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1. INTRODUCTION

For the past ten to fifteen years the Air Force Geophysics Laboratory
(AFGL), Optical Physics Division has bLeen developing the expertise to cal-
culate radiative transfer {(direct point-to-point transmittance and radiaaco)
in the carth's atmosphere. At the focus of this research are two computer
codus called LOWTRAN {Ref. 1] and FASCODE [Ref. 2,3,4)]. LOWIRAN is a low
spectral resolution code (typical resolution is 20 wavenumbers) that uses
spectrally averaged and empirically derived direct transmittance functions
for spherically symmetric and refractive model atmospheres that include
aerosols, FASCODE uses the same spherical geometry and atmospheric models
found in LOWIRAN, but retains the spectral resolution inherent in molecular
and atomic line models. The developwents Jdescribed in this report concarn
solar/lunar scattering phenomena in the atmosphere and how such processes
can be included in these two codes (mainly LOWIRAN in this study) which
are undey continual development at AFGL.

Mie calculations have been performed at AFGL for some time to obtain
scattering and absorntion coefficients for the various atmospheric aerosol
models that have been developed. When scattering phenomena beyond zeroth
order (attenuvation only) are to be considered, the phase function must also
be obtained from Mie calculations. Section 2 describes the complete Mie
caleularions which were done for all of the atmospheric aerosol models
comprising the model atmospheres of LOWIRAN, The Mie code and aerosol models
arce described only briefly since they were developed by others and are well
documented in the literature. The computed scattering data are

parametrically defined and all unconventional approximations and assumptions

are discussed., The format of the available data is described so that the
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readel can more readily obtain access to It through AFGL,

Since LOWIRAN uses spherical pgeometry and spectrally averaged direct
radiative transmission functions which do not obey Beer's law, there is no
cstablished method to compatibly calculate mutiply scatteced radiative
fields due to solar/lunar illumination., As a first step toward including
scattering in LOWIRAN, Section 3 develops a single-scattering calculation
procedure compatible with LOWIRAN and describes its integration with a
recent version of the LOWIRAN code, the result being desipnated LOWTRANSX.
Example calculations made with the newly developed code arce presented and
the parametric range of all calculations performed to date Is discussed. An
independeut veritication of the code is also presented aloung with a dis-
cussion of the effccts of spherical geometry and refractiou on the single-
gcattering results.

Section 4 becing an analysis of multiple scattering in an atwosphere

of unidirectional illumination from an external source like the sun, As

an initial step along the difficult path to caleulate multiple scatteriog

in spherical atmospheres, an Adding/bDoubling (A/D) computer code [Ref. 5,06,7]
for planc-parallel media is modified to model radiation from external sources
(the code was originally developed for infrared isotropic internal scurces).

A Fast Fourier Transform of the azimuth dependence of the phase tunction

. . . . S . e s
is taken and cach Veourier componeui is used in a sepavate A/D run.,  The

results are then inverse transformed to obtain intensity fields throughout the
plane-parallel medium. The codes that perform these operations are described
and the results are checked against other independent vesults for certain
special values of the parameters (optical depth, albedo, and angntar
variables). A parallel but independent single-scatterng, code is doeveloped,

partly to check the A/D code in tae limit of saffrciently small single
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scattering albedoes. Appropriate intercomparisons are made between the
A/D, LOWTRANSX, and plavne-pavallel siongle-scattering predictions to show
their commonality and differences. The ¢ffects of spherical geonmetry,
refraction, and multiple scattering arc quantified within the context
of the present codes. The A/D code is also used to study how spectral
redundancy in realistic, inhomogencous atmospheres may be used to reduce
computational times for high resolution multiple scattering calculations,
Several appendices are used to present details of the codes and
special mathematical developments that will be of interest only tc the
reader who must use the codes or their derivatives developed subsequently

by AFGL.




2, ALROSOL PUHASE FUNCTLONS

The model atmospheres contaiuned in LOWTRAN 5 [Ref. 1] include a number
of agrosol models for which Mie computations have been made to produce
normalized acrosol scattering and absorption cocetfficients. When scattering
(beyond zeroth order) is considered in the radiative transter, the phasc
function must also be known, This chapter describes the complete Mic
calculations carried out for all the acrosol models contained in LOWTRAN 5.
Scction 2.1 briefly delinecates the acvosel models while Scction 2.2 dis-
cusses the Mie code used, along with any pertines. assumptions. Appendix A
describes a short code that will access the resulticy data, and Section 2.3
discusses AFGL's plan to prepare a single, comprehensive aerosol-model
report to guide the reader who may want to use the data, Detalls of how

these Mie data were used in LOWIRAN can be found in Appendix C.

2.1 Acrosol Models

Molecular or Rayieipgh scattering is well understood and accurately
modeled by a simple empirical expression [Rel. 8]. Acrosol scattering pro-
perties, on the other hand, must be obtained numerically and models must be
constructed that attempt to duplicate those found in the atmosphere,  The
aprosgol models used here are identical to those descoribed in TOWIRAN 5
[Ref. 1], which are revisions of those found in earlicer versions of LOWTRAN
[Refs. 9, 10]}. Yurther details of their development can be found in References
11 and 12, Only 2 brietf summary of thesce acrosol models will be given hoeve
to orient the reader.

The atmosphere iIs divided into four repions that contain distinct acrosol
models as follows:

1) 0-2Km, Boundary or Mixing lLayer; withio this laver therve ave four
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basic models, namely rural, uvrban, maritime, and  tropospheric,
cach haviny properties specificd at four ditterent relative
humiditics. Two additional wmodels represent light and heavy fog
conditions which brings the total number of boundary layer aetrosol
models to cighteen.

2) 2-10 Km, Upper Tropospheric Layer; The model used in this region
is identical to the boundary layer tropospheric model with 7C%
relative humidity.

3) 10-30 Km, Lower Stratospheric Layer; This repioun contains three
models called background statospheric, aged volcanic, and fresh
volcanic.

4) 30-100 Km, Upper Atmospheric Layer; One metcoric dust model is

used throughout this region.

ey

Theore are, therefore, o total of 22 aerosol wmudels.  Bach model is defined
by a unique size distribution and composition. A1l models assume thut the
acrosols are spherical and homogencous. The humidity dependent models,
however, are actually two-component aerosols (a pavticulate surrounded by
water) but are treated as a single substance using a method discussed below.
Within each of the four altitude regions discussed above the model para-
melers are constant except for an altitude dependent Joadiug or effective
density, which does not effect the Mie calculations. The complex refractive

index for ecach model has been tabulated [Ket'. 11 and i2] tor forty spectral

points over the rauge tfrom 0.2 to 40 jm.

2.7 Mice Cateutat ions.

The Mie [Ret. 13) code used here and calied Mie 2 [Retl. 14] was de-

veloped specitically for use on the AFGL CDC-00600 computer system, It has
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been modified to allow direct input of the desired scattering angle prid and
to provide output in a form suitable for use in the LOWYRANSX code [sec
Section 3]. This Mie code handles only homogeneous aerosols but offers

advantages of multiple run capability and improved computational time.

For aerosols containing water, an effective refraction index is formed
by taking a volume weighted average of the refraction index of the substance
and that for water {Ref. 11]. 1In addition, the rural and urban models each
contain two distinct size distributions that lead to slightly different
indices of refraction. These are sufficiently similar such that a simple
numerical average is taken of the indices. The maritime model, on the other
hand, has two distinct size distributions which are run through the Mie
code separately. A combined phase function is then formed for the maritime
model by forming a scattering-coefficicnt weighted average on these two phase
functions. All the other aerosol models are homogencous with a given size
distribution,

The Mie code could be run at each of the fort: spectral points with a
fine scattering-angle grid for cach of the twenty-two models. The data base
would then be very large and the computational time excessive, Considerable
discussion with the staff at AFGL led to the following spectral points (27)
and scattering-augle grid (34) that is a compromise belween accuracy and
practicality.

a) Spectral points (um): 0.2, 0.3, 0.55, 0.6943, 1.06, 1.536,
2.0, 2.5, 2.7, 3.0, 3.2, 3.3923, 5.0, 6.0, 7.2, 7.9, 8.7,

9.2, 10.U, 10.59), 12.5, 15.0, 17.2, 18.5, 21.3, 30.0, 40.0.

b Scattering~angle Grid (degrees): 0° » 12° (increments of 29),

127 » 40° (increments of 4%), 40° » 120° {(increments of 10°),

L20° - 180° (inerements of 5%).




B

The data rasulting from the 594 (22 models times 27 spectral points)
Mie runs are quite extensive and was, therefore, divided into two parts.
A truncated version of the output containing only the normalized
phase tfunction (4 P(0) d = 1) at the 34 scattering angles was generated for
direct use witn LOWTRANSX (see Section 3). The full output {ile containing
the wavelength, complex index of refraction, extinction and scattering
coefficients, normalized phase matrix, and cosines for equal probability
intervals was wriltten in binary form to a disk file. A small separate
program found in Appendix A 1is required to retrieve this data.
A word of caution is necessary. ©Some of the early runs of the
Mie code produced incorrect results for some of the data as
a4 result of underdimensioned arrays. Fortunately the phase matrix
wis calculated correctly and this is what these calculations

were for. The other quantities such as attenuation coefficients, albedos,

and asymmetry parameters have been found previously. Becausc of computational

costs, these calculations were not repcated. A full discussion of this

problem is given in Appendix A.

2.3 Concluding Remarks

In an effort to reduce the size of the phase function data base, re-
searchers at AFGL have recently performed a statistical analysis of the
phitse "unction data, While the details of this study have not yet been made
publyic, carly reports indicate that the number of aerosol-spectral models
has been reduced from 594 to about 70.  AFCL has also recognized the nced
for o single comprehensive reference desceribing all aspects of the aerosol
models.  Sveh a tuture report should contain refractive indices, attenuation
coefficients, albedos, aud asymmetry parameters as a function of wavelengil,
along with size distributions and normalized phase functione for cach of

Lhe acrosol medels.

12
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3. LOWTRAN SINGLE SCATTERING MODEI

This section of the report develops a solar/lunar single scattering model
based on LOWTRAN radiative transfer and outlines the new (LOWTRANSX) code
structure. Subsection 3.2 presents the geometvic perspective required to
connect observer and illumination source locatlons to reference space and
time coordinates on the earth, The code structure and uscrs guide for
LOWTRANSX are given in Appendices B and C, respectively, while Subsection
3.3 discusses an example calculation and independent verifications that
the code functions properly. Finally, Subsection 3.4 contains concluding

remarks and Appendix D contains a note on finding the subsolar point.

3.1 Radiative Transfer

The LOWIRAN code has been constructed to calculate point-to-point
transmittance and observed thermal radiance along a line-of-sight in model
spherical atmospheres made up of homogeneous layers. Refractive hending
is computed and aerosol attenuation (zeroth order scattering and absorption)
is included. Radiative transfer is calculated by way of spectrally
averaged transmittance functions (resolution of about 20 wavenumbers) that
are derived from experimental data and theoretical relationships. 7This
code is extended here to include the source function due to single scattering
within the atmosphere of the extraterrestrial sources, sun or moon., At
the present time, reflecrion (scattering) off the earth's surface or other
objects within the atmosphere is not cousidered. The observed scattering
radiance is obtained by summing the properly attenuated scattering source

function aloug any specified line-of~-sight,




Before procecding further, it will be helpful to introduce the following

nomenclature:

(
. W

,Eﬁ SUPERSCRIPTS: A aerosol
B M molecular
SUBSCRIPTS: e extinction
a absorption
u s scattering
_. PS primary solar path {sun to scattering point)
or line-of-sight optical path
- (scattering point to observer)
L

OTHER QUANTI1T1ES:

(9 K monochromatic volumetric extinction, absorption,
A or scattering coefficient
~KL
T = monochromatic transmittance over a homogeneous
path length L, due to extinctiom absorption, or
scattering
L)
P (y) scattering phase function of included angle Yy
SUN . . e . ..
1 solar exiraterrestrial intensity
9
Note that the dependence of most quantities on the spectral frequency v will
be shown by a subscript v, although it will sometimes be suppressed for
L simplicity of notation when the concept is clear from context.
The monochromitic intensity (radiance) seen by an observer looking
along a particular dirvectional path is the sum of contributions from all
® sources lying along the line-of-sight, The sources are either primary sources
¢

14
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d (infrared emission) or scattering sources. The scattering source function
J for scattering points along the observer's line-of-sight can be expressed

=

s in terms of the local incoming intensity at each point Iv (") by

b !

. ' ~ ~ A A M M

- J (n) = ! ! .

3 NG [1\) (n )[P\) K+ P, K ] ds (3.1)
where i is the unit vector directed towsrd the obscerver and f' (') is to
be summed over the solid angle denoted by f2'. With only solar/lunar scattering

;‘ included, the incident intensity 1, (i") is given by

A SUN . atM c o
I 1] = [ ] fa N |
v( ) o Te,ps 6’ s ) (3.2)

where ﬁq' is the direction of the incident solar/lunar radiation at the

scatiering point. A schematic of the scattering geometry for a particular
sun/observer orientation is displayed in Figure 3.1. The path that the sun-
light/moonlight takes in passing through the atmosphere prior to being scat-
tered at any scattering point P will Le called the 'primary solar' path.
Other sources besides direct extraterrestrial illumination could ol course
contribute to the prescattered intensity Iv(ﬁ')' {ne might include other
direct sources such as gaseous emission and boundary surface radiation plus
previously scattered radiation, but only unscattered sunlight/moonlight is
included in the present scattering source function. The resulting source

function is found by using [3.2] in [3.1} to obtain

LA AN M N
[(I\) (DK + P DK ):| .
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Fipure 3.1

Schemat ic representation of the single scattering geometry.

A scattering point at H1' is shown for an observer looking

up from altitude H1. Both the optical paths and layer boundaries,
which are shown to be straight lines, are slightly curved.
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Note that P, P, Ks , and KS vary with altitude (atmospheric density and

composition) and are generally slowly varying functions of freguency. Note
also that the included angle Yy = arccos (i . ﬁs') would be constant (inde-
pendent of the particular scattering point) along a line-of-sight in the
absense of refractive bending. Both the primary solar path and the line-
of-sight optical path actually bend somewhat, so that Yy can be expected to

vary by as much as a few degrees along the line-of-sight. The primary

A+M

solar transmittance Te depends strongly on the optical path length of
the primary solar path (prior to =cattering), so that factor can be expected
to vary considerably from one scattering point to the next,

The monochromatic intensity at the observer due to all of the single
scattering sources within the line-of-sight is obtained by summing over the

optical path the product of the source function and the transmission function

which gives

ISCAT=.IJ o A
vV e, op op

SUN A-H A+M A M
=1 f p Ay ek A et M (3.4)
\Y e, ps e, Op s 5 op
The scattering optical depth increment K dLop can be expressed in terms of

the incremental transmittance for both aerosol and molecular scattering as

dL .
s op o 3

>

It

e
>l ”

<
" ~

~

(%)

b"l

p—g

with X being either A or M. The intensity can therefore be written as
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Toar B ar
L SCAT _ | SUN 5 A A Dssop M Tsaop |y g
v v e, ps+top A M .
s, op s, op

which includes two scpavate integrals covering aerosel and melecular

scattering effects. The above equation which provides for a monochromatic

band transmission model used in LOWTRAN. The spectrally averaged inten-
sity 1is formally defined in terms of a coavolution of the spectral in-
tensity with a triangular spectral shape function g(v) taken over aspectral width of

approximately d&v = 20 cm“l, that is,

=

v o Sv

L JP Iv' g(v-v') dv' | (3.7)

The spectrally averaped, scattered intensity can be expressed in terms of
known LOWIRAN quantities provided that only the molecular absorption trans-
mittance is a rapidly varying function of frequency. All other quantities

are assumed to be constant over the spectral interval 6v. The result is

o [, ot "

SV

i SCAT - I SUN T ATH PA 5, 0p PM de, op (3.8)
v v J e, pstop A M < AT

S, Op S,y Op

" Lo AM )
The quantity 1ps+-up represents the spectrally averaged transmittance that

calculation at any frequency V is now adapted for use with the molecular |

is calculated in LOWTRAN. Therefore, the molecular band models and aercsol
models of LOWTRAN provide a direct means of calculating the path transmittance

requived for each of the scattering points. Ln order to maintain compatibility

18




with the sphegical shell atmosphere of
of scattering sources is replaced by a
sight. For an optical path traversing

direction this process gives

LOWIRAN, the integral over the path
layer-by-layer sum along the line-of-

N layers in an upward or downward

Ny N ;I;A'f'M A
= SCAT _ = SUN ¢, pstop i . o A
Iv - IV 2 < A >J Ars,op,j
. T :
j=1 S, Op
i‘s = A+M , M
Te s + op v, N M
+ (L Pl 5. ar . (3.9)
7 3 5, 0Py J
s, op

The quantity A Tj is the change in molecular or aerosol scattering transmittance

in passing through layer j and < >j denotes an average value for that layer,

= X ; .
d & The terms AT,, T s aud T are quantities available within LOWTRAN.
W 3 pstop op

The layer-by-layer sum for the singly scattered solar or lunar intensity

is computed simultaneously with the existing direct thermal radiance. The

sum is evaluated starting with the point of lowest altitude along the line-

of-sight and proceeding up through successive layers. long paths which pass

through a tangent or minimum height are handled with a special seL of trans-
K mittances in the same way, again following the radiance calculation already
(Y in LOWIRAN. Equivalent absorber amounts are computed separately for the two
path legs (primary solar and line-of-sight) corresponding to each scartering
4

point by a modified geometry program which is described in the next section.

3.2 Single Scattering Geometry

The existing LOWIRAN geometry tracks a single optical line-otf-sipht from




an obscrver at altitude U1 to the path endpoint at HZ, which can be above
or below the observer. The path can be a short path directed up or down

or a long slant path which passes tlhrough a minimum altitude point HMIN,
lower than both H1 and H2Z. The optical path will generally be curved by
refractive bending since the atmospheric index of refraction has a finite
vertical gradient. Although curved, the optical path remains in the fixed
vertical plane centaining the two path endpoints and passing through the
earth's center. The refracted optical path can be described in a spherical
coordinate system in termg of two path variables, usually the altitude and
local zenith angie. The azimuthal ocientation of this vertical plane, which
contains the line-of-sight, must be separately specified or found in each
case.

The new sinple-scattering geometry involves tracking two optical paths
for each scattering source point. One path leg leads from the observer at
Hi to a scattering point at HI' alony the line-ol-sight. The other leg is
traced from the scattering point toward the sun/moon and ends in space ac
H2' (presently taken to be 100 km) . Note that each scattering source point

detines two path leps and, therefore, two vertical planes, like the one

a2

described above (the new one contains the scattering point and the point

where the sun's rays enter the atmosphere). With rather minor modifications

to the existing peometry algorithm, LOWTRANSX tracks the altitude and zenith

anple ol Doth path legs for cach scavtering point. 1n addition, the path

equivalent absorber amounts needed tor transmittance, thermal radiance, and

scaliered radiance calculations are simultaneously summed by the same routines.
Aside from the in-plane tracking of each path leg, it is necessary to

determine the angle of interscection of the two vertical planes, which is

also the azimuthal angle separating the projections of the two path legs onto




the earth's surface. The projection of a path scgment onto the carth
forms part of a great circle on the carth, since a vertical plane always
includes the carth center. The projected path sepments for a typical geo-
metrical configuration are shown in Fipure 3.2 from aperspective above
the earth's surface looking down. The relative azimuth angle wr botween .
the projected path legs at the projected scattering point is calceulated in
LOWTRANSX by a new sct of geometry subroutines. The method of calculation
involves first computing the absolute azimuth angle for the observer-to- =
subsolar-point projection 0S. The absolute line~of-sight azimuth Wa, op f}
is required as an input to the code, where absolute azimuth angles are
measured from the local east direction with positive angles indicating north-
of -~east in this discussion. The user should note that azimuths in the code
input card deck are specified in the clockwise sense from north, that is,
positive ecast-of-north. A conversion from one convention to the other occurs
within the code. The relative azimuth angle at the observer wr, 0 is cal- "
culated next. A transformation which reparameterizes the optical path is :l
then made to facilitate the calculation of relative azimuth angles wr at
each scattering point. This angle allows precise calculation of the scat-
tering angle at each point.

The subsolar point and the projected observer position topether define

the great circle ¢ (¢) which satisfies the condition

tan O = A cos ¢ + B sin ¢ (3.10) e
where 0 and ¢ are the standard latitude and longitude angles shown in =
Figure 3.3 and A and B are constants to be found The case where the subsolar *

point and obscrver lie on the same longitude, tan ¢ = tan ¢O, is treated
8
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Figure 3.2 Looking down on the scattering path. Al) points are projected
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Figure 3.3 Latitude and longitude angles, where ¢=0 passes through the
L Greenwich time base.
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separately since ¢ is fixed in this case and O () is
for this special case, A and B are determined {or the
passing through these two points by using the angular

the subsolar (0, ¢9) and observer (O), ¢0) points to
D b L

tan®  sing - tanl _ sind
$ 0 0 s

0SS sin ~ cos sir 3
cosh sing ¢, sind

and

tant)  cosd - tan0 _ cosd
Q 5 S 8}

0s sine -~ cosdp  sind
cosd by by ds

The absolute aziwmuth angle ¢
dy v

segment U8 can be written as

o s T B 1
*nwa,x‘s dSF cosl  d¢ i

wnere ddfdf along this path is ypiven by

ﬂg I cosd - A sing

d \]\- = A "

[L 4+ tan” 0]

indeterminate. Except
particular great circle
surface locations of

optain

(3.11)

(3.12)

for the plane containing the great circle

(3.13)

(3.14)

The relations given in (3.13) can be derived from considerations based on

Pigure 3.3. Using the observer point location, the equations above are

combined to obtain




A 51u¢0 - B cos¢0

I

tan
wa,os

[1 + tanZO 1 cos0
o o

tan0 cosl¢ - ¢ ] - tang_
_ 0 s 0 s (3.15)

ane ey T
[l + tan UO] LObOO sinig ¢0]

The relative azimuth between the line-or-sight OP plane and the 0S8 plane is

then given by

v =y, TV (3.16)

T, O a, 03 a4, op .

Another useful angle to calculate is the angle Au subtended at the earth
center by radial lines from the sun and the c¢bserver. Using a dot product

between position vectors on the unit sphere, it can be shown that

cosA = cosO  cosp cosl  cosd +
o s s

+ cosl  sing  costl sing  +
S S O QO

4+ s5inC  sin0
5

o

U

I

= ¢cost cosl cos[d - ¢ 1 + sind_ sint . (3.17)
3 0 s 0 5 0

The two angles Y and A together with the multi-path altitude and zenith
- r, O O

information specify the three dimensional single scattering peometry completely

lor any scattering source point. However, the angle wr p between the PS and OP
bl

planes 1s yet to be obtained.




1t proves convenlent to make a coordinate transformetion so that the
line~ot-sight optical path is more easily parameterized. In the original

; (f confipuration, the longitude and latitude of each scattering point are
not known and cumbersome to calculate, The transfermation used moves the

subsolar point and observer locatinn on the sphere so that the line-of-

sight runs east from an observer on the equator at (6$ = 0, ¢$ = 0). The
—ak
g angles ¥ (shoect notation lror Y ) and AO are left invariant by the trans-
LT O T.0
formation so that the relative position of the sun in the sky is the same
ﬁ! for the observer. Mo physical chapnges or approximations are introduced
| through this transtormatiou, As one can sce from Figure 344 by using (3.14)
and (3.17) for the new coordinates, this transforation mest satisfy the
~ 1 h i - Voan Ao
g o following equations for 0;‘ aiud Ayt
¢
€ tan 0' = tan y szin ¢ (3.18)
' ) 0 8
¥ and B
3 cos A= cos O cos ¢' ., 3.19)
" S o) s ('p5 ( )
i
4§
§ o s ) . . . . 3
[ These conditions, when inverted, pinpoint the Jatitude (' and longitude ¢ i
] : s
X "
: of the new subsolar point in terms of the fixed angles ¢ and Aj: that is 3
' © ¢ Ond
] tan ' = - tan A cos Y (3.20)
3 ¢ (&} (8]
.
"4
andd
sin 0 = sin A sin . (3.21) v
S O O .
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Figure 3.4 YLooking down on the transiormed scatterlng geometry. The
iinc-of-sight lies on the equator. The sub-solar point at
(7~ ¢; ) has the same relative position as in Fig, 3.2.




A line-of-sight scattering point P now has the new latitude and longitude
coordinates (0; =0, ¢é = -f1), where 3 is the angle subtended at earth center
by radial lines to P and the observer 0.

It is now possible to compute the relative azimuth angle between two
path legs, that is, between the vertical plane containing PS and the vertical
plane containing OQP. The azimuth angle at (0, —-R) for the primary solar path

connecting (0, ~B) and (U; ,¢;) is given by

sinA  siny
o o

ran [wp (6)] cosPB sinA  cosy - sinB cosA ’
o 0 o
1t is also necessary to calculate the angle A(f) subtended at the earth
center by radial lines to the sun and the scattering point (0, -fB). This
is given by
cos [A()] = cosAO cosf - sinp sinAO coswo (3.23)
where in the absence of refractive bending A(R) would be the zenith angle of
the sun as viewed trom the scattering point. 1In the presence of refraction
AU cian be used as an initial guess for the actual zenith angle, and the
primary solar path can be tracked iteratively to correct for refraction and
obtain the correct zenith angle. The scattering point altitude ul'(f) and
approximate zenith angle A(B) are used to specify the starting point of the
primary sotar path leg trom P to space.
The set ol angles which are discussed above is sufficient to track both

leps of cach L=shaped single scattering palh. One additional angle, the in-

cluded angle for singie scattering yY(f) is needed for the phase function in




the scattering source term. That angle is given hy
cos Yy =f__ .0 . (3.24)
where each path direction vector refers to the local direction at the scat-
. tering point, In terms of the two local zenith angles apn and “op at the
O
scattering point and the rvelative azimuth between vertical planes wp (R),
the included angle becomes
cos = sino, sino Cos 3 +
[y (&) o op 08 [V (B)]

+ coso cosu . (3.25)
pS

The scattering angle Y and the cumulative absorber and scattering amounts are

computed for each scattering poiut which contributes to the intensity in the
sum given by [3.9]. LOWIRANSX specifically uses as scattering source points
the intersections of the line-of-sight with the model atmosphere layer
boundaries. lquation (3.9) leads to the following expressicn for the
scattered radiance as it is computed in LOWIRANSX using this set of n single

scattering source poiunts.

[ x X
)

[15, op, i 15,01),i+1
i=1 X=(A, M)

7 At X 7 M P

. P, .
Ll e, pstop, i i ‘e,pstop,ditl i+l (3.26)
2 X X
S, Ops 1 gy, 0P, 1+1

m
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The layer average < >j has been evaluated using the propertics of only the

T

two scattcering points which bound each layer path segment. The sum is taken

2 over scattering points labelled by i and this result applies to long slant
g paths as well as upward and downward trajectories, The observer position -8
|-

s

3

here coincides with i = 1 and the line-of-sight end point is i = n.

. 3.3 LOWIRANSX Verification

Verification of this newly developed single-scattering code was done

i‘ in scveral .stages. On the most basic level, the individual subroutines

! described in Appendix B were drivenartificially during the developemental f;
3 phase, hand calculations and common sense were used to evaluate intermediate ';
%H results, and overall trends for various inputs were checked. Once the routines ;{
5 were performing correctly, they were linked with each other and LOWTRAN to ;

ﬁ form the complete program. Because of the code's overall complexity, veri-

- fication becomes a dilficult task. Simple cases involving two or three
scattering layers were approximated by hand calculations. This was done for
a4 number of configurations, and agreement was found in all cases. Unfor-

i' tunately as the number of scattering layers increases the number of cal-
culations and the possibility of human error increases to the point that
this approach become impractical. There are, however, two special cases
that cover the entire atmosphere (32 scattering layers) that reduce analyti-
cally to casy solutions, These occur when the optical-gsolar path configu-
rations are such that all scattering path lengths, absorber amounts, and
transmittances are equal. This happens when the observer (on the ground in
both cases) is looking directly at the sun and when  the observer  is

Jooking away from the sun (¢ = 180°) with a zenith angle of 45° and the solarv

30
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zenith at 45°. Examination of an cxpanded version of the standard output
file for these cases confirmed that the scattering path lengths, absorber
amounts, and L-path transmittances were the same. The total scattered
radiance reaching the observer was also equal to that given by hand cal-
culations in each case., While this certainly illustrates the internal con-
sistency of the code and supports the verfication process, it deves not es-
tablish the validity :f the code in all modes of operation.

Further verification involving the entire atmosphere was made through
comparisons with other single scattering codes. The unique band transmission
functions and aerosol models found in LOWIRAN restricted such comparisons to
other codes having similar data bases. Only one code called SPrOT [Rel, 8]
was found to have the necessary characteristics. 1t was developed by RRA
of Fort Worth, Texas and used LOWTRAN 4 tRef. 10] for dits basic radiative

transfer. Spot is a plane-parallel, single scattering code that calls LOWTRAN

as a black box to find individual path transmittances. The L-path trans-
mittances that arise in the calculation procedure are approximated as the
product of the transmittances for each leg. This is iuncorrect since the
LOWLRAN transmission functions do not obey Beer's law. The aerosol models
and phase functions also differ from those found in LOWIRANSX. Since the
SPOT code was no longer available on the AFGL computer system, comparisons
were limited to existing output, One such comparison is illustrated in
Figures 3.5 and 3.6, Figure 3.5 shows the single scattering radiance and
emission at predicted by LOWITRANSX for an observer at 50 Km looking down at
a zenith of 170°, The solar zenith angle is 60°, the relative azimuth angie is
10°, and a U,S. standard atmosphere with a rural aerosol model is used.
Figure 3.0 shows the single scattering radiance aud emission for a similar

run ol the SPOT code, i.e observer at 50 Km loolking at 170° with a solar zenith
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of 60°, The e¢xact atmospheric and acrosol models for SPOT are not known,

but they arec similar. 7Take note that the vertical axes on these two {igures
have different units and the horizontal axes are scaled differeatly.

Althouph comparison of these two figures indicates some slight differences

in magnitude, they are well within the uncertainty of the atmosphere used

in SPOT. Note that the spectral details in the single scattering and emission
curves occur at identical wavenumbers in these two figures, While this is

not a good comparison for checking details, it does serve to justify that

the new algoritam is executing correctly.

A tinal verification of LOWIRANSX was made Ly using another single-
scattering code developed under this contract and described in Chapter 4.
Briefly, the code is based on aplanc-paraltel, monochromatic, multiple
scattering code that requires optical depths, albedoes and phase functions
for cach layer. Since the LOWIRAN pgaseous transmission functions do not
obey Beer's law, the molecular band transmittances were "turned off" for this
comparison. This was accomplished by setting the gascous transmittances
equal to one in the LOWIRANSX code. Statements were added to calculate and
write total optical depths and albedoes based on the remaining =
attenuation mechanisms, This data was then used in the simple, plane-parallel
sinple scattering code.  Multiple runs of LOWIRANSX were made for comparison. e
Some of these rosulits are presented in Table 3.1. The remainder of the
results will be presented and discussed in Section 4 (Tables 4.9 and 4.10) wheremultiple :
scattering eifects are examined.  The numbers shown are the ratio of the
single scattering radiance predicted by LOWTRANSX to that predicted by the
single=scattering code for paths that are not effected by spherical geomeiry

and relraction.  The vatios are in good overall agreement and demonstrate

that the LOWIRANSX code tunctions properly for these conditions. A discussion




Table 3.1 Ratio of LOWIRANSX To Single Scattering
Plane-Parallel for Standard 1902 Atmosphere

at 11 m
TopT i 0.0 0.8 azimuthal angle relative to the s
' (10C km) 1.0022 1.0023 | o0°
1.0024 90°
1.0020 | 180°
(a)
2 Km g 0.0 0.8 "
1.0015 A | _1.0014 0°
1.000 ¥ | 1.000
(R
¥ 9962
23,0015 ] 180°
¥ .9907
(b)
Bottmu*zg 0.0 0.8 i
1.0003 1.000 0°
' 9957 | 90°
.9908 | 180°
(c)
All Zenith angles are 12,95° Tl{:l;li;ltion propagation
g = asymmetry factor
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of the etfects of spherical peometry and refraction, which are not included
in the plane-parallel, single-scattering code, 13 presented in Chapter 4.
The versatility of the LOWITRANSX code leads to further verification
problems, Various input combinations, path types, and unique geomelric
situations make the list of pussible test cases cxceedingly large. Briefly,

the {ollowing situations are possible and have been addressed in the de-~

velopment of the code;

1. Optical path - up or down, short or long (through a tangent
height)

2, Specification of the observer-solar orientation

(@) 05 ¢ s 0 &

(b) UO, ¢U, Uime, day

() A, wS at observer

3. Unique Geometries
{a) Arbitrary azimuth
(b) Observer at pole (north or south)
(¢) Partially shaded path (end or center)
(d) Long sun paths
The veritication problem has been made more difficult by the parallel
development of LOWTRANG at AFCL that vequived the continuous integration
ot Lhe single—scatterving alygorithm, 1o some cases this involved only straipht-
forward replacement of code, while others involved changes iun coding logic,
which opens the possibility Yor the intreduction of errors.
lvery attempt has been made to varify the code at each stage ol development,

All the situnations listed above have been verified individually. Errors

arising as a result of a rare combination of parameters occuring simultaneously




arce unlikely, but still pessible. The user should leep this in mind.

3.4 Concluding Remarks

The code constructed here (also sce Appendices) using 2 recent LOWIRAN
version and called LOWTRANSX is the one delivered to AFGL. The staff at
AFGL is in the process of developing o LOWIRAN version (LOWIRANG) that will contain the
present single scattering model along with other moditications. Conscquently,
LOWTRANSX will not be available to theuser in the formdesceribed here, al though its
capability will be. The reader should direct any inquiries concerning

LOWTRANSX to the staff at AFGL.
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4. MULTIPLE SCATTERING

The previous scection discussced the procedure necessary to include the
sinpgle scattering approximation in a LOWIRAN code [Ref. 1]. The spherical
peometry and non-monochromatic (spectrally averaged) transmission functions
found in LOWLRAN made sinplo scattering difficult cowmpared to the monnchro-
wialic, plane-parallei approach. These difficulties become insurmountable
whenomultiple scattering is considered. At this time there is no multiple
scaltering formulation that can accept spherical geometry and LOWIRAN'S
transmission functions. Monte Carlo codes are available [Refs. 16 through 18]
that calculate monochromatic multiple scattering in spherical atmospheres.
Such codes have a reputation for being computationally slow (expensive).
Several monochromat ic multiple scattering formulatious and hipghly developed
codes are available for the plane-parallel peometry that are computationally
fast [Refs. 19 and 201, Unfortunately nlane-parallel codes predict intensity
fields that are totally wrong for low sun angles and long, horizontal ob-
scervation patbs.,

To overcome the present impass, multiple scattering calculations must
be developed that will accept spectrally averaged radiative properties (and
theretore, spectrally averaped direct transmission functions) such that
numerous monochromat {¢ executiony do not have to be made over the highty
structured speciral domain caused by pgasceous absorption and emission. The
subject of how to deal with the spectral aspects of radiative transfer has
always been an area ol resecarch in the 1iceld,  Perhaps the most obvious and
conscquent iy the wmost common solution to this problem is to average or model

the medium’'s spectral properties belore the radiative transfer calceculations

ave pertormed.  This approach certainly has been useful, but has certain




unavoidable limitations. 1t is rarce thal one can determine (without ap-
proximations) how modeled or lumped photons are transported through the
medium. That is, what is the governing equation? Conscquently the errors
involved are of ten unknown and uncontroilable. TFurthermore, such calculations
are limited to predicting spectrally averaged dependent variables, c.p., the
intensity. In summary this approach luacks generality. The other approach

o this spectral problem, and the one under research in this scetion, ex-
ploits the concept thal wonochromatic rvadiative transfer calceculations over

a highly structured spectral region are redundant. Therefore, only a re-
lative few monochromatic calculations are necessary to represent the radiative
transfer at all points in the spectral region. The rescarch on this approach
is neither as prodigious nor coherent as for the first approach and is as-
sociated with studies of the absorption or opacity distribution funct iouw,

in hemogenecous atmospheres in most cases. The work on exponential-sum

titting of the dircct transmission function is also relatable Lo this lattern
approach.

To investigate spectral redundancy, a monochromatic multiple scattering
code is required. Section 4.1 documentsg such a code [Rels. 5 through 7 and
20] {or general plane-parallel media thal is computationally fast. To
check this code in a simple limit and to compare with LOWTRANSX, o plane-
parallel, single-scattering code is described in section 4.2 that is compatible
with the parametric inputs to the multiple-scattering code. Section 4.3
preseints single versus multiple scattering results tor arange oi parameters
to show when and by how much multipie scattering is important, The basic

study of spectral redundancy or spectral degrading (averaging) in multiple

scatterding caleulations is developed in section 4.4 along with seme initial
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results.  Finally, sect.oon 4.9 is a discussion of further work that must
be done to allow multiple scattering to be incorporated into codes like

LOWTRAN and FASCODE.

