8.70-0.19-08.18 3. 0.19-0.38 8.20 0.20 0.02 .2d13625
-0.91 §.10 §.29 0,11 8, -~0,37-0.10 0.62 $.16 0.20 2. 2.09 8,09 2.99 C.0T713700
€.22 9.11 9.12 B.2% 8,03 0,21 £.20 0.37 0.26 0.07 .09~8.29~0.69-0.69-0,7413775

~0e00-1.010.06-0,50-0.19 6,19 2.23 0,21 3,29 G.20 7.29 0.52 0.5¢ 3.51 .»01%050
Q00 B.09 6.58 2.06 0.%9 0.27 2.06-0.33-0.681-21,.37-1.,31~3,37-1,.52-1.56-1.35,392%

~2.00-2eRB-2.35-1,90=2.00-2.00-2.00-2.23-2.31-2.31-2,53~2,.31-2.31-2.32-2.2814000
=Bl N1 a9i 10822092 561 000 .91l 751 03-1,76-2.5¢-1.90-1.00-2.50834,7%
3 o093 50-1 BB-1 T =1 301 30 1o h 0t 0] o010 -3 30-1.05-1.09-1.85-2,.392415%0

4375
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T e A2, Listing of ata for LOWTRAN 3 (Cunt)

~a23-1,18-1,.38-1.364-2.36~1,.03-1.23-1,37-1.30-1.0)~1.28~1.27~-1.37-1.32-1.821422%
~1a22-1.20-1.%0-1.63-2,07-2.82-2.58~2.59-2.80-2,54-2.53-1,.88-1.60-1-26-1.161%300
1?3 -1,106-1.23-1.10-0,.83-0.680-.80-0.8C~0,.90-C.%7=..97-0.91-0,92~1,131e201417y
"1e50-1.089~2.10-2,32-2, 63~ 91~k 204,890 ,78-5.0"=6.37=5.07=5,07~5.07-5.0714450D

