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ABSTRACT

This is the third of three volumes. Volumes I and II contain other
aspects of the study: descriptions of the RRA-42 ana RRA-45 codes and
their applications to the calculation of aercsol attenuation coefficients

and the applications of the LITE codes to analysis of experimental data,

The Monte Carlo procedures designated as LITE-I and LITE-II were
developed during a previous contract pericd for use in studying the trans-
port of light through the earth's atmosphere under various environmental
conditions. These procedures have been modified to expand their applica-
tion to a broader range of physical problems. LITE-I treats monochroma-
tic light emitted from a point source, and LITE-II treats mgnochromatic
plane sources of light. The codes have been written in both ALGCL for the
Burroughs B-5500 and FORTRAN-IV for other computers. The codes are suffi-
ciently flexible to treat multiple scattering in an atmosphere in which
the air densit - and the aerosol size distribution vary independently and
arbitrarily with altitude. Provision for treating ground and cloud re-

flection with an ulbedo method is also available in the codes.

A machine prccedure, designated as ACC, was developed for use in con-
verting the scaitered intensities computed by the LITE codes for a given
ground albedo to scattered intensities for problems where only the magni-

tude of the ground albedo has changed.

Utilization instructions, input data formats, sample problems and
the ALGOL listings of ACC and the improved versions of the LILE programs

are given to aid those who wish to utilize the codes.
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PREFACE

During the period 1 August 1965 to 31 August 1966 Monte Carlo studies
were performed to determine light transport in the atmosphere under various
environmental conditions. These studies consisted of 1) correlation analy-
sis of light transport from a point isotropic source and a plane parallel
source to determine the comparability of solar light transmission data and
transmission properties for thermal radiation from nuclear weapons, 2) devel-
opment of machine codes for calculation of phase functions and scattering
and absorption coefficients for spherical-homogeneous aerosol particles
with a complex index of refraction, 3) an analysis of experimental field
data on light transmission, 4) parametric studies to determine the speci-
fic influence of ground and cloud albedo, cloud height and aerosol number
density and particle-size distribution on the transport of light in the
atmosphere, 5) modifications to the LITE codes to increase their applica-
tion to a wider range of atmospheric transport problems and 6) the devel-
opment of a machine program for use in converting the scattered intensi-
ties computed by the LITE codes for a given grcund albedo to data giving
scattered intensities and scattered fluxes for other ground albedos. The
results of these studies are prescated in this report, which is divided
into three volumes. The first volume describes the results of items 1, 3,
and 4 outlined above. The second volume describes the machine programs
developed for use in calculation of aerosol cross sections. The third
volume contains utilization instructions for the modified versions of the
LITE codes and for the code developed .o convert the LITE results to data

giving scattered intensities and fluxes for other ground albedos.
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I. INTRODUCTION

The two Monte Carlo programs, LITE-I and LITE-II, which were developed
during a previous contract period (Ref. 1) for use in studying the effects
of atmospheric and terrain conditions on the transmission of visible light
in the earth's atmosphere have been converted to FORTRAN-IV. The FORTRAN-1IV
version: have also been translated to the ALGOL language for execution on
the Burrough's B-5500 computer. The two programs, LITE-I for point sources
of light and LITE-1II for plane sources, have been utilized in studies of
light transmission over the past year (Ref.2). During this period several
minor modificaijons were made in the programs tc expand the application of

the programs to cover a broader range of physical problems.

An auxiliary program was written to convert the scattered intensities
computed by the LITE programs for a given atmospheric condition and ground
albedo to data for problems in which all the input parameters are unchanuged
except the albedo for the first reflection surface. This program designated
ACC, Albedo Conversion Code, will also calculate the light current through
a plane normal to either one of the three coordinate axes used in defining the

scattered angular intensities computed by the LITE codes.

The modifications made to the LITE codes during the contract period
are discussed in Section II. The ACC is discussed in Section III. Sections
IV and V contain the utilization instructions and sample problems for ‘‘ie
LITE programs and Sections VI and VII give the wutilization instructions
and a sample problem for the ACC. The ALGOL listings of LITE-I and LITE-1I

and ACC are given in Section VIII.




II. LITE CODES

A discussion of the modifications made to the LITE programs is pre-
ceded by a brief description of the methods utilized in the program. For

a more detailed description of methods the reader is referred to Ref. 1.

2.1 Method Description

The LITE-I and LITE-II Monte Carlo programs were designed so that
atmospheres could be described ir which the air dersity and aerosol con-
tent both vary independently and arbitrarily with altitude. The first of
these programs was developed to study the transport of monochromatic light
emitted isotropically or with an arbitrary polar angle distribution by a
point source located in an air-ground geon2try This program has been des-
ignated as the LITE-I code. The second program, LITE-II, was developed to
study the transport of monochromatic light emitted from a plane source with
an arbitrary polar angle distribution located at the top of the atmosphere

or within the atmosphere.

Routines are available in the programs for treating both Rayleigh and
aerosol scattering events. An intermixture of the two events 1s possible
or the atmosphere may be considered to be either a Rayleigh or an aerosol
atmosphere. The atmosphere may be subdivided into plane slab regions and
a different aerosol phase function input for each region. Thus, the scat-
tering properties of cloudy and non-cloudy atmospheres may be defined with

a high degree of accuracy.

Albedo techniques are incorporated in both programs to treat both

ground and cloud reflection; however, either the ground or cloud regionms




may be treated as regions in which both scattering and absorption can occur,

if desired.

2.2 Modifications

Four significant modifications have been incorporated into the LITE
programs during the past year. The first of these was made only in LITE-I.
Originally LITE-I1 was designated to treat omnly light radiation emitted uni-
formly in all azimuthal directions by a point source with an arbitrary input
polar angle distribution. This restriction cn the source description ruled
out any use of the code in studying atmospheric scattering of light from
iine beam sources such as lasers unless the beam was directed vertically.
The restriction on the source description was removed by providing for the
input of an arbitrary source azimuthal angle distribution from which to
select the azimuthal directions of the .ource photons. By defining the
source angle distributions to have values only for polar angles 6 (see Fig. 1)
in the interval between ¢1 and ¢2, then the source will emit radiation only

in the solid angle defined by

SA = (¢2 - ¢1) (cosh, - cosez) .