4.1 Adding/Doubling, Multiple-Scatteriny Code

This multiple—scattgring code was oripginally developed to handle internal,
isotropic radiative souices (thermal radiation) for completely general wmedia
and boundary surfaces. Until now, Adding/Doubling (A/D) was used
mostly for problems driven only by external, unidirectional
(sun) sources., The formulation supporting the code is available in the open
literature [Refs. 5 through 7] and the resulting code well aocumented in
a Ph.D, thesis [Refs. 20]. The reader is assumed to be familiar with these
references because only a brief discussion of the changes made will be
presented here,

Because the present A/D code is general, well documented, and can
handle thermal sources, all of which are of general interest to AFGL, it
makes sensce to modify the code to accept unidirectional, external il-
Tumination, This requires performing a Fourier decomposition (already
inherent in the original development) of the radiative transfer process,
That is, each monochrowmatic run is done for cach Fourier component and the
results are then recombined (inverse Fourier Tranform) to obtain the in-
tensity tields, Note that ecach cvun contains all possible sun and observer
angles. To retain as much computational speed as posgible, a Vast Fourier
Transform (FIT) code was used.,

A natural starting point in an A/D computation is to find the Fourier
coctficients P“ in the cosine Fouricer cexzpansion vi the phase function P in

the form (note that this report uses both t and 1 for the optical depth)

D N COR TR RS A CH AR (4.1)
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where P is normalized as

P d2' = 4n . (4.2)
Il

Here 8 (0 = cosl) and ¢ are the zenith and azimuthal angles, respectively,
and df2' is the differential solid angle. Each P, forms an n x n array or
matrix, where n is the number of gaussian quadraturce points used in the
system (normally seven in the basic code). The P_'s each produce their
own Fourier component for the dependent scattering functions which can be
summed to obtain the final desired quantity. Note that if the radiative flux
is wanted, the zeroth Fourier component is the only one required.

The Pj's in Eq. (4.1) are found by the FFT routine described in Appendix
F. Due to the details of how FFT codes work, Fourier analysis (forward) and
Yourier synthesis (dinverse)must be done by compatible routines., As dis-—
cussed in Appendix F, the externally driven A/D code is made up of three
parts. The first part finds the Fourier coeftficients for the given phase
function and passes the results to the radiative transter part. After each
Fourier component has been processed through the radiative transter code,
these results are passed back Lo an FFT code for synthesis to obtain the
radiative tields throeughout the wmedium. The FIT code is rather straight-
forward, bLut the changes wade to the existing  A/D code will now be desceribed.

The A/D code calculates scveral sets of diffuse scattering functions

that represent intensity fields for Green's function nype problems of dil-

3+
ferent complexity.  The functions of interest here arce symbolized as bl] and
.
n ]

. that represent how an internal fuundamental sonces ds diffusely transmitted

to the boundaries. Through veciprvcity, these functicns are directly related




-+ =t . . .
to the % and TS functions that relate external sources to internal re-
sponses, the problem that is being solved. These functions of the two
variables “o (illumination ) and |t (response) appcar as nxn matrices.

Reciprocity [Ref. 21] says that

~ a4 -
it oy it
it S
(4.3)
~oag -+
S ,J_' = T - ]
F ]

where ~ over a matrix means transpose. For a plane parallel medium with no
boundary surfaces, the dimensionless (divided by driving intensity) diffuse

radiative intensity 1l at any optical depth t is given by

+
[
I

Ly (s @) = o S G 9, 4 Mo &) (4.4)
and

I A - TR T I T ) 4.5)

p (s ¢ T TTES ¢ 3 M ), .-

. o . . . P =3t
whete the 5. and TF are Fourler synthesized from SFJ and 'I‘FJ

. The superscripts
+and - on intensirjces denotes propagation up and down, respectively. The samce super-
seripts on the scattering functions have a dif fercnt weaning that need not be discussed
here fsee Relts.e Sand 20).0 The angles jtand f are those for the observer while subseript
zero on these denote angles for the iflumination.

Appendix Focontaing the original user's manual for the A/D code that
was developed In Ret . 200 This plus o copy ol Sharma's thesis [Rel. 20] will
enable one to understand the basic A/D code.  The surlace scattering (or re-
Picctiow), thermal sources, and heat trangter options in this code are turned

ol Uin the moditted version by settiug logical parameters.  They could be
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reactivated with some modification of control and input functions of the

present code.

4.2 A Plane-Parallel Sinple Scattering Code

A simple plane-parallel, monochromatic, slngle scattering computer code
is descyibed in this section. This code is used to study the following items:
(1) The Adding/Doubling multiple scattering code becomes single scattering
in the limit of sufficiently small single scattering albedoes and can therefore
be checked against the present independent and simple code. (2) Within the
limitations imposed by the plane-parallel gecometry, one can compare multiple
and single scattering results to find the accuracy of the siugle scattering
assumption for various parametric values. (3) LOWTRANSX can be verified
by comparisons with the present simple code for appropriately chosen
spectral regions (having no significant line structure) and geometric con-
figurations (with vertical-like solar and observation paths). (4) By using
other path contigurations, the same comparison will show the eftfects of
the spherical geometry on single scattering intensities.

The nomenclature used here, which is the same as that used in the
adding/doubling code, is shown ipn Figure 4.1. In this context the radiative
transfer equation is

};1__1_(3: ¢)

W =1 -3, ¢) > (4.0)

where 0 and ¢ are the zenith and azimuth angles respectively. The monochro-
matic intensity is given by 1, the direction cosine is j=cos U, and the

vertical optical depth parawmeter, as wmeasurced from the top surface and based

on the extinction coefficient, is 1. Scattering sources are represented by
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the source function J defined by

IO, )= 7= [ 18", ¢ PO, 01, g-9") a' (4.7)

where w1is the single scattering albedo and Q' measures solid angle. The

phase function P is normalized according to

fP(G, 0% ¢ ~ ') dQ' = 4u (4.8)

To solve (4.6) for the solar driven problem, it is customary to break
up the radiative intensity into direct and diffuse parts. With the direct

, . . . SUN . .
solar intensity at any point 1 given by (Io being the solar intensity

at the top of the atmosphere)

SUN  SUR s )
o uR SUN e AN O(U—Uos ¢"¢0) ’ (4.9

the source function becomes

J0, ¢) = Zﬁ 1CU', 9") PO, O, ¢~ du'

= _.'L'/“
W SUN R O p _ / a0
+ - 1 e PO, 0, d-¢) - (4.1}

(8]
where 1 now represents the diffuse radiative field (as obtained from (4.0)
with boundary conditions of zero incident diffuse intensity) and & is the
Kroneker delta function., For single scatteriung, only the second term on

the right hand side of (4.10) is retained in solving (4.6) and this gives




Lthe downward (=) intensity

—_

- l {1y SUN
. € { v - = m——— — = -[!
I G, 9, )o ¢ ¢O) i " 1O P e e d
O
(4.11)
and upward (+) intensity
it
(&) .
-1/ -(t'-1) /1
+ 1 w - SUN 0 1
h— Y= 2 ot
I (1, G, OO, ¢ ¢0 W y 1O P e e dr
it
(4.12)

where all values of p and M, are now positive (angles measured from the normal
in the appropriate hemisphere).

For inhomogeneous atmospheres, which are modelled with an atmosphe?e
composed of N homogenevus layers, the above expressions can be integrated
analytically. Let lj (j =1, 2, ... N+ 1) denote the optical depth from the
top to any layer boundary (11 = ) and mj and Pj the properties of the layer

which lies below j.  Equations (4.6) and (4.7) then take the form




2|

for j > 1 and

1
1l ~1 .
LT y J./11 N 1 G 11,))
X o . )
- SUN 4T P+ € z mi Pi ¢
1 o} .
0 i=j
{
oA e L
i+l I
- e © (4.14)

for § v N+ 1,

One can get a somewhat more physical understanding of (4.13) and (4.14)
by rearranging terms slightly. Let Pt(u, uo, ¢) denote backward scattering
upward (+) and forward scattering downward (-) phase functions, that is for
0 less (+) or greater (=) than 90 degrecs. Both the upward and downward
intensities contain similar expressions for what might be called the single

layer "discrete source" terms defined by

-

. My IOSUN + Mo

- = —— 3
Si G, Moo ¢) Hiu gl Pi €

0
1 1 .
_ (7 - = = 1!
1 exp [ ([i+l Ti)(U + U{ . (4.15)

except for the forward scattering case nw=u where

1!

o - .

U i i+1
(]

5. (1=qn = -1 . 4.16
i (W=H_s ¢) ] ( )
Using these "discrete sources,' the complete downward and upward intensities
at level j are

j-1 —('IJ. - li)/u

L0 e e ) = L S5 06 . ) e (4.17)

i=1




and

N (. =1 ) :
1*'(' Wy By §) = z Sim(l Hos ¢) e } ! (4.18) "
j j’ b 0, ‘i l) O’ . :
i=]

Physically, the sums include contributions from all of the scattering layers,
which ip the casc¢ of the downward intensity Ii_ includes all layers above

_'.
level j, while all layers below j contribute to Ii . The upward single

+ . . .
layer "“discrete <ource" Si represents all of the singly scattered intensity

at level i due to scattering in the layer immediately below it. Similarly,

-(1
- ( i+l

-1 i) /u

represents the intensity at level i+l due to scattering in the layer just

above this level (the i'th layer), -
The code takes the following steps in calculating the single scattering

intensities at cach observer level (layer boundary) for each set of angles:

(1) The upward and downward "discrete source" terms s* are first computed

for the top layer, for all pairs of zeuith quadrature points and a single

azimuth angle.

(2} The contribution to the intensity at cach level which comes from these

terms is computed and added to the total intensity for that level.

(3) This process Ls repeated for each successive scattering layer, producing

upwird and downward intensities for all possible zenith angles ai all levels.

{4) The entire caleulation is repeated for each new azimuth angle 1f the

scialtering is anisotropic.
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This algorithm allows a completely different phase function o be specified
for eacly layer. The phase function, expressed in terms of the gquadrature
zenith angles and azimuth, is computed {rom the phase function of the in-
cluded angle of scattering by ADNGFFT, The Fourier transform is not re-
quired and is thereforc bypassed within ADNGFFT in the case of single
scattering (user sets INOFI=1). All other code input data are identical in
content and format with that for Adding/Doubling code, and the reader is

referred to Appendix F for these details,

4.3 Intercomparison of Radiative Transfexr Results

Since LOWIRANSX only includes single-scatitering, it is important to know
how the error produced by this approximation varies parametrically, Unfor-
tunately, multiple scattering results are not available for refracting and
spherical atmospheres. To investigate this error question, a comparison is RS
made between results for single and multiple scattering in homogeneous, plane-
parallel atmospheres., Such information gives a good deal of insight for the “:
same problems when the geometry is gpherical. To further bridge the con-
ceptual differences between these two gituations, comparisons ave made for
single scattering results from LOWTRANSX (spherical and refracting atmospheres)

and the plane parallel formulation of Section 4.2 for a realistic example

The first intercomparison to be discussced is that between plane-parallel
. . 3 . ’\'
single and multiple scattering. For simplicity only homogeneous model at-
mospheres are used. The parameters involved, namely 1, (optical depth),
w (single scattering albedo), g (phase function asymmetry factor), 1 (position
of observer), and ¢~¢ (azimuthal angle between observer and sun), are quite
O

numerous. The only parameter that is functionally well understood is .,

since order of scattering expansions po asymptotically in powers ot

*Radiative parameters are constant throughout the atmosphere.
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(everything else held fixed). The affect of the other parameters wili be
found numerically.

The first set of data is for isotropic scattering (g = 0) and con-
sequently ¢—¢O 1s no longer a parameter. The data is presented as a ratio
of multiple scattering over single scattering intensities (ratio is always
greater than one) in 7 x 7 arrays representing combinations of sun and ob-
server zenith angles.” The optical depth and single scattering albedo are
varied as well as the observer location. To understand these results one
should note that the top layers in the atmosphere will have scattering source
functions that are closer (than those in deeper layers) to those predicted
by the single scattering approximation, and as the sun approaches grazing
anples such single scattering type layers will be found only at the very
top of the atmosphere. The overall view, therefore,is  one of scattering

source functions becoming more effected by multiple scattering as one goes

from the top to the bottom of the atmosphere.

With the above discussion in hand, the data in Table
4.1 tor = 1.0 and iv = 0.3 makes physical sense. At the top of the atmospere -
the intensity ratio for Oo = 12.95° decreases from 1.21 to 1.13 as the observer
augle varies from 12.95° to 88.54°. The improvement is caused by the fact
thuat. the scaticering source function is more single scattering in the top
most layers seen by the more grazing view angles. Still locoking at up in-
tensities, the ratio pets larger (more multiple scattering) as 1 increases,
apain because these lntensities see source functions deeper in the mediuw.
In all cases, except for the top of the atmosphere, the ratios get larger
(note that all ratios greater than 103 are printed as 103) as the sun angle
povs towards graziny, (read from left to right on the tables). The intensities

out ol the top are unique since the ratios become smaller as the sun angle




increases, for any observer angle. This must be caased by the fact that

at grazing sun angles less flux is entering the atmosphere and, therefore,
less backscattering flux from the larger 1's dis available to cause multi-
ple scattering effects in the top most portion of the atmosphere. The angle
and T effects discussed above also hold as other parameters are varied.

Table 4.2 is also for 1, = 1.0 (as is Table 4.1) but now w = 0.6. Since
these intensity ratios vary from unity approximately linearly with the single
scattering albedo (for @ < 1), the multiple scattering effects are about doubled
by going from Table 4.1 to Table 4.2. The effect of total optical depth is
not as simple and can be seen by comparing Table 4.1 with Table 4.3, the
latter table is for 1, = 2,0. This comparison keeps w constant and doubles
the optical depth. The ratios in Table 4.3 are all larger than those of
Table 4.1 and this becomes much more pronounced as both sun and observer
angles increase. Note again the rather unique properties of the intensities
exiting the top. Comparing 4.2 with 4.4, where T, 8oes from 1.0 to 0.5 while
W remains constant at 0.6, shows that for the smaller view and sun angles
the multiple scattering effect is almost linear in TO and would become more
50 as T decreases further. However, this is not true for the larger view and
sun angles of 82° and 88°.

The influence of changing the asymmetry parameter is shown in Tables

7. =1

Q mas ol P .~ = r
4.0 WHCEC Tle cases vl

4.5 through Tables 4.1 ihrough 4.4 are repeated for

g = 0.8 (forward scattering peak). The results are now given for ¢—¢0 of 0°,
90°, and 180°. 7The most important overall effect is that the corresponding
ratios are now larger for forward scattering and, therefore, multiple scat-

tering is stronger. However, this is nor true for intensities that view or

depend mostly on only the top of themedium. These portions now become closer

Lo the single scattering resulits because the forward scattering reduces the
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backscattering that leads to less diffuse flux up into the top of the medium
to cause multiple scattering effects. The multiple scattering effects arc
slightly larger (larger ratios) for out of plane (d)—(b0 of 90° and 180°)
viewing than when ¢—¢o is 0. Also note that the linearity in ® observed
previously for g = 0 does not hold as well in the present cases for g = 0.8,
However, theory says that as w goces to zero this linear effect must again hold.
To use the planc-parallel multiple over single scattering ratios discussed
above to evaluate the accuracy of the single scattering approximation in
LOWIRANSX, the influence of spherical geometry and refraction must be under-
stood, To accomplish this a comparison has been made between LOWTRANSX and
compariable plane-parallel, single-scattering results, LOWITRANSX was executed
for & vertical path with all gaseous band transmittances sct equal to one. It
then returned the layer-by-layer absorption and scattering coefficients for the

remainiug mechanisms, This data was then used in the single-scattering, plane-

parallel code and the results compared with runs made by LOWTRANSX for specified
observer locations and view angles. The sun angle was also varied, and

the Henyey-Greenstein phase function asymmetry factors were either 0 (isotrepic)
or 0.8. Each run with LOWIRANSX is for only one set of sun and observer angles
and obscerver location, while a plane-parallel run produces results for all

sun angles, observer angles, and observer locations., Theref{ore, these com-
parisous were restricted to a few angle and location choices. Table 4.9 pre-
sents the ratio of LOWFSRANSX to plane-parallel intensities (both single
scattering) for sun {(view) angles of 12.95°, 82,.57° and 88.54° for g = 0.0 at
three  locations (top, bottom and 2 Km). The first thing to note is that

the view angles of 82° and 88% at the top of the atmosphere represents

tanpent paths Tor TOWTRANSX and the ratios are extrvemely small. Plane-parallel rosults

are completely erroncous for such cases. However, at 2 Km and the bottom the




upper 2 x 2 part of the arrays show that geometry effects are 10% or
less. In general (keeping away f{rom tangent paths), geometry and
refraction effects are weak until view and or sun angles are greater than
82°, The same comparison 1s repeated in Table 4.10 for g = 0.8 where the
azimuthal angle is now preseut and also shown. The discussion for Table
4,9 also holds here and the only effect of changing the asymmetry factor
was to increase the ratios slightly (geometry and retraction effects are
slightly stronger for forward scattering aeroscls).

The above two comparisons are of general interest in radiative transfer,
but the important conclusion for present purposes is that the plane-parallel
multiple versus single scattering study can be used to estimate the accuracy
of the LOWIRANSX results for sun and view angles of 82° or less as long as

tangent paths are not allowed.

The zenith angles used in Tables 4,1 through 4.10 are fixed by the
Caussian quadrature used in the Adding/Doubling code. For the present

results, seven quadrature angles were used and the angles are as follows:

12.95°¢
29.45°
45.34°

60.00°

72.72°
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_ Table 4.1 through 4.8 are ratios of multiple to single scattering intensities -f
'] in plane parallel media for the conditions shown. The solar and observer zenith o
angles are 12.95°, 29.45°, 45.34°, 60.00°, 72.72°, 82,57% and 88.54°. .,
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TABLE 4.1 TOT. OPT. DEPTH = 1.0 ALBEDO = 0.3 G=0.0 -

PSOLAR ZENITH ANGLE INCREASING ----> ] o

A RAT10 OF INTENSITIES UP OLSERVER  TAU = 0,000 ;o

L21117
.20977
.206609
.20049
.18778
.16308
.12998

.20830
. 20669
L20316
. 19620
.18232
15654

212310

.20249
.20049
.19620
18793
.17220
-1443886
.11101

21246
L21117
.20830
202449
190630
o624

. 13334

. 19036
.18778
. 18232
L1721y
.15412
.12520
.09120

-16624
. 16208
. 15654
. 14485
. 12541
.09588
.06246

.13334 i
.12998 L
.12310 '
111w
.09121
06246
.03001
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{ % RATIO CF INTENSITILS LOWN QLSERVER TAL = (.000 N
3 — >
Q
S - , |
. C.0 0.0 0.0 0.9 0.0 0.0 0.0
= 0.0 0.6 0.0 0.0 0.0 0.0 0.0
= v 0 0.0 0.0 0.0 0.0 0.0 0.0 :
'; \’ 0.0 U.0 0.0 0.0 0.0 0.0 V.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 s
- 0.0 0.0 0.0 0.0 0.0 6.0 0.0 >
:3 VRV .0 0.0 0.0 0.0 u.u 0.0 :l
. I .:
. by RATIO OF INTENSTTIFS UF OBSERVER Tal = 0.250 B
B
" 4 ] .
o 1.24906 1.25125 1.25654 1.26963 1.31792 1.63736 1000 ++++ &
1, 24871 1.25081 1.25590 1.26855 1.31065 1.62781 1000 ++++ )
) HERNIR LLoLuGT 1.254450 1.26610 1.30575 1.60771 1006 ++++ 2
- 1oranla 1247 1.25159 1 2ol4s 1.29633 1.57048% 92804466 it
1. 24750 UM L ISR LLOOGIRY DL ETRAG 1.50400 73932504, b
2 1.023244 1.23208 1.23108 1.23257 1.74652 ).4014L  KED 22192 "
E }.21 08 1.21564 1.21297 1.20958 1.21156 1.29634  186.51087 i
‘
E RATV) b INTENSTITIES DOWN OBSERVERN TAL = (.50 e
R
i y
K TR IV APRA 1176358 1.16407 ).13355 1.150%0 1.171348 110070 ]
B IR A 117051 176451 1.15381 1.13657 1.11642 1.16110 N
o O RS RE 1. 16504 1.15436 [ R }.1i5al To1esse b
; I IR 1T 16 1. iooio 1.15300 1.15805 1.i175z P 10650 )
b bo1T T 1.17468 1.16677 113845 1. 14204 1.102073 1.12177
g LLNRG T I RIS Y iTebe VoieTute i1h2ad 11407 110770
: 12006 IR P08 1.15280 116730 L2245 1189030 g
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TABLE 4.1 (CONT.) TOT. OPT. DEPTH = 1.0 ALBEDQ -

= 0.3 G =0.0
§ [SOLAR ZENITH ANGLL INCREASING w~--> ]
RATIO OF INTENSITIES GP OBSERVER ~ TAU = 0.500
1. 2644 1.27002  1.28377  1.31894  1.44962  3.26738 1000 +4++
y 1.2644 1.27003  1.28366  1.21854  1.44829  3.24503 1000 ++++
1.2645 1.27003  1.28341  1.31764  1.44491  3.19679 1000 ++++
126477 327000 1.28286  1.31578 143814 3.10516 100D e
1.20502  1.20978  1.28150  1.311o4  1.42385  2.91902 1000 ++++
1.26648  1.268i%  1.27728  1.30130  1.39242  2.56610 1000 ++++
B 1.25935  1.26153  1.26726  1.28332  1.34778  2.13791 1000 +++i
RATLC OF INTENSITIES DUWN OBSERVER  TAU = 0.500
1.20482  1.20273  1.19845  1.19101  1.17962  1.16814  1.13500
q 1.20547  1.203%1  1.19919  1.19388  1.18079  1.17016  1.15935
1.20692  1.20492 1.20084  3.19384  1.18343  1.17483  1.16735
1.20992 1.20867  1.20431  1.18795  1.18911  1.18538  1.186%5
121667 3.21537  §.21220  1.20734  1.20295 121443 1.2478]
1.23315  1.03272 0 1.23223 1 23318 1.24482  1.34559  1.80176
125291 125425 125798 1.26922  1.31073 1.85566 1000 44+
T
8
RATIO OF INTENSITIES UP OBSERVER  TAU = 0,750
1.20073  1.26939  1.29104  1.34890  1.59461  §.22163 1000 ++++
5 1.20083  1.26949  1.29110  1.34887  1,39412  5.19781 1000 ++++
1.26106 1.26969 1.09124 1.34881 1.59303 6.14500 1000 4444
ToredSd 527011 1.29052 1.34857 0 159077 b 03089 1000 s+t
ToZeZod 107105 1.50235 1US6835 1.98557  7.79060 1000 G4+
1.20559  1.27364 1029371 1036713 1.573077 716768 1000 +4i+
127170 027858 129575 1034139 1.52923  5.72404 1000 444+
4
KATIO OF INTENSITTES DOWA OBSERVEK — TAL = (750
1.72I2%60 1.2248Y 1.22555 1.22085 1.20770 1.21%08 1.19947,
¢ 122674 122605 1.22470 1.222600 1.22030 1.21985% 1206007
PLL2UIL o LZIsed 1LDOTTL 1.fleda 1.20047 3.03107 L2
L A REor SIS DRk N M B T2 S S DRI LA DR T VR B
LL2A422 0 128317 12476000 1.03598 1.074400 1.54820  1.3245%
TL2oUlh’ T.lenli CLDTAES 1. 29689 1,579 T.9va0lh (TN N IR I
PoLiioo 1UTOZG 20286 3UE51T2 0 1LAGEI0 G Soudl Tune 4t
{
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TABLE 4.1 (CONT.)  TOT. OPT. DEPTH = 1.0 ALBEDO = 0.3 G = 0.0
o [SOLAR ZENITH ANGLE INGREASING ---- ]
RATIO OF INTENSITIES UP OBSERVER  TAU = 1.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.6 .0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
RATIO OF INTENSITIES DOWN OBSERVEK ~ TAU = 1.G00
1.23397  1.23512 1.23761  1.242346  1.25035  1.25449  1.23530
1.23512 1.23646  1.23936  1.24498  1.25504  1.26288  1.74584
1.25761  1.23936  1.24323  1.25096  1.26601  1.28361  1.27230
).24236  1.96498  1.25096  1.26353  1.29115  1.33750  1.3k595
1.25035  1.23504  1.26601  1.29115  1.35899  1.54708  1.68678
1.025549  1.26280  1.28360  1.33750  1.54707  4.054i2  15.87399
1.23530 1.24584% 1.27250 1.34595 1.68676 15.87399 1000 ++++
.
K.
®
¢
56




4
TABLE 4.2 TGT. OPT. DEPTH = 1.0 ALBEDO = 0.6 G =0.0 &
:( [SOLAR ZENITH ANGLE INCREASING =-~e> ] :
RATIO OF INTENSITIES UP OBSERVER TAU = 0.000
1.54692 1.54525 1.53512 1.51872 1.48474 1.41840 1.23196
1,54324 1.53927 1.53054 1.51305 1.47741 1.40950 1.32270
1.53512 1.53034 1.52054 1.50087 1.46196 1.39113 1.30378
1.51872 1.51305 1.50087 1.47750 1.43345 1.35852 1.27074
1.48474 1.47741 1,46196 1.43342 1.38298 1.30442 1.21765
1.41839 1.40950 1.39113 1.35852 1.30442 1.22639 1.14352
3 1.331906 1.32270 1.30378 1.27079 1.21765 1.,14352 1.06594
3 RATIC OF INTENSITIES DOWN OBSERVER TAU = (G.000
- - 0.0 0.0 0.0 0.0 0.0 0.0 0.0
'1 0.0 0.0 0.9 0.0 0.0 0.0 0.0
. 0.0 G.0 0.0 0.0 6.0 0.0 0.0 )
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
[ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
k- 0.6 0.0 0.0 u.0 0.0 0.0 0.0
%
RATTIQ OF INTENSITIES [P OBSERVER TAU = 0,250
1.64987 1.63603 1.67093 1.70771 1.82897 2.73415 1000 ++4+ '
1.64880 1.65469 1.66901 1.70448 1.82220 2.70590 1000 “++++ o
1.64637 1.65170 1.606474 1.60743 1.80767 2.04648 1000 444+ ;?
l.6%125 1.645406 1.65603 1.68341 1.77975 2.53708 1000 ++++ ,1
1.62932 1.6314%4 1.63729 1.6548) 1.72035 20343710 1000 44+ K
1.60011 1.59866 1.39678 1.59871 1.63288 2.04296 1000 ++4++ :
1.553%40 1.55098 1.34261 1.53152 1.53%24% 1.74691 482 .81714 N
{
RATIG O INTLNSITIES DOWN OBSERVEK TAU = 0.250 ?f
1.43029 1.42781 1.41045 1.38011 1.353102 1.27040 1.23440
. 1.456085 1.42842 141108 1.3807& 1.33234 1.27156 1,23683
1.43820 1.42977 1.41049 1.38200 1.35410 1.27404 1.2423]
1.44044 1.33201 141544 1.38547 1.537671 1.2797g 1.25454
1.44747 1.43923 1.42234 1.39295 1.340506 1.29251 1.26775% ,
1. avon” 135030 1L 34300 Ioatan 137400 1.33819 1.45123 T
1.50100 1.5150%5 1.50525 1.48454 1.40580 1.554497 26 . 00285 .}
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L TABLE 4.2 (CONT.) TOT. OPT. DEPTH = 1.0 ALBEDO = 0.6 G =0.0
F ————mrmmsime s -~
G |
T [SOLAR ZENITH ANGLE INCREASING ----- ]
ffﬂ RATIO OF INTENSITIES UP OBSERVER TAU = 0.500
1.69644 1.71272 1.75265 1.85485 2.23555 7.56126 1000 ++++
1.69655 1.71269 1.75228 1.85361 2.23126 7.49381 1000 ++++
1.69677 1.71260 1.75144 1.85087 2,22112 7.34820 1000 ++++
1.69712 1.71232 1.74963 1.84519 2.20072 7.06560 1000 ++++
1.69740 1.71121 1.74519 1.83253 2.15766 6©.50983 1000 ++++
1.69491 1.70548 1.73185 1.80100 2.062861 5.44547 1000 ++++
1.67881 1.68500 1.70119 1.74647 1.92808 4.16254 1000 ++++
RAT10 OF INTENSITIES DOWN OBSERVER TAU = 0.500
1.52359 1.51752 1.50510 1.48352 1.45039 1.41679 1.38530
1.52328 1.51939 1.50714 1.4859] 1.45357 1.42219 1.39417
1.52938 1.52358 1.51172 1.49130 1.46079 1.43474 1.41528
1.53771 1.53229 1.52130 1.50266 1.47632 1.46311 1.46594
1.55846 1.55202 1.54321 1.52919 1.51430 1.54161 1.62959 -
1.60268 1.60123 1.59929 1.60080 1.63041 1.89995 3.13059 .
1.65952 1.66316 1.07340 1.70435 1.63574 5.33537 100G ++++ ;
RATIO OF INTENSITIES UP ORSERVER TAU = 0.750 ]
1.68836 1.71361 1.77700 1.94651 2.67205  272.54845 1000 ++++ :
1. 08884 1.71406 1.77716 1.94642 2.67062 22 .47699 1000 ++++ g
1.68947 1. T1AGD 1.77752 1.946273 2.66744 2231865 1000 +4++ A
1. 69077 1.71576 1.77826 1.494579 2. 66081 21.99399 1000 +4++ :
1.69370 1.71534 1.77990 1.96470 2. 64557 21.27216 0 1000 444+ N
1.70174 1.7252& 1.78405 1.94098 2.60201 19.37981 1000 ++++ :
1.71818 1.73840 1.78889 1.92327 2.47813 15.00966 1000 ++++ .
g RATIO OF INTENSITINS DOWN OESFRVER TAU = 0.750
.
3 1.38351 1.58150 1.57088 1.50%05 1.56040 1.35285 1.51144
1.58058 158401 1.56073 1.57462 1.5674%4 1.50626 1.53038
1.349557 1.39190 1.584951 1.558583 1.58529 1.5984¢8 1.57572
1.60721 1.66700 1.60711 1.60956 1.62373 1.6766] 1.69205
1.63843 1.63917 1.664616 1.66436 1.72228 1.95116 2.14648
] ® 1.64905Y9 1.7004"~ 1.7255% 1.78915 2. M 44e L.7177] 10. 748588
5 PR K 1.73057 1.77Y%0) 1.89302 35317 11.28336 1000 ++++4 g
i




TABLE 4.2 (CONT.) TOT. OPT. DEPTH = 1.0 ALBEDO = (.6 G =10.0
il
L | SOLAR ZENITH ANGLE INCREASING ----: ]
RATIO OF INTENSITIES UP OBSERVER TAU = 1.000
i 0.6 0.0 0.0 0.0 0.0 0.0 0.0
o 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.9 0.0 0.0 0.0
0.0 0.0 0 .0 0.0 0.0 0.0
\ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A
RATIO OF INTENSITIES DOWN OBSLERVER TAU = 1.000
1.60855 1.61189 1.61911 1.63291 1.65668 1.67096 1.61977
! 1.61189 1.61570 1.6241¢ 1.64055 1.67022 1.69524 1.64995
1.01911 1.02418 1.63530 1.65782 1.70198 1.75532 1.72651
1.63290 1.64055 1.65782 1.69429 1.77494 1.91225 1.93867
1.65668 1.67022 1.70198 1.77494 1.97295 2.52762 2.93449
1.07096 1.69524 1.75532 1,01225 2.52761 9.997490 £5.22081
y L.ol977 1l.0449Y6 1.72051 1.95607 2.93449 45.22080 1000 ++++4
J
|
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TABLE 4.3 TOT. OPT. DEPTH = 2.0 ALBEDO = 0.3 G=20.0
[SOLAR ZENTTH ANGLE INCREASING ----> ]

RATIO OF INTENSITIES UP OBSERVER TAUG = 0.000
1. 25644 1.25276 1.24514 1.23153 1.20921 1.17739 1.14159
1.25277 1.24897 1.24110 1.22720 1.20467 1.17284 1.13712
1.24514 1.24110 1.23283 1.21846 1.19563 1.16382 1.12830
1.2315% 1.22720 1.21845 1.203559 1.18054 1.14892 1.11377
1.20921 1.20467 1.19563 1.18054%4 1.15761 1.12649 1.09199
1.17739 1.17284 1.16382 1.14892 1.12649 1.09618 1.06260
1.14158 1.13712 1.12830 1.11377 1.09199 1.06260 1.03005
RATLIO OF INTENSITILES DOWN OBSERVER TAU = 0.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 5.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 i
0.0 0.0 0.0 0.C 0.0 0.0 0.0
RATIO OF INTENSITIES Up OBSERVER TAU = 0.500
1.34076 1.35221 1.36645 1.40665 1.57471 4.08499 1000 ++++
1.34518 1.35036 1.36397 1.40271 1.56576 4.00010 1000 ++++
1.34179 1.0 G042 1.33876 1.39460 1.54769 5.83087 1000 ++++
1. 33340 1.33908 1.349,7 1.38025 1.51697 5.54961 1000 4++++
HAR IR 1.32026 1,533 1.35755 1.46994 3.15157 1000 4+++
1. 306R6 1.30772 1.31149 1.32744 1.41023 2.61103 1000 ++++
1.29004 1.29035% 1.29139 1.30051 1.35752 2.15376 1000 ++++ N
RATLO OF INTENSTTIES DOWN OBSERVER TAU = (.500
1.22101 1.2171%, 1.20960 1.19772 1.18211 1.16899 1.15674
PANE 1.1 1.21042 1.19665 1.18350 1.17105 1.1601"
1.22%340 1.21904 .21 0207 1.20074 1.18002 1.1757% 1.10817
12009 1,200 L2101 1.205160 1.19185 1. 18004 1.18740
VL2GAK9 1.23147 1.22500 1.21546 1.20609 1.21572 1.24929
Y C3an LI I 1047 Te 1.04520 1.24028 TLGAR2T 1,808
1,004 127921 1.27806 1.085347 1.32425 1.50542 1000 ++++




TABLE 4.3 (CONT.) TOT. OPT. DEPTH = 2.0 ALBEDO = 0.3 G =10.0
: [ SOLAR ZENITH ANGLE TNCREASING ----- J

RATIO OF INTENSITILES UP OBSERVER TAU = 1.000

" ‘ 1.39538 1.41174 1.45533 1.58894 2.30425 65.04080 1000 ++++
e 1.39509 1.41122 1.45424 1.58605 2.34916 61.58226  1G00 ++4++
1.39442 1.43008 1.45186 1.57985 2.31751 58.58670 1000 ++++
1.39290 1.40772 1.44718 1.56813 2.25982 553.32828 1000 ++++
i.58953 1.40207 1.43799 1.54604 2. 10008 44.82637 1000 +++4+
1.38173 1.39250 1.42180 1.51275 2.01737 33.36525 1000 ++++
F 1.37180 1.38062 1.40485 1.48044 1.88814 23.32350 1000 ++++
RATIO OF INTENSITIES DOWN OBSERVEK TAU = 1.000

Q 1.27554 1.27334 1.26933 1.26406 1.26039 1.25877 1.23913
1.27779 1.27573 1.27205 1.26750 1.20558 1.26747 1.250M

1.2827 1.28106 1.27810 1.27535 1.27777 1.288497 1.27755

1.29289 1.29193 1.29083 1.29218 1.30586 1.34505 1.35364

1.31550 1.31443 1.31795 1.33094% 1.38285 1.50429 1.70874

: 1.346015 1.35105% 1.36486 1450780 1.00678 ARG A 1o.73137
E 1. 30300 1.37270 1.39400 1.40051 1.809b5 17.254490 1000 ++++
RATICQ OF INTENSITIES UP OBSERVFER TAU = 1.500
1.%40637 1.43342 1.50871 1.76818 3.981706 1000 +++4+ 1000 ++4++

1.400061 1.43358 1.50867 1.706730 3.96992 1000 +++4+ 1000 ++4++
1.40712 1.43394 1.530827 1.76535 2.94%390 0 1000 +4+4++ 0 1000 ++++

1.40814 1.43404% 1.508375 1.76134 3.80190 1000 +4+4+ 1000 +4#++

1.41021 1.43600 1.50762 1.75254 5783040 935906074 10000 ++++
1.41402 1.43813 1.504494 1.73146 354821 741.31255 10000 444+
q 1.41540 1 43709 1.49708 1.09807 3232340 312016797 1000 ++4++
JATI0O OF INTENSITIES DOWN OESERVER TAU = 1.500
4 1.31551 1.31598 1.31742 1.52740 1.324978 1.506870 1. 30348
1.31951 1.22041 1.300288 1.5291°% 1.34229 1.34785 1.57404

