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Summary

This document presents the shortwave angular
radiation models that are required for analysis of
satellite measurements of Earth radiation, such as
those from the Earth Radiation Budget Experiment

(ERBE). The models consist of both bidirectional
and directional parameters. The bidirectional pa-
rameters are anisotropic function, standard deviation
of mean radiance, and shortwave-longwave radiance
correlation coefficient. The directional parameters
are mean albedo as a function of Sun zenith angle and
mean albedo normalized to overhead Sun. Derivation

of these models from the Nimbus 7 ERB (Earth Ra-

diation Budget) and Geostationary Operational En-
vironmental Satellite (GOES) data sets is described.
Tabulated values and computer-generated plots are
included for the bidirectional and directional models.

Introduction

Analysis of satellite measurements for determi-
nation of the Earth's radiation budget requires in-
formation about the angular characteristics of ra-
diation that is reflected (shortwave) 1 and emit-
ted (longwave) 1 from the Earth-atmosphere system
(Smith et al. 1986). The angular characteristics can
be defined by models which express, for an imagi-
nary surface element at the top of the atmosphere,
the exiting radiance for each direction out to space
as a function of the total hemispheric flux leaving
the element. In principle, a radiance measurement
at a single angle can then be converted into an in-
ferred hemispheric flux. For successful application
of the angular models, it is necessary to classify the
Earth observations into a set of scenes (e.g., ocean,
land, snow, and clouds) and to have a complete set
of angular models for each scene class.

Past investigations of Earth radiation budget
from satellite measurements have varied considerably

in the approach to angular models for reflected ra-
diation. To analyze the Nimbus 3 measurements,

Raschke et al. (1973) used three scenes (ocean, snow,
and a cloud-land combination) and "gross-empiriear'
models derived from a variety of sources including
aircraft, balloons, and early satellite data. The scene
identification was a static process, since the scene
type for a given measurement location was deter-
mined a priori. Because of the lack of well-defined an-
gular models, Gruber (1977) assumed isotropy for all
shortwave observations while analyzing the National

Oceanic and Atmospheric Adminstration (NOAA)

I Reflected radiation occurs primarily in the shortwave

spectral region (0 5#m), and emitted radiation occurs pri-

marily in the longwave region (> 5 #m).

Scanning Radiometer (SR) data. The isotropy as-
sumption obviated the need for scene identification
and detailed models; however, accuracy of the results
was reduced considerably. For the Nimbus 7 Earth
Radiation Budget (ERB) measurements, Jacobowitz
et al. (1984) used four scenes (ocean, land, snow-
ice combination, and cloud); a threshold method
based on climatological values of reflected and emit-
ted fluxes for cloud identification; and detailed an-

gular models for each scene. The angular models for
this analysis were derived by Taylor and Stowe (1984)
from the ERB scanner observations. The ERB data

processing was the first attempt to use a dynamic
cloud-identification procedure for radiation budget

analysis.

The recent Earth Radiation Budget Experiment
(ERBE) described by Barkstrom and Smith (1986)
has a complex system of inversion algorithms which
include angular radiation models. The ERBE in-
version algorithms (Smith et al. 1986) use a set of
12 scenes, a Maximum Likelihood Estimation (MLE)
scene identification method, and a comprehensive set

of angular models. Because of the special require-
ments of the MLE method, statistical parameters are
required as part of the angular model data set (Smith

et al. 1986).

The purpose of this report is to describe and
present the shortwave angular models and associated
statistical quantities that have been developed for
the ERBE inversion algorithms. This report is Vol-
ume I of a set of two documents; Volume II describes

the longwave models developed for the ERBE analy-
sis. The shortwave models include bidirectional and

directional parameters and were derived from exist-
ing Nimbus 7 ERB and Geostationary Operational
Environmental Satellite (GOES) measurements and
from theoretical relations. Bidirectional parameters
are: anisotropic function, standard deviation of mean
radiance, and shortwave-longwave correlation coeffi-
cient. Directional parameters are: mean albedo as a
function of Sun zenith angle and mean albedo nor-
malized to the overhead Sun value. A brief descrip-
tion of the model characteristics and derivation is

presented. Tabulated values and computer-generated
plots of the models are also included.

Symbols

A

Ai

a,b

albedo

average albedo for ith solar-
zenith-angle bin

known values used in

interpolation



_-- : =

Cjk

COVAR(sw, lw)

E0

ERB

GOES

L

L'

Lijk

M

Mi

R

r

ro

$C, 0

Oo

2

coefficient in normalization

equation for anisotropic factors

for angle bin with jth viewing-

zenith-angle and kth relative-

azimuth-angle ranges

covariance between shortwave

and longwave radiance

solar constant, 1376 W/m 2 (value

for mean Earth-Sun distance)

Earth Radiation Budget

Geostationary Operational
Environmental Satellite

radiance, W/(m2-sr)

normalized radiance (see
eq. (13))

average radiance for angle bin

having ith solar-zenith-angle, jth
viewing-zenith-angle, and kth

relative-azimuth-angle ranges,
W/(m2-sr)

radiation flux, W/m 2

average radiation flux for ith

solar-zenith-angle bin, W/m 2

number of observations

number of observations for angle

bin having ith solar-zenith-angle,

jth viewing-zenith-angle, and kth

relative-azimuth-angle ranges

shortwave anisotropic function

(defined by eq. (2))

average shortwave anisotropic

factor for angle bin having ith

solar-zenith-angle, jth viewing-
zenith-angle, and kth relative-

azimuth-angle ranges

Earth-Sun distance, km

mean Earth-Sun distance, km

unknown values in interpolation

equation

normalized albedo function for

ith solar-zenith-angle bin

viewing zenith angle, deg (see

fig. 1)

solar zenith angle, deg (see fig. 1)

# cosine of viewing (e.g., satellite)
zenith angle

it0 cosine of solar zenith angle

p correlation coefficient between

shortwave and longwave radiance

a standard deviation of radiance,

W/(m2-sr)

¢ azimuth angle, deg

CR relative azimuth angle, deg (see
fig. 1)

Subscripts and superscripts:

index for solar-zenith-angle bin

index for viewing-zenith-angle
bin

k index for relative-azimuth-angle
bin

land scene type

longwave

index for a given observation in

an angle bin

value for mix of 50-percent ocean
and 50-percent land

index for colatitude angle bin

ocean scene type

index for seasons

reflected

shortwave

i

J

L

lw

m

mix

n

0

q

r

8w

A bar over a symbol denotes average value.

Scene Types and Angular Grid

The scene types selected for the ERBE data anal-

ysis (Smith et al. 1986) are used in this work. These
scene types were defined on the basis of broad cate-

gories oi%]imat0iogically important surface and cloud

features and are given in table 1. The desert scene

includes vegetated and nonvegetated types, and the
snow scene includes snow and ice. There are twelve

scene types: nine basic types and three mixed types.
Data for the land-ocean mixed scenes are derived

from values for the basic types as described in the
section entitled "Mixed-Scene Models." Four levels

of cloud coverage are included: clear sky (0 to 5 per-

cent), partly cloudy (5 to 50 percent), mostly cloudy

(50 to 95 percent), and overcast (95 to 100 percent).
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The surface type at a given location on the Earth can
be determined a priori by reference to a geographic
map or atlas. The presence of a cloudy scene must
be determined as part of the data processing using
a scene identification technique. Note that a scene
identification procedure must be applied during both
the development and application stages for the angu-
lar models. Because of differences in measurements

available in the two stages, the scene identification
methods for development and application, in general,
are not the same.

The shortwave models in this report are defined

according to the angular coordinate system shown in
figure 1. The principal plane is the plane containing
the ray from the Sun to the target area and the zenith
ray that is normal to the target area. For an exiting
ray (e.g., to a satellite), the relative azimuth angle CR
is measured from the principal plane on the side away
from the Sun. Thus, forward reflecting corresponds
to CR = 0°, and backward reflecting corresponds to
CR = 180°.

To describe the angular variation of radiance, the
angular coordinates are divided into ranges called
"bins," and the model is represented by mean values
for each bin. Table 2 gives the angular bin definitions
for the solar zenith angle, viewing zenith angle, and
relative azimuth angle. Symmetry about the prin-
cipal plane is assumed for the azimuth angle. The
illustration accompanying table 2 shows no bins for
the first viewing-zenith-angle bin because, in fact,
little variation exists. To derive a value for this so-

called "cap bin," data for all azimuths are included
in determining the average. However, as a practical
matter for computer application, azimuthal bins are
also provided for the first zenith bin to avoid index-
ing problems. This is accomplished by replicating the
cap-bin value for all azimuths. The data presented
in this report include this replication.

Shortwave Model Parameters

Models required for scene identification and con-
version of satellite-measured shortwave radiance to

flux include both bidirectional and directional pa-
rameters. These parameters are discussed in the sec-
tions which follow.

Bidirectional Parameters
<.

The bidirectional model parameters are based on
the following relation between radiance L and flux
M:

Tr dOL(O0, O, ¢) cos (1)M(O0) = =0 dO JO=O
Osin 0

An anisotropic function R where

_L(Oo, O,¢)
R(Oo, O,¢) - M(Oo) (2)

is defined as the ratio of the equivalent Lambertian
flux to the actual flux. Thus, if the radiance is Lam-
bertian, that is, independent of viewing zenith angles
and azimuth angles, then R = 1. By substituting
equation (2) into equation (1), a normalization con-
dition for R can be written as

_027r fTr /2
_r-1 de dOR(Oo, O,¢)cosOsinO = 1 (3)

dO

Using the finite angular bins previously described
and assuming the variation over each bin to be
constant at the corresponding bin-mean value, the

integrals in equations (1) and (3) can be written as
the following summations:

8 7

Mi----E( Ck+l-_bk) E LOk(sin2 Cj+l-sin2 ¢') (4)

k=I j=l

and

8 7

k=l j=l

Equation (5) can be further simplified to

=l

(5)

8 7

k=lj=l

(6)

where

Cjk = "rr-1 (¢k+l -- Ck) ( sin20j+l - sin20j) (7)

and values for Cjk are given in table 3.
In equations (4) to (6) the barred quantities are

values that have been averaged over the observations
for the angular bin defined by the indices i, j, and k.
Index i refers to solar zenith angle, index j refers to
viewing zenith angle, and index k refers to relative
azimuth angle. Also, note the change in terminology
between the continuous, anisotropic function R and

its discrete approximation Rijk, which is called the
anisotropic factor.

To use the angular models with the MLE scene
identification method, other statistical parameters
are needed. These parameters are the standard

3



deviationof the mean radiance for each angle bin,

1 Ni)k ] 1/2
(8)

and the shortwave-longwave (sw-lw) radiance corre-
lation coefficient,

Pijk =

( - )( )
_m=l

(9)
In these equations, Nijk represents the number of
observations for the ijkth bin, and m is the index for

the observations. Equations (1) to (8) apply to both
shortwave (sw) and longwave (lw) radiation; thus,

no superscript was used. However, in equation (9),
it is necessary to distinguish between the sw and lw
radiation by using superscripts.

To simplify the notation in subsequent equations,
the bar denoting bin averages is omitted and all
quantities with subscripts ijk are understood to be
bin-averaged values.

In summary, the principal shortwave bidirectional
parameters for the bin-averaged angular models are

as follows: the anisotropic factor Rijk, the standard
deviation of the mean radiance aijk, and the sw-
lw correlation coefficient Pijk. The normalization
condition for Rijk, which is given by equation (6),
is also an important constraint to ensure radiation

energy conservation.

Directional Parameters

For the present angular model data set, the di-
rectional parameters are the albedo as a function of

solar zenith angle and a normalized albedo function
obtained by dividing each albedo value by the cor-
responding overhead Sun value. Albedo is defined
as

Mr(O0) (lO)
A(O0)- (cos O0)Eo

or, in terms of the solar-zenith-angle bins, it is de-
fined as

Mr'i (i = 1, 2,..., 10) (11)
Ai- (cos O0, i)Eo

where Mr is the reflected (i.e., shortwave) flux and
E0 is the solar constant corrected for Earth-Sun
distance. Therefore, the normalized albedo function
is

Ai (i = 1,2,..., 10) (12)
_i -- Ai=l

4

Satellite Data Sets

Ideally, angular models would be based on broad-
band satellite measurements with unbiased sampling
over all viewing conditions and solar zenith angles
and over the entire globe. It is also desirable to
use high-resolution measurements for cloud detec-

tion to ensure accurate sorting by scene type. Un-
fortunately, no single satellite can satisfy all these re-

quirements, primarily because of the orbit-dependent
sampling biases inherent in satellite measurements.
Currently, the Nimbus 7 ERB scanner provides the
most extensive data available for constructing the re-
quired bidirectional models. Data from the Geosta-

tionary Operational Environmental Satellite (GOES)
are very useful for establishing directional models be-
cause of its diurnal sampling capability.

The Nimbus 7 ERB derives its samples from a
noon Sun-synchronous orbit. Therefore, ERB data
provide global coverage, but they contain a high
correlation between latitude and solar zenith angle
and do not sample all Sun angles at a given lat-
itude. With its multiaxis scanning capability, the
ERB scanner does sample all viewing angles. For
cloud detection, the relatively coarse resolution of the
ERB scanner (90 km or larger) requires that infor-
mation from higher resolution sensors be used. As
a result of its sampling biases, ERB scanner data
are more useful for deriving bidirectional parameters
than directional parameters.

On the other hand, GOES data are obtained from
a geostationary satellite orbit. The GOES instru-

ment allows complete diurnal sampling of evey point
within its field of view, has relatively high resolution,
and has both visible and infrared channels. There-

fore, GOES provides complete solar-zenith-angle cov-
erage and good cloud-detection capability. However,
GOES data contain a one-to-one correspondence be-
tween geographic position and viewing zenith an-
gle and provide coverage of only about 20 percent
of the Earth's surface. Also, GOES instruments
have narrow spectral-band channels and are not cal-
ibrated. Thus, to obtain calibrated broadband radi-

ation results from GOES, it is necessary to use other
measurements, such as Nimbus 7 ERB, to provide
a narrowband-to-broadband conversion and calibra-

tion. Because of its orbital sampling characteristics,
GOES is more useful for deriving directional param-
eters than bidirectional parameters.