~ha?5-3,70-2,20-2.75-1,.90~1.73-1.51~-2,29~1.11-0,91-C.71~6,52~0,30-0.06 (.22
Q.69 0.76 1,08 1.27 1.56 1.76 1.91 2.08 2.23 2.36 2,50 2.72 2.90 *.12 3.}7
356 3.69 3.79 3.66 3,88 3.86 3.7} 3.8 3.38 J.17 2.86 2.73 2.%2 2.%1 Je1?
201 16089 L.F7 1.63 1,67 1421 7292 €053 2.,23=0e17 . 53-0o7u=J),01~..0804-7.98
~1.00-1.18-1.42-1.61-1.086-2.80-2.29~-2.51-2,72-2.91-3.16-5,02~5,00~5.00-5.0¢
-8 . 080-5.00=-5,00-5,00-5.00-5.00-2+68-2.47~2.,19-1.97-1.71~-1.506~-1.32~1.21-1.13
~1el09-1011-1410-1.03~1,01-1.01-3¢13~0083-1.66-2.13-2.51-2.87-2.71-2.39~-2.19
1 e78-1.59=1,33-1,191.01~-0.96-".91-0,90~-0.8P-_.80-. .79-0.86~1,.07=1.28<1.6%
“2e81-2,74-3,09-3.50+5,03-2,.58~2.23-1.89~1,5-1.26~-1.13~1.11~1.16-1.26-1.23
“le20-1e17-1,17~1.15-2.16~1.2C-3.17-1.02~0.09-0.68-5.62-0.26~0.01 D.18 (.60
0.57 0.77 0.96 1.07 1413 1.21 308 1.15 1,27 1.33 1,04 1.0 1,13 0.89 (.33
0.5 0,65 0.78 0.81 0,86 0.87 ~,68 0.&7 0.14-C.12-..68~-0.92-1.43-1.89-2.32
= 2aB81 5. 080-5.08~5.00-3.108=2,87=2,00-1.73~1.59-1.61"1.,69-1.82~1,07-1.90-1.,3%
=2.00-2,10-2,23-2,322,686-2.71-2.688-3,09-2,.99-2.463-2,00-1.69~1.42-1.358-1.49
=] T8 22,01-2.01~-2.,60L-2,.63-2.869-",38-2.27-2.16-2.0%-1.9%~§.03~1.76-2.71-2.78
=1 .72 B1-1,92~2. 00-2,27-2.61-30a21-54,.038-5,00-5.80=%430 5405 04d~5.0i-%.00
=-5.30-5.00-5,90~5.0*-5,68-5.,00-5.00~5,00~5.C0~-5.08.-5.00~5.02~5.00-5.03-5,10
-~5.88-5.00-5.00-5,€0"=-6,00-6,.00-5.00~-5.%0-5.,00-5.00-5.0C~%+30-3,82-3.17-2.39%
“F e BY-2, 71 =2 87 ~2.67~2.68-2.58-2,33~2.01~1,64=1.32=-".97-0.76~0,63-2.%3-5.51
~0ab53v0069-0087-1¢0%-1:26-1.53-1.87-1.91~1,93-2.02-2,21-2.48-2,80~-2.08-3.11
-3,09-2.93-2.76-2,.39-2,01-1.69-1.36-0.99-2.¢3-L.28 J.00 0.08 J,1t 8.12 0.12
B.07 §.01-0,08-0,2 =0.40-0.51-"253~0.57-{,68~0.61~..73-0.51-0.95-1,06-1.32
-0.91-0.68-%,61-0.03 0.19 D.&1 .76 2.00 1.18 1.39 1.51 1.58 1.68 21.71 1.%3
1091 2.07 2,108 2.32 2.50 2.61 2,69 2,81 2.89 2.36 Y. )6 Za.tb 3,27 3.81 3.55
Je72 3.30 6,03 8.27 b,42 5,61 L7 .73 5,65 .63 2.72 4.78 4,79 «.5) 3.02
B.78 2,79 2.30 1.085 1.35 0.62-"e26-1.69-2.18-2,01-1.79-1453~1.32-31.23-1.19%
=1.12"1e18-1.25-1e26-120-1.17-1.20-1.32-1.56-2.084=-2.16~2.30-2.26-2.01-1.71
L F3-1.06-0.81-0.€61-0,69-0.,05-0,867-0,69-] . 46-C,37-C.31-0.34-0.069-0.75-1,112
=l e Y2, 0L -0 -2489=2,.8 2. T8 2,51-2.82%2.38=2,39-0.82~C ool ~2.48=2.43=-2.43
Y it R T a5l e T BT e BT 2o AI =T aB =2 T I -l a1 =2abt =2 09-2,0(-2.32
=2.26-2,23-2,20-2.,03-2,.02-1.96-1.08-1.%%-1,96=1,86=],397-2.05=1479=1.73-1.53
o hlb-1.59-1,76~1,.73-1.A7-1.78-1.63~3.501307-1.21~1.00-0.87-0,€9-0.53~-2.41
-0.30-0.19-0,89-0,.06 0.02 0.10 0.16 0.18 D23 0.26 (.27 0c2¢ Bo2% 6.22 Q.27
0.12 0.97-0,01-0.07-0.09 0.32 Co72 0.91 117 $.03 2.67 Dedt-0.11-0.3%-0.29
“§,17-0,08-0,89 0.03 0.13 8.1080 ~,.246 0,27 2.29 €£.30 £.29 G.2¢ 9.23 J.22 G.13
8:99 0.02-0,068-0.1%-2.32-0.51-0a?72-0.98-2.18-1.50-1,.62-3.81-2.06-2.29-2.4%
“2.6¢~2.87-3.03-3,21-5.00-5.90-5,00-5.90-5,08-%.0(~-5.0(-5.0"~-5.00-5.00~-5.00
~S L 00-4,01~3,.38-1.01-2.63-2.32-2,09-3,38-1.94-2.00-2+18-2:20-2.29-2.02~1.82
1 e%9-1o83-1,38-1.05-2.68-2,90-2499-24542.23-3.28-3.61-3.72-3,66-3.50~3.41
-3 ¥7~3,.30-3.16-3,.01~2.76-2.51-2.720-1.80-1.09-1.22~0.37-0.7.-0.&3-0.28 (.33
5.20 0.36 0.%1 0.61 0.67 0.8Y 1.30 1.22 1.38 1.56 1.7C 1.86 2.81 2.20 2.3}
2.47 2.61 2.76 2.92 3.01 3.05 .02 2-98 2.98 3.01 3.03 2.97 2.78 2.bku .03
1,83 1.59 1.89 1.%50 1.67 21.96 2,22 2.%C 2.71 2.93 .12 3.1% J.17 315 3.21
3.26 3.19 2.58 2:.59 2.18 1.70 1.22 €.55-0.27~-3.09-2.50=3,03 -2.98=2.723-2.53
~2.61-2.60-2.63-2.60-",57-2.53-2,57-2.6k-2.77-3.04~-3,38-5.98:5.00-5.063-5.20
-5 .08-5,00-5_090-5.00-5,00-5.00-5.00-5.00-7,.00-5.006~5,00~-%.00~5.00-5.00-5.20
S, 00=-h,00-3,73-3.62-3.59-3,53-3,56-3.57-3.53-2,51-2.45-3,37-3,26-3.21-3.18
327 ~83,36=-3.60-3,.95-6,.00-5,00-5,00~-5.00-5.C0-5.00-5.00-5.05-5.80-5,00-5,20
-$,00-5,00-5,00-5.00-5.08-5.60-5.00-5,00-5.G8-5.00~5,00-5.00-5.08-%5.00-4.5%2
-k, 07~3,09-3,.76-3,.67-3.56-3,42-3.36-3,26-3.18-3,14~3,11-5,.09-5,120-".12-3.23%
- .50 -3, 38-3,37-3,29~-3.3%-3,.08-3.60-2.93-2.0%9-0.91-3.00-3,08-3,16-3.31-3.%3
=3 71 -3,90-5.00-5.80-5,00-5,0C-4.52~3.908-3.69-3.42~-3,10-2.95<2.77 2.61-2.48
212,012, bB-2.33-2.34-2.27-2.21-2:934-2.408-2.73-3,21-4.13-5.00-5.80-5.00
-%,88-%,.00~-5,06-5,00~-5,.00-5.00-5.00-5,0C-5.60-5.00-5,06-5.00-5.00-5.00-5.00
5. 00-5.00-8,.313-4,82-3.59-3.96-2.087-3.73-3.51-3,29~3.13-2.93-2.86-2.73-2.59
w2.60-2.69-2.6%-2.62~2.%9-C,57-2.62-2.81-53.04-3,21-3,39-3.462-3,36-3.21~-3,13
*2.93=-2.00~2.64-2,.92-2.37-2,28-2,.20-2.13-2.07-2.02~1.96-1.03-2.78-1.62%-1.%a