1
The statistical fluctuation of the LITE-I results for problems having uni-
form azimuthal emission of light from a point source indicated the need
for biasing the sample from tha azimuthal angle distribution. A biasing
scheme was developed which favors those azimuthal angles near zero degrees
and the scheme was incorporated into LITE-I. The biasing scheme allows
one to sample azimuthal angles from the density function

e_ A¢

_e-A¢max

A
1

d¢ (1)
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Fig. 1. Definition of Source Angles for LITE-I
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where - is equal to m or the largest angle used to describe the true
azimuthal angle density function if that angle is lese than 7, and A is an

input parameter.

The most effective use of the biasing scheme is accomplished when the
azimuthal angles of all receiver positions are z:ro. The value input for
the variable A determines the extent to which biasing is applied. 1If a
negative or zero value is input for A, no biasing ias applied and the source
azimuthal angles are chosen directly from the cumulative probability table input

to define the true azimuthal angle distribution.

If the largest angle used in describing the true azimuthal angle den-
gity function is greater than v, the code used the density function (1) with
¢max = 7. Then a random rumbe> is tested against 0.5 and if it is less than
0.5, the azimuthal angle selected, ¢=¢', is unchanged. However, if the ran-
dom uumber is greater than 0.5, the azimuthal angle is taken to be

¢ =21 -~ ¢'
where ¢' is the angle chosen from the density function given in equation (1).
To correct for the bias introduced in the particle weight when azimuthal
angles are sampled from equation (1), the perticle weight is multiplied by
the factor
((1-e"A%max) /ae™4) p (9)
where p(¢) is the true probability density function evaluated at ¢, the

azimuthal chosen.

A word of caution should be given to those utilizing the LITE~1 code.

When A=0, the values inpuvt for FAZA{I) should describe the unbiased cumulative

o
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azimuthal angular distribution, but when A>0Q, the values input for PAZA(I)

should describe the unbiased non-accumulative azimuthal density function.

To 21d the user in the selection of a value for the bilasing parameter
A, exampiesa of cumulative distributions for various vilues of A are given

in Figure 2, The probability

¢! -Ad
oo - | At
0 1l-e

that the source particle's azimuthal direction will be between 0 and ¢', is
plotted versus ¢' for several values of A. Note that for values of A near
0, the biased distribution is almost isotropic; but as A is increased, the
biased distribution becomes more peaked in the forward direction. For

A = 0.5, half of the particles are emitted with azimuthal angles between 0
and 58° and 68.5X of the particles have azimuthal angles less than 90°.
When A is increased to 1.0, half of the particles are emitted within the

first 37° and 82.5% have azimuthal angles less than 90°.

A second modification was made to both LITE-I and LITE-II to provide
for an albedo which is dependent upon the angle of incidence. Several
problems run with the LITE-II code for different angles of incidence upon
a thick cloud indicated that the reflectwd distribution resembled a cosine
distribution for all angles of incidence, but the total flux reflected
was dependent upon the angle of incidence. It was also determined that
the total number of particles reflected per particie incident at angle 6
could be fitted with the expression

ALBEDQ = C1 + C2 cosH (2)

where C1 and C2 are constants and 9 is the angle of incidence measured from

the normal to the reflection surface. The expression (2) was incorporated
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in the LITE codes to allow the albedo to vary with incident angle. Previously

the albedo had been defined with a single constant, ALBEDQ = Cl'

The third modification made to the LITE codes was the addition of in-
structions to print the azimuthal angle dependence of the scattered inten-
sity as well as the polar angle depe.dence. For the LITE-I1 code the azi-
muthal angle dependence of the scattered intensity is defined in terms of
a coordinate system (see Fig. 3) that has the polar axis pointing vertically
and the X and Y axes in the horizontal plane. The positive X axis is de-

fined as the zero azimuthal angle direction.

The polar angle distribution of the scattered intensity as computed
by use of LITE-I is given in terms of a coordinate system that has the polar
axis coincident with the source~receiver axis (see Fig. 4). Thus the X
and Y axes lie in a plane normal to the source-receiver axis. The X axis
which defines the zero azimuthal angle at the receiver 1is contained in the
vertical plane containing the source and receiver points. For a source
point located at a height HS on the verticalaxis and a receiver located
&t the position RD, HD, 4D, the sine and cosine of the angle between the

source-receiver axis and the vertical axis are given by the equations

RD
SID = S0D

o HS=HD

€OD = oD

where SOD is the distance between the source and receiver. Fcr a collision
at the location R2, H2, 92, the cosine of the polar angle between the source-
receiver axis and the line joining the collision and receiver points is

given by the expression




/VERTICAL AXIS

PARTICLES
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RECCIVER

Fig. 3. Difinition of Print Angles for LITE-II
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CPA = (CARK*SID)+(COD*COTH)
where COTH is the cosine of the angle batween the vertical and the line
joining the collision and receiver points and

CARK = (RD- (R2*CPHID))/T.
T is the distance between the collision and receiver points and CPHID is
the cosine of the difference between the angles giving the azimuthal posi-
tions of the collision and receiver points. Thg projection of the line
joining the collision and receiver points into a plane normal to the source-
receiver axis makes an angle 8 with the X axis. Cosine B is given by the
equation

cosf = (CARK-(CPA*SID))/(SPA*COD),
where SPA is the sine of the polar angle between the source-receiver axis and
the line joining the ccllision and receiver points. The angle B 1is the
azimuthal angle used in the print format for LITE-I. When the altitude
of the collision foint, H2, is less than HS and the collision point lies
on the plane containing the source-receiver axis and the vertical axis,

then 8 = 0°.