As a consequence of their sampling limitations,
neither Nimbus 7 nor GOES data are complete by
themselves, so construction of hybrid angular mod-
els appears to be the best approach. Even the com-
bination of Nimbus 7 ERB scanner and GOES data

does not fulfill all data requirements and theoretical



relationssuchastheHelmholtzReciprocityPrinciple
mustbeused.Theuseof this principleisdiscussed
in asubsequentsection.

Nimbus 7 ERB Data Processing

Measurements from the Nimbus 7 ERB scan-

ner provided the primary source of information for
the bidirectional parameters presented in this re-
port. The ERB instrument is described in detail by
Jacobowitz et al. (1984), so only a general description
is necessary here. The ERB scanner consists of four
optical telescopes, each of which has a broadband
shortwave (0.2 to 4/zm) and longwave (5 to 50 pm)
channel. This instrument has a multiaxis scanning
capability. It can scan from horizon to horizon along
the orbital track and scan to a viewing zenith angle of
72° in the cross-track direction. At the nadir, spatial
resolution is about 90 km x 90 kin, and it increases
to as much as 250 km x 250 km at the maximum

scan angle.

The ERB measurements were processed at the
NOAA National Environmental Satellite, Data, and
Information Service using methods described by
Taylor and Stowe (1984, 1986). The data were sorted
into the angular bins and scene types described pre-
viously. Scene identification was performed with an
improved Nimbus 7 cloud-detection algorithm de-
scribed by Stowe et al. (1988). Previous results were
obtained using the cloud-ERB (CLE) algorithm. The
improved cloud-detection scheme, called the new

CLE (NCLE) algorithm, uses measurements from
the Temperature and Humidity Infrared Radiome-
ter (THIR) and the Total Ozone Mapping Spec-
trometer (TOMS), both of which are on the Nim-
bus 7 spacecraft with the ERB instrument. The
NCLE is based on a surface temperature analysis
from 3-hourly, Air Force 3-D nephanalysis data (Fye
1978); on reflectance data from the ultraviolet chan-
nel of the TOMS; and on infrared window channel
emission from the THIR. To derive angular models,
simultaneous data from the ERB scanner, TOMS,
THIR, and the surface temperature analysis were
available for 205 days of the period from April 1,
1979, to June 22, 1980.

For each angular bin where sufficient data were
available, results were determined for the follow-

ing: mean shortwave (sw) and longwave (lw) ra-
diances, standard deviation of sw and lw radi-
ances, sw-lw radiance correlation coefficients, and
sw and lw anisotropic functions. To remove varia-
tions caused by Earth-Sun distance and solar zenith
angle, which would tend to bias the bin-averaged
radiance, each radiance measurement is normalized
to 1 astronomical unit (AU) and overhead Sun (i.e.,

#0 = cos 00 = 1) before averaging. The radiance nor-
malization is given by

where L _ is the normalized radiance, _uo is the cosine
of the solar zenith angle for the measurement, r is
the Earth-Sun distance at the time of the measure-

ment, and r0 is the mean Earth-Sun distance (i.e.,
value for 1 AU). For subsequent calculations requir-
ing radiance values, a correction is made for the solar
zenith angle of the bin by multiplying the bin-mean
normalized radiance by the cosine of the solar zenith
angle at the midpoint for the bin. However, the ref-

erence of 1 AU is retained for mean radiances, and
albedos are calculated using the solar constant for
the mean Earth-Sun distance.

The anisotropic factor Rijk was determined by
first using equation (4) to integrate the bin-mean nor-
malized radiance over all viewing bins; this integra-
tion resulted in a normalized flux. The anisotropic
factor then followed from application of the discrete
form of equation (2) with use of the normalized ra-
diance and flux. The effect of solar-zenith-angle nor-
malization cancels in this case. The albedo Ai, as
defined by equation (11) with a 1-AU reference, was
determined by dividing the normalized flux by the so-
lar constant for mean Earth-Sun distance. That is,
the solar-zenith-angle normalization includes the co-
sine of the solar-zenith-angle factor in equation (I1).
Finally, the normalized albedo function is determined

by using equation (12).

GOES Data Processing

The GOES and ERB scanner results were used
to determine the mean albedo for each solar-zenith-

angle bin and scene type. For GOES results, the
analysis of November 1978 GOES-East data by
Minnis and Harrison (1984b, 1984e) was used.
Narrowband GOES data were converted to broad-

band radiances using spectral calibration functions
determined empirically from collocated Nimbus 7
ERB and GOES-East measurements over ocean,
land, and cloud surfaces. With bidirectional re-
flectance models derived from GOES and aircraft

data for ocean, land, and clouds, the GOES esti-
mated broadband radiances were then used to de-
termine radiation fluxes and albedos. The albedo

results were sorted by the angular bins and scene
types previously described. The scene identification
was based on an analysis of GOES data using the
method of Minnis and Harrison (1984a), which uses
8-km infrared data and 1-km visible data sampled
every 8 km.
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Spectralcalibrationfunctionsderivedfrom col-
locatedGOESdata and preliminaryERBE data
revealeda solar-zenith-angledependencein thecal-
ibration functionthat couldnot havebeendeter-
minedwith theoriginalNimbus7 ERBandGOES-
Eastdatasets.This solar-zenith-anglerelationship
wasusedto correcttheoriginalalbedosreportedby
MinnisandHarrison(1984c).Theresultingchanges
in the albedos were minor except for the clear-land
model, where the corrected results show less varia-
tion with Sun angle.

Model Development

Bidirectional Models

Measurements from the Nimbus 7 ERB scan-

ner provided the primary data source for deriving
the bidirectional parameters of the nine basic scene
types. Unfortunately, values for certain combina-
tions of angle bin and scene type were not available
from the ERB measurements. Some of the bin values

were either missing or of questionable value because
of small sample populations. Values derived with less
than 8 samples for the bin were considered to be non-
representative and were treated as missing. Two dis-
tinctly different problems occurred. One problem in-
volved values missing for an entire solar-zenith-angle
bin, and the other involved values missing for a few
scattered viewing-zenith-angle bins. The treatment
of these problems is discussed in this section.

The first, and most serious, type of problem
involved values missing for an entire solar-zenith-
angle bin. Table 4 shows the scene types and so-
lar bins where this problem occurred and methods
used to establish values for the anisotropic functions.
Since GOES data are not appropriate for providing
the missing values, the Helmholtz Principle of Reci-
procity (see appendix A) and empirical relations for
the desert scene (Staylor and Suttles 1986) were used.
The use of the empirical relations for deserts was
limited to intermediate solar angles, since this was
the limit of data available in deriving the relations.
Missing data for other bidirectional model parame-

ters (standard deviations and correlation coefficients)
were estimated, because no reciprocity or empirical
relations were available for them. Standard devia-

tion of mean radiance was estimated using the cor-
responding viewing-zenith-bin dispersion values (ra-
tio of standard deviation to mean radiance) from
the nearest solar-zenith-angle bin where data were
available. The sw-lw correlation coefficients were as-

sumed to be zero, since a recent study (Smith et al.
1986) has shown the MLE scene identification to be
insensitive to this parameter.

6

The second type of problem involved values miss-
ing for occasional, isolated viewing-angle bins which
generally occurred at the largest viewing-angle bins.
In general, the reciprocity principle was not effec-
tive for these cases, because values from the high-
est solar bin would be required and these were ei-
ther missing or were somewhat questionable. In
most of these cases, values were determined by
interpolation. However, for some situations, the in-
terpolated values produced unusual variations or un-
reasonable reciprocity results. In these cases, more
reasonable values were estimated to correct the dif-

ficulties. The interpolations were performed using a
bilinear approach. The linear interpolation was first
done along the azimuthal direction and then along
the viewing zenith direction. The results from both
interpolations are then averaged to get the estimated
value. This operation was performed for the missing
anisotropic functions, standard deviations, and cor-
relation coefficients. The interpolation schemes used
are as follows:

C_e

1 aT

2 aox

3 aoox
4 axoo
5 ao_o

6 axb

7 axob

8 axoob

9 aoxob

Bin configuration Interpolated value of x

a

Unknown

a

a

a/2 + b/2
2a/3 + b/3

g

Unknown 1

1Use x-value in other direction if available; if not available,

use x = (a/2) + (b/2).

In the preceding table, "a" and "b" are known val- -
ues, "o" is an unknown value, and "x" is the value
to be determined. After an interpolated value is
found, it is never used as a known value to inter- ,
polate for missing data. The possibility exists that a
value would be undeterminable. For example, case 3 i
demonstrates an instance in which a value for "x"

cannot be determined. Fortunately, such cases are
few, but when they occur, values are estimated using =-
linear extrapolation or scaling from data in neighbor-
ing solar-zenith-angle bins.

After obtaining values for all angle bins, the rood- .
els were checked using the normalization criterion
(i.e., eq. (6)), and, if necessary, the anisotropic fac-
tors were adjusted and recomputed. Final model
values satisfy the normalization criterion to within
4-0.0001.



Directional Models

Because of sampling biases in the satellite data,
the directional models presented here are based on a
hybrid of Nimbus 7 ERB and GOES Measurements.

Briegleb et al. (1986) showed that, for the range of
commonly available solar zenith angles, albedos de-
rived from nearly simultaneous GOES and Nimbus 7
data are within ±0.01 of each other. Thus, the two
data sets yield nearly the same albedo variation with
Sun angle for scenes that both satellites view. There-
fore, it is assumed that the albedos derived from
GOES data over other scenes at other Sun zenith an-
gles would be very close to those which would have
been measured by Nimbus 7 if such measurements
were possible. In effect, the GOES data extend the
sampling capabilities of Nimbus 7.

For convenience, the directional models are nor-

malized by dividing each bin value of albedo by the
value for the first solar-zenith-angle bin. Thus, the
model can be defined in terms of the normalized func-

tion (a shape function) and the albedo for the first
solar bin (a reference value). Because of the sam-
pling characteristics previously mentioned, it was as-
sumed that the GOES data yield the best estimate of
the shape function for tropical and subtropical lat-
itudes (i.e., about one-half of the globe) and that,
aside from the lowest solar zenith angles, the Nim-
bus 7 ERB data best describe the shape function for
middle and high latitudes. Differences in the mixes

of cloud types and land surface types are expected
to give rise to differences in the solar-zenith-angle
dependence of albedo. Since a set of models that

represent the global mean for each scene type is re-
quired, a simple average of the GOES and Nimbus 7
ERB models was used to construct the hybrid direc-
tional models. Several exceptions to this averaging
process are noted in this section.

For the Nimbus 7 ERB data, a geographically
dependent sampling caused unreasonable changes in
the variation of albedo with Sun angle for several
scene types. For example, there was a significant

decrease in albedo for overcast and mostly cloudy
scenes over ocean at low solar zenith angles and for
mostly cloudy scenes over land at high solar zenith
angles. In those cases, the Nimbus 7 ERB data were

subjectively smoothed before being averaged with the
GOES data.

The Nimbus 7 and GOES models used in the
averaging process are shown in figures 2 and 3 for
ocean and land, respectively. For the most part, the
models show good agreement over clear and partly
cloudy ocean and clear and overcast land. The dif-
ferences between the GOES and Nimbus 7 models for

the other categories may be a reflection of differences

in cloud types over the respective areas sampled by
the two satellites. It was determined from the Nim-

bus 7 cloud data that the percentages of cirrus clouds

in the total cloud cover for the mostly cloudy and
overcast ocean categories are twice as high in the first
two solar bins as they are in all other solar bins. This

implies that cirrus clouds, which have a relatively low
albedo, are more frequently observed over the tropi-
cal ocean than over other marine areas. The GOES

data, which are more representative of tropical areas,
yield lower albedos than the Nimbus 7 data at most

solar zenith angles. Over land areas, cirrus clouds
are observed almost as frequently poleward of 30 °
latitude as they are between 30°S and 30°N (War-
ren et al. 1986), which may be one reason that the
albedos from the two satellites for the overcast and
mostly cloudy categories over land are closer than
those over ocean. In almost all cases, the albedos in
the two figures increase with increasing solar zenith
angle.

Two other exceptions to the simple averaging
rule for constructing the models occurred for the

clear-over-snow and clear-over-desert scenes, because
GOES results were unavailable for those scene cate-

gories. Also, the ERB results for albedo variations
with Sun angle for those scenes appeared to be er-
ratic for reasons explained subsequently. Theoreti-

cal results were therefore used to establish the shape
function, and the ERB albedos were fit to this func-

tion using a least-squares approach. The radiative
transfer code for the theoretical calculations is de-

scribed by Wiscombe, Welch, and Hall (1984). For
the snow theoretical model, Lambertian surface re-
flectance data for new winter snow were used with

atmospheric data for a cloud-free midlatitude region.
When fitting the Nimbus 7 ERB data to the model
results, the ERB albedo values at solar bin 3 (Mean

cos 00 = 0.75) and solar bin 4 (Mean cos _o = 0.65)
were not used because of their marked deviation from
the rest of the data. Those values were derived from
midlatitude regions where the snow would come from

forested areas or would be patchy and hence pro-
duce anomalously lower albedos. Results of the fit
are shown in figure 4. For the desert, Wisco'mbe's
calculations for a clear Arabian Desert and a Lam-
bertian surface reflectance were fit to the Nimbus 7

ERB data. The ERB desert data contain samples
from both vegetated and nonvegetated desert regions
over the entire Earth; nevertheless, samples were
only available for the first six solar-zenith-angle bins.
Results for the desert albedo variation are given in
figure 5.
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Mixed-Scene Models

Since the Nimbus 7 ERB data were not sorted

for the mixed-scene types (i.e., clear over land-ocean
mix, partly cloudy over land-ocean mix, and mostly
cloudy over land-ocean mix), models for these scenes
were determined by computations. It is assumed
in these computations that observations of a mixed

scene are either ocean or land with an equal (i.e.,
50-percent) probability of being one or the other.