500
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Table A2, lasung of Data for LOWTRAN 2 (Cont}

=1.M=~1,20-1.08-0.99-0.96-0.85=-".76-0.52-,.31-0,0c 0.13 0.3 (.37 0.36 0.36 /75
035 0.3 0.39 D.86 C b8 J.61 " .23-0,08-0.38~[.67~ .00-0.96~,,98-3.87=-.,357 &85_
0o %0=Co12 09,14 O,bb 068 0.90 1.13 1.19 126 1.2% 1.26 127 1,51 1.99 1.30 4925
1.78 B.71 0 11-0.29-0,.57-1.32-1.61-1,58-1,62-1,10~2,91~0.,59-0.27~3.0% .29 5590
0.57 0,73 R,92 0,.8% £.7Y C.79 .91 1.01 1.03 C.88 3,72 0.63 2,38 9,12-0,.21 5275
~0akT=0.67=1,23~2,67=2,.31-276-3.28-3,69-5.51-3.47-3,509-3.37-3,463-3,93-3,53C 515) )
~3e36-3,10-3 072,96 ~83.08-3.56-"012-3.23-3.07-2.83-2.07~2,25=2,07-1.,91~-1.73 5225 j
“1e63-0 .46~ . 27 ~1,.27 4,261 00-3.57-1,308-2.28-2.87=2,74=-5.0C0-5_L0~5.00~-5.20 53J0
~5.00-5,00-5,.00~-5,0C-€,00-5.00-5,30-%5.00-5.00~-%,00-5.00~-5,0.=5,L0~5.0:.-6,042 637%
-~5.63-%5,00~5,00-5,6"-5,00-5.00-%.80-5.00-5.00-5,.089~5.00-5.0.=5,00-5.00~5,00 S&50
: =50 =-5.70-5,00-5,00~5.00-%5,.00-5,00-%.0C~5.09~-5.00-5.080~5.0"~5,00-%5.0-~5,39 5525
g ~5.00-5.00~5.080-5.0"~5,00-5,00=-5.0C~5,00~-5.C0~%.07~5,08C-5.0.~5,00~5.02~5.00 S&d0C
=5,C9-5."0-5,90-5.082-5,00-5.00-%.0C~5.00-5.00~-5.060~5,60-5.0.-5,00~5.00~-5.,J00 5675
H -5.00-5.0€+5,.080-5.67-5,080-5.00-5,30-5.00-5.08-5.00-5,00-5,0)-5,083-5.00-5,0) 5760
~S 005, 00-5,80~5,80-5.00-5.080-5,00~-5.00-5.00-5,.00~-5.80-5.0.~-5,00-5.0)-5,00 582S

=B 005,005, 00-5.07=5.00~5.00-5.00-5,0(=5.00-5.00-5,00-5400=6,91=6,73-4.31 S9C.

