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FOREWORD

The Multispectral Resource Sampler (MRS) "Proof-of-Concept"
Study is intended to be a comprehensive analysis of the corrections that
must be applied to MRS data to allow for atmospheric correction factors
and the variability of bidirectional reflectance from the scene.

This study was initiated by Or. Charles Schnetzler of NASA Goddard
Space Flight Center, and was performed by ORI, Inc. Space Data and Systems
Division with Mr. Charles W. Aitken coordinating the efforts of ORI's
consultants. ;

The complete study results are reported in five separata voiumes
which have the follcwing titles and authors:

OQETERMINATION OF ATMOSPHERIC OPTICAL PARAMETERS USING
THE MULTISPECTRAL RESQURCE SAMPLER, by Or. Robert E Turner,
Science Applications, Inc.

ATMOSPHERIC CORRECTION USING AN ORBITAL POINTABLE IMAGING SYSTEM
By Or. Philip N. Slater, University of Arizona

A SIMULATION ANALYSIS OF BIDIRECTIONAL REFLECTANCE PROPERTIES
AND THEIR EFFECTS ON SCENE RADIANCE--IMPLICATIONS FQR THE
MRS, B8y Jr. James A. Smith, Colorado State University

MRS LITERATURE SURVEY OF BIDIRECTIONAL REFLECTANCE, By
Or. James A. Smith, Colcrado State University

MRS LITERATURE SURVEY QF ATMOSPHERIC CORRECTIONS
By, Or. Philip N. Slater, University of Arizona
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I. INTROOUCTION

This is the second report in a final report series investigating
the effects of bidirectional reflectance trends, for a variety of
natural materfals, that are relevant té the Multispectral Resource
Sampler Concept (Schnetzler and Thompson, 1979). The first report
(ORI, Inc., 1979) performed a roview, Part I, and synthesis, Part [[,
of the literature relative to experimental measurements and modeling
of scene bidirectional reflectance distribution functions or factors.
Based on the synthesis of the work of many different authors from a
variety of organizations, specific long-range recommendations were made
with respect to both experimental and theoretical work that should be
initiated, in conjunction with an on-going Multispectral Resource

Sampler (MRS) program. The purpose of this report is to summarize the

results of a Timited, byt intensive, simulation analysis of bidirectional

reflectance charactaristics including atmospheric effects in arder to
provide initial guidance for mission planning and sensor design.
Specificaily, the objective of this analysis is to:

"Perform a computer modeling and simulation study of the
bidirectional reflectance expected from various natural
materials such as grassland, forest canopies, and several
crcp zanopies. The effect of several atmospheres should
be considered. This should provide the basis ‘or recom-
mendations on sensor or experiment parameters Sucn as
the maximum pointing angle desired, optimum sensJr dands,
optimum target types, and the ootimum time of the year
for the experiments. The magnitude of the effect of
varying atmospneric conditions on bidirectional reflec-
tance should be evaluated."

Additional analyses by other investigators, reported, under sep-

arate cover, are concerned with the aquestion of the potential accuracy
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of a multiangular viewing MRS for discriminating target types, methods
of correcting Tor bidirectional reflectance and atmospheric variations,
and more detailed sensor/experiment parameter questions such as
pointing angles, size and type of ground features, bandwidths and so
forth. [n addition, sensitivity of the radiance received at the space-
craft as a functiorn of variations in aerosol distribution and optical
thickness have been studied.

The work reported here is organized into the following sections.
First an overview of the analysis approach is given in Section II. This
includes a description of the problem, Part A, a description of the
calculation of the surface bidirectional reflectance factors, Part 8,
and a description of the particular numerical approximation method
employed for the calculation of the atmospheric effects, Part C.
Section [II summarizes the specific combinations of surface function
and atmospheric state that were simulated. Reference is made to the
Appendices which contain the complete data sets calculated. Section [V
sumarizes the results of some analyses that were made using the sime
ulated data sets including such example trends as effects of pointing

angle, and sun angle. Finally, Section V presents the conclusions and

recommendations.
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II. DOESCRIPTION OF THE ANALYSIS APPRCACH

A. Definition of the Problem

The general design characteristics and sensor properties of the
wultispectral Resource Sampler Concept are oytlined in the paper
oy Schnetzler and Thompson (1979). The MRS is conceived as a sampling,
site specific ~esearch tool. In order to increase the temporal resolu-
tion of the measuraments obtained, the sensor is designed to Se 2
sointable device whose field-of-view can be directed to targets off zhe
nadir. An example of the improved temporal recolution thatmay te sQ

acnieved is given in the figure delow which has been extracted from

the naper by the authors.
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Sigure 1. Illustration of the imoroved temporal resdiution crovidea
by the MRS (after Scnnetzler ang Thompson, 137¢). ..
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At a latitude of 32 degrees north, the MRS could view the s:=v:
target on day O (at a nadir view angle), on day 2 (at 21.9 degrees
off-nadir), on day 4 (at 39 degrees off-nadir), on day § (at 31.2
degrees off-nadir) and so forth. The relative frequency of each of
these views, 1.e., the number of overpasses per cycle, is latitude-
dependent. Also, of course, the relative sun angle and, thus, the
sun angle/view angle relationships vary with latitude.

The key question assocfated with the MRS sensor, consequently, is
what are the impacts both negative and, possibly, positive of the radio-
metric variations imposed by the varied sun/sensor viewing geometries
which would be obtained with the MRS? An analysis of surface bidirec-
tional reflectance factors and atmospheric-induced variations, and,
more importantly, their combined effects is required to address this
Question.

A compiete solution to the general problem of arbditrary surface
geometries and atmospheric configuration is not available. However,
simpler problems may be posed which are both useful and mathematically
tractable. F  :his analysis, we assume the atmospnere to be plane-
parallel, spatially homogeneous (horizontally), ard non-absorbing.
However, both Rayleigh and Mie scattering are included. For the
parimarily visible wavelengths employed in the MRS these assumptions
are not too restrictive. A version of the Turner (1974) atmospheric
radfative transfer model is employed to perform the necessary calcula-
tions.

A variety of surface vegetative covers were also simylated in tne

following analysis. Canopy geometry and leaf area ~ers varied. _ave!




TRy T vew

topography and azimuthal symmetry with respect to view and sun angie
were assumed. Further, the implicit assumption {5 made that the
targets consist of large fields or other large areas; that is, edge
effects and hor‘zontal variations are not fncluded. However, even
with these assumptions rather complex surfice bidirectional reflec-
tance factor matrices may be comouted for the cartesian cross product
of zenith sun angle versus zenith view angle.

Mathematically, given the foregoing assumptions, the MRS problem

- R T R a—

may be formulated by the following set of equations in whicn the wave-

length dependence has been suppressed.
The one-dimensional equation of radiative transfer describing

the atmosphere - scene system is given Ddy:

gl:-:- Litoued) = %ﬁ Es(?) P(t;u .'..F°¢°)

] ( ! L LT ] ' IR ' "
) 1?7[;? F~ Plrauae quee) LlninThe ) du'de
-4

Subject to the bdboundary congitions:
Li0i=u,2) = 0

1 L ! . R | ' '
L(roza.a) . qu I u friu,e-u',9") Lizgs =u'yo'l & de
0 40

~here:
< is the optical depth
= is the total atmospneric optica! depth
4 {s the cosine of tne zenith angle
s is the azim..” angle

. s the ~aciance
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Es is the direct solar radiance at optical depth
P 1s the phasa function of the medium

fr {s the surface bidirectiona’® reflectance distirbution
function (Nicodemus, 1970).

The Lambertian assumption {s often made for the surface boundary

condition i.e., L{c.ju.9) = } 3 ET (ro) where o {s the average surface

0
reflectance factor, assumed independent of source and view directions
and ET is the total downward radiance at tne surface.

In our analysis, we make a slightly different assumption. First,

we rewrite equation (3) as:

rgin 1) = 18 (5g) #r Gansiougueg) + E BT fltrtenas o

0

L(To;'u'.a') u'du'da'

separating the direct and diffuse reflected surface components. For
most sun and view angle combinations the second term is much smaller
than the direct term. We approximaie it Dy:

27 . .-‘l vy ! - -y .n\'. f} ¢ '1 . . \
]0 !; friu.oi-u',o i L\.o. u ,e 1'du'de :(r('l"‘."g”o) ED(TQ}

where ED is the total diffuse irradiance field at the surface. That
is, for a given view angle and sun angle, we employ the zorresponding
reflectance factor for hoth the direct and diffuse erms.

Thys, rather than boundary condition (3) we utilize the folliowing

approximation:

1 1 i
L(?o;u'o) = - E.(7,) :(u.a;-uo.a ) 13Y)

3
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Mote, that we have also explicitly indicated the use of the pi-
directional reflectance factor, 2, after Kriebel {1977). That is, for

small solid angles we actualiy employ:

Iur Lifr(“r;‘“i') wu' dude du' de’

j;r‘;i pou' du' do' du d¢

.s(us_I ;mr) =

In summary, we have formulated the simulation analyses to be per-
formed for the study of bidirectional reflectance properties and their
aeffect on scene radiance in terms of equation (1) and the two boundary
conditions (2) and {3'). The three equations explicitly depend upon
the surface bidirectional reflectance factor matrix, - , the atmospreric
optical depth and phase function, viewing geometry, and 3olar geometry.
The reflectance factor matrix, in turn, depends upon surface type and
cnaracterization. These parameter dependencies thus permit us to calcu-
late scene radiance incident upon the MRS sensor as a functionaf toth
atmaspheric and target state for a variety of angular gecmetries and
wavelangths.

The remainder of this section is concerned first with the calcula-
tionof the bidirecticnal reflectance factor matrices, Secticn 8; then
with the solution technique employed for equation {1) plus boundary

conditions, Section C.

8. Simulation of the Bidirectional Reflectance Factors
A Monte Carloc technique, the Solar Radiation Yegetation Canopy
nodel (SRVC) described by Qliver and Smith (1674} was used %0 caicuiate

the intrinsic surface bidirectional reflectance fantors. ~nis model was

~4




L
t
!
3
s
;

first developec for grassland canopies, then extended to wheat cancpies
by Smith, Berry and Heimes (1975), and further extended to lodgepole
pine canopies (Kimes, Ranson, Kirchner, and Smith, 1978). With the
proper input parameters for each vegetation type the mode! predicts
reflectance factors for sectors of 10 degrees zenith angle by 30 de-
grees azimuth. Since azimuthal isotropy of reflectance is assumed in
this study, a nine by nine reflectance factor matrix is calculated.

Data required to run t! SRVC model can be broken down into roughly
three groups. One group contains the information necessary to describe
the irradiance distirbution. Another group characterizes the canopy
geometrically, while the third group consists of the aptical reflectance
and transmission parameters for each material type in each layer of the
canopy. The date, time, soiar declination, altitude and longitude are
required inthe first group to define the position of the sun in the
hemisphere. Total global and diffuse irradiance must also be specified.
The second group contains the leaf area index, canopy density, number
of layers in the canopy to be modeled, the number of material types in
each layer, and angle distributions for each of these typés in each
layer. These geometry data may be measured in the field (Kimes, Smith
and Berry, 1979; Smith and Berry, 1979) or taken from curves of ideal
geometrical arrangements as given by dewWit (1965). Lastly, background
reflactance and canopy element reflectances and transmittances must
be included for all wavelengths simulated.

One advantage of using mathematical models such as SRVC for de-
termination of bidirectional reflectance factors is that the irradiance
impinging upon the target can be specified. This is quite important

because *he model may first bDe cailibrated so that its predictions




b cui

4
!
1

e e e

closely approximate field observations under natural conditions. dJnce
this is accomplished, specific irradiances may be imposed to derive
the true bidirectional reflectance factors.

The first step in determining reflectance factors is to assure
agreement of model predictions with field observations. This has been
done for two of the vegetation types selected for this study. Figure 2
shows the simulated and measured reflectances at six wavelengths for
a lodgepole pine canopy. Similarly, comparisons of model predictions
and field observations for a grass canopy are given in Figure 3.

Once the model satisfactorily simulates canopy normalized reflec-
tance, the irradiance conditions can be varied using only direct ra-
diation from the sun. All diffuse sources are set to zere. Solar zenith
angles at 10° intervals from 5° to 85° were selected for this study.
The azimuth of the source was set equal to zero. Since the proportion
of energy reflected into each of nine sectors is given for each inci-
dence angle, the resulting set of spectral reflectance factors can
be written in the form of a nine by nine matrix. These matrices were
derived for both lodgepole pine and grass at wavelengthstof .68um,
where chlorcphyll absorption takes place, and .80um in the near infrared
region of the electromagnetic specturm. Three dimensional views of the
surface of each distribution are seen in Figures C.1.1 and C.1.2 of
Appendix C.

In order to assess the impact of leaf area index variations and
canopy structure on bidirectional reflectance, reflectance factor
matrices were also derived for five theoretical grass canopies. All
mode! input parameters remained the same for tne actual gr2ss cancoy

excent for the LAl and tne geometry. The measurea LAI ~as .2, 30 3J.%
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and 4.0 were substituted to represent low and high indices respectively.
The grass had a geometrical structure which very closely approximated
the spherical canopy of deWit (1965). As an alternate, a planophile
geometry was selected which has the greatest proportion of its leaves
oriented horizontally at all angles of the spherical canopy. The same
three leaf arca indices were used as for the spherical geometry to allow
comparison.

Finally, additional reflectance factor data were obtained from
the literature. Reflectance factor matrices including azimuthal de-
pendencies were obtained from Kriebel (1977) for a coniferous forest
and pastureland at a wavelength of 0.606 and 0.866 micrometers. Measured
agricultural reflectance data were obtained from deBoer et al., (1974).
Data for mature wheat at a sun angle of 353 degrees zenith and for view
angles of 0, 15, 25, 35, and 45 degrees and for young wheat for three

combinations of sun/sensor geometries, including azimuth, were obtained.

C. Simulation of Atmospheric Effects

There are many possibie solution approaches for the atmospheric
radiative transfer equation (1) plus boundary conditions, (2), and (3').
Kondratyev (1963), Paltridge and Platt (1976), and especially Wolfe and
Zissis (1978) summarize many of these methods. The specific method
described by Turner (1374) was employed in this study for the simple
and expedient reason that this model was readily available to the
authors. Basically, the Turrer model calculates the spectral oath
radiance and the total spectral radiance according to a modified two-
stream calcuia“ion initiaily, employing a dJouble 3elta iporcximation

for %ne medium cngs® function. The model assumes that there are 50th




Rayleigh and Mie scatterers within the homogeneous (horizontal) layer,
but no absorption; that is, the single scattering albedo is taken to
be one. Both isotropic and anisotropic scattering are included.

As discussed in the Literature Review, Part [I (ORI, Inc., 1979)
the immediate difficulty in solving the radiative transfer equation
(1) is that the solution for the radiance for any given direction,

M . depends upon a knowledge of the "source" radiance for all direc-
tions. Thus, iterative techniques are commonly employed-

Rewriting equation (1) we have:

= L(tiued) = %} Es(t) P(u.a;-uo.ao)

=
aie

-}} ‘g’ J1‘ Plu,dsu'yd') Litsu',e') du' de' (M

An initial approximation to L{u',s') is developed as axplained below.
[n the above exoression, the pnase function for the medium is assumed
to be a weignted average of tne Rayleign phase functien, ?RAY' and 2

haze phase function. The naze phase function, pDER' for a particular

wavelengtn is taken from Oeirmendjian (1969).

(5 = “eav) Pper * Taav Prav

3
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wnere the optical depth values are taken from tapulations dy Elterman
(1970).

Given tne initial source radiance, as derived velow, and the icove
phase function, equation (1) may then de evaluated.

7o develop an initial approximation for the source ~agiance, :he

onase “unction 1s first expressad s a dJoudbia 1eita  dirac’ “unciion:

(V]
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Plusosu'yd') = dmemi(u'=u) §(9'=0) + dn(l=n) o(u'+u) 3 (p'=m9) (4)

where q is an anisotropy parameter representing the fraction of radiation
scattered into the forward hemisphere. For Rayleigh scattering, n = 0.5,
In the visible region, n20.95 for aerosol scattering. |

Turner makes the foilowing weighted average computation for the
medium as a whole:

2 0.5 topy + 0.95 (tg-tpny)

o

A modified two-stream approximation is made for the initial source

radiance by expressing it as the sum of an upward, E,, downward, E',

anisotropic field and an upward, E:. downward, E:, isotropic fiald:

L(tiu'ye') = % (Ei(r) s(u'-uo) 5(@'-1-@0)
0

+ Ex(=) s(u'*uo) S(e'-ao)} Lo (S)
(Ex(z) + EX(=)1/2W

Substituting equations (4) and (5) into equation (1) leads to a

system of two equations for €+, E. and two eguations for E¥, E! as

explicitly given by Turner (1974).

For this study a computer program incorpyrating the apove approach
nad previously been obtained by the authors from the NASA Jonnson Space-
craft Center and implemented on the Colorado State University CYBER 172
computer system. [n practice, the following input parameters must be

specified:




Horizontal visual range (which is later converted by the program
and altitude into optical depth)

Viewing angles
Sun angles
Wavelength

Target reflectance factors (as computed by the SRVC analysis
described in Section 8).

The program was appropriately modified to incorporate the nine by
nine reflectance factor matrix for the surface boundary condition and

as required for the literature values of Kriebel and deBoer, at al.




[IT. DESCRIPTION OF THE SIMULATION PERFQRMED

The basic approach involved in this study was to select represen-
tative plant canopies that would encompass the variability that might
be expected under the viewing and illumination conditions of the MRS.
We incorporated two sources of scene variability; the first being type,
and the second condition. A total of six different types of vegetation
canopies were included in the analyses. There were two different types
of a generalized grass canopy, a lodgepole pine canopy, pasture, a
second coniferous forest canopy, and wheat. In addition to the six
different types of vegetation canooies, an examination of reflectance
dependence on leaf area index or biomass was undertaken. Finally, a
wheat crop at two different stages of development was examined. Thus,
a total of 10 different vegetation surfaces were investigated. The
SRVC model was run to generate the bidirecticnal reflectance aistribu-
tion factors for seven of the surfaces and measurements ootained from
the literature were used for three of the vegetation types. For all
surfaces, the analyses were performed at the chlorophyll absorption
band in the red region and at the infrared plateau. Two different
canopy architectures were utilized for the grass canopy. The first
was 3 spherical distribution, indicative of many naturai grasses and
wheat; the second was planophile arcnitecture, indicative of such crops
as sorghum.

The 10 vegetation surfaces were then utilized in the atmospneric
model to calculate spectral radfance and spectral path radiance. A

significant effect of seasonal data acguisition is <ne wide variapilizy
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in sun angle at the time of acquisition. In order to cover the wide
range possible in sun/sensor relationships, the authors simulated the
atmospheric-scene system for the total range of solar and view zenith
angles between 5 degrees and 85 degrees. Five different relative azir th
angles were also investiaged in the study. Finally, three different
atmospheric states were simulated by using horizontal visibilities of

4 km, 10 km, and 23 km. These three visibilities correspond roughly to
hazy, 1ight haze, and clear atmospheres.

Tabie 1, summarizes both the surface and atmospheric combinations
that were run. A complete analysis of nine surfaces times nine view
angles times nine solar zenith angles times five azimuth angles times
three atmospheres times two wavelengths was made. In addition, analysis
of measured wheat data for selected sun-sensor combinations were also
performed. [n total, approximately 2300 simulation runs were made.

Appendix A, Bidirectional Reflectance Distribution Functions for
‘Yarious Types, includes the complete set of nine by nina bidirectional
reflectance distribution factor matrices that were used in the ana’ -es.
Appendix B, Simulation Analysis Rasults, contains the complete set of
spectral radiance and path radfance matrices for all combinations of
view, solar, azimuth, and visibility combinations. All subsequent

analyses were extracted from these data.




Taole 1. SIMULATION ANALYSIS
—SRVC KRIEREL
(MODEL) (MEASUREMENTS)
SURFACES
SPHERICAL GRASS CANOPY PASTURE

LAl = .5, 1.2 anp 4.0
PLANOPHILE GRASS CANOPY
L'l =.%, 1.2 anD 4.0

LODGL.POLE PINE CANOPY CONIFEROUS FQOREST
. WAVELENGTHS
.68 um 606 um
.80 M 866 uM

ZENITH VIEW ANGLES
5¢, 159, . . ., 85°

SOLAR ZENITH ANGLES
50, 159, , , ., 8%°

AZIMUTH ANGLES
09, 60°, 909, 120°, 180°

VISIBILITIES
4km, 10kM, 23w
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[V. ANALYSIS RESULTS

Approximately 2300 simulation runs were made tTO generate 2 data
base representative of the potential atmosphere/target variations that
might be expected from the MRS sensor. For each simulation run both
total radiance and path radfance were calculated. Additionally, we
define the target or scene radiance to be the difference between total
radiance and path radfance.

Given availadble time and resourcas, the authors e'ected %0 per-

form analyses on subsets of this cata base in order to answer some
of the more pressing design questions relative td the MRS conceot.
Jde performed :ne analysis in two stages. rirst, a reconnaissance analy-
sis in order to address some general questions and finally an exnaustive
analysis relative to determining view and sun angle variations accsrding
to tarset tyoe.

The first anaiysis performed was to 2xamine tne order of magnituce
variation in total spectral radiance for two very different surface cover
types as a functionof both view angie and relative azimuth angle. These
resuits are shown in Figure 4, for the pasture and conifer data of
Kriebel calculated for the chlorophyll absorption band; Figure 3 shcws
the same analsses for tne sgcnerical grass ing !Jcgecoie DIne canocies
simylated tv .he authors for both <nhe cnicropnyll ana near infrared save-
lengths. [t is evident from botn the figures that the cependence 2n
relative azimuth is much less than on the variability Jue 0 zen::in y-ew
angle cnanges. In both cases tre solar canitnh angle ~as 3 legrees.
Relaz ve 3z muzhs of C and 130 segrees 119fer on the srcer 3f S Zerzent

‘eam %ne 10MINAT values 3t the relative az'myth 2f 30 Cegrees.
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Figure 3. Simuiated data.
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These results were examined in further detail as shown in Tables
2 and 3. [n these tables the percent changes in total spectral ra-
diance at each zenith view angle for each relative azimuth angle was

calculated relative to the nominal vaiue of 0 degrees zenith view

e —aiositanc Sl sERbg

angle. Subssquently, all changes greater than 10 percent were flagged
’ and are indicated by an x in the tables. Generally, it is seen that
the variability with view angle is less for the near infrared than for
the visible wavelengths. The forest cancp,; also appears to be more

sensitive to view angle changes. Ffor the high sun angle case, the

variation in spectral radiance with view angle is of the order of 10
percent for ranges up to 25 to 30 degrees zenith view angle.

The dependence of both total radiance and target radiance, defined
as the difference between total radiance and path radiance, on zenith
view angle and sun angle for selected cases are shown in Appendix C.

These plots show the variation of radiance versus the appropriate

variable for each of five natural surfaces. Figure C.2.1 is the total
radiance versus zenith view angle between S and 65 degrees for a solar f
zenith angle of S5 degrees. Figure C.2.2 illustrates the same plots
bu.  ow for a solar zenith angle of 55 degrees. Figure T.2.3 shows
the total radiance plotted versus the solar zenith angle for angles
bewteen 5 and 65 degrees. Figure C.2.3 is for a zenith view angle
of 3 degrees and Figure C.2.4 is for a zenith view angie of 55 degrees.
The target radiances were then calculated for each case and are
shown in Figures C.3.1 through C.3.4.
Mext, a fairly exhaustive analysis was performed for the clear

atmospnere case for the seven simulated surfaces relative to variations
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LODGEPOLE PINE 63 =57, A= . 634m3. To = .139

ZENITH VIEW ANGLE (degrees)

5 15 25 35 45
0 X X X X
A
z 60 X X X
1
M 90 X X X
U
T 120 X X X
B
180 X X X X
LODGEPOLE PINE §_ = 5° To = .222 A = .304um.
ZENITH VIEW ANGLE (degrees)
5 15 25 35 i3
0 X X
A
z
50 X X
I
be |
90 X X
"
T
120 X X
3
180 X X

Tapie 2. Lodgepole sine zanooy.
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Table 3. SPHERICAL CRASS LAI = 1.2, 6= 9, A= .68uam. To = .259
b ZENITH VIEW ANGLE (degrees)
: | s 15 25 35 45 ss 65
s ‘- -
0. X X X X
A
z 60 X X X X
e
M 90 ¢ X X X
U
T 120 . X X X X
"
180 X X X X
SPHERICAL GRASS CANOPY 1AL = 1.2 @ = 5° To = .22 A= .30um.
ZENITH VIEW ANGLE (degrees)
5 15 25 35 45 55 65
0 X X
A
!
| z
60 X X X
t
x 3
90 X X x
' U
T
120 X X X
|
X X
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in zenith view and sun angles. All possible combinations of these
angies between 5 and 65 degrees were examined. The objective was to
refine the nominal values presented by Kriebel {1978) who Qquoted
average variabilities in reflected radiation by vegetated surfaces
for differences in solar zenith angle. Kriebel presented one single
average value for the complete range of solar zenith angle as shown in
the enclosed table (Table 4). We refined Kriebel's results by expanding
the analysis to include multiple wavelengths and to calculate the per-
cent change in reflected radiance due to a change per degree of solar
zenith angle as a function of the viewing angle. In addition, we
calculated the percent change in scene radiance per degree change in
sensor zenith angle for given solar zenith angles. These results are
shown in Tables §, and 6.

In each case we calculated the following averages:

For a given sensor view angie, 3,

Ibs
a 3:%nes [LT(3. ) -L.l3. /300 @@

<§ sun angle> sun’ ~P'Tsun’ “v sun
[ %qun
and for a given solar zenith angle, 3
Sy % 3 {LT¢z /2 =
<3 sensor angle > = ~\=§ v/ 7sun) - LPL3 3 3 48
V' Sun v

P e




Xriebeo, {i.T. 1973. Average Variabilicy of che Radiation Reflected by
Vagectated Surfaces due to Liffering Irradiacions. Rezoce Sens.
Eaviron. 7:81-83.

Table 4

Percent Change of the Reflected Radiance due to a Chinge of the Distributioa of the
Irradiation either by one Degree of the Soiar Zenith Angle or by 10% Change of the
Optical Depth of the Atmosphere, Averaged over all Directions of Reflection and
over all Dutnbutions of the [rradiation.

Surface type Average change of the reflected radiance
Per degree change of the Per 10% changs of
solar zemith angle the optical depth
Savannah z1.0% 2 1.6%
Bog 2 0.9% tAM%
Pasture land 1.7 21.0%
Conferous forest 2% 21.5%

Average over the
four surfaces 2 1.5% 2 1.2%

Table 4. Kriebel results.
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Zenith View Angle " .259 \ = .68um
Surface 5° 15* 25* 38* a5* 55° 65°

$ 0.5 Grass 1 7 .8 .8 .9 5 .6 9
S 1.2 Grass 2 6 1.4 1.6 .8 6 .8 6
S 4.0 Grass 3 5 7 .9 .7 7 .6 6
P 0.3 Grass 4 il .6 ol o 7 f 6
P 1.2 Grass 5 7 il o7 o 7 % i 7
P 4.0 Grass 6 7 .7 .7 7 7 .7 ol
Lodgepole 1.0 1.3 9 .9 9 .8 .9

Zenith View Angle Ty & .222 \ = .80um

Surface 5° 15° 25° 35" 45" 55 65

S 0.5 Grass 1 .6 .6 .7 i 4 .4 .7
S 1.2 Grass 2 .9 .9 1.0 .6 4 .5 4
$4.0 Grass 3 v 7 al o .5 .4 o7
P 3.5 Grass 4 o .6 o .7 .7 .7 .8
P 1.2 Grass 5 7 il 4 ol i 7 .7
P 4.0 Grass 6 .7 .6 .6 .6 .6 6 .5
Lodgepole .9 1.1 1.0 .9 .9 3 .8

Table 3. Percent change in scene radiance from several natural surfaces
per degree change in sun angle for given sensor zenith view
angles. Atmospheric visibility was 23 km, satallite alsitude
was 900 km. Grasses 1-3 have spnerical foliace geometry
with LAI=.5, 1.2 and 4.0 respectively. Ggrasses 4-6 nave
planophile foliage geometry with LAl=.5, 1.2 and 1.0 re-
spectively.
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1.2
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Table 6 .

R D

Solar Zenith Angle Ty * -259 A = 68um
Surface 8 15°¢ 25° as* 45° 55¢ 65°

Grass | 5 5 .4 .3 e .3 .4
Grass 2 7 A 1.2 1.0 .6 4 2
Grass 3 3 .2 .3 .3 4 4 4
Grass 4 4 .4 .4 .4 " o3 4
Grass S 3 .3 .3 .3 .3 -3 .3
Grass 6 4 4 4 4 4 & "l
Lodgepole 6 .5 5 .6 .6 ol .9
Solar Zenith Angle T ” <822 A= 80um

Surface §° 15°* 25° 35° 45° 85° 65°

Grass | .l 50 w2 2 & e L
Grass 2 4 .2 4 .3 e . 2
Grass 3 4 4 4 .4 4 .4 .5
Grass 4 3 3 03 .3 ol ol .3
Grass § b7 .2 2 .2 .2 .2 .2
Grass & .3 o3 3 e e e .2
Lodgepole .7 .6 .5 7 S+ B8 9

Percent change in scene radiance from several natural sur-
faces per degree change in sensor zenith view angle for
given solar zenith angles. Simulated atmospheri¢ visibility
was 23 km, sacellite altitude was 200.0 km. Grasses 1-3
have spherical foliage geometry witit LAl=.5, 1.2 and 4.0
respectively, Grasses 4-6 have planophile foliage geometry
with LAI=.5, 1.2, and 4.0, respectively.

30




T ——— W‘w‘“‘

o

where [T = total spectral radiance

LP = path spectral radiance

It should be noted from the tables that for all surfaces, we find
less sensitivity of scene radiance per degree change of solar zenith
angle than reported by Kriebel although they are both of the same order
of magnitude. Also in agreement with Kriebel, the dependence of the
coniferous forest canopy is greatar. We also find less sensitivity
of scene radiance to degree changes in the viewing angle. Generally,
the tables exhibit relatively smooth variations across solar or viewing
angle.

In an attempt to examine the off-angle viewing effects con trans-
formed variables, the author; calculated tne TV] c¢r transformed vege-

tation index defined as:

rvi = JR_* RED

Table 7 shows the TVI calculated as 2 “unction ¢f viewing angle
for both a high, solar angle of 5 degrees, anc a larger solar zenith
angle of 45 degrees. TVI has been calcuiated for the spherical ang
planophile grass canopies with LAI's ranging from 0.5 to 4.0 in
each case. [n the tableé. it is seen that the TV is a fairly good
normalization of %he viewing angie index up t0 3Dout 15 jegrees zaen'th
view angle. Further, tne TV! yieids approximataiy the same vaiue “or
3 given leaf area index incependent of canooy structure. There is5 2

weak dependence on solar zenith angle.
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TVI at View Angle as-S'

Surface 5° 15°¢ 25° s 45° 55° 65°

5 0.5 Grass 1 2.5 2.6 2.4 0.5 &l 15 1.8
S 1.2 Grass 2 1.8 1.8 1.9 1.6 1.6 ] 1.5
§ 4.0 Grass 3 1.8 1.5 1.8 1.9 1.4 1.4 1.4
P 0.5 Grass ¢ 2.4 2.4 2.5 6.9 2= 2.3 2.2
P 1.2 Grass 35 1.6 1.6 1.6 1.6 1.5 1 1.5
P 4.0 Grass 6 1.5 1.4 1.4 1.4 1.4 ] 1.4

View Angle 35'3S°
Surface e 15¢ 25° 35° 45¢ 55° 65°

S 0.5 Grass | 2:3 2.4 | 23 2.2 2.0 157
S 1.2 Grass 2 1.8 1.6 1.6 1.5 1.6 1.4 1.4
S 4.0 Grass 3 1.5 1.4 1.4 1.4 1.4 1.4 1.4
P 0.5 Grass 4 2.4 2+3 2.5 2.9 2.3 2.3 2.1
P 1.2 Grass 5 1.6 1.6 1.6 1.6 TS 1.5 1.6
P 4.0 Grass 6 i.5 1.4 1.4 1.4 1.4 1.4 1.4

Table 7. Dependence of TVI on view angle.

32




V. SU'MARY

This study has particularly focused on the geometrical implica-
tions of a MRS pointable sensor A variety of vegetation targets
characteristic of both natural and agricultural canopies has been
examined. Attention has further focused on the cnloropnyll absoro-
tion band, 0.68 micrometers, and the infrared plateau, 0.80 micro-
meters. All combinations of sun and view angles between 5 and 85
degrees zenith for a range of relative azimuths have been simulated in
an effort to examine geometrical dependencies arising fiom seasonal
as well as latitudinal variations. The effects of tnree aifferent
atmospheres ccrresponding to a clear, medium, and heavy haze condition
have been included. An extansive model data base has thus been gener-
ated and is included in the Appendices. Thes2 data may prove useful
to other investigators for possinle study of atmosgheric correction
Srocedures and sensor design guestions.

From the resultc of tne analyses performed by the presant authors

using this data base the following conclusions may be drawn:

1. For both low and high sun zenith angles, the oercent change
in scene radiance per degree change in the MRS pointing angle
is of the order of .5 cercent. The affect is somewhat less
in the near infrared. B8ased on a thresnold of 3 10 percent
change in scene radiance, a maximum pointing angle between
25 and 30 degrees is recommended for the visible wavelengtns

and 40 degrees “or the infrared wavelengths.
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For both low and high zerith view angles, the percent change
in scene radiance per degree change in sun angle is of the
order of | percent. The variadility of lodgepole pine or
coniferous forests appears to be greater than for agricultural
or low lying canopies.

[t should be possible %o derive information from targets
viewed under changes in sun angle between 1C to 15 degrees;

to compare targets viewed under changes in view angle between
25 and 30 degrees, again, based on a 10 percent difference
threshold in scene radiance.

The transformed vegetation index or TVI appears to be in ef-
fective normalization technique for removing view angle varia-
tions in the range between 0 and 45 degrees zenith angle. In
our simulations, the TV] also appeared to be a valid indicator
of leaf area index for Soth scnerical and planopnile canopies.
[t also appeared <0 remove the effect of canopy architecture,
yielding approximately the same TVI values for a given LA]
incependent of the canopy structure.

Based on the TV] variation with view angle and other consicer-
ations, there does not appear to be 3 strong reason to extend
the maximum pointing angle to 55 degrees. That is, the smailer
viewing zenith angles yield the same relative differences 'n

piomass discrim.ration.

In summary, the off-angle point 'ng of ‘he MRS sensor should not

bl o]

-~

——

cause appreciable difficulty between zenith viewing angies of J ind

20 segrees. 3etween 20 and 10 degrees, tne scene raciance variaciiity



will increase, but may be acceptable. However, an operating range of
30 degrees under clear atmospneric conditions, is recommended for
discrimination of low lying vegetation canopies.

The transformed vegetation index, as one indicator of a biomass
discriminator, appears to normalize scene radiance variability with
view angle for ranges between 0 and 40 degrees zenith angle. As far
as target discrimination is concerned, there does not appear %0 be
a strong rationale for extending the maximum pointing angle beyond
45 degrees.

variation in scer® radiance depends more strongly on changes in
solar zenitn angle than on changes in zenith viewing angle. In doth
cases it would appear reasonable to compare data sets acquired over
differences of 10 to 15 degrees.

Finally, agricultural classes or rangelana areas shou's offer a
reasonaole test bed for MRS experiments. ODvfficuities 2pcear %2 de
greater in forest canopies.

The resylts of this study snhould be applicable to large fielas aof
fairly homogeneous cover ranging from medfum, LAI=.3, 0 dense, LAl=4.)
cover. rowever, the reader is cautioned that the results may not be
apolicaple to vegetation canopies where distinct horizontal structure

exists, particuiariy at low 'eaf area inaices.
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APPENLIX A

Bidirectional Reflectance Distribucion Functions

Iable Surface
A.l Spherical Grass Canopy LAIL =
A.2 Spherical Grass Canopy LAIL = 1.
Al Spherical Grass Canopv LAIL = 4.
A.s Planophile Grass Canopy LAl =
A3 Planopnile Grass Caropv LAl =
A.0 Planophile Grass Canopv LAl =
A7 Lodgepole Pine Canopy LAI =« 3.
A.3 Pasture
A.9 Conifer

for Various Surface Types

3ROF's defined in Tables A.l cthrougn A.T were

QPR T S SOy

derived with the Sclar Radiation Vegetaz:ion Canopy model
at Colorado State University. 3RDF's defined in Tables
A.3 and A.9 are from data published by Kriebei (1977).




Table A.l. Bidirectional refle-tance distribution function for a
spherical grass canopy wich LAI = .50.

‘Wavelength = .68um

SOLAR
IENITH
ANGLE ZENITH VIEY ANGLE
3.0 15.0 25.0 33.0 43.0 35.0 43.0 73.0 83.0
3.0 13 118 JA13 o123 091 084 993 062 JA78
15.0 .118 15 o113 122 .088 .08% 100 <044 .187
25.0 JA17 122 118 9 M 102 098 .083 081 123
35.0 .098 107 100 .102 JA13 1S 0890 040 137
45.0 106 14 .100 o123 100 . 089 .082 <0483 .178
3%.0 097 096 098 .0%0 094 084 . 097 083 243
§3.0 .082 084 .092 .098 .084 073 107 09a 27
730 .047 049 032 0353 039 073 098 142 414
85.0 04 .047 0% 083 080 067 088 37 304

Wavelength = .80um

SOLAR
LENITH
ANGLE ZENITH YIEY ANGLE
3.0 15.0 5.0 33.0 45.0 35.0 65.0 7%5.0 89.9
3.0 317 .328 <335 .338 .308 319 .400 A3 1,243
15.0 332 330 .338 «Jé1 309 .329 410 450 1.282
253.0 326 337 .333 330 <323 4 374 428 1,224
35,0 299 313 .306 «321 .360 <393 374 o0 1,318
42,9 .307 324 3N 357 L334 337 373 445 1,27
35.0 330 344 .360 <340 i 402 A0 S79 1.059
43.0 <334 343 7,362 .380 .389 <403 507 648 1,879
739 <343 344 .380 397 413 310 45! H23% 2,739
83.0 348 .J48 R T .388 .433 48! 299 S UL IR b
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Table A.2.

Wavelength = ,68um

AR
NTH
ANGLE

Wavelength = ,80um

SOLAR
IENITH
ANGLE

slo
15.0

hlA
-

33.0
45,9
ss.o
83,49
78.0
5.0

Bidirectional reflectance distribution function for a
spherical grass canopy with LAI = 1.2,

s.o

087
073
.078
078
.043
I
05
'o‘l‘
.04a

$.0
.288
310
Iss‘
. 333
3l
4
ls“
347
342

15.0
077
061
L0854
040
e
073
060
a7
048

15.0
322
.289
291
307
317
« 333
349
344
« 358

IENITH VIEW ANGLE

5.0
.086
070
082
. osl’
.098
043
085
.043
D48

35.0
040
064
059
096
. oéo
04!
<034
%2
2352

45.0
W87
063
078
..)69
138
074
084
088
083

ZENITH VIEW ANGLE

25.0
«339
313
293
307
310
.350

332

.348

332

350
«306
329

»323

319
. 329
. 3‘3
382
. 3489
o 37 B

al

‘sto
331
332
.368
005
. 386
400
A

0‘13
c;"

3%5.0
067
070
057

| &
.‘Jw

088
OM
047
Ne?
T

3949
373
.393
393
kL
L3948
0432
470
484

.‘5:

83.0 3.9 a%.0
W21 092 .238
267 08 278
Nk 108 <300
Q70 1907 <304
073 .108 .308

07 118 337
933 o131 337
499 BE) 410
W30 o133 «3%5

03.9 7%.0 3%.0

443 W83 1,847
440 832 1,743
492 o0 2,123
4% 732 24132
-'.QZ .q!° :.19:
2 A1 2.3
549 893 2.38s

. see 3,73
373 S e T P

ORIGINAL PAGE IS
OF POOR QUALITY




Table A.3. Bidirectional reflectance distribution function for
a spherical grass canopy wich LAI = 4.0.