1.32808 1.53022 1.33515 1.534705 157500 1. 5080 1.38194

1. hal30 1.534950 1,30002 1.38v07 1453500 1.954720 P.5059
1.37485 1.38439 1.40909 1.47002 1.71925 2448205 SU8TTTR
140592 1. azu5T 1Lan3ise 1. u09ny 2L050Tan G990 70 0 354 95150

q 1oal547T 1.43571 1.48950 1.607444 SLA2Y4 T Bou, Trer 1000 ++4-4




TABLE 4.3 (CONT.) TOT. OPT. DUPTH = 2.0 ALBEDO = 0.3 G=0.0

| SOLAR ZENITH ANGLE INCREASING ==--> ]

RAT10 OV INTENSITIES UDP OBRSERVER TAU = 2.000
0.0 G.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0,0 0.0 0.0 0.0 0.0
0.0 G.Q 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0
RATICG OF INTENSITIES DOWN OBSERVER TAU = 2.000
1.33711 1.3414906 1.35215 1.36968 1.38957 1.38567 1.35%6065
1.341%6 1.34750 1.30033 1.38298 1.41231 1.%1659 1.3902¢8
1.352714 1 . 5H6055 V.37862 1.414750 1.67221 1.50574 1.48700
1.536908 1.38298 1.41475 1.48777 1.04861 1.81487 1.85118
1.58957 1.4123% 1.47221 1.66086) 2.41203 4.7L680 5.98568
1.38507 1.41659 1.503749 1.81487 4,.74679  816.32739 1000 ++++
1.5%005 1.39028 1.%8700 1.85116 5.98508 1000 4+++ 1000 ++++




TABLE 4.4 TOT. OPT. DEPTI = 0.5 ALBEDO = 0.6 G=0.0
{ [SULAR ZENITH ANGLE INCREASING -===> ]
RATIO OF INTENSITIES UP OBSERVEK ~ TAU = 0.000

)
~J
(O]

1.5572 1.350655 1.35495 1.35155 1.34340 1.31960 1.26214
1.35054 1.35377 1.35402 1.35030 1.36151 1.31638 1.25774
1.55495 1.35402 1.35193 1.34753 1.33734 1.30943 1.24837
1.35155 1.35030 1.34754% 1.34180 1.32888 1.29586 1.23068
1.34340 1.34151 1.33734 1.32889 1.31074 1.20881 1.19758
1.31960 1.31638 1.30943 1.29585 1.268681 1.21493 1.13883
1.26214 1.25774 1.24837 1.230068 1.19758 1.13883 1.06491
RATIO 017 INTENSITIES DOWN OBSERVIER TAU = 0.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

C.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0. 0.0

0.( 0.0 0.0 .0 g.0 0.0 0.0

RATIO OF INTENSITIES UP OBSERVER TAU = 0,125
1.39000 1.39211 1.39689 1.40780 1.43862 1.59817 21.49704
1.389497 1.391697 1.29065 1.40733 1.43757 1.59461 21.1950]
1.38%970 1.391ce6 1.39610 1.40627 1.4 1.56680 20.34475
1.38927 1.39090 1.39492 1.40400 1.43041 1.57114 1928813
1.38794 1,359 1.39205 1.3989] 1.41905 1.53435 T, 8264905
1.38266 1.38206 1.3R2E5 1.38411 1.39160 140440 12.0456
1.36096 1.3584%0 1.35460 1.34694 1.336733 1.3451%6 5.721490
RATIG O INTENSTITIES DOWN OBSERVEK TAL = 0.125
1.294%0 1.29553 1.287 1o 1.27127 1.24134 1.16880 1.13889
1.2%49c0 1.29508 1.287731 1.27140 1.24156 118904 1. 139435
1.290990 1.29001 1.28765 1.27160 1.24199 1184957 1.14005
1300k 1. 29670 1.28837 HEUMSINE SNV 15000 Toawalb
1.30221 1.29833 1.29000 1.27438 1.24492 1.193357 1.15U84%
T.3u071a8 1.305450 1.29534 V28007 R P 1.20206 I 17470
1.50307 1.52767 1.52107 1. 50800 126522 1.253705 1.59501




11\131.1*44 (CONT ) TOT., OPT. DEPTH = 0.5 ALBEDO = 0.6 G =0.0
[SOLAR ZENTTH ANGLE INCREASING -=--: ]
RATIO OF INTINSITIES UDP OBSERVER TAU = 0.250
1.39985 1.40450 1.415435 1.440684 1.51650 2.00947 1000 ++++
’ 1.394994 1.40459 1.41547 1.44076 1.51608 2.00653 1000 ++++
- 1.40020 1.40478 1.41555 1.44059 1.51513 2.00000 1000 ++++
. 1.40069 1.40518 1.4157 1.4402) 1.51315 1.98061 1000 ++++
F_ 1.40177 1.406072 1.41001 1.43927 1.50858 1.95679 1000 ++++
e 1.40436 1.40793 1.41633 1.43602 1.49523 1.87819 1000 ++++
4 1.40530 1.40690 1.41086 1.42085 1.45439 1.69245 451.25439
RATIO OF INTENSITIES DOWN OBSERVER TAU = 0,250
s
[ ¢
f 1.33850 1.33579 1.32977 1.31827 1.29546 1.25882 1.22743
\ 1.33901 1.537%062] 1.33022 1.31879 1.29711 1.25985 1,2297¢
. 1.33494] 1.33715 1.33123 1.351995 1.29858 1.26217 1.23495
. 1.34180 1.33911 1.33335 1.32237 1.30168 1.26716 1.24606
. 1.0401Y 1.34367 1.33828 1.32806 1.30904 1.27943 1.27845
;( ].358490 135099 1.35283 1.34514 1.331498 1.32203 1.43463
3 1.39211 1.53921) 1.39240 1.394236 1.40649 1.52199 27,1517y
. RATIO OF INTINSITLIES Up OBSERVER TAU = 0,375
k! 1.38782 1.39477 1.41123 1.45027 1.57268 2.57024 1000 ++++4
} 1.38790 1.39485 1.41129 1.45030 1.57261 2.56905 1000 ++++
4 i.a6800 1.3950° 1.41145 1.450309 1.57248 2.56639 1000 ++++
1.3R88409 1.39540 1.41177 3.,45057 1.57220 2.56083 1000 +44+
HENHE M 1.3%027 L4151 145100 1.537152 ZU54787 0 1000 4+
}‘ 1.392273 1.3989?2 1.41474 1.45200 1.56934 2.50863 1000 ++4++
f 1.40422 1. 47000 1.42%60 1.45611 1.55693 2.33580 1000 444+
RATTG OF INTENSITIES DOWN OBSERVER TAU = 0.2379
4
3 .oy 1.3008b 1.55800 1.3%200 1.04239 1.02511 1.50085
! Fo3ols 1,015, DoanBEL 1.35501 1.3457¢ 1.32704 1.30573
L I jod e 1. 30k00 1.00050 1.5557w 1. 0u08y 1.5055 L3I
] 1,307 1 Lol ” 1. 5pa0h . 3buu 1.53339 1.54R0Y 1.3-3%0
i 1.57572 1.37321 1.37217 1.3705]1 1.30904% 1.357883 1.421553
b T.39050 1.59141 1. 3930 1.3992 1.41001 1.5050 1.93028
- 3.a111] 1.41527 1.42490 1. 447K 1.51690 SL0Z228 0 1000 44+
b




TABLE 4.4 (CONT.) TOT. OPT. DEPTH = Q.5 ALBEDO = 0.0 G =0.0

[SOLAR ZENLTH ANGLE INCREASING -=---> ]

RATIO OF INTENSITIES UpP OBSLERVER TAL = 0.500

0.0 0.0 0.0 (.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 G.0 G.0 0.0 0.0 0.0 0.6

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 .0 0.0

RATLIO OI' INTENSITIES DOWN OBSERVER TAU = 0.500 "
1.36824 1.36883 1.37011 1.37266 1.37776 1.38520 1.36282

1. 30882 1.36950 1.37007 1.3739] 1.37993 1.38989 1.37088

1.5701 1.37097 1.3728¢ 1.37069 1.385%85 1.40075 1.39005 ¥
1.37260 1.37391 1.376069 1.382406 1.39534 1.427524 1.43593 '
1.537776 1.37993 1.38485 1.39534 1.42048 1.49257 1.58342

1.58520 1.38989 1.40074 1.42524 Foau25e6 1.73418 2.91582

1. 30282 1.2708% > .39005 1.435955 1.368542 SLUIaBY 1000 444+

05




TABLE 4.5 TOT. OPT. DEPTH = 1.0 ALBEDO = 0.3 G =20.8 )

| SOLAR ZLENITH ANGLE INCREASING ----- > ]

RATIO OF INTENSITIES UD OBSERVER AZIMUTH = 0 TAC = 0300 4

1.3n877 1.36241] 1.40435 1.42400 1.40998 1.31007 1.17614 "

1.38240 1.39630 1.41731 1.43397 1.41051 1.30700 1.16001 .

1.40435 1.41731 1.43512 1.44459 1.41001 1.29346 1.14232

1.42400 1.43397 1.444349 1.44254 1.30404 1.20768 1.11842 )

1.40996 1.41051 1.41001 1.39404 1.33076 1.21270 1.08089 ~ 3

1.31e07 1.30700 1.29346 1.26768 1.21270 1.12799 1.05381

1.17014% 1.10061 1.14232 1.11842 1.08689 1.0538) 1.02885

RATIO O INTENSITIES DOWN OBSERVER AZIMUTH = 0 TAU = 0.000

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0,0 0.0 0.0 0.0 0.0 0.0 0.0

0. G 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 E

0.0 0.0 G.0 0.0 0.0 0.0 0.0 Kl

G v.0 0.0 0.0 0.0 0.0 0.0

RATIO OF INTENSITIES UP OBSERVER AZINMUTH = 90 TAU = 0.000 i
x3

1.36833 1.38137 1.40347 1.42527 1.41450 1.32088 1.18899 :

1.38137 1.39403 1.41343 1.43677 1.42577 1.330706 1.19643 'f

1.40%47 1.41543 1.43000 1.45018 1.44471 1.354498 1.20987 f

1.42527 i 43077 1.450186 1.476235 1.460006 1.37%07 1.22800 f

IS IRRETS 1.4257 1,544 70 1. doolb 1.40532 1.39382 1.24395

137088 1.3%070 1.35498 1.37967 i.39382 1.35334 1.22000

1.18899 1. 19645 1.20987 1.22826 1.24392 1.22004 1.13325%

KAT O OF INTENSTTHES DUWN GBSERVER AZIMUTH = 90 TN = 0,000 .:_f

.0 (.0 0.0 6,0 0.0 Q.0 0.6 .

(e 0.6 [HI (YS! (0 .0 0.0

[CI o (RN U. o v G Uou G0

o Ry [ . v, e {0t .

(SN 0.0 0.0 0.0 0.0 0.0 0.0

1t [SI Lo 0.0 (R (S 1

b (o (S 0.0 Q.0 v UL
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TABLE 4.5 (CONT.) TOT. OPT. DEPTH = 1.0 ALBEDO = 0.3 G =0.8 '
[SOLAR ZENITH ANGLE INGREASING =---- |
RATIO OF INTENSITIES Ul OBSERVER  AZIMUTH = 180 TAU = 0.000
1.36785 1.38011 1.40207 1.42482 1.41712 1.33330 1.19846
1.38011 1.39147 1.41218 1.43480 1.4292) 1.34786 1.21262
1.40207 1.41218 1.43196 1.45350 1.44755 1.36649 1.22786
1. 42482 1.43480 1.45349 1.47574 1.46774 1.36746 1.24279
1.41712 1.42920 1.44755 1.46773 1.46056 1.39602 1.24990
1.33330 1.34785 1.36649 1.38743 1.3960] 1.74696 1.21731
1.19848 1.21262 1.22785 1.24278 1.24992 1.21730 1.11973 >
RATLO OF INTENSITIES DOWN OESERVER  AZIMUTH = 180 TAU = 0.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0 R
oon 9.0 0.0 0.0 0.0 0.0 0.0
.0 0.0 0.0 0.0 0.0 [t 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0 0.0 0.0 ¢.c 0.0 0.0
U. 0 G. 0 0.0 0.0 0.0 v. 0 8.0
RATIO GF INTENSITIES UP OBSERVER  AZIMUTH = 0 TAU = 0.250
1.43295 1.45716 1.50113 1.56170 1.62470 1.84575  6YE.93286
1.45045 1.47525 1.51815 1.57297 1.61736 1.77805 563.28076
148707 150674 1. %4603 1.59150 1.61748 1.70089 42470715
152410 1.54650 1.579%0 1.60765 1 NY5RD 1.00411  284.12109
15551 1.560708 1.58711 1.59123 1.53269 1.4735%  1o1.54990 .
1.520773 1.52255 1.52353 1.49974 1.41407 1.32068 82 14607 A
1.44038 1.433753 1.4229) 1.38319 1.29036 1.21031  42.08784 :
KATLG O INTENSTTIES DOVN QESERVER  AZIHUTH = ¢ TAU = 0,250 .
1.G1304 1.03121 06934 1.11019 116054 1.03607 1.290700
T.unie 1.01459 10500 1.08507 1. 1488 T 1.0U27h
PLueday 1.05021 1.01818 1. 04047 11150 L.20050 120527
1.1 00, 108753 1.0un53 1,006 1.00475 Colnddag 1. 70094
1.172353 1.15235 1.11673 1.00517 1. 04404 109018 1.19129

050 ToUaT o 1.22010 1. lokgd JENR AL A 1.08148 1. 1o
CEnT 1. 5687 TLh0sG 150650 S O TV 495 - 30Uk
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- C TABLE 4.5 (CONT.)  TOT. GPT. DEPTIl = 1.0 ALBELO = 0.3 G

| SOLAR ZENTTH ANGLE INCREASING ----3

N RATIO OF INTENSITIES UP OBZERVER AZIMUTH = 90 TAU = 0.250

LG5249
L4929
. 48083
.52405
.55049
.53080
L5414

.50080
.51758
.54974
.59427
024938
.560399
.523590

456113
.47288
50434

L54811

—

.5650%
. 58292
.61654
. 00489
. 704064
.68495
.60056

.62917 .aG782 807.93384
.66028 .94409  853.28431
.69433 2.01290 934.06079
715627 11448 1000 ++++
BI03T L 21443 1000 4+
.80438 L21495  4930.60815
.71773 04965 484.45239

s s s v e e e
Pk bt S b pd med e
— L s b e e L
fod ek fd b i b e
S N I

[ G T R

[ RN SR N

. RATIG OF INTENSITIES DOWN OBSERVER AZIMUTH = 90 TAU = 0.250

N 1.03561 06128
00130 07758
i.09040 10249

] .09020
!
i 1
12829 1.14104
)
1
1

L 10227
12560
10616
L23308
L33228

L5782

12684
13941
1o4b2
.20728
.27967
. 38583
52072

.18156
.19553
L22304
.27002
.34097
LA 5347
62750

L24795
.26186
.29019
L3395
.L1253
.52737
.84991

\Z
~J W
<

—

0 \C LW D

18902 L2040
L28299 .294957
.39535 LAloZT

R U

b e b b L e

b e pe b e e b

Ll bt s b e e

LRSI BN S WO R SLRR VI £
[o I N B UN RS <]

S (2~ T W

J O T =)
ot

o )

w
£

|
o
PN

[$

RATIO OF INTENSITIES UP OBSERVER AZTMUTH = 180 TAU = 0250

1.45197 1.45479 1.49978 1.56660 1.64935 1.95270  89Y9.20972
. 1.447853 47011 1.51491 1.58400 1.67812 2.02967 1000 444+ ]
[ 1. 47898 1A0030 1.54580 1.61813 1.7202) 7.11878 0 1000 44+ i
N 1.57200 1.54404 1.59060 1. 06391 1.77659 2.21899 1000 H4+-++ 7
* 1.5374¢ 1.58174 102904 1.76826 1.80817 2029895 1000 4+t k.
s S 133541 1.36262 1.61180 1.69175 1.51547 2.25312 1000 444+ i

1. 46308 149045 1.53729 1.61140 1.702138 203910 51088330 P
¥ RATIO O INTENSITIES DOWN OBSERVEL  AZIMUTH = 18C TAL = (), 250
¥

103070 1u740h 110049 L1505 119090 1,253 50 1.29570

INAVRRE HIREONYNS Loalen D YOI 1. 21084 1.2708¢ 1. 50087

110080 N R RV 1. 16442 1. 24040 1.29800 JIRE Y
, HIS RS T HER TS LoIRTIS }L2anan, 1ouss LG4 1. h800]
k 1. 200497% 1. 22500 1.25525 1. 294900 1.34389 1.40730 1.47301 Z
g e 1LY e Toen 1. D5 2ue L0250 VAThT 1LS0) a0 1.69807 E:
2 O P lltin VI 1.55946 [ITAT DA VUBZGOD ha L b lesn i
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TABLE 4.5 (CONT.)  TOT. OP%. DEIib = 1.0 ALBEDO = 0.3 G = 0.6
[ | SOLAR ZENITH ANGLE INCREASING =---> |
RAT1C OF INTENSITIES UF OBSERVER  AZINUTI = 0 TAU = 0.500
1.47247  1.50436  1.5654] 1.65993  1.81904  3.18484 1000 ++++
1.49113  1.52376  1.3829%  1.66925  1.79798  2.92530 1000 ++++
1.52719  1.56018  1.61633  1.69008  1.78265  2.64622 1000 ++++
1.58:97 1.01487 1.606421 1.71807 1.76060 2.34100 1000 ++++
164681 1.67170  1.70782  1.72978  1.69637  2.00254 1000 ++++
1.67149  1.6B4B4  1.69492  1.67135  1.57354  1.66878 1000 ++++
1.62713  1.62729  1.61957  1.56531  1.43425  1.45179 1000 ++++
RATI0 OF INTENSITIDS DOWN OBSERVEK ~ AZIMUTH = G TAL = 0,500
1.02633  1.06314  1.13997  1.21798  1.31492  1.43194  1.48897
¢ 1.06314% 1.02944 1.07319 1.16904 1.26664 1.42024 1.49594
1.14000 1.073520 1.03650 1.09ZZ60 1.22383 1.38R824 1.49809
1.21882  1.16996  1.09273  1.05148  1.12498  1.30580  1.45029
).32084  1.29018  1.22542  1.12542  1.08316  1.17955  1.32379
1.46165  1.44243  1.40279  1.31135  1,18237  1.16721  1.3391]
L 1.55405 1.537092 1.5650Z 1.49600 1.33024 1.25535% 1000 ++++
A
RATTO OF INTENSITIES UPp ORSERVER AZIMUTH = 90 TAU = 0.500
1.47213 1.50389 1.50634 1.0671¢& YV.84TH9 3.52161 1000 ++4+
1.49023  1.52229  1.58551  1.68934  1.87926  3.54493 1000 ++++
1.52620 1, 55881 1.62457 1.73325 1.94026 S.78542 0 1000 H+++
.98276 1.01709  1.0B592 1.80464  2.03852 4. 10224 1000 4444
1. 04908 1. 08670 1.70117 1.89253 Soi04760 40601770 300 +r4+
1.n8E282 1.721258 1.30101 1.845uh 224585 4. 76397 1O 44+
1.604301 1.68159 1.76107 1,9046464 U196 2A 4087127 10006 44+
A
RATIO OF INTENSITIES DOWN OBRSERVER ADITHUETH = 90 TAU = .500
1.07212 1.12%.20 1.18117 1.24790 1.55914 1. 44885 1.494%10
! 1.125208 1. 15064 TL20504 1.27000 1.0560404 F.47590 1.52575
116130 1L205%2¢ 1L.20721 1.3149% 1.41277 1L 5000 1.h85870
1.043943 PR 1.31060 1.36773) 1.49595 1.05 4 L7020
1.3473Y 1.57315 1.42315 1.5050% 1.616838 1.680217 1.94820
1.48312 105150 LLoTonT T oHlTE L.osabh? IS A N 555055
1. 000190 T L38ET L. 7148 1.65141 DLl B4s LT lal 100 4444




e
I&Ekﬁmé;§ (CONT.) TOT. OPT. DEPTH = 1.0 ALBEDO = 0.3 G = 0.8 N
| SOLAR ZENITH ANGLE INCREASING ----- ]
) RATLO OF INTENSITIES UP OBSERVER AZIMUTH = 180 Tal = ¢.5uC
BE 1.47173 1.50291 1.56637 1.67192 1.86%36 5.60532 1000 ++++
1.48901 1.52020 1.58495 1.69734 1.91498 3.91206 1000 ++++
1.52448 1.55537 1.62289 1.74313 1.99196 4.27342 1000 ++++
" 1.58111 1.61310 1.68432 1.81461 2.,049461 4,.70392 1000 ++4++ :
e 1.04988 1.68586 1.762468 1.90515 2.22020 5.12912 1000 ++++ e
‘E 1.68664 1.72761 i.81007 1.96176 2.29313 5.15985 1000 ++4++
1.65244 1.69485 1.77693 1.92333 2.22638 4.50857 1000 ++++ .
RATIO OF INTENSITILS DOWN OBSERVLER AZIMUTH = 180 TAU = 0.500
Py ) ) » )
1.09471 1.15002 1320042 1.26408 1.35296 1.45613 1.4957 l
1.15005 1.18929 1.23398 1.29715 1.38566 1.48762 1.52343
1.20075 1.23442 1.276353 1.34469 1.43698 1.5437] 1.58412
1.26010 1.29991 1.34763 1.41052 1.51582 1.64119 1.70178
1.536312 1.39865 1.45220 1.53022 1.61861 1.79949 1.95243
el 1.49746 1.53674 1.60063 1.70265 1.85491 2.,256467 3.E2258
~ l1.0]202 1.e5527 1.73358 1.87110 2.15976 5.85268Y9 1000 ++++
RATIO OF INTENSITIES UP OBSERVER AZTMUTH = 0 TAU = 0.750
!E 1.48528 1.52222 1.59%96 1.71373 S .97905 5.,51300 1000 +4++
1.50193 1.538Y9 1.00814 1.71682 1.93829 5.70869 1000 ++++
1.55580 3.573349 1.63906 1.73502 1.90384 4.88796 0 1000 444+
1.59417 1.03164 1.69157 1.70421 1.87454 4.03989 10600 +++4
1. 07930 1.731850 1.7011 1.800060 1.81lo72 S5U28477 0 1000 +4++
Py 1.76204 1.78382 1.80760 1.79177 1.71376 2052394 1000 ++4+
1.77888 1.78655 1.78344 1.71908 1.57383 2,03428 1000 ++4+
EATIG OF INTENSITIES Dows OBSERVER AZTHUTH = 0 TAL = 0.750
1.053494% 1.09010 1.21368 1.531491 1.w7004 1.02400 1.76800
I.09611. 1.044n5 1.11127 1.257494% 143064 1.610U8 1.67698
J LYo Poll1aw 1.0000b 1.7401%6 1.33b4¢ 1. 50001 1.07777
155200 ) .k")l'i:‘_ T.14024 1.07747 1.168679 VLohansa? 1,000
F.4T504 1.433049 1.35767 118719 1.12400 PL26997 1.45072
LLoohs TLoodnds PLOhE00Y 1405120 1.7 ’b R TN 1,70k
$ 1,055 1.75289 1.74025 1.05a46Y 1.47 1.81034 100U +++44
¢
70
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TABLE 4.5 (GCONT.) TOT. OPT. DEPTH = 1.0 ALBEDO = 0.5

1 P G =0.8
[SOLAR ZENITH ANGLE INCREASING ---~> ]
RAT1Q OF INTENSITIES UP OBSERVER AZIMUTII = 60 TAU = & .750
1.48521 1.52228 1.59667 1.7256] 2.02509 7059900 10046 Ak
1.50163 1.53921 1.61497 1.74861 2.06525 764120 0000 44+
1.53563 1.57423 1.65351 1.79263 2. 14491 §.41006 1000 +4++
1.59438 1.63551 1.72027 1.87833 2.28180 9.71070 0 1000 44+
1.68156 1.72706 1.82140 2.00277 2.49103 11.58723 1000 ++++
1.77270 1.62282 1.93026 2.14345 2.72014 13.36678 1000 ++4+4
1.79631 1.35008 1.96439 2.18881 2.79028 12.53097 1000 ++++
RATIO O INTENSITIES DOWN OBSERVER AZIMUTH = 90 TAL = 0.7590
1.10985 1.19003 1.27730 1.37615 1.50522 1.64892 1.67779
1.19005 1.24003 1.31198 1.41001 1.54502 1.09254 1.72355
1.27746 1.21215 1.37646 1.47562 1.01784 1.78507 1.62177
1.37733 1.41135 1.47730 1.58232 1.74629 1.96136 2.01788
1.51207 1.55069 1.62671 1.75521 1.95436 2.33790 2.54480
1.68058 1.72711 1.82502 2.008286 2.38568 4.767139 10.07781
1.77600 1.82927 1.G4232 2.1p250 2.72920 10,55128 1000 ++++
RATIO OF INTENSITIES UP OBSERVER AZIMUTH = 180 TAU = 0.750
1.43505 1.52196 1.59829 1.73431 2.06137 7.86334 1000 ++++
1.50094 1.53855 1.61772 1.76474 2.13589 8.88495 1000 ++++
1.53454 1.57250 1.65632 1.81649 2.23807 10134985 1000 444+
1.5929y 1.603207 1.72267 1.900461 238790 11.77456 1000 ++++
1.e8109 1.725060 1.82505 2.02727 2005605 1585881 1000 +4++
1.77510 1.82/730 1.94066 2.17218 2.83927 15.56407 1000 +4-++
1.80579 1.86330 1.98380 2.22312 288347 1410506 1000 444+
RATIG OF INTENSITIES DOWN OBSERVER ASITMUTH = 180 TAL = (.750

1. 14469 1.224598 1.30052 1.539945 T.02414 1.605913 1.068160
1.23001 1.28994 1.35648 1 44765 1.57260 1,70982 1.72770
1.3007% 1.35681 142109 1.51735 1. o514% 180500 1.80:5352
1.40105 1.a498s 1.52000 1. o1&l 1LT7TRET 1.95421 2005500
1.532%0 1.58335 1.60469 1.79003 1.90174 2. 36290 2.00153
1. 04492 1.73238 1LAE5L42 LA B 2051900 SRR RAY T 00944
1.78750 1.64707 1.96335 A B RO Y 2 bDAHL T1.H8810 1000 444+
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- TARLYE 4.5 (CONT.) TOT. OPT. DEPTH = 1.0 ALBEDC = 0.3 G=20.8
(
b [SOLAR ZENITI ANGLE INCREASING ====- ]
&
[ RATIO OF INTENSITIES UP OB3ERVER  AZIMUTH = 0 TAU = 1.000
% :
G.0 0.0 0.0 0.0 0.0 0.0 0.0 -
0.0 0.0 0.0 0.0 0.0 0.0 0.0 3
0.0 0.0 0.0 G.0 0.9 0.0 0.0 R
0.0 G.0 0.0 0.0 0.0 0.0 0.0 y
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
§ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 i
SN
- RaTIO OF INTENSITIES DOWN OBSERVER  AZIMUTH = 0 TAU = 1.00¢ =
. 5
)
s 1.05387 1.13013 1.29128 1.45121 1.63418 1.81334 1.84177
b 1.12017 ). 06024 1.15062 1.35032 1.58125 1.79647 1.85077
- 1.20128 1.15007 1.07470 1.18955 1.4336) 1.73901 1.84844
1.45121 1.35032 1.18933 1.10423 1.25128 1.58107 1.76131
1.634518 1.58125 1.45361 . 1.25128 1.16845 1.37277 1.59282 =
1.681334 1.79647 1.73901 1.56107 1.37277 1.65568 3.09888 ]
1.84170 1.65077 1.84844 1.76130 1.59282 3.09888 1000 ++++ -
RATTO OF INTENSITIES G OBSERVER  AZINUTH = 90 TAU = 1,000
0.0 0.0 0.0 0.0 0.0 0.0 00
- 0.0 0.0 G.0 0.0 0.0 0.0 0.0
ﬁ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
= o0 6.0 O G.0 0.0 .0 .0 "
9 e e 0.0 0.0 0.6 0.0 0.0 :
F @ 0.0 6.0 0.0 0.0 0.0 0.0 0.0 &
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .
E :
g RATIO OF INTENSTTIES DOwN OBSERVER  AZTMUTH = 90 TAG = 1.000 N
KJ
3 1. 14865 1.296h90 1.37849Y 1.51240 1.66082 1.6470Y 1.85817
E~ 1080 1.52707 i 4looo 1.356497 VL7545 1.91020 1.92209
{ SRR ToAloed HIEY NYoS 1. 04908 1.84207 204782 20027
RS PLoanEy LTINS 1.79610 KN VRYAT 2.53004 2. 36454
1.06082 1.73%50 1.84207 2.03403 2.36009 5.10657 3.39183
Y TLobha Tt F.u102o 2.0474810 2. 35004 =L 10658 16G.58304 36.47734
r 1.65810 I.azlay CLOezTr 2. 530459 559177 So.a7745 1000 44+
¢
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TABLE 4.5 (CONT.)  TOT. OPT. DEPTH = 1.0 ALBEDO = 0.3 G=0.8

[SOLAR ZENITH ANGLE INCREASING -=--> ] .
RATIO OF INTENSITIES UP OBSERVER  AZIMUTH = 180 TAU = 1.000

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 .
0.0 0.0 0.0 0.0 0.0 0.0 0.0 —~.
0.0 0.0 0.0 0.0 0.0 0.0 0.6

0.0 0.0 0.0 0.0 0.0 0.0 0.0 .
RATIU OF INTENSITILES DOWN OBSERVER  AZINMUTH = 180 TAU = 1.000

1.19672 1.31429 1.41931 1.54378 1.70599 1.86177 1.86618 :
1.31428 1.39700 1.48752 1.60942 1.77418 1.93655 1.93416

1.41931 1.48750 1.57475 1.70352 1.89012 2.08313 2.08395 )
1.54378 1.60941 1.70562 1.83961 2.08400 2.38088 2.41395 E
1.70599 1.77419 1.89009 2.08402 2.41086 3.20768 3.56681 e
1.86177 1.9363h 708313 238076 3.20738 11.40927  42.7761°C .

1.80618 1.95415 208397 2.41391 5.50096  42.77678 1000 444+ :

73




TABLE 4.6 TOT. OPT. DEPTH = 1.0 ALBEDO = 0.6 G =0.8

| SOLAR ZENTTH ANGLE INCREASING ==--~ ] f 

RATIQ OF INTUNSITIES UP OBSLERVER AZIMUTH = 0 TAU = 0.000 N
K

2.04127 2.09175 2.37422 2.25155 2.20131 1.883806 1.48245

2.09175 2.14250 2.21995 2.28017 2.19307 1.84723 1.42989

2.17422 2.21995 2.28279 2.31086 2.17658 1.79035 1.36937

2.25155 L2808 Z.51080 2.28856 2.10033 1.69428 1.29404

2.20131 2.19307 -.17659 2.10032 1.87474 1.52192 1.20353635

1.88806 1.854723 1.79035 1.69427 1.52191 1.29535 1.11917

1.48245 1.42989 1.36937 1.29403 1.20363 1.11518 1.06118 :

RAT1O OF INTENSITILES DOWN OBSERVER AZIMUTH = 0 TAU = 0.000 :

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

&0 (.0 0.0 0.0 0.0 0.0 0.0

0.6 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.¢C 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 .0 0.0 0.0 0.0

0. u GO 0.0 0.0 0.0 0.0 0.0

RATIO OF INTENSITIES Up OI'SERVER AZIMUTH = 90 TAU = 0.000 .

2.0759949 2.08906 2.17352 2.25945 2.22679 1.93299 1.52730

2.03900 2.13780 2.22169 2.30788 2.27419 1.97178 1.55384

A R S 222180 2.30084 2.39140 2.353608 204034 1.60173

L2504 2UN0THEE c2o3aran 248050 O.445927 Z.13598 1.o6307

L0 26e7y AN R 2005008 2.44927 20446039 2017384 1.69914%

1.93239 }.97178 2.04314 2.13599 217383 2.00507 1.60422

1.52730 1.55384 1.60173 1.00367 1.69913 1.60423 1.32128 4

RATIO GF INTENSITIES DOWN OBSERVER AZIMUTH = 90 TAU = 0.00u0

(G 0.0 UL 0.0 0.0 (0 0.0

(v, O (S G, U, O, G (VAN U. v y

P VY .o U.u 0.0 TR 0.0

LI [ (R . L0 L0 0.0 N

0.0 U. 0 0.0 0.0 0.0 6.0 0.0 P

IO vt [N .0 .G (O U.Q

oL [TE (1.0 U.0 (.0 (.u 0.0
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TABLE 4.0 (CONT.) TGT. OPT. DREPTH = 1.0 ALBLEDO = 0.6 G =0.8
E [SOLAR ZENITH ANGLE INCREASING =-=--> ]

. RATIO OF INTENSITIES UP OBSERVER  AZIMUTH = 180 TAU = 0.000
i ) 2.03852 2.08545 2.17049 2.26202 2. 24280 1.96208 1.56126
- 2.08545 2.13075 2.21444 2.30978 2.30110 2.02497 1.61463

2.17049 2.21444 2.29913 2.39626 2.36881 2.10596 1.67425
2.26201 2.30978 2.39625 249441 2. 48644 219340 1.73016
2.24285 2.30111 2.38880 2. 486406 2.48830 2.21430 1.73891

7 1.96208 2.02497 2.10594 2.19340 2.21441 2.01178 1.59792

h 1.56127 1.61463 1.67425 1.73024 1.7389%6 1.59756 1.29567
RATI0 OF INTENSITIES DOWN OBSERVER  AZIMUTH = 180 TAL = 0.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0

1 0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

j 0.0 0.0 0.0 0.0 0.0 0.0 0.0
- u.v .U 0.0 0.0 0.0 0.0 0.0
L

RATIO QF INTENSITIES UP OBSERVER  AZIMUTH = 0 TAL = 0.250
k 2.20061 2.28363 2.43626 2.64909 2.87585 3.70832 1000 ++++
- 2.26344 2.34835 2.49649 2. 68602 2.84174 3.45265 1000 ++++
2.37812 2. 46160 2.59745 274677 2.81174 T.15948 1000 +4+4
253077 2. 60234 2706497 278617 272909 2079092 1000 444

2L 6lT4N J.oonluy 2L704u27 2Loe4ns5hd DLATI90 2052080 D4 4UE2Y
2LUAKBE2 2.47789 2045128 IIRC MY SOLAY 207240 T.82469 46 22598
p 2.20143 2.15958 2.10145 1.90724 1.70671 1.50710  112.6708)
RATIO OF INTENSITIES DOWN OBSERVER AZIMUTH = O TAU = 0.250
1.0205¢ 1.00417 1.1a597 1.24127 1.368101 1.55%610 1.68525
¢ 1.0n414 1.032979 1.07517 118195 1.353577 T.32a00 1.08370
1. Tavllb 1.07025 1.05744 1.0u77 7 1.25271 1.47041 Voebil]
AT AT Lol 1.09809 VAN TO13BOR: Tohe o .ol
1.40510 1.54017 1.25914 1.14157 1095 1.213517 Foanlsh
TLnesT! V0T e RS T VOLETYT UL R ot
Coonar PLUn 1. 68805 HIY EPP EUNUIE 1. iy Y G e




TAyEH_§:6 (CONT.) TOT. OPT. DEPTH = 1.0 ALBEDO = 0.5 G =0.8
[ SOLAR ZENITH ANGLE INCREASING ----- )

RATIU OF INTENSITIES UP OBSERVER AZIMUTH = 90 TAU = 0.2350
2.19915 2.28074 2.43719 2.06021 2.93842 3.95554 1000 ++4++
2.26015 2.34305 2.50235 2.73916 3.02821 4.11894 1000 ++++
2.375494 2.46134 2.62822 2.87874 3.19813 4.43419 1000 ++++
2.50395 2.02708 280455 3.08080 5.44785 4.90092 1000 ++++
2.65107 2.74835 2.93820 3.24105 3.67218 5.31704 1000 ++++
2.540450 2.03354 2.82115 3.13346 3.59047 5.16674 1000 ++++
2.260169 2.34370 2.50891 2.78492 3.19521 4.35255 1000 ++++
RATIO CV O INTENSLITIES DOWN OBSERVER AZIMUTH = 90 TAU = 0.2350
1.07308 1.12786 1.19372 1.28401 1.42398 1.59008 1.69752
112792 1.164%46 1.22308 1.31680 1.46256 1.62928 1.73889
1. 19440 1.223R8 1.28295% 1.38461 1.540206 1.71080 1.82563
1.2897¢, 1.32345 1.39168 1.50717 1.67964 1.85777 1.98514
1.4577Q 1.350050 1.38498 1.72448 1.90631 2.0505%4 2.26908
1., 729584 1.78255 1.88803 2.06037 2.27195 2.4789] 3.06545
20812 213925 2. 28185 2.517%0 2,85262 5.57085 112.3328Y
RATIO OF INTENSITIES UP OBSERVER AZIMUTH = 180 TAU = 0,250
2.19747 2.27680 2.43516 2.67555 2.98286 4,13771 1000 ++++
2.025581 2.33487 2.496047 2.73357 3.10976 4.474067 0 1000 +4++
2La712 2455086 2.621%9 2.89879 3.3028) 489700 1000 +4+++
U5 3507 AN S SUMAEA ZL8U010 1.109688 356704 509908 1000 ++++
JLoooLlh LT el Al 290683 G.29Y850 5.79 50 5.77100 1000 ++++
2 509535 2L6R352 2088723 3.21090 5.70183 5.44336 0 1000 ++++
230328 241565 254417 2.8730% 3.27408 4,4379]1 0 1000 ++++
KATHO OF INTENSTTIES DOWN OHSERVER AZIMUTH = 180 TAL = (0,250
1.0Y9057 i thoos 1.219505 1.310107 145221 1.0087 3.70337
Fobha T 1.2uhe 1. 20857 I T Wi 1.351 16 1.0601%38 1.747250
IS I MRS IO I 1,339 1.a4950 1.60130 1.74a4507 1.82004
FE B XY VLT E0] 1.a0l47 1.57008 3780 0w 1.887057 1.9610

| IR RO 1., 30090 1.60815 1.80727 1.95177 2.10359 2.2394)
N EL AT 1,657 U785 2o VaeT 2,320 ZLa570% 3.0500-
Do lato Ll e N RV 200638 2,917 e LUOEYTS 11T N0