A fourth modification made to the LITE codes provides for punching
on cards the scattered intensities as a function of the polar and azimuthal
angles and the number of times the particle has been reflected as well as
printing them out. The punched cutput from the LITE codes may be used as
a portion of the input to the Albedo Conversion Code which converts the
output to apply to different albedos for the first reflection surface de-

scribed in the LITE code input.
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The modifications made in the LITE programs require that additional
data be supplied as 1input to the two programs. The utilization instruc-
tivcs for the LITE codes have been revised to incorporate the additional

input data and the revised utilization instructions are given in Section

IV of this report.

The input and output of a sample problem for each program is given
in Section V and the ALGOL listings of the improved versions of the LITE

programs are given in Section VIII.
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ITII. ALBEDO CONVERSION CODE

The LITE programs print out the scattered light intensity at a receiver
as a function of the order of retlection from the first reflection surface
given in the problem input. This data may be used to predict the scattered
light intensity for problems in which all input parameters are unchanged
except the magnitude of the albedo for the first reflection surface. An
auxiliary program dencted as ACC, Albedo Conversion Code, has been written
to convert the scattered intensities on the punched output from the LITE
programs to data for different magnitudes of the albedo input for the first
reflection surface. ACC may also be used to convert the LITE calculated
scattered intensities to scattered currents across one of the three planes
normal to the axes of the coordinate syster used to reference the LITE prob~

lem print polar and azimuthal angles.

3.1 Methods Description
The punched card output of the LITE codes provides information on the
amount of the scattered intensity F(N,0(I),4(J),a) that arrives at a given
receiver with directions within the Ith polar angle interval and Jth azi-
muthal angle interval that results from the phccons that have undergone
exactly N reflections from a reflection surface having an albedo a. This
data can be converted to give data for a reflection surface having an al-
bedo a' by use of the equation
Nmax
AG(D),4(),a") =)  F(8,0(1),6(,0) (a' /)" (3)
N=0
where A(6(I),4(J),a') is the scattered intensity for albedo a' that is

contained in the Ith pelar angle interval and the Jth azimuthal angle interval,

g
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NMAX is the maximum number of reflections for which the scattered inten-
sities were originally computed. The lower bounds, CTHETA(2) through
CTHETA (Imax) of the polar angle intervals are given in the LITE code
punched cutput. CTHETA(l) is not shown in the LITE punched output, but
is taken in ACC to be 1.0. The azimuthal interval, STER, is an input

parameter for the ACC code.

In order to calculate the photon current (flux) through a plane normal

to the polar axis, the equation for CNP(6(I),9(J),a') is

N
CNP(6(I),0(J),a") = ) (a'/a) (M) F(N,8(I),4(J),a)
N=(Q

where M is given by

M= | (cose{I) + cos®1+1))/2j
When calculating the photon current through a plane containing the
polar axis and a normal to the zero azimuthal axis, the equation for
CNA(8(I),9(J),a") is:
NMAX N
CNA(8(1),6(J),a') = ]  (a'/a) COSGA F(N,6(I),;(J),a)
N=0
where COSGA = cos¢sin®, ¢ is the average azimuthal angle in the Jth azi-

muthal angle interval and 9 is the average polar angle in the Ith polar

angle interval.

In order to calculate the photon current through a plane containing
both the polar and zero azimuthal axes, the equation for CPPA (8(I),¢(J),a')

is:
SRAX N
CPPA(8(I),4(J),a') = )  ‘a'/a) COSGA F(N,0(I),0(J),a)
N=0

where COSGA = sin¢sin®, and ¢ and 6 are defined as above.
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The Albedo Conversion Code sums the scattered intensities and/or current
for the new albedo over the polar angle groups to give the total scattered
intensity or current, ASUM(4(J),a') in the Jth azimuthal interval for the
new albedo. In addition, the scattered intensities or current for each
solid angle interval is divided by the number of steradians within the cor-
responding solid angle interval to put the printed scattered intensity or
current for the new albedo on a per steradian basis. Thus, the printed

intensity or current B(8(I),¢(J),a') given by the equation

A(6(1),6(J),a")
STER(CTHETA(I)-CTHETA(I+1))

B(6(I),¢(J),a') =

is the scattered intensity or current per steradian at the midpoint of the
Ith polar angle interval bounded by CTHETA(I)>cos6>CTHETA(I+l) and at the
midpoint of the Jth azimuthal interval., STER is the absolute value of the
difference between the upper and lower bounds of the Jth azimuthal angle
interval. These values, B(6(I),¢(J),a'), are printed as a function of the
lower bound of the polar angle interval, CTHETA(I), and the albedo a' for

each azimuthal angle interval.
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1V. LITE CODE UTILIZATTOI IJSTRUCTIONS

The LITE codes are available in both ALGOL for the B-5500 and FORTRAN-IV
for other computers. This section of the report includes the input data
formats for the ALGOL versions of the codes. The input data formats for
the FORTRAN versions are different from those in the ALGOL versions, only
in that the E format in FORTRA | for floating point numbers has an E pre~
ceding the exponent, whereas 'he R format in ALGOL has an @ preceeding tha
exponent. That is, the number 217.8 would be written in R fcrmat as
2.178@+02 for the ALGOL versions of the code, and in E format as 2.178E+02
for the FORTRAN versions. The order of the input data and field width

specifications is the same for both the FORTRAN and ALGOL versionms.

4.1 Operator Instructions

The ALGOL versions of the LITE codes were designed to run on the
Burroughs B-5500 computer. The multi-processing feature of the B-5500
allows on-line read in and printout of data from one program while com-
putation is being performed with another program. Thus the LITE codes
may be read-in and printed out on-line. The object programs may be
stored on tape so that the B-5500 can read the programs from tape.
Storing the object programs on tape reduces the number of cards that have
to be loaded each time a program is run with one of the codes. Both the
ALGOL and FORTRAN versions use one tape unit for punched output in addi--
tion to the regular input and output tape units. The punched output tape

should be a BCD tape.