Equations for computation of the mixed-scene
parameters are developed in detail in appendix B and
are summarized below:

Mean albedo:

Amix 1

Anisowopic factor:

Rmix _ 1 L L O O(A,. + (15)i3"k
2A mlx

Standard deviation:

mix [1 102a,S_= (°&)_+_(%_)

1 (_-_)2[ALnL -A i Rijk) ]
+ _ t ,'_isk o o 2 ½ (16)

where/10 = cos 00,i.
The sw-lw correlation coefficient computations

were more complicated. The complications arose
mainly from the fact that both shortwave and long-
wave data are involved and that these two data

sets were sorted according to two different binning
schemes. The shortwave data were binned accord-

ing to scene type, Sun angle, viewing zenith angle,
and relative azimuth angle, The longwave data were
binned according to scene type, viewing zenith an-
gle, colatitude, and season. Colatitude sorting was
done for 18, 10° zones, and seasonal sorting was
done for winter (December, January, and Febru-
ary), spring (March, April, and May), summer (June,
July, and August), and fall (September, October, and
November).

Yearly averaged longwave data were computed as
follows:

1

}'(_sn),w= _ [(_Jnq)tw]2
q=l

(17)

where ((Yjnq)lw represents the long'wave standard de-
viation for the jth viewing zenith bin, nth colatitude

8

bin, and qth season. Global average longwave results
were determined by

1

(oi)Lw= B Z [%n)_] (18)
n-=l

Other longwave parameters were calculated in a sim-
ilar manner.

The correlation coefficient for mixed scenes is

defined by

N
1

7_ _ [COVAR(sw, lw)]ijkn
mix n= l

Pijk = (amix_ (o.mix, _ (19)
\ ijk /sw \ J ]lw

where n is the colatitude index and N = 10.

The covariance between the shortwave and long-
wave radiance is computed as follows:

1

[COVAR(sw,zw)hs-_,_=

+

+

¢r L(,J,).w
 [pO,,o, ( ,,),w
Eo#o R L

A? R 0

R o,,,,o(
(20)

Overcast Cloud Models

The Nimbus 7 ERB and GOES data were sorted

into models for overcast clouds separately over ocean
and land, but the ERBE scene classifications include
only a general overcast type. Therefore, all param-
eters for the overcast model were computed using a
population and energy (albedo) weighted average of
the overcast-over-ocean and overcast-over-land val-

ues, which are plotted in figure 6.

Results

Results for the angular radiation models are given
in the form of tables of the bin-averaged values and
computer-generated plots of these values.

Bidirectional Models

Figures 7 to 18 contain the bidirectional models
for the 12 ERBE scene types. For each of the angle
bins, bin-mean values are given for the anisotropie
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reflectance factor, the standard deviation of the ra-
diances in W/(m_-sr), and the sw-lw correlation co-

efficient. To identify the data source, a number is
given in parentheses by each value. These numbers
are defined in table 5.

Plots of the anisotropic factors for each scene type
are also given in figures 7 to 18. Since anisotropic
factors greater than 2 are usually associated with

regions of high rate of change and relatively large
uncertainty, the models are questionable in these re-
gions; hence, plots were restricted to values < 2.0.
No attempt was made to smooth the models; the val-

ues were simply connected by straight lines to form
the plots. In general, the anisotropic factors have
small variations in the first 3 solar angle bins, but

then have significant increases with increasing view-
ing zenith angle (i.e., a limb-brightening effect) at
higher solar angles. There are two notable exceptions
to this characteristic behavior. In the first 3 or 4 solar

bins, the ocean scene shows significant effects of spec-
ular reflection at the surface near the zenith angle of
the Sun in the forward scatter direction. The effect

of specular reflection can be seen in the anisotropic
factors of the clear-over-ocean scene (fig. 7), the clear
over land-ocean mix (fig. 11), the partly cloudy-over-
ocean scene (fig. 12), and the partly cloudy over
land-ocean mix (fig. 14) and to a slight degree in the
mostly cloudy-over-ocean (fig. 15) values. The other
exception is for the clear-over-snow (fig. 9) scene,
where the anisotropic factors decrease with increas-

ing viewing zenith angle (limb darkening) in the first
3 solar-zenith-angle bins. In this case, the upward ra-
diation is dominated by the very high surface albedo
of snow, except at the large viewing angles, where the
atmospheric absorption reduces the radiation l'eaving
the top of the atmosphere.

The models also become more anisotropic with
increasing solar zenith angle. For example, the

anisotropic factor decreases at small viewing zenith
angles (i.e., near nadir) and increases at large viewing
zenith angles with increasing solar zenith angle.

The standard deviations exhibit no definite pat-
tern of variation except that as the radiance and
anisotropic factors become large, the standard
deviation also becomes large. To examine the vari-
ation of standard deviation with scene type and

solar angle, the mean dispersion (i.e., standard de-
viation divided by mean radiance) over viewing
angles was computed and averaged over the viewing-
angle bins for each solar-zenith-angle bin. Results
are given in figure 19 for the ocean and land scene
types with various cloud covers. It is shown that the

partly and mostly cloudy scenes have larger disper-
sions than the clear and overcast scenes; this is to
be expected because of the range of cloud fractions

involved. Also, the dispersion of the cloudy scenes
generally decreases with increasing solar zenith an-
gle, behavior that is not expected. This characteris-
tic may be a result of the high correlation between
latitude and Sun angle for the Nimbus 7 ERB data.
Thus, the larger dispersions in the first few solar-

zenith-angle bins would be caused by the large height
variations of convective cloud fields in the tropics,
and the lower dispersions in the last few solar-zenith-
angle bins would result from stratiform cloud fields
in the polar regions. Dispersions for intermediate so-
lar bins are produced by the midlatitude cloud fields
which, on average, would include significant contri-
butions from both convective and stratiform types.

Directional Models

Results for the directional models are presented in
tables 6 and 7 and in figures 20 to 22. Table 6 con-
tains the albedos as a function of solar-zenith-angle
bin number for all 12 categories. The corresponding
directional models (albedos normalized to the bin-1
value) are given in table 7. Albedo increases with

increasing solar zenith angle for all categories except
snow.

The overcast model is very similar to the ocean
overcast model, because the population statistics
heavily favor ocean data by factors ranging from 3 to
16. Thus, the overcast model is actually more rep-
resentative of marine overcast conditions. The max-
imum values of the normalized models are 1.54 and

1.46 over ocean and land, respectively; therefore, it
does not appear that using the normalized overcast
model over land areas will introduce any significant
errors. In the determination of the scene identifi-

cation, however, the value of albedo is important.
The albedos for overcast and mostly cloudy-over-
ocean scenes in figure 20 are separated by about 0.18

,'at low solar zenith angles, and they gradually con-

verge to a separation of about 0.10 in the last angle
bin. This separation properly represents the mean-
albedo statistics for these conditions over ocean. In

figure 21, however, the two curves for these categories
have a maximum separation of only 0.12 in the first
bin and rapidly converge at higher solar zenith an-
gles. Thus, the distribution between mostly cloudy
and overcast conditions is muddled over land areas.

This distribution may cause some significant scene
selection errors over land areas.

Preliminary albedos from the first ERBE valida-

tion studies (Smith, Barkstrom, and ttarrison 1987)
are consistent with the albedo models shown in fig-
ures 20 to 22 except for two cases, mostly cloudy over
land and overcast over land. For scenes identified as

overcast over land, these initial ERBE-derived albe-
dos are similar to the land albedo model in figure 6
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for the first few solar bins and gradually approach

the overcast albedo model (fig. 21) in the last bin.

The mostly cloudy ERBE-derived albedos agree with

the corresponding a]bedo model in the first bin and

then diverge to values lower than those for the model

in the remaining bins. Most of these discrepancies

between the model and the preliminary results are

probably due to the statistical mismatch between the

mostly cloudy-over-land models and overcast model.

Concluding Remarks

A Set of shortwave bidirectional and directional

reflectance models has been developed for Earth ra-

diation budget (ERB) measurement and simulation

applications. These models describe the mean vari-

ation of top-of-the-atmosphere reflectance with solar

zenith angle, viewing zenith angle, and relative az-

imuth angle for 12 scene categories. They have been

derived primarily from radiances measured by the

Nimbus 7 ERB scanner and Geostationary Opera-

tional Environmental Satellite (GOES) instruments,

which operated between late 1978 and 1980. Miss-

ing and sparsely sampled observed quantities have

been estimated by a variety of techniques, includ-

ing simple linear and bilinear interpolation, linear

extrapolation, the reciprocity principle, and radia-

tive transfer model results. The primary purposes

of this report are to present the shortwave angular

radiation models and describe the data and methods

used in deriving the models. The models presented

herein have been archived arid are availab|e from

the National Space Sciences Data Center, Goddard

Space Flight Center, Greenbelt, Maryland 20771.

NASA Langley Research Center

Hampton, VA 23665-5225

May 4, 1988
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Appendix A

Application of Helmholtz Reciprocity

Principle to Bidirectional Models

A derivation of the Helmholtz Reciprocity Prin-

ciple for a plane-paralM atmosphere has been given
by Chandrasekhar (1960). Mathematically, the prin-
ciple is expressed as follows:

#IL(#I,bR;IZ2) = #2L(#2, bR;#l) (A1)

where L is the reflected radiance, # is the cosine of

the zenith angle, and CR is the relative azimuth an-
gle between the incident and reflected rays. The first
cosine in the argument for the radiance character-
izes the geometry of the reflected radiation, and the
second cosine characterizes the geometry of the inci-
dent radiation. In essence, the principle states that

the product of cosine reflection angle and reflected
radiance is unaltered if the incidence and reflection

angles are interchanged. Therefore, application of
this principle is very useful in completing bidirec-
tional models for angles where data are not directly
available.

In terms of the anisotropic factor and albedo
defined in this report (i.e., eqs. (2) and (10)), the

reciprocity principle may be written as follows:

R (/21, CR; [22) A (/22) = R (/22, CR;/21) A (/21) (A2)

This relation provides a means for establishing the
anisotropic model when data for an entire solar
zenith angle are missing. Using values where data
are available, results from the reciprocal angle pairs

provide the bulk of the missing values. The remain-
ing values can be filled in by sequentially using linear

interpolation and the reciprocity relation. This pro-
cedure results in values for the product of anisotropic
factor and albedo. To determine the anisotropic fac-

tor and albedo separately, the normalization equa-
tion (eq. (6)) can be multiplied by the albedo to ob-
tain the following:

CjkR jkA =
j k

(A3)

Application of this equation allows computation of
the albedo, and subsequently the anisotropic factors,

from the product results.

When applying the reciprocity principle, the so-
lar and viewing zenith angles are interchanged; that

is, the i and j subscripts are interchanged. However,
the angular bin scheme used for the models contains
10 solar zenith bins, but only 7 viewing zenith bins.
In order to use the principle, values for the product of
anisotropie factor and albedo were linearly interpo-
lated onto a grid with 10 viewing zenith bins defined,
just as the solar zenith bins are defined. In most cases
where the reciprocity principle is to be applied, data
extend only through the first 7 solar zenith bins, so
that models can be generated for the 8th, 9th, and
10th solar bins but only for the first 7 viewing zenith
bins. Data for viewing zenith bin 8 were determined
for solar bins 8, 9, and 10 by linear extrapolation
of values for viewing bins 6 and 7. With a subse-
quent application of reciprocity, all values for solar
bin 8 can be found. This process is repeated to fill

the remaining values in solar bins 9 and 10. With
the completed models, the results are linearly inter-
polated back onto the 7 viewing-zenith-angle bins.
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Appendix B

Equations for Mixed-Scene Properties

Along the coastlines of continents, scenes occur
that are a mix of two or more types. Since the
majority of these scenes are a mix of a land type
and an ocean type and are normally of about equal
proportions, all mixed scenes have been assumed

to be composed of 50-percent land and 50-percent
ocean. Furthermore, it is assumed that a collection

of observations for a coastal region consists of single
observations that are either land or ocean scenes

with half the observations looking like land and half
like ocean. With these assumptions, the statistical
properties of the mixed scenes can be calculated
using the properties for the corresponding land and
ocean scene types.