Wavelength = .68um

SOLAR
ZENITH
ANGLE ZENITH VIEU ANGLE
3.0 13.0 25.0 35.0 45.0 35.0 85.0 73.0 83.0
S.0 047 .048 051 081 099 066 088 A3 <344
15.0 049 «0%0 049 052 059 0720 O 142 «400
25.0 082 049 047 030 034 0686 084 133 372
33.0 049 044 047 082 058 070 A9 042 <400
43.0 049 044 046 030 034 067 .088 .138 3N
33.0 <043 044 049 052 058 070 092 143 «407
43.0 042 043 «043 049 033 087 090 143 412
73.0 .042 043 <043 .048 033 046 .08es 040 «403
83.0 .039 .040 .042 044 083 064 08¢ A3 «401

wavelength = .80um

SOLAR
:szt;" ZENITH VIEVW ANGLE . .
3.0 15.0 25.0 33.0 45.0 33.0 63.0 :5.2 35.

3.0 .308 312 332 333 .392 434 .523 720 :.38:
15.0 319 329 339 +343 L 483 633 990 :.,93
25.0 313 322 «326 +330 .393 . 440 599 .233 :.f3°
35.0 319 J18 325 362 <408 . 482 833 .;°0 :.io.
43.0 322 308 323 348 .390 488 .015 947 :.,ao
35.0 318 19 337 .339 402 . 483 .6:6 1,000 :.856
§3.0 .293 299 0 W34 344 . 383 . 447 623 .992 :.900
73.0 2N 302 312 337 . 381 459 813 .93. :.B:l
85.0 277 278 293 .324 . 348 447 402 AN .88

42
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Table A.4.

planophile grass canopy wit“ LAI = ,50.

Wavelength = ,68um

SOLAR
IENITH
ANGLE

s.o
15.0
3.0
35.0
L)
3340
83,0
3.0
3s5.0

3.0 |
129
129
129
129
o123
123
22
o123
080

Wavelength = ,80um

SOLAR
1ENITH
ANGLE

3.0
‘5-0

it
“-ve

3540
43.0
33.0
§5.0
75.0
85.0

s.o

17
."?
J17
117
128
128
138
098
.082

5.0 15.0
.378 +332
37 3352
379 332
378 .332
.389 .387
.388 384
.3‘3 l37‘
428 .389
531 + 568
(ﬂ?ﬂc
N LAGQL
y)
A7,

25.0
136
138
138
13a
138
136
118
0”2

.082

25.0
. 383
.383
383
.383
<400
399
<339
<407
543

ZENITH VIEU ANGLE

35.0
.'37
137
37
138
P |
124
l"‘
112

081

‘s.o
d14
114
14
13
109
.Yo.
133
o112
.082

35.0

o122
127
1232
o128
.128
126
24
18
.08%

ZENITH VIEV ANGLE

33.0
.384
.384
.384
.384
.382
.381
336
406
.559

45.0
B
338

338

354
.Je
+360
374
413
544

43

35.0
380
.380
380
379
398
394
362
A2

.ss.

43.0

120
120
120
120
A28
124
133
0
.0no

83.0
378
375

-.

ews ?
78
400
399
.383
L4907
408

Bidirectional reflactance distribution function for a

7%.0
+ 139
129
137
129
127
o129
128
oA
A0

"!l
A0
Al
'3
FEAY'
438
438
. 399
L4483
.330

35.0

021
07
lo"
.o":
.080
079
060
101
.187

3%.0
.48°
. 48°
439
.3438
540

T .S38

454
. 533

1.212



Table A.S.

v ol il 4 it

.
OO0 OO0 O

AARA AL

1
b
3
4
H
$
7
8

Wavelength

Bidirectional reflectanc
planophile grass canocpy

Wavelength = .68um

338

s.o 's.o
087 091
.087 091
.087 091
.087 091
087 091
0848 .90
.083 084
089 .078
077 027
s ,80um
3.0 15.0
A7 483
A7 485
A7 . 485
L4748 .482
A3 481
470 .478
444 4358
Sk 492
[ $5]

sver

25.0

092
092
SN
I°’1
091
092
.082
079

25.0
A9
A9
.‘,1
. 488
487
484
487
0303

242

087
082
.08?
.087
088
086
079
. o,o
. 0?7

A7
A7
AT
A7
<469
446
436
.s'é

527

ZENITH VIEV ANGLE
<.0

45.0
088
.085
.08%
084
084
083
096
.086
079

‘=l°
L4793
.478
LA78
0‘.'3
474
LA
. ‘7'
510

.33

$5.0

086
08¢
086
089
088
089
089
080
.083

ZENITH VIEY ANGLE

35.0 £8.0

497
487
487
484
. 483
480
468
502

e
“w/ °

e distribucion function for a
wich LAI = 1.2.

43.0

097
097
097
097
0%
098
Q84
089
.08%

§3.0

3

-4
5Py
518
ls‘l’
14
A7
LT

572

7%.0
A0
100
100
109
099
REL
11
101
098

7%3.9

582
392
.282
578

29
s wi

e
" ‘
LA
s

an
tVoem

gs.0

k-]
150
%50
150
A%0
L1349
134
.188

3%.9
1.02
1,920
1,089
!.-')g',
1,018
1,013
S
1,159
+ sew




Table A.6. Bidirectional reflectance distribution function for a
planocphile grass canopy with LAI = 4.0.

Wavelength = ,68um

SOLAR

IENITH

ANGLE ZENITH VIEV ANGLE

%0 19.9 29.0 350 45,0 5.0 43.0 2% $.0

5.0 .084 .080 .080 081 .082 083 087 293 3
184 084 .080 .080 .81 082 083 87 L L A
2%5.0 084 .080 .089 o8t .282 «183 037 e 88
$:0 088 LA .08 .082 083 084 088 o190 .13
45,9 08¢ 08! 081 .082 .83 )34 EE 24 BEL
$%5.0 081 08 081 .82 82 238 DES o102 17?2
85.0 084 084 084 .08% 088 87 LA 108 « 199
78.0 .081 081 81 .082 .082 .34 088 L1990 189
$.0 AN N LO0M 072 A7 078 079 094 199

Wavelength = .30um

SOLAR

IENITH

ANGLE ZENITH VIEW AnGLE

3 15.0 b1 35.0 15.0 5.0 8.0 2% 3%.9

3.0 330 540 . 338 . 343 393 382 2308 078 1,273
13.9 350 540 338 S-LH 593 e30a 41 3.4 '}
) S50 540 .538 543 e$23 .58 .23e 374 i
. 357 o543 <347 333 el 569 522 3.8 15273
5.9 383 343 550 35 5% 349 AN 700 1,33
390 348 .548 «530 353 - M <397 837 1,304
§3.0 367 11 <564 S-ra 8 ra 584 o83 708 1,393
S, 547 S44 LT <351 33! a4 «593 8.9 » 87
39.0 487 489 . 434 499 30° 399 0239 0892 3=
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Table A.7.

Wavelengeth = .68um

SOLAR
1ENITH
ANGLE

3.0
15,0
5.0
33.0
5.0
D
83.0
78.0
835.0

lodgepole pine canopy.

3.0

034
033
003‘
A3
.oz,
027
. 02‘
Q2
020

15.0
041
034
034
032
030
.028
.028
.022
002'

Wavelength = ,80um

SOLAR
IENLITH
ANGLE

$.0
15.0
:SD‘J
3%.9
2.9
ss.o
$5.0

3%.0

S.0

18
310
.280
4 )]
.:"
233
248
209
.‘,.

15.0
03‘2
320
9N
289
274
.2"
233
213
«204

295.0
.039
041
033
003‘
932
.030
030
028
024

ZENITH VIEW ANGLE

35.¢
042
41
LT
038
034
003‘
034
029
027

435.0
047
044
SO0
Q44
4
003.
037
ons
0032

IENITH VIEW ANGLE

25,0
<351
<339
297
306
<309
.288
lza’
292
234

3N
376
370
343
348
338
l‘:o
321
292
o84

‘s.o
A28
L
377
%3
.382
.36'
-:63
333
L9

5.0
L)
082
049
083
0850
.009
.o‘a
044
2042

55.0
509
D1
AR
.489
RTH
499
487
432

an
n‘ob

83.0
072
.o‘e
lo“
089
0680
Do
N H
o°‘|
.os,

83,0
000
.938
lb‘o
8350
829
829

1M

. °..
803
.588

Bidirectional reflectance discribution function for a

780
97
o102
098
100
104
108
lloz
J00
.o.,

7%.9
1.91%
.98
9480
19028
1,909
1.022
1,009
1,203
RET

a3.0
289

19
car

a8
ava
2
30
2%
81 b
2%

Ted
2.814
2.721
Ss723

“ 3.
-t ee

R D]
20"‘
2,7%9
1.3
1.009

u.....L__;_;—-i__ajiiii..“izl!‘.u_Jyaegt_MmQ-—Q.“__

S L
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Table A.8. Bidirectional reflectance discribucion function for a

pasture (Krisbel, 1977).

Wavalength = .606um

SOLAR
IENITH
ANGLE
3.0 15.0
5.0 046,083
15.0 047 L0854
25.0 048 ,082
350 044 040
5.0 044 043
35.0 043,043
‘s‘c 00‘3 .o“
i .038 037
3.0 069 .022
Wavelength = .866um
SOLAR
IENITH
ANGLE
s.o '5.0
5.0 384 391
15.0 383 .392
29.0 .382 393
35‘0 03.0 .3,‘
5.0 .382 .398
ss‘o 03.2 o‘oo
43.0 .3‘, .3.‘
730 4 Fg .308
835.0 34 % pd)

23.0
0354
»038
038
046
. o‘z
044
044
047
004

23.0
. 3,‘
. 3,'
<409

. o414
420
408
. 3‘.
<328
AR

ZENITH VIEW ANGLE

35.0
N H
058
039
054
050
048
047
033
. o’.

43.0
054
087
059
087
0%6
. °s‘
032
030
112

$3.0
053
0%
N89
N1
los‘
058
063
0546
136

ZENITH VIEV ANGLE

3%5.0
388
392
402
A1
Al
. .z,
LA
. 349
433

‘s.o
399
400
424
442
479
301
408
398
l‘.‘

47

9%.0
403
418
A3
458

L
o'

580
81 H
A49%
L8590

‘s .°
0990
0S4
080
962
068
077
oM
087

at)
. 407
424
L4487
. 481
243
.033
.‘,:
850

%3

5.0
048
N
.58
0080
087
.081
100
.09
-2‘.

.
’del

."z
433
479
<502

948
030
bt
o W
852

1,02

8%.0
.030
088
a4
073
083
103
"se
.'69
316

35,0
0‘3:
.4%8
.438
o!”
s
248

te,

1.9%8

..
sdeY




Table A.9.

Wavelengch

Bidirectional reflectance discribuction function for a
coniferous forestc (Kriebel, 1977).

e 606 ua

$.0 15.0

018 16
018 014
018 014
018 18
016 018
014 016
017 016
020 013
062 087

Wavelength = ,866unm

SOLAR

IENITH

ANGLE

3.0
15.0
8.0
35.0
‘:I.o
335.0
63.0
7,.0
.slo

3.0

092
098
099
.lo;
.'o?
.“'
18
46
.209

15.0

090
09
093
iz
096
l'°2
AN
138
254

25.0

017
017
016
014
Io“
014
013
lo“
Io.'

25.0

094
093
090
089

087

092
104
143
.3'0

018
016
014
lo':
010
AN
013
012
130

.09?
098
092
090
090
0%
12
148
362

IENITH VIEW ANGLE

3%.0 5.0

019
.018
016
016
lo"
014
018
013
182

IENITH VIEV ANGLE

35.0 43.0

099
099
097
097
102
o112
27
136
A

3%5.0

«020
018
D16
17
.°‘l.
.o‘a
021
022

237

330

.102
108
108
l"‘
o117
126
."o
0'.,
548

83,0

021
019
17
017
019
022
N
023
.J‘o

4349

<103
.108
14
120
124
130
37
186
739

7%.0

024
024
022
O
022
024
022
030
N

7%3.0

107
10

a8

122

128
I‘:‘
REY
200
932

8%.0

.0‘2
038
030
037
043
053
Dee
142
608

E LAY

122
133
129
137
o133

"
LR

AR
L L

320

1,133




APPENDIX B
Simulacion Analysis Results

Total Radiance Calculacions for:
Solar Zenith Angles = 5°, 15°,...8%°
| Sensor Zenith Viev Angles = 5°, 15°,...85°
' Relative Sun-Sensor Azimuths = 0°, 60°, 90°, 120°, 180°
’ Atmospheric Vigibilities = 23, 10 and 4 ‘@
[
|

Table Surface Type Wavelength

' B.1.1 - 8.1.) Spherical Grass Canopy, LAI = .§ .68um

)

’ ‘.1-6 - ’.l.6 » osou-

r 3.2.1 - B.2.3 Spherical Grass Canopy, LAI = 1.2 .68um

l

| 8.2.4 - B.2.6 b .80um
3.3.1 - 8.3.3 Spherical Grass Canopy, LAI = 4.0 .68um
30306 - 303.6 2 .!ouﬂ
B.4.1l - 3.4.3 Planophile Grass Canopy, LAI = .5 . 58um
8.4.4 - B,4,6 z .80um
8.5.1 - B.5.3 Planophile Grass Canopy, LAI = 1.2 .68um
3.5.1 - B.5.6 = .30um
B.6.1 - 3.6.3 Planophile Grass Canopv, LAl = &.0 .58um

| | 3.6.4 = 3.6.6 - .80un

l B.7.1 - B.7.3 Lodgepole pine canopy, LAI = 5.1 .68um

} B.7.4 = B.7.5 " .80un

il

, OR )

. ‘[ '1r~'t”3a45 a9

! e Phe

y r» b&

| Yy




Tadle Suzface Tvpe Havelengea
’ 8.8.1 Pasture .606ua
i 3.8.2 Pasture .866un
F 3.9.1 Coniferous Torest . .606um
3.9.2 " .866um
Table B.10.1 Comparison of field measured bidirectional reflectance

wvich predicted seansor radiance for two wavelaengths
and three atmospheric visibilities.

Table B.10.2 Comparison of field measured bidirectional reflectance
wvich predicted sensor radiznce for two vaveleaghts
and three atmospheric visibilicies.

NOTE: For the total radiance matrices given ia Tables B.l.1 - 3.9.2,
the rows Tepresent solar zeaith angles of 5°, 15°,...85°; the
columns represent zenith view angles of 5°, 15°,...85%°.

50
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TADLEB.L.LDRDF=ATHOSPHERE ANALYSIS FOR & SPHERICAL GRASS CANOPY LAILs.%0.
WAVELENGTH & .48 NICROMETERS, VISIDILITY ® 23.00 KN, ALTITUDE = 900.00 KN
OPTICAL DEPTN = 2959
AZIMUTH = 1,00 DESREES  TOTAL RADIWNCE MATRIX
970 5,004 S.449  S.076 4,265 3.936 4390 3.312 4.3
S.652  5.292  S.040  5.200 3.947  3.009 4.340 3.429 4.942
5,000 5,101 4045 4060 4148 3973 3781 3.836 V.42
3,900 4075 3779 3,008 4181 4,291 3,574 41464 9.992
3.562  3.708 3,205 3,007 3.3%6 3,324 3,792 4970 11,840
3713 2,682 2,702 2,400 2,001 3,202 4,988 2,37 19,590
1041 1,904 2,062 2,321 2,500 3.176  S.7S2 11,99 34.308
970 1,038 1,210 1.928 2,250 3.970  0.400 22.931 77,401
N1 004 1,007 1,402 2.019  S.090 14,976 44,347 164.0%
AZINUTN = 50.00 DEGREES  TOTAL RADIANCE mATRIX
0-0" 5..7‘ 3-317 30723 ‘03°2 10"7 4,411 303" 0013.
3.222 S.411 5,156 5,359 4,014 3,855 4,343 3,348 4.019
S8 5,193 4,935 4.0 4219 3,988 3.6 3.209  4.29
3,943 40146 3052 3.0 417T 0 4229 .31 3,303 4.568
.39 3,799 .33 3.907 3.328 30108 3.114 3178 6,389
.73 2,684 2N 2,857 2,490 2,852 1.1%4 3,407 .St
'L854 1.912 2,021 2,170 2,084 2,130 3,093 3.4e3  M.210 ]
74 1,012 1,089 1,220 1,416 1,343 2,550 3,948 .3
YL 23 .029 905 1,244 1,430 2,318 3.51T 8044
AZINUTH = 90.00 DEGREES  TOTAL RADIANCE MATRIX
6,133 5,999 S.503  S5.76%  4.338  3.998  4.432 3,321 4.293
S.806 5,531 5,274 5,464 4,099 3.924 4308 3.321 4,414
5.217 9,300 5.07 5,071 4,326 4.067  3.702  3.120 S8.849
3.7986 4,242 3% 3,002 LY 4,092 3,288 3,073 8.7

3.0t 3.02% 3,421 4,002 3.3%1 3,124 3.8 2,%8T fva”
<736 2733 17T 2,809 2.M7 0 2,59% leng 2,4t g gt
1.80é 1,937 2,045  2.te1  1,99% 1,943 1,743 2,487 4,973
A77 0 1,009 1,063 1138 1,240 1,38% 1,370 2,878 4,19
477 49 ] .802 007 1,070 1,351 1,897 32Nt

AZINUTH = 120,00 DEGREES  TOTAL RADIANCE MATRIX

‘.230 6.063 3-633 sc.|' ‘037' 0.023 ‘-‘:‘ '303:: i-:‘.
.91 5700 5,400 5,400 4,224 4,02% 4,346 1.3%T 11

284 5,911 9,330 5.293 4.538  4.248  3.349  3.208 <.°93
4,030 4,377 40180 4,237 4.824  4.852% 3,490 3,208 <042
J.654 3,934 3,407 4,309 3,446 3,379 3,249 2,977 %130
2,77 2,806 2,91 2,797 2,943 2,344 3,142 3.13% g%
1,879 1,984 2,138  2.301 2,17t 2,1%7  2.78%  s.3t: S.122
81 1,030 1,112 1,213 1,364 1,045 2,08 2,804 4,2
074 694 -1 .39 9 1.0v8 1,880 2,335 3.343

AZINUTH = 179,00 DEGREES  TOTAL RADIANCE mATRIY

6.452  4.202 W72 5,867 4,419 4,0%9  4.47% 3,329 8.206
0.051  4.060  5.9%1 5,916 AL425 4,184 4,594 3.4% .39
.31 S.903  4.447 4,122 S.073 4,633 4,182 3.7t
.07 4,672 5,000 S.87Y 8.7 5,370 4136 3.78%  s.274
3.687 4111 4107 5,517 8,998 %.183  4.%7: 4074 .20
2,790 2,92¢ aa?  3.%6 o708 04228 0.0%% %41 <00
1.9 2,062 2,350 2.80t 3,353 5,008  8.92% 9,343 19,033

9% 1077 1286 1,867 2,189 3.0 T892 18,500 18 70,

460 it 03 1,143 1,783 3.1T1 0 7,249 20.77a 99,




TABLEB.1.2 BROF-ATNOSPHERE ANALYSIS FOR A SPHERICAL GRASS CANOPY LAI=.30.

WAVELENGTH = .48 MICROMETERS, VISIBILITY = 10.00 KN, ALTITUDE = 900.00 KM

OPTICAL DEPTH = .429

AZIMUTH = 1,00 DEGREES TOTAL RADIANCE MNATRIX
$.526 5.927  5.340 S.434 4,098 3.499 4,043 3.038 5.749
$.791  5.221  4.884 5.006 3.739 3.382 4.024 3.271 4381
$.036  4.930  4.4824 4,400 3,932 3.747  3.571 3.489  4.990
3.827  3.923  3.415  3.624  3.93% 4,082 3.839  4.306 2.630
3.454  3.553  3.1S8  3.783  1.277  3.523  3.992  5.493 11.883
2,641 2,575 2,630 2.57% 2.918  3.435  5.027  3.334 20.444
1,831 1,397 2.077  2.396 2.764 3.271 7,079 15.047 39.345
1.042 1.136 1.370 1,885 2.849 S.249 11,489 30.04' -83.934

821 984 1,391 2,138 3.922  8.429 21,340 42.499 186.297

AZINUTH = 40.00 DEGREES  TOTAL RADIANCE mATRIX
5.680 4.064 5.485 5.508 4,108 3.73I5  4.043 3.034 5.6
$.929  S.441 5,037  S.117  3.820 3.625 4,013 3.197 6.010
S.160 S.081  4.752  4.597  3.985  3.738  3.434 3,030 3743
3.898 4,026 3.707  3.481  3.939  3.947 3.185  J.176 6.043
3.498 3,423 3.203  3.739 3.179  2.999  3.027  3.143  5.941
2,670 2,410 2,429 2,491 2,832  2.621  3.136  3.834 8.7
1.845 1.898 2,003 2,159 2,089 2.227 3.1l 3.841  2.384
1.045 1,090 1,183 1.345 1,583 2.106 2.874 4,273 7.079 :

Aan 878 1,002 1,210 1,548 2,028 2.338 4.039 S5.940
AZINUTH = 90.00 DEGREES TOTAL RADIANCE MATRIX

4.858  4.235  5.610 5.583 4,139 3.772  4.082  3.049  5.4644
6.099  S.462 5.23%  S.274  3.931  3.702  4.044 3,031 5.780
$.284  5.276  4.966 4.871 4,115 3.823 .44 2,883 5.27
3.969 4,175 3.874 3,838 4,058 4,014 3.078 2,332 9.198
3.542  3.721 3.319 -3.901 3,237 2.974 2,849 2.308 450
2,698  2.472 2,499 2,537 2,625 2.301  2.072  2.734 4%
1.8%9 1,923 2,021 2,123 1.97%  1.936  2.433 2.3%7 4.4) ]
1,048 1,078  1.132 1,204 1,309 1.542 1.398 2.454 4,223
.802 822 849 937 1,050 1,219 1,495 1,789 2,713

AZINUTH = 120.00 DEGREES  TOTAL RADIANCE MATRIX :
70102 4.451  S.734  S.441  4.214  3.808 4,102 811
6.317  6.09 S.615  5.507 4,108 3.326 4.122 .849
$.307  S5.653  S.425  S.224 4,422 4,051 3.599 150 ;
4,043 4,397 4217 4,232 4408 4312 3,300 284
3.590  3.878  3.60t 4,231 3.586 3.294  3.102 .262
2,726 2,772 2.891 2,797 2,924 2,307 3.028 1L
1,874 1.981 2,140 2,301 2,194 2,186 2.722 821 |
1,051 1,101 1,189 1,294 1,459 1,740 2,128 842 g

792 814 B85 . .996  1.147 1414 1,798

20202 131212 1)XLi
- . e o = =
~ 3
w
- ¢
o e 5 B e LA UL WY s

o833

i ACIMUTH = 179.00 DEGRESS  TOTAL RADIANCE MATRIX

i 7.0 6.749  5.840 S.739 4,270 3.344 4,122 3041 5,279

; 8,817  7.590 4.578  4.065 4 i3 4,043 4,289 J.tde  5.839

: $.532  4.623  7.748  4.855  S5.3%%  4.632  4.002 3.219  5.270
4117 4,948 S.8%8  7.493  6.735  S5.737 4,234 3,634 9.558
3.638  4.17%  4.511  4.572  8.100 4.656 S.245  4.257  S.2%3
2,795 2,952 3.413  4.17% 6,320 9.415 2,257 4.:73 7,394
1,888 2,090  2.462 3.133  4.314 7,540 13.se4 12,122 11,23
1,084 1.140 1.3 1.8%7 2,362 5.4%3 12,371 28,992 28,17

. 783 .354  1.04  1.468 2,431 .3s5 11,373 34,491 37.2%°
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TABLEB.L1.3 BRDF-ATHOSPUERE ANALISIS FOR A SPHERICAL 39335 CANOPY LAl=.I0.
JAVELENGTH = .48 MICROMETERS, VISIBILITY = 4,00 KN, ALTITUDE = 900,20 Xi
QPTICAL DEPTH = 809

AZINUTH = 1.00 DEGREES  TOTAL RADIANCE NATRIX

.37 6.524  8.374 S.a07 oA 3.3%8  3.%33 .09 S.2%

; 0,419 S5.260 4,054 4,535 3.0 3.244 3,595 2,970 5.37S
A $.122  4.709 281 4171 1,548 3.406  3.308 L2 8.499
f\ 3.779  3.696 3.3%2 3328 1.989 3,759  3.452 4,332 8.248
: 3.306  3.309 2.943 378 3and L2986 4,184 5,349 11,878
2,839 2.45% 2.510 2.52& 2.998 1.735  5.829  9.se4 20,085

1,828  1.389 2,100 2,508 J.148 4.579  3.315 17,512 40,781
1,178 1,308 1.635  2.37 e 7,003 1%5.0%4 36.207 90,487
1,058 1.294¢ 1.989 2.979 I.544 11,914 29,007 77,309 200079

| AZINUTH =  $0.00 DEGREES  TOTAL RADIANCE MATRIX
. 9.731 .35 5.e55 5.254  1.847  3.409 1,403 2,730 5,200
5784 S.781 4981 4776 3538 3.292 5.548 2,313 5.9
l © 106 £.015  4.506 4318 3,827 1374 3110 2,789 .26
, 3.97%  3.882  3.49% 3,399 357 .37 2937 2,979 5.5M
. 3.188  3.420 3.004 3.471 2,948 2.806 2,285 1.031  5.513
2688 2.503 2.498 2,335 2.31  l.381 3.07%  3.807  8.230
Loaso 1.887  1.979 2031 237 2,38 5,008 3,915 0.474
1 1g3 1.236  1.346  1.549 1,838 2,438 3.2 4,287 3.7'S
ooes  1.134  1.299 1,579 2,011 2,589 3.0 4 §25 5. a4
AZINUTH = 70.00 DESREES  TOTAL RADIANCE MATRIX
9.240 7.277 S.937  S.402  3.932 3439 3.a4 2,730 5.143
2176 6.383 5.3 S.064  L.714 .39 3392 2,734 $5.2%3
§.490 5.425 4,922 4.612  3.814 3476 5.0 2,597 4072
2,073 4.186  3.787  3.850 3.7a0 3.e22 .30 1,577 4,704
1470 3.592 3.3 .83 L3 .78 l.ed 1,331 4181
31,34 2,800 2,889 2.3at I.a% 2370 2.373 1,504 $,13S
Togma 1.4 2,001 2077 1T 1.9 LD 2,183 3..03
yreR 1.217 1,287 1,335 1.l 1.3 1.3 2,399 1.9
1034 1.0%8  1.107  1.181 1,298 1.463 1.7 l.046 2,057
! AZINUTH = 120.00 DEGREES  TOTAL RADIANCE MATRIX
9.854 .83 318 5.503 4,023 L.Ste J.e8 LTI oW
234 7,322 6,220 5,520 4019 3.5 S.833 2 34 .3
€973  6.187 S.930  S.302 4359 3.324 3.2093 2.540 4330
1373 4520 4,476 4,801 4341 4077 5,086 2,300 4.59
jee~  3.335  3.721  4.229  3.59s  3.233  2.998 2,545 4.083
2,481 2.774 2,938 2,388 2.999  2.83s 2.938  2.731 4,328
1394 2.017  2.137 2,348 .37 3l .72 2,345 4,100
T loa  1.a%% 1.383  1.438 1,682 1,988 1.304 2,740 4T
L aar 1.085  1.185 t.2%s 1,539 1841 L2400 S 395 I.sa”
SZIAUTH = 179.00 DEGREES  TOTAL RADIANCE maTRIX
f 10,322 9.015  6.%02 5.708 4115 J.Sel Jused o 19 %.0%0
8.623 11,091 8.840 4.787 4.836 3.928  3.380 2,818 102
0259 8.730 11.307  9.215  6.344 4331 3,503 2,377 4.7%
1374 5.837  B.ae1 12,247 9.2 e.087 4089 1.410  $.048
J.045  4.503 L7T2 3,750 14,148 10,499 Fata® 4,399 S 418
1aag 3112 4,005 S.908 10,775 17,749 13,903 3.%34 "1
(ove  3.30s  2.800 4.7t 4,383 13,230 1s.EC 2,39t 14,339
1yee  1.3€5  t.tai 2,981 453 .313 23.7ad 40,770 14,13
1009 1.13e  1.9€7 2,219 4028 3,530 2%.013 50,503 129,471
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TABLEB.1.4BRDF-ATNOSPHERE ANALYSIS FOR A SPMERICAL GRASS CANOPY LAL=,%50.
WAVELENGTH = .80 NICROMETERS, VISIBILITY = 23.00 KN, ALTITUDE = 900.00 Kn
OPTICAL DEPTH = ,222
AZINUTH = 1,00 DEGREES TOTAL RADIANCE NATRIX
10.487 10.860 10.913 11,485  9.720 9.797 11,488 11,439 25.439
T 10,404 10,481 10,598 11,1850  9.417  9.773 11,432 11.782 25.8%4
9.735  9.970  9.754 10.120 9.2!'8  9.522 10.141 10,836 24.100
8.058 8.401 2.097 8.403 9.207 9.9%8 9.335 11.082 24.900
7,106 7,434 7,102 8.071 7,829 7.397  9.48F 10.343 2427
§.170  8.432 8.864 8,312 4.907 7,429  9.237 12,587 31.803
4,608 4,726 5,001 S.312  5.839 4.293  9.927 14,978 43,073
2.947 3,131 3,344 3,608 4,280 5,087 10.283 22.906 74,997
1,102 1.192 1,454 1,835 2.845 5.343 12,445 37.441 131,817
AZINUTH = 4§0.00 DEGREES TOTAL RADIANCE MATRIX
10,215 10,892 10.948 11,488 9.737  9.810 11,493 11,433 25.399
10,715 10.538 10,444 11,188  9.444  9.783 11,820 11,703 25.34%
?.787 10,016 9.796 10.133  9.236  9.309 10.081 19,572 2.8
8.079  8.433  8.129  8.421  9.291 9,893 9.123 10,394 22.88%
7,020 7.400  7.117 0 B.065 7,474 7421 7971 8,944 17,59
6.180  6.443  8.439  6.265 4.760 .15 B.219  9.411 21.29%
4,813 4,722 4961 5191 5,304 5.498 4.797  B.347 13,459
.94 3,105 3,249 3,422 3,841 4,440 S.e41  7.832 17.53¢
1,096  1.136  1.237  1.379 1,833 1.948  2.4821  3.889 7,902
AZINUTH = 90,00 DEGREES  TOTAL RADIANCE MATRIX
10.748 10,928 10.981 11,810 9,23%  9.823 11.700 11,828 25.3%
10,752 10,596 10.703 11.239 9.485 9.315 11,827 11,442 25.379
9.819 10,072 9.863 10.213 9,282 9.538 10.054 10,473 22.80%
8.100 8.482 8.184 3.47F  9.321  9.903 9.049 10.197 22,22
7,134 7,492 7,196 3,103 7,483 7,398 7,861 B.412 18.473
6.189  4.483  4.481  8.27F 8,743 7.140  8.099  9.084 19,897
4,817 4,728 4,960 5,183 5.23F  5.338  3.425 7574 18,78
2,945  3.094 3,218 3,343 3.497 4,180 5,103 8048 15,314
1,089 1,102 1.182  1.230  1.367  1.526 1,381 2.595  S.54
AZIMUTH = 120.00 DEGREES TOTAL RADIANCE 9ATRIX
10.794 10,971 11,013 11,836  9.274 9,337 11,707 11,822 25.307
10,793 10,693 10.802 11,311  9.545  9.861 11,855 11,857 29.2¢
9.831 10,170 9.989 10.323 9.385  9.820 10.111 10,483 22.489
8.122 8.548 8.289 8.500 9,438 10.007 9.1%0 10.212 22,094
7,030 7.543  7.244 210 7,806 7,509 7.949 §.454 13,3544
§.199  6.496  4.744  §5.360 6,842 7,243 9,096 9.100 19,307
4.821 4,746 4,998 5,220 5.303  S.413 0 4.508  T.ald 140714
2.945  3.096  3.228  3.344  3.S30 4,207 S.1S1 4,780 15,297
1.082 1.0%0 1173 1,22 1,379  1.887 1., M3 2,486 2.733
AZIMUTH = 179.00 DEGREES  TOTAL RADIANCE MATRIX
10,873 11,026 11,047 11,560 9.794 9,350 11.714 11,814 25.283
10,851 10,974 11,002 11,459 9,446 9.°38 11,712 11,489 25.2%3
9.883 10,370 10,457 10,892 9.645  9.810 10.260 10,599 22,743
8.143  3.4890  8.633  9.297  9.993 10.421  9.46% 10,487 22.301
7.146 7,430 7,488 8.7%7 3,400 8.341 8,801 9,200 19,99
6.208  4.533  6.899 4.733  7.457  8.738  9.43% 10.231 20,722

AT, T N~

4,826 4,781 5,099 5.465  5.380  8.728  9.083 10.178 19,308 n
2,944 3.104 3,292 3,835 3.938  S.221  7.ra? 12,540 22.aa9 "
1,07 1,098 1,213 1,373 1,.78%  2.%3% 4,297 12,922 31,23 -
I
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TABLE B.1.5BROF-ATNOSPHERE ANAL/SIS FOR A SPUERICAL GRa3SS CANMORY LAl=,30.
WAVELENGTH = .30 MICROMETERS, VISIBILITY = 10,00 KN, ALTITUDE = 999,29 £
OPTICAL DEPTH = ,34&!
AZIMUTH = 1,00 DEGREES TOTAL RADIANCE MATRIX
10,523 10,486 10,400 10.308 9.081 9.03¢ 10.579 10,328 23.843
10,333 10.017 10,042 10,480 8.783 9.015 10,551 10,511 24,300
9.346 9.478 9.218 9.3504 8.401 8.801 9.261 9.792 22.748
7.689 7.949 7.449 7.900 8.676 9.237 8.628 10,217 23.717
8.7%9 7.046 4.4 7,399 72,081 7,154 B8.058 9,978 23.372
5.860 4.097  6.310 5.986 4.567 ?.33T 9.044 12,774 11,739
4.384 4,499 720 54103 5.523 6.37F 9,439 14,487 44,743
2.826  3.019  3.285  3.701 4,481 4,730 12,119 27,738 80.547
1,123 1,250  1.393 2.148 3.590 7,116 17,242 49,340 145,329
AZIMUTH = 40.00 DEGREES TOTAL RADIANCE MATRIX
10,585 10.549 10,441 10,844 9,106 9.053 10.585 10.317 23.793
10,396 10.124 10,119 10.535 8.822 9.228 10.526 10.400 22.984
9.406 9.554 9,281 9.%548 8.417 8.7 9.140  9.441 1.753
7,726 8,021 7,671 7.918  8.858  9.132  8.324 9,337 21,530
6,781 7.97% 4,729 7,582 8.991  4.392  7.324 3,124 1B.%87
3.873  6.108 4,297 5.908 4.344 72 7.596 8.811 20.18F
4.390 4.489 4,707 4919 5.0 207 8.404 7,306 17,772
2.82¢  2.978  3.120  3.300  3.827  4.332  5.456  N.490 16,347
o112 1,166 1,303 1.480 1,781 2,187 2.890 4,150 T.a%2
AZIMUTH = 90,00 DEGREES TOTAL RADIANCE MATRIX
10,835 10,825 10,3523 10.884 9,131 9.070 10,391 10,305 23.743
10.472 10.231 10,219 10.4614 B8.876 9.060 10.526 10.337 23.777
9.467  9.451  9.339 9.434 B.476 B.802 9.115 9,298 21,340

7.760 8,095  7.773  2.992 3.704 9,132 3,232 9,054 20,309
4,803 7,125 4.781 7.628 5.999 4.343 7154 T.87y 17,158
$.886  46.134  4.319 5.912  5.30F  8.404 7,239 3,369 18,097
4,399 3,393 4,899 3,807  3.71) 4,983 T.:T3 0 5,732 1.7y
2.822  2.993 3.088 3178 3,304  3.891 4,594 5,051 14,542
1102 1,116 1,192 1,242  1.373  1.%527 1,332 2.35% <.i1d0

AZINUTH = 120,00 DEGREES TOTAL RADIANCE nATRIX
10.751 10,717 10,383 10.924 9,139 9.084 10,597 10.294 23,493
10,364 10,428 10,403 10.732 3.965 9.119 10,555 10.318 23.s8¢1
9.526 9.833 9.4 9.813 8.830 8.912 §.179 9.291 21.1%4
7.798 207 7,947 8,190 8.877 9,272 8.324  9.084 29,043
6.827 7204 6,923 72,791 7,168 8.991° D.254 7,499 17,309
5.900 6,182 6.411 4,038 4.444 4,738 7.337  8.0%° 18.539
4.400  4.517 4,750 4,946 5,000 5.0%9  £.945  4.309 1%.018
2,320 2,960 3.082 3.203 3.3%2  3.991 4,783 5.,09% 14,323
1,092 1.098 1,179 1,239 1,398 1,383 1.928 2.824 5,340
AZINUTH = 179,00 DEGREES  TOTAL RADIANCE MATRIX
10,906 10.839 10,544 10,964 9,137 9,107 10,423 10,232 23.943
10,487 11.021 10,821 11,005 9,128 9.228 10,524 19,345 23.:13
9.587 10,239 10.581 10.3%50 9.293 9.209 9.382 °,420 21,229
7.839 8,479 B8.687 9,586 9.951 9.%85 3.,30% 9.40% 20.3M
6.851  7.3%4 7,370  9.863 9.133 3.%544 3.347  9.4327 17,393
3.913 272 8,873 4717 8,028 9.549 9,363 9,320 19,949
4,409 4,368 4,911 $.387 §.95% 7.591 10,388 11,362 13,341
2.318  2.983  3.180 3.486 4.070 3 25.337
5

$.831 9.393 18,884 29.32
1.982 1,1'0  1,29% 1,399 820 3.48% 0 TL3d 19,795 47,348




TABLEB.1.6 BROF-ATHOSPHERE ANALTSIS FOR A SPHERICAL GRaSS CANQFY LAL=.%9,
WAVELENGTH = .80 MICRORETERS, VISIBILITY = 4,00 KN, ALTITUDE = 900.02 in
OPTICAL DEPTH = ,339
AZINUTH = 1,00 DEGREES TOTAL RADIANCE MATRIX

10,213 10,012 9.347  9.464 7,989 7.803 8.979 8.841 23.139 t

9.098  9.243 9.054 9.283 T.ém  7.778  8.982 9.081 13,824

8.473 9.393 8.242 8.393 7.526 7.620 7,974 8.400 22,100

7.038  7.178  4.827 4.990 7,609 B8.051 7.584 228 23.19%

6,127 4.322  5.997  4.742  46.29%  4.418 7,400  9.481 23,193

<287 5471 5,451 5,390 5.962  6.832  8.710 12,840 31,735
3,972 4,07 4,346 4719 5,301 6.468 10,102 18,314 45,562

2,409  2.812  3.118 3710 4796 7,696 14,562 32.547 83.4%7
1,180 1,348 1.854 2.709 4.774  9.811 23,388 41.338 153.%4¢
AZINUTH = 40.00 DEGREES TOTAL RADIANCE MATRIX
10.892 10,178  9.49% T4 8,035 7,829 8.986 8.345 23.087
10.064  9.506 9.221 9,389 7.7%1  P.794  3.943  8.940 23,301