The running time for the LITE codes is highly dependent upon the

input data. Therefore, the running time is dependent on the fraction of
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the total collisions that are taken to be Rayleigh scatiering events,

on the average number of collisions followed per history, and on the
total number of histories followed. The multi-processing feature of

the B-5500 makes it difficult to predict the machine time required to
run a given problem unless the problem is the only one bein, processed
in the B-5500., The time required to run a LITE-I problem on the B-5500
was checked for three separate runs of the problem. The times required
for each of the three runs were found to be different, varying by a fac-
tor of three over the range of the slowest to the fastest time. A rough
estimate of the time required to run a LITE-I problem on the B-5500 may

be calculated with the formula:

ET = 0.024(1+(ND*NPHID)) (TNC)

where ET is the estimated time in seconds,

ND is the number of detectors,

NPHID is the average number of azimuthal positions selected per de-
tector for each collision, and

TNC is the total number of collisions expected for the problem.

An estimate of the time required to run a LITE-II problem on the

B-5500 may be calculated with the formula:
ET = 0,017 (1+ND) (TNC)
where ET, ND and TNC are defined as above.

In general the same problem run on the IBM 7090 and the Burroughs
B=-5500 will require 1.5 to 2 times as much time on the B-5500 as on the

IBM 7090.




18

4.2 Input Data Formats

The input data formats for LITE-I and LITE-II are similar even though
some¢ of the input data used in LITE-I are not used in LITE-II. The input
data formats will apply to both programs unless an item is followed by an
asterick, and comments are made prescribing how these items should be
treated when prepariug input data for either LITE-I or LITE-II. The unit
used to define distances (centimeters, meters, feet, etc.) should be the
same for all distancee described by the input da” ' to the LITE codes. If
the distance unit is meters, then the intensities are in units of photons
m-z/source photon for LITE-I and photons m-z/unit incident flux for LITE-II.
A unit incident flux is defined as one photon passing through a m_2 avea

patallel to the slab geometry.

The input for the LITE codes is divided into ten groups. The num-
ber in column 10 of the first card of each group designates the group of

input data that folilows on that and succeeding cards.
4,3 Control Numbers

Table I contains control numbers in Group 1 that spec.f{y the amount
of input data required. Some of the control numbers appear again in the
other input groups. When this occurs, the two values input for the same
item must agree or the program will detect an arror and terminate the
problem. The number of histories to be processed, NHMAX, may be divided
into sample sizes of NHMAX/NGRGUP., The sample size must be less than
501. The number of groups, NGROUP, into which the histories are divided,
should be large enough to provide for an accurate calculation of a stan-

dard deviation. Six bases are input for the random number generator.
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This allows consecutive random numbers to be generated using a different

base. Generating random numbers in this manner insures the independence

between consecutive random numbers and decreases the possibility of pro-

ducing identical histories when a random number generator recycles.

The

core storage space available limits the number of receiver positions,

NDMAX, and the number of print azimuthal angle inteivals, NAZ2, that can

be used in any one problem,

greater than 40,

TABLE 1

Group 1 Input Data (Control Numbers)

The product (NDMAX*NAZA) must never be

Input
Card _Format Item

Definition

Limit

1 110 LIBRAY

2 6110 NHMAX

NGROUP

NRMAX
NBMAX
NCMAX
NDMAX
3 6110 NPA
NPCOL

NAOP

Input group number

Number of histories

Number of deviation groups (The number

of histories should be equally divisi-

ble by NGROUP.)

Number of regions

Number of boundaries

Maxnimum collisions allowed per history

Number of receivers, (NDMAX*NAZAs40)

Number of print cosines

Number of print collisions

Option for sampling source polar angles

= -], true distribution, no biasing

= 0, biased sampling from isotropic
distribution

= ], bilasing sampling from anisotropic
distribution

NHMAX
Neroup =00

£100

<100

<10

525

24
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TABLE 1 (continued)

Card

4

5

Input
Format Item

NAG

NRFLB

NMAT

6110 NSOREG
MAXR
IBASE
IBAS1
IBAS2
IBAS3

2110 IBAS4

IBASS

Definition Limit
Number of cosines for defining source
angular distribution £37
Number of reflection boundaries <5
Number of regions having different £10
Mie phase functions
Number of source re~ion
Maximum number of reflections allowed <8
Base for random number generator
Base for random number generator odd

integers

Base for random number generator
Base for random number generator
Base for random number generator
Base for random number generator

4.4 Constants

Table II contains constants in Input Group 2 that are used by the

code ;.

Since the values to be assigned these constants depend on the

individual problem, they are included as input rather than being fixed

within the codes.

the maximum possible distance within an inside regton.

For economy, the distance, DLONG, should be greater than

The distance, DELTA,

should be a small value, but large enough to change the maximum possible

distance within an inside region in the fifth or sixth significant digit

when ardded to that distance.

ELIM 1is an input item that will prevent those

errors that occur with a very small probability from terminating the prob-

lem,

When fewer than ELIM errors occur,

those errors will be listed with
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TABLE 11

Group 2 Input Data

Input
Card Format Item Definition Limit
1 110 LIBRAY Input group number =2
2 6R10.4 HS Source height

DLONG Large distance for boundary distance
calculation

DELTA Small distance for stepping off boundary

SMVAL Small value for testing cosine and sine
values to prevent division by zero

WCO Weight cut-off parameter
ELIM Maximum number of errors to be allowed
3 2R10.4 DMIN Minimum distance from collision to

receiver point

A Biasing parameter for sampling source
azimuthal angle. (not used in LITE-II)

the output, but conly those histories containing the errors will be termi-
nated. The results for all other histories will be saved and printed as

output.