; ~h o bhBeb G C~h, 294,17 ~-3.90-3,7"-".59-3,62-3.72~3,73-3.65-3.31~3,12-2.91-2.53 $97r5
- m2.41=2,27-2,16~2.11-2.28-2.29=2,21-2,06~1.91=1.99=-2,27-2.54-2.90~-3.35-3.53 6.5
=N T9= 58-3,.53-3.65~3.39-3.571-3,108-2.97-2.69«2,39~?2,11-1.83~1,.59-3.49-3,22 6125
— e B89 ,580, 800S00 eTi-L 79— . 78~0,0b~3.0F=0,54=7 A6~ 377 08«2 k&-3.6 £2C°
= T2= P ~Y ,69-3,27-2,98-7,52-".71~1.64=1 30~1.02~2,86-0.72-0,61-0.70~,.F72 6275
w0 T -0, S7=0,38-0.51-0,97-1.36-1.89-2.T06-3.18-4.20-4.57~w.62=0,78=-4,87-3,{3 6373
~5.00-5,00-6,00~5.0)=5.00-8.9Y~4.06~-53,79-3.45-2.99-7,63-2.30-2,09-2.02-2.12 6425
~2.18-2,13-2,06-1,798-1,83-2.08-2.20-2.%1~-3.028~3,15=3,22-3,29~3,5083,89~-4.45 €500
-h BN -5,06~5,00~5.0"~5,C0~5,00-%.00~5,0%~5.00-5.00-5,00~5.0)-5,02-5.80-5.15 6575
b eBl-K .57k, 11~-3.63-3.09-2.99-7.31~2,99-3.,19-3.20-3,36-3.62-3,.89-3.92~3.7T3 665¢C
¥ 5 -X.37~3,19-3,0%=2.79-2.52-2.36~2.24-2.19~2.32-2,61-2,.2,~-2.86~2.8)-2.15 6725
~2e47~2.91-3.57-6.8%-5,00-5.00-5.09-5.00~5.00~%.61-4.18~-3.89-3,57-3,3,-3.32 &80
e =2,5 17?0 -1 981,731,571 .38, T0~1.280,90~ 87-0,.79-3.60-0.37~0.18 6875
~0 B0, 046-2.06-0.25-0,18-0.19-7.23-0,95-1.02-1.97-2,70~3.71~6.01-%.20-4.35 6351
~h o GB=b, 7 I~0,.N1-5.00-5.00-5.080-5,00-5.00-5.00-5,00-%,00~5,0"~5.00-5.05-5,20 7125
=5, 00-5,.00-5,00-%.00~-5.00-5.00-5,00-5.00-5.00~%5,00~5,00-5.00~-%,09-5.07-%.039 7160 i
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“C L ARG NO-F 80 -5.50-5.00-5.080~-5.00~-5,00-5,%90~5.00~5,00-5,02-5.80-5.05-5.60 7175
“5 .08 A0~ _80-5_80-C . 00-5.00-C _00-C,00-C,08-5.008-2.00:5,00-%.00-5.95-5.80 7250
-5.08-5,00~-5.00-5.0r-5,00-5.00-5.30~5.00-5,00-5.0(-5,00~5.C.-%5.00-5.0)-%.00 7325
~5,00=-5.00-6,8C-4. 7t ~4.31-3.99-%,68-3.56-3,34~3,22-1,23-5,25-3,2%-3.16-3.1J 7400
=307~ Y183 813,67 -4.12-%.,68-°.00-5.00-5.00~5.00-5,00-5.0.-5.C0~0.51~4.18 7475
=R T-N 8=t {72 08T T3 =2.63 -7, 58-2.59-2.57~2.09~2 ,67-2,30-2,.68-2,862-3,)2 755
R4k ,16-5,00~5,C0-5.00-5.80-5.00-%.308-5.00~-5.0C-5.00-5,0"=5,00-4.87-4.5J 7625
e 21-3.90-1 66-3.65-3,51-3.51-1,.512-3,.609-3,51-3,36-3,306-3,67-3.60-3.87-4,23 7700
~4.59-%.00-5,00-5.8"~5,00-5.00-5.00-5.00-5.00-5.00-%,0C-5.00-5,00-5.00-4.33 7775
Sl Sl =h 10 TB-3.2°-3.03-2.Th-".03-0.08-1.838-1.59~1,29~1,02-0.081-0.7C~..73 705
~0e96-1,98~1.19-31.35-1,&?~1.57-1.66~1.80-2.92-2,C4~",18-2.35-2.47-2.61-2.78 7425
~2.97-3,10~3,.29-3.60-3.65-3.081-3.98-46,15~0s32-4,61-4,71-64.61-5.00-5.00-5,20 5300
=5 .00-5.00-5,00-5.97-4.32-3.206=2,59-2.12~1.82~1.57~1,34-2.15-1,02-0,82-0.5412950
“0.88-0.3Y-0.18-0.0% 0.78 0.21 {.%9 (.52 C.63 C.72 2,85 0.96 1.02 1.12 1.1813)25
1421 2117 1.88 0.9% 0,90 0.97 (.13 1.37 3.58 2.7% 1,70 .68 1.1% C.73 0.2223300
=0a51-1457-%,08-5,.¢7-5,00-5.08(-%.60-5,0¢-65,00-5.00-%,3(0~-5.0"-5.00-5.0)-5.001317%
k153,81~ 00-2.56-2.12-2.76-2,50-1,21-0,86~-C.%9~7,29-8.10 0,02 0.12 0.2« 575
0.%2 0.43 0,52 9.%% 0.65 0.72 T.79 B.76 0.72 C.568 .66 0.6R 2.79 (.87 .93 oS5}
0.80 0,78 (.68 0.%6 0.6 0.82 “.3& C.26 D416 0.02-(,146~0,3%=0.51-0.74~0.%8 725
11T ~1,601.%0-2.22-2.07->.83-8.26-3,59-3.%~5,80-¢,0C-5.80-5,00-5.80-5,) 200
~E 005 .00~5.00-5.0"-5.00-% . 86-4.08-3,50-53.14-2,78-7,63-2.10-1.78-1.49-1.2) 75
~0,20 0.1 0,35 0.57 0.70 2.95 1.20 1.60 1.6%5 1.80 1.97 2.10 2.21 2.31 2.38 95,8
200 2,82 2.58 T.%7 2.20 2.88 2.56 2.8% 2,30 2.€9 1,20 C.95 £.92 0.9) (.30 1.25@
N N.89 8.90 0,92 6.9% 0.95 8.9 0.95 0.90 0,86 D.62 2.55 B.60 3,30 8.19 ¢.9% 1100%
~06.32-0.11-0.22~0.61-0,56-0.71-",49-1.03-1.18-1.33-1.60-1.76-1.90-2.02-2.21 1175
~2.%6-2.5%9~7,79-3,00~-3,22-%.61-04,16~-5,00-3,.8€6-5.00~5.80-5.060-5,00-5.00-5.08 1250
~5.00-5.80-5,08-5.0"-%5.00-5.80-5.0€-5,00-5,00-5.80~5.00-5.,0.-5.00-5.80-5.060 13525
6,005,885, 08-5,00-5.00-5.00-5.00-5,00-5,080-%.00-5,0C-5.6_-5.80-5.80-5.38 108D
-5 .08-5.M4-C. . 0G-5.,00-5.00-5.80~-5.006-5,00~5,06-~-%.€0-".,00-5,0.-5,00-5.01~-5.00 175
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Tahle A2,

Listing of ata for LOWTERAN 3 (Cont)

~5400-%.060-5.00-5,02-5.00-5.80~5.00-5.98-5.90-4,16-3.91-3.60-3.41-3.05-2,59

~2ab8-2.19-2 ,03~1. 851 711,561 -48~1.39-1,26-1,13~,

«97-0.81~),

65-0%”h~5,35

~0.22-0.106-2,06-0,062~0.59-0.18-3,14% €6.006 D.26-0.C2-7 4Z-0.:7-3,82=-0,80"u.70

“0a7%=0,79-0.06-0.09-0,R5-0.81- .76-0,7C-3.68~,b6-"

«0%-Cibo-J.