8.824 B.782 8.354 8,468 7,546 7,573 7,801 3.183 21,079
7.118 7,279 6.900 7,016 7.572 7.889 7.157  8.133 20.907
6.171  6.379  5.01%  4.212  4.150  6.023  8.373 7.i74 12,979
S.312 5,490 5.4822  5.244  5.415  S.921  4.876  7.876 19.722
J.981 4,060 4,241 4,428 4,525 4721 5,807 2.142 17,387
2.808  2.748 2.888 3.080 J3.324  4.108 S5.152 7,032 16.710
1.166 1,239  1.400 1,414 1,981 2,456  3.251  4.331 7.440
AZIAUTH = 0,00 DEGREES TOTAL RADIANCE NATRIX
11,092 10.384 9.844 9,825 8.082 7.35 3.993 8.330 23.01%
10,271 9.769  9.443 9,544 7.847 7.842 8.938 3.3%3 23.088
8.973 8.983  8.3591  8.628  7.643 7.813  2.260  2.981 20.4%56
7.198  7.434 7,038 7147 7,648  7.882 7,022 2.777 20.148
215 8.471 40113 4,788 44157 5,946 6.130  8.517 15,841
5.336 5.538  5.865 5.289 5.553  5.7I 4.244 4.9%0 13,170
3.990 4,087 4,231 4,349 4,353 4,38 S.008  5.273 15,308
2.606 2,719 2,808 2.894 2.997 3.4%3 1 5,277 14,259
1,182 1,188 1,237 1,289  1.410 1,554 L1350 2,328 4,324
AZINUTH = 120,00 DEGREES TOTAL RADIANCE MATRIX

—

11,334 10,443 9,991 2,909 8.132 7.882 9.000 8.814 22,743
10,334 10,293  9.894 9.797 8.013 7,939 8.978 3.331 22.74”
P.121 9,436 9.128 9.008 7.941 7,799 7,852 7.947 20.%03
7.280  7.682 7.43%  7.5%9  2.976 8.12%5 7,159  2.77%T 19,799
6.263 - 6,631 6.405  7.112  4.47T  6.205  6.235  4.852 14,49
5.361  5.430 5.845 5,508 5.812 5.972  4.408 .01 18.0%8
4.000 4.113 4,323 4,495 4,524 4,540 5,240  S.%50 18,278
2.804 2,728 2,343 2,992  3.094  3.400 4,252  S5.407 14,333
1,139 1,180 1,239 1,322 1,812 730 2,080 2.7 2.404

AZINUTH = 179,00 DEGREES TOTAL RADIANCE MATRIX
11,744 11,003 10,140 9,992 9,183 7.908 9.207 §.798 2.9
10.894 11,929 11,047 10,435 8.355 8.134 9,082 3.8a' 22.920
9,221 10,4603 11,730 10,943 9,007 8,389 8.192 9,145 20,541
7.363  B.347  9.401 11,218 10.484  9.8% 8.0s4 8.318 20,27
6,311 6,969 7,486  9.384 11,480 10.017  B8.%87  3.014 17,401

5,386 5.8146 4,433 7131 9,778 13.1%9 12,116 10.%8% 20.17)

4,009 4,214 4,808 5,437 LIS 10,718 te 771 15,833 21.3%3

<802  2.776  3.047 3.567 4224 7LO°% 15 17 28,010 34,00t

1,129 1,186 1,408 1,870 3,015  %.88% 13.787 34.339 M8.39°
56




TaiLEB.2.1 BROF-ATROSPMERE ANALTSIS FUR A SPUETICAL HRASS CANG®r o174 LAl = 1.2
JAVELENGTH = .03 MICRIAETERS. VISIBILITY = 2329 A,

QPTICAL DEPTH = 237
AZISUTH = 1,00 DEGREES  TOTAL RADIANCE HATRIX

b e s g 4l ol Cagll

173 4,200 4,322 3.3 3.3ee 3.321 3.d8% 4. 2'a 0270

3.941  3.248  3.444 3,202 313 3.284 3,281 4,392 3,997

3.695  2.690 2.524 2. 714 3@ 2,693 3.58%  4.739 10.09%

3.163  2.57% .48 2.389  2.904 2,578 3.403 51T 11N

: 2,817 2,339 2,148 2,222 2.483 2,539 3.977 %11 13,99
r 2,008 2,146 1,933 1,77 1.480 2,897 )82 *.937 20,323

1,427 1,491 1,479 1,838 2097 3,08 §.419 12,427 Je.380
L9T0 1,019 1,173 1,548 .28 3.93%  8.439 22.92¢ 77.379
A L807  1.080 1.599  2.809 S.a¢1 M4

AZIAUTH = $0.00 DEGREES  TOTAL RADIANCE NATRIX

-
-0
~4
”»
[ 23
o
.
“
o-
w
o
S
-
—
w
-

4,245 4,270 4.3%0 3.233 3.403 3.352 .49 4,220 3,23
4,011 3.387 3.539 3.<81 3.180 3.329 3.2%9 4,308 3.904
3.762 2.782 2.4614 2.793 Y339 2,708 3.483 4,12 3.7464
31.204 2.347 2,49 2.425 2,828 Qis13 3.200 $, 913 3.789
2.547 2.389 2.1 2.242 2.432 2,329 3.99¢ 4,13 3.3
2,029 2,178 1.949 1,933 2.277 2,347 3.7%2 3,198 3.338
1.440 1,499 1,438 1,49% | Pt 1) 2.0%2 2871 1,094 ?.730
978 993 1.092 {.192 1.407 1,328 2.9 3.%37 7354
.889 734 82 782 1,234 1,823 2,310 3,911 §.08
; AZINUTH = 90,00 DEGREES  TOTAL RADIANCE ®ATRIX
4,328 4,354 4,459 3.290 3.439 3,353 3.512 4,224 8.13°
! 4,095 3.497 3.458 J.388 3,248 3.398 3.299 4,234 EPERR
3.823 2.897 2.7% 2.917 3. 442 2,799 3.517 4,327 3.%3
3.249 2.743 2.4508 2.%44 2,90 2.57% 3.174 4,038 3,004
D adiid 2,499 2.8 2.337 2.499 2,317 2.9M AR e i
2. 390 24227 2,918 1,99% 2298 2289 st .78 9. 04
1,452 1.5 1,442 1,4% 1.3%0 1,334 ..M : . iis
97 L7990 1.02% 1,122 1.d32 1,480 1.,32° PRI i,
W82 709 R | 90 .393 1,983 v, 347 is3 oGS
’ AZIAUTH = 120,00 DEGREES TOTAL RADISMCE AATRIX
4,448 4,458 3,928 3.328 J.479 31,413 3,336 4,229 4,143
4,199 3.709 1,94 3.5 3.390 3.49% J.aT 3,313 3,329
3.89% 3.0 3.009 3. 3,654 J.9a9 .24 4,307 3.93%
: J.29 2.877 2.3 2.399 3,178 2.308 3.3°° $,217 ?,32°
] 2,809 2,564 2.487 2.544 2.79%4 2.5% 303 1.921 2,3
2,072 2.3M 2.143 2,473 2.%22 2.%538 2,739 3.3%: 2,00
t, 48 P 1,959 1,50 1,38¢ 2.3 2. 4% Toide g.:20
.39 1,1 1.97% Vo t36 e 39% 1.8'5 2028 T * -
| o4 877 AT 333 .73 1,201 bl 74 e 3 a3
AZIMUTH = 179,00 DJEGREES TOTAL RADIANCE aATRIt
4,347 4,597 4,959 3.378 31.52) 3,444 L 4,238 3.9
4,339 4,42 4,339 3.377 SemYa 3,459 3.990¢ 4,43 3.3%3
3.%62 3.37 4,138 3.9%33 4,138 3.3%3 L L $.97: 3.%04
3.338 3,172 3.049 4,433 4,379 1,852 8,228 4,52 1,43
Y I 2. 4 2% 3 e p PRI 3,307 4,332 A0 Bt 1.330
2,093 24420 2,434 2,580 3,303 R ) $.8%2 g.8°. ,%.8
A 1. ad7 1,738 AT 7250 §,:%) 3,.% L7 sd.
938 « %8 1.9 LL. O o. 143y 3.573 * Bl 1T 4%4 6,
Y 225 TEY | P e 3 : e 2,°7 £ ik
57
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TABLE B.2.2 BROF-ATAOSPMERE ANALYSIS FIR & SPHERICAL ORASS CANDR Y J1T4 il 1.2
UAVELENGTM = .88 AICROMSTERS. VISIRILITY = 12,00 ka. ALTITUDE = 390,07 dn
QPTICAL DEPTH =

AZIMUTN =
4,355
. 207
3N
J.144
2,490
1.991
1,451
1,042
.82

AZINUTH =
$.010
4,345
3.37%

3':1(’

2.534
2.020
1.48é8
1,048
31
AZINUTH =
§5.137
4.518
3.999
3.288
2.578
2.048
1,480
1,043
.302
SCInUTN =
$.432
4.732
4,122
3.362
2.4826
2.977
1.49%
1,051
732
SIINUTH =
$.837
$.933
4,247
J.436
2.074
2,108
1,599
1,254
M9

" Ve

427
1,00 DEGREES
4,444 4,322
3,332 1.396
2,704 2,439
2,539 2.345
2.291 2.109
2.1 1.932
1.519 1.544
1,120 1,337
L9877 1.384
80.00 DEGREES
4,581 4,447
3.552  3.549
2.8%% 2.417
2,843 2.4%7
2,341 2.187
2,146 1,970
1,520 1,472
1,074 1,150
.380 998
90.00 DEGREES
4,752 4. 572
3.77 3.747
3.0%50 2.8%
2.791 2.824
2,459 2.2M2
2,207 2.900
1.%540 1,499
1.98! 1,099
324 382
120,00 DEGREES
4,943 4,897
4,207 4,127
J.428 3.2W
3.013  2.947
2,416 2.9%3%
2,308 2.192
1,804 1.80°9
1.084 $.188
813 879
179,00 DEGREES
5,266 4,323
g.701 $.099
4,397  S.414
3,588 4,497
2,913 3.488
2,488 2.714
1212 1.931
143 1,352
357 1,039

TOTAL RADIANCE MATRIZ

J.1%  1.2M
3.108  2.984
2,432 I
2,312 2.7
2,192 .47
2,008 2.538
1.7278 2.4
1.860 2.3
2,135 3.914
TOTAL RADIANCE
3.230 1.294
3,214 3.064
2,729 J.188
2.349 M
2,199 2.3M
1,923 2.2%2
1,937 1.918
1,320 1.57%
.208  1.9533
TOTAL RADIANCE
3.305 3.348
3,373 34178
2,902 3.314
2,826 2.839
2.39% 1.4
1,949 2,249
1,503 1.702
1,130 1,302
L34 1,041
TOTAL RADIANCE
3,387 3.490
3,806  3.393
3.2% 3.822
.70 3.187
2,839 2.7
2,220 2,544
1,481 1.929
P4 1,451
L9888 1199
TOTAL RADIANCE
3,441 3.4%
3,188 3.873
4,386 4,553
4,181 $.518
4,980 7,293
3,307 .4
h- S ST PRRLE 3
1,337 1.38%:
1,800 2.42%

3150 3.2%3
3113 3.0
2.606  J.409
2,853 1.442
2,824 3.804
3,183 4,878
1,887 4.788
.219 11,353
3.423 21.334
NMATRIX

3,136 3.238
3.1%  3.0a2
2,597 3.222
2,438 3097
2,289 .84
2,350 I.7%
2,123 2.813

2.076 2,839
2,022 2.834
AATRIK

3.228 3.27?
1,233 3.09!
2,482 3.391
2,487  2.9%9

A A LS.

LR 1 .oa"-
2,230 2.422
1,332 2.184
I s 1.9
1.2:3 1,49
AATRIX

3.2% 3297

3.357 3.taY
2,910 3.337
2,782 3.2035
.39 1.914
2,536 2.487
2.082 2.43%
1,719 2.999

1,408 1.732
MATRIY
.:os 3.31.

3.5’* 3.:‘3
KPR AR Y- LD
4,27 4%

g.997  9.978
9,128  7,%0°
7.4%8 13.37¢
$.423 12.3308
F e? TR

3.833
4,087
4,49
S A7
$.308
9,134
15,413
30.03%
82.493

-
Ge a2 ' B 12 O v

" el
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a1.4818
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7.489
2.377

119

faw
J.114
,l":

.87

1,397
.04
5.92°

L4386
047
LT

e

s e 4= o O
s o - @
-

GO e ARG
. e e =
>
-
-

84 44 3
a
)
1




* TS5LER.2.3 B3ROF-ATAOSPHERE ANALTSI3 F0% A SPNERICAL JFASY CanCrY 9%y Lal = 1.2
WAVELENGTH = ,83 NICRONETERS, VISIBILITY = 4,00 A, ALTITUDE = 304
U°TICAL DJEPTHN = 309
AZINUTH = 1,00 DEGREES  TOTAL RADIANCE MAaTRIX

| §.938  5.280 4,488 3,179 3,042 2,908 20915 3L a,98
% 5.056 30.‘0 3-3‘5 2.‘7’ .ol’o 2.858 :.d:? 3.5.: 7.0‘,’
‘ 4.0'3 20802 20‘63 2050' 039’ 20‘."’ 3.'.5 .o".': 3036.
E 3.196  2.514 2,290 2.2 2,573 2,903 1.3 5,088 10,210
3 2,483 2,234 2,088 Q.14 2,440 2,724 4,034 4,%2: 13,937
1,987 2,080 1,922 2,082  2.44%  I.514 5,344 10,031 v, "

1,309 1,573 1,087 1,90%  2,32%  4,49%  8,33F 17,03 40,243

J 1178 1,294 1,808 2,383 3.7 6.979 19,027 3e.202 0. i:

1,098 1,296 1,884 2,977 5,558 11,910 29,004 7,308 200.0a1

AZINUTH = 30,00 DEGREES  TOTAL RADIANCE MATRIX

7,343 5,583 40789 3,327 3.var 2.9%% 2,738 3,390 s.8W2
S.I90 4141 3,492 30188 2,907 2,906 2,700 3,%30% L2
4,301 3,109 2,488 2,483 2.9%9 2.43%  2.973  3.a%2 v
3,342 2,700 2,433 2,294 2,380 2,32 2,348 1.7 i3
2,388 2,345 2.m18 2,134 2,279 2,334 2,733 3.7y .3
2,034 2,109 1,908 1,9t 2. 210 2,340 2,792 &,004 7 37
1S3 1.570 !.SB@ 1.4829 1.914 2.267 . 907 4,2 3.9
1,183 1.222 JI319 1,529 1,829 2,414 3.2 4,332 a.ad:
1,048 1,137 l.-°4 1.577 2,008 2,853  3.48% 3,229 %,.°%g
AZINUTH = 90,00 DEGREES  TOTAL RADIANCE mMATRIX i
7.302  5.004 50851 J.474 0 3.2% 3,007 2.3 3.330 5,318
S.813 4,843 4102 3.4%5e 3.08S 3,007 2.3ta 0 TLal: Tl
4,585  4.518  3.10d4 2,945 3,143 2,337 2,948 3.4 Yot 30
J.489 2,994 2,72 0.54% 2,728 2.348 2,722 3,30 5,903
Q.848 2.9518 2,300 2,294 2,343  2.18% 2.472 3,083 ). Ll
3,082 2.9% 2.9 1,97 2,132 2.14% 2.2%) 1,3 bt
1,953 1.8 1,58 1.%58 1,733 '.842 2.09y 2,53 1,419
«186 e sdy 1,249 1.313 1,423 AR 1,399 a.i54 3. %
134 1,953 V. V02 1.17% 1,20 1,459 1,790 2.8 o 3 1%
-Z..J7 = 120,00 DEGREZS  TATAL IALIANGE maTS:
3.4 8,537 5.332  J.628  3.343  3.0% 2,937 3.3* 5,723
8.37 .70 4,540 3,912 3.188  3.'%0 2.%s 3,427 s, .
i, aoa 4,381 4,112 3,840 3.3" 2.38%  3.'al 1.E03 0 .9
J.640 3,433 3.4 3.294 3.32% 2.32% 3.907  3.337  8.523
2.734 2,810 2.31F  2.89'  2.927 2,583 2.39e  3.2323 3.3
129 2,380  2.347  2.41%  2.57% 2.8ty 2.9%  3.127 =,
.5" 1.799 1,72 1,3%s 2,083 2,22 2.490 2,2y, i3
98 1,21 1,338 1,483 1,87 1944 2,27 .73 3,79,
A2 1,080  1,1%0 1,294 1,833 1,837 2,238 2,303 3.8t
a-.~UT~ = 179,00 DEGREZS  TOTaL RADIAWCE =ATRI¢
9.3834 7.3t S.ate F.7T8 0 3438 3109 1.002 0 3.38) 0 s Ttl
T80 9,471 7.3TH S.1%8 0 4,008 3,842 3.1 L% L3t
S.194 5,823 9,349 7,983  S.876  3.942 1,77 3.a3e iy
3.791 4,706 7,399 11,142 B.a%s S, $.90°) 4,337 CL0n
2,321 J.438 4,360 3,351 13,479 10,127 4,988 F EC e
1?7 2,719 T.d1e 8,437 10,882 17,820 13,.2 339 ’,0°¢
1,885 1,390 2,348 3.85%3 0 .80 4,148 25,90 23,902 2 H5
99  1.34¢ 1013 3,50 3,89 9,798 23,741 88.%%: 38.:1T
209 V13 1,892 era'? d, )3 3880 22.9%0 §0,85%C 12:g, s
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TABLE B.2.4 BROF-ATHOSPNERE ANALTSIS FIR A SPHERICAL 02ASS CANOFY WITH LAl s 1.2 U
JAVELZVGTH » .30 MICROMETERS. VISIFILITY = 23.00 KN, ALTITUDE ® 900.00 KA
OPTICAL DEPTH = .222
AZINUTH = 1.00 DEGREES  TOTAL RADIANCE WATRIX
9.766 10,670 11.041 9.34% 10,423 11,400 12,904 17,141 J8.044
10.006  9.222  9.834 10,183 10,306 11.618 12.703 17.890 39.471 |
9.899 8.4647 8.410 9.356 10.470 10,8857 13,127 18,101 41,248 i
8.943  8.193  0.122  0.352  9.413 .83 12.147 17.208 39,384
7.576  7.280  7.080 7.368  8.219  §.79 10.380 15.946 37.834
5.369  6.39%  6.487  6.454  7.413 8130 10.128 15.978 40.028
$.700 4,805 4.871  S.079  S.919  7.131  2.359 17,834 49,549
2.963  2.990 3.096 3.473  4.242  $.910 10.042 23.010 7%.270 L 18
109  1.208 1,396  1.827 .77 5.23% 12.881 37.873 111.387
AZIAUTH = 60.00 DEGREES  TOTAL RADIANCE WATRIX |
9,798 10,701 11,074 9.348 10,441 11,4185 12,911 172,138 38.)00)
10,037 9.280  9.381 10.220 10,335 11.833 12.891 17.811 39.330
9.931  8.492  9.453 9,390 10,433 10,544 13,048 17,333 30.34s
§.904  8.227  9.154  B.370  9.408  9.771 11.9%5 14.539 37.388
2.890  7.308  7.09%  7.343  0.184  8.01% 10.366 14.8s7 33.193
0,378 5,605 6,980  6.408  7.280  7.72%  7.108 13.002 29.322
0704 4801 4,830 4.999  5.533  6.32s  7.829 11.003 25.129
2.762  2.744  3.000 3.206 3.803  4.233  S.400 .93 17.808
1089 1,152 1,200  1.352  1.939  1.918  2.808 3.921  7.9%2
AZIAUTH = 90.00 DEGREES  TOTAL RADIANCE MATRIX
9.827 10.738 11.197  9.891 10,458 11.428 12.918 17.149 37.7%
10,074 9,337 9.939 10.271 10.374 11.8e1 12.498 17.570 39.194
9.953  8.749  8.720  9.449 10.534 10.473 13.040 17.739 19.97
3.985  9.274  8.210  0.424  9.447  9.781 11.901 1s.333 3s.70s
2608 T.336 7.134 0 7.400 8,178 3,692 10.2%6 14,338 32.080
5393 0.82%  6.502  e.a1d  2.249  T.sed 3,338 12.:48 23,33

4.748 4,307 4,330 4.9 S.314 0 4 04T TL1C3 10,230 23.2%9
2.9 2,973 2,943 1.128  3.48 3.933 4,902 8.3 19.537
1,002 1.11@8 1,128 1,203 1,27 1.479 1,348 2,827  5.9%

SRIMUTH = 120,00 DEGREES  TOTAL RADIANCE MATRIX .
.87 190,781 11,140 9,915 10,477 11,442 12,925 17,143 37,212
10,117 9,434 10,039 10,343 10,434 11,708 12,727 17.%8% 39.00%
9,999 B.346 0.84s  9.5%9 10,836 10.7%% 13.098 17,749 39.3%0
?.009  3.341 8,314 9.549 9,564 9,385 11.987 15,339 Ja.57°
T.820 7,388 7,224 7.%08 0297 3,703 10,344 14,277 31,972
8,397  5.853  8.564 4,501 7,347 7,71 3.98% 12,492 29,033
4,77 4,325 4,347 4,593 5,533 s.24t 7,238 10.24% 23.135
2,960 2.%%6  2.980  J.149 3,492 3,030 4.9  9.334 195.3X
1,979 1,106 1,118 1,199 1,286 1.%599 1.999 2,719 §.7%%
ACINUTH = 179,00 DEGREES  TOTAL RADIANCE AATR!
9.3%1 10,836 11,1737 9.93° 10,497 11,4%% 12,932 17,133 37.8.3
10,172 9.7 10,238 10,491 10,.53% 11,783 12,783 17,997 39,952
10,027 9,047 9,314 9,227 10.397 10,945 13,247 17.3e% 139.998
9,030 8.482 8,481 9,242 10,119 10,299 1.2,30' 14,330 36.31¢
70038 T.ATA 0 DLd66 3.09% 9,291 9,838 10,79 14,324 32,70
9.997 8,7t 8.720 6.87%  B.182 9,247 19,324 13,822 29.'3)

~

4,797 4,300 4,%8 5,233 6.159  T.%%e  9.°9% 12,330 .Y

2.999  2.973  J.044  3.32)  3.900  5.044  7,T0e 12,887 2C2,.%s!

1,068 1,112 1,180 1,3de  1.&TT 2,540 4,390 10,324 33.284
§7




TAILIB.2.S EKOF-aTROSFHERE ANALTSIE FUF 3 SAMESICAL GRASS Can0®r WITH
UAVELENGTH = .30 MICROAETERS. GISIRILITY ® 10,30 KA, ALTITUDE = 300,00
OPTICAL DEPTH s 34!

E AZIAUTH = 1,00 DEGREES  TOTAL RADIANCE mATRIX
9.654 10.307 10.519 9,209 7.732 10,503 11.873 185.17% 35,9
9,694 8,832 9.32% LE27 9,808 10700 11,513 12,703 37,61
9,482 8.232 8.146 8.790 2,799 9.338 11,940 ta. 07T 39,30
3.522 7.274 7.473 7.9%2 3,792 9,129 11,188 15,418 37.70C
5,201 4.399 .49 4.%44 T T19 5,044 10,200 14,908 3
8,047  8.249 8,133 a.117 7,033 s.700 9,340 15,791 35,
4,507 4.573  4.850 4,388 5.7 .12 10,103 19,014 3
2,341 2,888  3.034 3.303  4.448 5.570 11,906 27,8329 30.334
1,116 1,264 1.545  2.144 3.5.8 ST 17,230 av, 347 145,879

AZINUTH = 40,00 DEGREES  TOTAL RADIANCE mATRIX
9.718 10.370 10,580 9.333 9.7%7 10,519 11,879 15,187 I5.F

9.7%¢ 8.940 9,403 9. ... .84 19,714 11,483 15,892 37.20°
7.3 8,308 8.209 8.83% 9.77% 9.310 11,829 1%.82% 8.3
3.9%8 7.825 F.mg A 8.2 9,021 10,388 14,734 3T.E9
2,231 .97 8,708 5.928  7.el8 7,991 9,469 13.,0%7 3,433
5.080  8.200 8128 4,040 4310 7,190 9.392 11,783 5.'.3
3,517 4,963 4.%88 4704 5.0 €. 920 7 087 12,33 24,073
2,939 2,348 2,391 30002 .42 172 5,243 C.%%0 7.

1,196 1,130 1,292 1,436 1,679 2118 .89 4,127 ?e?3
AZINUTH = 90,00 DEGREES  TOTAL RADIANCE HATRIX

9,787 10,445 19,84 LM 2,782 10,538 11,585 13,15 39.3:2
9.3312  9.087 9,502 9.711  9.:98 19,748 11,387 195,829 37..83
9,503 8.406 8.317  3.920 °.334 9.339 11,798 15,933 3V.3%3
3,594 7.900 7,797 .94 3,220 9,020 9,772 W 2,754
EPRL LA T2 IR P | 3,993  7.33%  *,017 3,280 10,31 Juedia
9.073  8.287  5.1%2  9.4d (PR R I 3,08% t1.28a ls.cel
3,813 &.%87  4.979 3,088 8, 3" £.71% 4,827 9,109 lo.ids
2,337 2.828  2.330 2.9 3.2°) 1.0 4,430 s.182 &%)
1,09 1.1 1,142 1,218 1.9 1.48% 1.322 cod13 iy
AZIaUTH = 129,90 DEGREES  TOTAL RADIANCE MATRIX '
9.333 10.538 12,79 9,410 9.810 19,583 11,870 1I.'-3 n {0 et
9,978 9,243 7.087 9.32¢ 9.787 10,80% 11.8517 8. 3a,YT0
7.802 8.%39 3,544 9,100 2,99 9.948 11.3% 9.87: IT.UIQ
3.831  8.012 7.9 8.143 3,393  9,ta) 12,388 13,480 3elv
=389 7.0%7 8002 W 2.30% 8,080 9,399 11,033 30.l0
5,088 8.334  5.244 a.te7 8?2 2,202 3.133 11,078 2a.°
4,523 4,99 4,320 47T g, %% S.91¢ 5.,9018 6,135 2 .ca%
2.33% 2,330 2.3%]  3.000 3.3t7 .79 4,539 .35 :
1.9 1,103 1,129 o219 1.319 1,54 1,913 S YA b4
JZISUTH v 179,00 DEZREZS  TOTAL RADIANCE @aTRIY
10,038 10,580 10,783 9,33 9.338 12.957) 11,898 T, i3 IT.T.
10,043 9,337 10.10% 10.102 9.9%1 10.21% 11,%8¢ 19.3% 38+

L
2,733 9.010  7.%09  9.337 10.4%! 190,249 2,00t 19,30

- 1 P
3.508 8.290 9,71 9,533 19,067 0,373 11,333 14,393 3¢,2I3
2,293 T,207  T.iee 3.1 3.7 9,853 19,302 J.ay TUL¥
3.099  $,323 8,507 e.337  §.3%0 0 13,888 124887 oT..
4,922 4,332 4,73 8,080 8.7 1,343 K] 3,985 29,3
2,333 2.393 3¢y 3.333 4,03 782 330 13,79 2
( ATs 1128 1,004 1ldar oM 1,637 0 18850 4




TABLE B.2.6BRDF=ATROSPHMERE ANALYSIS FOR & SPMERICAL 3RA33 CANOPY WiTH LAl s 1.2
VAVELENGTH = .30 MICROMETERS, VISIBILITY » 4,00 kA, ALTITUDE = Sud. 00 id
OPTICAL DEPTH = 489
AZIMUTH = 1,00 DEGREES  TOTAL RADIANCE MATRIX
9.945  9.854  9.451 6.346 8.548 9,044 9.894 12.99° 35.873
9.332  0.198  0.42%  8.498 8.398 9,206 9.787 13.515 37.46!
3.79%  2.498 7,303 2.773 2,520 8.497 10,213 14,083 39.344
2.77 7,000 6.848  4.949 7,008 7.9%6  9.707 13.83% 17073
§.515  4.193  S.979  4.176  4.340  7.336 9.18% 13,479 Je.é1S
€.450 S.804 5.505 S.503  s.360 7,221 9,372 16,379 00170
4,079 4,139 4,240 4,535 S.519 7,099 10,442 20,288 392,238
' 2,822 2,702 2,924 1.54%  4.re?  7.585 14,338 32,428 33,749
i 1179 1,379 1,814 2,690 4711 9,730 23,379 91,339 133.414
i AZINUTH = 50,00 DEGREES  TOTAL RADIANCE ®ATRIX
i
|
|
?

10,124 10,020 9.799 8.427 8.594 90T 9.901 12,933 3%5.92!
7.498  0.462 8.%593  8.602 9.4%8 9.222 9,748 13.379 37138
3.944 7,485  7.425  7.847  2.541  3.450 10,042 13.381e 33,34
2,383 2.108  8.921  4,97%  M.872 2794 9,277 12,740 35.52
6.560 8,251 4.001  4.14% 4,595 8,940 8.1%3 11,372 3!.440
€.47%  $.823  S.476  S.37T 0 .03 4311 2,338 100412 230 E
4,088 412 3,036 4,243 4.782  .349 8.347 9.tia 240103
[ 2,830 2,837 2.494 2,914 3,295 3,97 4,973 7,108 07,000
1,181 1,251 1.360 1.59% 1,518 2,424 3,242 4402 @
AZINUTH = 90,00 DEGREES  TOTAL RADIANCE MATRIX
10.32¢4 10.22 9.949 9.%508 3.341 7,097 9,908 12,987 35.347
' 9.70% 8.72% 8.314 8.7%9 3.583 9.27 9.743 13,297 34.925
9.093 7.384 7.452 3,008 3.338  8.490 10,001 13,434 37.922
2,913 2.282  S.079 7,108 L7480 CLTB3 9,142 12,384 34.73s
2.504 3.342  8.09% f.aat .70 4.303 2.91% 10,318 3.33
| €.500  S.671  5.519  S.383 .01 2124 8.%00 .39 5,008
| 0.097 4,133 4,125 4185 4,570 4.8 5,803 7,383 Lo.0W
y 2,613 2,409 2,804 2,728 2.9%8 3.2 30927 S.3% 1IN
1148 1,179 1,197 1,27 1,347 1,722 1,808 1,34 4.37¢
AZIAUTH = 120,00 DEGREES  TOTAL RADIANCE MATRIX .

10.586 10.487 10,295  3.591  @.891 9,123 9,913 10,390 -
9.988  9.249 9,285 9,010 8.720 9.387 9,792 13.288 o304
9.242 8.339 8.139 8,388 3.93¢ 3.874 10,092 13,3420 IT.749
3,015 -7.8510 7.45 2.S18  8.076 8.030 9,279 12,330 4,007
5.052  6.%503  0.337  4.545  7.013 7,122 .97 10.3%0 Ju.'®3
$.52 €.753  S.700  %.822  8.210  a.380 7,070 2,350 Z:.493
4,107 4177 4,023 .31 4,70 $.147 5.780 7.938 3t.°%
eebld 2,817 2,849 2.7% 3,068 J.449 4,978 $,483 14,:.%

) 1L134 0 1,182 1,199 1,304 1,449 1,899 2,071 I,T4d D00
AZIAUTH = 179,00 DEGREES  TOTAL RADIANCE mATRI

10.976  10.34% 10,244  3.97% 3.742 9,150 9.920 12,938 3%.d00

10,328 10.384 10.413 9,888 9.0e1 .58 9.387 13,290 35.7%7
9.391  9.%06 10,790 10,322 10,00t 9,26 10,3433 13.I%% 3.0
9.098  8.17% 9,422 11,17 10,794 9,502 19,184 12,923 34,387
5,700  5.341  7.463  7.3°3 12.02% 10,938 10,370 .20

e 19 '

>~

. €.009  %.949 .29 T34 10,07y 13,539 12,79 3, a3.5%8
3,00 4270 4930  S.2%T CTLlIT 0 11,343 1.3t 12,007 OB
2,803 .00 2,331 . 4,333 7,348 18,%43 29,23z 34,100
1.0 1,187 1,358 !.3%2 2,391 €.3%3 13,83 3..330 Ta e
: 52
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TADLED. 3.1 JROF=ATHOSPHERE ANALYSIS FOR 4 SPHERICAL GRASS CanQFy Laled.0.

JAVELENGTH =

OPTICAL DEPTH = 2359

AZINUTH »
3. 3N
3.032
2.773
2.333
1,997
1.548
1.208

923
673

AZINUTH =
3,463
3.102
2.839
2.37¢
2.026
1,989
1.217

922
867

AZIAUTH =
3.54¢
3,184
2.906
2.419
2.05¢6
1.81)
1.23¢

AN
048!

AZINUTH =
J.664
31,290
2.972
2,443
2.009
1,632
1.242

938
!‘:‘

AZINUTH =
3..“
3.‘30
3.040
2,500
2.122
1,883
.28

.939
49

e B i e

1,00 DEGREES
3.070  2.%48
2,833 2.438
.51 .34
2,130 2.102
1.790 1,820

1,554 1,834
1.222 1,328
L982 1,148
786 1,064

$0.00 DEGREES
3.140  3.03¢é
2.9%2  2.7%3
2,606 2,439
2,202 2.17%
1.843 1.84¢
1.584 1,843
1,230 1.280
9% 1,024
T4 806
90.00 DEGREES
3,224 3,104
J.072  2.aM
2,220 2.57%
2,299 2.293
1,914 1,9%%
1,435  1.707
1,298 1,308
L9953 999
879 28
120.00 DEGREES
3.328 1172
3,290  3.078
2,924 2.8%4
2,432 2.3508
2,018 2.142
1.709 1,844
1,300 1,398
ey | 1.048
870 S
179,00 DEGREES
J.? 324
4,007 3.548
3.3% 3.
2,727 3.33¢
2,198 2,842
1.828 2.1%9
1.380 1.609
1,021 1.9
L0 .840

TOTAL RADIANCE MATRIX

2.843  3.087
2,608 2.8%
2.403  2.402
2,244 2,440
1.9%8 2.2
1,784 2,123
1.5%9 2.060
1.911 2,223
1.504 2.802
TOTAL RADIANCE
2.890  3.104
2.764  2.962
2.482  2.46%7
2.300 2.489
1,978 2.1M1
1,740  1.980
1,408 1.613
1.15% 1.3
987 1,222
TOTAL RADIANCE
2.936 3.0
2.849 3.048
2.806 2.744
2,421 2.594
2,070  2.334
1.79 1,999
1.399  1.%%3
1.0M 1.208
.84 L399
TOTAL RADIAANCE
2.985  l.180
3.014 3173
2,829 2.97%
2.676  2.841
2,297 2,492
1.980 2.138
1.539 1,729
1.190 R 4
821 07
TOTAL RADIANCE
3.034 cadl
3.3%  3.378
3.857  3.510
4,310 4,003
3.504 4,309
2.749 3.960
2,039 2,713
1,506 2.1%3
1.124 i
€3

3,285 3.9
J.204 40402
2.708 3.082
2.9%%  3.880
2.766  3.938
2.876 4,389

3.058  S.3ve
3.0 8.423
S.006 14.972
NATRIY

3.316  3.968
3.329 4091
3.000  3.499
2.897 .87
2,948 3.2%7
2,327 3.0%8
2,012 2.7¢7
1,802 2.3
1,618 2.310
MATRIX

3.347  3.989
3.398 4,091
3,084 3.733
2.960 3.59
2.%66 3.1%9
2,249 2.222
1,830 2.30e
1,424 1.3'3
1,088 1.347
RATRIX

3.37 4,010
3.499 4,148
3,283 3.880
3.192 3.797
2,821 3.3IN2
2.519  3.06e
2,039 2.%49
1,509 2.90'2
1,196 1.%%7
MATRIX

3,408 4,032
3.8%9 4297
J.848 4,193
4,037 4,447
4,839 4700
.92 %5.99¢
4,380 &.388
3,450 7.%a8
J.1%8 T.oad

g.39¢
$.711
5.508
§.043
6.530
8.364
12.57

an b ]
.-0“‘

44,367

$.400
$.828
$.130
g.1°9
4,744
4,594
4,202
3.930
3.913

WLt I UL VO D>
s AN 0 O ©

.
1 O ALl )b b

-l s AW

SRR R

g.409
%.4838
g.12

$.083
4.%8)
4,122
1.490

°.790
" aqn
LR LA J

§.412
$.733
9,445
T.990
%80
.3%9
o Vo
19,847
M ==y

- o

.68 NICROAMETERS, VISIBILITY = 23,00 xa, ALTITUDE = 900.v9 XA

10.797
11,773
11.620
13,048
15.317

21.72%1
3‘!‘

LR

77.3%0

164,091

10,793
11,429
10,499
10.4821
9.300
9.310
3,499

.
‘-

8.03%

10.°10

11.227

10.066
9,345
§.544
7833
doand
4,304

- g
1 .
“-tme.

10.007
11,148
9,99¢
3,779
3,009
Te?
8,402
4,922

3.33°

10,824
11,158
10,19¢
9.3
P

9,397

-
1! ':é-’
19,858

FT
v'eald

a2



TADLE B.3.2BRDF-ATNOSPHERE ANALTSIS FOR 4 SPNERICAL GRASS CANOPY LALwe,d,

VAVELENGTH = .40 AICROMETERS. VISIDILITY = 1y,00 KN, ALTITUDE = 900.00¢ *n

OPTICAL DEPTH s 429

.09
p 2.379
; 2,010
} 1.587
1,248
999
NTH
r AZINUTH =
.20
| 3.504
| 3.022
I

3
: AZINUTH =
4,132
: J.344

:O‘so

2,054

i 1.618

1,262

lo°°2

.,,‘
AZINUTH =
: 4,444
| 3.674
f J.146
: 2.%522
| 2,098
| 1,644
’ 1.274
1.00%
796

AZINMUTH =

' 4.209
3.892
3.249
2.59%
2,144
1.672
1.291
1.008

27?

AZINUTH =
S, 114

’ .192

i 3,398

x :."5

H 1,701

1.309
1.0
o b?