TABLE 4.6 (CONT.)  TOT. OPT. DEPTH = 1.0 ALBEDO = 0.6 G =0.8
¢ [SOLAR ZENITI: ANGLE INCREASING ===- - ]
RATIO OF INTENSITILS UP OBSERVER — AZINMUTH = 0 TAU = 0.500

"H)")()L/+

o ro 2

' 2.40049 2.60845 2.94229 3.54015 E.90948 1000 ++4+4
.35883 2.46860 2.67110 2.97417 3.45844 7.93765 1000 ++++
i L48756 2.59861 2.79045 3.04720 3.39615 6.84723 1000 ++++
Z.o88bo 2.7%35Y 2.95850 3.13814 3.30032 5.04349 1000 +44++
2.91378 2.96761 3.09495 5.14892 5.04270 4.29324 0 1000 ++++
- 2.93040 3.00197 5.007735 2.90074 2.59113 5.015246 0 1000 ++++
iq 2.79380 2.70636 2.71037 2.51702 2.13478 2.24945 1000 ++++
2
RATIU OF INTENSITIES DUWN OBSERVEN AJTHMUTI = 0 TAU = 0,500
3 1.05435 1.13243 1.30341 1.49615 1.75941 2.049161 2.25928
,,'; 1.13245 1.00107 1.15515 1.37595 1.67515 2.04535 2.20541
i.3037¢ 1.15520 1.07675 1.20060 1.51529 1.946586 2.235505
1.49993 1.37750 1.20103 1.11088 1.28030 1.7224¢6 2.11328
1.78609 1.69129 1.52060 1.28232 1.18705 1.42054 1.78927
- 2.21848 2.14003 2.00849 1.75386 1.43149 1.40308 1.87354
L. 2.03Q73 20574903 2.505357 228550 1.88341 1.93%10 0 1000 +4++
Kt
i RATIO OF INTENSITIES UP OBSERVER AZINMUTH = 90 TAU = 0.500
2.29181 2.349870 2.61330 2.97285 3.65747 9.96792 1000 +4++
2.35018 2.46373 2.68655 3.06274 3.79489 10.58372 1000 ++++
2.48568 2.6000% 2.83638 5.24506 G.06820 1182195 1000 +4+4+
: 2649259 2.518497 5.07877 5.04455 4052048 13.8753695 1000 ++++4
L 2093507, 5.07804 L.07390 5091007 L1017 1o, 22261 1000 ++44+
3.035901 3.19032 3.51126 411442 S.470RD To Bhoel 1000 4444
! 2.86995 3.01595 3.323065 3.89637 5.10379 1418124 1000 ++4+4
"4
3
RATLO QF INTENSITIES DOWN OBSERVER AZIMUTH = 90 TAL = 0.500
i 15060 1.26007 1,40228 1.57807 1.853500 2015150 2.280350
{ 1.20074 1034040 1.4 120 1.641604% 1.9101% 22081y N B
' (RTINS REE Todelio 1.5, 7%¢ 1.77119 20095 L.ohzzorl N TR N}
R 1.edgn A 1, 99850 2005040 L0000 TLONNYe
[ L7222 1.95050 2011339 AT VAR DL78290 L 39391 BL8Y0Y Y
[ VIR IRV B JLolhl LY AT 05150 TLUNTNT L R R

r L1001 DRSS 3.1060067 IR SR NN S RPN 11 G20 1000 ++++4




(?‘ TABLE 4 & (CONT.) TOT. OPY. DEPTH = 1.0 ALBEDO = 0.6 G =20.8

[SULAR ZENITH ANGLE INCREASING ---- - J

RATIO OF INTENSITIES UP OBSERVER AZIMUTH = 180 TAU = 0.500

2.29044 Z.349572 ZLoolah7y 2.99312 3.74615 10.74912 1000 ++++
.35233 2.45941 2.68715 3.09881 3.96578 12.17384 1000 ++4+
4

[ o)

48088 .83077 3.29304
2.09010 LB1225 5.08548 3.60007
r" 2.94454 09258 5.30578 4,00879
k 206730 SL24263 3.589106 4.24268
Lo 2.91887 5.08719 3.43257 4.04199

.29671 14.01805 1000 ++++
L79282 16.43787 1000 ++++
LA1172 16.98248 1000 ++++
.73121 19.15028 1000 ++++
.34765 15.51361 1000 ++++

[ S ]
w1
D
—
[o8)
<
e

[GHE g
[V IR, U ST £

RATIO OF INTENSTTILS DOWN OBSERVER AZIMUTH = 180 TAL

fl

0.500

1.20040 1.32043 1.45270 1.62627 1.88154 2.18209 2.29919

1.32054 HIRRIA 1.54541 1.72666 1.98948 2.29125 2.39693
[ . ] 45400 1.547386 1.0 500 1.8707 2.16113 248452 2.60401
:.: 1.03505 1.73907 1.89023 2.10445 2.43988 2.83220 3.01790
s 1.927749 2.05024 2U235K3 2.513338 286137 3. L0106 1971102
"5 2.56210 2.5%118e TLTRI2ES 3.14495 3.75127 5.38682 10,7032
' I.T0lBY 2.9308u 0247 Y0 3.80207 4.91960 12.21088 1000 4+

b RAT1O OF INTENSITHES UP OBSERVER AZTMUTH = 0 TAL = 0,750

L 2.30718 242800 2. 00880 3.089%4 409576 22.71381 1000 ++++
2.50455 2. a0l 271842 3.09922 3.94177 19.38222 1000 ++++
Joaglen Too00d 2.62757 3.15603 2.652100 1606749 1000 ++++
S OBBYL 2OB1T75 01155 5.20389 5.70081 1273545 1000 ++++
X JU99T 0w 5L 09480 1LlA9 Ty 3.57510 5.4T78EY 9.39200 1000 +++1
3.27509 2.335n7 3.385%54 3.31167 3.09296 £.39704 1000 ++++
3.31287 3.30845 300438 3.03168 2.60790 4.39111 1000 ++4+4+

RATIO O INTENSTTUHRS DO

re

UBSERViIRK AZIMUTH = o TAU = 0.750

.08 G0 1.205Y90 1.378bo 178845 2020145 2Loe9000% —.85501
L0 104G F.ooais? }.5939] To0enan JLonltang LL.o589.
I I [ I HIEE U S 1. 60864 IR JLEha o
I N L I 1.5105 Po1710%u L4001 IR DR RY AN
SL204 70 2. 08430 1.51555 1.43810 1.290406 1.67257 2. 18b40
® SN AR LTS e L5007 [ BN LE 1. 08406k 1.654081 CLLT AN
EANRAUTEES o leedo O 0E650 279000 oL 2Y4649 5.0 08Y 1000 + s




TABLE 4.6 (CONT.)  TOT. GPT. DEPTH = 1.0 ALBEDO = 0.6 G

1]
C
o]

[SOLAR ZENITH ANGLE INCREASING -- - )

RATIO OF INTENSITIES UP OBSLERVER AZIMUTH = 90 TAU = 0.750

2.30092 2.42869 2.67956 3. 13605 4.28019 25.95008 1000 ++++
2.30381 2.48889 2.74789 3.22752 4, 45467 27.92700 1000 ++4++
2.48316 2.61511 2.89340 3.41872 4,811499 31.498560 1000 +++4
2.09348 2.84018 3.15169 S5.70347 5.450355 29,2238 1000 +4+++
5.00950 3.18137 3.34987 4.29051 0.40029 50.287853 1000 ++++
3.33304 3.53249 3.97275 4.89194 7.58933 60.97853 1000 ++++
3.40060 3.61473 4.08448 5.05420 7.82464 56.,12442 1000 ++++
RATIOQ OI" INTENSITILS DOWN OBSERVER AZIMUTH = 90 TAU = 0.750
1.23453 1.41910 1.63980 1.91990 2.32022 2.79399 2.90578
1.41915 1.543508 1.73552 2.02291 2. 44602 2.,95991 2,07074
1. 64049 1.75628 1.92510 2.23254 2.70525 3.29035 5.473592 K
1,92529 2.02923 2.23944 2.59873 3.178548 3.97198 4.20436 }
2.35249 2.48312 2.75021 3.22621 4.01989 5.54360 0.42849
2.93592 3.10937 248431 4,21604 5.81502 14.079495 40.,93022
2.3079%0 3.51605 5.97304 4, 490060 745059 L0 937560 1000 4414 f
RATIO OF INTENSITIES UP OBSERVER AZIMUTH = 180 TAU = (0.750
2.30039 2.42800 2.68620 3.17021 4,42572 25,03090 1000 ++++ $
2.30170 2.48739 2.75973 3.29247 474354 33.48718 1000 ++4++ f
248032 2.61139 2.90800 3.50660 S.20784 0 39.904%7 0 1000 +44+
SLe9144 283038 SL.1708° 5.868%] 5.93310  49,2044%5 1000 ++++ k
5.01307 2.19102 5.5687246 4. L3475 7.03350 ©lLI02485 0 1000 44+ .
3.35032 3.5770 4.05717 5.08150 8.2453) T3.034200 1000 4 44 '
3.45317 3.70230 4.21814 5.28718 8.434915 65, 80807 1000 ++++
RATIO O INTENSITIES DOWN OBSERVER AZIMUTH = 180 TAL = (0.750 A
1.3140) 1.51741 1.72147 1.99528 239147 284300 295530
1.5175) 1.67040 1.50930 Z.105595 250770 D 03967 PR RIS
1.72535¢ 1.5707¢8 TL074 e 2039504 Z.8005e 3090 LG
2.00EnT U NS E 240504 2oFole G.350026 . 12950 T
245127 2.62010 2.92586 3.42250 419057 3.80074 L 80550
o005, SRR TIE 2oe508] 4090 6. 14200 L0107 Gt LnTain
I YO0 NN 5.00048 - 12505 RN IS L8591 SYO0000 N0 A

79




TABLE 4.6 (CONT.)

| SOLAR ZENTTH ANGLE INCKEASING

RATIO OF

0.0
0.0

0.0

RATIO OF

2

2.71467
3.90470
5000100

RATI0 OF

RAT o oF

132477
1. %8000
P09

S N R
280025
oo bat

e
FERINY Y IN

0.
0.
0.
0.
0.

INTE

0.
(.
0.

(L

PN

.

St B et e e

NSITLES

28317
12095
L3306 7
.83858
.52368

ROy

L4099

INTENSITLILES UP

0.

0.
0.
0.
Q.

INTENSTTIES UP

TOT.

DOWN

.67417
.33587
10363
.436h5
. 14358
04908
5.55073

NS UTTES DOl

ORBDo
CinaTe

DI

Sous
LRA4Y0

it

LN b,

]

L. OURGE
U782
SRRV
[ Y 2T
PRSI Y

LDU9T 0

RINIIEY

OPT.

DEIMTH = 1.0

OBSERVER AZIMUTH

—
-
<

<

OBSERVLER AZIMUTH

L71467
.52368
2.14358
.61162
241227
1.99471
2. 0491549

R e £

{9 £~

[OVERW)

~N T

HIR [V e 3
rs o - E
[P ISR IR N}

2. 15210

OBSERVER AZTMUTH

0.0 0.0
0.0 0.0
0.0 ¢c.0
0.0 0.0
HINY 0.
0.0 0.0
0.0 0.0

CHSERVER ALTNUTH

2.3 lu3y 2089025
CLA4e9 g 5L8590
SLUTE250L DORY5TL
L33 0e L 27055
4.27031 5.50311

L0040 Th o188

DLoTa850 I VSR RIS

80

ALBEDO = 0.0

= 0

oy <
loleRol

o
< O C

=

.36470
.264920
L4928
.55821
.99421
Q07606
L4090 16

LY o TS U W W

= 90

=90

5. HaE07 e
9.13982
G n2awm

155 048

TAUL = 1.000

TAU

TAU

(.0

1.000

)

.50010
.49009
L4507 35
.15216
692538
Ca4vdnln

100U +4- 44

Wy W

TS oL

x

i}

1.000

6.0

i

1.0u0

3.66880
DLoRan0 7

a4

Vg

3. T7485
10, 01940
[ S

TOUG 4 a ey




TABLE 4.6 (CONT.)  7TOT. OPT. DEPTH = 1.0 ALBEDO = 0.6 G = 0.8

[SOLAR ZENITH ANGLE INCREASING =---> ]

2
RATIC CF INTENSITIES Up OBSERVER AZTHUTH = 180 TAU = 1,000 e
G.0 0.0 0.0 0.0 0.0 0.0 0.0

’ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :
0.0 0.¢ 0.0 0.0 0.0 0.0 0.0 ;
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
G.0 0.0 U.0 0.4 0.0 0.0 0.0 ‘
0.0 0.0 0.0 0,0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 (.0
RATIC GF O INTENSITIES DUWA OBRSERVER  ALTMUTH = 180 TAU = 1,000
1.43812 1.7319] 2.03015 2.42637 2.9947] 3.59219 3.63904
173190 HER T AT 2. 24002 2, 66003 3.20399 3.91007 3.95013
205015 204656 254465 501744 RIS By 453828 G5 TAL0
To4les7 2.66002 3.01744 3.57382 4.56960 5.87496 6.06440
2947 3.76000 3.73414 4.56934 6.16732 9.91749 11.71533
3.39719 2.91097 453805 387493 9.a1757 52.70151 22057546
L UsYUS 5.952%. 457434 6. 0u4s 1 17.719050 22257550 1000 444+
R
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TABLE 4.

| SOLAK ZENLTTH ANGLY

NATIO OF

INCS IS EURN O}

0.0
0.0
0.n
0.0
0.0
0.9
G.o

RATTO OF

1 e
1..2085
P52
ISR
+ '|A. Y
R

.19
AT T )
b. O

[UR

i

e

N

[T

rot. oprT,

INCREASING

INTENSITIES UT

INTE

U, 0
0,

0.y
0.0
0.0
0,0

INTENS]

290960
. 14345

N UTTES DOWN

0.0
0.0

0.0

0.0

TIES up

1.070283 1.52729
1.32659 1.332492
IENRRA AL I 1.%380%
Pohlonn 1.52841
Tohel s 1.4761%
1. a0y 1.36300
1. 26038 1.2135%0

NTENS T

vl 0
[
| 1
(\‘l)
1 1
o1

TES POWN

0.y
0.0

(TNV]

DEIMH = 2.0

_——— ]

OBSERVLER

. 50959
. 51004
.50485
L47891
40564
.26909
.11878

fmd b b D hed e b

OBSERVEK

0.0

0.0
G.0

0.0
CBSERVER

5
52009
5

1321
z

"(:4-‘
AKT9N

. )h )-

1.

1.

1.
1.0270)
1.

1
1.23071

OLSERVIR

ALBEDO

AZIMUTI =

L4567
44041
43173
40564
.33377
.21295
.08694

e b b b e

AZIMUTH =

AZIMUTH =

£
—

£~
[o £ Be SRRV |

~J C i<t
o
[

~
RolERS |
[ SR

o2l IS

’
4

24476

e e e b e
I~

AZIMUTH =

(v
(1,0
(.0
[V
0.0
G
[t

bt pd b b bt ped 3

o cb hees

0.3

0

.32435
.31296
.29696
.26909
.21295
.12800
.05381

90

. 33007
34609
L36309
L3R520
L3U5ES
35414

22001

TAU

TAU

TAU

TAL

—

1

i

e e e el b

o0 CO
cCcCcCco

1l
[l
[os)

.17958
.16284
. 14345
.11879
.0B694
.05382

02885

0.000

<

0. 000

19330

20038

L21250
L2507

o -
B S

OO0




TABLE 4.7 (CONT.) TOT. OPT. DEPTH = 2.0 ALBEDO = 0.3 G 0.8

m | SOLAR ZENJTH ANGLE TNCREASING ----- |

RATIO OY INTENSITIES UP (BSERVER AZIMUTIH = 180 TAU

[l
]

.000

1.51682 1.52260 1.52706 1.51613 1.45767 1.34438 1.20300
‘ 1.52260 1,52836 1.55327 1.52265 1.46971 1.359¢68 1.21832
N 1.52706 1,53327 1.53938 1.53160 1.48387 1.37745 1.23327
. 1.51513 1.52265 1.53160 1.53029 1.493068 1.39515 1.240655
1.43767 1.40970 1.48387 i.49%60 1.47772 1.39895 1.25121
1.34438 1.354967 1.37745 1.39513 1.39891 1.34744 1.21750
1.20360 1.21833 1.23327 1.24654 1.25124 1.21749 1.11981

RATIO OF INTENSITIES DOWN UBSERVEK AZIMUTH = 180 TAU

I}
<

.000

€ n.n oo 0.0 0.0 o, 0N 0.0 0.0
0. (@ 0.0 0.0 (.0 0.0 0.6 0,0

0.0 G.0 0.0 0.0 0.

<

L0 0.0
(O 0.0 0.6 G.0 0.0 0.0 0.0

KATIOQ OF INTENSITIEG UP OBSERVER AZTMUTY = 0 TAL = 0500

}.75770 1.76904 1.82241 1.89500 L0213 3.7154Y 1000 44+
b 1.75427 1.78399 1.83300 1.89045 1.97318 3.33026 0 1000 +44+
™~ 1.768029 1. 8059 J.8A730 Toesenl 1. 97681 D B 1000 + 4+
1RG0 1osUUnE J.E5210 1. 86870 1. E5BYS DLUAEDTE 1000 it
TE31T 1,797 50 B304 1. H0&TY 1. 73965 CL04387 0 1000 +++4
1. T1R79 1. 70386 1.72387 1. 66880 1. 08072 1 67259 1000 444+
TG40 163979 1.02758 1.56897 1.47%327 1.45206 1000 ++++
¢
RATICO CF INTENSTTIRS DUWN OPSLRVER  AZDMUTH = o TAL = (L5300
10700 1006500 1. 14008 1.21819 1.51510 1.45200 HARERIE
] HACER TN P73 1oieuT L RGO R 1.60597
T .07, LoLusT NS 1LoLUNg T Doasale
Cit CoiTa ISR NN 1.0 150 11500 IRORTS Coa Ui
PRPIREES HISATE B B 1.2 L. 1054n VL0531 1170 1280
Lot Dol IIRTEANIIE PR Lo1hoan IR R
LT R, 1SeTae LLauTe RV PoUhhen TR =4
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TABLE 4.7 (CONT.)  TOT. OPT. DEPTH = 2.0 ALBEDO = 0.3 C=0.8

[ SOLAR ZENTTH ANGLE INCREASING -=-- - ]

RATIO OF INTENSITILS UP OBSERVER AZIMUTHE = 90 TAU = 0.500

1.73821 1.77047 1.82875 1.91054% 2.06594 4.05375 1000 ++++
1.75549 1.78782 1.84659 1.93163 2.09721 4.17977 1000 ++4++
1.78319 1.81577 1.87690 1.96770C 2.15189 4.40592 1000 ++++
1.80708 1.84152 1.900064% 2.01029 2.22417 4.70224 1000 ++++
1.79500 1.85%5% 1.90604 2.02781 2.2840] 4.92335 1000 ++++
1.73602 1.77495 1.85436 1.99499 2.28389 4.83225 1000 ++++
1.66373 1.70270 1.78220 1.92349 2.20931 4.32585 1000 ++++

KATIO O INTENSITIES DOWN OBSERVER AZIMUTH = 90 TAU = 0.500

1,072

5

2 1.12430 1.16143 1,24837 1.33951 1.44894 1.496272
I DT 1.15040 1.20447 1.27115 1.26442 1.47604 1.52280
[ RS 1.20470 12479 1.51578 1.41329 1.95321¢e 1.558595
1.25047 1.27548 1.51808 1.3888]) 1.49579 1.63268 1.702%0
1.35013 1.57009 1.42028 1.507935 1.61988 1.80263 1.94862
1.491h4 1.5221%8 1.58%601 1.68894 1.85235 2.28470 3.55303
oelhle 1.05507 1.72915 1.864106 2.12721 3.76884 l(UU ++4+

RACIO OF INTENSTTIES UP OBSERVER AZTMUTH = 180 TAL = 0.500

}.73857 1.77122 1.853231 1.92193 2010112 4.32133 1000 ++++
1.75591 1.75970 1.85347 1.95291 2.1h470 4.71000 1000 ++++
VoIBS 151898 7. EEHRD 1.990 10 L2325 5.110327 0 10006 +4+4
PonlinMn PLRLTDD 1.919849 2041 20051400 5.44678 1000 ++4+
PL8UTRS TLoRaany 1.92504 VNN SIS 1 PV 5.57G85 0 1000 ++++
1744050 1.790a8 1.87502 2.02234 203481037 5.25768 1000 ++++
] 67025 VL7200 1.80574 1.94694 P 24470 G.573224 0 1000 44+
RATTO o INTENSTTILS DowN OBSLRVER AZITMUTH = 180 TAL = 0.5u01
LuYe T 115020 1.20085 1. 26404 SIS TTRCY S Ia 1.49574

150 Tt LU 0Ge 1.29514 ToBAL e ] 46T Ty 1.0205.

S PRI L LY DL od%0a) 1.4079¢ 15457 1. hewle
I A S 1500 1.7 0y 1. adsy Vo170 VR IR T
HERTI YA 1. 40545 1.43770 1.5352% 1.ol135] 1.80035 1.952 10

ST booanss TR R | I I R ot ooyl LLZeTt Lotln T
Lonlat T TN HERR Fol 1. 8895 RIS VI NI R O 1+
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TABLE 4.7 (CONT.) TOT. OPT. DEPTH = 2.9 ALBERO =

[SOLAR ZENITH ANGLE INCKEASING ---- -

RATIO OF INTENSITIES UP OBSERVER AZIMUTH =

1.90842 1.90458 2.07450 2.27340 2.9507% 7.
1.93352 1.986%0 2.08637 2.25522 2. 80G632 30
1.97983 2.02829 2.11454 2.24515 2.656L0 22
2.04001 2,06100 214696 Z.20859 268297 15
2.08145 2.10770 214762 2.17055 404392 Y
2.05884 2.07137 2.07681 2.03483 1.97162 5.
2.00432 2.00263 1.98611 1.89652 1.7484) 2

RATIO OF INTENSITIES DOWN OBSERVER AZTMUTH =

.05388 .13021

L0602
13077
.35135%
.58718
.82678
95602

.29167

5224 1.6354%
15674 3 8

D 1.3820n
L5600
.25152
16877
37668

L6z he

07475
18961
L45628
L 75854
95211

W]Ui
L8195

bt et bed et L s
o~
(4]
(W]
— ke e b bl bd b
s b el e e el b
— e e b G i b
(" ot bt et el e s

Ll

to

—_

—
et et e

0.7

=
w

39584

02631

735849

Le4120
L67307

77702

86342

813814
CTH6E
13926
58125
3730u
65833

CleaF e

RATIO OF INTUENSITIES UP OBSERVER AZIMUTH = 90

1.90972 1.96835 2.0Re50 2.30900 3.69776 473, Y3689
1.9%0653 1.99606 2. 116006 2.34816 3.17799 4a . 259737
1.98593 2.04716 2.1739% 2.42116 3.32254C G deoTs
= 03110 2.11637 2.25200 252027 353825 S6. 07548
2.09980 217 06s 2.513890 2062485 07075 of L {3h214
2.08827 216200 2.52167 2.65789 3.85014 5730588
2.03747 20127 2.27693 2.61843 378107 4792643

RATITO OF INTENSTTIES DOWN OBSURVER ASTMETTH = oo

1.14891 1.25925 1.57991 T.51420 ST P It 1
1.27392¢4 1,32855 1.428009 j.ooulnh VLT shibe

1.3a020 1.4069% 1.5175C 1.e5570 154508 o
1 Sionol 1.904101 1.n50a0 1.bUaa’ Co0a07 C.
1.69502 1.75039 1.80114 2055374 2.39935 3.
1. 8us7h 1. Y, 395 [ RS AY 20 ae L8070 b,
R TN oL 0T T e L2595 2o Tnnt BTN e

e m
L Ok o [

TLHIAE

[RIFRYANTY]
504G
11657

Sothn

. (’,—t‘-t-lt

TAU

i

1000
1000
T0GH
10006
1000
1000
1000

=
c:
i

]
1
1
1
1

1000

1000
1000
;L0
100D
1000
1000
1000

TAU =

1.000

+4 4
+ 44
441
+-+44
44
+4+4+
+4t

1.000

L4208
LB 02
B804
AN EY)
5053

SO825

et

1,000

4
e+ +4
+++ 4
4+ 1+
At
SRS
4 it

1. 00

L HSENY
L2000

U655

L hbodh
LAz
oI
1001

4 b4+
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TABLE 4.7 (CONT.)  TOT. OPT. DEPTH = 2.0 ALBEDO = 0.3 G

i
c
jod

e [SOLAR ZENITH ANGLE INCREASING ----- |
L
E RATIO O INTENSITIES UD OBSERVER ~ AZIMUTH = 180  TAU = 1.000

L91082
.93855

L97115
.00265
.98974 .05723
L0577 13123
2.11115 2.19395
. 10346 . 19306
2.0585 14926

.09570
.13567
.20170
.28853
.3pb460
L37418

.33221

5.21515 49.60272 1000 ++++
41707 58.21622 1000 ++++
.65557 67.36661 1000 ++++
.92559 75.88985 1000 ++++
.15387 79.09389 1000 ++++
19475 72,75104 1000 ++++
.05431 58.27740 1000 ++++

tS
[ NS IEEGEN V]
NN DY BV
o oW
O = b

LS
3

S R
13
LI SO S}

[ Yo Te SRR CoR I e B N |

[T R S SO O B SR

[ SOIN IS T SV S
[eXERUNERCo RN UL aN e SIR N IR W]
— g B~

£ B W

to 1t

—

e e TS e S s e gt e o g
i ﬁ F R I :
ISR R o)

;" KATIO O INTENSITIES DOWN OBSERVER AZ1IMUTH = 180 TAU = 1,000
[ ©
ﬁ 1.149689 1.31490 1.42080 1.54632 1.70834 1.86257 1.606671
4 1.%14%0 1.39&60 1.49052 1.61370 1.77771 1.95776 1.93495
7.A2140 1.49129 1.58000 1.7120z 1.84y5H749 2.06515 2.08532
o 1.36075 1.01654%2 1.717¢0 1.85350 2.09455 2.38518 2.41712
e 1.72389 1.79788 1.919353 2.11651 2.4375% 3.22331 3.58150
(i 1.92073 2.00812 2.16827 2.47869 3.31602 11.67786 3.76620
: 202590 2011001 L2480 Z.obdbe 3.450995 460.19075 1000 ++++
.
; RATIO OF INTENSITIES UP OBSERVER AZITMUTH = 0 TAC = 1.500
)
3 1.9894907 2.07004 2.23791 2.39366 4.30987  544.06421 1000 ++++
2020087 209835 2.24579 2.55573 G.Y4795 0 422.65180 0 1000 ++++
20510 AR RYRE A 2274900 TU03414 J.80725 0 309242430 1000 4444 o
S A IY LLanaen 23395 AT AA 546037 20T 0329350 1000 444 =
CL2EVE JUAs000 D05 %e 250109 5.030950 1273758100 1000 ++++ :
X J T30l 04 DLUOE354 240407 2U3ERYA 260580 6©3.40099 1000 ++++
[ 25214 20458062 2.33117 20231490 2.23118 55.21785 1000 444+
94
¢
\ FATTO OF INTENSTTIES DOWN OBSIRRVER ALIMUTH = O TAU = 1.500
o
3 1. 0625 1 20100 ianBol 1.71521 1.4957490 2018960 21900
VLo Lol ay HURRIIE 1Y) 1.55000 1.900551 _.ielow Zo1%enn
3 [ IR S R P IO TS Py CLOTWTT R RCTINNS
I T SRR D bLlua Fodlontaa 1.39.70 1.8o000 2078 e
1.99¢44 1.90s83 1. 70554 1.735338 1.27649 PL.oL827 i.09022 -9
- CLUn R AN AR LTROR B T.OuTE TR DA TS Ja T h5an
3 ISR A CorTanT Zo1A0Ye IR DL RETRCTER IS R N ISTRRE
3
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TABLE 4.7 (CONT.)  TOT. OPT.

[ SOLAR ZENITH ANGLE INCREASING

RATIO OF INTENSITIES UP

2.00194 2.08760 225742
2.03214 2.11475 2.29488
2.09264 2.17908 2.37139
2.189706 2.28407 2.49551
2.31349 2.41949 2.03903
2.407065 2.52329 2.79164
2.40408 2.52576 2.60629

RATIO OF 1INTENSITIES DOWN

1.23106 1.40752 1.60365
1.40755 1.52049 1.66500
1. 00407 1.08397 1.63231
1.82006 1.90160 2.06269
2.07995 2.17913 1.38929
2.30224 2.41940 2.608905
2.55290 2.505%43 TLT8T04

RATIO OF INTENSITIES UpP

2.00397 2.08796 2,27337
2. 03018 2.12707 2.32855
200950 2.19738 242069
220008 2.30920 Z.55998
D3940 CLa5enl 2741440
2.43120 257547 2.849352
243744 2.58843 2.491743

KATIO OF INTENSTTIES DuwN

1.30770 1. 49880 .07 19
1.4 8an .o 1.768657
.o 5% V.784%0C AP
PLSTR5E FRNRY RS DU 2017020
2. 12090 2.5506) 2.49563
L9 e Coaald ZLR0IHN
. o= 1806 A Loeuag.

DEPTIH = 2.0

- ]

OBSERVER

~
.
> o

1D s D
[o S
~ L

2

4
01044
L25605
L7054
.50529

(SRR SV RN KRS
e~
D

L 2

OBSLEKRVER

1.81828
L 89889
IRV AR AT B
.33519
.81229
3.33603
5.48517

| SR SO S

OESERVEK

LT0678

o ] PSR
- O oL

A

S G

L97544
18900
481250
.71470

74068

'
o

o

W W

ORSERVER

1.871499
1.95790
2oleso”
LA 304an
L0572
CLUHLANE

LT e

ALBEDO = 0.3

AZIMUTH

.86535060
.03923
.400€7
98722
.768206
. 38029
.36733

(S BT, BV I o

-~
[

~ o~

ALINUTH

06744
16504
L5782
.79547
836030
y. 21574
7.18899

(USHE ORI SORN N (S

(o)

AZTMUTYH

.15036
00020
CA1098
14059

1. 10560

i U

-

H_oS0 145
AZIHUTH

o113

= 90

658.58325
704.07607
793.11401
931.81250
JOOOU ++++
1000 ++++
926.93848

"

90

.24960
.36123
.H2015
. 25007

6.09560
118.25345
738.59185

wWrs to e

il

180

760.95312
$29. 20021
1000 ++++
1000 ++++
TO00 444+
1060 444+
1000 +2 44

180

it

e T 0N

DT hel

TAU

i
[Wa}
<
o

1000 ++++
1000 ++++
1000 4+++
1000 ++++

1000 ++++
1000 ++++
1000 ++++

TAU 1.500

. 22855
. 33685
L5869452
.22896
, 7098

706,19702
1000 ++++

[

re 1o

T

TAL = 1,500

1000 ++44+
100 ++++
1000 +4+4
000 5 +44+
1000 +44+
1000 444+
1G00 ++++4

TAU = 1.500

2LLaunl
SLUETen
L DGy
SR SLIAT R
T L04AnsT
LT el
PO 4 4+




. B
N TABLE 4.7 (CONT.) TOT. OPY. DEPTH = 2.0 ALBEDC = 0.3 G = 0.8
[ SOLAR ZENITH ANGLE INCREASING --> ]
RATIO OF INTENSITIES UP OBSERVER AZIMUTH = 0 TAU = 2,000
)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
h | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 |
0.0 0.0 0.0 0.0 0.0 0.0 0.0 )
RATLIO OF INTENSITIES DOWN OBSERVEK  AZIMUTH = 0 TAU = 2,000
[
1.11313 1.27848 1.64255 2.00965 2.36890 2.57660 2.55873
1. 77848 1.12687 1.32328 1.76967 2.24704 2.53024 2.55380
1. 04254 1.32308 1.13826 1.40815 1.97053 241437 2.53638
2.00965 1.76967 1.40815 1.22467 1.5553% 2.15582 2.42820
- 2. 36890 2.26704 1.97053 1.55539 1.43708 2.11130 2.71006
B 257656 2.53004 241437 2.15582 2.11130 45.9548& 370.30493
255877 2555380 55636 DLE2820 2.71006  370.30469 1000 ++++
RATIC OF INTENSITIES Up OBSERVER  AZIMUTH = 90 TAU = 2,000
)
Ll 3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 ;
1) 0.0 0.0 0.0 0.0 0.0 0.0
L0 ¢.0 (.0 0.0 0.0 0.0 0.0
T (.0 0.0 0.0 e 0.0 L. 0 b
0.0 Rt G0 0.0 UL U (LG G.u
K 0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 4.0 0.0 0.0 0.0 0.0 0.0
KATTO OF INTENSTTILS DiowN OBSERVELK  AZINUTH = o TAL = 2.000
]
P isED 13T 040 183007 216500 LAy CLOTIAY CLe2
LT Tuhs RS 1 U7 640 229260 eyl CEGe4T D TEhGA
PLehat VLU 0T L0510 2535856 501395 LU AEE LTk
ERTITRE CL2U 0 TR S 0568 LLE8TN W BNk 4o4al1n
DG a3yl 501392 388344 6.82345%  15.04939 1524861
3 R SN TR I DN Y & 452624 T e4940 1900 4t 1006 44
ey CLTaRan L0l GUGAT1D 15 088 1000 444 100G e