4.5 Source Angular Distribution

Input Group 3 data which are used to describe the source polar and
azimuthal angle distributions are given in Table TII., The source polar
angle distribution is assumed to be defined with a cumulative distribution
expressed in terms of the cosine of the angle measured from the positive
H axis. Provisions for sampling from a biased distribution are also in-

cluded to improve the sampling in the directions toward the receiver
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continues

cn follovwing cards

Follows 0OR10.4
last card
containing

CANG (J)

Follows 6R10.4&
last card
containing
PAG(J)

Follows
last card
containing
WAG (NAG)

PAG(J)

*
WAG (J)

*
SAZA(J)

*
PAZA(J)

TABLE III
Group ? Input Data (Source Angulur Distribution
Input
Card Forma Item Definition Limit
1 4110 LIBRAY Input group number n3
NAOP Option for sampling source angles
(See Table I)
NAG Number of cosines for defining
source angular distribution
*
NSAZA Number of angles used in describing source
azimuthal angular distribution for LITE-I
(leave blank for LITE-II)
2 6R10.4 CANG(J) Cosine values at which the cumulative J=1,NAG

source polar angular probabilities are
given (cosines in descending order)

Cumulative probabilities defining J=1,NAG
source polar angular distribution (first

value must be zero, probabilities in

ascending order)

Weight parameter for biased sampling J=1,NAG
from anisotropic polar angular dis-
tribution (omit unless NAOP=l)

Angles (deg.ees) used to define azi- J=1,NSAZA
muthal angular distribution (ascend-
ing order) (omit for LITE-II)

If A<O, cumulative azimuthal angular J=1,NSAZA
distribution, otherwise non-accumulative.
(omit for LITE-II)

* WAG(J) is the weight that will be assigned to particles emitted from the
source at angles with cosines between CANG(J-1) and CANG(J). Thus WAG(1)
is arbitrary, since it will never be used by the code.
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positions. if the original polar ang.. distribution is isotropic, then
the program adjusts the particle weight automatically. but if the original
distribution is anisotropic, then the weight adjustment parameters, WAG,

must be inpuit.

SAZA(J) and PAZA(J) are the angles and probabilities used to define
the azimuthal angle distribution for LITE-I. If the value input for A
in Table II is zero or negative, then PAZA(J) should be points read off
the cumulative probability distribution curve. If A>0, thei. PAZA(J) should

be points read off the non-accumulative azimuthal angular density curve.

4.6 Reflecticn Distribution

Table IV lists Input Group 4 data which are used in describing the
reflection of light from ground and/or cloud surfaces. If the problem
contains no reflection surfaces, this group of data may be omitted. A
listing nf Input Group 4 data is required for each reflection surface.

The reflection surfaces are limited to 2 for any one problem and the bound-
ary number assigned to any reflection surface must be less than or equal

to 5. Reflection is limited to plane surfaces. The poler angle distribu-
tion of the reflected ligh. must be expressed in terms of the cosine of

the angle measured fiom the normal to the reflection surface and is assumed
azimuthally symmetric. If the reflection distribution is iso ropic in

the upper or lower hemispheres; then the reflection angle distribution
tables should be omitted. If the reflection distribution is anisotropic,
then both the reflection distribution and the cumulative distribution

must be input. The reflected distribution POR(NRB,J) is defined as the

probability that a photon reflected from suriface NRB will be moving with
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TABLE 1IV.

Group 4 Input Data (Reflection Distributions

Input
Card Format Item Definition Limit
1 5110 LIBI.AY Input group number =4
NRB Number of reflection boundary <5

JREFLT(NRB) Reflection Option
= 1, reflection isotropic in upper
hemisphere
= 2, anisotropic in upper hemisphere
= 3, {sotropic in lower hemisphere
~ 4, anisctropic in lower hemisphere

NRFANG(NRB) Number of points used to define re- <37
flection distribution at boundary NRB

NRFCOS(NRB) Number of cosines defining cumulative
reflection distribution at boundary NRB 550

2 2R10.4 ALBEDO{NRB) Reflection Albedo Constants

SIGNBT(NRB) a = (ALBEDO - SIGNOT*cos#)

3 6R10.4 *RFANG(NRB,J) Cosines of angles used to define re- J=1,
continues flection distribution (descending NRFANG (NRB)
on follow- order) (omit if JRFLT(NRB)=1 or 3 or
ing cards if NRFANG(NRB)=0)

Follows 6R10.4 *POR(NRB,J)} Prcbability of reflecting per unit J=1;
last card solid angle into an angle whose co-  NRFANG(NRB)
of RFANG's sine is RFANG(NRB,J) (Omit if JRFLT(NRB)

=1 or 3) (omit if NRFANG(NRB)=0)
Follows RFLCOS{NRB,J) Cosine values of reflection angle J=1,
last card corresponding to the cumulative re-  NRFCOS(NRB)
of POR's 6ORI0.& flection distribution for values of

J/NRFCOS(NRB). Input the values of
RFLCOS in descending order. First
cosine is input for probability =
1/NRFCOS(NRB). (Omit if JREFLT = 1
or 3).

* These values are not necessary in LITE-II; however, if WRFANG(NRB) # O,
some arbitrary values must be input for these values, since the instruc-
tions for reading in these items are executed if NRFANG(NRB) is non zero.
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a direction contained in a unit solid angle about the polar angle RFANG(J).

The cumulative distribution is defined by evaluating the integral

7 RFLCOS (NRB, J)
NRFCOS (NRB) a1 [ POR(NRB, J)d(cos6)

b

4.

for RFLCOS(NRB,.J) when J = 1, 2, ..., NRFCOS(NRB). Thus the probability
that & photon reflected by surface NRB will have a polar angle whose cosine
lies in the interval [1, RFLCOS(NRB,J)] is J/NRFCOS(NRE) where NRFCOS(NRB)

is the number of cosine values defining the cumulative reflection austribu-

tion for surface NRB.