1,00 DEGREES
3.400 3.07¢
2,949 2.473
2.542 2.320
2.129  2.07%
1,789  1.811
1.567 1.453
1,223 1,403
1,086 1.312

060 1IN
60.00 DEGREES
3.538 .20
3,169  2.026
2,693  2.4%7
2,233  2.148
1,859 1.8%9
1.602 1.482
1,274 1,329
1.040 1,129
862 982
90.00 DEGREES
J.708  3.326
3.390 3.024
2.887  2.470
2,301 2.334
1,992 1.978
1.664 1,222
1.300 1.347
1,028 1,074

806 .849
120.00 DEGREES
J.928  1.401
3.824  3.404
3,285  1.136

. 2,003 2,678

2.114 2,297
1.764 1.914
1,350 1.4406
1,050 1.3
799 0 L0868
179.00 DEGREES
4,221 1.57?
5.318  4.367
4,235 5.433
3,155 4,318
2,411 3,187
1,944 2,436
1,366 1.788
1,110 1,337
L339 1,028

TOTAL RADIANCE MATRIX

2.842 2.3
2.433 2w
2.347  2.518
2.198  2.413
1.940 2,234
1,832 2,238
1.706  2.348
1.028 2.817
TOTAL RADIANCE
2.717  3.024
2,744 2,848
2,444 2.5
2.2%56 2.4V
1.954 2,134
1.748 1.949
1.449 1.694
1.288 1.531
1.199 1,532
TOTAL RADIANCE
2.992 L 07
2,901 .97
2.418 2.701
2.413 2.%34
2.066 2,194
1.794 1,942
1,433 1,579
1,147 1.274
921 1,038
TOTAL RADIANCE
3.069 3.130
3133 .19
2.971 3,008
2.807 2,883
2.39¢ 2.543
2,054 2.2¢
1.611 1,798
1.239 1,422
A7 1,182
“ TOTAL RADIANCE
3.147 1,108
J.692  3.47%
4,602 3,942
6.068 35.212
4,737 ?.0%7
J.432 .83
2,447 1,913
1.800 .81t
1,493 2.413

.10
3.113
2,047
2.0
°.822
3.148
J.687
$.196
.49
HATRIX
3.154
3.1%4
2.860
2.780
204’:
2.332
2.123
20033
s.018
NATRIX
3.190
3.233
2.944
2.820
2.477
2.a12
1.832
1,489
1,209
MATRIX
3.222
3.357
3.172
J.124
2,798
2.518
c.082
1,487
1.404
NATRIX
3.263
3.574
3.793
4,549
8.180
9.124
T.e%e
$.408

4,339

3.433
3.744
3.398
1.307
“1?
4,343
6.870
11,440
21.3%4

3.47%
3.7%4
3. 461
3.422
3.192
3.093
2.917
2,023
.04

J.694
3.793
3.470
3.343
2.974
2,409
2.248
1.347
1,491

J.714
3.861
3.626
3.560
3,227
2,754
2.518
2,074

1.792

3.7
4,209
4,029
4,202
$.37%0
.17
13.4%9

19, 3%
-t ves

11,279

4.84¢
$.190
s.'s‘
5.914
‘..s‘
9.499
15,539
30.029
§2.499

4,34
$.066
470
4,704
4,502
‘l ‘,7
4,333

.263
4,059

4,837
S.010
4,374
4,439
3,944
3.377
2.472

1,949

4,333
$.023
‘.‘2,
4,592
4,129
3.747
3.2%6

1,212
LR 3

2.414

4,329
$.108
4,910
sl:':
$.0'%
Toaté
10,414
25.5")

4,

9.910
10.893
10,801
12,449
15,132
22,483
40,538
83.087

186.203

9.3%7
19,321
9.97%
5.341
.19
8.738
3.0%
7.932
5.736

9.808
10,291
9.202
§.996
?.971
5,728
7.840
4.1%
2.0

9.7%2
10.189
.00
3.382
?.012

6.728

e =9
de. -

4,39¢
J.e

9.499
10.170

{ ,"‘:[(:":‘. 1y

L PAQs
OF FOOR ¢ VIE
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TADLEB.3.3 BRDF=ATNOSPHERE ANALYSIS FOR A SPMERICAL GRASS CAnZTr LAlsd,y,
JAVELENGTH = 8@ AICROMETERS, VISIBILITY = 4,00 KA, ALTITUDE = 900,09 50
OPTICAL DEPTH = 309
AZINUTH & 1,00 DEGREES  TOTAL RADIANCE WATRIX
6,317 4356  3.426  2.m4 2,85 2.07% 3.2 4,291 9.280
4336 3312 .26 2,578 2,626 2.030  3.302 A4 19,174
286 2,663 2,326 2.28% 2.3 2.603 3.330 4.730 10,233
2,839 2.144 2,048 2,127 2,32t 2,781 1.7 €.877 11.8%2
2,073 1,807 1,808 1.9 2,243 2.8%0 4,290 6.782 14,793
1,644 1,801 1,687  1.908  2.39%  3.499  S5.%e2 10,304 22.989
1,330 1,367 1.830  1.937  2.225 4498 0.432 19,017 41,3%
1,143 1,267 1,500 2,374 3003 6.9 15,016 Jo.197 90,344
1,006  1.203  1.874  2.%8 5.553 11,907 29.004 77.309 200.060
AZINUTH =  §0.00 DEGREES  TOTAL RADIANCE MATRIX
§.722 4,489  3.707  3.062 .04 2,930 3.208 4,281 9.143
.66y 3.814 3,077 2.2¢% 2,743 2,906 3,355 4,457 9,798

3.870  2.%s9 2,891 2,414 2,48 2851 30N 4.0% 3.7%
2,686 2,350 2,187 2,199 2.308  2.801  3.1°T W328 Yo
2,188 1.918  1.866 1.930  2.083 2.400 2.8 4.1 3.3%
1,691 1,449 1,.87% 1,755 1,960  2.32s  3.008 4,307 8.199
1,360 1.364 1,417 1,82t e 228 3,068  4.320 T.is¢

1149 1,194 1,298 1,503 1.810  2.3%¢  1.190 4477 e.872

1,034 1,126 1,284 1.%68  2.000 2.582 J.4e7 430 .75
AZISU 4 = 90,00 DEGREES  TOTAL RADIANCE WATRIX

2,181 8,110 3.989 3,209 3,028 2.9% 3.0 231 9.08?

$.092 4.315  3.48% 3.087 2.921  3.007  3.ITY 4,378 9.3593

3.854  3.37% 2,947 2,710 2,837 2.793 3.2l 4018 8.219

2,833 2,834 2,479 .44 2,477 2.edé 3,018 3.?22  8.3'3
2,237 2.089 2,049 2.9092 2.143 .33 e.728 3.5- P {
1,779 t.78e 1,776 1,821 1,932 20134 .00 3.l 8.23%
1,382 1.401 1,439 1,507 1,837 1,340 L.tad c.138 5.7
1,184 1,178 5,220 1,289 1,40f 1,394 1,288 2,349 1.7%
1.022 1.044 1,092 1.179 1,03 1,453 1.799 e. %0 d.9%43
AZINUTH = 120,00 DESREES TOTAL RADIANCE MATRIX
?.7"? 5.303 4.2?0 3-3" Ja”’ 3.03‘ 3032. o::’ ,.)30
€. 549  3.374 4344 3513 3.22¢ 3190 J.470 0 437 .30
137 4242 3.97% 3,400 3.179 0 3010t 37 4.0%"  3.387
2.984  3.088 3.188  3.200 3073 a0 3,304 4,00 3,7
2.324 2,333 2.%83  2.437 2731 2.340 3.099  3.e”3 7,090
1,786 1,920 2.%13 2,288 2,428 2.0 LM 3.432 9,333
1,404 1,494 1,834 1,708 1,983 2,223 1.3% 3,078 t.25%
1,199 L2140 1.3t 1,442 1,087 1928 2.2se 2T 4,003
1,009 1,043 1,140 1,285 1,828 1,834 2,238 2,508 3.::3

AZINUTH » 179,00 DEGREES  TOTAL RADIANCE AATRIX
0763 4.447 4554 3,513 3,200 3.3 3.3 4w
6030 9,143 6.7%5 4780 3,842 1542 J.se8 duded
0,423 .04 .712 0 2.313 0 S.1e4 4108 3907 4,33
1,134 4,354 7.1%3 11,044 B.044 5,301 4,907 4,800

g,
.
i
3.

..
i

11 5.001 618 8,208 13.283 10,207 T2 e300 daats
1,833 2,299 3.182  S.28e '0.212 17,214 13,837 9,55 3
1.4% 1,884 2.2%6  3.%00  2.%e0 ‘4,148 27.%H 21,903 b
1,064 1,314 1,873 2.83%  4.f33 0007y 3LLTW 4.3 38,
~ L0907 1,124 1,442 2,208 a0t B.8TE 22,000 $0.2:% 13%.42°
e L)
P podl py,
LT ACH» !
(s . 'Q .
" L . :

8§35




TABLE B.3.4BRDF-ATHOSPHERE ANALYSIS FOR A SPMERICAL GRASS CANOPY LAI=4.0.
VAVELENGTH = .80 MICROMETERS, VISIBILITY = 23.00 KA, ALTITUDE = 900.00 K
OPTICAL DEPTH = ,222

AZINUTH = 1.00 DEGREES TOTAL RADIANCE WATRIX
10.401 10,333 10.820 11.309 12.294 13.882 17.186 24.174 54,278
' 10.283 10.450 10.620 11.211 12,249 14,229 17.303 25.383 972.772
d 9.379  9.338 9.333 10.120 11.167 12.747 15.907 22,489 $1.407
e 8.579 3.427 8.612 9.430 10.419 12,140 15,381 22.320 S1.507
7.442 7,079 7.348 7.873 8.738 10.308 13.339 19.843 47.001
S.954  5.946  6.2%4  4.649 7.448 9,005 11,933 18.816 44.820
4.070 4,130 4,376 4,873 5.588 7.084 10.324 18.749 92.539
2,525 2,647 2.817 3.227  4.000 5.710 10,014 23.186 75.492
J946 1,032 1,262 1,215 2,721 S.269 12,4671 37.7%9 132.094

AZINUTH = 460.00 DEGREES TOTAL RADIANCE HATRIX
10.429 10.384 10.833 11,332 12.312 13.395 17.193 24.149 84,235
10,315 10.508 10.4675 11,248 12,298 14,244 17,791 23.274 S7.3a%1
9.411  9.583 97.596 10.135 11,185 12,734 15.827 22.424 30.588
8.600 8.461 8.4644  9.468 10.413 12,074 15.170 21.453 49.49
7.456 7.103 7.383 7.848 8.483 10.132 12.825 18.444 42.420
S.963  S.957  6.247 46.401  7.301 8.591 10.915 15,840 35.313
4.074 4,146 4,336 4,733 5.253  6.299 8.193 12,137 28.119
2.324 2,622 2,722 2.941  3.341  4.084 5.372  8.112 18.2W
939 979 1,066 1.239  1.488  1.892  2.827 4.007 8.18!

AZINUTH = 90.00 DEGREES TOTAL RADIANCE MATRIX
10.462 10.421 10.886 11,335 12.329 13.909 17.200 24.183 S4.191
10,352 10.563 10.733 11,300 12.337 14,272 12.797 125,233 $7.29%
9.443 9.4640 9.663 10.213 11.231 12,763 15.820 22,327 %0.312
8.621 3.308 8.700 9.522 10.453 12.083 15.115 21.449 48.329
7.470  7.135  7.422  7.905 B.597 10.109 12.71% 13,132 41,398
3.972  3.977  4.269 - 4.611 7,283 8.516 10.79F 15,283 34.914
4.079  4.152 4,335 4,224 S.184 4,127 7,323 11,384 28.249
2.523  2.610  2.489 2.382 3.214  3.733 4,834 7.027 15.009
933 942 791 1,090 1,222 1,333 1,347 2,713 3.829

AZIMUTH = 120.00 DEBREES TOTAL RADIANCE MATRIX )

10.308 10.4464 10.919 11,380 12,348 13.922 17.207 24.157 S4.147
10,395 10.662 10.833 11.372 12.398 14.317 17.826 25.228 ©§57.196
?.475  9.738  9.789 10.323 11.334 12.845 15.877 22.337 950.192
8.643  8.374 8.804 9.647 10.570 12.189 15.197 21.470 48.499
7.486 7.186 7.512 8,012 8.816 10.220 12,803 18.1734 41,2499
5.§82  4.010 4,332 4,896 7.382 8.419 10,772 15.330 34.324
4.083 4.170 4,373 4,781 5.293  4.204  7.%02 11,407 24.178
2.523  2.813 2,701 2,903 3.2%1  3.331  4.382 7.080 15.992
928 929 L7681 1,086 1.235  1.483 1.919  2.804 4.014

AZINUTH = 179,00 DEGREES . TOTAL RADIANCE MATRIX
10.586 10.519 10.952 11,404 1..348 13.935 17.214 24,151 S4.103
10,450 10,943 11,032 11,519 12.498 14,374 17.383 25.260 97.149
9.308 9.938 10.256 10,692 11.594 13,035 15.028 22.452 $50.230
8.663 8,716  9.171 10.340 11,125 12,803 15.515 21.748 48.93¢6
7.502  7.273  7.7%4  8.339  9.810 11.0%2 13.455 13.721 41.818
3.991  6.067 4.487 7,070  8.197 10.114 12,131 14.400 335.939
4.087 4,205 4,473 5,026 5.829 7.319 10.459 13.764 28.772
2.322  2.630  2.783  3.07%  3.438 4,845 7,473 12,320 23.3e3
919 36 1,027 1,233 1.820 2.31F  4.307 12.149 33.3t4

66
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¥ TABLEB.J.SBRDF-ATHOSPHERE ANALYSIS FOR A SPMERICAL GRASS CANOPY LAI=4.0.
VAVELENGTH = .30 MICROMETERS, VISIBILITY = 10.00 Ka. ALTITUDE = 900.00 Ki

OPTICAL DEPTH = 341 |
AZINUTH =  1.00 DEGREES  TOTAL RADIANCE MATRIX ?
10.253 10,009 10.312 10,662 11.465 12,773 15.526 21.380 51.894 §!
9.955  9.988 10,071 10.537 11,426 13.093 16,104 22,487 $§5.464
8.992 9,071 9.030  9.504 10.405 11.750 14,442 20,236 49,499 i‘
8.179 7,994 8,132 0.876  9.720 11.232 14.060 20,142 49,881

7,07 4711 4,962 7.415  8.199 9,529 12.409 18.3%52 45.:87 |
5.457  S.e41  5.925  4.298 7,065 B8.390 11.461 18,256 46.130 |
3.080  3.961  4.190  4.497 5,474 7.093 10.497 20,013 54.022 %1
2,436 571 2279 3.278 40226 6.391 11,880 27.982 81,249 ¥

J983 1,107 1,425 2,044 3.463  7.052 17.248 49.439 144.091 ‘

10.315 10,072 10.373 10.700 11,490 12.790 15.532 21.348 S1.844

10.018 10,095 10.148 10.592 11,483 13,108 16.079 22.376 35.148

?.052  9.147 9,093  9.%548 10,421 11,722 14,321 19.385 43.504

3.214  8.045  3.174 B8.274  9.704 11,127 13.755 19.241 47.494

7.096 4.743  4.978 7,399 8.108  9.306 11.878 15.501 30.s83

5.670 5.852 5.908  5.221 4,842 7,981 10.013 14,293 34.57%

J.887  3.951 4,125 4,513 4,975 S.928  T.851 11131 270031 i

AZINUTH = 40.00 DEGREES TOTAL RADIANCE MATRIX '

2,433 2,530 2.43%4  2.877  3.272  3.993  S.217 .74 1T 329
(973 1,023 1,133 1,337 1.434 2,093 2.89% 4,250 ..9%%
AZINUTH = 90.00 DEGREES TOTAL RADIANCE MATRIX
10,385 10.147 10,434 10.738 11.515 12.307 15.533 21.357 S1.794
10.094 10,202 10,247 10,671 11,517 13.138 14,078 22.312 S4.942 |
9.113 9.245 9.201 9.8634 10,480 1,781 14,297 190,733 48,99
8.250 3.119 3,256 3.948  9.752 11.127 13.564 13.773 45.772
7018 4,790 2,030 7,443 8.115 9,313 11,503 1s.0%3 39.377
$.383  S.879  5.934 4,225 4.304  7.3%9 9,706 13.%51 31.I150
3.892  3.9%56 4,118 4,483 4,863  S.031 .20 10.°08 29,00
2,431 2,511 2,582 2.7%%  3.050  3.TS1 4,284 4.30% 1T.0ca
963 S74 0 1,022 1,118 1,246 1.3463  1.338 2,545 t.443
AZIMUTH = 120,00 DEGREES TOTAL RADIANCE AATRIX
10,481 10.239 10,494 10,778 11.543 12,823 15.544 21.345 $1.744
10,186 10.399 10.432 10.789 11,406 13,196 146,107 22.294 54,828
9.172  9.429  9.428  9.813 10.434 11.361 14,340 19.735 47.94%
8.287 8.232 8.430 7.147  9.924 11.267 13.7%5 13.978 4s.:08
70142 8,869 7.172 7,407 9.28%  9.446 11.408 14.075 37,424
$.694  5.728  5.0%8  0.348  4.742 7,993 9.304 13.581 33.279
3.897  3.979 4,149 4,540 4.954  S.079 2,212 10.133 24,203
2.429  2.512  2.%9%  2.780  3.097  3.912  4.514  5.339 19%.10€
953 956 1,009 1.115 1,271 1,819 1,931 2.723 £.701
AZIMUTH = 179.00 DEGREES TOTAL RADIANCE MATRIX
10,536 10.361 10.5% 10.818 11.571 12.840 15.550 21.334 $1.0%4
, 10.309 10,992 10,850 11,062 11.769 13.306 16,177 232.321 $4.733 |
9.233  9.849 10.393 10.550 11,097 12,153 14,553 19.384 47.790
; 8.325  9.499 3,170 10,%63 10.999 11.980 14.236 19.33) 4s.:13
] !~ 70187 2.019 7,819 3,483 10,250 11,938 121,751 15.9%F 40,009
! $.709  S.214  4.290 7.030 8.523 10 904 12,230 15,402 33,.3%
3.902 40031 4,329 4,941 6,009 3.309 12,137 14,833 23,800
2,827 2,535 2,673 3,083 3.914  S.491  9,19% 14,009 3, %00

743 987 1,083 1,360 1,935 3,408 T.s3I7 18,3%% ag0
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TABLE B,3.6BRDF-ATHOSPHERE ANALYSIS FOR A SPHERICAL GRASS CANORY LAIwd.0Q.
UAVELENGTH = .30 MICRONETERS. VISIBILITY = 4,00 KM. SLTITURE = 900.00 KN
OPTICAL DEPTH = 489
AZINUTH = 1,00 DEGREES TOTAL RADIANCE MATRIX
f 10,474 9,591 9.449 9,536 10,041 10,974 13,138 18.370 S3.00%
§ 9.543  9.217  9.079  9.334  9.944 11,241 13,433 19.408 S7.134
! 8.342 8.234 8.077 98.393  9.074 10.121 12,322 17,573 S50.57%
72.470 7.199  2.249  7.838 8.509 9.744 12,140 17,788 S$1.037
8,404 4,028  4.214  4.382  M.2S1 0 8.507 11,037 148.4857 44749
S.109 5,073 S.314  S5.459 4.388  7.888 10,728 17,537 42,912
J.S3I5  J.410 3.845 4.372  S5.282  7.047 11,138 21,145 55,579
2,277 2,432 2,707 3.3%4  A.5BS  7.413 14,348 32.7S3 94,208
1,020  1.2%6  1.721 2,413 4,877  9.743 23.392 41,415 153.833
AZINUTH = §0.00 DEGREES TOTAL RADIANCE MATRIX
10,433  9.7%56  9.417  9.417 10,087 11,000 13,145 18.354 52.953
9.730  9.481 9,244  9.438 10.024 11,256 13,814 19,248 Sa.811
8.511  B8.403  B.199  3.448  9.097 10.074 12,148 17,138 49,555
7.850 7,300 2,322 7.364  9.473  9.58) 11,710 18.870 48.799
§.449 §.083 6.234 6.532 7,106 8,112 10,011 14,350 41,574
J.134 5,092 5.287 S5.533  4.040  46.978  8.4892 12.574 3%.3500
J.345  3.594 3.039 4,080  4.485 5,320 6.839  9.973 27.404
2.27% 2.3 2.477 2.72 J.112 0 3.828  4.9%8 1.237 17,158
1,057 1,128 1,287 1,519 1,884 2,407 3,285 4.4%8  7.706
AZINUTH = 90.00 DEGREES  TOTAL RADIANCE MATRIX
10,833  §.963 9.7646  9.4698 10.133 11,027 13,152 18,338 S2.901
9.937 9.744 9.468  9.5946 10.120 11,30 13.411 19,185 %4.%598
8.060 B.425 9,426 8.428  9.194 10,114 12,107 145.9%8 49.132
7.829 7.455  7.481  7.995 B.549  9.57% 11,579 14.314 48.0%0
8. 493  4.177  4.330  4.829 7,113 3.034  9.7872 13.793 40.43%
$.158  S.140 5.330 5.539  S.979 4,791 8,231 11,454 34,047
J.854 3,803 3.729 0 4,002 4,313 4,983 8.'00 8.7 2%.32¢
2.27 2.340 2,397 2.83%7 2.7 JLI80 3.7 §.47% 14,507
1,043 1,056 1,104 1, 94 1.31T 0 1,805 1,319 2,404 S.09%
AZINUTH = 120,00 DEGREES  TOTAL RADIANCE MATRIX .
11,118 10,22 9.913  9.781 10.184 11,083 13,159 18,323 S52.849
10,199 10,248  9.919  9.846 10,288 11,401 13,851 19,1859 Sa.477
8.808 9.077 8.983 9.008  9.492 10,300 12,199 14.942 48.979
2212 72,703 7.8%8  3.407 8.877  9.817 11,712 14.312 47,88
8.5341  4.337  4.622 6.9%2  7.429 8.293 9,923 13.828 40.29
S.183  S5.232  S.S11 S.778  4.238  7.029  8.425 11,718 33.93%
3.563 3.648  3.827 4,148 4,493 5,139 5,273 §.700 25,272
2,271 2,348 2,432 2,598 2.883  3.322 4,083  S.412 15,090
1,029  1.038  1.104 «227 1. 01T 1,482 2,084 2,801  S.47)
AZINUTH = 179,00 DEGREES  TOTAL RADIANCE MATRIX
. 11,505 10,581 10.062 9.865 10,235 11,080 13,140 18.307 S2.79?
- 10,560 11,903 11,072 10,504 10.628 11,597 13,795 19,139 %6.430
3.958 10,244 11,8545 10,943 10.557 10.890 12,839 17,120 49.017
7.79%  8.368  9.824 12,065 11,585 11,389 12.818 14,953 8.1%4
8.589  4.47F 7,703 9.7 12,438 12,198 12,223 15,190 41,0

§.208  S.413  4.098 7,400 10.203 14,218 14,152 15,257 38.048
{ 73 3749 a.18d 8,092 4.978 11,318 17,303 18.483 31,373
2,269 2,397 2,536 3.2!2 4813 7,897 15.9523 29.217 34.33F
1,018 1,074 1,27 1,779 2,913 5,338 13.991 34.31%s te.7s
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TABLE B.4.1BRDF-ATAQSPHERE ANALYSIS FOR A PLANOPMILE 53ASS Camurr Lau=.20,
UAVELENGTM = .48 AICROMETERS, VISIBILITY = 23.00 «n. ALTITUDE = 922,00 -2
! OPTICAL DEPTH = .239
{ AZINUTH = 1,00 DEGREES  TQTAL RADIANCE HATRIX
6.608  S.765  6.267 4.138  S5.129 §.497 5.142 5,335 3.9
6.072 3.368 5.929 5.839 4,893 $.2864 5.002 5,329 4,394
5,513 4.923  S5.481  5.426 4574 4,994 4,835  S5.398  S5.310
4.896 4.395 4,921 4,873 4182 4,617 4,489 5.720 4.827
4.086 4.090 L2867 3,940 3.513 4,288 A7 6.366 12.270
3.333  3.3%8  3.534  3.33e  3.198  4.020 $.004 3.125 17.473
2,861 2.686 2.428 2.5 3.282 3.399  4.115 12,386 34,323
1.700  1.494 1,765 2,095 2.777 4,333 8.528 22,743 7S.e07
779 (894 1,146 1,673 2.874 5.936 14,979 46,299 163.7482
AZINUTH = 40.00 DEGREES  TOTAL RADIANCE HATRIX

4.479 5.835  6.335  4.184  5.145 5,528 S5.143 5.339 3.938
6.142  5.487 6.02¢ S5.918 4,959 .33 S.011  5.246 400
$.579 5.015 S5.571  5.504 4,829 5.006 4,753 5.07)  4.183
3,939 4.386 4.996 4,929 204 4,55%T 4,826 4,856 4.400
4.116  4.144  4.313  3.960 3.8562 4047 4,119 4,572 4,819
3,355  3.3%0 3.545  3.292  3.013  3.470 3.674 4,358 S5.9%7

2is74  2.494  2.385  2.420 2,835 2.853 3.3e§ 4012 S.2¥
1304 1.468  1.844  1.740 1,935 2,226 2.507 1738 G.ed0
277 L824 .908  1.055 1,299 1.663 L.317  F.a4 5.0

AZINUTH = 90,00 DEGREES  TOTAL RADIANCE MATRIX
5763 S.919  6.403 6.231 5.202 5.558 5.3+ S.343 3.899
"aa  5.507  6.142 6,023  5.045  S.401 5,050 .22 3.348
€546 S5.130 S.707 5.629 4,735 5.090  4.73s  4.982 3097
1,982 4.563 S.117 5,050 4,309 4.818 4,400 4,832 3.8
4,145 4,214 430 4.0% 3.6428 4.088 4.0 4.182 3.377
30378 3.439 3.807 . 3.383 3,034 3412 3,413 G.ses 3.3%7
alegs  2.719 2,409 2,411 2,078 2471 .303 0 S8 o
17308 1485 1.603  1.e58  1.7s0 1,343 1. D1.33. 2%
"ae7  .798  .320  .872 .62 1.393 1334 AT oo

AZIAUTH = 120.00 DEGREES  TOTAL RADIANCE HATRIX
5.880  6.023 6.471 6,200 5.242 5.589 5.20¢ 5.349 3.3
5,330 S.826 6.340  6.189  5.170  S5.502 5,123 5.2%6  3.7%e
s 712 5.333  5.966 5.852 4,947  5.269 4,933 5.0s3  3.483
$.027  4.697  5.326  5.304 4,555 4351 4,806 4781 5377
178 4,319 4,590 4,292 3.383 4,371 4.IT4 0 4ded 3919
1,398 1.§12  3.744  3.532  3.280  3.ésl  3.a32 3,383 3.4
299 2,758 2,502 2,551 2,951 2,380 I.na7 o 5.l81 5.159
1211 1.486  1.se7  1.734 1,983 2,012 2.i'3 2.eis 1,240
"5e2 L7384 L334 .909  1.048 1,247 f.Sed  Z.1a0 3.3

AZINUTH = 179,00 DEGREES  TOTAL RADIANCE MATRIX
- 082 4.152 6.540 4,329 £.282 S.e20 5.227 5.t 3 e
5470 6.842  6.319  6.47% 5372 S.sal 5,258 53T Z.U
< 780 5.805 7.103  6.680 .48 5.8%4  §.236 5,333 3.353
T 071 4992 4151 939 5777 f.896  S.2E2 0 £.338 0 4109
Va1l 4,498 5,090 S5.490  6.192  6.133  S.530 57D d.afS
1019 3.832  4.060 4,300  S.042 7,105 2578 0 183 I
sart 2.384 2,713 3% 4038 5731 2.%67 8,715 3.1
T21e 1.833 1.9t0 2,990 2,208 4,973 T.efd 15,477 1.l
ey L8137 L02% 1,21T 1,79 3,200 T.ITT O 20.7RD SE.5T:
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N TABLE B.4.BRDF-ATHOSPHERE ANALTSIS FOR A PLANOPHILE 3R
JAVELENGTH = .28 A1CROAETERS, VISIBILITY = 10.00 Xm. @
QPTICAL DEPTH = 429
AZINUTH =  1.00 DEGREES TOTAL RADIANCE MNATRIX
7.110  5.890 4.114 5.857 4841 309 4,702 479 33N
6.180  S.291  5.403 $.518  4.594 4.901 4,404 4.842 3.986
5,433 4766 5.210 s 111 4,302 4,880 1,519 S.082 4990
a8 4218 4848 4.599  3.943 43NN 4,514 5.837  8.833
3,038 3.908 4,058 3.7%9  3.491 4182 4,349  6.487 10,422
3.2 3,228 .93 L2430 3,204 A0t §.479 9,298 18,499
2,490 2,812 2.408 2,622 J.484 4.4 7.389 15.381 37.332
1.704 1,549 1370 2,351 3.309  5.347 11,531 29.8982 84,342
897 1,063 1.480 2,198 3.989 8.4 21,341 42,441 185,912
AZINUTH = 0,00 DEGREES TOTAL RADIANCE MATRIX
7,284 8,028 4.237 5,931 4,891 5,130 a2 4739 3,479
6,318 S.511 §.337 $.429  4.678 4943 4.594 4,738 J.oM4
5,557  4.917  5.338 §.208 4,35 4.4850 4,392 4.828  3.7TH
4,820 4,322 4780 4,457 3.947 4399 4,130 4,507 4018
3.982  3.v78 4,108 3.765  3.393  1.8%7 3.905  4.338 4481
3.241 3,260 3.39! 3,059 2.918  3.348 3.589  4.093 4S54
2,508 2.013  2.339 2,185 2.790  2.347 3.436 4158 5.032
1.707  1.503  1.883 1,811 2,044 1.4%4 2,915 4,114 5487
.888 954 1.070 127 1,593  2.080 2.340  4.000 §.049
AZINUTH = 90,00 DEGREES TOTAL RADIANCE MATRIX
7,441 6,198 6.384  5.000 1,942 S.18e  4TH 4,785 3.4
5,488  S5.732 6,038 s.786 4,788 5.0 4,023 4.882 3.384
5.481 S.111 5.382 5.382  4.485 738 4,392 4479 3,300
4,891  4.470 4,927 481 1,086 4.308  4.033 4,183 3.9

33 CANQR! LAL3.30.
r 1

n33
LTITUDE = 909,20 KA

4.026 4,078 422! 3.976  3.4%1 3.9n2 IS5 8- [ A PRE Y :
3,269  3.321 3.48l 3.208 2.1 22?7 W28 3,307 2.944
2.5 9 2,039 2.3%3 1.349  2.979  2.37% 2,00 2.7 2.2
1,710 1.491 1,833 1.9 L1700 1,860 1.938 0 l.I%e 20831
.378 200 .938 997 1,098 1,232 1.498 1.9 lata

AZINUTH = 120.00 DESREES TOTAL RADIANCE WATRIX .
7.836 6.415  8.488 §.084 4,997 5.203 a.761 4,781 3.378
§.706 6.188  4.419 8,019  4.945  S.148 4,702 4899 3.273
5,904 5.489 6.012 §.735  4.791 4,943 4,547 4,538 3.180
4,964 - 4,592 5.270 §.207 4,434 4,804 4275 427y 30067
a.074 4,233 4503 4,206 3.800 4133 3,079 3.9%¢  I.102
3.297 3,421 1.853 3,465 3.210 3.533 3,290  3.883  2.943
2,834 2,897 .47 2,527 2.894  2.808 3.937 3,079 2.a89
1213 1,514 1.9 1.762 1.919  2.038 2,187 2.%e  2.8%0

.86? 393 953 1.047 14 1,448 1,798 2.3% 3.3

AZINUTH = 179.00 DEGREES TOTAL RADIANCE MATRIX
8.092 4.713  b.814 §.162 5.083  5.239 4,780 4777 3.2
7,006 7.880 7.377 5,577  5.285  §.383 4,389 4,777 3.8
£.920 4,357 8.3 7.360  5.728 5344 4,990 4313 3.330
€038 5.243  8.900 §.449  4.762 8.029 €209 3,958 3,339
4,122 4,530 S.41 §.548  3.318 7.499 5,143  S.452  4.193
3.326  3.802 40178 4,343 5.0086 10.14) 8.7') .92 S.a97
3,648 2,305 2.793 3.35¢  S.014 8,199 13,979 12,43 9447

| 1.71e 1,973 1,39 2,323 323 .TTH 12,413 25,828 2470

| +3%7 L9330 e es0 2,377 4,393 1.3 34,470 9%

:
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TABLE B.4.3BROF-ATMOSFHERE ANALTSIS F2F 3 PLANOPHILE 3RASS CANO#: LAl=.I..
JAVELENGTH = .33 NICRONETERS, VISIBILITY = 3,00 &M, S TITUDE = 900,20 An
QPTICAL DEFTH = 309
AZINUTH = 1,20 DEGREES TOTAL RADIANCE MATRIX
3.879  4.493  6.019 5,485 4,417 4,509 4121 4,208 J.'4e
6.7%4  S.320 §5.337 5,019 4,137 4,332 4,049 4.338  J.418
§.464 4,547 4.782 4,403 3.875 4.157 4,082 4,830 4,841
4,570 3.749 4249 400 3.412  3.999 4247 €, 445 4.332
3.721 3.413 3,709 3.458 3.288 3.984 4,390 4,349 10,323
3.028 3.004 3,194 3.088 3.199 4,37 L2081, 154 18,843
2,384 2,491 2.377 2,49  3.721 5,09y 8.347 17,370 39,244
1.724 1,847 2.044 2.7%0 4,097 7,254 15,087 348.07° 89,230

WL N

wn

L1170 1,354 194 3.024  5.599 11,938 29,008 ?7.286 199.329

AZIMUTH = 40.00 DEGREES TOTAL RADIANCE MATRIX
9.284 4.325 6.30 $.413  4.502  4.5&0 0,142 4,198 3.0
2,089 5.322  5.845  5.210 4,254 4,391 4,082 412 o by
€. 748 4,373 5,008 3,749 3,937 4138 3.884 6.1 3.407
§.717 0 4138 40302 3,223 3.599 3.317 3.721 4.097  3.879
3.305  3.72 3.770  1.4§% 3,126  3.49¢ 3,997 4,027 4,42
3.072  3.084  3.1427 2.9 2,760 3183 S.4 4,137 4,449
2.406 2.488 2.29 2.32¢ 2.7 2,367 3.480 4173 .77
1.729 1,574 1,738 1,927 2,204 2,689 3.241 4,359 5.2s3
1.104 1,195 1.351 1.82% 2,045 2.8°3 3.473 4,433 S5.302

AZIMUTH = 90,00 DEGREES TOTAL RADIANCE HATRIX
9.743 7.235 6.532 S.7el 3.587 4.810 4,02 4,188 3,933
2,512 4.323  6.055  5.498 4,432 4,482 4.0k 4000 2,994
6.032  5.294 5.422 5,085 4,126 4,228 3.87% 3.33%  2.918
4,864 4,419 4,484 4,474 3,744 3.862 3.59¢ J.aN 2.208
3.284 3.39% 3.993 3.513 3N 3,348 3.337 3.377 2,793
3,120 3.9 3,243 3.090 2,732 2,892 2,339 3.033 Dok
2,423  2.%2 2,279 2,238 2.330 2 4ay  2.5°% 2.8 0 {5
1,738 1,558 1.a7s 1,713 1,790 1,388 1.7%% 1.l .34
1,092 1,114 11959 L2270 1,332 1,33 1.0 I ) T

AZIMUTH = 120,00 DEGREES TOTAL RADIANCE MATRIX .