TABLE 4.7 (CONT.)  TOT. OPT. DEPTH = 2.0 ALBEDO = 0.3 G=0.8
.
C [SOLAR ZENITH ANGLE INGREASING ==--- |
RATIO OF INTENSITIES LD OBSERVER  AZIMUTI = 180 TAU = 2.000
hi ) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
- 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 U.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 Q.0 0.0 0.0 0.0
& 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RATIC OF INTENSITLES DOWN OBSERVER  AZIMUTEL = 180 TAU = 2,000
, 1.42813  1.70413  1.95906  2.24839  2.36244  2.72353  2,0630]
. 170417 191008 2.13746  2.43433 277792 2.93403  2.67194
D aSaud oL ibTes 1.537391 2078574 3,20%60 5.40771 0 D.36810
0 24850 243432 2.73374 323004 4.20305  4.95874 489413
D 36744 2.77791  3.20587  4.20297 700876  lo.47729  19.02090
270355 003403 3.46769  4.95872 1647685 1000 ++++ 1000 42+
561 2.67194  5.30810 4.89415  19.02110 1000 44+ 1000 o4+

o
!
2




TABLE 4.8 TOT. O, DEPTH = 0.5 ALBEDO = 0.6 G=0.8
[ SOLAR ZENITH ANGLE TINCREASING =---.- ]
RATIO OF INTENSITIES UP OBSERVER AZIMUTH = 0 TAU = 0.000 .
1.55084 1.558595 J.05119 1.74452 1.81821 1.72960 1.42130
1.58593 1.62379 1.69053 1.78002 1.83438 1.71388 1.38413
1.05119 1.09053 1.75542 1.83351 1.85831 1.68859 1.33964
1.7445%2 1.78002 1.85351 1.86500 1.85932 1.63151 1.27950
1.681821 1.83439 1.85831 1.85935 1.75493 1.49820 1.19973 .
1.72960 1.71387 1.68859 1.63150 1.49826 1.29235 1.11885 s
1.42130 1.38414 1.33904 1.27956 1.16973 1.11885 1.06116 5
EATIO OF INTENSITIES DUWN OLSERVER AZIMUTH = 0] TAU = 0.000
G0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0,0 0.0 0.0 0.0 Gg.Q 0.0
G.0 UL 0,0 0.0 0.0 G.0 0.0
(.0 0.0 0.0 0.0 0.0 0.¢ 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 0.0 0.9 0.0 0.0 i
0.0 G.0 0. G 0.0 0.0 U.u 0.0 ,
RATIO OF INTENSTTIES UP OBSERVER AZIMUTH = 90 TAU = 0.000
1.54928 1.58011 1.04029 1.74154% 1.82440 1.75492 1.45370
1.968211 1.61502 1.07%37 1.77587 1.86044 1.78707 1.4767Y9
thol 1.¢.79%° 1748497 1.84302 1.92978 1.85203 1.52063
1.74 15 1.775%7 1.654302 1. 94540 2.03537 1.95119 1.58563
H450 V.ot 1.9.9749 2.03538 215104 2 04150 1.64090
1.73442 1.78767 1.85203 1.95118 2.04151 1.90083 1.59104%
1 43370 1 47679 1.520673 1.355%63 1.0469] 1.59105 1.31925
AT o INTEANSTT LS DOWN OBSHRVER ACTMUTH = 9C TAU = (0.000
o O, 0. u .G .y (G 0.6
(SR [ VoL [SAN] [VINY [V U, L
[ et Lot J.0 S (G L0
I Y [T UL O L .0 oo¢
(R (G .0 g.u 0.0 0,0 0.0
I ¥ (I 0t 0.0 (.0 ST
[VANE vt [N . O 0.0 UL 0.0
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TABLE 4.8 (CONT.) TOT. OPT. DEPTH = 0.5 ALBEDO = 0.6 G=0.8
( " [SOLAR ZENTTH ANGLE INCREASING ----> ] b
- RATJO OF INTENSITILS U OBSERVER  AZIMUTH = 180 TAL = 0.000
- 1.54762 1.578G5 1.64074 1.75673 1.82618 1.76886 1.47708
. 1.57303 1.60617 1.66669 1.76%42 1.85976 1.61088 1.51657
1.64074 1.66669 1.72694 1.82491 1.92468 1.87559 1.50557
1.75673 1.7634% 1.82492 1.92540 2.02735 1 90784 1.024349
1.82617 1.65977 1.92468 2.02735 2. 12865 203096 1.66870 =
B 1.76885 1.81087 1.87560 1.96784 2.05105 1.95386 1.57907 i
t 1.47708 1.51657 1.56558 1.62444 1.66828 1.57656 1.292473 -
RATIO OF INTENSITIES DOWN OBSERVEK  AZIMUTH = 180  TAL = 0.000
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
( 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.6 0.0 e 0.0 0o (oo 0.0 K
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.6 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
,( 0.0 G.0U U.u G.u 0.0 0.0 U.0
RATTC OF INTENSITIES U OBSERVER  AZIMUTH = 0 TAU = 0,125
1.58501 1.62935 1.71447 1.84607 1.99751 917483 22.72131
] 1.62084 1.66858 1.75564 1.686266 2.00863 210302 19.41878
1690727 1.7411% 182800 1.94394 2094 2.059%5  15.81057
1.80055 1.553091 1.93012 L0054 0 04921 190104 11.74355
i 1 97804 190414 201567 Y 05016 1.97754 1 7R004 7 o630
1.953949 1.9653] 1.96620 1.92355 1. 70127 1.5184n 4. 59384 E
g 1.78337 1.75753 1.72171 16617 1.47787 130630 28707 .
KATTO OF INTENSTTTES DOWA OBSLRVEK  AZINUTH =« TAL = 0.125
107517 V03176 RVDEING 112500 1. 20007 1.51507 1. 5h100
{ 105170 L 01573 L0570 L 09157 1100 IR )T
1.0725:3 1,007 27 1.01bot 1. 0490n0 1.13184 1. 25079 S AR
1 o10han R 104921 102760 10T 0 1 14630 L3 e
101874 1. 18460 1.13551 L 07as 1.05148 111932 R
BTN 1. 34070 C297 ), IR 11200 Loins0n D 1cate
‘ RRIAT 150514 L0100 Rt LG0AE BRUARE Ry
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4 (, TABLE 4.6 (CONT.) TOT. OPT. DEPTH = 0.5 ALBEDO = 0.6 G=0.8 !
- [ SOLAR ZENITY ANGLE INCREASING ----- |
-
{‘ RATIO OF INTENSITIES UPpP OBSERVER AZTMUTH = 90 TAU = 0.125
;’ 1.58320 1.62533 1.70970 1 84481 2.01133 2.23656 25.5534706
} 1.61670 1.65918 1.74456 1.68295 2.05654 2.29755 27.21570
1.68452 1.72791 1.81638 1.96046 2.14674 2.62095 0.42851
1.79526 J.84lde 1.93474 2.09090 2.29802 P.62720 35.35007
i‘s 1.92971 1.98039 2.08251 2.25447 2.49450 2.68839 40.52437
! 1.98100 2.03320 2.14073 2.32528 2.58226 2.98535 37.96236
5 1.61781 1.86452 1.95877 2.11742 2.33727 2.60799 20.36819 i
1 N i
b .-
t RATIO O INTENSTTIES DOWA OBSERVER AZIMUTH = 90 TAU = 0.125
[e
3 1.03508 1.06%10 1.00677 1.14704 1.23390 1.3292 1.38202
1,063,302 1L08151 1.11202 1.16538 1.25638 1.36145 1.40874
1.09705 1.11260 1. 1449) 1.20390 1.30215 1.4073] 1.4494¢6
1.14933 1.168508 1.20080 1.27562 1.3583513 1.489806 1.52259
n(? 1.230%6 1.27500 1.32440 1.40849 1.52331 1.62195 1.64228
v L 1.52345 3. 45362 1.51415% 1.61490 1.74155 1.80806 1.83306
TL05u90 1.07800 1.75402 1.87924 2.04270 2.10129 5.750628
RATIN OF INTENSTITIES UP ORSERVER AZTMUTH = 180 TAU = 0.125 2
i 1.581%4 1.02100 1.70419 1.84124 2.01878 2.27608 27.74509
§ 1.012:50 ] .04973 1.75104 1.87242 2.06599 2.36862 31.2059])
{ 1. 07510 R T 1. 79074 1.94730 215287 2.50289 5549341
! S 1 8205 1.91177 70084 2.249907% 2LU70188 ) 534886 ;
Ed LLoalIThe 1970 RNITNY 2LUSESY DLANLET 294874 L4 89147 ?
{ P oIsYTA 204574 215078 232989 2.59109 3.006800 40, 33838
! 1804 1.89925 1.949530 214042 2.34913 2057906 20.03806
- RATEH U INTENSTTIES Dows OBSERVER AZTAUTE = 180 TAl = 0.125
X
4 . . e e .. - o ey - i \
U 700 107750 T.1109d 1.16500 1.25250 1.53317 1.39305 :
3 Vousian R RV I 11T 1.19%60 1.23957 1.3855¢ 1.412449 '
PLollage Tolhe i 1. 1/600 1. 24526 ] . oulot 1,453 ¢ TSR
Tt 1109, 1. 20805 1.351791 AR 1.31050 1.517270
1 VLT 1.051520 1.37 3507 1.450850 1,552 1.62811 1.62035 :
§ D eannt AT L et I oeta T 7500 DL Te5ne 1.767 00 g
[SEPIAY AT TLonutny 1.91807 2Lo0Lh97T s N R EERSIa U ’




TABLE i_{)‘ (CONT.) TOT. OPT. DEPTH = 0.5 ALBEDO = 0,06 G =10.8
[SOLAR ZENITH ANGLE INCKEASING --~~-» ]

RATIO OF INTENSITIES UP OBSERVER AZTMUTH = 0 TAU = 0.250
1.59878 1.64940 1.74790 1.90538 2.11948 2.70942 0 10006 +++4
1.63229 1.08630 1.78633 1.93747 2.11949 2.59880 1000 ++++
1.69922 1.75716 1.85764 1.99699 2.13720 2.47536 948.18433
1.81336 1.87337 1.96903 2.08412 215044 2.31832 675.09004
1.97281 2.02504 2.1008b Z2.16470 2.11370 2.08320  415.78223
2.09752 2.12408 2.14880 2.12067 1.94086 1.76773  225.65625
2.04021 2.03007 2.006%90 1.91097 1.68383 1.50124 111.05099
RATI0 OF INTENSITILS DOWN OBSERVER AZIMUTH = 0 TAU = 0.250
1.02649 1.060396 1.14475 1.23753 1.37498 1.55294 1.68378
1.963496 1.02073 1.07485 1.18032 1.33019 1.52270 1.68472
114480 107487 1.03732 l1.oulls 1.25008 1.36055 1.a7946
1.23889 1.168091 1.09740 1.05435 1.13914 1.30096 1.01023
1.738659 1.33754 1.25451 1.14021 1.09501 1.21280 1.43157
1.02001 1.37420 1.5046¢ 1.37992 1.22002 1.18195 1.32325
1.90523 1.87511 1.83540 1.72245 1.4Y050 1.35873 9.49570
RATIO OF INTENSITIES Up OBSERVER AZTICTH = 90 TAC = 0.230
1.59718 1.04572 1.74510 1.90719 2.14293 2.82795 0 1000 ++4+4+
1.62826 1.67757 1.77706] 1.94552 2.19348 2.92734 0 1000 444+
109547 1.74407 1. 84847 202535 2029040 3.1522% 1000 +44+
1.80042 1.80121 1.97298 2.16816 .4 T788S FUA9240 0 1000 4444
j.azos0 2.03183 2015731 2038049 2.757249 4. 02792 100G + 4+
2.113597 2.18101 232420 2058350 3.02719 45071 1000 +4+4+4
2.07523 2.14159 228343 2.53060 296110 4.17139 1000 ++++
RATTOQ O INTENSTITILS DOWN OBRSERVER AZIMUTH = 9@ TAL = 0.25C
1.07285 i.1.2695 1.19081 1.27745 1.41572 1.56582 1.09%00
1.12097 1.16245 1.21865 1.2082) 1.4516b J.o243 1.73005
119100 1.21393 12274954 PRI B 1.52542 1.70420 1,82 0t
L2 Thn T Lol0ED 1.37409 PSR 1.0o5602) 1. 847497 T, 9nusn
1.43084 1.40956 HER YT Io1s 08 1.07895 1.86353 2.07.429 2.20lus
Conbel T 1T 0A LLBURG 1. ag7zaT 20190 n0¢ Dodaonla e e
TLUw LT RERLIERYALS 15100 ISR IS TR GLoaTHES T 09 a5




TABLE 4.8 (CONT.) TOT, OPT. DEPTH = 0.5 ALBEDO = 0.6 G=20.8

[SOLAR ZENTTH ANGLE INCREASING ----= ]

RATIO OF INTENSITILES Up OBSERVER AZIMUTH = 180 TAL = . 250

oy

1.59553 1.64175 1.73955 1.90617 Z.15803 2.50968 1000 ++++
1.62415 1.66869 1.76041 1.93985 2.21757 3.08031 1000 ++++
1.68698 1.72970 1.83029 2.01373 2.32064 3.31970 1000 ++++
1.79804 1.84267 1.94920 214913 249773 3.68150 1000 +4++
1.90510 2.01o05 2.13561 2.36284 2.77295 4.20435 1000 +4+++
2.11729 2.181368 2.32250 2.58063 3.04687 4.63489 1000 ++++
2.09272 2.16814 2.30997 2.55882 2.97898 4.19695 1000 ++++
RATIO OF INTENSTITIES DOWN OBSERVER  AZIMUTH = 180 TAU = 0.250
1.09609 1.15485 1.21450 1.30169 1.44070 1.60354 1.70080
1.15488 1.20063 1.25895 1.35132 1.49508 1.65415 1.74025
1.01495 1.25955 1.3222) 140415 1.57667 1.73541 1.82157
1. 30468 1.35344 1.42867 1.55423 1.70532 1.87192 1.97405
1.45977 1.51944 1 60018 1.73472 1.89015 2.07828 2.24548
1. 69470 1.76277 1.86403 2.02030 201787 2.40985 2.99813
GRS 204551 217355 2.38681 272160 3.45317  113.084%0
RATIO OF INTENSITIES Up OBSERVER  AZIMUTH = © TAU = 0,375
159140 1.643511 1.7499y 1.92000 2.17706 3.30255 1000 ++4+
161945 1.67583 1.76094 1.9451868 2.15980 3.10540 1000 444+
LooTe0n 1.75702 1.541949 1.989354 215997 L8953 1000 441
178075 1. R&4A50 1.94634 2.0705% 17074 Zoo0lh4 1000 44+
94300 200600 CL09824 217705 215204 20377190 1000 44 :
o374 218202 2.20707 2.2152% 2.04982 2.04701 1000 444+ -
DLo1748 2.22747 220078 2.12009 1.65443 1.765368 1000 414+
RATIO OF INTENSTTIES DOWS OBSERVEE  AZIMUTH = ¢ TAU = (1,575
RIRISINY 1.097 39 102040 1.35900 1.53300 1.30850 1.970%z
1L0G T 1,045 111390 127360 P44 200 DLUToeS 1.,97490 .
SIUTS R BRUR 1. ool 114750 PonTols 1. 09800 ToUnsan ;
RO U7 DLiaTh 1.05185 10Ty 155540 LLBeS :
o 149821 1.07890 1.20813 1.13932 P50 168 1.o0y30 -
SENSIRE Vo120 Ll lonT IR ISR It LT Aol NN g
1300 S BHSTIE 2000 1.90477 TLoThle T I BRI P :
.“’




TABLE 4.8 (CONT.)  TOT. OPT. DEPFH = 0.5 ALBEDO = 0.6 G =0.8
C | SOLAR ZENITH ANGLE TNCREASING ----- | :
I RATIO OF INTENSITILS LD OBSERVER  AZIMUTH = 90  TAU = 0.375
1.59019  1.64230  1.74818  1.92612  2.21151  5.40994 1000 444t
€ 161026 1.66911  1.37684  1.96057  2.26219  5.64315 1000 444t
1.67195  1.72035  1.63896  2.03349  2.36633  3.94113 1000 444t
1.77435  1.83200  1.93362  2.16987  2.55720 4 45182 1000 4t
194321 2.00917 214642 239825 2 86103 5.57782 1000 44t
2.14735 2020344 2038636 2.69475  3.30040  6.55009 1000 444t
c 2.24460  2.33049  2.51252  2.85407  3.53326  6.87737 1000 444t
KAT10 OF INTENSITIES DOWN OBSERVER  AZIMUTH = 90 TAU = 0.375
B 1.11096  1.19400  1.29068  1.41632  1.60755  1.85232  1.98769
e 119401 1.24815  1.33191  1.46060  1.63992  1.91137 9 0633¢ :
1.29086  1.35212  1.41308  1.55026  1.76537  2.05480 2. 19971 :
1.41794  1.46253  1.55241  1.70589  1.95061  2.25990  2.45560 )
1 61917 1.67317  1.76132  1.90771  2.24174  2.62910 2 92841 o
1.91417  1.97961 211555 2035794 2.73074  5.47466 5 30756 -
- Zotn7s0 2.27090 2.44581 270935 5.37803 5.853605 1000 444+
RATIO OF INTENSITIES UP OBSERVER  AZIMUTH = 180 TAU = 0.375
_ 158885 1.63916  1.74535  1.92866  2.23582  3.64296 1000 4t4d %
W 1.61274  1.66200  1.76935  1.96259  2.30467  3.91818 1000 44+
1.0n627 1.71414 1.82537 2. 03169 241448 4.29703 0 1000 4444
170651 1.E1512 193325 216006 2.e0046 4 85485 1000 44id
1.95544 1.99065 Z.12300 238458 2.91881 5.75156 1000 ++4+
DUVASOT 220530 2037445 TL6RTEE 534478 6 89004 1000 +4et
2.25785  2.34420 2.52507  2.86891  3.36838  7.00788 1000 44ts
d
KATIU OF INTENSTTIES DOWN OBSERVER  AZINUTE = 180 TAU = 0,575
1.14075 1.23005 132547 1.44939  1.04037  1.87449 1 99550
« 1.236b6 130489 1U3EBSS 1.51750 0 1.7141e 1 94854 2 03900
LLSZ57E 13921 1047670 lieliel  1.82847 o 07410 4 q19nis
D457 DSI0AY 1002002 |LFendn 2 00481 2 t0195 4 amaas :
Loo3i30 175195 1085008 2.03172 20071 2.ekisc o 9508 v
1,945 205047 217197 2LUA0710 T35 37 5.39930 Sosehhe ¢
220905 2.00045 ZLAT0ln 2LT79918 L0920 E 5.52455 1000 4444
‘
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TABLLE 4.8 (CONT.) TOT. OPT. DEPTH = 0.5 ALBEDO = 0.6 G =20.6
[ SOLAR ZENITH ANGLE INCREASING -===.- |
RATIO OF INTENSITIES UP OBSLERVER AZIMUTH = 180 TAL = 0.500
. 0.6 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 .0 0.0 0.0 0.0
0.0 0.0 6.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
RATIC OF INTEANSITIES DOWN OBSERVIEKR AAIMUTH = 180 TAU = (. 300
1.19958 1.32309 1.44350 1.60653 1.85279 2.16440 2.28998
1.32308 1.51585 1.32736 1.69439 1.94808 2.26701 238409
1.44550 1.52729 1.64125 1.82%05 2.049950 NS R 2.568452
1.606053 1.69440 1.82352 2.01284 2.34122 2.77509 2.98338
1.85280 1.94808 2.09955 2.34119 2.68323 535742 5.68719
2o 16d40 2.26701 2.44933 2.77502 3.734709 5.00819 10,0824 5
JERNIATESS 228500 2.58451 2.898550 0. 66709 TGLOETSE TU0U ++++4
-
.

97




TABLE 4.9 KATIO OF LOWTRANSX TO PLANE PARALLEL INTENSITIES
FOK THE GASE OF 1SOTROPIS SCATTERING USING 1962

STANDARD ATMOSPHERE AT 11 um (Single Scattering)

L

[ OBSERVER AND SOLAR ZENITH ANGLES...... 12.95, 82.57, 88.54 ]
OBSERVER AT 100 KM 6= 0 ISOTROPIC
NS TTY U
INTNSITY P 0 anales
l 1.00215626 1.05774879 2.29551697
Observer ¥ 0.000714218  0.001250958  0.007708263
angles  0.000000213  0.000000296  0.000000940
INTENSITY DOWN
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
OBSERVER AT 2 KM G= 0 1SOTKOP1C
INTENSITY UP
1.00154781 1.06007195 2.58837509
1.01964569 1.09133911 2.50554466
1.17453769 1.26038567 2.69621849
INTENSTTY DOWN
100000000 1.00567627 1.34543324
0.995650371  0.999867260 1 33298016
0.971774220  0.969370544  1.27793026
OBSLERVER AT GROUNY 6= 0 LSOTROPIC
INTERS1TY P
0.0 0.0 0.0
0.0 0.u 0.0
0.9 0.0 0.0
INTENSUTY DOWN
1.00028700 1.05090427 2.34002876
1.00060463 1.02801609 2.51013947
1. 14060497 1.06375645 4.40731525

P S Gy WL N S
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TABLE 4.10 RATIO OF LOWTRANSX TO PLANF PARALLEI INTENSITIES

FOR THE CASLE OF ANTSOTROPIC SCATTERING USING 1962
STANDARD ATMOSPHERE AT 11 jm (Single Scattering)

[ OBSERVER AND SOLAR ZENITH ANGLES...... 12.95, d2.57, b88.54

OBSERVER AT 100 KM G=.8 Pil= 0

= = = e e M G M e W T e e e e e o = =

N T :
INTENSITY UP —~——>» Solar angles

l].00231266 1.06745529 2.53980637
Observer ¥ 0,000712828 0.001235167 0.007610794
angles 0.000000213 0.000000287 0.000000955

INTENSITY DOWN

0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
OBSERVER AT ! KM G=.8 PiiI= O
INTENSITY UP
1.00139332 1.05543613 2.50243706
1.01643562 1.07541847 246145344
1.17257404 1.26803194 2.79022050

INTENSITY DOWN

1.00000000 1.00354385 1.35827351
0.992804728 1.00059032 1.37985706

0.971548676 0.975686073

—

L30217552

OLSERVER AT GROUND G=.8 Pilt= 6

INTENSITY UP

0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

INTENSTTY DOWN

1.00000000 1.05172062 230723137
(0.997923195 1.031276706 2. 72884004
1.14086819 1.080884493 5.05580005




TABLE 4.10 (CONT. )
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Q
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0,
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.27964306
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4.4 spectral Redundancy

For high resolution,plane-parallel, multiple scattering radiative transfer
in inhomogencous medla, the gaseous absorption causes the vadiative properties
to be highly dependent ou frequency, Such complex spectral structure re-
quires the monochromatic calculations to be done on a fine frequency grid
over the entirve spectrum. Computational times are consequently large and
procedures to decrease them are sought. Two rather distinct approaches
have evolved to deal with this spectral problem. The first, and more highly
developed method, is to spectrally wodel or average the extinction coef-
Yicient in some manner and then attempt to use such averaged properties in
an appropriately modified radiative transfer equation or its solution. The
literaturc on this approach is too extensive to discuss in detail and shows
successiul applications for many specific problems [Refs. 22 and 23]. The
major limitations of this method are 1) the modeling or averaging is not
peneral, 2) the radiative transtfer using averaged properties is almost
always an approximation, and 3) that only spectrally averaged quantities can
be predicted. 1n other words this approach lacks generality and has unknown
and uncontrolled ervors.

The second method of dealing with the spectral problem, and the one
pursued in this section, exploits the idea that monochromatic radiative trans-
fer calculations can be highly redundant over a spectral region containing
naday paseous absorption/emission lines. Therefore, only a reclative foew
monochromatic multiple scattering caleculations are reguired to represent
radiative transfer at all points in the speetral repion., Prior resecarch on
this approach has taken several forms using the nomenclature of the K or

opacity distribution function [Refs. 24 through 27], and is well developed
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only for homogencous atmospheres or when scattering is neglected. The work
on exponential-sum fitting of the direct transmission function [Ref. 28 and
29] can also be related to this method., The research proposed here builds

on this previous work and presents the method in a more general manner using
the properties of the diffuse transmission tunctions associated with the

I . adding/doubling computational method for multiple scattering. This dir-

ferent viewpoint makes it casier to understand when and how spectral re-
dundancy can be used to advantage.

! To study the spectral redundancy for multiple scattering radiative
transfer in the generality being proposed, a general and fast radiative
transfer computational code is required. The method of Adding/Doubling has

( been developed over a period of time by several research groups and is now
able to solve any monochromatic, multiple scattering problem in plane-~

parallel media [Refs. 5, 6, 7, 30, 31 and 32]. Although the particular adding/
doubling aigoritlun Lo be used here, and developed by one ot the authors, is
peneral (internal and external radiative sources, inhomogeneous and non-
isothermal media, arbitrary scatitering properties of medium and surfaces)

| and computationally rather fast (5 to 10 CPU seconds on an IBM 370/158 per
monochromatic run), it is not fast enough to allow high resolution, point-
by-point calculations to be done over the entire spectrum in a realistic

| gascous medium for all ot the various conditions encountered in modeling
cnginecering and atmespheric environments. Therefore, the following scheme

is one possible approach to decrease computational times for obtaining both

\ the total ecuneryy {lux and the spectral intensity emerging from, or found
within, a multiple scattering mediow.  The concept is rather siwple. The

approximation is made that all spectral points having the same total optical
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depth also have the same, or very similar, dircct and diffuse transfer or o
transmission functions. This is not true in the general case, and the
research discussed here is to fiund out through analysis and numerical rﬁ
experiments the accuracy of this approach in simulating radiative transfer
in realistic atmospheres and what further parameters may be required.

As a simple example, consider the problem of radiative transfer through ;:i
an inhomogencous medium illuminated by selar radiation. The monochromatic

intensity lv (v denotes frequency) exiting the top and bottom of the medium

of total optical depth t, can be written as [Ref. 5] "
o <
« B-
+ 1\)0 s (t\’o ) i
I, 0, u, ) = W " (4.19) ?
and i

T oy . - -t N - -
1 ‘Lv s 1 ) 1 exp( Lv /) & (u “o’ ¢ ¢O)
Q &) O

+ 0 . (4.20)

. C - . - . R~
lHere the diffuse transmission functions Sg and T & are calculated by the
Adding/houbling method and have been wodified (supersceript R) for any re-

flecting surface located at tv . lv is the solar iuteansity at the tep of
o o
the atmosphere in the direction of 1t (cos 0 ‘), ¢ , where O and ¢ are the
Q (B Q

zenith and azimuthal argles, vespectively. The direct solar beam is angularly
turned on by the Dirac delta functdion §.  The optical depth Lv is basced on 3

the extinction coeflicient K. by

4

\)




L\) = I\E\ (x)dx ’
)

where x is the perpendicular distance wmeasured down from the top of the
medium, while upward (dowaward) hemispheric intensities are labeled with
a +(=) superscript. Also note that the {ull functional arguments for SS
and TS are not given, and they arc calculated for a solar flux of 4m,

11 oue is concerned with only the divect radiative  cransfer, the
spectral variation of the iuwcident selar flux 1s usually considered to be

smooth and the spectrally summed intensity car be writ.en as

1 (x,s U, $d)=1 exp(—tv /uo)dv . (4.21)
o ©

Av

The spectrally averaged direct transmission tunction is the integral in the
cquation, and it is often approximated by a sum of expouentials as dis-

cussed at length in several references [see Refs. 28 and 29]. The exponential -
sum fitting method is also directly 1elated to the K-distyibution method

where the spectrally averaged, direct transmission tunction is written as

(for an homogeneous medium)

[
[ %2
~—

TUY = % exp(-K,  Vdv=| f(K) exp(-K, Vd K, (4.
. N : : .

o]

Av

where U is the pas amount and 1‘.(1(L,) is the K distribution function. This
function weights the spectrum according to how often the extinction coet-
ficient has values between KF and KF + d KY' Such a function can then be

)

used in several different ways [Ret. 26].  The common factor in these constructs
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is that all spectral points with the same KL‘ or t should be prouped and
: L

would then constitute a single monochromatic radistive transier calculation.

The more general approach is to include the diffuse transmission
8 i

. . . . R-
(scattering) or transfer functions §

b

sum would then appear as
Pt

Av

and T R An intensity spectral
s

(4.23)

Now one must ask for what parametric values does one obtain the same Ss .

For this, the complete functional dependence of SS

be cxpressed as

S = Su ‘tv A T mv (Lv)’ Pv(tv)’ l

o (o]

o’ ¢o)' (

is required and can

i~
.
~~
I~

~—r

Tara , . o . . . .
Hore W and Pv are the single scattering albedo and phase function, re-

(6]

spectively.  To make this more explicit, it can be rewritten as

Q K_ (x)

R~ R- S0 )
- - C - - I t) V26
L’S bS I\E“ dx, Hy ‘by I\L (K) ) ]\)(X): “03 \J)O > (4 —))

\ J \ o
O

where K is the scattering coefficient. When the mediuwm is homogencous
s AONOSCRCOLS

)

and one assumes Ko and l’\, ave spectrally smooth, the only remaining spectya!

H

\)
paramcter is L\) s Or
0
R~ R~
S = 5 t
] 5 ( \Y )
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and SSR- calculations can be grouped into t, bins in the same way as dis-
cussed above for direction transmission.

For a given homogeneous medium, the procedure is conceptually straight-
forward and without physical approximations, A line-by-line algorithm like

HLIRACC [Ref, 33] which is contained in FASCOD1B [Ref. 4] would be used to

produce the required to over the spectral region of interest. Using these
results, one would then performed a mapping of all frequencies with common
O values. This mapping is retained. The monochromatic multiple scattering
code (Adding/Doubling) is then run for a small number of to's each of which
represent many different values of frequency. The results of these cal-
culations are then used to perform the spectral sums as expressed in Eq.

(5), which now takes the form

T i’
+ - “o . R~ . (4.27)
I Tﬂu J bs (Lo)l(to)d t;O .
0

ie function SSR—(tO) and the extinction or opacitv distribution function
f(to) are smocth functions so the integral can be evaluated accurately using,
only a few carefully selected values of ty In addition the high re-
soluiion spectral intensity given by Eq. (4.19) can be constructed by an

inverse mapping ot t, results baclk to their associated frequency values.

For the reulistic situntion of an inhomogeneous atmosphere under
discussion here, the redundancy for radiative transfer with scattering
is more complex. Referring back to the general functional form piven by
b (4.25) aund making the reasonable assumption that KS (x) and Pv(x) are

\)
known in x and spectrally smooth over the specltral region of interest, then




T

progress can be made with the redundancy concept for inhomogcneous media.

The remaining spectral parameter besides t, is K., (x) that with KS (x)
o} \Y

makes up the single scattering albedo. If KE(v, x) could be written as

KI(L , x) when t =t (V), then redundancy would be valid and such a situation
DY) 0 0

is called the correlated opacity approximation. For certain simple line
models such as equally spaced overlapping lines of equal strength the
above parameterization of KE is valid and redundancy is an exact approach.

v
For realistic inhomogeneous atmospheres it will be shown that the line
absorption is not exactly correlated but progress can be made by working
with an average (over the v's associated with a given to) KEv or equivalently
an appropriately averaged single scattering albedo.

The above theoretical arguments and functional relaticuns can be made

clear by an example calculation. This will 2lso give some initial results

that will show how successful the redundancy approximation can be for in-
homogeneous atmospheres. This initial calculation is not sufficient, however,
to say that redundancy will work for all model atmospheres over their entire
spectral region.

Although a thecretical argument can and bas been made for spectral
redundancy, its accuracy and usefulness cap only be demonstrated by numericual
experiments with realistic model atmospheres. For an initial experiment, a
smal:. specetral region was chosen from a standard atmosphere (Model six)
of FASCODLE (Ret. 4 ). The total transmittance for this atmosphere, which
did pot include aerosols, is shown in Fig. 4.2 over the narrow spectral
recion from 4950 to 4954 cm-] that contains a mixture cM'COZ (uniformly
mixed gas) and HZU (nonuniformly mixed gas) lines. A part of this atmosphere
was chosen to work with and was made up of 12 layers that extended from

ground to 20 Km. The upper part of the atmosphere from 30 to 100 Km was
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not used since it contriputed little to the optical depths. For a total
transmittance of 0.40 (optical depth t, of 0.9163), there are fourteen cor-
responding frequencies in this spectral region. For each of these frequencies
the optical depths of each of the 12 layers were found along with the average
(over frequency) optical depth for each layer. In this initial sample cal-
culation, aerosols were added to each layer by assuming the scattering optical
depth was 1/9 of the average absorption optical depth. This gave an average
single scattering albedo in each layer of 0.1. A single scattering albedo
distribution over the 12 layers was then computed for each of the 14 frequencies
by using the actual molecular coptical depth in each layer, again for each
frequency under study. Note that 1/w averaged over the frequencies gives

the value of 10 for each layer.

To use this data in the multiplelscattering Adding/Doubling code, it

is convenient to reduce the 12 layers to six layers, five of which have

optical depths of 0.127 and the bottom layer has an optical depth of 0.3825"

The nw single scattering albedoes were formed from the originals by optical

depth weighted averagesf The data from this optical depth and albedo modeling

are given in Table 4.11 (note that Ref. doesn't mean average of the albedoes given).i 
EFach of the 14 different frequencies along with their unique single

scattering albedo distributions were used in Adding/NDoubling multiple

scattering calculations for the flux exiting the top and bottom of the

atmosphere. The results of these runs were averaged and compared with the

one Adding/Doubling run using averaged layer properties. The results are

presented in Figs. 4.3 and 4.4 for three sun angles.

*The physical layers therefore become frequency dependent, but this doesn't coflcer B
the present caiculations,

+Because layers have been merged, the albedoecs listed in Table 4.11 no lonecer
. . - - [=2
give an average (as l/w) over trequency of 10.




Table 4.11 Layer optical depth, and albedoes for the fourteen spectral points
corresponding to the total transmittance of 0,4,
FREG. .
POINT OPTICAL DEPTH BY LAYER FROM BOTTOM —>
{0348 0.211 0.1405 0.0903 0.0527 0.0289 0.0164 0.0093 0.0052 0.0028 0.0026 0.0006
2 0.4127 0.2356 0.1290 0.0687 0.05% 0.0183 0.009%6 0.0003 0.002? 0.0015 0.0014 0.0003 oL
3 0.4623 0.2494 0.1165 0.0518 0.0209 0.0092 0.0042 0.0022 0.00i2 0.0005 0.0006 0,0001 -
3
4 0.4453 0.2389 0.1123 0.0506 0.0220 0.0120 0.0078 0,0059 0.0050 0.0040 0.0072 0.0042 R
5 0.3638 0.2293 0.1397 0.0827 0.0447 0.0258 0.0138 0.0075 0.0039 0.0021 0.0019 0.0004
6 0.3961 0.2345 0.1375 0.0841 0.0478 0.0265 0.0147 0.0077 0.0041 0.0022 9.0019 0.0004
7 0.3114 0.2208 0.1932 0.0985 0.0997 0.0316 0.0181 0.0106 0.0000 0.06031 0.0029 0.0007
8 0. 3112 0.2224 0.1508 0.1001 0.0590 0.0334 0.0192 0.01066 0.0051 0.0032 0.0031 0.0007 _
9 0.0 0.2124 0.0737 0.02834 0.0134 0.0076 0.0052 0.0038 0.00Z7 0.0021 0.0028 0.0011 '
10 0.5786 0.2X07 0.0742 0.0273 0.011% 0.0052 ©.0026 0.0013 0.0007 0.0003 0.0003 0.0001
i C.X549 0.2292 0.14T9 0.0850 0.0491 0.07250 0.0177 0.0075 QL0040 00022 O.0020 0.0005
12 0.3693 0.2254 0.1374 0.0827 0.0481 0.0272 0.0144 0.0077 0.0042 0.0021 0.0020 0,0004
13 0.3804 0.2290 0.1345 0.0788 0.0442 0.0229 0.0122 0.0088 0.0034 0.0018 0.0017 0.0004
14 0.4532 0.2424 0.1201 0.0885 0.0283 0.0130 0.0064 0.0032 0.0018 0.0009 0,0008 0.0002
RE. 0.4072 0,295 0.123% 0.0705 0.0383 0.02056 0.0113 0.0064 0.0035 0.0021 0.0022 0.0007
IFREO. ALBEDO BY LAYER FROM TOP -----
i 0.07389 0.08222 0.09071 0.10341 0.10433 0.11541
o C.10677  0.09893 0.09772 0.0Y700 0.09832 0.09880
5 0.13167 0.105332 0.09276 0.09270 0.08925 0.08914
A 0.12665 0.11239 0.09734 0.09644 0.09283 0.09223
5 0.06498 0.08839 0.09291 0.10006 0.10226 0.11001
& 0.0682es  0.067953 0.09331 0.09733 0,09953 0.11273
7 0.06677 0.07338 0.08367 0.0983Z 0.10353 0.12532 A
& 0.00506 0.07214 0.08489 0.09604 0.10286 0.12525 i
9 0.18983 0.12617 0.10719 0.08322 0.07538 0.07538 v
10 0.21100 0.11507 0.10357 0.07e38 0.07253 0.07253 E
1] Q. 08260 3.085%%0  0.09017 0.10012 0.10191 0.11307
12 0.0682728 0.08581 0.09429 0.10163 0.10345 0.10914
15 C.091ps G.09230 0 0.0Y027  0.10020 ¢.102306 0.10630
14 0.13401  0.10433 0.09556 0.09518 0.09132 0.09077
RILYF. (L1000G 0 0.10006 0.10000 G.16GO00 0L.10000 6. 10000
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Figure 4.3 Transmittance diffuse flux for a total molecular transmittance
of 0.4 at each of the fourteen correspounding f{requencies (case #'s
2 thru 15) and for average layer properties (case #1).
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Figure 4.4 Reflected diffuse flux for a total molecular transmittance of
6.4 at each of the fourteen corresponding frequencies (case #'s
2 thru 15) aud for averaged layer properties {(case #1).




The diffusely transmitted flux out of the bottom with sun angles of At
12.9°, 60° and 88.5° for each frequency (case number) is shown in Fig. 4.3.
Cage number one is the run using averaged layer properties and the bar
denotes the averages of all the other cases (2 through 15). For the more
overhead (lower angles) sun angles the cases show small amounts ol varigivie,
while grazing sun angles produce more variance, This vardlance says that the Do
total optical depth does not cortrol the multiple scattering radiative
transfer problem. On the other hand, the averaged property run agrees
quite well with the average over frequencies or case number., For example,

- 4

wiien the sun is at 88.5° the run using averaged properties gives @ x 10 =0.914
while the average of all runs gives Q_ X 104 = (0,940. This results in a 2.87%
error and the smaller sun angles produce even less error, The result of
this experiment is that the total optical depth and layer properties averaged
over ali corresponding frequencies for this optical depth can be used in a
single multiple scattering run to predict the radiative flux with good
accuracy.