72-3.78-0,%4

'0495'1-ﬁ2'l-1~‘1‘2"‘1-!3“-brgisﬁl‘lo T71,92+1.96~2.04=2.04~2,09~2,00~-2.23
“1e0-1.93-2,87-1,.82~1.76-1.71~1.55-1.59-1.51~3.6u~1,36-1.29=1,18-3.14-.,38
~0.88-0,78-0,69-0,59-0,69-0.37-",25-0.18-0.10

9.4% 1.11

az

1.20 1.

1.56 .66 1.48 3.62 1.64L 1,58
L T1-C.86-0,S8~-0 . 03-0,460-0,40-Cot0-0.06-3.53-0,64-(,.7€E~0.23

.00 Lote 0027 3,

3~1.

X4 0.57 (LFS

Le® 1.23 0,66 J,38-0.33

G'-1.1-~1.26

“1a8R"2,55-2,69-1,083 -1, I0-2.03-2.20-2.05~2.64-2,858-7,.7-3,23-3.%1-3.72=-3.3%
820 =5,00-6,00-5,00~5,00~5,0(~%.33-9.00-5.,00-5.07=-5.00=-%.0.+-5.
~5.00-5.00-5,080~5,00~¢.0C~S.00-5.30-%.00~-5.€0-5.05-5.50~-5.0"7~5,
=5490-5.00~5,00~5,00-5,00~5,00-5.00-%.50-5,0G~5.02-5.00-5,02-5,00-5,05-%6.3,
~5.00-5.00-5.00~5.00-5.00~5.00~5,00-%.0C-5.00-5,60-%.06-5.00-5,
05, 0NN QC-5,.90-5,30-5,00-5.C~5.00~2416-3.97-2,77-3.53~],38~3.07~2,75

2 482,171 064 67~1 30~1.07-103B8-0.I6-2.089-0,85=2

e31~0.77~G.

“P.58-0,535-0,48-0,21-045:-9,26-0,19~0.17-0.,18~-2.19=-C7,46~C.73~1.
“2.38-2.97~Y,.57~-4,15=F 0L ~5,80-"c00-4.16-3.90-3.6£3-3,487-3.13~2,

~feW-i.73

G eSb=-0,872-0.27-06.12 v.T3 {.1m

~1.63-1.8" ., &1-1,

¥i-1,75-1.17-1
T.25 B.%1 2.39

2yt

n %o
A ety

d.b?

«26-0.812-4,

seef [,47 3,

V.48 0.25 0.04-0,41-0.833-0.56~",77-C,83-0,88-0,9L~-",97~0.91~",

“0.76-0.71~0,69-0,67-0.66-0.65-Cob6S5-GoHb-0.8F~L.63~"

STONC LT =

£J+5,65-5%.31)
(0-5.06-%,83

T0-5.01-5.20

72=3.69-(,53
12=21,45-1,75

73=0.647-2.15
Y e 730,03

50 0.5 C.bo
Q-2 . H5-0.30
62~-0.93-2.33

=i 2a- ] M-l G152, 132,572,323, 28~ P 0Wlb~5.0.-5.00-5.71-5,0.

2.935=C6
2.27E-03
1.36%-02
30‘05“‘3?
€.90€-02
8.%90€-F2
1.52€-01
1.:16F-01
1,135-01
R.65€-02
%.50€-07
L.I5E-02
B.087-0%
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9.047 - 34
1.GeF~04%
26.7 208.7
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1.0%€-01
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1.02€-0¢
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3.03€62
1.17Eeg2
1.57€¢0}
% 1 2
200
2350.860

I.86F =04 R 09F=0% 6.5RE -0k 3,855 -Ch
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L.756-00 1.60F-02 1.67E~02 1.268-02
7.00F-03 “.50F-83% 6.00F-05 3.50:-03
3.C0¢~-93 ?.50F-03 2.2°F=€3 ",0)°-(3
1.58€~07 1.56F-03 L1.67€-03 1.47°-C3
Pel BE-0L So61F-0&% S,097 -G o, Db:-Ch
1.57¢ -04 1.31F-0& 1.02¢-C& S.C7°~C4
188 1e7 9,02 7.68 “.Hh8 “obh 5,36
8. 80€-%3 t.0F(-02 S,.1kE-C2 1.27:-C2
P REF -8 L TBE-0" S.67E-CZ2 5.58:-(2
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1.95F-30 3.79F-80 £.6%E-0GC .27 ¢C2%
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1.207901 1.00F20% 8.8°7-C0 9.3 -0
ase” 65,700
a5 .60 S.78¢C
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Appendix B

Basic Flow Chart for LOWTRAN 2

A general flow chart for LOWTRAN 3 is given in Figure Bl which shows
the overall mode of operation of the program, More detailed flow charts are
also given for the two main blocks in the program, that is, where the equivalent
absorber amounts and refraction calculations are made (Figure B2) and for the
transmittance calculation (Figure B3),

The notation used in the flow charts is as follows:

(1) If a condition stated within a given block is fulfilled, then the direction
of flow is sideways as indicated by the direction in which the block points (for
example, — for the following block [),

(2) If the condition stated within a block is not fulfilled, the flow is down-
wards,

The numbers appearing on the flow charts correspond to the statement numbers
given in the main program (see Table Al).
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Figure B2, Flow Chart for Calculation of Equivalent Path Quantities
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Appendix C

Iterative Refraction Scheme Used in Submutine ANGL.