10.360 7.800 6.383 S.912 4,678 4.441 4,133 4,173 2770
8.069 1.332 4.3 €954 4,735 4,383 4 159 4,133 .87
8.315  6.184  4.430 §.735  4.568 4.37% 4,089 3,273 LT
€. 015 4,373 5.371 €.225  4,3¢4 43173 330 3.77¢ .a7M
3.972 4,139 4497 4,208 3.7 3,942 J.a70 3.380 2.7
3. 187 3.32%  3.5%) 3.448  3.22%  3.428 3.304 3.262 2.SWM
2,480 2,513 2.478 2,85y 2,980 1.313 3,373 2,923 J.404
1,939 1,594 1,072 1,388 2,081 2,219 2,337 .13 l.as
1,080 '.11% 1,200 1.342 IR 1,885  2.242 2.7 3,307

: AZINUTM = 179,00 DEGREES TOTAL RADIANCE MATRIX

11.32%  8.583 7.147  8.0ed 4, M 4,712 4,208 4,083 2700
8.3%7 11,19 9,324 7.20 §.353 S5.2'e 4.3%4 4,028 2,88
8,000 8.589 12,187 9.448  6.853  5.433 8,37% 4,315 2.99
€156 4,140 9.398 13.071 9,735 7,207 S.333 3,223 3470
4,059 4,307 4,513 9.72° 14,328 11,337 7.3 €,3%% 3,047

: 3.019  J.sed 4,847 a.ded 11,012 13,341 13,2790 9.%1Y R
2,472 2,308 3.08e 4,253 T.4% 14,788 28,333 20,359 17,938
1,708 1,398 2,149 2397 4,972 10,087 23,700 48,024 32.2
1,087 1,00 1,508 2,283 8,09 3.7%3 2.1 ¢ 80.4:. 128,222
71
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TABLE B, 4,4 BROF-ATHOSPHERE ANALYSIS FOR A PLANOPHILE GRASS CANORY LAl=.%50.
WAVELENGTH = .80 MICROMETERS, VISIBILITY = 23.00 KA. ALTITUDE = 900,00 KM
OPTICAL DEPTH = ,222
AZIAUTH = 1,00 DEGREES TOTAL RADIANCE HATRIX
12,632 11,4622 12,432 12.278 11,158 11,4610 11,008 11,158 10.414
12,106 11,158 11,976 11.847 10,781 11,243 10.701 10.947 10.723
11,260 10.403 11.188 11,085 10.108 10,575 10,141 10.560 10.990
10,118  9.342 10,086 10.013  9.137  9.617 9,358 10,149 11,.%%0
3.946 8.847 9,081 g.s8! .11 8,812  9.922 10,218 14,14
2,220 Y184 7,366 7.039  A.718 7,493 9.09% 10,519 19,0%4
S.016  S.1480  4.701 4.744  S.474 5,788 7.474 12,344 31,248
3.599 3.326 CO3.S54 3.7%97 4,242 S.47%  B.570 19.891 44,324
1,580 1,495 1.882 2.244  J.159  5.561 12,484 37,209 129.52%
AZINUTH = 40.00 DEGREES TOTAL RADIARCE MATRIX
12,660 11,454 12,445 12,301 11,1726 11,823 11,015 11,132 10.57)
12,137 11,215 12,022 11,885 10.310 11,257 10.889 10.388 10,332
11,292 10,448 11,231 11,119 10,128 10.563 10.041 10.296 10.070
10,140 9,396 10.119 10,032 9,130 9.551  9.144 9.483 9.533
8.960 8.370 9.096 9.4'6 B.0S& 9.634 8.508 8.319 9.%540
7,229 7.1485 7,339 4.992  4.569 P.079  7.076 7.%543 8.548
$.021  S.156 4,641 4,824  S.139  4.993 5,344  S.712  4,.32%
3.598 3.301 3,459 J.491 J.603 3.848 3.928  4.817  4.363
ST4 0 1,838 1,686  1.768 1.926 2.184 2,439  3.457  S.810
AZINUTH = 90,00 DEGREES  TOTAL RADIANCE MATRIX
12,893 11,691 12,497 12,324 11,193 11,837 11,022 11,146 10.528
12,174 11,273 12,081 11,936 10.849 11,285 10.494 10.327 10,240
11,324 10,505 11,297 11,178 10.122 10.592 10,954 10,198  9.594
10.141 9,443 10,174 10,088 9.171  9.541 9,092 9.273 8.372

8.97%  8.903  9.13%  8.453 3.070 9.413 9.399 8.487 3.3 |
2,239 2.18%  2.381  7.000  8.551  7.004  §.367  5.794  7.0113 :
£.025  S.141  4.680 4,59  S.070 4,332 4,973 4,939 4,3¢ |
3.597  3.299  3.428  3.412  3.45%  3.548  3.390  3.7I2 4,843
1,567 1,605  l.afl 1,420 1,300 1.744 1,379 2.183  3.247
AZINUTH = 120,00 DEGREES TOTAL RADIANCE MATRIX
12,739 11,734 12,530 12,349 11,212 11,650 11,029 11,141 10,483

12,217 11,370 12,180 12,008 10.909 11,330 10.724 10,822 19,147
11,356 10,603 11,424 11,298 10,274 10,074 10,111 10,298 2,373
10,183 - 9.510 10.278 10.219 9.288 9.066 9.173 9,290 3,743
8.990 8.953 9.22%5  8.741  B.189 3.72% 3.486 3.529 8.428
7.248 7.218 7.444 7,088 §.850 7.107 ’.7%4 7.032 ?.088
$.029 $.179 4,598 4,453 §.138 4,908 §.083 4,978 4,364
J.597  3.292  3.439 3,433 3.492  3.59S5 3.438  3.7a8% 4.8:ls
1.560 1,592 1,801 1,815 1,473 1778 1,932 2,254 3,443
AZINUTH = 179,00 DEGREES  TOTAL RADIANCE MATRIX
12,817 11,788 12,563 12,373 11,232 11,884 11,038 11,135 19,439
12,272 11,881 12,379 12,186 11,010 11,407 10,731 19,3%4 19,129
11,389 10.303 11,891 11,457 10.53S 10.884 10,250 12,323 9,833
10,205 9.332 10,4644 10,703 9,342 10,080 9,492 7,97 3,3

9.006 9.040 9.447 9.307 9.183 9,157  9.133  9.%7s Q.97 l
7,238 7,279 7,399 T.460  T.46E 0 3,802 9,293 8.143  8.173
T34 S.21% 4099 4,399 S .18 W22 ety 7,339 2.47%
3.596 3.310 3.503 3,408 3.900 4,409 4,034 9,81% 11,9097
1,383 1.599 1,647 1,083 2,089 2,807 4,208 11,820 I0.9e]




TASLEB.L .S BPNC-ATNOSPHERE ANALISIS “OR 4 PLANOPWILE GRASS CAnN0SY LAl=, 30,
WAVELENGTH = .30 MICROAETERS. VISIBILITY = 10,00 Km. ALTITUDE = 200,00 KA
OPTICAL DECTH = 341
AZIAUTH = 1,00 DEGREES TOTAL RADIANCE MATRIX
12,358 11.204 11,825 11,548 10.412 10,493  9.971 9,907 9.340
11,675 10,655 11,338 11,131 10.047 10,358 9.718 9.780 10.022
10.766 9.885 10.564 10,405 9.424 9,783 9,261 9.550 10.39%4
9.430 8.874 9.515  9.402 8.537 8.92% B.4849 9,419 11,130
8.491 8.372 8.548  B.112 7,819 8.263 8.%38  9.94% 14.02°
F 8,846  4.774  4.988  4.861 4,390 7212 8,023 10.9:3 19,593
4,706 4,904 4,493 4,578 S.IM $.913  B8.1%56 14,398 33,0807
3432 3.200  3.459  3.745 4,448 5,179 10.804 25.12%5 70,422 i
1,551 1.499 1,977  2.513  3.848 7.305 17.2%8 48.978 143,714 i
AZINUTH = 40.00 DEGREES  TOTAL RADIANCE MATRIX ’
12,420 11,287 11,888 11,4808 10,437 19.710  9.977 9,895 9,31
11,738 10,762 11,413 11,186 10,084 19,371 9.88' 9,889 %, 00
10,828  9.931 10,429 10.449 9,440 9.735  9.140 9,199 9,399
9,606 9.92% ST 9,420 B.S17 B.820  9.345 8,538 8.943
8.513 8.404 8.533 8.099% 7.523 8.000 7.804 8,004 9,023
8.859  6.7846  6.948 4.534 A.187  8.303  4.57e 7.008 ol
42N 4,894 4,429 4,394 4,370 4.7%0  S.110 85,513 5.1
3,429 3,189 3,315 3,343 3.492  3.781  3.%41 4,378 4,703
1.540 1,815 1.63%  1.308 2,019 2,348 2,308 3.7V 5.9
AZIAUTH = 90.00 DEGREES  TOTAL RADIANCE MATRIX

2,490 11,343 11,947 11,844 10.442 10,727 7.993  9.834 9,740 !
| 11,814 10,869 11.513 11,255 10.138 10.403  9.891  9.80s  9.%00
10.887 10,059 10.735 10,535 9.499 9.745 9.115  9.0%7  8.98s
9.701  9.999  9.439 9,494 3,345 8.819 9,253 8.2%% G.22
9.535  8.451  3.835 8.140 7,536 2.952  t.a34 7.3y L
8.373  6.812 8,978 5,533 6.129  5.431 4,283 8.2:3  5.920
4,777 4,899 4,320 4,344 4,793 4,908 4,073 4,ain 4,3
3,027 3139 3,232 3,242 3,270 1,319 3130 3.4ed 4,14
1,530 1,586 1.574 1,587 1,831 1.71a 1,343 2.13¢ 3,023
AZINUTH = 120,00 DEGREES  TOTAL RADIANCE MATRIX §
12.586 11,435 12,008 11.683 10.490 10.744 9.289 2,373 9,719 |
11,906 11,085 11,898 11,383 10,227 10.442 9.720 9,537 9,334 ’
10,946 10,242 10,962 10.718  9.353 9,374 9,179 9,03%  §,34) {
9.739  9.112  9.813  9.692 8.737  8.950 3.345  @..55 5.7
8.559  8.530 8.777  8.304 7.706 8.100 7.734  .59) 7,744 |
5.988  6.840 7.068  4.710  0.267  6.815  8.3s0 6,293 s.49l :
4,782 4,922 §.47 4.42! 4,349 4,502 4,471 4,513 4,480 ) 1
3,425  3.141 3.7 3,287 3.1 3.400 3.233  3.482 4.2 |
1,520 1.548 1,581 1.584  1.8%5  1.772 0 1,942 2.283  3.3%:
AZINUTH = 179,00 DEGRESS  TOTAL RADIANCE HATRIY
: 12,741 11,557 12,069 11,723 10.518 10.780  2.39¢  3.3s  7.:30
12,029 11.65% 12,115 11,850 10,390 10.571 9,739 3,3v: 3,38 |
11,007 10,683 11.927 11,451 10,118 10.171 9,332 9,179  3,3°¢
9.776  9.379 10,553 11,088 9.312  9.s72 3.82%  3.s0°  3.2%3
| 3.583  8.630 9.224 9,330 9.471 9,47  8.327  9.I°7 2,340
$.899  4,9%0 7,330 7,397 7,948 9.%2% 3,383  @.114 7,330
4,787 4,973 4,831 4,841 £.908 7,133 9,734 30T 3003
30823 3.188 3,374 3,550 4,036 .79 3,179 14,)® g€, .0,
1,510 1,53 1,83s 1,935 2,330 3,853 CLa€0 19,)3: af 3

|
z |
;

| - —




TABLE B.4.6BRIF-ATHOSPHESIE ANALISIS FOP A PLANOPNILE GRASS CAnCrY LAI®. 20,
WAVELENGTH = .80 MICRONETERS, VISIBILITY s 4,00 KN, ALTITUDE = 900,00 Kn
OPTICAL DEPTH = ,489
AZINUTH = 1,00 DEGREES  TOTAL RADIANCE MATRIX
11,087 9.806 10.192 9.853 8.7764 8.915 8.285 0.442 9.307
9.932  0.955  9.425  9.178  8.232 8.434 7.974 8,39 9.922
8.752  72.974 9,441 B8.295 7.489 7,787 7.604  3.333 10.730
7.453 7.488 7.418  7.187 6.7%% 7.3%2 .79 9.339 13.7%9
6,152 4,085  6.221  S.972  S5.812 4.728  7.344 11,319 19.773
4,304 4,426 4105 4,270 S.173 6,087 9.039 14,399 34.32¢
3,126 2.967 0 3.282  3.78S 4747 7,245 13,336 30.383 73.200
1.519  1.72 2,154  2.978 4,973 9.995 23,400 41.060 191,562
AZINUTH = 40,00 DEGREES TOTAL RADIANCE MATRIX
12,519 10,813 10.949 10,407 9.180 9.233 8.479 8.489 9.2M4
11,254 10.070 10.360 9.997 8.836 3.731 8.246 8.3 7.134
10,081 9,122  9.547 9,253 9.2%3 3.3187 7.300  7.739  8.701
8,832 8.07S 8.%34 9.321 7.483 2.825 T.174 0 7.4%8  8.482
7.697 7.545  7.440 7,187  §.410  4.7%7 J72 0 7.082 8,334
§.177  5.083 4,192 S.847 S.444 5.8 5,830 4.3%38 7.0st
4,313 4.411 4,000 3.978 4,396 4.341 4.744 $.22? 4.347
3,126 2,902 3,083 3.134 3,299 J3.4ST  3.926 4.847 4.4153
1,506 1,595 1,200 1.383 2,181 2,600 3.283 4.103 S.43e
AZIMUTH = 90,00 DEGREES  TOTAL RADIANCE MATRIX
12.719 11,019 11,097 10,488 9,226 9.2%9 08.385 8.473 9.222
11,461 10,333 10.581 10.114  8.931 8,979 8.241 .238  8.9M
10,231 9.343  9.77¢  9.413 8.350 8.427 2.760 7,777 8.478
2
e

3.912 8,230 8.493 0.433 7.32% 7.418  7.039 7.103

7.742  7.436  7.734 0 7,232 6.417 6,379 6.328  4.3519

6,202 4.131 6,236 . 5.3%2 5.403  S.631 5,399 S3.338

4,322 4,420 3,990 3,900 4.22%T  3.978  4.003 3.9 4,288

3.122  2.874  2.973  2.947 2,998 3.007 2.873 3.'u% 3,993

1.492 1,823 1,537 1,859 1,810 1.498 1,827 2.043 2,833
AZINUTH = 120.00 DEGREES  TOTAL RADIANCE MATRIX

12,981 11,280 11,245 10,572 9.277  9.28%  8.492 3.457 7.170
11,723 10,857 11,032 10.3645 9.098 9,076 8.281 3.212 8.3%0
10,379 9.796 10.311  9.793 8.448 B8.513 7,332 7.743  3.329
8.994 8.478 9,070 8.86S5 7.357 T.381 7,174 7100 7,574
2.789 ¢ 7.797  8.02%  7.5%7  46.933  7.'33  6.384  4.560  7.301

022 $.223  b.41%  4.091 5,462 5.868 5.543 S5.498  6.097
4,332 4,464 4,087 4,045 4,398 4159 4177 4,044 4,214
3,120 2.882  3.007  3.008 3.0465 3.148 3,026 3.243  3.07%
1,479 1,506 1.539  1.392 1.1 1,874 2,092  2.33a%  3.399

AZINUTH = 179,00 DEGREZS  TOTAL RADIANCE RATRIX
13,370 11,637 11,393 10.45%  9.327  9.311  9.499 3.4 9,118
12,084 12,492 12.18% 11,023 9,440 9,271 9,33%T 3.232 3.0
10,528 10.962 12,912 11,728 9,73  9.203  2.192 7,341 §.3e3
9.077 9,143 11,036 12.523 10.565 9.433  8.08! T.842  T.847
7.837  8.13%5  9.107 10,329 11.940 10.9%1 8,986 7.922 3.8
‘ 8,251  4.409 7,004 7. 714 9,828 13.0%8 11,290 9,049 3,20?

1 4,341 4,545 4,424 4,990 5,387 19.33T 15,708 13,715 19.302
J.109 2,931 3.212 3,421 4,496 7,524 14,491 29,347 23.334 {
1,445  1.541 1,209 2,140 3.2'E 8,027 13,999 36.03: TL.07%3




|

|

B TABLE B.S.1BRDT-ATAQSPHERE ANALTSIS FOR & PLANSFRILE 39488 CANGE: Lal2',.

i JAUELENGTH = .ad ILCROAETERS, VISIBILITY = l3.00 ¥, ALTITUDE = 200,00

GPTICAL DEPTH = 259

AZINUTH = 1.00 DEGRESS  TOTAL RADIANCE RATRIX
4,956 4.747 4,555 4,213 4,040 4,009 4.3%6 3.4%7 8,082
0473 4.382 4,270 3.980 3.838 3.344 41 4,480 4,139
4.015  3.999 3,928 1,088 3.5084 3.444 4,122 4,802 %44
3.547  3.%563 1.497 1.33¢ L2462 3.402 4.047 5,003 3,273
3.039  3.07¢ 3.040 2,918 2,933 «23 §.12° 8,730 11,339
2,470 2,820 2,549 2,515 2,649 3.132 4.0 7.4 13,37
1,857 1.372 2,042 1,963 2.685 3.382 €,433 12.0%8 34,9953
1.362  1.308 1,487 1,894 2,499 4,010 3.4 22,439 74,049

% rd 882 1.159  1.662 2.9e4 5.3 14,970 35,239 183,783
AZINUTH = 40.00 DEGREES  TOTAL RADIANCE mATRIX

£.028 4,817 4,023 265 4,077 4,039 4,377 4,462 §.739
3.542 4.50! 4,368  4.059  3.908 3.3 287 4,39 9.79%
4.082 4.0°2 4,019 3,743 3,641 3.355 4.080 3,279 %.919
31.590 3.838 3.%60 3.392  3.284  3.349 3.734 4,80 .M
3.049 3.128 3.086 o. 738 2,998 3.904 3.443 3.93% €.938
2,492 2,832  2.%80 2.4 2,466 2.832  3.138 3.34%5  S.%1s
1,879 1,330 2.021 1.812 2,238 2.33%s 2,683 3.72¢  §.907
1.360 1.291 1.360 1,539 1.457 1.92 2.%509 3.648 4.024
88 A1 .900 1,049 1,289 1.603 2,308 3.43% .71
AZINUTH = 90,00 DEGREES TOTAL RADIANCE MATRIX
€111 4,901 4,891 4310 4113 4070 3,393 4.489  S.89
4,427 4.6 4.483 4,164 3,990 3.997 4,239 43,372 5.593
4,148 4,207 4.1%4 3.888 3.747  3.730 4.973 4,198 5,27
3,433 31.731 3,684 3.913 3.389 3.403 3.793 3.91¢% 5,09
3,998 3.198 3.177 3,033 2,979 3.923 3.3%¢ HIE b 4,747
3.513 2.9 2.622 2:9522 2,459 2,574 2,399 AN dio%s
t,3812 1,998 2,049 1,303 2,158 0.’ 54 i e 2.743 Tt
1,37 1,342 1,494 1,482 1,949 1.,93° D s 3.3
40 i 812 862 J9%2 1,104 1,249 1.8 2,39
AZINUTH = 120,00 DJEGREES TOTAL RADIANCE mMATRIX '
S.229 §.008 4,7%% 4,389 4,193 4,101 1,429 3,47 .33
3,731 4,330 4,890 4,309 4119 4,080 4,387 4,80 5.5
4,214 4,410 4,017 41d 3.960 3.919 4,220 4,370 g.309
3.578  3.344 3.89e 3.788  3.s3%  3.03% 3,988 4,045 5.083
33 3.303 3.3e82 3. 291 3.226 3.27°9 3.%83 x P 4,732
2,833 2,874 2.7%9 2.1 2.2 2.323 3,143 3.372 4,340
1,399 1,992 2138 1.932 2,354 c.383 2,428 26373 3.°°2
1,374 1,30 1,389 1.$32 1,808 1.719 2.220 2,508 B3
T 7 .328 .299 1,03e 1,042 1,553 da1%8 3%
A21SUTH = 179,90 JEGREES  TOTAL XADIANCE 4aT=1x
€470 S.144 4,828 4,407 3,074 4030 dad 2,4 S,y
L £, %% 5.14! 4.01¢ . 31° 4,209 4,498 d.%M = J-
3,292 4,382 5.5% 4,93% 4,4% 4,304 4,933 4.%3%  §.919
223 4,199 4,721 9,402 4,3%3 §,48° 300 dolon %.53
3,024 3.430 3.362 3.348 S5.%53% .09 4,90 3,334 .30
| 2.9%8 2,783 3.074 3.i@0 4,493 8,028 8,.1% T.ae at
| TT307  2.030 2.3T8 2.3 B33 %l w0 B0 30
o 1,349 R 1,338 343 : [ =, 0% 1§,3:% -
R ¥ L399 L8 Y eala - 1 3,028 ot N e8%: 2
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TABLE B.S.2BROF-ATHOSPHERE ANALYSIS FOA A PLANUPMILE GRASS CANGF: Lale' .l
SAVELENGTH & .43 AICROAETERS, VISIBILITY = 10,00 XA, ALTITUDE = 900,00 KN
OPTICAL DEPTH = ,429

| AZIMUTH = 1,00 DEGREES  TOTAL RADIANCE MATRIX

z $.580  4.949 4,534 4,099  3.854  3.7ed4 4013 420 213

- 0.898  4.379 4,186 3.818  3.840  3.617  3.938 4,132 S.813
4,047 3,913 3.780  3.518  3.408  1.454 3,894 4,379 4.503
3.501  3.451 3,353 . 3.19% 3.3 3,289 3,993 5.021  8.003
2,971 2,971 2,931 2,827 2,897 3,233 4,284 4,047 11,443
2,417 2,454 2,490 2,497 2,709 3.416  S5.010 9,898 19,333
1.84% 1,848 2,077 2,07 2,928 3.9%3  8.798 1T,09% 3,113
1,397 1,380  1.420 2171 3,043  S.302 11,447 29,791 04,41

L8900  1.0%1  1.4%3 2,190 3,940  9.497 21,334 82,436 185.913

AZIAUTH = 50,00 DEGREES  TOTAL RADIANCE mATRIX
§.735  S.087 4,481  A.174  3.905  3.809 4,033 4,036 5199
4.836 4.400  4.30%  3.927 3.2t 3.4%8  3.923 4,008 242
417 4,064 3.909  3.818 3,482  3.445  1.7%8 3.%a3 1YY
3.572  3.%%4  3.445 3,292 3.135 3179 3.%e8  3.893  95.399
3,015 3.041  2.979 2,832 2.799 2,398 1.319  3.793 o 4 4
2.440 2,489 2,489 2,412 2,423 2,803  3.119 3,357 9.538
1,860  1.849 2.003 1.33%  2.2%4 2,409 2,345  1.894 .94
1,800 1,334 1,432 1.83 1,797 2,189 2,832 4,029 S.83¢

A% L94% 1,084 1,262 1.%84  2.0%  2.832  3.9%%  T.a4da ?

AZIMUTH = 90.00 DEGREES  TOTAL RADIANCE MATRIX 1

$.912 $.257  4.73s L249  3,9%%  3.336 4,053 4012 |

$.007 4,820 4,507 4,084 3,833 3733 3,997 1.992
4,295 4,298 4,122 3.799  3.891 3,530 3.7é3 379

H

3

4.
3,643 3,703 3.411 3,409 3,284 3,224 1.497 .93 4,300
3,059  3.139 3,094 2.%d4 2,837 2,331 3.4t 3,299 4,000
2,474 2,950 2,999 2,498 2.4ty 2,237 2,799 L. 30T
1,874 1.89% 2,021 1,773 2,139 2,119 2,07 Q.08 5,099
1,603  1.322 1,382 1,490 1,823 1.89% 1.3%3 2,21 .

AN 399 931 999 1,088 1,243 1,38 Lue Qs

AZIMUTH = 120,00 DEGREES  TOTAL RADIANCE AMATRIX
§.157 .43 4911 4,327 401 3,873 4072 401
§.224  S.2%4 4,387 4,312 4,010 3.3%3 4,033 I.9%s3
4,319 4,838 4,582 4142 3,399 1.093 3.92¢ 3.8%2
1,717 3.92% 3.99% 3.803  3.802 3.1 3.1 3.sal
3.107 - 3.29% 3.377 274 3,206 | 3.204 3,39 T4
2,803 2.4681 2.8 2.8 L.MS L7331 o137
1.888 1,9%2 2,140 1,977 2,3%3  2.383 2.344 2,310
1,406 1,345 1,439 1,582 1,673 1,703 2,083 2.479
<362 .38 LT 1,938 1,208 1,442 1,780 2.3%3

aZlAUTH = 179,00 DEGREES  TOTaL RADIANCE MATRIX

[P RS I U R I R L ]
.- o - e o e
.
=

5.862  S.772  S.037  4.40% 4086 3.999 4,071 40023t

€.20 5,740 $.3%0 4,379 4,330 4,07% .33 40T a3n

4,543 5,806 6.90%  S.773 4,832 4,337 4327 4,137 4.3:s

3,701 4,478 5.59% 7,064  S5.930 4,944 4,248 4,390 §.709

.15 3.393  4.286  S.81S 7.0 e.%s  S5.73T 4707 5.3

2,531 2.8 RS BP0 LY YRR R DS LA V. SRR S SRR b
' 1,993 2,051 2,880 2.899 4.7 U,Tal 13,340 12,0 - .
| 1,409  1.408  1.83% 2,143 3.07s - %%t 12,313 28,333 1S \
l LIS L% 1,198 1,830 2,37t &,3%1 1,78 34,8l ﬁ
i

| e

b |
:




TARLEB.S I SRDF-aTAQIFMERE ANAUIETE FOR & FUANCIR@ILE T8 Cands ale |
waVELENGTY & 98 ALCSUmSTINE, VISIBILITY & 3,00 KA, SLTITUBE = L, 00 o
JPTICAL OEPTY = L9809
AZIAUTN = 1.00 DEGREZDS TOTAL RADIANCE 9ATRIz
7.580 3.4684 .67 3.97¢ J.592 J.a11 .50 3.97¢ 4,734
30", ‘053. ‘003: 3037' 3-33. -:..') 3-:2‘ ul.:! 5. "’i
272 3.836 J.582 3.2% 3.129 J.104 3.573 4,977 8.074
3.300 3.292 J.129  2.94¢ 2.718 3.19? 3. 80 4,97 Te0d
2.89%4 2.813 2,782 2.67%4 2.7%% a2 4,423 6,390 1,243
2,340 2.352 2392 2.480 2.788 3,72 $.418 2,832 19,424
“.840 1,345 2.100 2.239 3.282 4,72 §.390 17.e%5 3%9.0a)
LR Pa 1,508 1.83? 2.404 3.39¢9 T.045 195,921 Jé.20e0 39,392
AL 1,348 1,930  3.018 $.592 11,938 29,003 7r.282 199.822
AZIMUTH = 90,00 DEGREES TOTAL RADIANCE maTRIX
7.987 8.017 4.9%2 4.124 3.7 J.402 3. M 3,564 4.477
$.813  S.039 4,340  3.769 3,499 3.318 3.49° 3.563 3, %ad
4,5% 4,143 3,787 I 119 133 3.37% 3. 5% 4,337
3.447 J.479 272 3.038 o708 2.928 J.2984 3.5 4,980
2.97s 2938 . 814 2.4¢87 2638 w B b 34143 3,573 919
2.39% <. 407 2.380 p I 1L p 1% - 31 <. 540 J.082 e $.22%
'.802 1,983 1,990 1.873 r IR i 2,398 3.0 3.°93 $.3 3
LR Y 1.43s 1.%%0 1,799 2,397 2. 439 3.18% .23 g.739
1,099 1137 1,348 1,919 2,939 2.et)  3.40d 4,870 7,109
821A4UTY = 90,00 DEGREESS TOTAL RADIANCE #aTR[K
3,428 5.433 $.234 4,272 ol 1.513 3,090 3.934 ‘.93
0.236 $.54 4.7%0 4,057 3.433 3.419 3.52 3.439 4,522
4.840 4,592 4,202 1.8°8 3.379 3,238 J.308 3:332 3.39)
3.79% 3782 J.564 3.288 3.07% iR k I B 3497 4,00
3.,0%2 3.00¢ s L I Jed P2 dnd o B N o] s
-4 R L .43 2.37% et dd ol k| . Say SN 3,29
i34 1,399 . M0 1,309 .09 26373 2. eedal oags
143 1,417 § odi} 1.%567 BTV N 183 1393 so 182 A
297 1,107 1,154 1,20 1.32 1.483 ot 789 PR T
<otadTH = 129,900 DEGREES TOTAL RADIANGCE AaTRIC
2,042 2.791 8.51% 4,423 3,393 7.983 1.920 J.54 s.iz
3.793  9.000  %.098 4,93 3.%3e  3.802 3.2l I.er e
$.183 S.4i% $.210 4,348 3.922 3.3582 3.509 3.408% d,21)
J.%44 4,214 4,292 4,039 J.879 J.428 3.423 Saas? 3. 287
3.148 3.38° 3.539 3.404 3.291 3.18! 34198 3.039° .8y
2.40 Q.4M <.318 2.023 2.91s Seles pAl Jat 2.0 b I
1,904 1.993 s 137 2.199 .. 44 . 3%9 <. 29 2. 108 AL
R I 1,498 1.567 718 1,353 2211 P 2. 530 o b
74 .10 1,291 10309 R 1o 9462 s Py iyl 4 < od
aclauTe = 173 .00 JEGREES TATAL %al[ANCE *ATRIX
10.007 i $.790 4,977 3,749 J.ald J.ad 3.53+ 4,93
L5353 10,3488 3.91? .80 4,394 1.8%3 3.309 §, 5" <. T3¢
T.408 7,357 10.9%43 .30 2.9% i,840 .10 I.%e0 4,332
4,008 S.883 8.238 '1.94¢ 9.342 .31 T.000 4, 0" 1,473
3.432 4,07 g.%562 9.94% 13,832 19,80¢ *. 35 $.430 e
2.538 3.9 3.387 .34 893 T3V 13,597 S .
23 s 18< -.30° Jedde ® 18,3°% oL, ST :
™ 1,999 ST bR RS $,774 Y.080 33.°% da,88 e
Jea Ch o5 D iady 3,293 e af. .-




TABLEB.S.4 SRDF=ATAOSPHERS ANALTSIS FOR A PLANOPYILE GRASS CANOPY Lale',2
VAVELENGTH = ,30 SICRORETERS, VISIBILITY = 23,00 «8, ALTITUDE = 509,00 xn .
OPTICAL DEPTH = ,222
AZINUTH = 1,00 DESREES TOTAL RADIANCE MATRIX
15,008 15,0873 15,045 15,106 14,948 14,312 15,124 15,387 20.9%9
e 19,184 15,277 15,303 14,507 14,453 14,340 14,090 15,045 20.747 “3
14,144 14,262 14,306 13,652 13,549 13,403 13.078 14,399 20.382
12,440 12,764 12,319 12,225 12,100 12,189 12,4680 13.927 19.99¢
10,844 10,764 11,029 10.544 10,563 10,667 11.362 12.712 20.430 i
8.713  8.824 9.900 8.553 8.854 9.9%4 9.948 12.314 24,312
$.088 242 4377 4037 6273 7.09% L5863 13,992 1490
W88 4,137 4,308 4,400  4.979  5.065  9.542 20.877 2e.%590
1,827 1,606 1,833  2.171 3,093 S5.8%6 12,422 37,108 129,988
AZINUTH = 50,00 DEGREES TOTAL RADIANCE H4ATRIX
15,936 195.904 15,398 15,129 14,945 14,326 15.131 195,381 20,919
15,215 19,334 15,390 14,824 14,482 14,360 14,479 14,948 20,4958
14,176 13,308 14,348 13,438 13,566 13.470 13.799 14,138 19.462
12,661 12,798 12,851 12,233 12,181 12,124 12,489 12,360 17,949
10.858 10,988 11,044 10,539 10.507 10,491 10.848 11,313 145,190
8.722 9.935 8.993 3.506 8.509 9.540 3.930 7.853§ 13.30¢
0.092 §.238  8.337 S5.918  6.437 4.300  4.432  7.341 10,541
4,295 4111 4,210 4,342 4,340 4,433 4,900 5,803 9,129
1.520 1.550 1.837 1.899 1.861 2179 2,877 3.424 8.473
AZIMUTH = 90,00 DEGREES TOTAL RADIANCE WATRIX
15.869 15,941 15,931 15,152 14,982 14,837 15,133 18,379 20.8Mm
15,292 15,392 15,408 14,467% 4,521 14,388 14,584 14,724 20,279
14,200 14,364 14,415 13,745 13,4612 13,499 13,791 14,037 19,084
12,682 12,944 12,908 12,297 12,222 12,134 12,418 12,85% 17,308
19,372 11,020 11,084 10,578 10,8521 10,468 10,738 10,992 15,077
8,732  8.3%%  9.91% 3,515 9.491  3.48% 8,720  2,%2r 12,3807
0.0%0  5.243  8.335  5.898 8.168 a.140 5,082 e.%35  9.:i7
4,294 4,099 4,177 4,283 4,192 4,138 4,382 4,73 8,004
1,513 1,816 1,562 1,547 1,898 1.7240 1,037 2,:2¢ 3.312
AZIMUTH = 120,90 DEGREES TOTAL RADIANCE 2ATRIX
15,915 15,784 19,964 15,176 15,002 14,3853 195,149 19,307 290.377
19,299 15,439 15,507 14,748 14,507 14,437 14,717 14,920 2001
14,240 14,4482 14,541 13,358 13219 13,831 13,349 14,047 14,907
12,704 12,911 13,011 12,421 12,339 12,238 12.49§ 12,470 17,173
10,888 11,071 11,173 10,884 10,640 10,579 10,328 11,023 14,943
8.741 8,388 8.977 8.401 B.%590 9.%568 9,807 4,023 12,317
8.1 8,281 8,374 5. %48 6.437 8.218 a1t d.620 8.42¢0
4,283 4,102 4,190 4,28% 4,229  4,13% 4,810 a7t .,
1.506 1.%504 1,582 1,842 1,807 J70 1,870 2,220 3.
AZINUTH = 179,00 DEGREES  TOTAL RADIANCE mATRIX
19,993 14,037 15,997 19,200 15,021 13,380 19.'%2 15,387 20,772
‘ 15,350 15,772 185,707 14,099 14,602 14,510 14,770 14,%9 20,134
‘ 14,272 14,662 15.009 14,223 13,976 13.771 13,997 13,142 19,029
: 12,720 13,083 13,377 13,114 12,894 12,650 12,819 12,992 17,41¢
; 10,904 11,1958 11,318 11,231 11,634 11,800 11,879 11 UT7Y 15,493
r .791 §.94%  9.'33 3.974 2,809 10,083

Y040 19,185 13,432
9.199  8.297  4.473 9,190 7,013 PLE31 8,809 137 11,008
4.8%0 4120 4,293 4,436 4,37 5190 P00% 0.8 1d.282
1,509 1,910 1,899 1,490 1,90] 2,352 4,993 11.%%° 3.0f
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TABLEB.S.5 3FDC-aTaQEPuERS AuaL 315 €C% & sLanCFelLE BRASS Canl2r Lale’ .o
JAVELENGTH & .30 AlIRQETERE, VISIBILITY & 12,00 + 3, 3.TITLDE & 300
WPTICAL DEPTA = 3ol

AZINUTH » 1,00 DEGREES  TOTAL RaDIANCE MATRIY

18,382 19,217 15,087 14,2%4 13,927 13.828 '3.e0? 13.0'7 19,337
{ 14,505 14,542 14,467 13,493 13,493 13,199 13,298 13,374 16,349
: 13.492 13,526 13,497 12,804 12,813 12,428 12,018 12,917 19,219
12,011 12,030 12,083 11.468 11.363 11,277 11,630 12,378 19,049
10,201 ‘0,368 10.3°7 2,997 9,887 2,997 10.831 12,049 20,54
8.2%1  9.344  3.402 8.07 g,181 9.%543 9,380 12,700 24.48'0
5.9 S.91e 4,055 5.778 6.%66 7,008 9,124 19,327 7080
4,042 1.9%2 4154 4,540 €118 0,710 11,402 25.°7s t2.324
1,802  1.820 1,934 2,448 1,790 .30 17,209 e4.3% 143,773
AZIAUTH = 40,00 DEGREES TOTAL RADIANCE AATRIX
19,423 19,280 15,118 14,252 13,992 13.:43 13,879 13,809 19,537
14,648 14,850 14,545 13,790 13,490 13,212 13.2%4 3,283 19,129
13.252 13,602 13.%40 12,800 12,629 12,397 12,395 11.3e0 13,224
12,047 12,131 12,1238 11,497 11,363 11,172 11,328 11,399 19.382
10.303 10,393 10,412 9.890 9,795  9,49% 9,900 10,198 15,159
3.264 3.3%% 9.38%  7.9% 2.9%8 7.91%  8.213 §.748 13,981
g o7 €997 f.890 5,592 §.064 5,917 2,079 a.%ds 1,289
4,040  3.911 4,000 4147 0148 4312 47 LY 13,304
1,492 1,%38 1.8 voma) 1,88 2,342 1.3 .4 8337

A2IAUTH & 99,00 DEGREES  TUTAL RADIANCE MATRIX
185,494 1%.3%6 195,179 14,290 13,977 13,380 13,030 !
14,720 14,797 14,844 13,329 13,543 13,244 13,277
13,812 13,200 13,663 12,9346 12,688 12.42¢ 12,470 !
12,082 12.20% 12,208 11,349 11,391 11,172 1.2
10,328 10,449 10,858 9,933 9.803 9.546 7.73)

- 02 Lt L

.

"
-
-
o5
"
[ ]

$,°%0 14,043
3.2°8  2.3&1 3.1 7,998 .09 .12 R ELINE PEOT R RS-
5,790 .91 9,987  5.%40 LTS TP S T -2 B PRt o L
0,033 3.391  1.er a0 L 1,371 4,033 4,280 a.lF
pLags  1.486 1,331 1,920 1,274 DIE TR | SR B P 3

AZIAUTH ® 120,00 DEGREES  TOTAL RADLANCE nATRIR
15,250 19,448 15,240 14,329 14.00% 13,077 13,387 t3.9E3 0.
14,810 14,993 14,329 13,947 17,832 13.303 13,332 13,182 1a.3ve
13,872 13.883 13.89% 13,113 12,343 12,579 12,933 il.40e APET H
12,120 12,319 12,381 11.7%° 11,864 11,302 11,308 1 LI08 14:87
10,347 10,524 10,808 10,0°° 2.973  9.784  9.33r .73 I
g.291 8,429 8.%03 @2 3,093 T.%e 8.023  3.032 1,419
§,79%  S.91%  5.034 S.907 §.041  85.799% T840 9.%48 7,82
1.03s  3.303 3,97t 4,090 3.9%° 3.9 4,03 410 8 00
1477 1,498 1,13 1.9 1,090 1,798 '.389  2..3%  1.389

-~

AZlsUTH = 179,00 DEGREES  TUTAL RADIANCE +aT2]

Te sag 10,603 19,301 14,367 18,034 13,93 13,273 13.IT0 0.3
1iam9 1e.eas 19,347 18,220 13,79 13,413 13370 13l 13783
130932 14,304 14,360 13.352 13.308 13,333 11737 1nga T
12 1e3 12,885 13.120 13.15% 12,630 12025 10,308 1.8z 1e.203
13 373 10.670 11,083 11,175 11,933 11.3e7 10,038 1.5y 1h.deE
20308 G.510  8.77  8.303  9.633 10,377 cwiie 2387 ol
ey £.385 4.0 §.237  T.008 3,330 10T refi st
ARSI P VORI 3 SRR URLT B P TERN PSS b CL
Caen 1430 1,581 1,7T) 23T i3 TLETTOS s

u.';u:lNAL PAGE 18
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TABLE B.5.6BROF-ATAOSPHERE 4NALYSIS FOR A PLANOPHILE GRASS CANCZFY LAi='.l

WAVELENGTH = .30 MICRONETERS, VISIAILITY =

QPTICAL DEPTH =

AZINUTH
15.014
13.478
12,3597
10.844

?.238
7.390
$.179
3.450
1.481

AZIMUTH
13.84S
12.508
10.944

9.282
7.41%
S.188
3.548
1.447

AZIAUTH
15.39%
14,052
12.45%
11.028

9.3
7.440
5.198
3,444
1.453

AZINUTH
15.657
14,314
12.803
11.198

?.37S
7.84%
3.207
J.444
1,440

AZIRUTH
15,247
14,479
12.952
11.191

9.423
7.489

< 1'°

vl
- , -
de3%2

1.42%

s 1,00
14,210
13.257
12.183
10.912

.z.,
7.444
5.308
3.409
1.460

s §0.00
14.37%
13.520
12.3%50
10.913

9.307
7.463

0292
3.545
1.532

= 90.00
14,582
13.783
12.571
11.067

7.398
2.51¢
$.301
3.516
1.4460

= 120.00
14,843
14,307
13.024
11.314
. 9.559
7.402
$.334

3.325
1.443

s 179,00
15.201
15.942
14,191
11,981

9.897
7.788
§.347

3.573

1,479

4889
DEGREES
13.438
12,999
12,014
10.724

« 225

7.478

5.456

3.873

2.120
DEGREES
13.804
13.127
12.136
10.798

9.248

7.439

$.351

3.643

1.866
DEGREES
13.953
13.348
12.343
10.958

9.34!