The diffuscly scattered flux out of the top of the atmosphere for the
same conditions discussed above is presented in Fip. 4. 4. lHere the case
hy case variance is larger since the reflected flux is more sensitive to
tho albedo distribution than the dirfusely transmitted fJux. Again the
greatest variance is observed at the wora grazing sun angle of 88,5°. For

this sun  angle, the calculation using the averaged layer propertics gives

-+ 3 ) . ) . ’
Q0 x 107 = 0.991 while the average of all calculated cases results in "
+ 3
0 x 107 = 1,108, UHere the error is 107, but do note that when the sun
angle is 12,97 this crror reduces teo 2%.  Although the error introduced by
the redundancy avpument is preater for diffusely scattered radiation than
tor diftusely transmitted radiation and the grazing sua angles produce the

114




maximum errors, there does appear to be a great deal of spectral redundancy

in multiple scattering radiative transfer,

4.5 Recommendations For Further Research

The need to reduce the number of spectral-like, multiple-scattering cal-
culations was discussed at the beginning of this section. The spectral re-
dundancy concept subsequently developed along with an initial numerical ex-

periment is one logical approach that does reduce the number of multipie

scattering calculations required to obtain radiative fluxes. However, more
theoretical and numerical work is required befove spectral redundancy is re-
duced to a practical and useful method. More (different line features) and
larger spectral regions have to be analyzed te find out if redundancy argu-
ments remain valid., This will require a fair number of numerical experiments.

The final goal of spectral redundancy studies is to produce a set of
spectrally averaged (over a specified spectral resolution) atmospheric
propercies that can be used in any monochromatic multiple scattering cal-
culation (Adding/Doubling, Monte Carlo, two-stream Delta Approximaticn, etc.)
to produce accurate radiative transfer predictions. This will not be an

easy or simple task, but it is basic to all other so called alternative

approaches that have been proposed.
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APPENDIX A: MIE DATA ACCESS CODE

As mentjioned in Chapter 2, the complete output of the MIE calculations
was much too large for continuous online storage. Therefore, the data
was stored in binary format om a magnetic tape at the AFGL computer center,
The volume serial number of the tape i1s CC-0366, and the file name is
MLIEOUTPUTIO. This file is actually composed of 39 records cach containing
the results for a particular model at many (up to 27) wavelengths. A

stamary of the records follows:

RECORD_# AEROSOL MODEL WAVELENGTHS (1m)
Tl RURAL 0% RH* .2 - 1,06
2 "o 1.536 = 5.0
3 " 6.0 - 40.0
4 RURAL 70% RH* .2 - 1.536
5 wx oY 2.0 - 3.392
6 RURAL 80% RH* v/ 2 - 3,392
7 RURAL 997 RH .2 = 40.0 |
3 URBAN 0% RH # 2 - 5.0
9 " 6.0 - 40.0
10 URBAN 70% RH* .2 - 5.0
11 " 6.0 - 40,0
12 URBAN 807 RH 2 - 5.0
13 " 6.0 - 40.0
14 URBAN 997 R .2 = 40.C
15 OCEANIC 0% RH* .2 - 5.0
16 " 6.0 = 40.0
17 CCEAN1C 70% RH* 2 -~ 5.0

18 " 6.0 40.0




19 QCEANTC 80% RH* 2 - 3.392 ,
( 20 " 5.0 - 40.0
- 21 QCEANIC 997% RH* .2 - 40.0
22 TROPOSPHERIC Q% RH* .2 - 2.5
23 " 2.7 - 18.5
) 24 " 21.3 - 40.0
25 TROPOSPHERIC 707 RH* .2 - 2,5
26 " 2.7 - 40.0
27 TROPOSPHERLC 80% RH* 2 - 2.5
28 " 2.7 - 40.0
" 29 " 2.3 - 40,0
- 30 TROPOSPHERIC 99% RH 2 - 40.0
_3 ol BACKGROUND 2 - 40.0
;( 32 AGED VOLCANIC 2 = 40,0
: 33 FRESH VOLCANIC 2 = 40,0
s
34 RADIATION FOG 2 - 2.0 ’
..._.\‘ 35 RADIATION FOG 2.5 = 40.0
~' 35 ADVECTION FOG .2 - 40.0
37 meTEORTCY 2 - 5.0
. 38 METEORLC 7.2 - 10.0
39 METEORTC 12.5 - 40.0
t
. "-""ﬁﬂJ;,SﬁTl;l[;'1"—\;-1.:.5_;:75‘1—1:}‘1-‘;_1’?::1-l))’ a version of the code that had under-
K o dimensioned arrvays.  Data other thau the normalized phase Matrix may b
Incorrect and should be used with caution. o
-: Ve data for these twomodels at wavelenpths from 5.0 to 40.0 uwere not saved.
3 +1t has recently been discevered that these records were generated using incorvect
_ refractive index data. The reader is reterred to Frie Shettle 91 AFGL, who has
& vrecaleulated these phase functions using the correct data.
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7

The data can only be accessed with the FORTRAN program (called

RDTP10B) listed below:

PROGRAM ROTPICBIINPUT,.0UTPUT;TAPIS,,TARIH)

c_ . _. e - _

C THIS PROGPAM IS USED TO RIAD Ty~ IINAIY qUTpurT

c OF THE MIE CALCJLATIONS STORZD ON _“TAPZ5= AND

T W3ITZ THE OyTtPUY TO =TAPz3™,

C '.‘f_

€ PLEAS: CONSULT APPENDIIX A OF THI LJWT2AN SINGLE 7 &

€ SZATTEQING REPHRT REGARDING THT VALIDITY OF )

¢ SOME OF TH:Z DATA,

c

T NTHETA IS THT NUM3IZZ 3F SCATTIRING ANGLTS, =34

C . - —— e —— ———— -

T TNFANG IS T4E NUYMBIE OF COSIN:ES FOC FQUAL PROBASTLITY .

C . INTZ2VA(S, ZOUALS 26 OR 36. R

C N

e THE TONTENTS OF THE ENTIRT FILT ARE COPII0, IsEe THT N

ETTTTPHRSIUFUNCTION JATE 700 A GIVAN AEIASIC MODZ. AT :

C  UP YO 27 WAVELENGTHS, F:th TN THI SHAPYIR 2 OF o .

c THE SINGLF SCATTEXING RLPOST FOT 4 SUMME Y OF THF g

Cc_ FILE TONTENTS o it

¢ ;
COMPLZX Py e L B
DIMENSION TH- r(3qy.oassL(tq) SPHASZ (24, PHES3(34) ,

1 PHE3L{I4),C0TI0P (16) S S o

¢ ;

_?C'Q___._':OQML\T(///" TMBEX OF REFRACTION . WAVE L ENGTH 4 ____K”E.XT

1 K 337T™)

00 15¢C IHAVE=1,27
TWRIYI(5,877)
OTANI(3) PM UTPRI3, WAVEL sCEXT 3 SCOESNTHT TS, NTANG,

TC(~7-( 5yy 20Q0,5
= TEDIS) (VYD LI 3 T=1,NTHIrA), ‘
g (DHA,1(I>,I—1,wTu-rA),(PHage(L),Y= WNTHETA) J(PHASI(T)

2 aI= 1 NTHITAY (oHASLIT),, T=1 NTHYT2) | (COEQPT) 121, NTLNG)
TWRITE e, 9150 My WAVIL,CEXT, SCO’

aig popunr(9x,a~17.a,,x,?Tu) o — :
T ORI (8,920) .
020  FO3MaT(/*™ SCT ANG 11 Ie I3 o
T AT T ravamy ' B

ND 35 T=13NTHTTA
DHRJYuHAqa(I%+w4¢<2(1))/2 v
10 WRITI(H,yG20) THIT(IN,PHASL(I) +PHASR2(T)+PHEST(I) yOHESL(T) JPHS
"iﬁ—"“fﬂrNAT(1>,f7.2,5512.b;

 WRITE(6,940) o o

940  FOSMAT(/*" COSINFS FOR ©QUAL P309323TLTTY TNTERVALS™)
D0 29 T=a1 NFANG L S
20 wRIr (o,eco) cO0ZQP(I)

180 FQVTINU' =
200 CoANTINUYZ L . L . o .
ST0®O
“ND

121




The program reads one record from "TAPES5™" (the binary data file) and
writes the information to " TAPE6" for examination, cataloging, etc, While this
program is capable of operating directly on the magnetic tape, it is not
recommended. The binary data file should be éopied (in binary) from the
tape to a mass storage disk file. This allows interactive execution cf the
program and avoids the possibility of repeated tape mounts in the event that
problems arise.

The following cxample should clarify the use of the program. Assuming
that a compiled version of RDTPIOB is local file LGO and the binary data file
is local file DATATP,the following commands could be used to retrieve the

aged volcanic data in record number 32.

COPYBR, DATATP, DUMMY, 31

COPYBR, DATATF, TAPLES
REWIND, TAPES
1.CO

The first three commands copy the data in record number 32 to TAPED and

then rewind it. The last command exccutes the problem, A copy of the contents of

{ile number 32 would appear in coded format in local file TAPE6. A portion ol

che vubput that would result fvom the above sequence [ill is shown below:

he headings above the output are self-explanatory. The first line of output
consists of the complex index of refraction, wavelength, extinction coefficient,
and scottering cocificient,  This is foliowed by six columns of data, Each
colum has 34 entires, one for cach scattering angle.  The first colum lists
the scattering angles.  The next four columns are the four Stokes parameters,
andd e last column the phase function for unpolarized Tight (i.e. the numerical

averape of the Yirst two Stokes parameters).  The final portion of output 1is




a single column containing the cosines for equal probability intervals.

Similar sets of output would be repeated for each of the remaining 26

wavelengths,
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APPENDIX B: LOWITRANSX STRUCTURE

This section of the report describes the structure of the single scat-
tering portions of the LOWIRANSX code. A complete deseription of the original
LOWIRAN code can he found in Reference [1]. Changes made in the original
LOWTRAN routines are described first. Next a discussion and flow chart is
presented for each of the newly introduced subroutines. Finally, a list of

new variables and their definitions is provided.

B.1 Changes in Original LOWIRAN Routines

1. In the main routine LOWEM, the control parameter ISCTTR and control
card 2A were added to the input data file to provide for specification of the
single scattering control parameters. The definitions of the new control
parameters can be found in the comments at the beginning of the code and
also in Appendix C of this repert. Additional blank common areas have been
added to provide space for the new single scattering quantities, The only
major change in program flow was the addition of a CALL SSGEO statement,
Subroutine SSGEO is a new driving routine which will be discussed along with

all other new routines in Section B.Z.

2, Subroutine TRANS has been modified to perform two, rather than one
transmittance calculations at each scattering point along the line-of-sight.
The first calculation is for the L-shaped path from the extraterrestrial
source to the scattering point on the optical path, then along the optical
path to the observer. The second transmittance calculation is for the path
from the scattering point to the observer. After each transmittance cal-
culation subroutine SSRAD (a new routine) is called to either save the
transmittances (during the first call) or perform the single scattering in-

tensity calculation (during the second call).
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3., Subroutine RFPATH has been modified to save the earth centered
angle increment DBETA, and the path zenith angle THETA, in arrays ADBETA
and ATHETA, respectively. These quantities are necessary for specifying the
scattering point-to~sun paths and the scattering angles.

No other significant changes have been made to the original LOWIRAN

routines.

B.2 New Subroutines

1. Subroutine SSGEO drives the single~scattering geometry calculations.
If ISCTTR = 1, (i.e. the single scattering calculation is desired) SSGEO
is called immediately after GEC is called for the optical path geometry
calculations. SSGEO first saves all path quantities such as H1, H2, ANGLE,
etc., along with the arrays WLAY, WPATH and TBBY. This is done to avoid losing
the infermation during subsequent GEQ calls for the scattering point to sun
amounts. Next, SSGEO calls subroutine PSIDEL to determine the values of
PS10 (the relative azimuth between the optical path and the sun's rays at
the observer) and DELO (the angle subtended at the earth's center by the
observer and the subsolar point). This is followed by the loop over the
scattering points, during which SSGEO calls function PSI, DEL and SCTANG
along with subroutine GEQO (the LOWTRAN geometry routine) to determine the
cumulative point to sun absorber amounts. These absorber amounts are then
stored in the arrav WPATHS, which is analogous to the optical path absorber
amount array WPATH. Upon completion of all geometyy calculations, the
optical path rarameters and arrays are restored, and control is returned

to LOWEM.

2. Subroutine PSIDEL computes and returns the values of PSIO and DELO.




3. Function PSI returns the value of the relative azimuth angle between
the line-of-sight and the direct solar path,

4. Function DEL returns the value of the angle subtended at the earth's
center by the subsolar point and a scattering point. This is alsc the
straight path approximation for the sun's zenith angle at the scattering
point. An iteration of the geomtry calculation is performed by SSGEQ if

the bending along the sun path is greater than one-tenth degree.

5. Function SCTANG determines the value of the included angle for
single scattering, i.e,, the angle between the sun's rays and the line-

of-sight optical path.

6. Subroutine SSRAD is called by TRANS after each transmittance
calculation. TRANS has been modified to perform two transmittance cal-
culations at each scattering point along the optical path. When called
following the first transmittance calculation, SSRAD saves the total trans-
mittance for the L. path. After the second call SSRAD uses the current
optical path transmittance along with the previously saved L path transmiftance
to calculate the single scattering intensity contribution from the current

layer.

7. Subroutine SOURCE contains the extraterrestrial source intensity
data as a function of waveleangth [34]. A correction factor accounts for
the ecarth's elliptic orbit. lLunar intensities (when required) are based
on the solar intensity and stored values of the wavelength dependent albedo

[36, 37] and angle dependent phase function [38] of the lunar surface. luﬁ

8. Subroutine SUBSOL determines the sub-solar point angles, that is o

the longitude and latitude where the sun is directly overhead,
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9. Subroutine PHASEF returns the value of the aerosol phase function
when the MIE data base 1s used. First the aeroscl model number and the
bouuding angle, wavelength and humidity (if within the 0-2 Km boundary
layer) indices are determined. Function PF is then called to obtain the
appropriate data from the PFnn subroutines which contain the results of
the MIE calcualtions described in Chapter 2., Subrcoutine INTERF is called

to perform any necessary interpolutions.
10. Function PF calls the appropriate PFnn data subroutine.

11. Subroutines PFnn(where nn = 01 to 22)contain the phase function

data for aerosol model nn,

12. Subroutine INTERP performs linear and logarithmic interpolation.

B.3 Flow Charts of New Subroutines

Figure Bl through Bl2 are flow charts of the subroutines described above.

B.4 ©New Variables and Their Definjitions

Variables introduced in the development of LOWTRANSX are listed and

defincd below.

VARIABLE FIRST REFERENCE DEFINITION

ADBETA MAIN Optical path, earth-centered-angle in-
crement array

AHi MAIN Scattering point altitude array

ALAM PHASEF Wavelength

ALD SOURCE Lunar albedo array

ALT PHASEF Altitude

ANGD SSGLO Optical path zenith

ANGY MALN User supplied phase function scattering

angle array

ANGLO SSGEO Straight line approximation of snlar zenitHie




[ ——————— e Ca - e s e - _—
et m e - . — e e

Argument List
TERROR = yoeometry ciror flag

I1PH - indicates aerosol phase functica Lype
IPARM - iuput parameter, sce user'as guid.

PARM]I - varigble input paramcter, sze usc. 's guide
PARM2 - variable input parameter, aee uacr's guide
FARM} - variable iuput parameter, see uacr's guide

PARM4 - varisble iuput parameter, sac user's guide
PSIPO - path azimath
G - asyimelry parawmeier

b — e —— e ———— ———— e e - [P,
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L
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Figure Bl Tlow chart of subroutine SSGEO.




F' fine HIST, ANGLST, LEN and Rkul uAaing data
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Argument liai
THETAS ~ snuliclar  latitude
PHIS =~ gubsular longitude |
THETAO - obscrver latitude

PHI0O - observer longitude

PSIPO2 ~ path aziwuth

PSI10 ~ relative azimuth

DELO — angle gubtended at carth's centen

by the observer and the subsolar point
IARBO =~ arbitrary initial acimuth tlag
azimuths are not arbitrary
path azimuth is arbitrary
solar azinuth is arbitrary
both azimuths are arbitrary

1 L

l Chauge sign vonvention of PSH‘(L‘_:]

Compute radiagn measure eguivalents ol
angles and angle differencer

W O

e =

[ABS(DPH) > ~El’511.N\> - { ABS(DTHTY > EPSILN .~ "ﬂ'_”ﬂ_i t(vartous unslvu)J
—(,:\;:lol\git\ldc Co-latitude
DELO = ABS{DTHT) u)r-:l,o = ABS(hPHL)

I 1 R —-

DELO = O \>~’--I LARBO = TARBO + 2]
- _ - S

F—"'_'L-——‘ e o e e e
LARBO = 0 o = e—-e——{ ANUMER = numueratoer ot P8I0 expression

l - DENOM = denominator of PSIO expression J
‘ch:rn I l
- ’-"“\\AR.\.’(ANUN]-ZR) > EPSILNJ

(5700 =7 ]
{ TN I 77"1f~‘l
[Iﬂl—[ - Q Jr - = Phﬁ 180

Figure B2 Flow Chart of subroutine PSIDEL
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Avrgument list
PSI0 - relative aziouth at the obgorver
DELO = angle subtended at the varth's center
by the obscrver and the enbaolar point
BETA - angle subtended at the carth's center
by thy observer and the scatteting poeint
IARB - arbitrary azimuth tlag My
= 0 azimuth ig not arbhitrary
= 1 azimuth is arbitrar,
IARBO- arbitrary initial azimuth filag

= (0 azimuths are not arbitrary s
= 1 path azimuth is arbitrary
= 2 golar azimuth is arbitrary :
= 3 both azimuths are arbitrary R
-~ P
| ] .

equivalents of DELO and BETA

IARBO = O }—-————1 Calculate PSIOR; the radian mu;;:;u ” .

equivalent of PSIO s
TARB = IARBOI

R N e e - -
L_IARB =1lord >- {Ee‘”‘“] l JENOM = denominator of PS1 cxprcaux&g]

1ARB = 0 e
ANUMER= numerator of PSI expression
BETA s EPLIL&T:> *—{Ret“fél | \;\ DELO > EPSILN l i

S, r

r - — —T H 3 - ~
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,____—_I*__ __.,I — :
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L ; | IR
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[ R - a i ) Ve e . H
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Figure B3 TFlow chart of function PS1




. P e e e e e e e e
: Atgument st
(v: PSI0 - relative azimuth at the obsviver
o DELO - angle subtended at the carth’s center by the
k- obgerver and the subsolar puint
K . BETA - angle subtended at the earth's center by the
R - obaerver and the gcattering point
- IARBO- arbitrary initial azimuth {lag
. = 0 azimuths are not arbitrary
. = 1 path azimuth ie arbitrary
s = 2 wnolar azimuth is acbitrary
., # 3 both azimuths are arhitrary 3

Colculate PSIOR, BETAR, DELOR; the radian
measure equivalents of PSIQ, BETA and DELO

1

[DEL - f(l’SlOR,DEL()R,BETAR)—l

' | —————
u DEL = BLETA "'/-—IAR BO = 2 *1*':]
g e e —‘\\. - [Rulurn

[ 1ARBO = 0

[DEL = DELO | IARBO = 1 ]
e

L |
7
[ DEL ; n.o—}-\\”_mmo - 3J
P —

l Return

Figure B4 Flow chart of function DEL

- Altenment 19t
p ANCLST - solar zenith angle
TATST - path zenith angle
. PS!sT - relativ. azimuth
. ) AR =~ aibitrary azimuth flag
K =9 azimuth i3 nor arbitrary
= 0 azimuth is sarbitrary
e i —— --j——w -
1 ® Calculate SUNZEN and PTHZER; the radian ‘_
measure equivalents of ANGLST and THTST

[ TARRO = 6.::>*———~————\—1Cnlcnlnte PS1l; the radian measure J

equivalent of PSIST
® l»:t TANG = {(SUNZEN,PTHZEN) [SC'I'ANG =~ f{SUNZEN,PTHIFN,PST) l k
I . B

[Rn(nrn _J [ Return «]

F o Figure 55 Flow chart of fuunction SCTANG
. &
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Argument iist

1PH - indicater phase function type
! Ik ~ scattering layer index
IKMAX - total number of scattering layers
ITzu.. - indicates that gcattering point is in shade
IPATH - indicates type of path
v =~ wuavenumber

SUMSSR ~ scattered radiance sum
[‘IPATH 1 . F t 1 h, initi lize radiance l“‘ "’] )
= > - -—-——1Firat L-path, initialize radiance sum, [
"“*i]::::"/ transmissions and phasc functions' Return
| IPATH = 2 _\i>"*“——"——~<0urrent L-paELT save total franomission I i
v . -—-——1 Return
"‘"i:[:_—_—\\ and phage functions )

I IPATH = 3 /;>"———~‘——fourrent opticat path, define 3cattering
i - Lransmissions and transmission differences

. R

SUMSSR = 3UMSSR + coutribution from current
scattering layer

Set variables for the previous transmissions
and phase functions to the current values

[Rerurn

Figure B6 Flow chart of subroucine SSRAD
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§

o

( Argument list

vV ~ wavenunber

ISOURC - ipndicates svurce type; O for sun, 1 tor moon
IDAY - day of the yeuar

ANGLE =~ phase angle of the moon

5S =~ extraterrestrial source intensgity

I

The extraterrestrial source intensity is stored in ESUN{210)

at the 210 wavelengths in VSUN(210). Lunar intenaitice are
based on the solar intensity, the lunar albedo stored in ALB(29)
and the lurar phase function stored in PHS(17),

[:! » 10000/VV

ISOURC = 1
[: ICALL

i - N
FPUS = f‘.:\NGthJ
‘ )
|

b oraLl = 1(V)

L=

FORBIT =

FORMT 7 [TI0AY)
’_Cés}- =] -
| o5 = uv)]

I

l 55 = 8§ . FUKIHTJ

L

—

LSUURG = 1 e e { $$ = f(SS,FPHS,FALM{]

i -

I
l Change intengity units from m-2 to cm-2 J
SN
e

[ .erurn ‘—J

Figure B7 Tlow chart of subroutine SOURCE
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Argument st
THETAS -~ subsolar tatitude
PHIS ~ subsolar longitude
TIME - Greenwich time
1DAY - day of the year

1 R

[Declinatian angle and equativn of time data
are stored in DEC(25) and EQT(25) tfur the 29
| days stored in HDAY(2%)

EQTIME = f(IDAY)
DECANG = f{IDAY)

l THETAS = DECANG !

[Convert EQTIME to minulvs]

Euls‘ = f(TIME, EQTIME)

PHIS < O PHIS = PHIS + 360]

]

[rewrn ]
]

Figure B8 Flow chart of subroutine SUBSOL




Argument list
v - wdavenumber
ALT = altitude Wy
ANGLE - gcattering angle .
RH - relative humidity
PUFA - aerosol phase function

I

Humidity, waveleagth and scattering grids &are
stored in

arrays RHPTS(4), WAVE(27) and ANC(34)

————-——y

ALAM = 1oooo/vJ Sl

=

—
| ANGLE < 0 or ANGLE > 180>——{STOP. print meusagel
I ALAM < WAVE(]) or ALAM > WAVE(27) STOP, print messagel ’

e et

THAZE = 7 "Iwrite mesgage, continue with PHFA = Ol i Il Tropoapheric “‘Od“-ll .

I ]
[_I_HAZE = 0 or THAZE -7>———L_R_e‘tm T
| V _ EL-T 530 >
[. IHAZF._}_—B‘_>_{ Fog wodel, determine model m‘\mbpr—‘ _1"‘—’ .
—I N “‘{;;rato;p-h;r—i.:_oz-l_! !

[ 0 to 2 km RH dependent aervsol n\(_)ngQ_J =

" Determine IRHLO and IRHHI, the bounding [ Meteoric “‘f‘."?.l._*_l N

relative humidity indices. Yf Ril corresponds
exactly to one of the humidities in RHPTS
act TRHLO = TRHHI

— r ;
- -

Determine boundary layer aerosol model type, .
L i.c. rural, maritime, urban or tropospheric
——y . Sl A

N R o T
[ Acrosol model nuanber NN = NNO 4+ 'IRH[.D‘]
ey L LD -

SO S
} IR = 0 ]

o

Figure B9 Flow chart of subroutine PHASEF !




Determine TANGL and IANG2, the bounding
scattering angle indices. If ANGLE correu-—
ponds exactly to one of the angles in

ANG set TANGl = TANG2

l L,

Determine [WAV] and TWAV2, the bounding
wavelength icdices. If ALAM corresponds

exactly to one of the wavelengths in
WAVE set TIWAV] = TWAV2

IWAVL = IWAV2

In terpolate in l
ang

le
Interpolate in both Interpolate in
angle &and wavelength wavelength

1 [

Gl w TANG2
TANG1 T

IANGY = TANG2 D

~—— No interpolation necessary?

-
Check for humidity depend: ice
ALT > 2 or NN > 17 or IRHLO = IRHKI

l

Repeat procedure at upper bounding
humidity and call INTERP te determine
the value at the desired humidity

‘. PEEN

Figure B9

———4 Return

(cont'd)




Argument liat
R NN - asercsol model number, = 01, 02, ..., 22
I - wavelength index )
J - scattering angle index

I

[ call PFNN(ARC.K»{E]

Return

Figure B10 Flow chart of function PF

h ]

There are 27 subroutines of this form
nsmely; PFOLl, PF0Z2, ... PF2?

Argunent list
ARG - desired phase function value
IT - wavelength index
JJ - scattering angle index
]

HPhdsv function data for aerosol model
number NN is stored in array X(1,J)
at 27 wavelengths and 3§ scattering angluy

o d

ARG = X(Il,JJ;]

e
|
[ReLurn l
Figure B11 TFlow chart of subroutine PFnn
e
Acrgument list
INTYPE - andicatvs interpolation method
= 1 for lincar interpolation
= ¢ for lugsiiibmic interpolation
' X -~ independent variable
‘ X1 - lower bounding value of X
X2 = upper bounding value of X
F - degired function value at X
Fl - functiop value at X1
F2 - function value at X2
L IITYPE - INTYPE]

(Fl 20 ur F2 <@ > —-‘--{I;;l’: =1

r ]
_— - .
ITYPE = 2

*“"—~-“—”——~{Jlog&rithmic interpolation
- —_—

—— —————

F llinvar iuterpolation ﬂj
lRutuxu

Fipurce B12 Ylow chart of subroutine INTERY
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VARIABLE

ANGLE
ANGLEM
ANGLST
ARH
ATHETA
AZ
BENDNG
CORR
DEC
DELO

EQT
ESUN

F

FALB
FORBIT
FPHS

e
LANGL
TANG2
TARB
TARBO
IDAY
IPARM
IPATH
1PH
IRUHL
TRHLO
1SCTTR
ISOURC
1TZERO

IWAVI
TWAV2
NANGLS

FIRST REFERENCE

SOURCE
MATIN
SSGEO
MAIN
MAIN
SEGEO
SSGEO
SSGEO
SUBSOL
SS8GEOQ

SUBSOL
SOURCE
MAIN
SOURCE
SOURCE
SOURCE
MAIN
PHASEF
PHASEF
SSGEO
SSGEO
MATIN
MAIN
5SGEO
MAILN
PHASEF
PHASEF
MAIN
MAIN
TRANS

PHASEF
PHASEF
MALN

DEFINITION

Lunar phase angle

Same as "'ANGLE" above

Solar zenith

Relative humidity array
Optical path zenith angle array
Layer boundary altitude array
Solar path bending

Solar path bending correction
Solar declination angle

Angle subtended at the earth's
center by the observer and the
subsolar point

Equation of time

Extraterrestrial solar intensity array
User supplied phase function array
Lunar albedo

Solar elliptic orbit factor

Lunar phase function

Asymmetry parameter, see user's guide
Lower bounding angle index

Upper bounding angle index

Flag indicating arbitrary azimuth

Flag indicating arbitrary inital azimuth
Day of the year, see userﬂsguide
Control parameter, see user's guide
Flag indicating straight or L-path
Control parameter, See user's guide
Lower bounding relative humidity index
Upper bounding relative humidity index
Control parameter, see user's guide
Control parameter, see user's guide

Flag indicating that scattering point
is in the shade

Lower bounding wavelength index

Upper bounding wavelength index

Control parameter, see user's guide




NN
P
PAL.

PAER2

PaRM1

PARM2

PARM3

PARMSG

PHFAL

PHFAZ

PHIO
PHIS
PHS
PMOL]

PMOL2

PR
PSI0
PSIPO
PSISO
PSIST
RAT
RHD
ROAPTS
SANGLE
S5

SUMS SR

TASY L

VARIABLE

FIR5T REFERENCE

PHASEF
MAIN
SSRAD

SSRAD

MAIN

MAIN

MAIN

MAIN

PHASEF

PHASEF

SSGEO
SSGEO
SOURCE
SSRAD

SSRAD

MAIN
SSGEO
MATIN
SSGEO
SSGLO
SOURCE

PHASEF

SSGEO

SOURCE
TRANS

SSRAD
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DEFINITION

Aerosol model number

Aerosol phase function array .if

Aerosol phase function at previous T
scattering point )

Aerosol phase function at current
scattering point

Variable input parameter, see user's
guide

Variable input parameter, see user's o
guide '

Variable input parameter, see user's
guide

Variable input parameter, see user's
guide

Phase function at lower bounding
relative humidity

Phase function at upper bounding
relative humidity

Observer longitude
Subsolar longitude
Lunar phase function array

Molecular phase function at previous
scattering point

Molecular phase function at current
scattering point

Molecular phase function array
Relative azimuth at the observer

Line of sight azimuth at the observer
Solar azimuth at the observer
Relative azimuth

Solar ellipic orbit factor array

Relative humidity array

Bounding relative humidlties array

Scattering angle

kExtraterrestrial source intensity

Total scattering single-radiance
at the observer

Aerosol scatter transmittance at
previous scattering point




= VARIABLE FIRST REFERENCE DEFINITION
TASP2 SSRAD Aerosol scatter transmittance at current "f;
scattering poiat .
. TEB1 SSRAD Total extincticn trasmittance at previous .}%
»C scattering point 7
TEB2 SSRAD Total extinction traasmittance at current
scattering point
|
- THETAO SS5GEO Observer latitude
E? : THETAS SSGEO Subsolar latitude e
F TIME MAIN Greenwich time 7]
TMSPI SSRAD Molecular scattering transmittance at Yi
at previous scattering pcint v
r TMSP2 SSRAD Molecular scattering transmittance at
fe at current scattering point
i VSUN SOURCE Wavelength array corresponding to

to the solar intensity array ESUN

WPATHS MAIN Cummulative absorber amount array for
the solar paths

( ;
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APPENDIX C: TOWIRANSX USER'S GULDE

The instructions for using LOWIRAN with single scattering are very
similar to those for using LOWIRAN 5. The parameter ISCTTR has been added
to the LOWTRAN input card 1. Centrol card 2A which contains all of the
single scattering parameters (with the exception of ISCITR) has also been
added, The format of the new card sequence, definitions of new input

parameters and a sample run are presented in this appendix.

C.1 TInput Data and Format

The parameters required to specify a particular problem are contained
on the four or five (if single scattering is included) input cards as

follows:

CARD 1 MODEL, 1HAZE, ITYPE, LEN, JP, IM, M1, M2, M3, ML, IEMIS3,
RO, TBOUND, ISEASN, IVULCN, I1SCTTR, VIS
FORMAT (1113, 2¥10.3, 313, ¥10.3)

CARD 2 Hl, H2, ANGLE, RANGE, BETA
FORMAT (7F10.3)

The following card must be included if ISCTTR =1

CARD 2A PARMI, PARMZ2, PARM3, PARM4, TIME, PSIPO, ANGLEM, G, IPH, IDAY,
LSOURC, TIPARM
FORMAT (B¥7.2, 413)
CARD 3 V1, V2, bV FORMAT (3F10.3)

CARD 4 1XY FORMAT (13)

16 MODEL = 0 or 7 (user supplied meteorological data) the above card

sequence and format for CARD 2 is changed. The user is referred to Reference

1 for a complete description of these cases.




C.2 Basic lnstructions

It is assumed that the user is familar with all of the earlier LOWTRAN
control parameters as described in Reference 1. The following discussion

deals only with the new parameters and their effect, if any, on the original

ones.

CARD 1  Remains unchanged except for the addition of the parameter
ISCTTR defined as follows:

ISCTTR = 0 The program runs Iin the usual transmission or
emission mode. Single scattering effects are
not included, and CARD 2A must be omitted.

ISCTTR = 1 The program must be run in the emission mode

(IEMISS = 1). If the user has specified ISCTTR =1
and IEMISS = O the program automatically sets
IEMISS = 1 and continues. CARD 2A must be included
in the input card sequence. Single scattering in-
tensity calculations are performed, and the results
are written on TAPE6 and TAPE7.

CARD 2 All parameters as defined in Referénce 1.

CARD 2A PARM1, PARM2, PARM3, PARM4, TIME, PSIPO, ANGLEM, G, 1PH, ISOURC,
IDAY, IPARM

Definitions of PARM1, PARM2, PARM3, PARM4 determined by value of IPARM.

For IPARM = O

PARM1 = obscrver latitude (=90 to +90)
Note it ABS(PARM1) is greater than 89.5 the observer is assumed
to be at either the north or the south pole. 1In this case the
path azimuth is undefined. The direction of the lince-ol-sight must
be specified as the longitude that the path lies along. This quantity
rather than the usual azimuth is read in.
PARM2 = observer longitude (0 to 350)
PARM3 = source (sun or moon) latitude, sce note regarding sun angle
PARM4 = source (sun or moon) longitude




For IPARM = 1

(TIME must be specified, cannot be used with ISOURC = 1)

L o8

]

PARM1 observer latitude (-90 to +90)

PARM2

observer longitude (0 to 360)

PARM3, PARM4 are not required

For IPARM = 2

PARM1 = azimuthal angle between the observer's line of sight and the
observer-to—-sun path, measured from the line of sight, positive
E east of north, between ~180 and 180
PARM2 = the sun's zenith angle

PARM3, PARM4 are not required

k TIME = (Greenwich time in decimal hours, i.e. 8:45 am is 8.75, 5:20 pm
is 17.33 etc).

PSIPO

path azimuth (deg.2es east of north, i.e due north is 0.0 due
east is 90.0 etc.

ANGLEM = phase angle of the moon, i.e. the angle formed by the sun,
moon and earth (required if ISOURC = 1)

[ |

G = asymmetry factor for use with H.G. phase function
y 1PH = 0 Henyey-Greenstein aercsol phase function
~ IPH = 1 wuser supplied aerosol phase function

The user supplied phase function data follows input card 2A and must

+ have the following format:

CARD 2B NPTF / FORMAT (15)
CARD 2C ANG(l), ¥F(L, 1), F(@2, I), F(3, 1), F(4, I) / FORMAT (5E10.3)
CARD 2C  is repeated NPTV times

The variables are defined as follows:

NP'TF ~ the number of scattering angles at which the phase function is
o to be specified. NPTF < 50
ANG(I) - the 1I'th scatierinyg augle at which the phase function is

specified. 0 < ANG(1) < 180 (in ascending order)




F(n, 1) - the value of the phase function at the 1'th scattering angle
in altitude region n.

n =1 0 to 2 km region
, n=2 2 to 10 km region
( n=3 10 to 30 km region

n=4 30 to 100 km region

I - scattering anglec index, I varies from 1 to NPTF
i IPH = 2 MIE data base used for aerosol phase function

ISOURC =0 extraterrestrial source is the sun
ISOURC =1 extraterrestrial source is the moon

IDAY - day of the year; value from 1 to 365

IPARM indicates method of specifying the observer to source orientation

=0 specify obgerver and subsolar longitude and latitude

€
=1 specify observer longitude and latitude along with date
and time
=2 specify solar zenith and azimuth relative to observer
c Note the following sign conventions:
' Latitude is positive north of the equatcr.
& Longitude is positive west of Greenwlch, lng.
Azimuth is positive cast of north.
CARD 3 all parameters as defined in Ref. 1,
P CARD 4 IXY
1f ISCTTR = O the definition of IXY remains as in Ref. 1.
1F 1ISCTTR = 1 cards 2 and 2A are treated as a unit as far as the
IXY parameter is concerned.
|
1Xy = 0 to end the program
IXYy =1 to select new cards 3 and 4
1XYy = 2 to select an entirely new data sequence
q IXYy = 3 to sclect new cards 2, 2A and 4

IXY = 4 to select new cards 1 and 4




i anr it S 1

Al o

1{ the user specifies 1XY = 4 and 1SCITR = 0 on the original input
card sequence, ISCTTR must remain unchanged since no CARD 2A has been
or would be read in. Therefore, the only way to change from ISCTTR = 0
to ISCITR = 1 is by specifying IXY = 2 and supplying the entire data sequence.
As an cxample, if the user desired to specify various geometrical configu-
rations (optical paths and sun positions) the following card sequence
could be used;

CARD 1

CARD 2

CARD 2A

CARD 3

CARD 4 1XY = 3
CARD 2

CARD 2A

CARD 4 1IXY = 3

CARD 4 1XY

H
(=]

The final  IXY card must be zero (or blank ) to ensure proper termination
of the program, There are no default conditions built into the single scat-

rering routines of the LOWTRAN code.