The relations for the mixed-scene properties are
based on the equations that define the desired sta-
tistical properties of the radiance observations as
follows:

Mean (sw or Iw):

L -- _ L (B1)
1

Standard deviation (sw or lw):

a = _ (n - L) 2 = L2 - L 2 (B2)
1 1

Correlation of sw and lw:

1

tT,_wO'lw

1

Osw_lw

]E(Lsw-Lsw)(Ltw-Ltw)

1

(B3)

With the assumption that half of the observations

are ocean O and half are land L, equations (B1) to
(B3) can be written as follows:

Lmix = 1 LO + LL
N

N/2 + I

1

--_ (Lo÷ LL) (B4)

, mix, ]
N/2+I

(B5)

IN�2

mix mix mix 1 /_ O OP asw atw = -_ LswLlw +

\--
)_LLLswLlw

NI2+

Ltw +

If the statistical properties of the ocean and land ra-
diance observations for the coastal regions are as-
sumed to be equal to the statistical properties of the
observations for the rest of the Earth, equations (B5)
and (B6) can be simplified as follows:

ami x) 2 1 2 1 2 1 2

mix mix mix 10 O O 1 La L aL
P asw alw : _P asWatw+ _P sw lw

1 (LLw LOw) (LLw (B8)+ _ _ _ _o)

Using equations (B4), (B7), and (B8) with the
definitions of anisotropic factor R (eq. (2)), albedo
A (eq. (10)), and flux M (eq. (1)), the mixed-scene
equations have been derived as follows:

_mix 1= + (Bg)

/_mix _ 1 (_ORO + _L_L) (B10)
2Amix

and

(mix) 2 1 ( )2 1 ( )2 1 (#9__0)2=_ o +_ L +_ __

× (2tLR L - 2IO/)O) 2 (Bll)

1 La L aL
pmiXamiXamix : 12p-OaOsw aOlw + _P sw lw

+ _-rg-_°"°(aLRL_ _oR%)
-L -L

×(Mi_Rl w -o-o- MtwR,_) (m2)

where the statistical properties for land and ocean
scenes are those determined from the global data set.
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Table1. SceneTypesfor AngularModels

|
|

i

Scene Cloud coverage, percent, Figure

0to5Clear over ocean
Clear over land

Clear over snow
Clear over desert

Clear over land-ocean mix

Partly cloudy over ocean
Partly cloudy over land or desert
Partly cloudy over land-ocean mix
Mostly cloudy over ocean
Mostly cloudy over land or desert
Mostly cloudy over land-ocean mix
Overcast

5 to 50
5 to 50
5 to 50

50 to 95
50 to 95
50 to 95
95 to 100

7
8
9

10
ll
12
13
14
15
16
17
18

I
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Table2. AngularBinDefinitions

Bin
1
2
3
4
5
6
7
8
9

10

Solarzenith
angle0o, deg

0 to 25.84
25.84 to 36.87
36.87 to 45.57
45.57 to 53.13
53.13 to 60.00
60.00 to 66.42
66.42 to 72.54
72.54 to 78.46
78.46 to 84.26
84.26 to 90.00

Bin
Viewing zenith

angle 0, deg
0 to 15

15 to 27
27 to 39
39 to 51
51 to 63
63 to 75
75 to 90

Bin
1
2
3
4

5
6
7
8

Relative azimuth

angle CR, deg
0to9

9 to 30
30 to 60
60 to 90

90 to 120
120 to 150
150 to 171
171 to 180

Sun

180
171

150

120

0 = 90 7563 51 3927 15 9O

6O

3O

_R
0
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Table3. Shortwave.IntegrationCoefficients(Cjk)

Viewing

zenith angle
0, deg

0 to 15

15 to 27

27 to 39

39 to 51
51 to 63
63 to 75
75 to 90

0to9

0.00335
.00696
.00950
.01040
.00950
.O0696
.00335

Relative azimuth angle Cn, deg

9 to 30

0.00782

.01623

.02216

.02426

.02216

.01623

.00782

30 to 60

0.01116

.02319

.03165

.03465

.03165

.02319

.01116

60 to 90

0.01116

.02319

.03165

.03465

.03165

.02319

.01116

90 to 120

0.01116

.02319

.03165

.03465

.03165

.02319

.01116

120 to 150

0.01116

.02319

.03165

.03465

.03165

.02319

.01116

150 to 171

0.00782

.01623

.02216

.02426

.02216

.01623

.00782

171 to 180

0.00335

.00696

.00950

.01040

.00950

.00696

.00335

Table 4. Sources of Shortwave Bidirectional Parameters

N = Nimbus 7 ERB scanner measurements

1 = Filled using reciprocity principle

2 = Filled using empirical model (Staylor and Suttles 1986)

PC = Partly cloudy

MC = Mostly cloudy

Scene 1

Ocean N
Land N
Snow 1
Desert N

PC/ocean N
PC/land N
MC/ocean N
MC/land N
Overcast N

2
N
N
1
N
N
N
N
N
N

3
N
N
1
N
N
N
N
N
N

Solar-zenith-angle bin

4 5 6 7
N N
N N
N N
N N
N N
N N
N N
N N
N N

N
N
N
2
N
N
N
N
N

N
N
N
2
N
N
N
N
N

8 9
1 1
1 1
N N
1 1
N N
1 1
N N
N N
N N

10
1
1
N

1
N
1
N
N
N

16
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Table 5. Identification of Sources for Tabulated Data in Figures 7 to 18

0 No data (default value).
1 Value based on NOAA analysis of 205 days of Nimbus 7 ERB data (Taylor and Stowe 1986).
2 Value is a 50-percent land and 50-percent ocean composite of data from source 1.
3--Value interpolated by NOAA because there were no data.

4 Value determined by linear interpolation and constant extrapolation. Determine a row value and a column
value by the following rules and average these two values. The procedures are shown below; a and b are
good values, o denotes unknown values, and x is the determined value.

Case Bin configuration Interpolated value of x
ax

aox

aoo:T

axoo

aoxo

axb
axob
axoob

aoxob

a

a

Unknown

a
a

a/2 + b/2
2a/3 + b/3

a
Unknown 1

1Use x-value in other direction if available; if not available, use x = (a/2) + (b/2).

5--Value interpolated by 4 because there were no data.
6 Value interpolated by 4 because data were sparse and results were unlikely.
7--Source 1 with sample population between 8 and 20.
8 Source 1 with sample population between 21 and 50.
9 Source 1 with sample population between 51 and 100.

10 Source 1 with sample population between 101 and 500.
ll--Source 1 with sample population greater than 501.
12--Value derived by Helmholtz Principle of Reciprocity.
13--Value scaled by neighboring Sun bin values.
14--Albedos derived by fitting theoretical shape function through Nimbus 7 data.
15 Value estimated.

16--Value taken from numerical model developed in Staylor and Suttles (1986).
17--Value computed by population and albedo weighting for overcast-over-ocean and overcast-over-land scenes.
18--Albedos determined from Nimbus 7 ERB and GOES values.

19- Value is a 50-percent land and 50-percent ocean composite of data from source 18.
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Table6. Mean-DirectionalAlbedofor ShortwaveAngularModels

-O --: Land-ocean mix]PC = Partly cloudy /
MC = Mostly cloudy J

Scene

Ocean

Land
Snow

Desert
L-O
PC over ocean
PC over land
PC over L-O
MC over ocean
MC over land
MC over L-O
Overcast

Solar-zenith-angle bin

3 4 5 6 8 91 2
0.0760 0.0820

.1600 .1565

.6673 .6703

.2369 .2388

.1180 .1193

.1250 .1400

.2130 .2210

.1690 .1805

.2550 .2750

.3000 .3270

.2775 .3010

.4250 .4350

0.0910
.1630
.6733
.2411
.1270
.1500
.2300
.1900
.2900
.3550
.3225
.455O

0.1010
.1670
.6759
.2437
.1340
.1700
.2410
.2055
.3150
.3820
.3485
.4800

0.1150
.1750
.6779
.2471
.1450
.1850
.2540
.2195
.3300
.4200
.3750
.5000

0.1330
.1863
.6789
.2517
.1597
.2150
.2750
.2450
.3650
.4487
.4069
.5300

7

0.1610
.2050
.6774
.2581
.1830
.2500
.3010
.2755
.4000
.4945
.4473
.5600

0.2030
.2310
.6708
.2683
.2170
.3000
.3400
.3200
.4480
.5380
.4930
.5900

0.2680
.2700
.6502
.2864
.2690
.3650
.3780
.3715
.5000
.5805
.5403
.6200

10
0.3340

.3260

.6189

.3098

.3300

.4450

.4285

.4368

.5600

.6320

.5960

.6450

Table 7. Normalized Directional Albedo Function

L-O = Land-ocean mix]PC Partly cloudy /
MC Mostly cloudy J

=

=

i

Scene

Ocean
Land
Snow
Desert
L-O
PC over ocean
PC over land
PC over L-O
MC over ocean
MC over land
MC over L-O
Overcast

1
1.000 1.079

.978
1.004
1.008
1.011
1.120
1.038
1.068
1.078
1.090
1.085
1.024

Solar-zenith-angle bin

1.197
1.019
1.009
1.018
1.076
1.200
1.080
1.124
1.137
1.183
1.162
1.071

1.329
1.044

1.013
1.029
1.136
1.360
1.132
1.216
1.235
1.273
1.256
1.129

1.513
1.094
1.016
1.043
1.229

1.480
1.192
1.299
1.294
1.400
1.351
1.176

1.750
1.164
1.017
1.062
1.353
1.720
1.291
1.450
1.431
1.496
1.466
1.247

7

2.118
1.281
1.015
1.090
1.551
2.000
1.413
1.630
1.569
1.648
1.612
1.318

2.671
1.444
1.005
1.132

1.839
2.400
1.596
1.894
1.757
1.793
1.777
1.388

9
3.526
1.688

.974
1.209
2.280
2.920
1.775
2.198
1.961
1.935
1.947
1.459

10
4.395
2.038

.928
1.308
2.797
3.560
2.012
2.584
2.196
2.107
2.148
1.518
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Figure 3. Empirical directional models over land.
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Figure 4. Snow aIbedo model from least-squares fit of theoretical results (Wiscombe,
Welch, and Hall 1984) to Nimbus 7 ERB measurements.
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and Hall 1984) to Nimbus 7 ERB measurements.

70

Figure 6.

60

AIbedo, 50
percent

40-

30
0

/

/

- jJ

if

Overcast ./-'''j

over I /a_

Overcast
over ocean

t t I I I I 1 l I

10 20 30 40 50 60 70 80 90

Solar zenith angle, deg

Averaged Nimbus 7 ERB and GOES directional models for overcast scenes.

21



BIN NO. I
AN_L_(DEG*) 0-9 q-30

vIEwING ZENITH
BiN NO. aNGLE(bEG.)

1 u-15 1.uu (11} 1,08 (1i) 1.06 (11] 1.08 (11) 1.OE
10.1 (11} 10.1 (11) 10.1 (11) 15,1 (11) 10.1

-.1ZZ (11} -,122 (11) -.122 (ll] -.122 411) -.122

Z 15-ZT Z.I_ (1_} 1.77 (1_) 1,15 (11) 1.00 (11) .8_
37.1 {10) 21.7 (11) _.Z (11} 6.1 (11) 5.5
,usO (10) -,079 (li) -.i62 (11) -.08_ (I1) -,089

3 17-3_ 1,75 (10) 1.36 (11) .97 (11) ,86 (11) .8_
21.5 (10) 11.4 (li) b.5 (11) 5.5 (11) 4.;

-.065 (lu) -.1_3 (ii) -.110 (11} -.067 (11) -.OgC

4 39-5i 1.u_ (11) ,g_ (1i) .82 (11) .7g (11) .82
8.3 (11) 6.5 (11) 5.1 (11) 5.0 (11) 4,E

-.?u_ (11) -.155 (11) -.1_4 (11) -.207 (11) -.150

5 51-o3 .96 (10) .90 (11) .86 (11) .83 111) ,eL

7.5 (,0) 6.7 (1_) 5.3 (_1) 4.9 (11) 4._
-.161 (10) -.21_ (1.) -.Z_3 (11) -.197 (11) -.11q

6 b_-75 1.1z (ll) 1.10 (1.) 1.06 (11) 1.02 (11) 1.0(
8._ (ll) B.7 [11] 7.0 (11) 6.5 (11} 7.1

-.3_u (11) -.397 (11] -.330 (11) -.401 (11) -.427

7 75-90 l._ (10) 1._0 (11) 1,33 (li) 1.24 (11) 1.27
8._ (I0) 8.q (1i) 8.i (11) b.4 (11) 7.7

-.293 (10) -.364 (11) -.260 (11) -.31q (11) -._32

SCENE TYPE : CLEAR OCEAN
OATA I - SW JNISOTRORIC FACTOR

Z - STAkDARO DEVIATION OF SW RAOIANCES(WIM_¢Z/SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH I .C - 25,B

MEAN ALBEDO : ,0760 ( 18 )

NORMALIZED ALBEO0 : 1,0C00 ( ld )

RELATIVE AZIMUTH

3 4 5 6 7 B

30-60 60-90 9C-1ZO 1ZO-l_O 150-171 171-180

(11) 1.0B (11) 1.08 (11) 1.0B (11)
(11) 10,1 (11) 10.1 (11) 10.1 (11)

(11) -.122 (11) -.122 (11} -.122 (11)

(11) .B7 (11) .87 411) .87 [11]
(11) 5.7 (n) _.5 (11) 5.5 (11)
(11) -.056 (11) -.068 411) -.0_ (11)

(11) ,85 (11) ,85 (11) ,86 (11)
(11) 5.0 (11) 5.0 (11) 5.3 (11)
(11) -.147 (11) -.152 (11) -.141 (11)

(II} .B6 (ii) .8q (11) .92 (111

(11) 5.E (11) 5.2 (11) _._ (11)
(11) -.1?0 (11) -,195 (11) -,218 (11)

(11] .92 (11) .96 (11) 1.00 (11)
(llD 5,5 (11) _.6 (11) 6.3 (111
(11) -.1_6 (11) -.261 (111 -.271 (111

(11) 1,07 (11) 1.13 (11) 1.20 (11)
(11) 7.0 (11) 6._ (11) 7.1 (11)
(11) -.3_1 (11) -.352 (11) -._55 (11)

(11} 1.30 (11) 1.36 (11} 1._0 (11)
(11) B.O (11) 7.0 (]1) 7.6 (11)
(11) -,_15 (11l -.382 (11) -.385 (11)

175 /\\

nr 1.50 C_ 1.50
0 0

0 0

E _.oo _ _.oo
0
n,- iv,

_) .75

m AZIMUTH BIN

z 1
.< 50 2

3
.2'_ 4

ol I I [ I I I I I I
0 1 0 20 30 40 50 80 70 80 90

VIEWING ZENITH ANGLE( DEC )

(_) .75

(/}

Z
.50

.25 --

0
0

AZIMUTH BIN

I I I I I I I I
10 20 30 40 50 80 70 80

VIEWING ZENITH ANGLE( DEC )

5
6
7
8

I
gO

(a) Solar-zenith-angle bin 1, 0 ° to 25.84 °.