7.493

§.34¢

J.564

1.503
DEGREES
14,102
13.809
12.900
11,333

9.434

7.473

5.43¢

5.598

1,506
DEGREES
14,251
14,952
15.501
13.299
10,715

8.281

Sed b

3,363

1.3:2

TOTAL
12,4844
12.097
11.278
10.099

8.749
7.193
$.295
4,423
2,927

TOTAL

12,725

12.201
11,352
10.12%
g.n?
7.043
5.004
3.79%%
1.832
TATAL
12.805
12.338
11.513
10,255
3.795
7.073
3,925
3.808
1.503
TOTAL
12.889
12,809
11.892
10.448
P11
Ze312
5.072
J. 846
1,541

TOTAL
12.973
13,247
13.827
14,326
11.891

8.939
8.213
4,291

9 AG2
-t

RADIANCE MATRIX
12,121 11,702
1217 11,332
10.984 10.494
9.923 9.782
3.743 8.78%
7.342  7.849
4.136 2.07%
3.327  7.480
4.922 9.9%2
RADIANCE RATRIX
12.217 11.728
11.727 11,248
11.005 10.548
9.887  9.620
8.557 3.3%0
5.99%  4.933
5.409 5.330
3.855 2.090
2.136  2.5%7
RADIANCE MATRIX
12.264 11,7595
11.873 11,396
11.101 10,488
9.963  7.413
3.564 9.313
6.933  48.7%2
£.217  a,35
3.518 3.342
1.568 1.469%
RADIANCE MATRIX
12.314 11,791
12.039 11,492
11.400 10,879
10.291 ?.3%53
8.881 8.572
7.192  a.999
9.408 5,148
3.829  3.384
1,847 1.8M
RADIANCE MATRIX
12,385 11,307
12,381 11,388
12,485 11,444
12,999 11.428
13.8688 12.184
11,153 13,177
7,00 11,324
o238, 7.9%9
3170 8.023
80

1.5
11,286
10.782
10,093
9.544
9.239
9.23%
14,9028
23.3460

11,578
11.247
10.409
9.504
8.520
7.208
$.539
3,513

- ame

Jdewad

11,383
11.242
10.348
9,329
9.274
§.7273
4,390
3.347

787

11.592
11,232
10,560
7,449
6.937
3,972
3.718

2.0%2

11.550
11,338
11,000
10,571
19,734
12,608
18.%03
19,133

13.79:%

11.3641
11,518
11.255
11,082
11.236
12.784
17.592
31081
81,039

11,449
11,373
1¢.313
9.9¢7
8.929
7.822
6.421
$.548
4,032

11.629
11,2935
10.437
9.412
8.3
8,902
§.159
3.847
2.027
110013
11.249
10,423
.82°
§.407
8.983
€ 17

Vemw

4,00 KM, SLTITUDE = 302,90 «m

18.843
18,742
18.362
18.449
19,748
24,334
17.843
73.20i

151.613

19.311
19,419
17.54
14.221
14.573
12,541
9.4873
3.454
5.487

18.739
13.208
17.118
15.483
13.433
10.939

9,293

2.374

18.797
13.9S5%
13,243
18.313
13.299)
10,377

T €4
7
Few=!
a9
Nt
a.77%

3,450

i n

— .
wy

-t e




TAILER. 6.1 SRDF-ATAOSFHERE ANALTSIS FO% 3 *LandFmILD G333% CANI®r (Al=d.)
WAVELENGTH 2,83 AICROMETERS. VISIRILITY = 23.00 48, ALTITURE = 900,00 ¢

OPTICAL DEPTH =

AZINUTH =

1.00 DEGREES

239

TQTAL SADIANCE MATRI:

4,839  4.317 4,090  3.788  3.928  3.900  4.014 4,327 5.807
4.3%9  3.94S  3.820 3.7%7  3.729  3.739 0 3.91) 4,850 8.9
3.908  3.4810 3.506 3.4746  J.484 3.548  I.T 5.97F Mlavd
918 J244 3178 3.180  3.232 0 3,372 3.7 50003 8.973
2.984  2.300  2.74%  2.81t 2,929 397 3,999 S5.338 12.178
2,360 2,322 2,331 2,429 2,028 3.'32 0 4312 TLeel 1AnlT
1,873 1.972  1.936 2.113  2.517 3.3%2  5.830 12,197 3S.3y
1,287 1.33&  1.478 1,821 2,444 4,085 8.427 22,628 75.148
753 866 1.138 1.4650 2.854  5.912 13.99c 45.28! 143.73¢
AZINUTH = 30,00 DEGREES TOTAL RADIANCE RATRIX
4.910  4.387 4.1583 4,035 1.784 3.9 3,038 4.330 0.508
4.428 4.08%  3.9'S  3.336 3.U98  3.73% 3. 4507 A3V
3978 3702 L8596 3.555  3.S3I? 0 3.333 3.730 4.2 5.%a8
3.89 3.1 2% 3.230 3.2%3 3.310 0 3,833 4130 a.54
3,014 2.85¢  2.91d 2,33 .37 .37 LW 1,042 a2
2,332 2,354 2.341 2.38% 2.445 2,832 2.732  1.3%:  a.4™2
1.836 1.2380 1.893 1,967 2,070 2.307 .79t 3.7 5.478
1.291 1,309 1337 1.440 1.822 1.958 2.50¢ J.840 4.123
750 798 L9880 1,033 1,279 1,444 2,29% 3,427 G.T14
AIINUTH = 90,20 DEGREES TOTAL RADIANCE MATRIX
4,994 4,471 4,228 4082 40001 3.9 4.057 4,33 5.523
4,513 4,204 4,033 3.9a1 3,38 3.83%  5.°9 4.342 4.3
4,041 3,817 3732 3.880  J.ede6  J.a4! 3.744 4,159 5,140
3,300 3.412 0 3,347 3,357 3.3 3373 3,303 S.mE 0 .M
3.043 2,223 2.70% a2 2.%44 2397 3.133 3.3%° .50
2.e03 2.403 2,203 .43 2,394 2,574 2,733 3,295 .9 2
1,393 1,993 1.2i9 1,93 aet ate o <.d2) 06793 3,223
1,206 1,338 1,33 1.35! 1306 *.%30 t.313 2,27 3.4:%
el 7SR Ak b 399 L2 1,084 1T Vgt 2%
ZIAUTH = 120.)Q DEGREES TATAL RADTANCE HATRIZ
5.1 4,579 4,294 4131 4041 1,992 4,079 L) 5,477
3.817 4,423 4239 4,087 4,006 3.7FT 4.238 4377 a.W12
4,109 4,020 3,99t 3,902 3.3%3  3.82r .M d,242 5,097
3.940  3.544  3.579 3.8t 3.80%  3.30s8 3.7 4,047 D.70B
I.976  3.029  3.09r 3,153 3,209 3.252 3.4 3.33° 3.ITT
2,829 2,474 2,540 2.828  2.870 2,323 2.999 T.42% 3.3
1,911 1.9%2 2,012 2,099 2,198  2.333  2.%e5  l.w2i 437
1,299 1,329 1,330 1,4%% .87 1,7 LM 2.5M il
Mkt S 308 L3387 1.02s AR LI .14 3.9
AZIMUTH = 179,00 DEGRESS  TOTAL RADIANCE mATH[:
$.313 4715 4,383 4,130 40O 4,023 4,100 4,342 3. 3%
4.7%7 5.13% 4.719 4,393 4,208 d.114 .13 4,472 2. 338
4,17 4,492 5,129 47T 4,392 3,208 4,224 3,512 5290
.49 3.34 4,404 5,245 4,327 4,49 4,389 4.822 a.2%%
T.008 0 3.208 3.5 4,38t 5.509  S.0és 4,738 4,30 .93
2,443 2,8%F 3 3€y 3,394 4,372 45,203 T.932 5.9 700G
G323 2,930 2,223 2,893 3.3 %.13T 3,500 R, +, 130
1,393 1.374  1.%23 1.81% 2.37% 3.30% *.%af 19.3%3 13.4a8
TRty LT LR T TP 1 I (P T < £ o8 20,237 33,94

R
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TABLE B.6.29RDF-ATNUSPHERE ANALYSIS SQR 3 SLANDRUILE GRS Jandt:

JAVELENGTN =

QPTICAL DEFTH =
'.00 DEGREES

AZINUTH 2
5.4M
4.593
3.948
3.
2.920
2.31%
1.8380
1.329

827

AZINUTH =
§.026
4,735
4,072
1,543
2.984
J.344
1.374
1.332

347

AZINUTH =
$.803
4.901
3.'%s
J.otd
3.909

2.3%3

1,38%
1,338
3353
ACINUTY =
4.048
S.119
4.319
3,887
3.087
2,300
1,303
1,338
.348

AZIRUTY =
8.453
§.419
4,443
3. 78!
3.108
2.4

1,9

.08 MICRONETERS, VISIRI

bdae

429

4,552 4,108
3.99% 3.4
3.333  3.192
3.156 3.062
.79 2.481
2,272 2,29
1.848 1.9482
1.306 1.812
1.038  1.435
30.90 DEGREES
4,470 4,233
4,215 3.89¢
J.2e 3,520
3.280 J.154
2,73 2.1
2.307  2.28¢9
1.369 1.188
1,300 1,424
k]| 1.044
99,00 DEGREES
4.880 4.338
4,438 4,092
3.999  3.734
J.408 3,320
2,887 2,344
2.348 2.3%9
1,328 1,%0s
1,347 1,379
373 D13
120.20 DEGREES
$.074 4,483
4.370 4,472
4,27 4,194
J.830 J.a04
©3.044 Fo127
2,469 2.8551
1,992  2.02%
1,370 1,430
.383 o929
179,00 DEGREES
$.37% 4,509
8.384 5,435
S48 4.317
4,191 $.304
kT B 4,037
2,049 3073
2.041 2.347
1.429 1.437
908 1.29)

TOTAL RADIANCE MATRIX
3.889 3.7%2  3.847
J.013  3.542 1.%519
J.328 3.314 3.346
J3.032 . 3.193  3.2683
2.729 2.37F7 3.210
2,418 2,890 3.4t
2.212 2.27M 3. ®
2,108 .0 3332
2,179 3.9%2  3.44

TOTAL RADIANCE MATRIX
J.984  3.307  1.703
J.724 3,822 3.8543
3,429 3.38%  3.3F7
3.110 3.'9? 3.148
2738 2. 2.8%%
2,334 2,404 2,403
1,979 2,193 2.383
1,983 1.748 2.199
1,282 1,57 2.040

TOTAL RADIANCE NATRIX
4,039 3,333 31.73%9
3.391 3738 3,539
J.599  3.499 3.442
3.267 3.228 3.197
.83 2,337 L.3¢
2,380 2.397 2,433
1,939 1.999 3,493
1,425 1,492 1,928

878 1.979 1.231

TOTAL RADIANCE #aTRIX
4,117 3.909 3.7
113 3. 3.7
3.932  3.3% 3.870
3,080 J.374 T3
J.178 0 30182 3o
2.040 2,89y 2,799
2.118  2.207 2,382
1.514 1.adl 1.823
1,022 1,197 1,423

TOTAL RADIANCE AaTRIX
4,198 3,985 3.3n
4872 42T 3.981
$.533 4748 429
§.922 %5.303 4,93
$.518 7,098 4,543
4018 5,092 9,3y
2.749 3.327 3.7
2,077 3.088  §.%8
1.519 2.323 4,177

3./"5
3,048
3.6:’
4,138
4.37%
4.382
1,440

21.323

3.734
J.939
1.498
3.349
3,173
2.93%
1.970

- -
2.823

2.3

3.7%4
J.088
J.497

0272

2.99%

2 91
-t dew

Q.280
1.347
1.473

T4
3.748
3.083
3.48%
3.248
2.8398

2.930
2,073

1olta

3.1’93
3.393
4,0%
4,328
K

o el e -
) -

- s LN
« e e =

“n
"

T ow 10,00 K, ALTITUDE = §¢0.0)

4.014
4,197
4.35%
3.933

e

Seadd
§.9M2
15,131
29,789

2.430

4.010
3.983
3.920
3.393
3,394
3.900
3.738
$.019
3,939

4.00¢
3.92?
3.27

LAl=4.)
) |

s.°°4
4.301
7.203
8.4833
12.198
19,349
38.077
84,732
185.%10

5,971
§.99)
5.’07

X aw
DeVau

8.25?
8. 104
\)ol-.'a
LG

- e

S.947

$.379
3.739
3.334
g.130
4,9

o e
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*ABLEB.6.3 IROF-ATHOGPHERT awAL SIS F
JAVELINGTY = o8 AICROMETERS, MIZINIL
JPTICAL DEPTH = ,309
AZIAUTH = 1,00 DEGREE:

A S_AddFes.: GRaszd TANDRr LAl=d
v oa 4,0 KMo ALTITUDE = 200N -

TOTAL RADIANCE ta7TRIX

=343 S.343 4 30T 3.8 3.907 3.33! 3.314 552 S.4a0
£,388 4,208 3.879 3.406 3.25¢ 3.192 3.28¢ o7 5.35%
4187 3.528  3.231 3.09%  3.0%1 3.092  3.3%2 8 734
3.474  3.040 2.882 2.348 2,399 3.038 3. §.231
2.850 2.598 2.54! 2,591 2,775 3.4 4308 11,973
...s’ 2,197 2,228 2,38 .70 5L 5.508 20,102
L33 1.385  2.004  2.3%8  3.19? 4,705 3.4 O Y
‘.*15 .52 1.832 2.3%! 3.374 T.088 19.00a 29,438
1.1 1.335  1.%23  3.010 s.saa 11,923 28.99¢ 199,824
AZIAUTH $0.00 DEGREES  TOTAL RADIANCE AATRIX
7,873 5.474  4.587  3.%e I.5W 3.382  3.33% 3 T30
S ’2: 4,709 3.986 3.597 3,377 3.aAe 3.8 3. LB e
4, 3.33¢ 3.4%58 J.o41 3,113 3.080 3.154 3 5.9
J.adt 3.227 3.024  2.913  .8%d 2.’04 3.0 3 %539
2,932 1,79 2,403 2.%3¢  l.813 M3 3.003 3 F.31)
2,310 2.24 2.2 2.2%4 2.336 :.Sao 2.9 3. $.203
1,874 1,863 1.883 1,999 1,149 2 A7 30T G §.333
1,470 1,456 1,543 1727 10 ..‘)3 3,190 4, 3,802
1,099 1.17%  1.333 t.e10 2,033 2,598 J.400 4 - 1L
AZInUTH 99,9 DEGREES TOTAL RADIANCE MATRIX
g.331 6.007  4.389 3,094 3.473 3,433 3.3% 1. F.347
5.145 211 4,396 3.885 3.3%1 3.342  3.28% 3. 3,214
4.7°% 3,244 3972 5.937 3302 3.142 3145 3 LOIR
3.748  3.%510  3.317 0 3.188 3,047 2,349 2.9%% 3 1,937
3.014  2.380 2.78%  2.78 1.7 1.883 .78 L R
2,387 2.343 -.;t 2,31 .3 2.38%  2.482 . T.5%8
L39y 1,399 1,99¢ ¢,928  1,%s 2,052 2073 2 i
1,495 1,333 1.d84 1,318 1.ITs 1M 1,322 2 K
1,07 1,997 1.140 1 212 1 D09 1,472 1.430 5, L.
bt [HE 120,00 DEGREZS  TOTAL RADIANCE #ATRIL
3.748  5.650 S.150  4.240  3.748 3.433  3.37% W32 9.l
6.702 8.7 g.254 4.34 3.35¢ 3.%2%  3.37a  3.487 .00
5,038 S.'0s 4,380 L2270 3,945 3,519 3,339 5.333 .37
1.919  3.9s4 4,005 3.9 3,847 3,404  3.24% .29 4.1
3191 3. 178 3.319 3.342 3.281 3.0482 3.978 3.142 4,350
2,80 2,517 2,849 .70 2.3 1,822 2,357 2.9% .04
1.313 1,992 2,100 2.2's 1.318 2,338 2.%37 .73 Tt
I £ DR T S 11 1,566 1.328 2,933 2230 I.23T7 ! 183
tLoded 1,09 138 1,327 1,301 1,350 2.029 2.79% S.4
ATTMUTA = 179,00 DELREESS TOTAL RADIANCE maT¥lt
9.9:1 T34 5,433 4,398 .8 3,534  3.39° 3.9 5.338
R L 10.33= = 4T §.538 4,372 3,37 3.573 3,8%5: 5.387
5.323 54° 19,617 3,140 5,320 .57 3.949 3,08 3,093
4,070 5.: 2,901 11,735 .M 5,29 §,247 4,20 9.8
3.13¢ 3.'72 €.3%0  §.9:3 LY 10,300 2,239 5,851, 9072
2,482 2,2%T 3.7ty S.TTTOO10,507 17,73% 13,738 P18 TLEDs
a9 2,132 2. 71l 3. 5,3 £4,3%7 23¢.971 2).:7F .7
o337 1574 1,938 o ey ] 3,483 23.730 45, 0%f T -
AL . o 1.1 7% 1,499 ek F 3,047 3,598 22 a%r 8g,.di0 'aT.-.




il O o

) YAVELENGTH =

' IPTICAL DEPTH =
N AZINUTH = 1.90
i 183,100 17,444
f 17.489 16,993
f 16,285 15.871
: 14,835 14,504
E 12,643 12.484
10,142 10,103
7.0 7.881
4,541 4,548
1.4 1.508
AZINUTH = 40.00
18,194 17,474
17.500 17,081
14,317 15.91%
14,8586 14.538
12.4?7 12.%507
10,151 10,114
T.705 T.a47
4,541 4,522
1,424 1,452
AZIRUTH = 90.90
18.227 12.7212
17.537 17,108
14,349 15,973
14,877 14,58S
12.692 12,339
10.18% 10,134
7.709 7,883
1,540 v g1}
1,418 1,419
AZIAUTH = 120,00
18,223 12.7%
17.580 17,208
19,381 16.970
14,900 14.451
12,707 12,599
10,170 10,187
T4 7,070
4,579 4,514
1,410 1,408
AZINUTH = 179,00
13.352 17.910
17,835 17,487
. 16,414 18,270
L 14,922 14,793
3 12.72 12.877
i 10,180 10,224
. 2.718 2.008
’ 4,933 4,50
f 1,408 1.313

ana

DEGREES
17.369
16.760
15.61
14,365
12,449
10.098
7.459
4,643
1.499
DEGREES
17.402
1§.807
15.714
14,397
12,4484
10.091
7.618
4.548
1.503
LEGREZS
17.43%
16,345
15.780
14,4952
12,503
19,113
7.817
$.513
1,428
OESREES
17,448
16.945
15.907
14,537
12,593
10.17s
7.858
4,323
1.418
DEGREES
17.5N
17,164
16,373
14,92
12,339
10,33
7.7568
4,592

.84

TATAL
17.350
16,762
15.4890
14,373
12.370
10.114

7.798
4.381
2.098

TOTAL
17.373
16.300
15.725
14,392
12.344
10.046

7.873
4,814
1.422

TOTAL
17.396
14.851
15.794
14,444
12,402
10.073%

7.a8)
4,932
1.473

TOTAL
17.421
16.923
15.893
14,570
12,509
10.141

7.79?
4,557
1,449

TOTAL

17.445

1707

16,262
15,243
13,0958
10,538
7.952
4,728

' " Gy f

te

RADIANCE HATRIX
12,227 172,073
16,710 15,537
15.663 15.534
14,401 14,287
12,399 12,392
10.153 10.510
T.960 -ED)
$.292  4.487
3,031 5.404
RADIANCE HATRIX
17,294 12,087
18,739 14.551
15,481 15,3523
14,394 14,222
12,344 12,312
10.906 10.097
7.831 7744
4,653  4.89!
1,799 2.02%
RADIANCE NATRIX
12,312 12,100
18.773 12,579
15.727 15.8852
14,435 14,232
12,358 12,294
9.%89 10,221
7.502 7.%58s
4,508 4,539
1.532 1,587
RADIANCE MATRIX
17.331 17,114
16.338 15,224
15.830 15,834
14,552 14,330
12,476 12,408
10,088 10,124
7.830 7.380
4,542 4,408
1,545 1,318
RADIANCE RaTRIZ
17,3851 17,127
18,93% 15,701
16,990 15,324
15.106 14,790
13.470 13,237
19.902 11,4829
8.297 §,77%
4.9%0 §5.:82
1,330 2.9
84

20 «%. ALTITUDE = 90Q.00 KM

16.98%
14,493
15.548
14,418
13,088
11.294
10,131

9.873
12,541

19,992
14,431
19,433
14,294
12.541
19.27
a3t
.49

18,999
15,488
15,481
14,130

17,432

- J‘
|0.Q§°
7,080
4,933

1e738

17,904
14,519
15.538
14,231

12,529

etve

10,159
7.7%9
.74
1,739

. e

12.013
16.573
9.387
14,589
13122
11,3%
19,217
093 JEY

ven
‘0 -

17,738
17.340
16.549
19,4855
14,943
14,194
15,419
21,218

TABLE B.6.4BRDF=aTROSPHERE ANALTSIS FOR A PLANUSYILE GRASS CANOPY LAl=4,y
<30 AICRONETERS, vISIBILIT: = 23,

23.048
23.46789
25.003
24.201
25.912

29 7€9

ad 0/ da

33.333
47,321

37.138 129,833

17,749
17,280
16.23%
14,990
13.544
11,218
3.387
3.794
3.33?

12.243
17.219
18.197
14,734
13.212
10,48

3.214

£.979
3092

17037
17,214
18,197
14,308
'30"4

16.7297
8.233

25.004
25.387
24.083
a2.18S
0.9
17,236
14,143

7.380

£.758

25.769

- Yy
- o-'-'l

23.707
21,323
19.9908
15.347
12,299

-oa.:':

3."."'

=514
25.'93
e3.538
21.394
19,799

15,757

15399
atmm-

R 14

- A
dea

<3.372
e \oe
P )

:3-340
o1.,830
0329
19,372
14.3'e
13,973

3.

R ——



TABLE B.6. BRIF-aTISFHIE

JAVELENG

TH =

QPTICAL DEPTH =
1,09

AZINUTH =
17.99?7
184.750
15.520
14,089
12.001

9.590
7.289
4,308
P 3 b

AZIMUTH =
17,3859
15,313
19.53)
14,125
12,023

2,812
7.9
4,308
1.408

A2[4UTH =
174729
15,389
15,840
14,04
12,48

9529

7 ed%3

4,304

1,39
ATINYTH =

17.825

1§.932
19,799
14,68
e h T
V832

4,302

1.33
S21nyTy
17,999
19,104
18,741
13,21¢

-

14.893
14,144
15,047
13.724

B BRI ¢

o

- el A an

—
~4
. .
wn
N R
) e

19
16,404
13.992
353

«

-

vl
g-

-

a=r

s+ co > wm =e
I S e B
- & @ ® & @ .
Taas = 1+ O
TR - . W
R R B -

.

C e
.
.

-

e ba e
L
e s e

C Y I S

1) |

L3010
DEGREES
16.474
15.342
14,734

14,319
13.734
14,714

13,539 13.43
11,732 11,404
9.527 3.52

7.254
‘1“8
1.314

7,413
4.799
2.383
z TOTAL
2,537 18,397
g.210 18,7%)
3.347 14,780
3,931 13.479
1

9

e -
TAY 11,999
L5100 9,480
183 7.229
4,323 4.343
1521 1.8735
DEGRESS TOTAL
16,953 18.39¢
16.013 15,3257
14,955 13,338
13,004 13,373
11,300 (1,843
©,320  7.:%4
- .3. "Q.H.
3,377 E PP
1,411 1.48°
JEGREES  TOTAL
15,459 15,438
16.293 15,937
15,182 195,925
13.837 13.77"
11,932 11,302
9.423 9.9573
S ama = Awe
4,232 4,30
1,393 1,39,
JEGASEEY  TATLL
16,720 14,473
19.82 134,280
14,047 15,732
14,57° 195,448
12,33% 12.36¢
9,45 17,2T¢
3,327 3,5

ana_r3l3 FOR a4 ®LANE
<30 AICROSSTERE, VISIBILITY = ¢

16.094
15,931
14,578
13.418
11,390
3.8587
T.0808
T.408
3735

RADIANCE 3ATRIX

1a.i19
15.333
14,398
13.3793
11,498
2,344
PR E Y-
4.4
1,200

RAUIANCE 9ATRIR

1a.144
15,842
13,054
137 13,
1y 0T
9,303
FaNES
3,27

1.3'3

RADIANCE mATRIX

18.!71
19,731
14,303
13,819
13,872
3,442
s o4y
4.274%

1,534

RADIANCE

15,299
15.3%4
18 97

“tmr

13,393

'3.842

TOTAL RADIANCE HATRIA

‘5-7")2

.
'5.."

14,308
13.201
11.82%
.93
§.4123
Y. 091
7,188

15.71%

t® 934

14,299
13.0%a
11,342

9.357

7,331

14,973
bl "'.)

15.738
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14,309
3,849
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TI3LEB.6.6 IRNF-ATA0GPHERT ANALTI S FOR 4 FUanIenlll 39433 CARCRr LA[=d..
WAVELENGTH = .30 AICROAETERS, VISIBILITY = o0 Kd, AUTITUDE = 290,00 #N
OPTICAL JEFTH = ,489
AZINUTH = 1,00 DEGREES  TOTAL RADIANCE MATRIX
12,018 15,707 14,917 14,497 13,054 13,473 12,985 13,447 23,727
15,817 14,206 14,179 13,891 13.541 13,052 12,658 13.24% 23.433
14,170 13,539 13,155 12,957 12,890 12,305 12.084 12,875 22.9e9
12,720 12,276 12,014 11,86% 11,704 11,423 11,406 12,642 22.479.
10,769 10.522 10,405 10.242 10,174 10,207 10,823 12,900 24.342
3.584 3,503 8.447 8.451  9.53¢ 9,083 10.248 14,033 27.79%
8.509  4.445  §.500 08 7128 3,179 11,029 149,738 4112
3.880 J3.937 4.4 4,038 5.%564 7,993 14,288 31,339 79.84F
1.412 1.591 2.024 2,374  4.284 9.8%1 23.308 a1.01% 151,491
AoIMUTH = 50,00 DEGREES  TOTAL RADIANCE SATRIX
17,197 195,373 15,046 14.579 14,100 13,505 12,997 13,437 23.87%
15,783 14,970 14,348 13,995 13.801 13,283 12,417 17,193 23,129
14,319 13,798 13,277 13,031 12,711 12,2987 11,390 12,833 21,943
12,801 12,377 12,087 11,391 1,868 11,241 19.97% 11,8587 20.231
19,813 10,579 10,427 19,212 10.929 9,312  9.795 10,800 17,187
8.509 3.527 8.437 8.33s 8.183%8 8.142 8,213 9,07 15,733
8.513 3. 449 §.39% b.41¢ 5,347 §.432 4,733 7,814 13,9V
3,379 3.373  3.9n 4,007 4,094 4,404  4.3%  §.827 9.t:
1.399 1,442 1.571 1.782 2,093  2.4%% 3.1 3,063 F.9488
AZIAUTH = 90.00 DEGREES TOTAL RADIANCE MATRIX
17,397 18,079 15.214 14,458 14,147 13.531 12,999 13.417 23,623
15,990 195,233 14,563 14,153 13,496 13.11a 12,812 13,028 22,916
14,469 13,928 13.504 13,192 12,807 12.237 11,849 12,2%5s 21.52%
12,881 12,532 12,245 12,022 11,724 11,254 10,341 11,21t 19,492
19,357 19,67t 10,521 12,288 12,938 Q,734 .33 10,032 13,030
8,633 3.8574 3.48! 8.341 9.12% 7998 2.792 8.1% 14,239
5.5827 a8.3%5% 6.3893 8,333 A.178 3¢ §.993 §.3850 19,237
3.37% 3.84% 3.831 3.820 3.7%2 J.7%8 3.808% 4,038 3.293
1,38¢ 1.3 1.408 1.357 taga2 1,974 1,738 2043 2932
ACIMUTH = 120,90 DESREES TOTAL RADIANCE MATRIZ
17,859 18,340 15,362 14,742 13,197 13,357 13,008 13.930 13.370
16,253 15,757 15,019 13,303 13,843 13.213 12,651 13,000 22,799
14,617 14,380 14,041 13,571 13,106 12,484 11,94t 12,247 21,372
12,984 12,780 12,4822 12,434 12,072 11,397 190,979 11,299 19,323
10,909 10,331 10.813 10.812 10,3852 9.993 9,708 10.97F 17,334
3.438  3.840 3.484! 3.580 3,334 9.193 7,93 3.212 14,119
1,537 5.%507  4.482 5,483 5,747 2,281 8,187 9,431 10,288
3.374 3.3%3 J.36¢8 3.377  3.34% 3.397  3.%% 1,198 §.731
[ 1,373 1,411 1,499 1.024 1.77 2.200 2,400 3.323
AZI4UTH = 179,00 DEGREZS TOTAL XADIANCE NATRIX

wslde

18,049 15,499 15,511 13,824 14,248 13,534 13,013 13.38T 3.3
18,813 17,392 18,172 15,062 14,204 13,392 12,7%% 13,030 li.74°
14,788 195,547 14,4843 15.508 14171 13,073 12,232 12,420 21,410
12,046 13,445 14,589 14,092 13,779 13,087 11,833 11,790 192,799
10,993 11,:70 11,394 13.38% 15,3%9 17.308 12,010 11,38} 3,870
9.433  9.9%2  9.247 10,203 12,349 13,330 13,874 11,758 s, 203
3.54% 2.304 3.31¢ 7423 3.838 12.327 17,397 14,008 TR i
3.872 3.902 4,070 4,493 3,49% 3,275 1%,800 2,30t la,489
1,358 t,e0? 30 2,938 Y122 T ter 1338 38.%3s LIS
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TABLE B.7.28R07-ATHOSPYERE ANALYSIS FOR & LODGEPOLE PINE CaAnuft
JAVELENGTH = .83 AICROMETERS, VISIBILITY = 10,00 ¥a. ALTITUIE = 909,30 XA
QFTICAL DEFTH = ,429
AZIAUTH = 1,00 DEGREES  TOTAL RADIANCE AATRIX
J.736  3.149 2,681 2,529  2.%68 2,794  3.248 4,222 3,217
2.877  2.403 2,398 2,282  2.362  2.707  3.100 4,193 8,22
2.310 2,084 1,879 2,932 2.0%9 2,373 3.004 4,332 3.4832
1.850  1.720 1,700 1.801 2,027 2.448 3,272  5.1850 10.579
1,306 1,437 1,483 1,809 1,380 2,444 3,459 5,233 13,509
1,228 1,206 1,276 1,482 1,876 2,747 4,509 9.%44 117
.15 1,087 1,188 1,49 2,190 3,321 4,570 15,120 39,324
333 A0 1,147 1,577 2,889 S.031 11,232 29.78% 8%.33¢0
782 926 1,332 2.081  3.383  3.37F 21.286 82.436 180.0%
AZIMUTH = 50.00 DEGREES  TOTAL RADIANCE MATRIX
3.890  3.287 2.77F  2.804 2,418 2,832 3,287 4,217 3,149
J.015 2,483 2.8952 2.373 2,442 1,750 3.090 4,098  7.3%

2,434 2,205 2,007 2,129 2,112 2,343 2.367  3.398 7,025
1,921 1.324 1,792 1,398 2.031  2.333  2.887  4.020 7.9
1,950  1.508 1,513 1,814 1,732 2,110 2.5%4 3,334 7,50
1,252 1.241  1.2? 1.397  1.590  1.954 2,917  3.344 7,320
1,930 1,058 1,115 1,259 1.478  1.877 2,517 3.8 7.0
.82 384 %9 1,133 1,394 1,338 2,637 4019 4,37%
783 .820 942 1,184 1,438 1,973 2,733 3,995 5.739
AZIMUTH = 90.00 DEGREES  TOTAL RADIANCE mATRIX
4,067 3,457 2,900 2.4678  2.869 2.368 3.307  4.213  8.112
J.186  2.904 2,749 2,530 2.5%54 2,827  3.119 4,003 7.82%
2.558 2.400 2,220 2,303 2,242  2.448  2.877 3049 7.i%2
1,992 1,972 1,958 2.0:!%  2.1%) 2,382  2.911  3.83% 7,12
T 1.%98 1,806 1,828 726 1,930 2,008 2,518 3,348 4,327
1,200 1,303 1,345 1,447  1.%33 1,333 2.2%%  3.024 8,47
1,048 1,933 1,133 1,223 1,342 1.%8% 1,383 2,330 4.god
320 .3%2 .03 993 1,020 1,323 1.8 2.2k 1.0
743 T4 L4909 830 L3091 1,18 1,881 1,303 2.%:l
AZIMUTH = 120,90 DEGREES  TOTAL RADIANCE AATRIZ .
4.312  3.474 2,025 vt 2,724 2,904 3,327 4,08 3,083
3,403 3.338  3.129 2,782 2,731 2.9%1 3,198 4,01y .58
2,891 2,777 2,881 2,486 2.%4% 2,478 3.032  3.0% roE
2.086 2,194 2,302 2,409 2,493 2,87 3033 3.038 CLavn
1,642 1,783 1,911 2,0%  2.18%  2.41%  2.°s%  3.807 5,039
1.309  1.803  1.537 1,703 1,382 2,137 2.8 3214 5.1
1,089 1,14t 1,2%2 1,300 1,%30  1.83%  2.2'3 2,337 3,,3:
.332 374 L2485 1,084 G287 1,522 1,388 2,48 3.7
T3 .7Sa .32¢ B30 1,108 1,300 1,732 2,353 3.3
SZIMUTY = 179,00 DEGREES  TOTAL RADIANCE MATR!
4.207 3,972 3% 2,834 2,780 2,931 3,346 4,207 3.0
3.703 4,332 4,092 3,321 3.0%1 3.138 3.34%  4.9%3  U,%07f
2,308 JIT 0 5,003 4,287 3,483 3.2%7 3,338 4,09, .M
2,140 2,745 3,942 5,870 4,925 4102 3.9 4,3°9 a3t
1,891 2,060 2,320  4.397 4,73 9.?PT 4,932 4,%9% 7,33
1,338 1.583 2,0%% 3,08 8.,2M Q.04 200 6.3 3.4
1,977 1,2%0 1,873 2,233 3.700 7% 13,083 2,030 qe
L33t 934 1,172 f,sds 2,87 5,230 12,014 2%, 3%0 g 5
223 LT 3y 1,4 2,174 3,80 M1 34,423 39.v:°
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2.260 2.%58¢
2,042  2.3%4
1,322 A
'.,;; "!_;
IRTE 1. 180
254 1,924
LT R

2,786 F.
0.8% 2.709
.93  2.833
2.7 2.%6°
2.%53s  2.439
2293 243231
2.930 2.3'8
1,796 Q.18
toand Tedde
ARt

Ca A P
deo)d  deioS
3.251 3.4:7
$.02% 4,372
3.8 5.4
17,20 3.33:
'3.937  28,%23
9,389 23.%23
PR S

i anne

ALTIT.LE = 942,
TN T34
3.%8 °.837
4,039 3.7
3,010 1d.074
3.480 11,303
°.908 2:.3%)
17,072 4,027

38,000 89,933
77,282 199,942
3.0 .95
J.819  7.247
A T
3.83% .38
1.849 7.i4Q
3,387 a.%%2
3.97% §.343
.2 &'
4,879 %..:3¢
1.7 7,49
3.%532  7.79s
3.323  9.3%%
3.282 §,.33¢
2.%93  5.779
2,'3%% & :
BRI
2. 53 3.2
1959 i
3.7 TLevg
3. %ea .32
*3,3:7 R
ey 3. 392
3alas 7.0
2,97 8,993
o.My 0
2.838 358
2 Td 3 1 I
3.:37 s
3.2 . 9.8%°
3,755 9,837
4,777 3,30
$.51a Y044
Diaat 3,593
pds R 14,477
4.5 %3
3. e o




TABLE B.7.4BRDF-ATHOSPHERE ANALYSIS FOR A LODGEPOLE PInE CANQPY
WAVELENGTN = .30 MICROARETIAS, VISIBILITY = 23,00 KM, ALTITUDE = 909,90 #A
QPTICAL DEPTH = ,222
AZIAUTH = 1.00 DEGREES TOTAL RADIANCE mATRIX
10,4624 11,304 11,420 12,023 13,280 15.474 19,114 24,4683 37.%91%
10,006 10.173 10,4628 11,427 12,533 14.7%4 17,942 25,122 954.02%
9.458 8.447 8.72F%  9.922 10,221 12,4692 18.194 23,337 S3.480
7.591  2.623  8.097 9,092 10,147 12.312 15.782 23.081 $3.e32
4.079  4.322 6.8%8 7.4853  9.54% 10.288 13,823 20.590 49.357
4,784 4,959  S.379 S5.9%9  4.872  3.%94 11,318 19,143 48.434
3,481  3.61S5 4,051 4,591 5,309  A4.960 10,288 18.379 SI.11)
1.357  1.9%8  2.3%4 2,983 3.4%4  5.512 9.943 23,322 Ts.%43
Thé 863 1133 1,620 2,012  5.219 12,642 37.792 132.347
AZINUTH = 40,00 DEGREES TOTAL RADIANCE MATRIX
10,652 11,336 11,453 12,081 13,297 15.488 19,122 24.482 $9.472
10,037 10,231 10,679 11,440 12.547 14,7468 17,930 29,043 45.73%
3,490  3.492 8,747  9.9%4 10.738 12,657 16,114 23,077 %2.340
7812 7,457 8,129 9,110 10,181 12,247 135,571 22.41% Si.sa0
0.093 4,346  8.873  7.448  B.510 10,111 13,109 19,19t 43,77
4,793 4,970  S.3I72 5.9t 5,725 8.182 10.800 15,172 33.148
3,486 3,411 4,011 4,831 4,974 A4.14% 3,157 12,247 23,899
1.856 1.932 2,259 2.417  3.019 3.385 5.30¢ .243 19,107
1 .307 937 1144 1,380 1,838 2.598 4,040 8,432
AZINUTH = 90.00 DEGREES  TOTAL RADIANCE MATRIX
10.684 11,373 11,484 12,074 13.314 15,501 19,129 248.378 $9.428
10,074 10,288 10,733 11,812 12,406 14,794 17,937 25.002 9S35.3%0
8.722 B8.749 8.834 10,015 10.78% 12,709 146,107 22.974 %2.18%
7.633 7,704 3,184 9,164 10,201 12,237 195.518 22.210 31,008
4,107 8.378 5,913 7.68% 3.524 10,088 12,999 13,840 47,794
4,303 4.999) $.3%4 $.921 8.728 3.107 10,591 15,518 3c.740
3,499 3.417 4,010 4,303 4,709 5,004 7,737 11,878 Q3.3

1,958 1,920 2.22 2.33 2.807  3.33%  4.783  V.ie4 15.383
292 77 862 <95 1,114 1,599 1,338 2.74% .07

AZISUTH = 120,00 DEGREES TOTAL RADIANCE HATRIX
10.730 11,418 11,518 12,298 13,334 15.514 19,136 l:e71 59,324
10,117 10,386 10,833 1,584 12,4666 14.84% 17,948 23,297 95,

8.7%4 3,844  8.960 10,125 10,387 12.791 19,144 22,984 S2.0¢0
7,885 7.7t 8.289 9,289 10.313 12,341 185,598 22.231 90.3

» .-
e BT Y
(%] -

6.123  4.428 7,002 7.793  B8.642 10,199 13.087 18.901 43,848
4,312 5,023 5,457 4.008  4.807  B8.210 10.477 19.44! 3o.3%9
1,498 3,83% 4,048 4,440 4,973 5,080 7,380 11,513 25,740
8835 1,923 2.238 2.%559 2,704 3.432 4.811 ot 1,384
748 ey 8852 L9922 1,124 1,429 1,990 2,337 s.2s%
AZINUTH s 179,00 DEGREES  TOTAL RADIANCE HATRIX
10,809 11,471 11,8%2 120123 13,393 19,9529 19,133 2s.:39 99,344
10,172 10,667 11,932 11,731 12,767 14,918 18,022 2%.028 £3.424
8.787 9,047 9,428 10,497 11,148 12,981 15,313 23,100 2,123
72,877  7.912 R.463%5 9.982 10,873 12.779% 18,918 22.%504 %i1.112
2.139 4,81 7.24% 3,340 9,837 11,931 13,739 19,248 17
4,922 .980 5.612 $.339 282 $.705 12.017 1a8.°%2 V.77
3,400 .47 4,149 4,705 %.85%) ?L.39% 10,823 14,978 1% .3:%
L2 N Y & 2302 2.2 3.312  K.oedh 7307 FL.O%T 2E,:
PPy 788 898 1,137 1,812 .44 8T Mo NSE N