C.3 Solar and Lunar Sources

The extraterrestrial solar intensity is obtained from the data compiled
by Thekaekara [Ref. 34]. The lunar extraterrestrial intensity is obtained

by rellecting the solar intensity off of the moon's surface as [Ref. 35].

- -7
Lioon ) = 2.04472 x 1077 T () a(d) Piy).



Here a(A) is the wavelength - dependent geometric albedo of the moon
[Ref. 36 and 37], while B(y) is the moon's phase function giving the re-
lative intensity as a function of che phase angle [Ref. 38]. Note that

P(y = 0) =1 for a full mooun,

C.4 LOWTRANSX Example Kun

i ) An example run of LOWTRANSX will serve to illustrate the structure and
format of the input and output files. The input "file'" consists
of three records. The first record contains the job control language necessary

to access, load, and execute the program. LOWTRANSX is structured to allow

segmentation during loading to reduce central memory requirements. The
struciure of the segmented program is defined by the directives in the second
I record. The third record contains the input cards that describe the example run.
The particular input file shown defines a line of sight from 2 Km to 5 Km
altitude, at a zenith angle of 45 degrees and azimuth of 30 degrees. The
observer 1s located at 40 north latitude and 1606 degrees longitude, which

the subsclar point is at 40 degrees north latitude and 240 degrees longitude.
Details of the atmospheric composition and wavenumber region of interest

; are relatively unimportant and wiil not be described here. The output file

is similar to the one produced by the ovriginal LOWIRAN code. Additional output
pertaining specifically to the single scattering radiance calculation ais

| clearly labelled and includes:

1. A summary of the single scattering control parameters {ollowing

the standard LOWPRAN summary,

2. A summary of the geometric aspects of the scattering point to sun B

paths and,

3. Both scattered and total radiance as additional entries in the

radiance table normally produced by LOWIRAN.

A listing ol the exawmple vun output tile is shown on the tollowing pages.
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C.5 Concluding Comments

——
~

Before executing the program in the single scattering mode, the user

should bec made aware of the followinyg characteristics of the code:

1. Execution time can be expected to increase when operating in the

single scattering mode. This 1s largely a result of the following:

a) The code must be run in the emission mode.

b) The geometry routines are called once for each scattering point
to sun path (i.e. at each layer boundary contained in the optical

path) in addition to the single call normally made for the optical
path.

¢) The transmittance calculatlons are done twice (rather than once)

for each scattering point along the optical path.

For most applications one can expect the run time to be about twice

as long in the scattering-emission mode as in the emission mode alone.

Q]

To avoid uanecessary and misleading calculations the user should
review Chapter 4 of this report regarding the validity of the

single scatteriung assumption,

3., Depending upon his specific interests the user may or may not want
intermediate results printed. For this reason modification of the

printed output is left to the user.




LOWTRANSX Example Input File (CDC NOS/BE Operating System Only)

SCRAF,CM1100974750, 2718 MOOSE
ATTACKILINI ,LOWXSSH, [I=MONSI ,%551) : R
ATTACH{GEDD, LOHYSSGED3,I0:40055 MP=1)
AT TETHTPF 571 OWYSSOF; TO=MUIS T, AT YT

§ ATTACH(OFNNSR, LONYSE 37 NNST, T 0=M0DST (MF21 )

: KEOUEST.LOKOUT ,#3F, : -
PTOUEST,TARF T, *P7,
MAP,PAIT, e T SR
LDSZT,P3E5IT=INDEF,
TOEY P¥RNS I, OF 95 T3, L UR™, -

SE6LOAD.
EXTTUTI,LOWEN,
i : ExIT(y)
et CATALDG ITASZ Y7, LOWXSSYRPI7 19 =M02%E)

REWINN, JUYIUT,
TOPYTF, JUTOUT , LOROUT,
CATALDGILOWOIT ,LORYSST AT 5, 10=MI0S"Y
EOR EXITAGE- == o s B . .
LOMYRAN T3 LOWIHM=(NSHMDI_ 4-IPEOF,SSC_0,IX¥L3IN,XTZLNTY
LOWRTHM GLOJEL TATIL1,CART ey SAR DTy INTIL o YILT A, SIS USAITE, IFTL-5aY: -
E NSMOL INCLJDZ NSYOL,8ZF2R=,00FQTL

HAPPTTTINCLUD T HPROF Uz KPP RFUTE
SSG0 INILIDI SSSEO¢GI0.IXPINT,LOSIN:L,251,0:L,5°TaN%,PHaS F

SSGID GLOTAL MODRSL,PARMTR,IFIPTHY-SLYY

EXARIN INC_UNE EXAIIN,EXTITA

YTRENS TITI TIANIS~(SSREN-(OAATTC- (PEoDT N , 2T 2, 0F -3, PFIL,®CCE,
APF AP T PF 8,2 04 PF 10 yP T 110PF 174 OF 13y P 144 PT1R,PF16E,PFL7, pF1¢,
ik A -2 L 44 AR

TRANS INCLUDZI TRANS,AZRIXT,Z40NTA,S0U-I:

¢ “TRANS GLOBAL SRAD=SA¥T ——— ~——
ECR END LOWEM 5
® 12D TTTTT T smemeegee e e -
2. 300 £.00¢ 45.008
AT TROVIO R 2R 0T — —rrTre— —_— e

15500,900 1552C.003 204300
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APPENDIX D: INPUT ANGLES FOR THE SUBSOLAR POINT

The user has the option of specifying the orientation of the sun by
direct input of the subsolar longitude and latitude, i ¢. that point on the
earth where the sun is directly overhead., To find the subsolar point angles,
the sun's declination angle and the equation of time are required. The de-
clination angle is defined as the longitude at which the sun is directly
overhead at solar noon. The equation of time represents the difference
between local (standard) time and true solar time. The American Ephemeris
and Nautical Almanac published annually by the U.S. Goverment Printing Office
contains precise values of the declination angle and equation of time for
each day of each year. For illustrative purposes consider the sample
data for a single year, taken directly from Reference 39 and shown in Table
D1 and graphically in Figure D1, With this data, it is a simple task to

determine the subsolar point angles. An example follows:

THETAS = subsolar latitude = the sun's declination angle
THLS = subsolar longitude = STM + 15*% (ST+ET-12.0)
where,

STM = the standard time zone meridian in degrees. The standard
time zones for the continental U.S. are Pacific - 120,
Mountain - 105, Central - 90, and Rastern - 75,

ST = local (or standard) time in hours, expressed as a decimal
number between 0.0 and 24.0 (i.e. 2:40 PM would be 14.66).
Note, if a region is on daylight savings time tlie correct
time is one hour earlier.

ET = cquation of time in hours.

As an example:

betermine the subsolar point angles on October 13 and 1:45 PM Central

Standard Time.




Solution:

From Table D1 -

[

declination angle = -7 deg ©9 min = -7.48 deg

equation of time +13 min 30 sec = .225 hours

u . Therefore -

THETAS -7.48

PHIS

90 + 15%(13.75 + 0.225 -~ 12.0) = 119.63 degrees
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Declr Equation Dech- F.quation
nation of tune nation of time
Datec Deg Min Min Sec Date Deg Min Min Sec
Jan. ) =23 4 -3 14 Feb. 1 -—17 19 ~13 34
5 22 42 s 6 5 16 10 14 2
9 22 13 6 50 9 14 55 14 17
13 21 37 8 27 13 13 37 14 20
17 20 54 9 54 17 12 15 14 10
21 20 5 1 10 2} 10 50 13 50
25 19 9 12 14 25 9 23 13 19
. 29 18 8 13 s
t Mar. 1 -7 53 -12 38 Apr. 1 + 4 14 — 4 12
s 6 21 11 48 5 5 46 3 1
[ 9 4 48 10 S1 9 7 1 152
3 13 3 14 9 49 13 8 46 -0 47
- 17 1 39 8 42 17 10 12 + 0 13
*_‘ . 21 -0 5 7 2 21 11 3s 1 6
k| 25 + 1 30 6 20 25 12 56 1 53
o 29 3 4 5 7 29 14 13 2 33
B May 1 +14 50 +2 50  June 1} +21 57 + 2 27
. 5 16 2 3 17 5 22 28 1 4%
: 9 17 9 3 35 9 22 52 1 6
- 13 18 11 3 44 13 23 10 + 0 18
- 17 19 9 3 44 17 23 22 -0 33
21 20 2 3 34 21 23 27 } 25
25 20 49 3 16 25 23 25 2 17
29 21 30 2 5] 29 23 17 .3 7
E July 1 423 10 -3 33 Aug. 1 +18 14 -6 17
5 22 52 4 16 s 17 12 s 5s
1 9 22 28 4 56 9 16 6 5 33
] 13 21 57 5 30 13 14 55 4 57
. 17 21 21 s 57 17 13 41 4 12
21 20 38 6 15 21 12 23 3 19
25 19 50 6 24 25 11 2 2 18
1 29 18 57 6 23 29 9 39 1 Hy
- Sep. 1 + 8 35 -0 1S QCct. 1 -2 53 +10 1
t 5 7 7+ 2 5 4 26 117
- 9 5 37 2 22 9 5 58 12 27
1 12 4 $ 2 45 13 7 29 13 30
! 17 2 34 5 10 17 8 58 14 2%
¢ 21 + 1 1 6 35 21 10 25 1 10
{ 25 -0 32 8 0 25 11 50 15 46
4 29 2 6 9 22 29 13 12 16 10
& Nov. 1 —14 1i 416 21 Dec. ] -21 41 +11 16
& 5 15 27 16 23 5 2 16 9 43
- Yy 16 38 16 12 9 22 45 8 1
13 17 45 15 47 13 23 6 6 12
17 18 48 15 10 17 23 20 4 17
¢ g 19 45 14 16 21 23 26 2 19
25 20 36 13 15 25 23 25 + 0 20
f 29 21 2 11 59 29 23 17 -1 3y

Table D1 Tabular example of the equation of time.
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Graphical equation of time.
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Appendix E. Original Adding/Doubling User's Guide

'SRF'S MANUAL FOR ADDING CODE VERSION 8.2 OF 02/02/80

-
et

*
*
¥
*
*

¥
3
*
%ANUAL LAST UPDATED - 02/17/80 vy Ajay Sharma. *
¥
¥

EERFRANREXNERAT X IR FF RN AN EREREEFERE NI FFEF XXX AN EREIANFEEFAXAANNAARERER

1. INTRODUCTION

The ADDING code VERSION 8.2 computes the fellowing scaltering
functions :

F’

¢, (a + a”) ana t'.

+
TF’

These functions are calculated from Equations (2.42)-(2.66) and (2.30
as desgcribed in Chapters I1 and III and Appendix 2 of Ajay Sharma's
thesis. 1In addition, this program calculates the emerging intensitie
and onc-sided heat fluxes for problems with given temperature profile
(sce Chapter IV of the thesis). The program 1s capable of calculatin
any Fouricer component of the above quantities for plane-parallel,
aviiscolropic scattering, inbhomogenceousz media bound by top and bottiom
curfaces with arbitrary specified bidirectional refiectivity or
directional emissivity, at a given wavelength.

2. Ulxk DREFINABLE FUNCTIONS

This version of ADDING code has FIVE subroutines and function
subprograms that specify various media and surface conditions.
The five are PUNCTION PHASFN (XMU1l, XMUZ), FUNCTION OMEGFUN (T),
FUNCTTON ASYFUN (T), FUNCTION TMPFUN(T) and SUBROUTINE SURINP.
A1l tnese functions and subroutines must ALWAYZS be dincluded at
run time althougn some of them may not be called or used.

All of these can be replaced by the users to sult their needs.
The function of these routines is as {ollows

A, FUNCTION OMGFUN (T)

This user dofined function subprogram supplies the ADDING coace
with the single scattering albedo w as z function of the
optical acpih 1. Any arbitrary o profile can be specified.
The functio, must set OMGFUN = valae of w at antical depth T.
This fuoeidon is called ONLY 11 or ga is specificd as belng
innomogeneous by INHOMO paramcter discussed in Section 5.

160




1

L, FJLOTICN ASYFUN (T)

anould soecify the value of seyicretry facior for the scattering
phase funciion. The use of this furnction is linked to the use

of Henyey-Greenstein phase function, The function is called only
if inhomogeneous asymmetry facter is specified by TNHOMO.

C. FUNCTION TMPFUN (7T)

For a nonisothermal case, this function should return the medium
temperature (degrecs Kelvin) at optical depth T, to be used in
intensity and heat flux calculations iIn direct problems.

D. FUNCTION PHASFN (XMUl, XMU2)

Can be replaced by the user to specify any scattering phase
function other than H.-G., but associated parameters will have
to be carefully checked.

E. SUBROUTINE SURINP

This routine can be replaced to specify any arbitrary reflecting,
mitting or Q‘attﬁwxng bottom surface. The replacement routine
must sot function values as described in the comment cards at the
b;ginning cf the cxamp*c SURINF routine supplied wicth the deck.
NOTE that Rlack surfaces, surfaces with known emissivity and

a "reflection peakyness parameter", or surfaces with known
pidirecliconal reflectivity can be handled by cxisting routines
by specifying ISURF as 1, 2 and 3 respectively. See Section 6
of this manual for dctails.

3. EXTERNAL ROUTINES USED BY ADDING CODE.

The ADDANG code uses f'ive library routines - QAO5AD, FRO1AD,
TIMDAT, CrUTIM and ERRSET. Their functions and need are
described in the comment cards in the beginning of the MAIN
Drocram.

L, INTUT/OUTPUT FILES.
ADDIING VERSTON E.2 wses many dnpul/output files as described in
i

L}n comment usaras. The tollowing is a desceriptlion of the physical
canlaation of thnere fijes

NOOE r DSREN soans the MORTRAN '"Data Scetl hkelcrance Nurber!' or Unit
o bher in o amnAl and WRITE stztoments.,




T~

Y Ty
]

DSRN

DERN

DERN

DIEHYH

.L“:'vl\”.

)

06

11

13

i wsed through a READ(1,*) statcement to enter a run
2ubel of upto 80 charecters. The program also writes
interactive messages on this fije, It is strongly
recommended that this ile be the user TERMINAL.

s an INPUT file from which the wprogram can rcad one
card long ecguations cefining OMGFUN, ASYFUN andg TMIAUN,
respectively, on three conssouitive czrds. These
cquation are used for INFGVMATIVE OUTPUT ONLY and have
no ¢ffect on ¢ mputations.

PRIMARY InPUT file for the program, used through a

READ (%,CASE) input statement (using NAMELIST CASE) and
for input. of surface properties by SURINP/SURINZ2 roulines
as necessary. The inputs on this file are described in
detail in Sections 5 and 6 of this document.

PRIMARY OUTPUT file, used through many WRITE (6, ...)
statements. This file should usualily be attached to the
line printer. The printing on DSRN 06 is controlled by
the parameter IOCTL1.

Is an (”mDUT file controlled by parameter 10CTL2 and
would contain unformatted output records of the exitin
21070213200 in }.\}1'\—"r'1r7)

F Rt S R RS Y ~f 4

ng
Intensities (see line numbers
Thic should be a disk or a tape file to work right.
Typically thir output might be read by another bprogram
Fer plotting purposes,

Is an input/output file controlled ty 10CTL3 which

should preferably be a disk file The ADDING code uses
this file to store and retricve nLSFAHT informaticn, i.c.,
ADDING can write sufficient inforamtion on this file at
the end of a run so that it can add DIrFRRENT surfaces at
tne top and boliom of a paurticular medium, without comput-
ing woediun propertlies all over again.  This jprocor in
called Ri.ZTARTING in this document. The file 3is v ittce
in subroutines HEADER and OUTPE (lince 170590, 2]130—‘1210)
and is read in subroutine IKFUT (1ines L770-0690).
use of this file is purely intcornal to LDD,NG,

ARDING writes all the funetions computed on this file
under control of 10CTLY.,  The output is untormatted and
chould be disk or tape resident, Typically this outrud
can eopcad by oanother progoam for the purpese of Sl —
Ing vhe s hihng Uoehnione with, Yoo sonulte of anolhe:
thaoery.  bapes 21280-01500 4 oot ontin. OUTIR contain
The WRITHE statements for this {iie,




DORN 14 @ This file is used by AUDING to wsite the gencerated f and ‘
a functionc using unformatt+d w:rites. These functions can§
later hc read Ly another jar.yram for printing or conpulsngle
purpoese,  The output on this ffile 1s contrclled by tne '
I0CTLS parezmeter. NOTE that this is the ONLY filec on
which theze functions are written, ADDING does not write
them or: DSRN 06,

5. PRIMARY INFUT FPARAMETERS

The following is a list of parameters together with their functions
which arc read in by ADDING using NAMEL1IST CASE from DSRN 5. 1r
any of the parameters are omitted from the input data, they take
the default values shown :

NAME RANGE DEFAULT FUNCTION
VALUE
ASY -1.0 to 1.0 0.0 AS5Y is the asymmetmy factor "g" for the

H.-G. phase function and is used only
if ASY is specified to be HOMOGEREOUS
by INHOMO as described below.

» C - GAUSS The C array contains the quadralure
L. welghts for the angle Integrations. The

default values result in a Gaussian
quadrature., There shouvld be N values
for this array if the default is to

be overriden.
% DTMAX —— -— Variable not for user modification.
DTRLER 6.0 to TO1 1.0 Where TO1 1s the optical thicknees

(I'NOTLR) for the first layer. This
variable specifies the ¢ function
spacing desgired. The program will pick
DTR such that DTk .LE. DTRLR and

DIk = TC1 / (2 *¥ 1) where 1 is an
integer,

DSRN 0G.  The c¢iffceet of 10CTLY is

=1 : A1l function: concrated are
printed after aaddny cach Jayver.

=2 ¢ Only Intencitices and Heat Fluxes
arce printed after adding cach layer.

=3 : A1l functions are printed aftor
adding upto the inad optical
thickners,

% erL1 1,2,3,4,5 ] Control paramcter for poimary oultput on




¥

B}

ai

JOCTL2  0,1,2

I0CTL3 90,1,2

ICCTLY O or 1

10CTLS  0,1,2,3

INEOMO  0,1,2,7

1SURK 3,1,7,3

)

4 1 Only Intensities and Heat [{luxes
are printed after adding upto final
optical thickness.

=5 : NO OUTPUT on DSRN 06 except the

header page.

This parameter controls output on DSRN

11 as Tollows

=0 : KO cutput is written on this file.

=1 : output on this rile after adding
upto the final optical thickness,

=2 AND I10QCTL1>3 output on this fiile
after adding each layer.

Controls cutput on DSRN 12 as follows :

=0: NO restart file is written or read.

=1 : Restart file is written for later
use by ADDING.

=2 : ADDING runs to only add a surface

to medium whose properties were last

written on this restart file.

Causes output to be written on DSRN 13
if J0CTLL = 1.

Controls a function writing on DSRN 14
as follows:
=0 : NO output on DSKN 14,

=]l ¢ Only the ¢ and f functions written

al'ter adding all the layers.

=2 : The ¢,  and a functions written
arfter adding ALL the layers.

=3 : The ¢, ', and a functions are
all written &z ter adding each layer.

Specities the medium as Tollows

=0 ¢ BHOHOGENEOUS medium, values of ASY
and OMEGA are both uscd.

=1 : Omega is inhomogencous and values
cbleined from OHNGEFUN (T) arc urea,
OMEGA value s ignored.

=2 symmelry lFactor i1s asosumned to b
inhoemogencous, values from ASYRUN('Y)
are used, ASY value 1s dgnored.

=3 ¢ BOTH Asyimmetry faclor and Omegpa
arc arsumed to be inhomogencoun.,

Specifics botiom zurface Lo be addacd,
SEE diszcussion in scetion 6. 1f 10liRr
=0 : No bovio osarfaco.

=1 ¢ SIACKH bhoctom curiace to boe adaca,




=2 : A reflecting surface with GIVEN
directional specctral emilssivity and
peakyness paramecter 1is to be added.

=3 ¢ A reflecting surface with given
bidirectional reflectivity is =dded.

ISURFT 0,1,2,3 0 Specifles top surface to be added, SEE

discussion in section 6. If ISUKFT

=0 : No top surface.

=1 ¢ BLACK top surface to be added.

=2 : A reflecting surface with GIVEN
directional spectral emicsivity and
peakyness parameter 1is to be added.

=3 ¢ A reflecting surface with given
bidirectional reflectivity is added.

M - 1 Fourier component number,
N 1,2,..,10 7 Number of Quadrature points to be used.
NONISO 0,1 0 If medium 1s nonisothermal ; NONISC=1].
Also then TMPFUN {T) would be called to
speclry the temperature profile,
s NLAYER 1,2,..,40 1 Number of medium layers to be added.
i{ UMEGA 0.0 to 1.0 0.8 Albedo (w) for the homogeneous case,
! REFIDX 0.0 to -~ 1.0 Medium refractive index,
TMPRM 0.0 to -- 325.0 Medium temperature (deg. X) for iso-

thermal media with surfaces.,

N
U1
o

MPSUR 0.0 to —- BOTTOM Suirface temperature (deg. K).

TMPSUT 0.0 to —- TOP Surface temperature (deg. K).

[ (U] )
o
%
(e}

.
o

A vector of NLAYEK numbers giving the
optical thicknesses of all the NLAYER
layers to be added. The final opitical
ithickness is the sum of these numbers.
Note that cach laycr can be of any
optical thicnecsce as long as it is

] such that THNOLR(J)=(2*¥*¥I)¥DTRLR {or

P q all J and any integer 1.

TNOTLR  --

WAVELN 0.0 to ~~ 5.0 Wavelcength at which all calculations
are to be done In MICHOND,

SURPACE PROPERTIES Sec Secetion 6,




had 4 r1'T'

o

{. BREFLECTING SURFACE 7SS,

When the input data :pecifies ISURF as ¢ .r 3 then that implies that
4 REFPLECTING surface is present at the bLottom of ihe medium. In that
cac2 NOTE THAT THE ADDING PACKAGE MUST USE c¢-tunction integrations for
intensity calculations, Thils means that the user must be careful
about specifying ¢ function spacing (DTRLX) and also in writing
subprogram TMPFUN. Even 1f the medium is specified as isothermal
(NONISO = 0), in the case of adding a reflecting surface, TMPFUN would
pe called during the surface adding step. Therefore TMPFUN must be
DEFINED t¢ be equal to the medium temperature. '

The recond important point to note in this case is that the primary
input file on DSRN 0% must contain ADDITIONAL DATA, after the NAMELIST
CASE data cards, as follows :

IF 13URF = 2, the ADDING package reads a 'peakyness parameter'

(CP) and the Emissivity vector. The read statement for this is in
SUBROUTLNE SURINZ and it uses the List Directed Input facility of IBM
FORTRAN. The input should contain CP value followed by emissivities
at all quadrature angles. An ISOTROPIC (diffu-e) reflector is glven
by CP=0.0 and a perfect SPECULAR reflector by CP=1.0, Values of CP
between 0.0 and 1.0 speclif'y a surface with specular+diffuse nature.

i¥ ISURF = 3, the program reads the bidirectional rcflcetivity () in
SUBROUTINE SURINP. The input should contain only the UPPER TRIANGULAR
matirix as RHO satisfies reciprocity relation. LEach I-th row of the
matrix input shceuld begin on a NEW LINE and should contain values of
R10(1,I), RHO(1,I+1}, .... , RHO(I,N); although one rcw can occupy
more than one input line i1f neccessary. The input again uses the

iEM FORTKAN's 1list directed input facility.

TOF SULRFACK : When the input has ISURFT.GT.O, then ADDING assumes
the presence of a top surface. This surface 1s specified exactly 1like
the bottom surface 1s, with the temperature given by TMPSUT. The
coimmente avoutl surface properties input apply to Lhe top surflace alcso.

NOYE that 1f BOTH TOP AND BOTTOM SURFACES ARE PRESENT, the input on
DSKEN 05 must contain TOF surface emissivity/reflectivity FIRST,
'ollecwed by properties of the bottom surface. Of course, if I1SURPT
is less than 2, no data is needed for the top surface.




APPENDIX F: USER'S GUIDE FOR ADDING/DOUBLING PACKAGE FOR EXTERNAL
ILLUMINATION.

This appendix describes the package of three computer codes which uses
the ADDING/DOUBLING method to compute multiple scattering diffuse inten-
sities. The three codes are designated ADNGFFI, ADNGVY90, and ADINTEN. They
have been designed to run in sequence using temporary intermediate storage
files which are not normally saved once the run is completed. The codes

perform the following functions:

ADNGFFT: Transforms the user~supplied or Henyey-Greenstein phase
functions into sets of phase matrices for each layer and
each azimuth Fourier component based on a set of zenith
quadrature angles.

ADNGV90: Computes the exterior and interior scattering matrices for
an inhomogeneous multilayer atmosphere. Each matrix re-
presents the response to a single Fourier component of the
external radiative source.

ADINTEN: Recombines the Fourier components of the diffuse scattering
intensgity to produce the 2zimuth and zenith angle dependent
intensities for each source zenith angle.

The codes use monochromatic scattering and absorption data appropriate
to a particular model atmosphere. The required data would generally be
provided from line-by-line molecular absorption calculations and aerosol
scattering and absorption data. Specifically, the algorithm requires (1) the
optical thickness of cach scattering layer, (2) the layer single scattering
albedo, and (3) the phase function for single scattering in each layer. The-
multiple scattering peometry is plane-parallel and the codes simultancously
compute intensities at up to 10 upward and 10 downward observer zenith angles
for up to 10 different solar zenith angles., The number of azimuthal orienta--

tions or angles can be set by the user, but must be 65 or less. The number

of Fourier components generated by the COSINE FFT (Fast Yourier Transform)

will be the same as the number of azimuth angles between 0 and 180 degrees
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which are used. The accuracy of the computed intensity at any angle will
tend to be uncertain if fewer than about ten Fourier components (angles)

are used,

F.1 PROGRAM 1, ADNGFFT

The ADNGFFT code augments the main Adding/Doubling caliculation by
preparing layer-by-layer phase function data for use by ADNGVIG. The
program allows a different phase function to be used with each atmospheric
layer, if desired. Each phase function is £irst prepared as a numerical
function of the included scattering angle y. This functicn can be directly
read from File 5 or calculuted from the Henyey-Greenstein form with any

chosen asymmecry parameter g, that is

1 - g”

P(g, ) = 5 .

2 ) F.1
(1 + 3" - 2g cos \{_]3/2 (r.1)
The phase function is next evaluated in terms of the incident and scattered

zenith angles Oj and Oi, and azimuth angle ¢ separating the two vertical

planes (reference and sun planes) by the relation

cos Yy = U. U 4'0]71 -1 Z ‘(l 0 z ~og b {(5,2)
S My J ‘ . Ry ‘- r‘j Ces § N ey
where = cos Ui and “i = oS Uj. This pives Pij(g, ¢){or more precisely
A - . - L _
P, =P and P, . =P, , ftor forward and backward scattering, re-
il ij ij ij

spectively)y tor a sel of quadrature zenith angles defined on the hemisphere.

. . . - . e ++ , - o

For each pair ol quadrature points (i, §), P,j and ]i' are functions of
’ N R

the azimuth angle o, and lFast Fourier Transforms (FII''s) cawn be carried out

successively so that the ¢ dependence is replaced by the Fourier compounent

¥FGT~§QQ?BwHﬁREFEYﬂFu angles the phase tunction is a 14 X 14 array. since

seattering depends only on the iancluded angle, the four corner submatricoes
(iike P++, ere) are related.  The superscripts stand for probe-responsc divections,
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index n. The actual FFT is performed by the subroutine TFC which is described

below.

Subrputiue T¥C

Purpose
E . Given a finite Fouyier cosine series
2n-1 .
~1)
X, ==—c 4 2 ¢, cos 7= ik + =~ ¢
J Z 0 k 2 2n

the subrcutine performs the following computations:

¢ I6PT < 0 : Fourier analysis (computation of the coefficients
E €L for glven values Xj)’
i ToPT > 0 ¢ Fourier synthesis (evaluaticn of the series for given
: c, ).
k
Usage
E CALL (D)TFC(X,N,10PT,1lER,AUX,NMAX)
X . GIVEN vector of dimension 2*N + 1 containing the values Xj

if I0PT<O, or coefficients K if I0PT>0.
¢

RESULTANT vector containing the ccefficients Ck if IOPT<O,

or values Xj of the series if TOPT>0.
q 10pPT . GLVEN option parameter. The sign of IOPT specifies the selected

operation (refer to the section Purpose), the magnitude of IOPT
(normally 1) specifies the indexing incrcment for given and

resultant data within vector X.

§ LER .  RESULTANT error iudicator.




AUX

NMAS

Error Table

Code

1000

2000

3000

Remarks

Method

AUXILIARY vector of dimension NMAS used as working storage

in subroutine (D) TFG which is called in TFC.

GIVEN number of elements within vector AUX which may be used

as working storage.

RESULTANT auxiliary storage size which is actually needed by
subroutine (D) TFG.

Explanation

Program action Comments

No error was

detected.
N<2 Operaticn is bypassed
I0PT = O

Operation is bypassed

NMAX is too
small.

Actual storage require-
ment of (D) TFG is re-
turned in NMAX, vector X
is destroyed, further
operation is bypassed.

1f (D) TFC is used to approximate an even function with period
T, the given function values Xj (refer to the section PurEosc)

must correspond to the (equidistant) argument values

T

-— 4 (J=0,1, ...., 2n).

m 4 U > 1, » 2n)
The algorithm is based on the Fast Fourier Transform algorithm,
The Fourier cosine scries of order 2n is evaluated by relating
it to a real Feurier scries of order n,




The Fourier cosine series
Zn-1

T (- ) .
+ ~ s —— ——— ~
Co z ¢, co = jk + 5 Con (i
k=1

v =
X =

1
ki 2

i

O, 1,..., 2n)

can be evaluated by means of the real Fourier series

n-1

i
1 : o LT, (-1) o
7 = + . 3 e [ — _.__ '
\j 2 3 2 (am cos — jm + bm sin n jm) + an s

m=1
(j=0, 1, ...,2n -1) with a =c,. (m=0, 1,..., 1)

and bm = Com+1 "Som-1 (m=1, 2,..., n=1).

The values Yj can be computed using subroutines (D)TFT and s

(D)TFG and the values )(j are then obtained f{rom

n-1
X =Y +
Yo z 2k+1
=0
- = _ _ ot __l . - 9
ZXJ (Y + Y ) (Y Y2n-j)/(2 sin - i) 1, 2,.4., 20-1)
n-1
S CH N
k=0

For the Fourier analysis, i.e., the computation of the coefficients

Ck for given Xj, the relation
2u-1
. k
1 1 1 . {-1) ,
= = = - 05 — K-
‘%« " h 2 o ; Xj “O8 o Kj + 2 )\211)
j=1

(k=0, 1, ..., 20) allows the same algorithm to be used,
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ADNGITT: MAIN PROGRAM LISTING
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I'ROGRAM ADNGFFT: Fourier Decomposition of The Phase Function.

COMMON /INTCOM/ XMU(10), DWT(10), N

COMMON  /INTERC/ N1, DTHETA, P(101)

DATA P'1/3.1415920/, NFMAX/32/

DIMENSTON PP(63), PM(o3), PNP(65,10,10), PNM(65,10,10), AUX(513),
3 PHI(o5), POUTP(10,10), POUTM(10,10)

DIMENSTON LABEL(20)

Read in the GIVEN Phase Function and other control variables.

Phase fFunction given nst be for equispaced values of Theta,

161 N ovajues ot theta, where NIois an ODD integer, so that

the Phase innction values are given for THETA=H*(1-1), for
I=1,2,....NI. where H=2%P1/(N1-1).

NI is the number of I'hase Function values (< or = 101) per layver,
NL is the number of laycers, N the number of guadrature (Mu)
anglex to be used in the AUDING program, and KNP the number of
Fourier terms to bhe used in the Fourier Series decomposition.

READS ) NI NL, N, NP, TPHRPT, 1FLUX, IHENGR, INOFT
WRITE e 905, Niy Ny NN, TPERPT, TFLUN, THENGKR, TNOFT
PORMATC " 1PARAMETERS USED FOR THE PHASE FUNCTION CALCULATION',

] S 30N, N = '.13,
¢ R TV NS = 13,
: FERTO NN = ‘.13,
o . o0 INT = 13,
E R IO B TN LA S AN
o /usuN, T TELUN = ‘s,
7 SN CVTHENGR S = T3,
8 /2307, VINOFT = " 13,/7/717)

N --- NUMBER OF VALUES OF THETA FROM 0-P1
AL ---  NUMBUKR OF LAYERS

N ~--  NUMBER OF ZENTTH QUADRATURE POINTS
N —=~  IUNF+1 1S5 ANUMBER OF FOURITER TERMS

PPHRPT === 0 TP NEW PHASE FUNCTION USED IN EACH LAYER
o1 BAME PHASE FUNCTION 1S USED

TPLUN --= 0 T DO AN ORDINARY INTENSITY CALCULATION
ool DA PLUN CALCULATION ONLY

VHENGR =-= 0 Ta READ 1IN NI VALULS OF & NUMEKRICAL PHASE FUNCT.
o READ N A VALULE OF G FOR EACH LAYLR

Clan e ASYIPHUTRY PARAYUTER - G APPLEAKS ON NEXT CARD(S»




IF (NF .LE. NFMAX) GO TO 910
WRITE(6,901)
901 FORMAT('1"'//"' NUMBER OF FOURIER COMP'ONENTS REQUESTED IS LARGER'/
;' THAN ALLOWED BY ARKAY S1ZES, EXECUTION TERMINATED.'/)
sTOP
910  NFZ=2UNF+1
WRITE(7) NI, NL, N, NIF2
CALL QUADWT
NIM=24N]
NI1=NT-1
DTHETA=P1/NT1
N2F=2%NF
DPHI=PI/N2F
DO 1 1=1.NF:
PHI(1)=COS(DPH1=(1-1))

Lhocp tor Lavers:

o T30 o=

DO 900 1.=1,NL

—

; SKIP THE PHASE FUNCTION TRANSIFORM 1V THE SAME ONI 15 USED
c IN EACH LAYLR.

-

IV (IPHRPT.EQ.O0Y GO TO 50
F (L.EQ.1.) GO TO 50
GO TO 250

G CONSTRUCT 'THE HENYEY-GREENSTEIN FUNCTION 1F  THENCK=1

51 T PHENGR  E G 0 GO T 70
ReADCS 55 GPAR
GPARC=GPARYGIAL
N0 wr Pl N
DUT=COSIDTHETA® (1-1))
DOT=( 1. 0+GPARZ =2 0FGPARYDOT ¥+ |8
PeIy=(1~-GPARZ) /DOT
e CONTINUE

WRITE 0,920 GPAR
920 FORMATG/ 7, " HENYEY-GREENSTEIN USED WITH G =" Fo.3,///

GO TO 75

.
3y T

REAL-Z %9y (110, I=1.N1)
Do 80 =1 ,N11

S PeNin-oa=bol;

R Bl
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For each MU(T) and MU(J), calculate the Fouricr Coefficients:

DO 300 1=1 N

A=SORT 1. 0=-XMUC L )XMUCT )

Du 200 J=1,N
B=SORTC1.0~-XMU(J)“XMU(T)I*A
C=EXMUCTI=NMU(T)

DO 100 K=1,NJ2
D=R<PHLIK)
PPOKY=TINTER (ACOS(D+C))
PMIKY=FINTER(ACOS(D-C))

BYPASS TOURTER TRANSFORM 1F INOFT=1
IFcriaorr.bEo. 1) GO TO 125

FOPT= -1

TER=0

CALL TFC (PP, NF, 10PT, T1ER, AUX, 513)

10PT= -1

I1LhR=0

CALL TG oPM,

rrers=pkily /200

PYC1)=PM1) /2.0
PPONF2)=PPINT2Y /2.0
PRONT L =PMNP2) /2.0

7

F, TOPT, TER, AUX, 513)

CONTINUE

A L Sl N N A
PN2OR LY LG EPP IR
PAMn LM R
CONTINUE
CUNTINU L
CONTINUE

NE2RRT=NED
PECTTRUNONE LG NP2WRT =)
Dov a8 K=1 NFIWRT
WRITEOT ) COPNPOR,T LYy 1= N0 0= N

WRITHL (7 CePNMOK,1,d),1=1,N),J=1.N)
CONT ONUT

TRANSPOST THE PHASE PUNCTION DATASET TO WKRITE LAYLRS FIRST:

[ N T T T N N T N S N
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10

DO 30 KU=1,NF2WRT
REWIND 7
READ (7) NI, NL, N, NF?2
DO 30 1=1,NL
DO 10 K=1,NF2WRT
KEAD(7) ((UNV(K, 1,07,
READ(7) ((PNM(K,1,3),

DO 20 1=1,N
DO 20 J=1,N
POUTP(1,J)=PNP(K0,1,0)
POUTM(T , JV=PAM(KO .1, T)
WRITE(8) ((FOUTP(1,J),1=1,N),J=1 N,
WRITE(8) ((POUTM(1,J),1=1,N),J=1,N)
CONTTNUE
srop

END



Y

The results of the FFI's are written to File 7 and the entire process
is repeated (if P(y) is diffcerent) for each successive layer. Since the
A/D code performs calculations based on all layer data for a single Fourier
component at a time, the phasce function data must be reordered by Fourier
compoinent and then by layer rather than vice versa. The data is therefore
read from File 7, reordered, and then written to File 8, which is then

passed Lo ADNGVI0.