Figure 7. Bidirectional model for clear over ocean. (See table 5 for explanation of data sources.)
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O: _ _)_, _J_ ........

BIN NO. I 2

ANGLE(DEG,) U-9 9-30

VILwING LENITH

81N NO, ANGL_IDEG,)

1 u-15 .£i (Ii) .81 (l_) ,81

5.1 (ii] 5.1 Ill) 5,I

-,tSb (Ii) -,158 (11) -,156

_-27 1,46 (iO) 1,33 (11) ,q7

17.7 (10) 10,3 (111 5,8
-.087 (10) -,IbT (1_) -,ITE

3 Z7-39 _.Z3 (i0) 1.61 ill) .90
32.4 (I0) 13,9 (i_) 5,7

._80 (I0) -.164 (1i( -,20C

k 39-_I _.72 (i0) 1.30 (II) .86

_5,7 (10) 10.8 (11) 5.b
-.u29 (10) .045 (ii) -._58

5 _-63 1.3b (1_} 1,13 (i_) .89

• 0,_ (I0) 8.3 (111 b.2

-,00_ [i0) -,078 (_I) -,128

0 o3-7_ 1,48 (111 1.31 (111 1.12

I£.7 (Ii) i0,2 (II) 8.1
-,i_ (ii) -.318 (II) -.2al

7 75-90 1,81 (I0) 1,_9 (I_) I.%7
11.5 (i0) i2,2 (I11 9.1

-.iO_ (10) -,397 (11) -._24

SCENE TYPE = CLEJR OCEAN
DATA I - SW ANISOTROPIC FACTOR

2 - STANDARD D_VIATION OF SW RAOIANCES(W/M*_21SR)

3 - CORPELATION OF LW AND SW RAOIANCE$
I ) - DATJ SOURCE

SUN ZENITH = 25, E - 36.9
MEAN ALBEDO I .O_ZO ( 18 )

NORMALIZED ALBEDO t 1.078q ( 18 )

RELATIVE AZIMUTH

3 _ 5 6 7 8
30-60 60-_0 qC-120 120-150 1_0-171 171-180

(11) .81 (11) .B] (11) .81 (11) .81 (11) .81 (11)
ill) 5.i (11) 5.] (11) 5.1 (11) 5.1 (11) 5,1 (11)
(11) -.158 (11) -.15_ (11) -.158 (11) -.158 (11} -.158 (11)

(11) .78 (11) .7_ (11) .TB (11) .?Q (11) .8_ (11)
(11) 5.1 (11) 5.1 (11) 5.0 (11) 5.E (11) 4,7 (11)
(11) -.139 (11) -.097 (11) -.OqO (11) -.13_ (11) -.OBg (11)

(11) ,73 (11) .7_ (11) .83 (11) .88 (11) .8_ (10)
(11) _.B (11) _.7 (11) 5.3 (11) 5.0 (111 _.C (10)
(11) -,057 (11) -.15_ (11) -,088 (11) -,lb3 (11) -.0_ (10)

(11) .7_ (11) .7E (11) .89 (11) ,96 (11) .98 (11)
(11) 4.3 (11) _._ (11) 5.7 (11) 5.5 (11) 5.6 (n)
(11) -.130 (11) -.07_ (11) -.148 (11) -,071 (11) -.067 (11)

(11) .77 (10) .87 (11) .9_ (11) 1.09 (11) 1.12 (11)
(11) 4.8 (10) 5.! (11) 5.8 (11) 6._ (11) 6.1 (11)
(11) -.ib8 (10) -.0_7 (11) -.0_1 (11) -.I_3 (11) -.0_5 (11)

(11) 1.01 (10) ,q_ (10) 1.1_ (10) 1.32 (11) 1.36 (11)
(11) 6.9 (10) 5._ (10) 6.7 (10) 7.2 (11) 8.1 (11}
ill1 -.326 (10) .18[ (10) .Oq5 (10) -.221 (11) -.255 (11)

(111 1.22 (10) 1.1_ (5) 1._Z (7) 1.53 (11) 1.5_ (11)
(11) b.6 (10) 5._ (5) 6,6 (7) 7.3 (11) 8.3 (11)

(11) -,318 (10) -,01_ (5) -.11_ (7) -.222 (11) -.17_ 111)

'.ooI- / \
/ \ /
l,,-,,x _A/

/ /,," ",._,//
'" I// ""I / / ,"

(n

z
< .so-

.25 --

AZIMUTH BIN

I I I I 1 I I I
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

1
2
3
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I
go
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_.=_ "_'_",.<o+-

<""FI I - --_ _'5
.=s Z _ 8

o I I I I I I I
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(b) Solar-zenith-anglebin 2, 25.84° to 36.87°.

Figure 7. Continued.
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o_N NO, L Z
ANGL_(DEG.) O-g g-30

VIEWING LtNITH
BIN NO. ANGLE(DtG,)

i 0-15 .6o (11) ,66 (ii} .b6

_.d (11) 6,2 [_i} 4.2
-.11c (lid -,11_ (lid -o112

l _-27 *_3 (LOD .gO (lu) ,73
b.l (i0) 6.0 (1_) 6,8

-,67_ (lOD -.071 ClOD -,Oq7

3 27-3_ L,bi (lOD 1,37 (_) .7b
_8.6 (I0) ;2.1 (1GO _.4

-.06N (I0) -.073 (IU) -.117

6 _-51 2,_N (I0) I._6 (11) .o0
36.6 [I0) 1b,2 (11) 6,0

,UO_ (i0) ,Olb (ll) -,129

9 )_-b_ _.49 (i0) 1.64 (I0) ._6

21,u (IQD 13.g (lu) b,B

-.201 (iO} -,065 (I0) -,Ib7

a _-?_ 2,_6 (LO) 1.57 (11) 1.1_

_6.7 Clod 12.B (I.) 8,b

-.17_ (10) -.313 (11) -.33C

? 7_-90 Z.6) (10) Z._C (i0) 1,54
_8._ (I0) 13.9 (IGD 9.9

-,19_ (iO) -,251 (I0) -.207

SCENE TYPE _ CLEIR OCEAN
DATA 1 - SW ANISOTROPIC FACTOR

2 - STAhDARD DEVIATION OF SW RAOIANCES(W/M*_21SR)

3 - CORRELATION OF LW AND SW RADIANCES
( ) - OATJ SOURCE

SUN ZENITH : 36,_ - 45.6
MEAN ALEEDO : ,0_i0 ( 18 )

hD_MALIZED ALBEDO t 1,1_74 ( 18 D

RELATIVE AZIMUTH

3 4 5 6 7 B
30-60 bO-_O 9C-120 120-150 150-171 171-180

(lid .66 (ll) .be (llD ,bb (11) ,66 (11) ,66 (I1D
(11) 4,2 (11} 6.Z (11) 4,2 (llD 4.2 (11) 4,2 (11}
(lid -,11Z {ii) -,I12 (11) -.112 (11) -.112 (lid -,112 (11)

(lid .b3 (lid .6E (11) ,72 (II} .75 (II} .75 ClOD
(lid 3.9 (lID 4,((11) 5.3 (11) 4.6 (11} 4,1 (lOD
(lid -,Gbl (lid -.oe_ (ll) -.145 {11) -,07t (11) -.147 (10D

(lC) ,b4 (lOD ,7C {101 ,79 (lid .8_ (10] ,85 (10)
(I0] 4.0 (10) 4.2 (10) 4,B (]10 5.3 (10) 5.3 {10)
(lO) -.044 (10) -,07_ (10) -.032 (11) -.116 (10) -.Oee (10)

(lid .b8 111) .72 (11) ,88 (11) ,q7 (11} 1.02 1101
(11) 4,6 /lID 3,_ (lid 5.3 (11) 5.3 (11) _.0 (10)

(11) -.055 (11D -.OZ_ (11) -.141 (11D -.07_ (11D -.18_ (10)

(10) .76 (1_) .8_ (lO) 1.00 (10) 1.13 (11) 1.1_ (10)
(10) 4,6 (10) 5,1 (10) 5,4 (10) 5.6 (lid 5.T (10)
(10) -.i18 (10) -.09_ (10) -.270 (10) -.166 (11) -.152 (10)

(lid ,91 (10) .9_ (10) 1,21 (10) 1,40 (11) 1.45 (11)
(11) _,8 (10) 4.4 (10) 7,2 (IOD 7,1 (11) 7,5 (lid
(11] -,210 (10} ,072 (10) -.28_ (10) -.174 (11] -,250 (ll)

(10) 1.33 (8) 1,1_ (5) 1.54 (8) 1.73 (11) l,T_ (lOI
(10) 7.6 (8) 5.t ( 50 _.1 (8) 7.8 (11) T,9 (10)
(100 -,345 (e) -.20C (5) -,e01 (8) -,243 (11) -.22q (10)

2.00

1.75

n,, 1,50
0
p.-

._ 1.25
b..

0

_- _.oo
0
n-

.75
(/I

Z

_ .50

.25

- / '"__ ////

- // //
- ;'- -4/

1
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z
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(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57 °.

Figure 7. Continued.
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81N _d. I
AN bt. ). ( O c6 • ) 0-9 g-30

VIEWING LLNITH
BLN hd. ANuLE(OEG.]

o-lb .bo (Ll) .5E (11)
3,9 (11) 3.9 (11)

-.O_b (11) -o0_8 (1_)

Z 1_-_7 .c_ (IJ) .71 (i_)
4.1 (I0) _,Z (_0)

-,¢51 (I0) -.053 (_v)

3 _-39 I.ZZ (9) ,99 (IU)

_,O ( 9l 8. _ [lO)
• u7_ ( 9} -.397 (Iv)

_9-51 Z.qb (_0) 1,57 (_)
_8,3 (lO} 17.0 (lv)

-.IV5 (I0) .018 (10)

5 _-63 3._ (I0) 1.71 (IO)

_6.b (I0) 21.6 [lu)
-.07T (10) -.129 (lO)

6 b3-t5 3,oo (_3] 1.98 (10)
Zb._ (1J} lq.7 (i0)

-.ib3 [i0) -,Z56 (1_)

7 /_-90 _.?> (10) 2.39 (I0)

27.2 [lu) 19.u (1_)
-.14_ (I0) -.350 (Iv)

SCENE TYPE z CLEAR OCEAN

DATA 1 - SW JNISOTROPIC FACTOR

2 - STANDARD DEVIATION Of SW RAOIANCESIwIMtt2/$R)

3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH _ 45,_ - 53,1
MEAN ALBEDD ¢ ,1C10 ( 18 )

NORMALIZED ALBEDO = 1.328_ ( 18 }

RELATIVE AZIMUTH

3 _ 5 6 ? 8
30-60 60-qO 9C-120 120-150 150-171 171-180

.58 (11) ,58 (11) ,SE (11) ,58 (11} ,58 (11} ._8 (11)
_.9 (11) 3,9 (11) 3,_ (11) 3.q (11} 3,9 (11] 3.9 (11)

-.048 (11) -.Ok8 (11) -,04t (11) -.0_8 (11) -,0_8 (11} -,048 (11)

• by (10) ,57 (10) .6] [10) .69 (10) ,72 (10) ,70 (10)
3,_ (lO) 3,7 (10) 3._ (10) 5.0 (10) _.6 (10} 6.6 (10)

-.083 (10) -,lk2 (10) -.11¢ (10} -.24q (10} -,092 (10} -,12_ (10)

,e_ (10) ._B (10) ,_3 (10) ,76 (10} .82 (10) ,82 ( g}
4.5 (10} 2,q (10) 3._ (10] 4,0 (10) 4,2 (10) 4,2 (9)

-,165 (10) -.037 110) .02t (10) -.065 (10) -.Obg (10) -,051 ( q}

.75 (I0} .6k (10) .6_ (10} .85 (10) .q6 (10) 1.00 (10)
5.2 (10} 3.7 (lO) 3.3 (10) 4,_ (10] 4.9 (10) 5._ (10)

-.22_ (10) -,055 (10} -.10_ (10) -.17b (10) -,109 (10) -,12q (10)

.8_ (1C) .70 (10) .77 (lO) ,99 (10} 1.15 (10) 1.19 {10)
b.3 (10) 3,7 (I0) 3,_ (10) 5,0 (10) 5,0 (10) 5,1 (10}

-,102 (10) -.G16 (10) -,14_ (10} -,135 (10) -,Z06 (10) -,143 (10)

l.lu (lO) .8_ (8) .9( (9) 1,2[ (10} 1.48 (11) 1,53 (10)
9.4 (lO) 5.4 (8) 5.1 (9) 5.5 (10) 7.9 (11) 7._ (10)

-.348 (10} .016 (8) .01_ (9) -,228 (10} -,Z56 (11) -,286 (10)

1.o2 (9) 1,25 ( 5} 1,2_ (5) 1,63 (8) 1.82 (10} 1,85 (10}
i0.9 ( 9) 7.1 ( 5) 5._ ( 5) 4.6 ( 8) 7.1 (10) 8.1 (10)

-,330 ( 9) -.169 ( 5) -.]7E ( 5) -,403 ( 8) -.024 (10) -,1_4 (10}

2.00

1.75

n,, 1.50
0
I--
0
< 1.25
IJ.

(.)