1. INTRODUCTION

An iterative scheme is presented here for deterinining the initial zenith
angle 00 required for a path trajectory from altitude H1 to H2 for a given earth
center angle B (see Figure C1), taking into account refraction. The theoretical
background for the scheme can be conveniently divided into upward- and downward-
looking path trajectories,

2. UPWARD TRAJECTORIES (8, < 96°)

If we let the geometrical angle ¥ in Figure C1 be our inttial guess for 60 and
use this in the LOWTRAN 3 program, we can calculate the corresponding 8,
taking refraction into account (8 z_BO for upward looking paths). It is apparent
that 3 is a function of @ for a given H1, H2 and model atmosphere., That is:

1
E:

B =16) , (C1)

We can then differentiate B with respect to 6 and write the differential 43 = £'(6)do
in the form

d6 = g/1(6) (C2)

ATl L amnd ibis,




FINAL { TERATION

FIRST GUESS

HI

Figure Cl. Schematic for Upward Looking Paths
Showing: (a) The first guess at the trajectory using the
geometrical angle 8 from H1i to H2, and (b) the final
iteration where 6 = Oo and g = 8

[ N v

Replacing the differentials by differences, we have

8' -0 =(B_-B) /1) (C3)

where 8' ig the next guess at 6 , That is:
9l =6 + (8 -p)/0e). (Cq)

Thus we can substitute 6' in Eq, (C1) and go through the same procedure described
above to obtain successive iterations, until 8' converges fin.lly to 60 when

B, - B 18 negligibly small (‘or example, < 107" radizns}. The major unknowns in
the above equation are f(6) and f'(9) . From Eqgs. (9) and (10) of Section 4, 2, it
was seen that

m-1
8 - ;ﬁ: (91'a1)=f(9). (C5)
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Thus
m-1/ dé da . "
o0 il S ¥ (C6)

where m is the number of levela between H1 and 112, Also from Eq. (7)
8in® =n (R +H1)sinb/n(R +2z). (C7)

Dilferentiating the above equation with respect to 6, we have

d6 .
1 = f e d
cos 6, =& =n (R +HI) cos 6 /n (R + 2.

Thereiore
dei tan Gi
dd "~ tan @ (cs8)

assuming that n, and z, are independent of 6 + . Similarly, it can be shown that

c:iavi t:-mai

a5 c 'tan 8 1 (C9)
so that
1 m-1
£'(8) = tan® 12 (tan Gi - tan.ai) . (C10)

Equationg (C4) and (C10) form the basis for the iteration scheme provided in
the subroutine ANGL which contains all the angular calculations given in the main
LOWTRAN 2 program for both upward- and downward-looking paths, For an
initial guess 6, the quantities B and f'(8) are calculated by summing B, and
tan t)i - tan o, (defined in Figures 2 and C1) for each layer along the total extent
of the path trajectory. Using Eq. (C4), a second guess 8' is obtained and is uged
to obtain successive 6 's until the final value of 8 is sufficiently cioge to Bo (for

example, to within 10”7 radians), When the latter condition is satisfied, the final
iteration gives the required initial zenith angle 6y

t This assumption holds for upward looking trajectories but not for aome
downward looking cases where the trajectory passes through the minimum height
HMIN (see Figure 3). The latter case will be discussed in the following section,
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3. DOWNWARD TRAJECTORIES (6¢ ~ 90°)

The iteration scheme for determining 90 for downward looking trajectories is
minimum height HMIN [ that is, see Figure 3(d}]. If the path does paga through
, HMIN, however, it is apparent that the refractive index between HMIN and the
level above (say, nm) and HMIN are both dependent on successive yuesses
of 6.
Consider the case shown in Figure C2 where 12 < Hl, For a given initial
guess 6, let us divide the contribution to the total angle § into three parts:

H!

FIRST GUESS

Figure C2, Schematic for Downward Looking Paths Showing the
First Guess at the Trajectory Using the Geometrical Angle 6.
HMIN is the minimum height for the first iteration, which will be
lower than the final value when 8 - 90 and §8 = Bo
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‘Bl' 52 and Ba. Here B1 is the angle between H1l and H2 (on the short aide of the
path), ﬂz is the angle between Hz and the level z, above HMIN, and ﬁa is the
angle from z, to HMIN. Thatis, 8 = B, + 28, + 28, = £(8), Then

2 2
oy - 21, 29, 2%

35 * a8 3w - (C11)

Following the same procedure ou'lined in the previous section, and defining
sin 0i=n° (Ro+H1) sin 8 /n, R +2) (C12)

where n, now refers to the mean refraction from H1 to the level below H1l, we can
show that

dB k-1

a_ax L1 I (tan Oi - tana;) = F, (C13)
tan6 j

dg . -1

B ane f {tan6, -tang) - F, (C14)

ds dé

o -3 Fy (C15)

® =90 -
(where m 90 ﬁs). Now
sin6 -n (R +H)sin®/n (R +z,) (C16)

PR Lo U S T ooa. o . YTYREERY P | LY 7 38 PP S R S b Fra N .2
NE Ir€ljadillve 1NUex pelween niviily aig 'Ll . LUuicreiaidaitinig oy. \wioy

51
with respect to 6 and dividing by cos ﬂm, we have

(C17)

dGm tan 6 m tan Gm ( dn )

R - o m
deé tan @ n d6

m
We will now digress for a moment to show some relationships between HMIN,
n_ and 8, which will assist us in defining the quantity dnm/dG . If welet
X = R, + HMIN and write

dn dn
m

dx
E@ln: X a9 (C18)
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then clearly dnm/d)( is the mean refractive index gradient above HMIN, which we
can specify for a given model atniosphere. The other parameter dX /d6 defines
the variation of HMIN with 6.