4,7 Printout Controi

Input Group 5 data, which describes the upper bounds of the print angle
groups and the print collision numbers, are shown in Table V. The upper
bounds of the print polar angles are given in terms of the cosine of the
angles between the source-receiver axis and the directinn of the scattered
light at the receiver position for LITE-I and in terms of the cosine of the
angle between the particle's direcfion and the normal to the receiver plane
for LITE-II., The print collision numbers are the orders of scattering for
which scattered light intensities are to be listed. The light intensity
from all orders of scattering greater than the previous collision number
up to and including the given collision number is listed opposite ea:ch
print collis’ 1 number. The azimuthal print angles are taken to be in de-

grees in LITE-I and are in terms of the cosine in LITE-II.
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TABLE V.

Group 5 Input Data (Printout Control)

Input
Card Format _Item _Definition Limit
1 3110 LIBRAY Input group number =5
NPCOL Number of print collisions 24
NPA Number of print cosines (polar angle) 125
NAZA Number of print azimuthal intervalc
{NDMAX*NAZA <40)

2 6110 INCOL(J) Print collision numbers (in J=1,
continues ascendine order) NPCOL
on follow-
ing cards
Follows 6R10.4  *CIPA(J) Print cosines polar distribution J=1,
last card (descending order) NPA
of INCOL's
Fo''ows  6F10.¢{  *CAZA(J) Print azimuthal angles in degrees J=1,
last card for LITE-I (ascending order). Co- NAZA
of CIPA's sines of the print azimuthal angle

for LITE-II (descending order)

* Intencities printed for CIPA(l) are for angle interval O°sﬁscos-1(CIEA(l)
and intensities printed for CAZA(l) are for angle interval 0°g¢scos
(CAZA(l)) '

4.8 Receiver Locations

Input Group 6 data which describe the receiver locations are listed in
Table VI. In tracing historiec with LITE-I, all source particles are
started in the zero azimut'.al direction and the change in azimuthal position
is recorded for each collisjon. Then, before an estimate of the intensity
that scatters to each receiver is made, a source azimuthal angle is selected

from the input azimuthal angular distribution and this angle 1s added to the
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TABLE VI.

Group 6 Input Data (Receiver Locations)

Input
Card Format _Item Definition Limit
1 2110 LIBRAY Input group number =6
NDMAX Number of receivers 510
2 3R10.4, HD(1) Height of 1lst receiver (altitudes
I10,R10.4 in ascending order)

*RD{1) Radius of lst receiver

**AZD(1) Azimuthal position of 1lst receiver
(degrees)

*NPHID(1) Number of source azimuthal selections
for 1st receiver

*DBSS(1) Direct-beam source strength for
1st receiver

3 3R10.4, HD(2) Height of 2nd receiver
I1J0,R10.4
*RD(2) Radius of 2nd receiver
**%AZD(2) Azimuthal position of 2nd receiver (degrees)

*NPHID(2) Number of source azimuthal selections
for 2né receiver

DBSS(2) Direct-beam source strength for 2nd
receiver

A card similar to 2 and 3 is required for each receiver

Last 3R10.4, HD(NDMAX) Height of last receiver
card I10,R10.4

of *RD(NDMAX) Radius of last receiver
group 6

*%AZD (NDMAX) Azimuthal position last receiver (degree<’

*NPHID Number of source azimuthal selections
{NDMAX) for last receiver

*DBSS Direct-beam source strength for last
(NDMAX) receiver

* The NPHID(J) values are not used by LITE-II, and the D(J) and DBSS(J)
values should be input for LITE-II as discussed in Section 2.8,

*% The azimuthal positions AZD(J) should not be included in the LITE-II
input and the values of NPRID(J) and DBSS(J) should ve shifted to the
left 10 columns.
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change in the particle's azimuthai position to give the azimuthal position
of the collision. Several source azimuthal angles may be chosen for each
collision, which, in effect, give several collisjons at the same height
and radius but at different azimuthal positions. The estimates of the in~
tensities from the collisions loc ited at the diffevent azimuthal positions
are then averaged to give the final estimatus for those collisions at each
of the receiver positions. The input item NPHID(J) specifies the number

of source azimuthal angles that will be selected for the jth receiver point.

In LITE-IY the source azimuthal angle is always taken to be 0°, there-
fore, no value need be input in LITE-II for the azimuthal position of the
receivers, AZD(J), but a value may be input for the radial position of the

receivers to be used in calculating the direct intensities.

In LITE-I, DBSS(J) : the light intensity per unit source strength
emitted per unit solid angle in a direction toward the jth receiver position.
LITE-I calculates the direct-beam intensity for the jth receiver position
with the expression

-RHOT, ,..2

DBI = (DBSS(J)e )/T

where RHOT is the number of optical mean~free~path lengths bLetween the
source and the jth receiver pozition, and
T 1s the distance from the source point to the jth receiver posi-

tion.

The equation used for direct-beam calculations in both LITE-I and
LITE-II are identical, therefore, the direct-beam calculation is only

applicable o plane parallel sources in LITE-II. For a plane parallel
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source, the values input for RD(J) should be given by the expression
RD(J) = (HD(r -HS)/cosGo

where HD(J) is the height of the Jth receiver plane,
HS 1s the height of the source, and
coseo is the cosine of the angle at which the source is incident

upon the slab,

In addition, DBSS(J) should be input as the product of the number of
particles emitted per unit area from the source plane times the secant oi
the source angle times the slant thickness square, T2, between thz source

and receiver plane.