_. 1.00
0
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(d) Solar-zenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 7. Continued.
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SCENE TYPE t CLEAR OCEAN
DATA I - Sg JNISDTROPTC FACTOR

Z - STAhOARD DEVIATION OF SW RADIANCES(glNe_EISR)

3 - CORRELATION OF LW ANO $W RADIANCES
( ) - OAT_ SOURCE

SUN ZENITH I 53.1 - 60,0
_EAN ALBEDO = .1150 ( 18 )

NORMALIZED ALBEDO : 1,5132 ( 18 )

RELATIVE AZINUTH

_IN NO, 1 Z 3 4 5 6 7 8
ANuLEiOEG.) 0-9 9-30 30-bO 60-_0 qC-1ZO 120-150 150-171 171-180

VIEwlNG Z_NZTH

O|N hO. ANGL_(DEG.)
1 u-15 ._0 Ill) ,50 (1_) ,50 (111 ,50 (111 .St (111 .50 [111 ,50 (111 .50 (111

3.2 (111 3.2 (111 3.2 (111 3.2 (111 3.2 (11) 3.2 (11) 3.2 (11) 3.2 (11)
-,079 (1L) -.079 (11) -.079 (111 -,079 (11) -.071 (111 -.079 (111 -.079 (111 -.079 (111

Z ._-ll .57 (9) .$6 (10) ,53 (101 .5@ (lu) .53 (101 .bE (101 .63 (101 .@3 (10)
3.0 (9) 3.b (10) 6,1 (10) 3.2 (101 3.2 (101 6.0 (101 3.6 (101 3._ (10)

-.02b (q) .017 (101 -.167 (10] -.035 (101 -.06; (101 -.095 (101 -.088 (101 -.253 (101

3 _7-39 .Sb (6) .81 (10) w55 (101 ,51 (9) .5_ (9) ,67 (101 .74 (101 ,76 ( 81
7.5 (8) 5.7 (101 Z,9 (101 3,4 (9) 2,7 (q) 6.3 (10) 3.9 (101 4,1 [ 8)

-.401 (8) -.Z38 (L_) -.15E (10) .109 (q) .O?C (9) -.186 (10) -.188 (101 -.009 ( 8)

6 39-51 Z.bl (9) 1.61 (lU) .71 (101 .60 (10) .61 (101 .80 (101 .91 (10) .gz (10)
20.9 (9) 13.7 (10) 6.5 (10) 3.b (10) Z.7 (10) 3.6 (101 4.1 (101 6.3 (10)

-.17_ ( 91 -.157 (lu] -.521 (lU) -.221 (10} ,OOE (101 -,240 (101 -.105 (101 -.181 (10)

51-63 5.0o (q) 1.91 (10) .d7 (9) .bb ( 91 ,7] (9) .96 (9) 1.09 (10) 1.16 (9)
_4.5 (q) Z6.b (_0) _._ (9) 3.9 (9) 3.E (9) 5.5 (_) 4.2 (10) 5.3 (q)

-,21_ ( 91 -.127 (LO) -.zq6 (q) -.214 (9) -.03; (9) -.351 (_) -.137 (101 -.0?2 (9)

b b3-75 6.4_ (10) Z.21 (LU) 1.35 (10) .88 ( 71 .8_ (8) 1.E5 (9) 1.68 (101 1.53 (101
bE.> (_01 Z2,1 (1_) 10.7 (101 5.5 ( 71 _.1 (8) 7.5 (9) 6.9 (10) 7,1 (10)

-.03_ (10) -.306 (10) -,508 (101 -.072 (7) -.0BE (8) -.105 (_) -,190 (101 -.251 (10)

7 75-90 7.12 (9) 3.05 (9) 1.79 (8) 1.31 (_) 1.Z? (5) 1.b4 ( 71 1.83 (9) 1,90 (8)
o6.Z (9) 30,4 [ 9) 9.Z (8) 6.6 (5) 5.1 (5) 4.4 ( 71 5.8 (Q) 6.6 ( 8}

.Z30 ( 91 -.178 ( 9| -.231 (6) -.075 (5) -.007 (5) .EZ7 ( 71 -.111 (_) -.239 (8)
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1.75

n,, 1.50
0
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<C 1.25
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure 7. Continued.
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OF POORQJjAL[TY.

_IN hl], I 2

ANGLE ( OEG, ) 0-9 q-30

VII:WING ZE I_ITH

cslN NU, ANGLE|DEG.I

I 0-15 ,40 (I0) .60 (lul

Z.b {I0) a.b (i01

-,032 (10) -,032 (I0)

z5-_7 .5Z [ 8) ,57 ( 4}
3.Z { 8| 2.3 ( 91

.014 { 81 -,068 ( 9)

_I-39 ,lq [ 8) .71 ( 41

4,Z ( B) 4.6 ( 9)
-,Iil ( 8) -.019 ( 9)

_9-_I (,Ib ( 8) I,Z6 ( q)

18,1 ( S) 9,9 ( 4|

-.17_ (8) -,llb (9)

6z-b3 9.36 (8) 1.o1 ( ol
_8.4 | B] 21,Z ( 61

-.Io_ (8) -.2uO ( B}

03-75 9.ob [ 91 2,58 [ q}

82,? ( 9) 3B.0 [ q)

-,106 ( 9} -,_67 ( 9l

I_-90 i0,;0 ( 71 3,61 ( b)

6Z.3 { 71 33.4 ( 6)

-.23b [ 7) -,663 { 8)

SCENE TYPE : CLEAR OCEAN
DATA 1 - SW JNISDTROPIC F_CTOR

2 - STAEDARD DEVIATION OF SW RAOIANCES(W/M_EISR)
3 - CORRELATION OF LW AND SW RADIANCES

[ ) - DAT_ SOURCE

SUN ZENITH ! bO, C - 66.4
MEAN ALBEDO : .1330 ( 18 )

NORMALIZED ALBEDO : 1,7_00 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8
3O-bO 60-gO 9C-IZO 120-150 150-171 I71-1BO

,66 (IO) ,46 (lO) .4_ (lO) .46 (10) .46 (lO) .46 (lOI
Zo6 (10) 2,6 (lO) Z._ (IG} Z,6 (lO) 2.6 (10) 2,6 (lO)

-,03Z (101 -,03Z (10) -,032 liD) -,03Z {10l -.O3Z (iO) -,D3Z (10}

,69 { 9) ,66 (10} ,4E (10) ,54 (10) ,59 ( 9) ,G2 ( 8|
Z.5 { _) 2,6 (lO) 3.¢ (101 3,0 (lO) 3.6 ( q} 9,2 ( 8}

-,300 ( 91 -,212 {lO| -,04_ (1C) -.172 (lO| -.095 ( 91 -.031 I 8)

,_5 ( 9) .47 ( 81 ,SE ( 8) ,6Z ( 9) ,67 ( 8) .72 ( 7)
3,1 ( 9) 2.3 { 81 Z,2 ( 8) 3,4 ( g) 4,5 I B) &,b ( 7}

-,397 ( 9) -,136 ( 8) ,07E ( 8) ,143 ( g) -.212 ( 8) -°353 ( 7}

•bb ( 9) ,55 ( 8) .5E ( 81 ,75 ( 9) ,83 (10} ,88 ( 8)
4,t ( q) 2.2 ( 8} 2._ (8) 6.2 ( q) 3,4 (lO) 3,6 ( 8}

-,Z83 ( g) -,185 ( B) ,01( ( 8) -,056 ( 91 -,074 |lO) -,380 { B)

.88 ( 8} .67 (7) .72 ( 7) .8_ ( 8} 1.09 ( 9} 1,16 { 8)
_,7 ( 8} 3.5 I 7} 3,C { 7) 5.4 ( 8} 6,6 ( 9} 7,_ I 8)

-,OBq ( 81 ,28B ( 7} -,53T { 7) -,]b8 ( 81 -.230 ( 9) -,55q ( 8)

1.3_ ( 81 ,76 ( 7} .8_ { 6) 1.20 ( 7) 1.46 ( 91 1.6C ( 9)
12,2 ( 8) 2,8 ( 7) 3.4 ( 6) 6,8 ( 7) 7,0 ( 9} e.l { 9)

-,517 ( 8) -,087 ( 71 -,61_ ( 6) -,499 ( 7) -,312 ( 9) -,420 ( 91

1,77 ( 7} 1,26 ( 5) 1,1_ (15} 1.55 ( 5} 1.qO ( 8) 1,gq ( 9)
10.q ( 71 6,9 ( 5) 5.C (15} 6.3 ( 5} 7,7 ( 8) 6,2 ( g)

-.40E ( 7) -,2_7 ( 5) -,36C {151 -,362 ( 5) -.2Z4 ( 8) -,320 ( 9)

2.00

1.75

IZ 1.50
0
I--
0
< 1.25
I.i..

0

K 1.oo
0
(Z
p-
0 .75

Z
< .50

.25

B /

___ S/J.__/_.-'/ "" AZIMUTH BIN 1
2
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I I I I I I I I I
0 10 20 30 40 50 60 70 BO gO
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(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.

Figure 7. Continued.
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BIN NO. 1 Z
ANUL E(OEG.) _,-q q-3d

V Jr.W ING Lr. NITH
8,LN NO. AN_Lr.(DEL,.I

1 u-l_ ._7 (10) .r,7 (10)
_,_ (15) 2._ (15)

-.474 (i0) -.47_ (1_,)

2 ,L'5-27 ._,,;, (7) ._0 (7)
-',6 ( 7) 2°5 ( 7)

-.08o ( ;r} -.37Q (7)

4.b (15) 4,3 (b)
• o',_ (15) -,12(. (6)

4 3_-_i 1.59 (7) 1.14 (8)
B.;. ( 7} 9.5 (b)

.491 (7) -.249 ( 8l

:_ _l-b3 _.47 ( 7} 2.19 [ 7)
.-i,,.O(7) 15,q (7)

-.ob7 (7) -°037 (7)

i} 03-75 1G,20 ( 7} 2,46 (_)

DO.9 (7) ,?c).4 (B)
.143 (7) -.177 ( 8)

7 7b-qC il.Nl (15) 3,_b (7)
55._:. I _) 30.8 (?)

-.279 (5) -.700 (7)

SCENL TYPE = CLEAR OCEAN
DATA 1 - SW JNISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCESIWINee21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH = 66.4 - 72.5
MEAN ALBEDO = .1ElO ( 18 )

NORMALIZED ALEEDO _ 2.1184 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-bC bO-@O qC-120 120-150 150-171 171-180

• _7 (10) ._7 (10) .47 (10) .47 (10) .47 (10) ,47 (10)
Z.5 (15) 2.5 (15) 2.5 (15) 2.5 (15) 2.5 (15l 2.5 (15)

-,474 (10) -.474 (10) -.474 (10) -.474 (10) -.474 (10) -,474 (10)

,42 (8) ,45 ( 6] ,4T (6) ,47 (8) ,51 (8) ,51 (8)
2,Z ( 8) 2,0 (15) 2,2 (15) 2,0 ( 8) 2,2 ( 8) Z,C (8)

• 095 (8) -.13_ (6) -.20_ (6) -.07_ (8) -.012 (8) -.018 (8)

.51 (8) .44 (8) .5C (7) .58 (b) .b3 (8) .b5 (7)
Z,b (8) 1,4 (8) 2,] (7) 3,3 (_) 3,3 (8) 2,_ (7)

.075 (8) -.138 ( 8] -.31_ (7) -.251 (b) -.306 (8) -.059 ( 7}

.08 (8) .50 (7) .52 (7) .72 (8) .85 (8) ,81 (?)
_.4 (8) 2,0 ( 7} 1.3 (7) 5.7 (6) 3.9 ( 8] 2._ (7)

• 129 (E) ,391 (7) -,153 (7) -,299 (8) -.114 ( 8] -,39] (7)

.90 (7) ,b4 (o) .6_ (7) .q4 (7) 1.09 (15) 1,07 (6)
6,1 (7) 3,0 (b) 2,¢ (7) 3,2 (7) 4,5 (15) 4,3 (6)

-.352 (?) ,252 (6) .577 (7) -,110 (7) -,175 (15) -,25_ (6)

l.b6 (7) .72 (15) .97 (6) 1.12 (7) 1.51 (8) _,58 (8)
14.5 (7) 11,1 (b) 4,_ (6) 4,5 (7) 6,5 ( 8i 7,6 ( 8)
,230 ( 7) -.005 ( _) .16_ ( 6) -.474 ( 7) -,217 I 8) -.423 ( 8)

Z.45 ( 5) 1,49 (15) 1.3_ (15) 1,62 ( 6) 2.12 ( 8) 2.0_ ( 7)
22,6 ( 5) 11,? (!5) 2,C (5) 10,1 ( 6) 15,7 (8) 9,2 (7)

-.235 ( 5) .083 (15) o57T ( 5) -,34_ ( 6| -°223 ( 8) -,_23 ( 7)

,ooF i/ /

o:_o I- / / / /
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1.25

0

_0 1.00
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 7. Continued.
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ORIGINAL pAGE IS
OF poOR QUALITY.