Applying Eq. (Ci2) and replacing n,, z, and Bi by n_

n’

HMIN and 1, 2
respectively, we have

n X=n (R_+HDsiné . (C19)
m o o

Differentiating Eq. (C19) with respect to § and using Eq, (18}, it will be seen
that

-1
X C (2 1 .
-gg— [(; + = &S") tan o] . (C20)

Also, if we assume that n - 1 varies exponentially with altitude where n is the

mean refractive index, then the refractive index gradient is given by

dn  _ n-1
X H

where H is a scale height parameter which can be defined as follows:

W=z -z o, { ) = D/in-1) f

Therefore
dnm nm—l \ nm_] \
ol '( z, - HMIN | l°ge( w,-T ) (c2n)

Using Eqs. (C18) through (C20) and substituting for dnm/d‘9 in Eq. (C17), we have

]
i.om=ﬂ’_.9j_1 1 --Ldn/fl 1 dn (C22)
d tan ¢ n, X/\X o dX :

Thus we can now write Eq, (C15) in terms of known quantities:

1an0m /dnm -1
F3=-‘K£T 1-<1+nm/xdx ) . {C23)
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The final expression for the iteration scheme for the general case where H2 < H]
and 6 > 90° is
' -6 _ 2 9 .
1 ({3o BY/(F +2F, + 2rg) (C24)
where F,. F2 and F, are defined in Egs, (C13), {C14) and \C23}, Yort 2 case
where € > 90° and H2 > H1, the above expression would became

6'=6 +(38 -B8)/(2F1 + 2F3 + F)
where ¥ refers to the upwacd looking contribution from i1 to H2 and is given by

m-1
{tan 01, - tan ai) .

R
F tan ¢ S
r 1T

In the above expression, Gr is the angle of refraction at H1. That is

el . ,
Gr = sin” " (n_ sin O/no)

where nc') and n, are the mean reiractive indices of the layers abave and below H1
respectively, and € is the current initial zenith angle guess,
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AHAZE
AHZZ
AlJ
ALAM
ALP
ANGLE
AO
AVW
BET

BETA
BJ
CA
cO
Ccw
Cl1
Cc2
C3
C4
C5
Cce

Appendix D

Symbols ard Defimitions

Absocption at fregquency V, wiso average transouttance

Aerosol number density for MODEL = 7

Aerosol number density for MODEL = 7

Equivalent absorbe.s amount per km at level

Wavelength { gm)

Angle of arrival at adjacert level

Input zenith angle (deprees) [compure with 00 in the text]

Consinnt A defined in Iq. (10); that 15, (R0 4 lli\nn sin (?0

Average wavelength used in refractive index expressiou

Angleﬁsubtendod at the earth's center as path traverses adjacent levels
fef B, in kq.18Y]

Total angle subtended by path at earth’s center [compure B in bg. (W]

Equivalent absorber umount per kimm at level . + 1

Conversion factor from degrees to radians

Wavelength dependent coefficient used 1in refractive index cxpression

Wavelengih dependent coefficient used in refractive index ¢xpression

l.og absorption coefficient for weter vapor

I.og absorpticn coefficient for uniformly mixed gases

lL.og absorption coefficient for ozone

Absorption coefficient for nitrogen (-4 pm)

Absorntion coeff.~ient for water vapor continuum (--10 £m)

Extinction coefficient for molecular scattering
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Dz
E(K)
EH(1. D
EH(Z, D
EH(3, D
EH(4, D
EH(5, 1)
EH(6, 1)

EH(7. D
EH(8, 1)

EH(3, D
EV

F

FO

Fw

H1

H2
HAZE
HM
HMIN
HZ1
HZ2

IATM
ibv
IFIND
IHAZE
IM

1P

Extinction coefficient for aerosol modcls

Aerosol absorption coefficient

Absorption coefficient for ozone (UV and visible regions)

Water vapor amount (pr. em/km) at level |

Dew point temperature (°C)

Path length from level I to Level I+ 1

Wavenumber increment at which transmittance is caiculated

Height increment from level I to level 1+ 1

Equivalent absorber amounts per km at height H1 [see w* in Eq. (2)]
Equivalent absorber amount per km for H,y0 at level Z(D
Equivalent absorber amount per km for CO,+ N, O etc at level Z(I
Equivalent absorber amount per km for 04 at level Z(D

Equivalent absorber amount per km for N, at level 2Z(1)

Equivalent absorber amount per km for H20 continuum at level Z(I)

Eguivalent absorber amount per km for molecular scattering at
level Z(D

Equivalent absorber amount per km for aerosol extinction at level Z(I)

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

Mean reiractive index of layer above level Z(1)

Integrated absorber amount from level [toievel [+ 1[cf w, d.linedin E’? (15)}]
Trunction for determining saturation vapor density of water (gm m )
Transmissgion function logarithmic absorber amount scale for O3

Transmission function logarithmic absorber amount scale for HZO
and the uniformly mixed gases

Initial aititude (km)
Final altitude (km)
Aerosol number densily (no. em™

finimum altitude of path trajectory {km)
Aerosol number dengity (no. cm’ 3 for 23 km visual rarge
Aerosol number density (no, cm's) for 5 km visual range