TABLE B.7.S5BROF-ATHOSPHERE anaL 818 FOR & LONGE=OLE PInuE Canlf
JAVELENGTH = .30 AICR0AETIRE, VISI#ILITr = 10,00 X3, aLTITYIE = 300,07 A0
OPTICAL DEPTH = 34!
AZIAUTH = 1,00 DEGREES  TQTaL RADIANCE MATRIX
10,463 10,908 10,374 11,334 12,379 14,233 17,283 23.913 ST.M14
9.694  9.727 10,071 10,735 11,675 13.574 16,230 22.288 $3.722
8.313  8.232  0.253  9.319 9,991 11,700 14,700 20,311 §1.,364
2,249 7,238 7.849  8.%42 9,491 11,390 14,422 20,817 $1.3%8
€.794  .000 4.485 7,210  8.039  9.809 12,885 18.9°7 48,039
.560  4.217 5,108 S.857  8.534 8,207 11,398 18,549 48,183
' 3.332 3,442 3.398 4,379 5.239 8.981 10,665 20,07 %425
1,818 1,938 2,353 2.%e3 3.9V 8.212 11,318 28,100 42,114
323 957 1.311 1.961 3.368 7.005 17,223 49,448 '40.327
AZINUTH = 40.00 DEGREES  TOTAL RADIANCE mATRIX
10,525 10.963 10.936 11,372 12,404 14,230 17,274 23,602 ST.044
9.7%6  9.83% 10,148 10.790 11,712 13.%87 16,208 22,17 €3.4u8
8.373  8.308 3.314 9,343 10,007 11,4672 14,530 29,400 32.3:2
7,234 7,290 .M s3.50! 9,470 11,29% 14,117 19,937 49,4
£.310 4.032 48,50 S.197 7,948 9.347 11,333 17,14 45,000
4,577 4,028 SO £.8579  4.3N 7,808 9,910 13,587 3a.70%
1.3%° 1,453 3,823 4.0 4,713 5,817 T.a19 11,22 p X L
1,314 1.893 2.2908 2.%s! 2.¥%7 3.814 S5.15% 2,355 13,394
313 .873 1.013 - 1,939 2.04¢ 2.37¢ 4,227 3 '
AZIAUTH = 90,00 DESREES  TOTAL RADIANCE MATRIX
10,595 11.044 10,997 11,410 12,429 14,287 17,280 23,259 27,014
9.832  9.942 10,247 10.357 11,766 13.819 16.004 22,107 23,199
3,434 §.406 9.424 9,449 10,066 11,702 14,335 20.3'7 49,99
2,320 2.354  7.O03 0 8.434 9,519 11,299 14,929 19,35%3 45,949
€.837  6.079 5,553 7,239 7,985 9,293 1i.Ts3 15,073 41,304
0.586 4,784  S.1'T T,T33 5,277 7,8 9,903 13.38T 3T
3,302 3.4%7  1.@1e 4, % 4,907 8,8 c.039 19,000 (D.Tad
U AR 1,876  2.1%% T 2,734 3373 4,393 0.82% Vi.*3
.302 L824 L8008  1.03% 118 t1,a1g 1,313 2,730 f.:
AZIMUTH = 129,00 DESREES TOTAL SADIANCE *ATRIX
19,891 11.138 11.057 11,349 12,456 14,284 17,286 23,377 So.7:d
2,92 10.138 10.432 10.987 11,3%% 13.977 19,233 22,233 83,093
3.493 3.%589 3.8%1 9,529 10.22¢ 11,811 14,917 20.310 47,309
2,387 2,477 7,387 3,333 9,491 11,429 1,109 19 a4 33,753
g.341 6,158 6.89% 7,302 8,125 9.44e 11,387 ta.7ot 8 %
4,599 4,802 J200 S0 g, A1 7,820 9.7Mr 13,370 3T.del
3.347  3.481  3.887  4.242 4,897 S.068 7,130 10,23 2T.4°0
1.812 1.87% 2.'a? 2,489 2732 31,433 4200 8,49 19,552
S 802 .39% 1038 178 1,472 e 2.7%) T
AZlmyTH = 179,00 DEGREES TOTAL RADIANCE 4ATRIX
10,846 11,2953 11,113 11,357 12,48% 14,300 12,2082 23.%47 %6.703
10,048 10.732 10,290 11,280 12,915 13,797 16,303 22,118 ¢3.940
3.5%4  9,0'0  9.ats 10.7a% 10.484 12,128 14,822 2).83% 39,3:¢
<.39%  P.Ta4 8,857 19,229 10,788 12,138 14.%98 29.29% 49,011
©.386 6.308 7,142 3.47% 10,090 11,00 12,082 17,.%32 40,34
4,813 4,392 47T 9,389 2,902 10,831 12,177 19.:%  3s.ded
3.35°  2.83% 4,027 4,093 5.7%3  2.18° 10,070 t8.TED LMt
1.900 1,899 2,37 2,748 1800 8§, ;2 9,330 1MLkl 2T
Wi b 17 2 .83 iz 3008  CLdbs reeIn LT
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TARLES, 7.6 BRDF-ATHOSPHESE AnALYSIS FOR A LOGGEPOLE PInE CandPY

WYAVELENGTH =

«30 MICROAETERS, VISIDILITY »

‘ooo ‘ﬂo “LT:T%D{ L ’00.00 LY

QPTICAL DEPTH = 439
AZIAUTH = 1,00 DEGREES TOTAL RADIANCE MATRIX
10,660 10,302 9,943 10,122 10,030 12,221 14,414 20.327 %8.907
9.332  0.987 9,07y 9,507 10.179 11,451 13,782 19,228 S5.18¢
7.263  7.498 2.396  8.232  8.720 10.079 12,540 13,077 S2.477
6.450 4.536 6.827 7,548 3.308 9.878 12,444 12,397 93.%2:
$.279  5.404  5.79% 4,405 7,114 8,490 11,2852 17,220 49,422
4180 4,268 4,607  S5.107  5.93%  M.574 10,840 17,7937 49,703
3,060 3,179 3.8508 4110 S5.0485  6.973 11,108 21,228 94,222
1,754 1,894 2,348 3,093 4.324  7.272 w4 317 32,854 3%.143
P43 1,139 1,632 2,548 4,404 9,727 2T.IVT 81,437 18407
AZINUTH = 40,00 DEGREES  TOTAL RADIANCE MATRIX
10,839 10,548 10,112 10,203 10.376 12.247 14,52 29,312 %3.8%°%
9,498 7,231 9.246  9.4611 10,239 11,647 13,727 19,039 $54.371
70912 7,865 7.518 0 3,307 8.4 10,031 12,388 17,330 31.0%
8,730 4.437  5.900 7. o272 9,218 12,010 17,282 &:.278
$.324  5.463 5.320  4.37S  4.749  8.09% 10,228 14,913 44,247
4,179 4,206 4,979 4,981 S5.587  4.063  9.506 12.33% IM.:%0
3,069 3,184 3,480 3,826 4,249 85,226 8.313 10.0%s 22,047
1.792  1.830  2.118 2,462 2.881  J.482 4.907 7,338 13.419
A3 1,01 1179 1,454 1,811 2,372 3,238 4,480 U.9%
AZIAUTH = 90,00 DEGREES TOTAL RADIANCE MATRIX
11,039 10,754 10,260 10,284 10,922 12,277 14,629 20,295 8.703
9.705  9.514 2,488 9,788 10,335 11,218 13,713 19,009 S4.018
3.061 7.886 7,749 B.447 3.833 10,071 12,328 17,493 %1.233
6,310 4.792 7.0%58 7,708 3,348 9,709 11,381 'a,%)s 90,8530
$.388 5.5%54 5.9t 9,481 4,97 3,018 9,792 t:,3%y 3.0
4,200 4,334 4,800 4,987 S.32 ., 477 8. M L2 35,138
3,079 317T 0 3.470 3L.T8 0 4,097 3,384 8,073,770 1%,3.3
1,790  1.800 2,039 2.2?% 2.%1S 3.034 3.8% %.'°¢ %s
97? JPIF 1,018 1,120 1,240 1,470 1,800  2,42¢ L4383
AZINUTH = 120,00 DEGREES  TOTAL RADIANCE mATRIY
11,301 11,018 10,408 10,367 10,973 12,300 14,035 20,230 f3.°%
9.963 19.038 9,919 10,017 10.501 11,812 13.7% 13,979 24,497
3.209  9.339  3.292 3.847 9,136 10,2%8 12,417 17 334 81,080
4,892  7.040  YL43% 3,117 3,674 9,952 12,013 13,993 %2.37)
T.419 ST 4.206  8.778 7,292 8,277 10.138 14,391 42,944
4,229 4,428 4,800 %.23¢ 788 A 3,338 11,870 Je.uls
3.088 1.2\ 3.%e7 3,393 4,263 T.04T 4.04 8.807¢ J%.91%
1,748 1,310 2,073 2.334  2.4622 3.17% 4,007 5.3 140038
904 P20 10T 10182 1,342 1,446 2,08% 2.8322 <71
AZINUTH = 179,00 DEGREES  TOTAL RADIANCE mATRIX
11,891 11,373 10,9587 10,451 11,024 12,328 14,042 20.234 48.499
10,320 11,873 11.977 10,877 10.843 12,007 13.862 '9.009 %i,.4%!
8.339  9.306 10.334 10.731 10,200 10,847 12,795 17,822 .113
0.97%  P.70%  9.401 11,779 11,384 11,223 12,923 1°,44% e .43
f.404 04333 2.o87 9.547 12,290 12,089 12,439 ‘¢ T 43.°%)
8,230 4,412 3,389  4.348  9.7%1 13,902 14.0ee 17.822 3.3
3,097 TL31E 3.904 4,837 e Ted 10,221 rrLce B.540 I.urs
1,746 1,990 2,278 2.%49 4,292 7,881 18,471 239 .31, 1IT,°%°
.29 P 1.138 I S.idn Se801 13,932 I5.498 T¥.20 s
82
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TABLEB.8.1 SRDF-ATAOSPMERE A-ALYSIS FOR PASTURE (MRIEZEL.1%77 .

UAVELENGTH =

AZINUTH =

4,303

729
3.128
2.829
.20
1.398
1,550
1.267
1.084

AIIMUTH =
5.3%9
4.290
3.370
°.734
2.286
1,930
1,901
1.3%98
1.239

4,166
J.466
2.87%
2.379
1,997
1.708
1,447
1,323

1,237

<806 RICROMETERS, VISIBILITY = 23,00 Ko ALTITULE & 900,
OPTICAL DEPTH =
1.00 DEGREES

302

3.898
3.370
2.839
2,349
1.9%0
1.694
1,382
1.510
1.58s

TOTAL RADIANCE MATRIX

3,682
3.192
2,333
2.440
.19
1.977
'..:'
2,028

2.248

3.938
3.120
:.l’ 7
2.597
3.319
2.323
2.73%
.o
3.808

3.498
3199
L
0?9
:.61,
3.339
4.042
$.32

7.478

1
!

3.424
3,292
e

3ed: &
T4
$.020
2.%84
0.734
..’91

§2.347 1

J.c8%
3.73%

d,0%0

.32

8.0%3

IR Y
14,742
28.9NM

BROF-ATHOSPHERE ANl 1S[S FOR PasTURE (KRISIEL.13°7
YAVELENGTH »

4.488
3.673
:l,s.
2.406
2018
1,740
1,834
1.444
1,440

IROF-ATHOSPHERE anALTSIS FOR #agTURE

JAVELENGTH =

aZimUTy =
9.2%%
3."0
3,907
3.01%
2,418
o)
1.704
1.5
1,487

6.064

149
"..

J.17%
2,49
2.080
1.3%
1,548
1.542
1,773

«606 AICROMETERS, VISIBILITY =
OPTICAL DEPTH =
1,00 DEGREES

.499

4,087
3.4
2.820
2.332
1,929
Y ¥ |
1.6%7
1:.707
1,93

606 4ICROMETERS.
OPTICAL DEPTW =
'.00 DEGREES

.’:.‘

4,954
3.547
2,332
2e3al
'la.'
1.817
1020
2,012

2,488

TOTAL RADIANCE M4ATRIX

3.559
3.138
2,748
:.‘1.
2,192
.. a8
3, e

d.339

<.88°

3.434
3.020
2.704
.54
2.5%9
2.4%3
3,068

- =a
de 92

g.080

3.333
3‘0‘3
2.330

2.792

3.08

X
v

4,704

839

10.3%3

JISIBILITY =

!

":'.J') !‘no

3ec.d

3.")8
3.138
3.413

1':?.
& 4O
- o

3,343
4, )¢

LA

vt iow

4,00 KN, AT

TOTAL RADIANCE maTR[X

T
.23

+ 9 -

L= I N O B I R R I TR )

3.3
..887
a £

-e v -
.. 488
.. 549
s.319
3.5
4,708
0.380

3,059
.39
ad!

cow

112

018

€ v
“eed

e.5%.
14,173

» Larrr 0

el - -

-
N

(R IE3K

ot im
LTITupe

1,477

3.

e

3,970

7.

- .
.

L
.

et 8w e e
L
=
-

1o

7

et

20402

4,392

doe'd
b 4 .

ITile s °

LT

-
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[ WAVELENGTH s

: OPTICAL DEPTH = 302

N AZINUTH = 40.00 DEGREES

k 4775 4332 4.004

: 3.936 3.788 3.528
3,353 3.187  3.929
2,806 2.747  2.418
2412 2.364 2,218
2.033  1.943  1.850
1,626  1.813  1.548
1,227 1.318 1.343
1.078  1.153  1.27%

BRDF-ATMOSFHERE ANALYSIS FOR PASTURE (KRIEBEL.1977),
606 MICROMETERS, VISISILITY = 23.00 KM, ALTITUDE = 900.00 KN

BRDF-ATNOSPHERE ANALYSIS FOR PASTURE (KRIEBEL,1977).

VAVELENGTH =

AZINUTH =
6.213
4.404
3.478
2.948
2.470
2.047
1,874
1,348

1,221

499
60.00 DEGREES

4.964 4,249
4.144 3,450
3.342  3.047
2.803  2.417
2,381 .18
1.984 1,871
1.661 1,428
1.414 1,481
1,314 1.448

BRDF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL,1977).

WAVELENGTH =

AZIMUTH =
10.059
6.3‘0
4,522
3.323
2.‘3‘
2,140
1.782
1.528
1.474

60.00 DEGREES

6.630
5.089
3.766
2.976
2.453
2.041
1,753
1,380
1.389

Table B.8.1 Continued

922

4,993
4,013
3.212
2,458
2.232
'I,‘e

4

LA

1.671
'.7"

TOTAL RADIANCE MATRIX

3.771
3.32%
2.893
2,497
2.138
1.844
1.438
1.515
1.494

TOTAL RADIANCE MATRIX

3.81%
3.318
2,841
2.464
2,150
1.378
1.720
1,449
1,744

TOTAL RADIANCE MATRIX

4,012
3.382
2.849
2.437

‘20"‘

1.729
1,843
1.902
2.127

3.534
3.204
2.013
2.478
2.1990
2.027
1.934
1.844
1.872

3.479
3.
2.741
2,432
2.183
2.064
2.030
2.034
2.19%

3.‘2'
3.02%
2.840
2.387
2,149
2,109
2,159
2.298

2,461

94

3.3351
3.238
2.394
2.44¢
2.492
2.449
2.473
2.454
2.432

3.384
3.093
2.78%
2.579
2.473
2.49%
2.389
2.711
2.841

606 NICROMETERS, VISIBILITY =
OPTICAL DEPTH =

3.170
2.3
2.621
2.4
2,424
2,912

Al
3.025
3.37%

3.501
3.354
3.218
3.186
3.123
3.140
3.303
3.339
3.348

3.222
3. 15'
3.043
3.063
3.064
3,149
3.450
30&‘2
3.343

2.94°
2.372
2.306
2.870
2.940
J.143
3.334
3.928
4. 428

3.483
3.620
3.654
3.843
4.019
4.287
4.333
4.319
4.829

3.338
3.318
3.394
3.648
1.948
4.2%8
4,323
7.09%
5.292

2.730
2,243
3.0%1
3.338
J.607
4,083
4,553
3.189
$.612

ORIGINAL PAGE IS
OF POOR QUALITY

4.602
LIVAR!
4.891
5.397
§.902
6.413
2.122
7.316
7.448

+606 HICROAETERS, VISIBILITY = 10.00 KN. ALTITUDE = 900.00 KM
OPTICAL DEFTH =

3.898
4.032
4.238
4.744
3.301
2.35%%
3.899
7082
?.124

4.00 K, ALTITUDE = 300,90 KA

3.333
J.434
3.703
4,232
4.783
3.3%4
4,133
4,623

cm-

8.7

}

-
[RESS-.




Table B.8.1 Continued

BRDF-ATHOSPHERE ANALTSIS FOR PASTURE (KRIEEL.1977),

UAVELENGTH =

4.996
4,213
3. 881
3.09
2.584
2.070
1.632
1.278
1.0M

4.5
4.198
3.632
3.08s8
2.57%
2.124
1.714
1.388
1.124

BRDF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.1977),

WAVELENGTH =

1,211

.499
90.00 DEGREES

.34  4.549
4,697 4,235
3.909 3.770
J3.207 3.211
2.828  2.485
2.158  2.19?
1.762 1.866
1.468 1.581
1,261 1,338

SRDF -ATMOSPHERE ANALYSIS FOR PASTURE (KRIEBEL,'977),

UAVELENGTH =

10.992
7.132
$.048
3.2
2.854
2,234
1.807
1,538
1,468

.92?
90.00 DEGREES

7,387 S5.488
4,023 4,840
4,603 4,148
3,330 3.3
.79 2.7%3
2,297 2.2%9
1.867 1.94¢
1.620 1.74
1,511 1,583

302

TOTAL RADIANCE MATRIX
J.644
3.632
3.449
3.072
2.708
2,443
2.294
1.992
1.742

3.934
3.,‘3
J.604
3.294
2,964

214
1.842
1.548
1.291

TOTAL RADIANCE MATRIX
3.483
3.444
3.293
2.953
2.830
2.414
2.25¢
2.03¢
1.388

4.013
3.947
3.600
3.262
2.830

2.218

1.391

1.422
'.43‘

TOTAL RADIANCE MATRIX

4,300
4,138
J.836
3.27%
2.820
1,9%%
1.7%7
1,482

3.781
3.79
3.%565
3.141
2.701
2.282
1.994
1.704
1.474

3.710
3.702
3““
3.048
2.4844
2.248
2.013
1.789
1,418

3.474
3.430
3.340
2992
2.3586
2.288
2.0%54
1.880
1 .aso

«506 NICROMETERS, YISIBILITY =
OPTICAL DEPTH =
AZINUTH =

3.299
3.2%54
3.099
2.79%
2.528
2.3‘7
2.261
2.192
2.087

3.578
1.372
J. 4
3101
3.933
2.733
2.416
2.180

3.342
3.281
J3.163
2.963
2.937

2. 591

205#3

2.411

2.270

3.934
<.%84
2.387

2 91

2.718
2.4695
2.530
2.389

2.392

12 19 L wi L

-0
~4

. «
e
1303 03 = &

441y - O RO

o “4 D .

120002 b istslan
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< 4ok
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806 NICROAETERS, VISIBILITY = 23,00 KM, ALTITUDE = 900.00 KM
OPTICAL DEPTH =

AZINUTH = 90.00 DEGREES
4.204
4.014
3.“‘
3.187
2.676
2.8
1.832
1.509
1.197

4,587
4,397
4,408
4,448
4.749
4,668
4,453
4,524
4,304

606 NICRORETERS, VISIBILITY = 10.00 KM. ALTITUDE = 909,00 KM
OPTICAL DEPTH =

AZINUTH =
6,423
3.020
3.987
3.29%¢
2.433
2.118
1,487
1,366

3.3467
3.891
3.933
4,034
3.942
3.791
3.842
3.736

4.00 Kn. ALTITUDE = 700,09 KM

. :95
3.307

3.322

3,365
J. 444
3. “:‘o
3.249

3. 3“,

232

3.-\.-




3
F Table B.8.1 Continued

BROF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEZEL.1977).
. UAVELENGTH = .406 MICROMETERS, VISIBILITY = 23,00 KM, ALTITUDE = 900.00 KM
OPTICAL DEPTH = .302

E\ AZINUTH = 120,00 DEGREES TOTAL RADIANCE HATRIX
$.257 4767 4317 4,057  3.849 3.737  J.e56  3.814 4.572
411 4,428 4.3%5 4,193 4,001 3.982 3.331  3.928 4,308
3.692 4,027  4.001 4,087 3.995  3.936  3.904 4,034 4.485
3.129 237 3,307 3.804 34491 3.79% 1371 4,084 4783
2,579  2.460 2.747  3.048 3.309 3.485 3.0 42 4.892
2.108 2,201 2,344 2,562 2.83% 3.080 3.522 a7 5.030
1,691 1.784 1,929 2,078 2,327 2.726  3.252  4.047  S.145
1.258  1.303  1.499 1,483 1.94¢ 2,172 2,701 3,538 S.0n
1.057  1.101  1.218  1.38% 1.637 2.008 2,555 3.308 5.339

BROF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL,1977).
UAVELENGTH = .404 AICROWETERS. VISIBILITY = 10.00 KM, ALTITUDE = 900.00 XH
| OPTICAL DEPTH = 499 .
AZINUTH = 120.00 DEGREZS  TOTAL RADIANCE MATRIX
{ 7060 S.781 4,252 4,174 3.801  3.580  3.411 3.433 3.8%7
S.419  S5.490 4.852 4,358 3.992 3.742  3.579  3.520  3.823
.180 4,558 4.549 4,275 4,034 3.831 3.670  3.817  3.870
3.345  3.502 3.57% 3.808 3.7%9 3.732  .eés  3.648  1.942
2,477 2.804 2,930 3.213 3.379  3.441 3.543  3.720 4,054
3163 2,293 2,482 2,872 2.918  3.097 3.308  3.788 4189
1706 1,351 2,013 2,173 2,414 20071 3200 3792 4326
1,349 1,402  1.598 1,788 1.970 2,299 2756 3.a09 4,236
r 1194 1.241  1.369 1,552 1,838 2,228 2775 3.8t 4.870

‘ BROF-ATMOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.1977).
| UAVELENGTH = .404 NICROMETERS, VISIBILITY = 4,00 KM, ALTITUDE = 900.00 KN
OPTICAL DEPTH = 927
AZINUTH = 120,00 DEGREES  TOTAL RADIANCE MATRIX -
12,27 8,327 S.919 4,53 3.914 3,389 3.098 2,996 3.299
9,078 7.770  &.171 4,359 4,098 3.397  3.289  3.069 3.229
$.481  5.953  S.711 4,326 4248 3781 3,399 S.1e 3.242
3.913  4.187 4,270 4,346 4017 3739 .47 .20 3.343
2944 3.177 3,394 3.607  3.819 3.52% .39 3,327 3.441
2,312 2,494 2,731 1,985 3.141 222 3,338 3,483 3.993
1,872 2,011 2,218 2,405 2.440 2,934 22 1.313 3.774
1,527 1,802 1,813 2.014  2.246 2,576 2.988  3.379 3.3%9
1,449 1,510 1,868 1.89¢ 2.241  2.879 G217 3T 4,704

96




Table B.8.1 Continued

l BROF-ATNOSPHERE ANALTSIS FOR PASTURE (KRIEZEL.197°:,
UAVELENGTH = .406 AICROMETERS. VISIBILITY = 23.00 ke, ALTITUDE = 700.99 A
OPTICAL DEPTH = 302 |
X AZINUTH = 179,00 DEGREES  TOTAL RADIANCE MATRIX ~
$.799  S.128  4.476  4.180 4,000 3.830 3.733 3.846 4.5%7 |
270 6.318  5.352  4.862  4.574 4285 4,123 4195 479 |
‘ 3.984  5.058  6.439 S.944 5,324 4.786 4,995 4.498 S.2N f
| 1,203 4.007 S5.301  7.504 6.:40 5.47%  5.0%0 S.146  5.812
( 1,504 3.073 4,022  S.835  9.549 7,350 $.387 8,293 0,929
2,096 2.377  3.088  4.301  4.738 10.771 9,370 3,541 9.042
1,679 1.955  2.458  3.192  4.763  3.206 14,382 13,710 13.288
1,278 1.440 1,736 2.189  3.218  5.47% 12,291 27.707 28.449
1,088 1.142 1.392  1.845 2.800 5.037 11,221 32,430 97.%82

ph
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SRDF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.1977).
UAVELENGTH = .404 NICROAETERS. VISIBILITY = 10,00 Xm, ALTITUDE = 900.00 X
OPTICAL DEPTH = .49°
AZISUTH = 179,00 DEGREES  TOTAL RADIANCE MATRIX
§.202  4.391 4,999 4,340 3.948 3.875 .48 J.4e6  1.308
. 6.070 3.814 46.7210 5.413 L7122 4,199 3,388 3.093  3.9¢7
{ 4.466  6.458  9.421 7,449  5.943  4.935  4.470 4,279 4.32¢
‘ 3.464  4.656  4.918 10,771 8,302 $.273  5.296 4.878  4.849
2,730 3.394  4.810 7.827 12,709 9.80% 7.320  5.381  6.0e9
| 2.168  2.557  3.470 5,320 9.41% 15,341 12,894 9.8%1  3.839
{ 1.7810 0 2,048 2,898  3.783 8,243 12,293 28,002 19,417 232
1,368 1.585  1.934 2,617 4,208 2277 19,741 43,770 37,390
| 1,101 1,320 1,628 2,281 1.74?  TLIT) 7.7t 91,977 13a.dae

3ROF-ATNOSPHERE ANALYSIS FOR PASTURE (MRIEZEL,1977),

{ VAVELENGTH = .404 WICROMETERS. VISIBILITY = 4,00 KM, ALTITUDE = 900,00 &a

OPTICAL DEPTH = 927

AZINUTH = 179,00 DEGREES  TOTAL RADIANCE MATRIX
, 14,579 9.782 4.389  4.82¢ 1,021 3.499 3,183 3,017 o228

9.542 1,347 10,326 6.384 5,209 3,220 3,829 3,232 .34

€.983 10,187 16,727 11,490 7,084 1,309 4,397 3,341 J.3ée
4,143 45.340 11,178 19,222 13,089 3.288 S.71S .74 4,2%2
3.058  4.208  4.323 12,972 23,159 19.343 9,915  T.0nt €.89%
2,350  3.000 4.498 7,374 16,115 30,390 20.%39 13,008 9.'71
1,884  2.334 3.283  S.174 9,324 21,946 44,140 30.731 18,222
1.548  1.806 2.393 3,400 5.504 12,120 38,449 77,078 33.779
1,483  1.042 2,120  3.211  5.738 12.119 30,070 34,382 190,277
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TABLEB.8.2 BROF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL,1977),
864 AICROMETERS. VISIBILITY = 23,00 KN, ALTITUDE = 900.00 KA

WAVELENGTH =
OPTICAL DEPTH = 209
AZINUTH = 0.00 DEGREES
11,035 11,072 10,854
10.265 10.709 10,253
10.256 10.100 9.339
9.272  8.939  8.043
7.261 2.3 4,397
5.827 §.479 5.7
J.807 3.925  4.109
2.196  2.345 2.538
959 1,094 1,320

BRDF-ATMOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.1677),

VAVELENGTH =

AZINUTH =
10,769
10.307

?.826
8.8%0
7.394
3.351
3.714
2. '2‘

973

. 33‘
0.00 DEGREES
10,666 10,333
10,243 9.743
9.623 8.8%%
8.501 7.62¢4
$.951  4.260
J.210 5,042
1.7%4¢ 3.942
2.282  2.%0%
1,137 1,433

BROF-ATHOSPHERE ANALYSIS FOR FASTURE (KRIEBEL,1977),

WAVELENGTH =

AZINUTH =
10.4814
9.818
9.080
8.057
‘I"‘
s.o"
3.382
1.992
1.022

843
0.00 DEGREES

10,045  9.46%
?.407 8,793
.74 7.940
7.659 4,820
$.251  S.4Nn
4,705 4,530
3.423  J.419
.16 2.439
1,238 1,644

TOTAL RADIANCE MATRIX

10.424
9.9
8.672
7.402
6.3‘2
$.50%
4,414
2.’43
1.742

10.517

9.836
8.5%50
7.408
$.813
§.051
4.99%
J.671
2.889

-10,328
9.432
8.488
7.736
7.120
§.731
3.968
5.153
4.912

9.9%4
9.513
e. ,47
8.3
7.848
2.221
7.817
8.22
11,182

TOTAL RADIANCE MATRIX

10.050
9.412
8.182
7.047
§.193
$.243

4,288
2.979
1.994

.85
9.210
8.014
6.939
6,433

P

4:?01
3.393
3.243

9.54%
8.92%
8.072
7.228
8.728
8.49%
§.011
$.723
8.379

<366 NICROMETERS, VISIBILITY =
OPTICAL DEPTH =

7.070
8.490
8.219
7.74
7.4480
2,419
8.102
9.87%
14,993

9.334
9.188
8.909
8.730
3.900
9.834
12,125
18.041
32.09e

8.340
8.242
8.113
9.1%0
8.437
10.180
13,749
22.4127

8.152
8.449
8.679
9.344
11,503
18,489
28.870
$4.3687

109,393

7.581
7.914
3.243
9.045
11.517
17.319
30.390
$1.3808

41,900 121,245

«366 NICROMETERS, VISIBILITY = 10.00 KM, ALTITUDE = 990,30 Knt
OPTICAL DEPTH =

4,00 KM, ALTITUDE = 900,00 KN

TOTAL RADIANCE NATRIX

7.003
8.372
7.263
8.244
5.533
1.748
1.977
3.038
2.444

8.4
3.078
7.019
6.147
S.742

199

‘el -

l""
$,158

4,277

8.248
2. 219
7.018
8.3%54
$.038
§.049
4,033
$.4830
8.211

7.223
7.‘30
7,100
4.32%
§.348
7.420
8.740
12.219
20.38¢8

2,172
7134
148
70422
8.241
10,474
15,449
a7.128
2.573

~4

-
A —

—
y —-

»
7,388
3.774
11,358
17,438
31,4692

83,928
27.812

R R —



Table B.8.2 Continued

e —— it

BRDF -ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL,197°),
WAVELENGTH = 844 MICROMETERS. VISIPILITY = 23.00 K#, ALTITUDE = 900.00 KM
OPTICAL DEPTH = ,209
AZINUTH = 40.00 DEGREES TOTAL RADIANCE MATRIX
11,033 11,094 10.877 10.468 10,582 10,363 9.982 9.304 8.0%
10,399 10,483 10.209 10.024 10,088 9.840 9,3% 793 7.883
9.877  9.%581  9.220 J91 0,945 8,977 3.Se2 8.016  ?.300
8.720 8.17¢ 7.840 P.671  7.914  8.034 7,344 7,382 6.7
7,148 6,340 4,182 4,704 7,008 7,038 7,180 5.996 8.440
S.394 4736 4,977 5,614 5,847 5,948 46,420 .62 4.832
3,638 3,498 3,925 433 4,597 4,884 5,392 5.801 .37
2,180 2,389 2.47%  2.588  3.007  3.424 3,858 4.7%6  4.08%
969 1,100 1174 1,299 1,578 1,918 2,429 3,128 4,744

BRDF-ATHOSPMERE ANALYSIS FOR PASTURE (KRIEBEL,1977),
WAVELENGTH = ,844 MICROMETERS, VISIBILITY = 10,00 KN. ALTITUDE = 700,00 K#
OPTICAL DEPTH = .33
AZIMUTH = 40,00 DEGREES TOTAL RADIANCE SATRIX
10,809 10,709 10.398 10.103 9.924 9.400 9.09% 8.308 7.319
10,252 10,066 9.720 9.4786 9,452 9.116 8.53% 7.879 Y.34e
9.488 9.156 8.741 8,308 3.381 8.323 .829 2,223 4.834
8.339  7.812  7.442 7,243 7,422 7364 7203 5.891  4.38e
8,320  4.039  5.349 4,334 4.579  8.5e7 5,832 a4.420  5.330
T.145 4,514 4,732 S 114 5,514 5,599 3,991 5,130 3.3s8
T.481 3,348 3.7 4128 4,373 d.0d4 5,113 5,537 4,199
2,109 2,309 2.3%9 2.822  2.933 - 3.3e? 3.83' 4.7 t.ia2
980 1,113 1,208 1,387 1,448 2,033 2,842  3.577 3,794

BRDF-ATNOSPHERE ANAL?SIS FOR PASTURE (KRIEBEL,1977),
WAVELENGTN = ,B806 MICROMETERS, VISIBILITY = 4,90 K9, ALTITURE = 900,00 Kn
OPTICAL DEPTH = 448
AZIMUTH = 40,00 DEGREES  TOTAL RADIANCE MATRIX
10,738 10,144 9,577 9,086 3.749 9,307 .Ca% 2,123 7,108
9.778  %.374  3.8852 3.47r  8.310 7,384 .83 5.70% 9%
3,829 3.383 7.207  C.I97  P.360  T.206 5,007 9.d80 5877
7,038 L0901 9.087  5.442 4,527 5,488 5.217 5.8TS 4.08%
0,200  5.468 5,274 5,040  5.305 .77 85,784 5,708 5,040
4,871 4,097 4,255 4.7%0 4,907 4,964 5,321 95,820 5.099
J.I83 3,062  J.405  3.740 3,962 4,226 471y 5,197 5,97
1.978  2.139  2.3% 2.398  2.794  3.283  3.782  4.e9 572
1,021 1,188 1,273 1420 1,830 2,278 2,944 3,324 470
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Table B.8.2 Continued

BROF-ATNOSPHERE ANALYSIS FOR PASTURE (KRIE3IEL,1977),

?

J
I

UAVELENGTN = .864 NICROMETERS, VISIBILITY = 23.00 KN, ALTITUDE = 900.00 KA
OPTICAL DEPTH = ,209

AZINUTH = 90,00 DEGREES TOTAL RADIANCE MNATRIX

11,047 11,084 10,928 10,739 10.735 10.579 10.207 9.407 7.904
10,490 10.390 10,384 10,218 10,347 10,335 10.047 9.094 2.332
9.674  9.372  9.487 9378 9.509  9.678  9.397 8.344  7.048
8.599  8.229 8.214 9.218  8.44] 8.870 8.394 7.572 43N
7097 6,730 4,844 4,994 7,198 7,283 7.07¢  4.4@2 S8
$.589 S5.123  S.301  S.446 5,748 5.716 5.4 5,843 5.548
3.8 3,230 3.459  3.853 4117 4341 4,438 S.119 Saé
2.234 L299 2,188 2,229 2.441 2,847 3.398  3.849 4072

S50 1,024 1.07F  1.148 1,289 1,489 1,300 2,191 2,899

BRDF-ATMOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.1977).

VAVELENGTH = ,364 NICROMETERS. VISIBILITY = 10.00 XN, ALTITUDE = 900.00 Kd
OPTICAL DEPTH = ,33¢

AZINUTH = 90,00 DEGREES  TOTAL RADIANCE MATRIX

10.830 10,709 10.467 10,182 10,091 9.803 9.297 8.393 7.334
10,177 10,014 9.923 9,482 9.707 9.576 9.153 8.119  7.009
9.316  98.990 9,027 8.874 8,917 8,944 B8.747 7.837 6.342
8.236 7.846 2.817 272 2.919 8,038 7.341 4.783 5.887
$.872  4.438  5.503  5.613  4.730 8.7 4.476  S.831 53N
$.332 4,886 5.039 5.340 5.402 5,327 5.332 S.27¢  S.178
3.741 0 1.872 0 30491 3,840 3.383 4.063 4,286 4,448 4790
2,187 2.3 2.2 2,148 2.33% .72 3.179  3.540 3,795

(940 1,028 1,077 1,147 1,284 1,488 1,732 2,097 2,456

BRDF-ATNOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.1977).
UAVELENGTH = ,844 AICROMETERS., VISIBILITY = 4,00 KM, ALTITUDE = 900.00 KM
OPTICAL DEPTH = 44§
AZIMUTH = 90,00 DEGREES  TOTAL RADIANCE MATRIX
10,850 10,263 9.709 9,191  B8.913 8.489 T.%14 7,189  4.92
9.811 9,453 9,128 §8.719 8.%588 8.292 7.79%  5.999  s.818
8.746  9.339  8.243 7,982 7.8%9 M. 743 7.454 .85 .M
7.584  7.207  N.085  6.956  8.981  4.947  4.89F  5.843 9.54¢
4.266 5.8%8 5.8467 S5.910 5.9%50 5.880 5.560 . S.044 4,997
4,846 4,440 4,548 A.77% 4,783 4,888 4,547 4,588 4,367
J.413 3,240 3.178 3,305  3.47%  3.598  3.747 4,072 4,489
2,018 2,066 1,978 2,007 2,183 2.474 2,846 3,157 1.5
L9099 1,087 1,104 1,120 1,279 1,488 1,700 1,994 2,300

100 ORIGINAL PACH 19
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Table B.8.2 Continued

BROF-ATNOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.1977).
WAVELENGTH = .Bé6 MICROMETERS, VISIBILITY = 23.00 kA, ALTITUDE = 900.00 wn
OPTICAL DEPTH = ,209
AZINUTH = 120.00 DEGREES  TOTAL RADIANCE MATRIX
11,077 11,120 11,061 10.838 10.849 10,866 10,211  9.421 2,929
10,572 10,644 10,667 10,481 10,701 10,592 10,207  9.317 7,064
9.721 9,491 10,030 9.899 10,240 10,250 9.879 .28 .In
8.592 8.393  9.234  9.042 9.180 9.400 9.049 3.1%0 7350
7.206 7.7 7.892  7.834  7.823  §.08% 7.877  2.333  6.320
5.690  5.708  4.199  4.414 6,679  4.977 7,081 7,202 457
1,895 4.114 4499 4743 50181 8,624 6,024 4.340 5,92
2037 2,247 2,401 2,439 J.040  3.448  3.90% 4,345 4.3
928 A70 1,039 1,188 1,340 1,343 1,847 2,280 2.7°39

BRDF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL,1977),
UAVELENGTH = 846 MICROMETERS, VISIBILITY = 10,00 Kn, ALTITUDE = 900,00 KN
OPTICAL DEPTH = ,33¢6
AZIAUTH = 120,00 DEGREES  TOTAL RADIANCE mATRIX
10,893 10.797 10.4614 10,287 10.186 9.384 9.300 8,401 7,349
10.291  10.329 10.233 9.963 10.061 9.825 9.299 3,303 7.
9.383 9.3%37 9.434 9.420 9.461 9.%2 9.009 7.997 8.774
8.241  8.240 8.837 9.425 8.433 743 9,285 7,279 8.236
8,964 4,993 7,533 T.446  7.378  V.537 T.2100 5,883 S.332
.410  5.430  3.908  6.090  5.300  4.507  6.495 5,355 s.0M
3.0 3.929 4.230  4.306 4,862 C.2%8 5.542 5. 708 .77
2,065 2,147 2,310 2.%29 2.39%  3.2%4  3.837  3.%% $,0a8
713 73 1,039 1,184 1,334 1,838 1,823 2,227 Q.07

SRDF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.,197T),
YAVELENGTH = 366 NICRONETERS, VISIBILITY = 4,00 KM, ALTITUDE = 900,00 KA
OPTICAL DEPTH = 445
AZIAUTH = 120,00 DEGREES  TOTAL RADIANCE MATRIX
11,026 10,469 9,909 9.321 9.01% 8.%5e9 7.919 7,189 o,.938
10.040  9.98% 9,836 9.081 3,744 5,540 7,928  T.03 8.087
3.87s 9.880 9.033 9.812 8,871 8,308 7,703 4.342  5.382
7.826 7.858  8.152 7,883 775 T.ee2  7.09%  0.249  5.2e0
8.368  4.383  4.902 4.777 8.027 0.837  4.227  S.s88  S.a9d
4.942 4,974 5,388 S5.%28  5.4410 T8 5,040 5.8598 5733
J.401  3.389 3.710 4,094 4,379 4,07t 4,35F 4,993 S.87
1,939 2,030 2.182 2,354 2.67% 2,983 3.292 3.f8e 3.2%%

'
ot il 4

973

1.008

1.079

1,199

1.392

01

1.811

1,904

2.318

3.7
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Table B.8.2 Continued

BROF-ATNOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.1977),

WAVELENGTH =

11,129
10.462
9.89%
8.8335
7.629
6.187
4,160
2.142
910

11.184
11,018
10.278
9.234
7.99%
§.48¢
4.378
2.298
993

BROF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL,1977).

UAVELENGTH =

10,993
9.347
8.483
7.293%
5.884
3.973
2.069

N2

10.908
10.898
10.070
8.949
7.407
§.210
4,199
2.220

.998

BRDF-ATHOSPHERE ANALYSIS FOR PASTURE (KRIEBEL.:977).

YAVELENGTH =

11.289
10,333
9.113
7.879
6.682
$5.333
3.623
1.941
954

10.739
11,258
10.0%0
9.399
7.190
5.727
3.860
2.096
1.047

«209

11.030
11,018
10,793
9.047
8.511
$.623
4,444
2.4952
1.104

336

10.406
10.740
10.709
9.483
8.272
§.393
4,297
2.386
1,123

<845

9.972
10,629
1,21

?.3%4

..o‘,

6.089

4,062

2.321

1.232

TOTAL RADIANCE WATRIX

10.274
10,445
10,424
?.979
8.866
7.113
.0
2.494
' .2‘0

10.863
10.877
10.714
10.311
9.880
8.433
6.073
3.19%
1.593

10,727
10.798
10.624
10.314
10.341
9.99%
7.540
4.24
2,291

10,313
10.460
10,433
10,290
10,282
10.224
9.274
$.281
4,049

TOTAL RADIANCE HATRIX

10.240
10.234
10.183
9.993
8.807
4,935
4,906
2.873
1.318

10,204
10.274
10.242
10,096
10.004
8.519
$.094
3.292

1.783

9.945
10.044
,.,ss
9.825
10,174
10,341
7.947
4.57°
2.922

«866 NICRONETERS, VISIFILITY =
OPTICAL DEPTH =
AZIMUTH = 180,00 DEGREES

9.392
9.542
,.s‘|
9.530
9.751
10,249
7,823

5.928

4,00 KN, ALTITUDE

TOTAL RADIANCE MATRIX

.51
9.628
10,219
10.816
. 9.302
’00‘2
4,807

749
1.609

9.054
9.289
9.834
10,304
11,248
9.478
$.638
3.007

2.320

8.629
3.807
§.939
9.317
10.711
12.418
9.933
6.319
4,830

102

7.997
8.148
9.300
3.548
9.415
11,487
14,239
12,121
1.,om

9.391
9.870
9.799
9.4335
9.402
9.327
9.334
.03

«866 NICROMETERS, VISIBILITY = 10,00 KN, ALTITUDE
OPTICAL DEPTH =
AZINUTH = 180.00 DEGREES

8.344
8.787
8.926
8.809
8.841
9.003
9,984

12,232

ctase

14,332

7.304
917
089
s239
7.77%

9.317
13,019

e I ]

4“8

20.761
a7 .85?