_IN NO,
ANGLtlQEG,}

VIEWING LtNITH

_IN hU. Ad_GLclDEG,)

i J-15

z Ib-27

3 t7-3_

4 39-bl

5 _-63

O OJ-75

7 75 -9_

i 2
C,-¢) 9-30

.44 {12)

t.t (131

,OOu { 3)

• _) (12)

2,9 13)
• GUO O)

4,U 1131

•O_u O)

1.52 (121
7.u 1131

,OOO O)

4,39 (12)

3_.i (131

• &O0 O)

_5-I (13)

,uO_ O)

5_.4 (13)

.ooo O}

,44 (12}

2.I (13)

.OvO _)

• 53 (12)

2.4 (131

• OOC ¢i

._8 (121
4,0 (13)

,OuO O)

l.C,O (i_)
7.5 (,3)

.OO0 O)

1.64 112)

Iv.7 (.3)
.OOG O)

2.42 (12)
25._ 113)
.OOO O)

3,19 (i_)
27,1 (_1
GOOD O)

SCENE TYPE I CLEJR OCEAN

OAIA 1 - Sw ANISOTROPIC FACTOR

Z - STAhDARD DEVIATION OF SW RADIANCES(WIMee21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH R 72._ - 78,5
MEAN ALBEDO z ,2C30 ( 18 )

NORMALIZED ALBEDO _ 2.6711 ( 18 )

_£LATIVE AZIMUTH

3 4 5 6 7 8

3G-60 60-gO 9C-12D 120-150 150-171 171-180

,_4 (12) .44 (12) .44 (12}
Z,1 (13) 2.1 (13) 2,] (13)

• 000 (0) .DO0 (0) .0OC ( O}

._9 112) .46 (12) .4_ (121
2,3 (13) 1.9 (13) 1,_ {13)

,00_ (O) .DO0 (O') .OOC ( O}

.57 (lt) .49 (12) ,4_ (lt)
Z,6 (13) 1.4 (13) 1,7 113)

,DO0 (_) .000 (0) .OOC ( O}

•70 (12) .55 (12) ,5_ lit)

4.1 113) 2,0 (13) 1,2 (13)
• OOC { O) .GO0 (O) .DOt (O)

.97 (lt) .66 (12) .64 lit)
5.9 113) 2,8 113) 1,_ (13)

• OOC (G) .&O0 ( O} .OOC { O)

1.70 (12) .91 (12) .gE (12)
13,5 113) 12.8 (13) 4._ (13)
,OO0 ( O) ,OOO (O) .OOC { O)

t,96 (It) 1,67 112) 1,54 (12)
24.6 {13) ii,8 (13) t,C (13)

.OOO ( O) ,OOC (U) ,OOC ( 0}

.44 (12)
2.1 (13)

.O00 O)

..9 {121
1.9 (13)

.O00 C)

,57 {lt)
2.9 (13)

• OOO O}

• 71 (12)
5.1 113)

,GO0 O)

,69 (12)
2.8 (13)

• 000 O)

1.15 112)
4.1 (13)

• OOO O)

1.69 112)
9,4 (13}

.O00 O)

.44 (12)
2.1 (13)

.000 O)

• 52 (12)
2,0 (13)

,000 0)

.64 1121
3.0 (13)

,000 O)

• 81 {12)
3.3 (13)

• 000 O)

1,02 {12)
3.8 (13)

• O00 O)

1.52 (121
5.9 (131

.000 0)

2,29 (It)
15.3 (13)
• 000 0)

.44 {12)
2.1 {131

.O00 { O)

,54 (12)
1.q (131

• DO0 (O)

.66 {12)
2.2 (13)

.000 (O)

.83 (12)
2.7 {13)

• 000 (0)

1.06 (12)
3.8 (13)

• 000 (O)

1,55 (12)
6.7 (13)

• O00 (O)

2.19 (12)
8.7 {13)

• 000 (O)

,.oo- I ,I I
'"°- I//,,

,,,'1.so-- / / / /
o / / //
0 / /:,,o- /,,/ /

/ / / /° / / / .
// / /

I I/ / /
0 .75i-- / / / /

2
3

2_ - - 4

o ] [ ! I I
0 10 20 30 40 50 60 70 80 90
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2.00
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(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.

Figure 7. Continued.
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BIN ND. 1
ANGLE(DEG.) O-g

vZtwING LENITH
o[N NO. ANGLE(DE6.)

Z o-1_ .¢_ (12)
l.b (13)

.0_0 ( O)

2._ (13)
,O_u (O)

17-39 .7_ (II)
3,1 (i3)

,000 ( O)

4 39-_I 1.39 (12)
5.1 (13)

5 _-o3 4.0_ (121
2Z._ (13)
o00O ( OI

b b3-7_ b.4_ (12)
47.9 (13)
,OOU ( O)

7 7_-_0 i2.7o (12)
4_._ (13)
,O_o (O)

l

9-30

._2 (12)
1.6 (13)

.000 0)

.>2 (IZ)
1.q (13)

• 000 v)

.b7 (1Z)
3.1 (13)

.0_0 O)

,97 (12)
5.8 (13)

• OOO Ot

1.65 (it)
8.5 (13)

•000 O)

2.40 (12)
20°3 (13)
• 000 O)

3.1_ (12)
ZI.2 (13)
.000 _]

SCENE TYPE = CLEAR OCEAN
DATA I - Su JNISOTROPIC FACTOR

2 - STANDARD DEVIATION OF Sw RADZANCES(NIN*e21SR)
3 - CORGELATION Of LW AND SW RADIANCES

( ) - OATJ SOURCE

SUN ZENITH = 78._ - 84.3
MEAN ALBEDO _ .2_80 ( 18 )

NORMALIZED ALEEO0 = 3.5263 ( 18 )

EELATIVE AZIRUTH

3 4 5 6 7 8
30-60 60-qO 9C-120 120-1_0 150-171 171-180

._2 (lZ) .42 (12) .42 (12) .4Z (12) .42 (i2) .42 (12)

l.b (13) 1.6 (13) I._ (13) 1.6 (13) 1.6 (13) 1.6 (13)
.000 (O) .000 (0) .OOC (O) .000 (O) .OOC (O) .OOC (O)

.4e (12) .44 (12) .44 (12) .47 (12) .50 (12) .51 (12)

1.b (13) 1.4 (13) 1._ (13) 1.6 (13) 1.5 (13) 1.5 (13)
.vO0 ( 01 .GO0 (O) .OOC (O) .000 ( O! .COO (O) .000 ( OI

.57 (12) .46 (12) .44 (12) .55 (12) .60 (12) .62 (121
2.I (13) 1.1 (13) 1._ (13) 2.2 (13) 2.2 (13) 1.7 (13)
.00_ (O) .OOC (O) .OOC (O) .000 (O) .000 (O) .000 ( O}

.70 (12) .57 (12) .54 (12) .70 (12) .78 (i2) .B0 (12)

3.2 (13) 1.b (13) ._ (13} 6.0 (13} 2.5 (13) 2.1 (131
.OOO ( 01 .000 (O) _ .00_ { 01 .000 (O) .000 ( OI .000 ¢ 01

.96 (12) .b_ (12) .b7 (12) .87 (_2) .9q (12) 1.03 (12)
_.7 (13) 2.3 (13) 1._ (13) 2.2 (13) 2.q (13) 2._ (13)

• 00_ ( OJ .000 (O) .OOE (O) .000 (O) .000 (O) .OOO { O)

1.Tb (12) l.Ob (12) .q_ (12) 1.18 (12) 1.54 (12) 1._3 (12)
11.1 (13) 11.8 (13) 3.E (13) 3.4 (13) 6.8 (13) 5.3 (13)
• 000 (O) .000 (O) .OOC (O) .000 (O) .000 (O) .OOC (O)

3.37 412) 1.82 (12} 1.6_ (12) 1.75 (]2) Z.45 (12) 2.28 (12]
22.2 (13) 10.2 (13) 1._ (13) 7.8 (13) 12.q (13) 7.2 (13)
• 00_ { O) .000 ( 01 .00{ (O) .000 (O) .000 (O) .000 (O)

2.00

1.75

n,. 1.50
O
I--
0
.._ 1.25
LL

0

_C) 1.00
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< .50

,25

0
0

- / / ,/
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I I I 1 L I I I I
10 20 30 40 50 60 70 80 gO

VIEWING ZENITH ANGLE( DEC )

2.00

1.75

n,. 1.50
O
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0
<_ 1.25
I.L

0
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0
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0 .75
(/1

.50

.25

/ ,

j_-"/ / AZIMUTH BIN

I I I I i I I l
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(i) Solar-zenith-angle bin 9, 78.46 ° to 84.26 °.

Figure 7. Continued.
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oRIGINAL r"" _'

OF pOOR QUALITY.

_Ih NO.
ANGLE(DEG.)

VIEmING ZLNITM
_IN NO. ANGLE(DEG.)

J-15

z L_-Z7

3 _7-39

39-5Z

5 5i-63

b b3-75

7 7b-90

1 Z
u-q 9-30

•¢I (LZ) °_1 (L2)
,b (13) ,6 (13)

• OOU O) ,OoO ( O)

°fiZ (L?) ,_1 (1Z(
.9 (13) .8 (13)

•000 _) ,0_0 ( u)

• 72 (_2) ,6b (_2)
i°2 (13) 1.3 (13)

• 000 C) .000 (_)

1,2_ (12) ,q_ (_Z)
A,9 (_J) 2,3 (13)

.000 O) .003 (O)

3.79 (_Z) 1.67 (x_)
U._ (13) 3.6 (13)

• O_O O) ._0_ (O)

7.v6 (123 2.3q (12)
1u.7 (13) 8.4 (13)
.00_ O) .OO0 (O)

1Z,3q (12) 3.1_ (1_]
l_.u (13) 8.8 (_3)

.000 3) .OO0 (C)

SCENE TYPE _ CLEAR OCEAN
DATA 1 - SW bNISOTROPIC FACTOR

Z - STAEOARD DEVYATION OF SW RADIANCES(WIPSeEISR)
3 - CORRELATION OF LW AND $W RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH : 8_.3 - GO,O
MEAN ALBEO0 s ,324O ( 18 )

NORMALIZED ALEEDO I _°3_47 ( 18 )

RELATIVE AZIMUTH

3 _ 5 6 7 8

30-60 60-90 9C-120 120-150 150-171 171-180

.41 (12) .,1 (12)
.b (13) .6 (13)

• OOC ( O] .OO0 (0)

.48 (12) ,42 (12)
• 7 (13) ,6 (13)

.uO0 (0) .000 (O)

,Sb (1Z) ,_7 (12)
,9 (13) ._ (13)

• 000 ( O) .OOO (0)

.70 (12) .58 (1Z)
1.3 (13) .7 (13)

,00_ (C) .000 (O)

.qb (12) ,72 (12)
1.9 (13) I.O (13)

.O00 (C) .COO (O)

1.82 (12) 1.18 (12)
_.8 (13) 5.5 (13)

°OO0 ( O) ,000 ( O)

3.bl (lZ) 2.08 (12)
9.9 (13) _.8 (13)

• OOb ( O) .CO0 (O)

.4] (12)
• ¢ (13)

• O0¢ ( O}

.42 (12)
.t (13]

.00C C)

.k2 (12)
°! (13)

• 00C 0)

,5_ (12)
• _ (13)

• 00C O)

.b_ (12)
,t (13)

,O0( O)

1.0] (12)
1._ (13)

• OOC O)

1.7_ (12)
,E (13)

• OOC O)

• 41 (12) ._1 (12) .*1 (12)
• b (13) .6 (13) .6 (13)

.OO0 (0) .C00 (O) .000 (O)

._6 (12) ._8 (12) ._q (12)
.e (13) .6 (13) .6 (13)

• OO0 (0) .000 (0) ,OOC (0)

• 54 (12) .58 (12) .bO (12)
,9 (13) ,9 (13) .7 (13)

• 000 (0) .000 (0) .00C (O)

.69 (12) .76 (12) ,77 (12)
1.6 (13) 1.O (13) ,8 (13)

.O00 (O) .00C (O) .OOC (0)

.87 (12) .q7 (12) 1.01 (12)
.9 (13) 1°2 (13) 1.2 (13)

.OO0 (0) .000 (O) ,00C (0)

1,21 (12) 1,57 (12) 1,53 (12)
1.4 (13) 2.0 (13) 2.2 (13)

.000 (C) .000 (O) .000 (0)

1,85 (12) 2.56 (12) 2.33 (12)
3._ (13) 5°6 (13) 3.C (13)

.OO0 (O) .OO0 (O) .000 (O)

2.00

1.75

c_ 1.5o
o

i<1.25

0

D1.00

.75

"< .50

.25

0
0

//// /
/

/

3

I I I I I I I I I
10 20 30 40 50 60 70 80 gO

VIEWING ZENITH ANGLE( DEO )

2.00

1.75

OE 1.50
0
I--
r.j,
•,_ 1.25
IJ.

0

_. _.oo
o
r_
I--
0 .75
03

Z
"< .50

.25

0
0

i /1' I t

ii

7
8

I I I I I I I I I
10 20 30 40 50 80 70 80 go

VIEWING ZENITH ANGLE( DEG )

(j) Solar-zenith-angle bin 10, 84.26 ° to 90.00 °.

Figure 7. Concluded.
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_IN NUo
ANGLL{OEG.)

VIEwINb LLNITH
_IN Nd, AN_LL{DEG.)

i u-15

3 _7-39

5 _i-OJ

b o=-75

? 7_ -gu

1
d-9

1.UO (1_)
i7.7 (11)
.4u_ (11)

•_@ {I0)
IT.z 110)
,3J5 IlO)

._1 (10)
16,_ (lw)
• 363 iOl

•b7 LO)
15.( (iO)

._i i0)

i_.+ (1O)
• ZbZ I0)

.95 Id)

I%,9 *0)
-.0+0 i0)

l.u_ (I0)

_7., {10)

-,uOl (I0)

Z
9-30

1,06 till
17.7 (li)
.46_ (,1)

,gb (11)
15,0 (1i)
,&*O (11)

• 91 (11)
15.3 (1A)
.4oh (ii]

,_9 {11)
lo,v (11)

.b9 (ii)
15.0 (_I}

.Z3e (Ii)

,_3 {llJ
IZ.5 (11}

.022 (ii)

l.CO (I0)

1N.3 (iO)

-,304 (I_)

SCENE TYPE : CLEAR LAND

DATA i - 5W ANISOTRDPIC FACTOR
Z - STANDARD DEVIATION OF SW RAOIANCES(W/Mt_2/SR)

3 - CORFELATION DF LW ANC SW RADIANCES

( ) - DATA 50URCE

SUN ZENITH : ,C - 25,8

MEAN ALBEDO : .IEOC ( 18 )

NORMAL|ZED ALBEDD : 1.0C00 ( 18 )

RELATIVE AZIMUTH

3 * 5 6 7 @
30-60 60-_0 QC-120 120-150 150-171 171-180

1.oE {1,) 1.08 111} 1,OE (11) 1.08 (11) 1,08 (11) 1,0@ (11}
17.7 (11) 17.7 (II) 17,? (11) 17,7 (11) 17,7 (11) 17,7 (11)
• _04 (11) ,404 (11) ,40A (11) ,404 (11) ,404 {11) ,_04 (11)

• 9_ (11) 1,01 (11) 1.Ok (11) 1.09 (11) 1,13 (11) 1,17 (11)
17,2 (11) 17,2 (11) 17,1 (11) lb,2 (11) 15,e (11} lb,5 (11)
• _ 111) ,397 (11) ,37[ (11) ,392 (11} ,370 (11) ,Zq@ (11)

• _ (11) ,98 (11) 1.02 111) 1,06 (11} 1,11 (11) 1,10 (10;
17,I (11) 17,0 (11) 17. C (11) 15,_ (11} Ib,_ (11} l_,e (101
,386 (11) .373 (111 .34_ (11; .35_ (11; .ZTq (11) ,_e3 (10!