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

Number of levels i model atmosphere
Frequency increment (cm™h
Indicator for using subroutine ANGL
Aerosol model indicator

arameter used when reading in a new atmospheric model
(sec Section 5.2, 1)

“adicator for using subroutine POINT tos calculate refractive index
only (IP = 0} or equivalent absorber amounts alzo (IP # 0).
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ITYPE
v

V1
w2

JMIN

K4

LEN
L1

L2

ML
MODREL
M1
M2
M3

NH

NL
NP

NP1
NP2
P(M, 1)

e T S LU LR

Indicator for type of atmospheric path (see Section 5.1)

sty

Frequency zt which transmittance is calculated
Starting frequency (equivalent to V1.-see Section 5.1)
Last frequency (equivalent to V2—sgee Section 5.1}

ko

Parameter for terminating program and cycling indicator 2
(see Section 5.1) 4

Running integer for altitude identification 3

Altitude indicator for minimum heigh of path

Print option parameter

Level indicator for altitude H1

Level indicator for altitude H2

Absorber indicator, K= 1, 2, 3, etc., corresponds to HZO. N
uniformly mixed gases, O3 etc, respectively

Integer used in reading two model atmospheres on one card

Integer usged in reading two model atmospheres ol one card and ’
cycling parameter for downward looking paths

Frequency indicator for nitrogen continuum transmittance calcuiation

Frequency indicator for ozone ‘ransmittance calculstion
Parameter used for defining lougest of two paths (see Section 5.1)

rowam aeT

Frequency identifier for UV and visible ozone transmittance
calculation

Frequency identifier for UV and visible ozone transmittance
calculation

Integer used to identify required model atmosphere

Number of levels in radiosonde data input {MODEL = 7}

integer used to identify required model atmosphere (cee Section 5,1)
Integer for selecting H,O altitude profile for (M=M1)

Integer for melecting temperature altitude profile for (M=NM2)
Integer sar selecting O, altitude profile for (M=M3)

Indicator for level below given input altitude used in TOINT sub-
routine; alsc as frequency indicator in UV and visible ozone
transmnittance calculation

Frequency indicator for water vapor continuum transmittance
calculation

Number of levels in model atmosphere data

Indicator for determining whether H1 or H2 coincide with levels
in the model atmogpher:

Value of NP for altitude H1
Value of NP fo:i altitude H2
Fressure (mb) at level I for model atmosphere M
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PHI
PI
PPW
3
PSI
BT
RANGE
RE
REF
RH
RN
RO
RX
R1

SALP
SPHI
SR
SUM
SUMA
T(M, D
THET
THETA
TMP
TR

TS

TT
TX(K)

TX(®
TX(10)
TX1
TX2
TXS
\Y
VH(K)
VIS
VX

Vi1

A\

Angle of arrival at H2

3.141592654 that is (M)

Partial pressure of water vapor (in atmospheres)

Total pressure in atmospheres

Angular deviation of path from initial direction [¢f ¥ in Eq.(12)]
Product of total pressure (atm) and the square root of 273/T(M, D
Palt. length (km)

Earth radius (km) (¢f R, in text)

Refractive index of air at level |

Relative humidity (%)

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

Ratio of earth center 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 o)

Sine of the local zenith angle at a given level (cf sin 0)
Slant range (km)

Suin of the oplical thicknesses of absorbers 4 through &
Accumulated integrated absorption

Temperature (°K) for model atmosphere M at level I
Zenith angle at a given level (in radians)

Zenith angle at a given level (in degrees)

Ambient temperature (°C}

Transmittance scales for transmisgsion functions

Ratio of standard temperature (273.0°K) to temperature at level 1
Ratio 273.15/(TMP + 273.15}

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

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 H2
Refractive index of layexl' above minimum altitude HMIN
)

Integral of the equivalent absorber amounts from Hi to level |

Running frequency (cm’

Visual range (km) at sea level

Wavelength at which aerosol coefficients are read in (gm)
Initial frequency for transmittance calculation, ¢m B

Final frequency for transmittance calculation, cm-1
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1
#
i i
1
: o
: :
1 W(K) Total equivalent absorber amount for entire path
4 WH(M,I) Water vapor density for atmospheric model M at level 1 (gm m—3) :
f: WO(M, 1) Ozone density for atmospheri: model M at level I (gm m™3) i
WS1 Transmission function scaling factor for H20 at given wavelength i
1 W52 Transmission function scaling factor for CO2 . etc,, at given
wavelength
] W33 Transmission function scaling factor for O, at given wavelength
w2 Water vapor density for atmospheric model M at level I + 1 (gm m -3) 4
X Input height to POINT subroutine
XD Wavenumber interpolation parameter in UV ozone transmittance
calculation
XH Wavenumber interpolation parameter in H20 continuum calculation
‘ X1 Wavenumber interpolation parameter
F XX Wavenumber identification parameter for UV ozone transmittance
calculation
F X1 Earth center distance of level I
X2 Eart! center distance of level I + 1
Y Input zenith angle in radians
YN Refractive index of layer below input height from POINT subroutine
\ YN1 Refractive index of layer below initial altitude !T.
YN2 Refractive index of layer below final altitude HC
YY Aerosol absorption coefficient at frequency V
Zm Altitude at level [ in km
1
r
¥
3 ]
& .
3
3
3
4
i
]
109

4 U. S. GOVERNMENT PRINTING OFFICE: 1975--600-223--12