+866 MICROMETERS, VISIBILITY = 23,00 KN, ALTITUDE = 900.00 KA
OPTICAL DEPTH =
AZINUTH = 180,00 DEGREES

8.008
8.222
8.25¢
8.057
7081
7.900
g.410
10.772
2.840

s 990.00 Xn

7.486
7.594
7.422
7.432
7.1%4
7.800
3.730
13,429

33.77s

= 900.90 KM

7.0‘0
R 11
7.202
7,084
§.9%4
7.83%
10,423
19,824
9.413



f TABLEB.9.1 BROF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIESEL.1977),
VAVELENGTH = .404 NICROMETERS, VISIBILITY = 23,00 KN, ALTITUDE = 900.00 Ka
OPTICAL DEPTH = ,302

AZINUTH & 0,00 DEGREES TOTAL RADIANCE MATRIX
1,320 2,490  2.338 2,210 2,148 2,283  2.492  3.110 4,542
2,591 2,206 1.996  1.879 1,926 2,033 2.380 3.281 5.239
20‘3, 1..53 '0‘79 '-605 10700 '.,13 2;“& 3.5’3 3-541‘
1,778 1,567 1,439 1,356 1,542 1,920 2,648  4.429  3.e83
1,512 1,332 1,231 1,217 1,838 2,113 3,239 .S.929 13,199
12290 1,120 1,143 1,221 1,445  2.538 4,255 3.87% 22.372
1,097 990 1,087 1,327 1,914  3.147  4.234 14.908 47,4%3
1,005 972 1,162 1,805  2.546  4.975 10.684 28.083 88.772
1,044 1.166  1.567 2,351 3,954 7,727 18.284 $3.282 18%.33! ‘

BRDF-ATNOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIE3EL.1977),
AVELENGTH = ,906 AICRONETERS, VISIBILITY = 10.00 KA, ALTITIRE = 29),00 X3
OPTICAL DEFTH = ,499
AZINUTH = 0,00 DEGREES  TOTAL RADIANCE MATRIX
4,704 3,340 2,497 2,353 2,212 2,237 2,397 2.8%3  3.8%%
3,249 2,822 2,182 1,950 1,948 2,024 2,329 3,072  4.428
2,469 2,022 1,739 1,657 1,733 1,941 2,437 3,821 5,948
1,959 1,466 1,506 1,423 1,612 2,012 2,785 4.%&%  8.204
1,622 1.410 1,308 1,315 1,665 2,311 3,803  5.924 13,042
12378 1.1 1,244 1,370 1,874 2,950 4,010 10,197 27033
190 1L 1i 1,280 1,567 2,345 3,738 C.343 13,090 1a,"s4
‘o':l 'ol:l ‘330. 2-0‘3 3':9, ’nsa’ "no'. 3:-0’4' :.EA.'::
Ta196 1,379 1,915 2,960  5.210 10,807 2%.8%4 1,275 l13.380

BRDF-ATMOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIE3EL.1977),
UAVELENGTH = .06 AICRONETERS, VISIBILITY = 4,00 XN, ALTITUDE = 200,00 Kn
OPTICAL DEPTH = ,927
AZINUTH = 0,00 DEGREES  TOTAL RADIANCE MATRIX

3.276 4,926 3013 2,670 2,314 2,202 2.2%0  2.%%° 3.30%
4,399 3.2%  2.4%9¢ 2,099 1,982 1.92¢ 2,222 3.2 4,078
3,236 2.3 1,743 1,.7%1 1,779 1,987 2,808 3,324 T, 4;°
| 2.301 1,878 1,631 1,530 1,704 2,108 2,87 4% CL7ls

{ T.8%6  1.T39 0 1,430 1,403 1,834 2.%40 3,940 st 12,vEE
1,549 1,348 1,404 1,589 2,185 3.451 770 11,001 23,322
1,365 1,299 1,477 1,919 2,939 4.92%  9.%37 20,439 4s,%0°
1,335 1,390 1,764 2,024 4317 9,294 17,708 41,575 104,807
1.462  1.727 2,487 3,963 6.972 14,334 33.%-0 8e.89% 21I.00C




AZINUTH =
3. 449
2.733
2.249
1,004
1.592
1.377
1.190
1.006
1.054

AZINUTH =
s.018
3.524
2,449
2.'07
1.722
1.470
1.281
1.194
1.200

AZINUTH =
9.047
5,426
3.48680
2.4613
2,006
1.602
1,458
1,390
1.46°

Table 3.9.1 Continued

BROF-ATNOSPHERE ANALYSIS FOR CONIFEROUS
VAVELENGTH = .404 NICRONETERS, VISIBILITY = 23.00 KA,
OPTICAL DEPTH =

302

40,00 DEGREES
2,85 2.343
2.484 oo
2.086 1.937
1,798 1.472
1.517  1.448
1,310 1.322
1,041 1,188
1,097 1.133
1,108 1.277

BROF=ATHOSPHERE ANALYSIS
UAVELENGTH = .606 NICRONETERS, VISIBILIT

OPTICAL DEPTH =

499

60.00 DEGREES
3.614 2,938
2,955  2.314
2,339 2.076
1,901 1,799
1.611 1,936
1.3 1.39%

.83 1,288
1,217 1.277
1,27 1.470

PROF-ATHOSPHERE ANALYSIS
UAVELENGTH = .606 WICROWETERS, VISIBILITY =

OPTICAL DEPTH =

A7
60.00 DEGREES
4,089 3.059
2,920 2.38¢
2,218 1.940
1.807  1.6b4
1.547 1,523
1.419 1,449
1.42 1.508
1,560 1.78%

TOTAL RADIANCE MATRIX

2.207
2,083
1.780
1.549
1.420
1.303
1.269
1.358
1.42%

TOTAL RADIANCE MATRIX

2.474
2.1489
1.897
1.626
1,486
1,390
1.387
1,53
1.854

TOTAL RADIANCE MATRIX

2,899
2,428
2.014
1,599
1.520
1,574
1,792

2,300

2,270
2.042
1.804
1.402
1.449
' .‘2?
1.470
‘ '?3..
2.10

.30
2.082
1.837
1.681
1.541
‘ISJ'
1,620

1.941

5 727
'

2.474
2.179
1.897
1,738
1,044
1,676
1.928

a4 an
LR 1]

2.804

.31
2.120
1,886
1.2N
1,407
1,69
1.018
2.212
2l7°‘

2.298
2,108
1.894
1.810
1.7686
1.918
2.019
2.520
3.069

2.292
2-0"
1.898
'."‘
1,833
1.964
2,261
2.87%
3.542

104

2,493
2.380
2.204
2,198
2.110
2,229
2,481
2.993
3.743

2,403
20:0’
2,174
2.174
2.192

2.333

" 94
- -'

3.342
4,204

2,262
2.138
2,097
2,149
2.236
2.512
2.97%
3.493
4,873

3.098
3.083
3.033
3.038
3.008
3.3%7
3.494
4,498

3.392

2.9836
2.859
2,364
2,948
3.073
3,486
3.914
4,827

£.749

2-300
2.9%
2.80%
2,746
2,940
3.‘:,
Il"?
4,972
$.962

FOREST (KRIEDEL,1977).
ALTITUDE = 900.00 KA

4,427
4,887
4,914
S.a34
$.493
6!:50
4.970
8.23%0
8.130

FOR CONIFEROUS FOREST (KRIEBEL.1977).
Y = 10,00 KN, ALTITUDE s 30¢.00 KN

3.732
4,010
4,299
4,412
$.109
3,098
8.408
7.740
2.013

FOR CONIFEROUS FOREST (KRIEBEL.!1977).
4,00 KN, ALTITUDE = 900.00 KA

3.130
3.4¢3

3.722

4.0
4,501
$.200
8.004
b Q15

7,287
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Table 3.9.1 Concinued

BROF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIENEL.'197™),

WAVELENGTH = . 404 AICROMETERS, VISIDILITY = 23,00 K8, ALTITUDE = 900.00 KN
OPTICAL DEPTH = ,302
AZINUTH = 90,00 DEGREES TOTAL RADIANCE NATRIX

J.643 2,965 2,412 2,407 2,331 2,349  2.53%  3.080 282

2,065 2,843 2,430 2,228 2,227 2,24 2,427  2.998 4138

2,358 2.27%  2.144 1,991 2,027 2,073 2,292 1.877 4,047 |

1.9 1.9%4  1.838  1.740 L9973 2,002 2.200 .70 3997 ‘

1.673 1.667  1.596  1.504 1,861 1,874 2,168 2.8 4,014

Tod14 1,422 1,390 1,363 1,820 1,782 2,117 2,472 4,039

1,213 1.212 1,22 1,251 1,413 1,620 1,981 2.%2 1.9

1,066 1,037 1,071 1,126 1,272 1.8539  1.908 2,554 4273

1,002 1,083  1.166 1.376  1.463% 1,976 2.%546  3.39% 4722

BRDF-ATHOSPMERE ANALYSIS FOR CONIFEROUS FOREST (KRIERE..1977),
WAVELENGTH = 806 NICROAMETERS. ISIBILITY = 10,00 xn, ALTITUDE = 900,00 Kn
OPTICAL DEPTH = 499
AZINUTH = 90,00 DEGREES TOTAL RADIANCE AATRIX
$.380 3,877 3100 2,433 2,414 2,359 2,440 2,814 3.%2
3786 3.277 2,798 2,426 2,303 2,243 .32 273 LW
2.869  2.454 2,424 2,144 2,091 2,086 2.231  2.448  3.362
0222 2,176 2,003  1.8460 1,954 2,012 2,181 2,873 1,324
1,823 1,302 1,708 1,406 1,720 1,899 2,132 2.%28 1.349
1,919 1,820 1,482 1,482 1,990 1,70 2,108 2,812 3.3
1.308 1,307 1.3A3 0 1,348 1. 500 1,73 1,%3% Qe 1T
1,177 1,184 1,19 1,2%0 1. 392 1,847 1,979 2,484 d.ede
'-". 1.200 '.30, .300 ‘.1’33 2.00-’ :.:09 30:!. “'w)‘

DRDOF -ATMOSPHERE ANALYSIS FOR CONIFERQUS FOREST (WKRIEBEL.1977),
WAVELENGTH = ,406 WICROMETERS, VISIBILITY = 4,00 KA, ALTITUDE = 220,00 «n
OPTICAL DEPTH = 927 '
AZINUTH = 90,00 DEGREES  TOTAL 2ADIANCE AATRIX

P.940 6,048 4271 3,182 2,808 2,363 1.300  2.480 3.)

6,007 4,024 J.48t  2.867 2,477 2,287 2.2 lL.ave Q.34
4,100 3,343 3,009 2.47T7 2,220 2.7 .03 C.3T0 L.08
2,837 .883 2,370 2.112 2,077 2,03 J.043 2.2% 797

0. 196 2,099 1,937 r.506 1,328 1,936 2.06% 2.7 l.3%
1.237 0 1,726 1.466 1,018 1714 1,84 2,083 2,284 2,440
1,494 1,892 1,500 1,801 1,041 1,828 1,997 2,27 Ll.3%f
1,382 1,347 1,404 1,441 1,583 1,798 2,0%4 2,38t 34
1,440 1,445 1. 563 1,736 1790 2,218 d.etl iL0ey It

10§




Table 3.2.1 Continued

VAVELENGTN = 404 AICROMETERS, VISIDILITY = 23.60 KN, ALTITUDE * 900.00 KM

, OPTICAL DEPTH = ,302
i AZINUTH = 120,00 DEGREES  TOTAL RADIANCE MATRIX

3,950 J.tel 2,747 2,407 2,440 2,442 2,450 J.143 40 .

3,103 3.072  2.013 2,549 2.%516 2,870 2.712 .19 40103

2,500 2.451 2,429 2,473 2,531 2,600 2702 205 4,143

2,064 2,212 2,256  2.266  2.47¢ 2,597 2777 3.288 4233

1,750 1,343 1,937 2,034 2,385 2,62t 2,89 3.404 4,388

1,500 1,572 1,440 1,029 2,212 2,524 2,397 l1.409 4387

1,219 1,200 1,429 1,419 1,079 2,214 2,630 J.350 4,490

1,077 1,103 1,290 1.467 1,557 1,813 2,270 3,244 5,209

1,041 1,070 1,239 1,506 1.823 2,234 2,937 4,072 5.904

i DRDF-ATHOSPMERE ANALYSIS FOR CONIFEROUS FOREST (KRIEFEL.1977),
|

BROF -ATMOSPHERE ANAL SIS FOR CONIFEROUS FOREST (KRIEZEL.!'977),
UAVELENGIN = 406 MICROMNETERS, VISIBILITY = 10.00 KN, ALTITUDE = 900,00 ka
OPTICAL DEPTH = 499 ;
AZINUTH = 120,00 DEGREES TOTAL RADIANCE NATRIX
S.960  4.274 3,343 2,789 2,542 2.4% 2.%42 2.87% 3.533
4,223 4,070  3.449 2,074 2,665  2.586 2.612 2.09% .48
3.106  3.303 203 2.819 2,726 2,654 .44 2,90 3,333
2,373 2.567 2.422 2.594 2.47% 2.67%  2.722 2,987 J.446
1.930 2.%61  2.196 2,282 2.%29 2.708 2.848 3.9 3.IW0
1,610 1,212 1.82% 2,014 2,363 2.409 2.8Mm 3.2y 1.0%7
1,720 1,396 1.%3  1.763  2.018 2,328 l.e7%  1.tal  3.%03
1.0 1,22 1.413 1,598  1.219 1,980 2.409 3.i76 4,542
1,18 1,214 1,306 1,659 1,993 2,418 3,087 4,079 5,174

PRDF-ATMOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL.1977).
UAVELENGTH = ,406 NICROMETERS, VISIDILITY = 4,00 KN, ALTITUDE = 900.00 Kn
OPTICAL DEPTH s 927
AZINUTH = 120,00 DEGREES  TOTAL RADIANCE AATRIX
11,264 2.080 4,734  3.382 2,777 2,472 2,39 2,529 2.97s
7,006  6.571  4.994 2,623 3,004 2,454 2,403 2.%44 2,340
4,566  4.894 4,582 3.812 37 2,802 2,570 2,570 1.307
3,093  Y.401  3.472 3.330 3.126 2.000 2.4682 2.857 2.843
2.319  2.%%4 2,783 2.836 2.924 2,97 2,834 2.32v 3.0
1,050  2.019 2,210 2,424 2,709 2.830 2.904 2,986 3.19e
1,520 1,636 1.847 2,071 2,321 2.%79 2.808 3.026 3.30e
1,396 1,457  i.664 1,864 2,048 2,335  2.890 3.199 4,090
1,430 1,490 1,881 1,967 2.3% 2.81%  3.M8 4248 S0 W7

106




Table B.9.1 Continued

BRDF-ATMOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL.1977).
UAVELENGTH = .406 NICROMETERS, VISIBILITY = 23.00 KN, ALTITUDE = 990.00 KN
(PTICAL DEPTH = .302
AZTHUTH = 180.00 DEGREES TOTAL RADIANCE NATRIX

, 4.448  3.477 2,926 2.4610 2,550 2.594 2,727 3.180 4.207
\ 3.9 4721 3.851 3,259  3.008  2.990 3.07a 3.438 4,223
{ 2,860 J.4d0 o7 4.330 3.747  3.521 3.547  3.839 4.5%°
) 2.244 2,946 4,143 46,095 5.089 4,402 4,229 4,420 S.200

1,905  2.437 3.301 4,829 7.497  4.349  5.501  5.431 4,212
1.610 2.014 2,449 3.709 5.976 9.9640 8.583 7.549 8.07:
) \ 1,348 1,607  2.043 2,817 4,347 7.943 14,890 13.336 11.744
1.147 1,289 1,647 2,297  3.392  5.946 12,974 28,749 29,304

' BRDF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FOREST (HRIEREZL.197°7:,

‘ l UAVELEWGTH = .406 NICROMETERS, VISISILITY = 10.00 K&, ALTITUDE = 900.00 M
0PTICAL DEPTH = .499 ‘
AZINUTH = 180.00 DEGREES  TOTAL RADIANCE WATRIX
) 6.966 4.384 3.589 2,922 2.471 2.587  2.411  2.331  3.480

4.836 7.361 5.345  3.965 3,322 3.076 2.993 3.i04  3.490
3.348 5.202 B8.190 4.012 4,532 3.840 1.564 2286 3.7
2,589  3.488 5.868 9.512 7.098  5.330 4,548 4,242 4,204

f 2,093 2,815 4.156  6.924 11,795  9.931  4.8%58  S.541 5,399

1,720 2,227 3,101 4,798 Q.743 15,873 12,229 9,087 .°73

b 1,441 1,752 2,324 3.434  5.377 12,078 24,193 19,123 t4,3I¢
} 1,251 1,420 1.8% 2.713 4,389 3.531 20.3% 4S.8e6 32.0%3

1,180 1,300  1.870  2.451 4,000 7,870 13,221 $2.907 138,432

BRDF-ATMOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL,I977:,
WAVELENGTH = 506 AICROMETERS. VISIBILITY = 4,00 KN, ALTITUDE = 700.00 kn
: | JPTICAL DEPTH = ,927
{ AZINUTH = 180.00 DEGREES  TOTAL RADIANCE 4ATRIx

13,332 8,509 5.204 3,845 2,991 2,810 2.48%F 2,322 2,914
( 3.497 14,223  9.181  S.977 4,089  3.504 2,393 1,733 1.394
f 5.038 9,130 13.708 10.231  4.422 4,501 3,709 3,222 I.nt
3.40%5  5.326 10,299 18.207 12.103 7,520 5.341  4.208 3. 78
2,522 3,723 4.278 12.233 22.467 15,149 9,300 4,424 Z,0M
} 1,981 2,728 4,192 7.438 19.383 29.955 20.479 12,719 3,333
1,636 2.077  2.977 4,903 9.3531 21.8037 44,418 30,732 13,043
1,434 1,699 2,329 3.877  6.826 14,33 3s.'88 72,207 Sa.3i
1,434 1,627 2,193 3.338 5.928 12.339 20,459 238,379 91,334

- 107
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TABLEB.9.2 BROF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL.1977). .
WAVELENGTH » .846 NICRONETERS, VISIDILITY = 23.00 KM, ALTITUDE = 900.00 KN 1
QPTICAL DEPTH = ,209 ' i

AZINUTH = 0,00 DEGREES  TOTAL RADIANCE WATRIX _ | 1

2.9 2,742 2739 2,732 786 2.814 2,842 2.385  3.081 ;

2720 2,452 2,395 2,354 2.527 2,405 2.472 2.974 3,339 ' |
2.491 2,138 2,100 2,052 2,211 2,386 2.425 3.012 4,038 %
2200 1,872 1.829 1,802 1,992 2,262 2.666 3.408 5.263 |
1,987 1,459 1616 1,615 1,874 2,191 2831 4174 .11 #
1,703 1,404 1,388 1,448 1,674 2,163 3,182 5.626 13.949 ‘

1,348 1,135 1,178 1,290 1.389 2.303 4,016 8.818 27.088
1.039 848 1,035 1,314 1,747 3,008 4.336 14.621 S6.884
840 71 1,063 1,514 2,452 4,745 *1,244 32,348 110,183

BRDF-ATMOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL.1977),
WAVELENGTH = ,866 MICROMETERS, VISIBILITY = 10.00 KM, ALTITUDE = 900.00 KN
OPTICAL DEPTH = ,334 :
AZINUTH =  0.00 DEGREES TOTAL RADIANCE MATRIX
3,130 2,802  2.718 2,481 2.477 2.67% 2,472 2.487 2.87%
2,783 2,450 2.331  2.284 2,426 2,483 2.537 2.728 3.9
2.489 2,112 2,081 1,992 2,134 2,298 2.53% 2.94¢ 3.9%
2,214 1,839 1,787 1.760  1.944 2,218 2,451 J.489 5,297
1.949 1,829 1,588 1,996 1.863 2.217 2.9%8 4.50' 3.384
1,670 1,388 1.383 1,483 1,732 2,324 3.549  4.501 14,809
1.334 1,143 1,208 1,385 1.737 2,474 4,882 10.84% 29.248
1,049 ST 111S 1,480 2,095 3.784 8,199 21,183 42.047
.488 <847 1,202 1790 3,071 4,231 15,055 42,114 121,793

BRDF-ATMOSPHERE ANALYSIS FOR CONIFEROUS FOREST (XRIEBEL.1977),
VAVELENGTH = .844 MICROMETERS, VISIBILITY = 4,00 KN, ALTITUDE = 900.00 KA
OPTICAL DEPTH = 445
AZINUTH = 0.00 DEGREES TOTAL RADIANCE MATRIX
J.849 3,097 2,739  2.%48  2.497 2,442 2,411 2,437 2,702
3.084 2,528 2.303 2,171 2,280 2,27 2.326  2.334  3J.032
2,567 2.098 '.974 1,888 1,998 2.146 2,389 2,838 1.8
2094 1,794 1215 1,684 1,856 2,137 2,413 3.541 5,208
1.89¢ 1,380 1,537 1,560 1,839 2,252 1.127 4,821 8.30
1.618 1,364 1,379 1,510 1,832 2.578 4,068 7.422 15.04)
1,317 1,164 1,265 1,501 2,046  3.279  4.127 13,071 30.097
1,977 1,000 1,285 1.781  2.700 5.04F5 10.869 24,124 44,349
793 <999 1,468 2,207 4,123 8.599 20.440 S2.741 129,990
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i Table B.9.2 Contioued
.
\ BROF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL.1977).
3 UAVELENGTH = .866 NICRONETERS, VISIBILITY = 23.00 KM, ALTITUDE = 900.00 KA
’ OPTICAL DEPTH = .209
AZINUTH = 60.00 DEGREES  TOTAL RADIANCE MATRIX
3 3.000 2.84% 2.397 2,835 2,824 2,850 2798 2,726 2,904
2821 2,650 2.741 2.664 2.597 2,437 2.587 2,571 1.3%
2588 2.441 2,594  2.461 2,362 2,370 2,398 2.543 .07
f 2-371 2.206 2.‘00 2.2,‘ 2.’73 2.'.0 202:‘ 2-‘80 31236
[ 2,093 1.980 2,155 2.111 2,043 2,019 2,084 2,447 3.5%7
10780 1.768  1.928  1.922 1,917 1.970 2,095 2.623  4.927
1482 1.443 1,598 1.448  1.685 1,870 2,120 2,732 4712
| 1158 1.112  1.286  1.483 1,885 1,937 2.224  3.010  5.420
' 89 276 .98%  1.178 1,484 1,891 2,589 3.457 4923
\
l 3ROF-ATHOSPHERE ANALYSIS FOR CONIFERQUS FOREST (KFIZEEL.177,
UAVELENGTH = .366 WICRONETERS, VISIBILITY = 10.00 KN, ALTITUDE = 300.00 Kn
‘ OPTICAL DEPTH = .336
AZINUTH = 60.00 DEGREES  TOTAL RADIANCE MATRIX
.19  2.922 2.887 2,788 2,719 2710 2,631 2.543 2.7
2,901  2.674 2,700 2,588 2,498 2,512 2,448 2,427 2,733
2501 2.421  2.831  2.383 2,273 2,269 2,289 2,431 2,900
27aa 2167 2,331 2.215 2,099 2,104 2,195 2,820 3.1is
2084 1.937 2,091  2.048 1,984 1,972 2,089 l.aid 3,479
sey  1i211 1,878 1.876  1.881 1951 2.1%s 2,233 1958
VA2 1,428 1,579 1,634 1.689 1,901 2,200 2.87¢  d.saf
1188 1,123 1,297  1.504 1,897 2,025 2,381 3.2 5.3%
202 827 1.008  1.289 1,885 2,23 2.7%% J.e8° 4,791
SRDF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIZBEL.!977'.
UAJELENGTH = .866 NICRONETERS, YISIBILITY = 4.00 XA, ALTITUDE = 990.07 n4
OPTICAL DEPTH = 848
AZIAUTH = 40.00 DEGREES  TOTAL RADIANCE MAT3IX
1,003 3.282 2,977 2714 2,852 2,481 2,370 31 .9
1253 2.847 2,633 2.478 2,33 2,704 2,237 .23 L5977
20717 2.445 2,443 2.253 2,120 2,098 Ln? 2,276 10T
37308 2.120 2,218 2.082 1,949 1,974 204 1,324 2,99
2.006  1.870  1.979  1.931 1.380 1.890 2,012 1.423  3.34e
1599 1.680  1.787 1.792  1.318 1,912 2934 2730 3.33
1408 1.399  1.534 1,609 1.695 1,948 2,328 2.790  4.3%°
1169 1.152  1.323 1.544 1,763 2,183 2,897 st 520
2 "301 .92%  1.118 1,387 t.7se 2,280 33 .ot 23
r 109
> URIGINAL PAGE IS

: OF POUR QUALITY




Table B.9.2 Continued

UAVELENGTH = .84 MICROMETERS, VISIBILITY = 23,00 KN, ALTITUDE = 700.00 KN
A OPTICAL DEPTH = 209
' AZINUTH = 90.00 DEGREES TOTAL RADIANCE MNATRIX
E 3.048  2.897 2.920 2,924 2.M1S  2.935 2.944 2.913 3.07%
2,992 2,796 2,783 2.778  2.827 2,925 2.937 2.906 3.044
2,808 2.429 2.519 2,527 2.407 2.825 2.909 2,883  3.00¢
2,586 2.373  2.241 2,240 2,370 2,837 2.8 20071 2,933
2,294 2,079 1.897 1,947 2,187 2,420 2.352% 2.548 2.87%
1,932 1,791 1,635 1,498 1,939 2,143 2,209 2.307 2.77%
1,533 1,456  1.403  1.47F  i.452 1,809 1.826 1.951  2.340
1,190 1.140 1,181 1,227 1,298 1,414 1,578 1.794  2.477
+833 732 877 1,000 1178 1,429 1,848 2,299 2.4835%

r
E BRDF-ATMOSPHERE ANALYSIS FOR CONIFERQUS FOREST (KRIEBEL,1977).
2

BRDF-ATMOSPHERE ANALYSIS FOR CONIFERQUS FOREST (KRIEBEL.1977).
VAVELENGTH = ,344 NICRONETERS, VISIBILITY = 10.00 KA. ALTITUDE = 900,00 KA
OPTICAL DEPTH = .334
AZIMUTH = 90.00 DEGREES  TOTAL RADIANCE MATRIX

J.2608  2.999 2,931 2,845 2.809 2.791  2.764 2.701 1.8M
3.052  2.849 2,772 2.7 2.2 2,780 2.7%6  2.894  2.8é1
2,830 2,430 2.494  2.447 2.511 2,685 2.731  2.677 2.809
2.558 2.346 2,204 2.186 287  2.512  2.514 2,582 2.74%
2,250 2,042 1,862 1,901 2,083 2.313  2.390 2.408 2.493
1,891  1.757  1.607 1,860 1.881 2.060 2,112 2,188 Z.o02
1.509 1,436 1,384 1,482 1,817 178t 1,77 1,389  2.3%
1,187  1.141 1,181 1,22F 294 1,309 1,588 1,742 2.33s

494 783 899 1,016 1,182 1,418 1,793 2,154 2,308

BRDF-ATMOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL.1977).
VAVELENGTH = ,864 MICROMETERS, VISIBILITY = 4,00 KM, ALTITUDE = 900.00 Kn
OPTICAL DEPTH = 443
AZINUTH = 90,00 DEGREES  TOTAL RADIANCE WATRIX
4151 3,451 3,086 2.818 2,449 2,388 2,489 2,436  1.487
3.502 3,125 2,848 2,637  2.364 2,545 2,437 1,437 l.o@0
3.009 2.731 2.514 2,392 2,389 2,437 2,481 2,420 2,032
’ 2.570 2.349 2,172 2,109  2.155  2.306 2.346 2,349 2,373
2,196 2,000 1,817  1.834 1,961 2,138 2,186 2,208 2.52¢
1,830 1,209 1,549 1,406 1.786 1,925 1,946 2.034 l.441
1.47¢ 1,411 1,367 1,421 1,543  1.485 1,497 1,803 2.24%
1,192 1,188 1191 1,234 1,298 1,404 1,349 1,717 2,199
739 864 944 1,068 1,213 t.&17 1,732 2,038 2,304
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Table B.9.2 Continued

BRDF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL.1°77),

UAVELENGTH =
OPTICAL DEPTH = ,209

AZINUTH = 120.00 DEGREES

3.106
3.007
2,885
2.624
2.32%
1.988
1.403
1.330

.483

2.993
2.942
2.7272
2.532
2.2846
1.999
1.748
1.577

.838

BROF-ATNOSPHERE ANALYSIS FOR CONIFEROUS FIREST (KRIEBEL.!97),

YAVELENGTH =
OPTICAL DEPTH = ,334

AZINUTH = 120,00 DEGREES

3.3%6
3.139
2.893
2.606
2,285
1.943
1,575
1,319

Al

3.087
3.058
2.830
2.532
2,280
1.9644
t‘l"]
1.544

334

BRDF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FORE3T (KRIEJEL.'9°".,

VAVELENGTH =
OPTICAL DEPTH = 445

AZIMUTH = 120.00 DEGREES

4,3%0
3.207
3,132
2.4830
2.2438
1,984
1.53%
1.300

.301

3.456
3.564
3.122
2.826
2.262
1,927
1.668
1.300

914

+84&6 NWICRONETERS, VISIBILITY = 23.00 KN, ALTITUDE = 900.00 KN

2.9
2.938
2.7%4
2.493
2'245
2.0'3
1.940
1.835
1.011

846 NICROAETERS, VISIBILITY = 10.00 kA, ALTITUDE = 900.00 Kn

2.999
3.001
2.79%
2,493
2.230
1,984
1.803
1.786
1.014

TOTAL RADIANCE MATRIX

2.993
3.082
2.949
2.788
2.348
2.300
1.998
1.788
1.106

2.991
3.073
3.108
3.074
.74
2.720
2.293
1.738
1,233

2.970
3.030
3.089
3.084
3.140
3.022
2.595
1.982
1.523

2,998
J.ng
3.18¢
3.208
3.328
3.277
2.914
2.308
1.972

TOTAL RADIANCE MATRIX

2.944
3.020
2,935
2.7%6
2.507
2.2#‘
1.7%4
1.741

'.‘oa

2.878
2.976
3.0"
2.786
2.832

2,838

2.22
799

|.' .=

1,29

2.828
2.889
2.9%2
2.952
1.004
2.390
2.492
1.929
1,516

864 NICRONETERS, VISIBILITY =

J.218
J.284
3.029
2.598
2.287
1,974
1.766

1.717
1,099

2.910
2.920
2.98?7
3.012
124
3.089
2.7%36
2.214

1.931

4.00 KM, ALTITULE = 289,00 da

TOTAL RADIANCE MATRIX

2.92

3.032
2.788
2. 498
2.218
1.908
' .692
1.182

2,728

-t/ &

:Is"
2.920
2.890
2.747
2,534
2.14%
1.700
1.333

2.597
2.673
.7%4

2.772

2.829
207"
2.368
1.89%
1.594

111
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:.6:9
2.702
2.738
:l3‘3
2.820
2.566
2.143
1,986

2.992
3,128
3.25)
3.374
3.404
3,355
3.083
2.213
2.484

2.744
2.374
2.984
3.0
3.123
3,388
2.333

2.58t

2.383

2020202020203 03 100
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3.099
3.172
3.282
3.382
J.448
3.39%
3.22%
3.379
2.955%

2.984
2.939
3.004
3113
177
134
# 708
3.4
2.391
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Table B.9.2 Continued

BROF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEDEL.1977).
WAVELENGTH = 944 NICRONETERS, VISIDILITY = 23.00 KN, ALTITUDE = 900.00 Kp
OPTICAL DEPTH = ,209 : ‘
AZINUTH = 180.00 DEGREES TOTAL RADIANCE MATRIX
3.158  3.043  3.182  3.199 3.099 30N 30122 3,028 3.122
3,070 3.364 3719 3,704 3,475 3.829 3,484 268 3.309
2.927  3.37% 4269 4.38% 3.936  3.964 3.928 3.483 3.401
.70 3,276 4,180  4.4%8 4,427 4350 4549 4,228 3.994
.451  3.018  3.862  4.394 4,881 S5.271  S.a20 4,983 4.%97
.24 2,795 3,446 4,042 4,865 5.769 471 5.9 3.542
1.809 2.2%6 2.820 3.351  3.919 S.186 4911 2,354 2,332
1,450 1.878 2,445 2,802 3.241 4.35¢  7.348 10.598 11,78
207 01 1139 1,378 1L277 2.7 4,879 10.029 23.283

BRDF-ATHOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL,1977).
WAVELENGTH = 844 NICROMETERS, VISIBILITY = 19,00 KH. ALTITUDE = 900.00 XN
OPTICAL DEPTH = ,33s
AZINUTH = 180.00 DEGREES  TOTAL RADIANCE MATRIX
3.450  3.219  3.219  3.047 2,995 2,974 2.921  2.790 2.R97
246 3,472 3,872 792 3,400 3,374 3,262 2.997 3.0%0
2.985  3.555  4.547 4.529 3.946  3.045 3,705 3.392 3.313
.77 3,327 4351 s.on 4,630 4,536 4.380 3,922 3.493
2410 2,997 3,902 4,428 5.3 5.523 5.375 4. 4,322
2.199 2,73 3,412 4116 5,013 4,464 8.579 %930 s.417
1.767 2,202 .74  3.3%2 4102 5,793 8.142  8.,2% 7,79
1.435 1,829 2.380 2.772 3.335 4,961 8.530 13.340 14,368
734 1T 1186 1,439 1,981 3.267  6.832 18,298 34,359

BRDF-ATNOSPHERE ANALYSIS FOR CONIFEROUS FOREST (KRIEBEL.1977),
VAVELENGTH = ,344 MICRONETERS. VISIBILITY = 4.00 KN. ALTITUDE = 900,00 Kn
OPTICAL DEPTH = 445
AZINUTH = 180.00 DEGREES TOTAL RADIANCE NATRIX
48612 3,946 3,479 3,137 2.349 3733 2,821 2,497 2,208
3977 4,872 4586 4.014 3.367  J.1st 2,948 2,470 <.344
3.207 4,326 s.811 %.294 5 .78 34 302 3.101
2.786  J.é41 8,170 6,477 5,602 4,839 4,24 3.850 3.508
2.378 3,043 239 8,467 .27 770 T 4706 4,2%
2,119 2,483 3.484 4,597 §.479 9,137 B.444 4,742 3.7%4
1,705 2,133 2,747 3.8%2 4.943 8,122 12,473 11,847 ?.447
1.393 1,763 2,315 2.8%3 3.842  6.532 12,907 21,389 20,734
809 780 1,287 1,708 2,474 $.09 11,415 28,463 35,947
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VISIBILITY = 5.0 kn

\ 1 2 3

%\ Ly %) Ly o Y
.678 .03 1.766 .04 2.087 .08 2.193
.800 .39 8.867 43 10,211 48 10,632

VISIBILITY = 10.0 ka

| A 1 2 3

’ & b " . " b

| .675 .03 1.685 .06 2,045 .08 2.252
.800 39 9.570 43 1.8 48 11,732

VISIBILITY = 23.0 km

A 1 2 3
L Lr °) L °) L
675 .03 1.638 .04 2.048 .08 2.303
.800 .39 10,100 43 11.808 .48 12.597
i - ° & ° - 40°
1: Qo 13" 9. 37 AZ = 40
. - o - ° - °
2 9° 30° , 6' 31 AZ = 53
3: io = 45° , 9. - 33° AZ = 43°

Table B.10.1 Comparison of field measured bidirectional reflectance (0,)
: wich predicted sensor radiance (L.) from i{mmacure wheat for
i two wavelengths and three acmospheric visibilicies. (Daza
derived from de Boer et al., 1974,)
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T Y T

Ae 675 um Tt

VISIBILITY
(km) o)
5.0 .04
10.0 .06
23.0 .04

A= 800 um Tt

VISIBILITY
(km) oy
5.0 .10
10.0 .10
23.0 .10

Table 3.10.2

. .698
oo (degrees)
0 15 28 38 45
L LI L P e T T U
1.712 .06 2.000 .07 2.165 .09 2.517 .14 3.432
1.63% .06 2.001 .07 2.201 .09 2.616 .14 3.659

1.590 .06 2.013 .07 2,246 .09 2.699 .14 3,857

- ,586
oo (degrees)

0 15 25 35 4S
L o L5 Loy Loy Ly
2.086 .11 2.191 .17 3.102 .19 3.369 .25 4.225
2.128 .11 2.270 .17 3.292 .19 3.606 .25 4.580

2.170 .11 2.335 .17 3.439 .19 3.789 .25 4,861

Comparison of field measured dibireccional reflectance (ey)
and predicted sensor radiance (L,) from a stand of macure
wheat for two wavelengths and three acmospheric visibilicies.
Solar zenith angle was 53°, azimuth angle bectween sun and
sensor was 70°, (Data derived from de Boer et al., 1974,)
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APPENDIX C

3=Dimensional Plots of Example Bidirectional Reflectance Functions.

C.l.1l Spherical Grass Canopy with LAI = 1.2
C.1.2 Lodgepole Pine Canopy

Angular Dependence of Total Radiance from Five Natural Surfaces:
Example Trends:

C.2.1 Total Radiance vs. Zenith View Angle, O = 5¢
C.2.2 Total Radiance vs. Zenith View Angle, . " 33°
€.2.3 Total Radiance vs. Solar Zenith Angle, 3 = 3*

C.2.4 Total Radiance vs. Solar Zenith Angle, ao = 55°

Angular Dependence of Target Radiance from Five Natural Surfaces:
Example Trends:

C.3.1 Target Radiance vs. Zenith View Angle, e' - 5°
C.3.2 Target Radiance vs. Zenith View Angle, . $3°
C.3.3 Target Radiance vs. Solar Zenith Angle, B 3°

C.3.4 Targec Radiance vs. Solar Zenith Angle, 5, = 55°

LEGEND
® Spherical Grass Canopv, LAl = .5
+ Spherical Grass Canopy, LAl = 1.2
- Planophile Grass Canopy, LAl = .5
X Planophile Grass Canopy, LAI = 1.2

* Lodgepole Pine Canopy, LAI = 5.1

1185
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Figure C.1.l. Three-dimensicnal represencation of the tidirectional

reflectance factor macrix for a spherical grass canopy
with an LAI of 1.2 at wavelengths of a) .68um b) ,8C.m.
Relative response is shown on the vertical axis, Source
and view angles are measured from zenith,




Figure c.l.2. Three-dimensional represencation of cthe bidirsctional
reflectance factor matrix for lodgepole pine at wavelengths
of a) .68um b) .80um. Relative response is shown on the
vercical axis. Source and view angles are “easured fzon
zenith ,
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