4.9 Geometry Description

Input Group 7 data listed in Table VII provide for the geometry des-
cription. An air-ground geometry is defined with region boundaries com-
posed of horizontal planes and right circular vertical cylinders in LITE-I
and by horizontal planes in LITE-II. The planes are identified as bound-
ary type 1 and the cylinders as boundary type 2. For boundary type 1,

COEE is the H intercept of the plane, and for boundary type 2, COEE is the
radius of the cylindrical surface. All reflection surfaces must be assigned
boundary numoers less than or equal to 5. A negative sign preceding the
boundary number, NBOUND, denotes a reflection boundary. Regions are defined
by the signed boundary numbers encompassing the region. In reference to
planes, the minus sign denotes a "lower' plane, and the plus sign denotes

an "upper" plane. In reference to a cylindrical surface, the minus sign

denotes an "inner" surface, and the plus sign denotes an "outer" surface
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TABLE VII.

Group 7 Input Data (G~ometry Description)

Input
Card Format Item Definition _Limit
1 3110 LIBRAY Input group number =7
NBMAX Number of boundaries 5100
NRMAX Number of regions 5100
2 2110 *NBOUND(1) Position of boundary 1 in boundary
R10.4 table
ITYPE(1) Type of boundary 1, ITYPE(1l)=1, H plane
ITYPE(1)=2, cylinder
COEE(1l) Coefficient of boundary 1
A card similar to card 2 is required for each boundary,
Follows  3I5, *NREG(1) Position of region 1 in region table
last R5.2
boundary  8I5 NB(1) Number of bcundaries encompassing
card region 1

MAT(1) Phase function number for region 1
EMP(1) Importance number for region 1

1B(1,1) First boundary, bounding region 1 (sign
on IB designa‘es inner or outer bound-
ary with respect to region 1)

MPR(1,1) Most probable region of entry across
first boundary of region 1

1B(1,2) Secorid boundary bounding region 1 with
appropriate sign

MPR(1,2) Most probabhle region of entry across
second boundary of region 1

I1B(1,3) Thi:d boundary bounding region 1 with
appropriate sign

MPR(1,3) Most probable regicn of entry across
third boundary of region 1

e
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TABLE VII. (continued)

Input
Card Format Item Definition Limit

IB(1,4) Fourth boundary bounding reg:oa 1
with appropriate sign

MPR(1,4) Most probable region of entry across
fourth boundary of region 1

A card similar to the preceding card is required for each region including
outside regions.

* Boundaries and regions are assigned numbers sequentially in the order they
arc listed in the input. The values NBOUND(J) and NREG(J) therefore should
both begin with 1 for the first boundary or region iisted and increase
sequentially for the remaining boundaries or regions.

All space must be identified including outside regions which are not completely
encompassed by boundaries. The most probable regions of entry, MPk, are

given to speed up the region search process. When there are two or more
possible regions of entry across a given boundary, the region with the small-

est region number should be given as the most probable region of entry.

The region importance number, EMP, is given to reduce the sampling
in regions of minor importance. A particle when crossing from one region
to a region of more importance will not be affected by the region importance
numbers., However, when a particle crosses from a given region to another
region of less importance, a random number will be generated and the his-
tory terminated if the ratio <f the importance numbers (EMP for region
entered/EMP for region exited) is less than the random number. If the ravio
of the importance numbers is greater than the random number, then the parti-
cle weight is multiplied by the reciprocal of the ratio and tracing of the

history is continued.
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4,10 Aerosol Scattering Data

The Input Group 8 data listed in Table VIII define the asrosol parti-
cle scattering phase functions to be used in the air-grou.d geometry. The
data shown in Table VIII for Input Group 8 must be repeated for each phase
function to be defined, Up to 10 phase functions may be defined in any
one problem. MAT is the number assigned to the phase function defined by
the data in Input Group 8. This number is used to designate the phase

function for each of the regions defined by the Input Group 7 data.

Special routines have been incorporated into the code for treating
Rayleigh scattering, therefore, it .s only necessary to irput the aerosol
scattering phase functions. If only Rayleigh scattering is to be con-
sidered (RAYLEE = 1.0), then Input Group 8 data defining DIFCOS(MAT,J)
PDCOS(MAT,J) and PHANG(MAT,J) may be omitted. The machine codes, RRA-42
and RRA-45, described in Ref. 3, can be used to compute the values to be

input for the parameters PDCOS, DIFCOS and PHANG.

4,11 Cross Section Input Data

Input Group 9 data listed in Table IX give the distance in mean free
paths from ground level, the ratio of the scattering-to-total cross sec-
tion, and the ratio of Rayleigh-to—scattqring cross section as a function
of altitude. The scattering cross section is taken to be the sum of the
aerosol and Rayleigh scattering cross sections. The difference between
the extinction coefficient (total cross section) and the scattering cross

section is defined as the absorption cross section.
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TABLE VIII.

Group 8 Input Data (Aerosol Scattering Data)

Card

2

3

Follows
last
DIFCOS
card

Follows
last
PDCOS
card

Format

2110

2110
10X,R10.4

6R10.4

6R10.4 *PDCOS

6R10.4

PHANG
(MAT, J)

Input
Item Definition Limit
LIBRAY Input group number =8
MAT Aerosol scattering phase function <10
number foxr the following data
NDFCOS  Number of cosines for which the aerosol <50
(MAT) scattering phase function are given
NPHANG Number of cosines used to describe the <50
(MAT) cumulative angular distributions for
aerocol scattering
RAYLEE(MAT) = 1.0, Rayleigh scattering only
= 0,0, Both Rayleigh and aerosol scattering
*DIFCOS Cosine values at which aerosol scattering J=1,
(MAT, J) phase functions are listed. (descending NDFCOS

order) Omit if RAYLEE = 1,0. (Omit 1if (MAT)
NDFCOS (MAT) = 0)

Values of the phase function at the J=1,
designated cosines. Omit if RAYLEE NDFCOS
= 1.0. NDFCOS values. (Omit if (MAT)

NDFCOS (MAT) = 0)

Cosines at equal probability intervals J=1,
describing cumulative phase function.  NPHANG
Omit if RAYLEE = 1.0 (descending order) (MAT)
PHANG (MAT,1) = 1/NPHANG (MAT)

* The values input for DIFCOS(MAT,J) and PDCOS(MAT,J) are not used by
II. However, these values need not be removed 1f one wishes to
use the same Group 8 input data in LITE-II that have been made up for
LITE-I.