F.2 PROGRAM 2, ADNGVIO

Some key features of the adding/doubling algorithm and its application
to solar scattering are outlined below. The reader is also referred to
Appendix B where a description of the original A/D code can be found. The
code was Tirst developed specifically to model radiative transfer in plane-
parallel media with internal infrared emission sources. The solar scattering
problem requires a change in perspective, but the same equations apply.
specific changes which supercede the code description of Appendix E are
g lvell here.

The user will note that some of the options related to thermal emission
which are described in Appendix E have been "turned off" in this seolar scat-
tering code.  The original A/D code was also controlled juteractively from
a Lterminal and sowe modif ications have becn made to allow batch processiug,
Phase tunction data is passed from ADNGFI'T throupgh Tile 12 rather than from
tire user directly via File 5. The albedo data is sgpecitied at the end of
File 5 as an avrey indexed by layer and not in functional form as sugpested
by Appendrx I'. Most other Teatures which remain active ave unchanged,

“ld 1
< .
j

4
The A/D scattering tunct ions S0
;

| are the computed quantitics

whiich directly apply to the solar scattering problem,  They vepresent the
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the radiacive response - the medium at. the top or bottom surfaces to an
internal unidirectional source oi illumination. The solar problem baving
an external source which drives radiative intensitijes within the medium
(including both surfaces) calls f{foir interchanging the source and observer
orientations, or equivalently, having the photons move backward, This
switeh is done after the A/D calcolations for each Fourier component are
completed and prior to computing the actuval intensities in ADINTEN. The

scattering functions themselves ave dencted by

with the following nomenclature:

3 Jndicates diffuse scattering, that is, apward intensity exiting the
medium at the top surface duc to illumination directed downward, or
dowuward intensitly at bottom surface due to upward jllumination.

T 1ndicates diffuse transmittance; upward intensity it the illumiration
is upward, or downward intensity if the illuwination is downward.

+ Indicates source illumination ils dirccted upward,

- lndicates source illumination is directed downward

I Refers to jnternal illamination. Response to be found at top or
bottom exterior surfacus.

i Index for che zenith angle of response intensity.

3 Iindex tor the zonith angle of the securce.

n Azimuthal Youricer componenc index. The n'th component of the intensity :
field responds vniy Lo the u'th component ot the driver.

i Optical depth ob the driver (Gouree) ltovation as measurea foom the

I Bt

top. 1Y serves as oa souveo Jocat o dndex,

: Total mwediom oprical thickness,




Implicit Functional Arguments of the Scatiering Functions:
I b 34

L () albedo function of optical depth {(altitude).
P.. () Forward (++, --) and backward (+-, ~+) phase matrices by
I

Fourier component and optical depth {altitude).

The code actually computes weightad forms of these functions which

appear s

©
SEIP(L, §, 1) = ~ o s Y a
arLr s Js ) = o o .
& My I i
‘ 1\1/: 1) ! 609“ 5 - a
R R AT D Ay A Sk
“i ]
I+
) +
Tl“)(i ’ iv T‘) = ‘-—4—“0’11 TF dj
4+ 4
Ve P . . : (U:“ 0 -
R T A T S P (F.3)

whvrae d] is Lhe quadrature weighting lactor appropriate to the j'th source
aenith angltes The gquantitics SFIM, SiflP, TRIM, and TFIP are computed to-
ethoer with other seattering functions in ADNGV90.  The roles of internal
source and exterinal response are then reversed through reciprocity, and two

iew sicabteriey mitrices SVARED and SVARM representing upward and downward

internal response caused by an oexternal source arce iatroduced. They are piven

b
\ l -
SVARP = oo e G (1.4)

u, 0 i
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and

M.
i am -1 :
a5, o i, SFIM(3, 1) 4, 7, (F.5)

for each Fourier component n and observer level r.

ADNGV90 FILE STRUCTURE:

¥ILE 1: This file contains a run iabel of 80 characters.
FILE 5: Primary input file for control of Adding/Doubling calculations.

RECORD 1: NAMELIST CASE PARAMETERS:
NLAYER : NUMBER OF HOMOGENEQUS LAYERS (=NL)

DTRLR : OPTLCAL DEPTH SPACING USED FOR COMPUTING BOTH
INTERNAL SCATTERING FUNCTIONS AND FOR FINAL
MULTIPLE SCATTERING INTENSITLIES. CONSTRAINED TO
BE DTRLR= 70/ (2%*1) WHERE TO IS THE TOTAL OPTICAL
DEPTH AND I 1S ANY NON-NEGATIVE INTEGER.

TNOTLR : A SET OF NLAYER REAL NUMBERS GIVING THE OPTICAL
THICKNESS OF EACH LAYER STARTING FROM THE TOP.
CONSTRALNED TO BE OF THE FORM TNOTLR(J) =.(2*%[)
**DTRLR FOR ALL LAYERS J AND ANY NON~NEGATIVE
INTEGER 1.

INUOMO : =0 OPTION NOT ACTIVE
=] INHOMOGENEOUS ATMCSPHERE; SET NLAYER=1
1F HOMOGENEOUS ATMOSPHERE IS NEEDED.

I0CTL1 : CONTROLS AMOUNT OF OUTPUT ON FILE 6.

=1 ALL SCAJTERING FUNCTLONS PRINTED AFIER EACH

LAYER ADDITION.

=2 OPTLON NOT ACTIVE.

=3 ALL FUNCTIONS PRINTED ONLY AFTER FINAL SCATTERING
FUNCTIONS COMPUTED.
OI'TION NOT ACTIVL.
NO OUTPUT ON FILE 6 EXCEPT HEADEK.

il
Lo

i}

RECORD 2: OMGIPUN : SET OF NLAYLR REAL NUMBEKS WHICH ARE LAYER-BY-LAYER
SINGLE SCATTERING ALBEDOLES ARRANCED FROM THE TOP
LAYER DOWN.
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FILE 12: Must be the same file as ADNGFY¥T File #. Contains the phase
function data by Fourier cowmponent.
FILE 13: A vew intermediate file which is passed to ADINTEN, Contains

external to internal scattering matrices by Fourier compcnent.

F.3 PROGRAM 3 ADINTEN

the code ADINTEN cacries out the last step in the calculation of internal

intensities based on an external driving source. File 7 contains the external-

to-internal scattering functions ordered by Fourier component and observer

level. These functions are read from File 7 and transposed so as c¢o appear
as functiors of the Fourier index n at each level. They are inverse Fourier
transformed by the same subroutiue TFC (see section F.l) as was used for the

FFT cf the phase function dat

I

. The iuteusiiies are given by

+
L'(r, 0, 05 ¢) = IFT (SVARP; , (F.6)
and
1 (r, 0, 0, &) = IFT (SVARM) , F.7
O

for 5 unidirectional external source of unit strength where IFY mecans inverse
Fourier transform. Thege upward and downward intensities are written to the
stendard oulput file (File 6). 1n addition, the zeroth Fourier components

of the scattering functions are used by themselves to cvalculate the upward
and Jdownward ratiative fluxes as

{- N
0, ’ = . d fqy 3 . PR
5 () Yoy d, [SVARP (1, 1)1

-, n=0 , (1.8)

i




and

Q (r) =Y g d. [SVARM (i, D) I (F.9)

at each observer level r and each solar zenith j. The flux calculation can
i ‘ be carried out without performing more than one Fourier componeut A/U cal-
culation in ADNGV90, (See directions specifying 1FLUX=1 in section F.l).
For these special flux calculations, the inverse FFT is suppressed and the
y intensities which are printed represent the zeroth component only. Those

intensities are correct in the case of isotropic scattering (GPAR = 0.0).

Fluxes are written directly to a separate cutput file [File 10].




ADINTEN ¢ MAIN PROGRAM LiSTING

CCe
¢ THIS PROGRAM READS THL FOURIER COMPONENTS OF THE SCATTERING
C FUNCTIONS WRETTEN BY THE ADDING PROGRAM AND INVERSL FOURIER

G TRANSFORMS THEM TO CALCULATE THE INTERTOR INTENSITIES DUE TO
¢ SOLAR INTENSTTIES AT THE Lo OF THE MEDIUM.

REAT B XMU L DWT, XMUDWT, DWTINV

DIMENSTON SSM110,10,41), TSM(10,10,41), XIP(65,10,10),
: MIMe3,10,105, AUX(513)

) DIMENS TN NMUCTog o DWTH10, 0 XMUDWTCI0), DWTINVI10)

‘ DIMENSTON FOUNPCTO) . FLUXMOT0), FLUXQE10)

Reabe7 ) N, NI, N, ONFE
. ELAD THE OUABRATURE WIS AND COSINES TROM YVILE 7

KAt

nEADH

oMUY L I=1 0N
poADWT LY (=1 0N

~t ~

CAN ADE SCUINV T ) NEXNT TIME BOTH TROGRAMS
ARt COMPTLED

N VR

R e N S LR

) NEADLT ) ohwEisN ey =1 0N

NP=ONE2-)
READRCT 1 NRS

WRITHL e Tu v

D100 KE=E1ONKRS
hiw IND 7

READCTy N N SN N2
UADS T ety e ;
WEALS T T o TN
! [ DL R TR U DYV DN e TN
RUADCL S I TINY ) =T OND
AR R TR A
II !\\* N S
A Copy available to DiiC wo2s noi

permit fully legible 1ep.oduction




DO 10 K=1,NRS

READ(7) ((SSM(1,J,K),1=1,N),J=1,N)
0 READ(7) ((T$M(1.J,K),1=1,N),J=1,N)

DU 11 J=1 N

DG 11 1=1,N

NiPOL oL, J)=88M01,0 KL)
11 NIM(i, 1,J)=1SN(T,J,KL)
30 CONTINUE
C
C
1 D0 40 .i=1,N

Ll

FLUXP(JY=0.0
FLEXM(Jj=0.0

DO 40 1=1,N

FLUNP OO =FRUDNP CNXTIP O 0 Iy XMUCT 3 DWT T )
FLUSMO=ULU G NI T, J) XMUC L) DWT (1)

35 ITINF2Z.FQ.1) GO TO 40

i J0PT=]

IRk=0

NIP(L L =2 0N, 1,00
NIPONF2,1,0)=2,0%NTP(NF2,1,0)

CALL TFC (N1V(1.1.J), NF. 10PT, TER, AUX, 513)

Taby=

' TER=0
NIMONFZ 1. D=2, 05X1M(NF2 . 1,0)
MIMeY, L T GsNIMe Y T )
CALL TFC (NIMO 1,0, NFLOTOPT, TER. AUN, 51735
Lo CONTINUE
WRITE U 4l KL
! ) FURMATC 1" /7 7 K=LEVEL NUMBEK = ', 12/

v mmmmmemmememee 1)

C WRITE OUF UP ANL DOWN FLUNES AT THIS 1) VEL
TwOPI=6.283185%1
o 45 G=1,N

PLUND O =P LU ey IWe D
PLUNTC D =PLUSM ey TWo

Tt g

i FEVNO O =P LU ey - R

Wloo o IUins T DRTRA STURAGL L Ut st b 1o

Copy availubls o DTIC does 1
pexmit fully iegible reproduction




WRITE{(10,197)
WRITE(10,198)
WRITE(10,199)

KIJ‘
KIJ,

(FLUXP(J),J=1.N)
(FLUXM(J) ,J=1,N)

stTop
END

196 FORMAT(////." ADDING/DOUBLING FLUXES',/////)

197 FORMAT(" R-LEV' .14, FLUXI " ,7F15.6,/,20%,7615.6)

195 FORMAT(' R-LEV',14,"  FLUXM ' 7E15.6,/,20%,7015.6)

199 FORMAT(' ")

¢

G

DU 50 L=1,NF2
WRTTE (0. 40) KL, 1,

46 FORMAT(//" R-LEVEL :',12," ; Pl INDEX 127/
"UINTENSTTY-PLUS (1,1)'/
DT TSN, "VALUES -2 )
DO 47 1=1,N

47 WRITE(5,48) 1, (NXIP(L,1,J),J=1,N)

4¢ FORMAT OO T2 (T 30D L 4
WRITE(o,49)

49 FORMAT (/7" INTENSITY-MINUS (1.J)'/
e "7/ 17,5X,"VALUES ->'//)
bi 50 1=1,N

50 WRITE(6,48) 1, (XIM(L,1,J),J=1,N)

100 CONTINULE

N

¢ ADD A MARKER AT THE END OF DATA ON TLLL 10

WRITEC10,299)
AN VoAt ! : L1057
G




i 4
- f

NNy St e e Lkl

-

¥.4 ADDING/DOUBLING SAMPLE 1BM JOB CONTROL CARDS AND DATA FILES

/=JOBPARM R=512.T=1,1L=10
//PHASEFFT ENEC PGH=MALN
//STEPLIB DD DSN=ACCOUNT. ADNGFFT. LOAD,DISP=SHR
//¥TO5r001 DD =
51 7 7 8 ) 0 1 0
0.8

//FTOSY001 DD SYSOUT=A
//FTO7001 DD DSN=&TEMP 1, UNIT=SCRATCH ,DISP=(NEW,DELETE , DELETE )
/ SPACE=(CYL,(1,1))
J/FTOBE0UT DU DSN=&TEHI2 , UNIT=SCRATCH ,D1SP=(NEW ,PASS ),
/) SPACE=(CYL,(1,1)) '
//ADDING EMEC PGM=MAIN
//STEPLIE DI DSN=ACCOUNT . ADNGVOO . LUAD . DISP=Sik
//TTOTFO0T DI DSN=AGCCOUNT . LAFGL . DATA DI $1=SHK
JiFTO3F001 DD =

5CASE .

NLAYER=T,

LOCTLI=3,

TNOTLR= - 0152635,0.0152635,0.0152635,0.030527,0.0157635,0.630327 .0.061054
DTRLR=C 0132007,

INHUMO=T,

AENE

0.0,158  C.0690 0.2777 0.2804 0.3388 0.3485 0.3485
71TGel 001 DD SYSOUT=A
Z7UTI2E001 DD DSN=&TENPZ,DISP=(0LD, PASS) (UNLT=SCRATCH
J/PTI5T001 DD DSN=5TEMP 3, UNTT=SCRATCH, DISP=(NEW, PASS) |
/- SPACES( YL (1,1
SZADINTEN TNRG POM=ATN
SOSTEPLTR DD DSNSACCUUNT U ADINTEN . LOAD . DTSP=SHR
COTPOSEONT DY DL

S/ TueFOUl DI SYSUUT=A

CIPTOTFO0Y DI DENSATEMP 3 UNTT=SCRATCH (DISE=(OLD  DELETE | DELETE)
AOUTINR00L DD DSN=ACCOUNT . NEWFLUN.DATA,

/i UNIT=TPUSLR.,

- SPACE=(TRN, (1,1,

L DISE=oNEW,CATHLG )

v DER=NSORGEES VLRECE=155 , KECHM=FB , KLKS T HE=2000)




Ty

APPENUIX G: A PLANE-PARALLEL SINGLE SCATTERING CODE (PPsSi)

1 C
- C
C
C INPUT/OUTPUT FILES REQUIRED
O e e
¢
C FTOSIO01 © ReEAD(S,...) - FLLE 18 USED FOR PARAMETER INPUT USING
¢ THE NAMELIST CASE.  FILE MUST FOLLOW NAMELIST INPUT FORMAT.
C FTOoF0OO1 @ WRITE(S,...)/PRINT - OUTPUT F11E.
C FT101001  WRITE (10) - FLUX OUTPUT 18§
C WRITTEN DIRECTLY TO DISK FILE 10.
C FT12FQ01 & READ (12) - PHASE FUNCTION FOURIER COMPONENT 1INPUT.
C FOURTER COMPONENTS SHOULD NOT BE USED
C EXCEPT FUR N=1 FLUX CALCULATIONS,
C
G
¢
.
¢ The GLOBAL variables dre passed to all routines through the
G following COMMON blocks. Any variable NOT appearing in a COMMON
C is Jocal to the routine and is used for temporary storage and
C intermediate calculatious.,
C
-
G
COMMON /SCALAR, TEINALVTHAYER JDIMAN DTINET ,CONN, OMEGA, T1,7T2,T,
: TMPSUR TMPSUT ,DTRLR L ASY2 L ASYSQ,
. CONNZUTOOE] JFORPL VASY ,DTRTMPRM, NLAYER  NAC  NCIN,
: NOMONE T ONNONMT O MSMALL  NDUBLE , TLAYER ,NONISO, ISURL,
\ NA,NDUB (NRS . NAC1 ,NACZ2, INHOMO, 10CTL1,10CTLZ2,
] 1OCTLS, TOCTLA , TOCTES |, 1 SURFT
COMMON S VEO TR, NMUCT0)  XMUINV 10\ DWT (10  DWTINV( 10y,
i TNOTER G40 (XMUDWTC10)
ONGEUNGS T
COMMON - JMATREN PHASLBC10,10) ,PHASEF(10,10)
DIMENSTON AMNTP 7 07 410 JAMNTM (7,7 ,41)
C
CALL INPUT
{
WRITE e ,990) NLAYER, (INOTLR(11),11=1 ,NLAYER)
8 WRITEOT0, 9900 NDAYER, CINOTRR(1L) L, T1=1 ,NLAYLR)
! G0 FuRMATC/ /770" SINGLE SCATTERING CASE RUN' .
‘ : /7 NUMBER OF LAYERS =',715,
; J/y T WUTH oV TCAL DEPTHS --- ',S(SFIZ.h,/,ZQX),//)
1 (
¢ READOS 9y OMGEUN
- WE TG i, O N L L UNLAYE R
WRITE Yo 9 iy oot Lo =1 NLAYER)
v FORMAT COOANE W ITH ALBLDORS - LAY AL N,
SLEVEL=ENLAY LR
|




C 1,OOP OVER AZIMUTHAL ANGLES PHI

DC 1000 NPHI=1.M

DO 50 NR=1,NLEVEL
. DO 50 J=1,N
DO 50 1=1,N

AMNTP(T,J . NR»=0.0
AMNTM(1,J,NK)=0.0

50 CONTINUE

G LOGE OVish SOUGRCE LAYERS

C
C
DO 500 1LAYLER=1,NLAYER
C
¢

C READ TN THY PHASE FUNCTION FOR THIS LAYER
e AND THIS VALUE OF PHI.

C
READ(12) ((PHASEF(1,J3,1=1,N),J=1,N)
RLADCTIZ2 G ((PHASER{T (J), =18 J0=1 N)
C
C WRITE(6,919) ((PHASEF(1,J),1=1,N),J=1.N)
G WRITE{6 619 o (PHASEBCT ..y, 1=1,N),J=1 N}
Caly FORMAT (/77,7 PHASE FUNCTIONT, /
O : T, /0
C
C LOvP OViR BOTH QUADRATURE ANGLES
/-
DO 400 T=1,N
C
DO 400 J=1 N
¢
SSSP=PHASEB 1 J)~OMGFUN (T LAY ER )= SMUINVET ) /FOKDET
C
SSSM=PHASEF (1 0 QHGEUN (T LAYER ) SNMU ANV O] ) /FORPI
C

LNPHI=ENPC-TROTHR

STLAYER)XMUINV (D)
ENIMUI=ENP L-INOTLR (]

LAYER J5MUTNV (L) )

SSSPESSSP L 0=LNXPMUDENEMU o o XMUINV O+ oMUTNNV U )

DIPRAT=UNPMU T INOTRR CTLAYER




e

IFC1.EQ.J) GO TO 100

DIFRAT=(FNPMUT =ENXPMUJ ) / (XMUINV (J)-XMUINV(T))
100 CONTINUT

SSSM=S8SM=DIFRAT

MULETELY SCATT. SOURCES BY DIREXT SOLAR TRANS

DSTRAN=L1.0
IFCILAYER.EQ.1) GO TO 120

MAN=TLAYER-1
DO 110 NEXLAY=1 [ MAX

DSTRANSDSTRANTEXNDP (= TNOTLR (NEXLAY )*XMUINV(J))
¢
110 CONTINUY
120 SESP=5SSPDSTRAN

SESM=SSSMEDSTRAN

ADD CONTRIBUTION TO TOP OFF SCATTERING LAYER

o oo

NE=TLAYER
AMNTIOY VT UONRO =ANNTR O, TONROHSESD

o AL PART TO ROTTON OF SCAT. LAYER

Nz LAY ERAS
AMNTMOD T NR)=AMNTIM O LT ONR D +HS8SM
PO EAYER L EQ T Y GOt 250
SELLIN APFOVE TOP 0 SCAT. LAYEER

NRTANZ LAY R -
Dev o0 NS P=T NRMAY
N =T EAY LR -NRSTEY
SSSP=SSSrA NP e=-TNOTHR ONRYSXMUINV (D))
AINTECL DT ONRO=AMNTY O D ONR I ESSST

oo CONTINUE

CooFrha IN BRRLOW ROYTTTOM OF LAYER

250 TROTEAYRER D EQONLAYER)Y GO To 350

NaMIN-TLAY DD

P00 NESNRMEN VLEVEL

SEAST=NK -

SENT SRR S TRO TR UNTAS T ENMUIN g e

AMNTSOU O UNIO AN L T ONR S Ee




300
350
400

(i 500

O

992
993

by
550

qQar’

C
¢

R IR

—
]

% il
]

CONTINULE
CONTINUE
CONTINUE
CONTINUE

WVRITE UL AUTUAL  INTENSITIES

DO 550 NR=1,NLEVEL

WRITE(6,992) NK,NPH1

FORMAT("1',////1/," SINGLE SCATTERING INTENSITIES AT,

; " R-LEVEL :'.12,", PHI INDEX :'.12.///)
WRITE(6,993)  ((AMNTP(1,J . NR)Y ,J=1,N},1=1,N)

FORMAT(//," INTENSITY UP SOULAN ZENITH -
; R L Y/ TSN TEL2 G ),/ ))
WRITE(6,994)  ((AMNTM(],J,NR) ,J=1,N),I=1 N)

FORMAT(//, " INTENSITY DOWN SOLAK ZENTTE =
: R e E LT Y/ TONLVTRLE G )

CONTINUE

IF(M.NE.1) GO T0 1000

WRITE(10,995)
FORMATC/ 77/ INTEGRATED SINGLE SCATTERING VLUNES VOLLOW ' 7/ )

AT THIS POINT, ARKAYS AMNTP AND AMNTM CONTALIN
THE ANGLE DEPENDENT ZERCGTH TOURIER INTENSITIES.

SUM OVER ORSERVEK ANGLLE 1T TO GEYV ACTUAL Uy AND DOWN PLUNES

DD 000 J=1 N

D00t NA=TLNLEVETD

AMNTE O TONRGZAMNTP O I ONRYRMUCT 9 TO0P L
AMNTN O O N =AMNTM O DD UNRSNMUC T STOON DWW 1)
CONTINET

no7e0 =1 N

O 7¢O NR=1 ,NLEVEL

G 050 1=2 N

AMNTP O, T UONRI=AMNTY (1,0 NRIAAMNTP (1,0 NROYVENMUC 1 TOUP T DRT )
AMNTM (L, ONR=AMNTM(], JUNR)FAMNTM () LT NROSNMUCT ) T00P 1 DWT )
CONTINUT

GONTINUE

l
I

WRITE OUT FLUNES LEVEL BY LEVEL
DO 8O0 NR=1 NLEVEL

WRITE FLUNES Tu ENTRA STOKRAGE TILL NUMBEK 1

WRITE (6, 098)




LN A Sdn ¢

LN AL AN Abte. . ac i SRR Bl

'C

LI Al S e &

800
1000

{

s

&
999
C
G

G990
997
(}()6

cooee

Cony availn
brimit 1)

Wit TTE(30,990)  NR,
WRITECTO,997) Nk,
WRITEC10,998)
CONTINUE,

CONTINUE

WRITE(10,999)

FORMAT(,/7///////," ADDING/DOUBLING RESULTS MAY FOLLOW

sTop

FORMATCT h-0EV', 14,

FORMAT(" R-LEV', 14
FORMAT( ')

FAD

SUBROUTINE

INPOT

(CAMNTI Y (0 UNR)Y LI
CAMNTM 1 J NRY LI

T 1

FLUXDE
, FLUXM

L7015,
',7E15.6

=1 ,N
=1,N

o)
)

)
)

D

This subroutine detcrmines the input and starting pirameters

SUBRCTTTIND  INPUT

DIMENSTON Codin

.
LD

COMUONSCALARS TTINAL TLAYER DAY B
; TAPSUR TMPSUT DTRLR

AS

i
¥

(B}
M

4}

—

T
A

3 CONNZLUTOOPT FORPT VASY  DTR,
: NOMLANPT NN ONMT O MSMALL NDUBLE L TLAYER  NONTSO L TSURL,

. NAUNIUE ONRS ONACTONACZ2 TNHOMO L, TOCTEL, 10672

S
"

8 TCCTES  TOCT LG, TOCTLS L TSURET
SMUCTOY CXMUINVOT0)  DWTO10 Y JDWTINVITO)
TNOTLRCGOY (XMUDWT 10,

CantoN

1

ANLUTOR

o

(TR TN

COMMON

[AX IR N R S
T R

SINTOUM BG

A N N
i R LIRS I
[ A

° o I'Tiey

l-[r 1 ‘f“"'

T U,

CMGUUN (4 1)
bLoOBCD, DUMEGA.
s, N

MMUToeH )y, ©

.

‘)
A B

Aoy e
LA 8 .

(e
SMUTSeR )L

ETAO,

PHAMERCTO 10 PHASED (10 10
DUMY,

N
CONNVOMEDA T 0

YSG,
MR,

T,

vy o
‘ 3
=3

NLAYEK  NAC,NCIN,

ey

INEOMW
R

D)

MMUE

LH3),

PR

C7id,




o
- C
- C The following NAMELIST is used to input run paramcters
g CGe
(f NAMBLIST /CASL/ N M, OMEGA, XMU, C, NONISO,ISURI'. ASY, DIMAX,
p-\- , NLAYER, INLOMO, TNOTLR, DTRLR, JSURFT, TMPSUT,
= : TMPSUR, WAVELN, REFIDX, TOCTLL, TOCTLZ,
- : ; TOCTIS, 10CTHG, T0CTLS, TMI'RM
C
F DATA NIRMAX/40/, NMUMAN/ 10O/
‘ G
b Cee
5 C DATA statements for raw data tables used to generate quadrature
§ C welights tor from 2 to 30 base points. The resalting weights
- C are used for a Gaussian guadrature scheme.
1 CCC
! i
Pu DATA  XMUZ 7/ 0.3773502092 /,
1 XMUS /0 0.7745960692
] 0.0 /.
1 C3 / -0.5555555355,
1 0.8888B88889 /,
- @ ] XMU4 /0 0,8p11303116,
1 0.3399810436 /,
] C4 / 0.3478548451,
1 0.6521451549 /,
1 XMUS /0 0.9061798459,
[- ! G.55364095101
¥{: 1 0.0 /
: 1 C5 / 0.2369268851,
B 3 CLATER2R0705,
- ‘ N.50888868884 /

DA MMUe 0 GL9524095142,
O.0612093867,
U. 5380191601 7,
Ce S 0N 17130 AbLund
0.3607015730,
0.466791393406 /),
NMUT7 /0 0.9491079123,
U.7415311856,
0.40568451514
0. /
DATA C7 /7 0D.1294849062,
CL2797053915,
0.381850050%
CH1795916837 7,
NMUS 5 906008955

[ S S L

0. 7Y90000u7 4,
ULRONL0240u0

.
! o

[ G S
~

Clatidansrs




DATA C8 / 0.1012285363,
0.2223810345,
0.313706645Y9,
0.3626837834 /,
MUY/ 0.9681602395,
0.8360311073,
0.6133714327,
0.3242554234

0. /
DATA C9 / 0.0812743884,

1 0.1606481607,

1 0.2606106964,

0.3123470770,

0.3302395350 /,

WMU10 /0 0.9739065285,

5650633667,

(.6794095085,

04333955941,

0.1488743390 /

DATA €10/ 0.00606713443,

N 1 0.1494513492,

k@ 1 0.2190863625,

]

P U S

[ O oy

0.2692667193,
0.2955242247 7

DATA XMULY /0 0.987Y925180,

1 0.9372733924,
4 1 0. 5482005834 ,
A% ; (L 728017T5 14,

0.5709721726,
3941513471,
Lo 1aa 086G,
0.0

¢y (L0a7nnran0,
i 0.0707000475
G. 1071592205,
0.1393706779
0.1o62092058,
180iel0001,
0. 1984314853,
0.2025782413 /7

el e e s
o~
[

et s e
—

¢ Al run parameters are INITIALLIZED to their DEFAULT values

192




INHOMO =

: INHOMW =
o NLAYER =
‘(j TNOT = 0.
S TIINAL =
b ASY = 0.0
= : DEMAN = 3.05D-05
:

— 0= OO0

TNOTLR(1) = 1.0
DTRLR

I YORI']
: T00PI

E ISURY

i

1.0
12.56637062
£.28318531
0

5.0

0.95

-0.8

0

1

i}

TNOTSR
OMEGSK
ASYSUR
fe 1SURET
) TMESUR =
’ THFSUT =
g TMIRM
WAVELN
REFIDX
q TOCTL
| 10CTL?

nouwonou In i
Do UG W
. . 6o flta
DD LY U

i}

Cha SED_ gl TSt

TaeTiL3 = 0
10CTLa = 0
- 10CTLS = 0
. C
O
C Parameter input overriding the defaults is done using 1BM FORTRAN
C NAMELIST doput teclinigue.  The data is read using NAMELIST JCASE/.
\
READ UG L CASLE
READeZZy NDUS L NLAYZ, N, M
¢
cce
v Check for possibilities of Storage overflow
cee
4 G

P IF (N LLE. NMUMAX) GO T0 8
» WRITE(G.7) N, NMUMAX
{ WRITECL, 70 N, NMUMAN
{ ; FORMAT(// " =#oe EKROR 985 1N ADING PACKAGE ')/
{ : " TOO MANY QUADRATURE POINT® SPECIFIED.'/y
¢ ; TN = T2 L MANTMUM ALLIVED = T ooy,
¢ ; ek ENRGUTLON TERMENATED  sesn 7
CALL OLNIT

& 1F ONLAYER L LE, NLRMAN) GO Tu 9

WETT e 5 NLAYEER . NLRMAX

WRITE 1,5 NLAYDR. NLRMAY

E ¢ 193




R

-

10

146

15

PONMUE

CALL EXIT
FORMATC/// /" #¥%%%  ERROR  *%%% 1IN ADDING PACKRAGE :'//

//

1

GUNTINU

MU
MUY
Gy o=
il o=
TF(N.NE
MNMUCT)
MU
MUCs)
C(l) =
C(3) =
Ce2y =
TTONUNI
DO oY Cs
NMUC I
C(ly =
Ci13-11

¥

C
G
G

H N | IR (R

TFIN.NE.

DO 138

MU

Oy =

Cle=is

AR FON

CioL) =

FRIRIN BEAY

MU

THINONE
TR I O

MU

Sitbyo=

C(7-11

DO §49

MU

TeN NG
DO 138

ol

Cely =

Ho—

~
i

L
1

|

G

o)

LAYER THICKNESS STORAGE WILL BE EXCEEDED, EAECUTLION STOPPED.'

NLAYER = " 13, "; MAXIMUM ALLOWED = " 13//

NMU2

3) GO
XU
MU
-

(1)

5(1)

502

4) GO

=1

) 60

= 1
i

NS O
RN
Gl
{
l"~
-NHU
0 GO
= 1.
XMlbo

ol
- e (]

INCREASE TNOTLR DIMENSION IN ALL COMMONS.'/)

,‘
'
L
i
j—

TO 14

‘r

)

)

Slo=-1)
TGS

3

(1)

)

= 4,6
= xMUo(7-1)

- 0

F ARV AN

= i,

TVONNE. 1) GO TO 11
- XNU2
. TO 12
1 = (1)
= NS O
301,
NE. TO 13
o= 1,2
; ML (1)
i)

T e

3




¢
Cla)y = C7(4)
DO 139 1 = 5,7
E 159 XMU(1) = -XMU7(B-1)
(v lo IF(N.NE.B) GO TO 17
DG 18 1 = 1,4
SMUCT) = AMUS (1)
C(1) = G8(I)
168 C(9-1) = C3()
DO 169 1 = 5.8
169 XMU(T) = -XMUB(9-1)

-
1Y

17 IF(N.NL.9) GO TO 18
DO 178 1 = 1.4
XMUCT) = XMUG(T)
Cil) = C9(1)

178 C(10-1) = C9(1)

q XMU(S) = 0.
C(5) = CY(3)
DO 179 T = 6.9
179 SMU(T) = -XMU(10-1)

18 TF(N.NE.10) GO TO 19
DO 165 1 = 1.5
Py XMUCT) = XMUI0O(1)
Cely = €1001)
188 C{11-1Y = G10(1)
D189 + = 0,70
189 MXMU(I) = -XMUI0(11-1)
19 TF(N.NE.13) GO TO 20

Hvy ne o luy 0 o= i
\ NMU(T) = NMUIS(D)
CO1y = C15(1)
Y05 Jtle-Ty = C15(10
(S = G,
Cls+ = C1508)
DO 199 1 = 915
. 199 XMU(T) = - XMUtlo-i)
20 CONTINGE
(:
C
Y 200 1 = 1 N
e 200 XNU(T) = .5%NMU(T) 4 .5
Do 21 1 = 1.3
NMUINVOD) = 1. /NMU(T)
W) = C(1)%0.5
DWTINV(1: = 1. /DWT(1)
2UONHUDWT L) = NMUCT)EDWT (1)
-
‘ RETURN
UND
[
q

195




Yall

PLANE - PARALLEL SINGLE

SAMPLE

JEJOBPARM T=1,1.=9

SCATTERING PROGRAM PPSS1:

IBM JOB CONTROL CARDS AND DATA F1LES

//PHASETFT LEXEC PGM=MAIN

//STEPL1IB DD DSN=MOT4101.ADNGEET. LOAD,DISP=SHR

J/PTOSEFO0L D) *
51 32 7

0.8

1 1 0

/AFTO6IQ00T DI SYSOUT-=A

J/UTO7EGOY DD DSN=3TEMPI UNTT=SCRATCH, DI SP=(NEW ,DELETE ,DELETE

1 1

/7 SPACE=(CYL, (1,1))

J/PTOBE00T DI DEN=STEMP2 \UNTT=SCRATCH, DISP=(NEW ,’ASS),
/7 SPACE=(CYL, (1,1))

/ /PSS EXEC PGM=MAIN

Z/STEPLIR DD DSN=MOT. 101 .PPSS1.1LOAD,DISP=SHR

J/FTOSEFO0T DD
SCASE
NDAYER=32,

.1793371L-03,

.25065575-03,
26500975 -03,

3344070E-03,
8913260L-04,
2502452E-02,
10467 15E400,

TNOTLR= 0.2520882E-06, 0.4097418FE-05, 0.40140335-05, 0.7848409E-05,
0.1390691E-05%, 0.73045541-04, 0.38503791-03, 0
0.2433453E-03, 0.2448388E-03, 0.2478541E-03, O
0.2301920E-03, 0.2297376FE-03, 0.24739593E-03, 9
0.290985716-03, 0.31240068L-03, 0.3249425E-03, 0.
G.3095272E-03, 0.2279730E-03, 0.1256998E-03, 0.
0.18020125-03, 0.4156892)-03, 0.95852635E-03, V.

0. 6078091E-02, 0.1590397E-01, 0.4777602E~01, 0.

&FAD

GL2059553R+00 0 0.2059541E400  0.2059497E+0G 0,20,9422F+400
U.205072004000 0.3171340K-01 0.2313057F-03  0.22611085-03
GLZH219120E-05 0 0.3e310597E-03  0.46376281-03  0,5429178L-03
J.0191%4%0k-03  0.594903318-03  0.48419975-03  0.38004051-03

(5337481800
0.37919098-0,
0. 1397186501
0. 22893555-02

S/ FTOREDO )

S/UTI21000

£/ UT101000

CA3454T751-03
S1052119F-02
LH058797EH-02
0.
DD SYSOUT=A
DD DSN=STEMPL (DISP=(0LD \DELETE) ,UNTT=SCRATCH
DD DSN=MOTS 10 . SSFLUN LU DATA,

Y4eb6700k-01

0.46594929E-02 0.
0.28028291400 0,

L3681581E-03
.5051012E-02

0.
0.

4311963LE-03
1527380E-01
2893881LE-02
3485013L4+00

ly DISP=cMaG) REEP  REEDR)

/7 DEB={DSORG=PS [ LRECHL=133 | RECIFM=FB ,BLKS1Z2E=2060)
AATTTOF00Z DD DSN=MOT4101 . SSELUN . DATA,

!y DISP=cyobh KEEP OREEDR),

I

196

DEB=(DSORU=PS  LRECL=1 35  RECHM=FE BLRKSIZE=2600