LITE-
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TABLE IX.

Group 9 Input Data (Cross Section Input Data)

Input
Card Format Item Definition Limit
1 2110 LIBRAY Input group number =9
NOH Number of aititudes HV at which mean- <100
free-path distances from ground level
are to be listed
2% 4R10.4 HV(J)* Altitudes for which cross section J=1,
through data are to be listed NOH
NOH+1
TAU(J) Mean-free-path distances for alti- J=1,
tude HV(J) NOH
SCATR(J) Ratio of scattering-to-total cross J=1,
section for altitude HV(.I) NOH
RAYR(J) Ratio of Rayleigh-to-scattering J=1,
cross section for altitude HV(J) NOE

* Card 2 contains the four items HV(J), TAU(J), SCATR(J), and RAYR(J) for
J=1; the same four items for J=2 are on the next cards, and etc.

The distance in mean free paths,TAU(J) from the grocund level to height

HV(J) 1is defined by the equation

HV (J)
TAU(J) = [ Ip(h)dh
0

where ZT(h) is the extinciion coefficient as =~ function of the altitude h.

4,12 Data Print and Check Options

pData for Input Group 10 as given in Table X are contained on a single
card., This card gives the problem number and data print and check options.
The problem number is printed on output to identify the outpuc data. IDUMP
is a print option that allows the printout of intermediate values calcu-

lated during tue generation of each history. This option is included to




TABLE X.
Input
Card Format Item Definition Limit
1 4110 LIBRAY Input group number =10
NPROB Problem number
IDUMP Option for intermediate printout

= 0, no intermediate printout
= 1, gives intermediate printout

1CHECK Option for checking input data
= 0, no check en input data
= 1, check input data

aid in checkout. The quantity of printout produced when IDUMP is non-zero
makes it inadvisable to print the intermediate data if more than ten his-

tories are being processed.

ICHECK is an option that provides for several checks on the input data.
The input cumulative probability tables are checked for ascending order, and
several of the cosine tables are checked for descending order. In addition,
various input values are checked to insure that storage locations reserved
for dimensioned variabies are not exceeded. Cards within the input data
groups 1 through 9 must be arranged in the order specified in Tables 1
through 1X, but it is not necessary to order the groups. 7The cards for
Input Group 10 must be loaded after the cards for all other input groups

have been loaded.

4,13 Loading Instructions

The LITE codes are designed to process severzal problems during any cne

computer run. The input data for a second problem may be loaded directly
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behind the input data for Input Group 10 for the previous problem. Further-

more, if any of the input data group. 1 through 9 are identical for twn

consecutive problems, that input data group may be omitted in the second

problem, Each individual problem must contain a card for Input Group 10.
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V. LITZ CODE SAMPLE PROBLEMS

A sample problem is included for both LITE-I and LITE-II to provide
an example of the input and output formats for the two codes. The printed
outputs shown in Tables XII and XIV were obtained from the FORTRAN-IV
versions of the LITE codes, but the format does not vary significantly
from the output format produced by the ALGOL versions. It is not possible
to obtain exactly the same results when running a given problem on both
the FORTRAN-IV and ALGOL versions of the LITE codes because of the differ-
ences in the random number generators used in the two versions and the
differences in the word lengths for the IBM 7090 and Burroughs B-5300

computers,

5.1 LITE-I Sample Problem

The sample problem for LITE-I was designed to calculate the light in-
tensity scattered from a point isotrbpic source located 807.7 meters above
the ground to a point receiver placed just six meters off the ground sur-
face at a horizontal distance of 20,120 meters away. The atmospheric
model used to define the variation of the aerosol, ozone, Rayleigh and
extinction coefficients with altitude is that given by Elterman (Ref. 4)
for 0.65 micron wave length light. The phase function assumed for aerosol
scattering was obtained from calculations reported in Ref. 3 for the "Haze
C" aerosol size distribution. The ground was assumed to be a Lambert type

surface reflecting light with an albedo of 0.9.

5.1.1 Input for LITE-I Sample Problem

The input for the LITE-I sample problem is given in Table XI. Bias

sampling is used in sampling from toth the source polar and azimuthal
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angular distributions. The source azimuthal angle is chosen from the den-

sity function

)
-
1-e

and the polar angular dlstribution is input in tabular form so that the
cosine of the polar angle is chosen with equal probability between the
values of 1.0, 0.6667, 0.4, 0.2, 0.06667, 0, -0.06667, -0.2, -0.4, -0.6667 and
-1.0. Although only 50 histories were considered for the sample problem,
the selection of five source azimuthal angles for each collision point
makes the results equivalent to that which would have been obtained from
running a problem for 250 histories, where only one source azimuthal angle
for each collision was selected. The atmosphere is bounded by only two

plane surfaces, one at the ground, h=0, and one at 50,000 meters.

5.1.2 Qutput for LITE-I Sample Problem

Table XII lists the output for the LITE-I sample problem. Pages 1
and 2 of Table XII give the scattered intensity as a function of collision
number for the two deviation groups ccnsidered. Pages 3 and 4 of Table
XII give the scattered intensities averaged over the two deviation groups
and the deviation of the results for the two groups about the averaged
values. Page 5 of Table XII records the number of histories terminated
by each of the history termination processes and also the total number of
collisions that occurred. Pages 6 and 7 of Table XII give the scattered
intensity as a function of polar angle and order of reflection for the
two receiver azimuthal intervals from 0° to 90° and from 90° to 180°.

Page 8 of Table XII gives the scattered intensity at the receiver as a
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