• 9i (li) ,94 (11} 1,0] {11) 1.04 (11) 1,07 (111 1,08 (11)
15,2 {11) 15,? (11) lb,r (11) 15.9 (11) 15,4 (11) 14,_ (11)
,359 (11) .327 (11) ,231 (11) ,268 (il) ,303 (11) ,312 (11)

,B_ (11) .95 (10) 1.0{ (11) 1.05 (11) 1.05 (11) 1,08 (11)
1_.8 (li) 19.b (10) lk.9 (11) 16.7 (11} 13,3 (11) 14,1 (11}
._G (11) ,254 110) ,1)] {11) ,210 (11) ,250 (11) ,_0 (11}

.93 ()l) .9_ (11) 1.OC (11) 1,03 (11) 1,03 111) 1,07 (11)
i_,£ {11) 12,1 (1i) 13._ (11) 1_,5 (11) 1_,0 (11) 1_,2 (11}
.074 (11) ,103 (11) -.0_ (11) -,011 (11) ,191 (11) ,118 (11)

• gB (10) ,_? (10) .g_ (10) 1,Ok flO) 1,0_ (11) 1,0q 110)
ii.b IlO) 1G,@ (10) 1z,l 110) 12,8 (10} 11,3 (11| 11.0 (10}

-.IOC (10) -,181 (10) -,31_ (10) -.133 (10) ,01_ (11) -,©39 (10}

2.00

1 75

rw 1.50
0
F-
0
<_ 1.25
b.

rv"

.75

0'1

Z
,50

.25

AZIMUTH BIN

I I I I I I I
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEe )

200 --

1.75 --

n. i ._0 --
0
I--

<[ 1.25 --

b-

0
E _.oo --
0
n-

_3 .75

7

2
3
4 .25 --

I o
9O 0

AZIMUTH BIN

I I t I I I I I
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

(a) Solar-zenith-angle bin 1, 0° to 25.84 °.

Figure 8. Bidirectional model for clear over land. (See table 5 for explanation of data sources.)
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I_ IN NG. l 2

ANGLE(uEG.) 3-q 4-30

#IEwING LENIT,

din _J. AN6L_iDEG.I
1 J-19

12-27

3 L7-39

l l_-qO

1#._ Ill) i_.3 ill)

._UZ (11) ._w2 ill)

._7 i103 ._ (I.)
12.5 (I0) 13.6 (ii)

.3_ (i03 ._3u ill)

,8_ I_O) ,_3 i_)
lo.2 (iu) 13,4 ill)
,184 (I_) .3_5 ill)

14._ (II) 14,3 (11)
._7o ill) .30o ill)

•¢9 (iO) ,87 {ii)
Ib,8 (I0) 14.0 ill)

.177 (i03 .2C0 (I_)

_.v_ ill) 1.GO ill)
_5._ i11) 14.5 i113

-.I_ ill) -,016 (ii)

l._u (i0) I,I0 ill)

1_._ (10) 16,8 (i.|

-.271 ilO) -._C_ ill)

SCENE TYPE s CLEAR LAND
DATA i - SW JNISDTROPIC FACTOR

Z - STANDARD DEVIATION OF SW RADIANCESIWIM**2ISR)
3 - COR_ELAT|ON OF LV AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH I 25,_ - 36,q
MEAN ALEEDO ! .I_65 ( 18 )

NORMALIZED ALBEOO _ o9_81 ( IB }

RELATIVE AZIMUTH

3 4 5 6 ? 8

3G-bC 6U-_C qC-12G 120-150 150-171 171-180

,9_ (11) .q_ ill) ._ (11) ,q_ ill) ,g4 (11) ,_4 (113
i_.3 Ill) 1_.3 (113 14._ (113 14.3 (11) 14._ I11} 14,3 (11}

.40_ il}) ._02 (11} .402 (113 .*02 (113 ,*02 (113 .*02 (11)

,8_ (113 .q2 (11) ._ (113 1.O_ i11) 1,11 (113 1,16 (11)
i_.6 (11) lb,O ill) 14,_ (11) 15.1 (11) 15,2 (11} 15,_ (11)

,40_ (11) ,400 ill) ,38_ ill) ,400 (11) ,389 (113 ,364 (11)

.B5 (lid .gO (lid .gS (11} 1.Oq (11) 1.20 Ill) 1.26 (103
1_.3 (11) 1_.1 (113 13._ (11] 16,3 (111 16.5 (11} 1_.3 (10)
,4_1 (lid ,_9 ill) .34_ (11} .31_ i11) .32_ i113 ,30_ (103

.86 ill) .91 ill) .q_ (11) 1.11 (11) 1.20 (11) 1,2_ (11)
lb._ (11) 1b.4 (113 13.2 (11) 16,q (11) 15.1 (113 16,4 (11)
.343 (11) .3_8 Ill) .351 (113 .307 (11] .380 (113 ,2_2 (11)

,uq iii) .e9 ilC) 1.0({11) 1,12 (11) 1.21 (11) 1.2k (11)
14.7 (113 14.3 (lO) 13.2 ill) 14,7 (11) 14.5 ill) 15.3 (111
.LOg (1i) ,277 (10) .351 (113 ._20 Ill] .333 i11) ,_3_ (113

,q8 ill) .g5 (10) 1.G2 (I0} 1,12 (11) 1.23 (11| 1.26 (113
13.7 Ill) 13.6 (10) 11._ ilO) 13.7 (11} 13.6 (113 13._ (113
.Obo i113 ,05Z (103 .41T (10| .286 Ill} ,lOO i113 ,13_ (11I

1.10 i11) 1,02 (lO) 1.OE (_) 1,17 i 8) 1,Z4 (113 1,31 (11)
i_.3 ill) q.1 i10) 11,_ i 5} 13,3 ( B) 11.8 {11) 13,_ (11)

-.Z<3 (11) ,120 (10) .30l ( 5) ,274 ( 8) ,O61 (11) ,092 (11)

2.00

1.75

n," 1.50
o
I--
o
< 1.25
b-

0 1.00

.75

0
AZIMUTH BIN

1

-3

I ! J I .! 1 ! I J
_o _o _o 40 so _o _o _o _o

VIEWING ZENITH ANOLE( D![O )

2.00

1.75

n- 1.50
0
p-
(D

1.25

1 .O0

0 .75
01

_( .5o

AZIMUTH BIN

5
6
7
8

o I I 1 1 1 I I I /
VIEWINO ZENITH ANOLE( DEO )

(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 8. Continued.
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_IN NO* 1 Z
AN_LE(DEG.) 0-9 %-30

VIEwIH6 LENIT_
Gift NO. AHGLE(DEG,|

i 0-15 ._9 (11} ,89 [ii)
l_.u (ii) 14.0 (ii)

• 359 (II) ,359 (ii)

Z _-Z7 .B2 (10) ,77 (l_}
14.t (I0) 1Z.5 (Zu)

,3GO (131 ,359 (101

3 ZI-3_ .7_ (101 ,78 (i01
i0.i (10) 12.3 (10)

,2be (I0) ,323 (_)

4 39-5z .8b (Iu) ,81 (1l)
17._ [101 1_.3 (1i)
._b2 tJ_) ,285 (1_)

51-h3 .9_ (i0) .e7 (11)

.B,9 (10) 14,5 (Ix)

•036 (JO) ,i00 (i.)

b u_-7_ _,u7 (10) 1,0_ (1i)
14.1 (i0) 15,0 (ii)

-.175 (I01 -,ObO Ill)

7 ?_-gu 1,_7 (101 1,19 (10]
lb.b (101 12.8 (10)

-.33_ (1_) -.230 (IC)

SCENE TYPE z CLEJR LAND
DATA 1 - SW _NISOTROPIC FACTOR

2 - STA_UARD DEVIATION OF SW RAOIANCES(WIM$$2/SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH z 36,¢ - 45,6

MEAN ALBEDO s ,ItSO( 1B )
NURMALIZEO ALBEDO : 1,O]@E ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-be 60-90 9C-120 120-150 1_0-171 171-1B0

,89 ill) .89 (111 ,8_ (111 ,89 (111 ,e9 (111 ,8_ (11}
l_.C (111 14,0 ill) 14,¢ (111 14,0 (11) 14,0 (111 1_,0 (11)
• 359 (11) ,359 (111 ,35_ (111 .3_9 (111 ,3_9 (111 ,359 (11)

,el (11) .Be (111 .9_ (111 .98 (11) 1.03 (111 1.06 (10)
14.5 (11) 14,7 ill) 14._ (111 13.4 (11) 1Z.1 (11) 14.0 (10)
,320 (111 ,323 (111 ,301 #I11 ,366 (111 ,385 (111 ,374 (101

• bl (lO) .90 (10) ,9_ (10} 1,08 (11} 1,18 (10) 1,21 (101
12,_ (10) 16,3 (101 14,7 (10) 14,4 (1i) 14,3 (101 14,3 (101
,3o0 (10) .274 (10) ,33_ #lO) .304 (11) .296 (101 ,382 (101

.e4 (i1} .8_ (11) .9_ (11) 1,12 (11) 1,27 (111 1,36 (101
15,3 (11) 14,9 (111 12.6 (111 13,3 (111 13,5 (111 1_,0 (101

• 2bb )11) .235 I11) .32_ _11) .235 |]]) : ,32_ (3l) .33_ _10_

,b8 (101 ,e9 (10) 1,0C (111 1,19 (111 1,31 (11} 1,35 (10)
15.0 (101 12,3 (101 1Z.E (111 lP,b (111 14.2 (111 14,3 (10}

,229 (101 .244 (101 ,34_ (11) .23C (11) ,370 (11) ,248 (10)

.9_ (111 .95 (101 1.0_ (10) 1,23 (111 1,36 (111 1,41 (11)
13,4 (111 12.6 (101 12,_ (101 13,9 (111 12.e (111 13.7 (111
• 007 (il) ,113 (101 ,2ZC (101 ,OT1 (11) ,243 (11) ,219 (111

1.15 (lu) 1.00 (9) 1.1C ( 5} 1.32 (q) 1,42 (111 1,44 (111
13,_ (lu) 7,S (9) 11,1 (5) 10,7 (g) 11,4 (11) 12,2 (111

-.122 (101 .OOb (9) o156 ! 5) ,17B (_) -,050 (111 ,154 (111

2.00 --

1.75 --

n, 1.50
0
I--
0

_b1.25

(3

_0 1 .GO

.75

(/1

Z
<( .50

.25 --

Or

AZIMUTH BIN

| I I [ I I I I
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

1
2

-3
4

I
90

2.00 --

1.75

rv' 1.50
0
I--
C.)

m_,1.25

E 1.GO
0
iv"

(_ .75
(/1

Z
<: .50

.25

0
0

_ I., _

AZIMUTH BIN

10 20 30 40 50 60 70 80 90

VIEWING ZENITH ANGLE( DEG )

(c) Solar-zenith-angle bin 3, 36,87 ° to 45.57 °.

Figure 8. Continued.
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_,_ T _

8IN NO. 1 Z
ANGLEIOEG.) U-9 q-30

V|c, ING ZENITH
din NO. ANGL_(DEG.)

L v-15 .83 (li) .83 (1_)
ff._ (ii) 8.1 (ii)

.z71 (Ii) .2Tl (ll)

Z ib-Z7 .7b (iO( .7_ (i_)
7.c (1O) b.q (lo)

• 26_ (lO) .171 (lu)

3 z_-39 .?_ (q) .75 (1_)
6.? (9) 6.8 (iC)

.31Z (9) .176 (1_1

39-51 ._ (l_) .81 (lO}
11._ (lO) 7,b (10)
,_63 (13) ,137 (iC)

51-b3 i.o2 (i0) .87 (lo)
31.b (I0) 7.2 (IO)

-,1GC (1_) --,095 (IC)

b b3--75 I.I_ [_O) 1.15 (li|

Li.3 (I0) 12.1 (11)
-,Z_o (1J) -,_02 (_1}

7 /b-90 l,kb (q) 1.37 (lu)
15.1 (q) 13.Z JIG)

-,(_7 ( @) -._34 (iv)

SCENE TYPE : CLEAR LAND
OATA i - SW ANISOTROPIC FACTOE

2 - STAhOARD DEVIJTION OF SW RADIANCES(W/M_21SR)

3 - CDRRELATION OF LW AND SW RADIANCES
( | - DATA SOURCE

SUN ZENITH I %5.t - 53.1
MEAN ALBEDD z .1_70 ( 18 )

ND_MALIZED ALEEDO _ 1.0438 ( 18 )

RELATIVE AZIMUTH

3 _ 5 6 7 8
30-60 60-90 qC-120 120-150 150-171 171-180

,85 (11) ._3 (11) .8) (11) ,83 (11) ,83 (11) .83 (11)
O.l (ii) b.l (Ii) 8,i (11) 8.I (11) 8,] (II) 8,I (11)

• ZT1 (11) .271 (11) ,ZTl (11) ,271 (11) ,271 (11) ,271 (11)

,TO (lid .81 (11) .B_ (11) ,95 (11) .gq (10) 1,01 (10}
7.0 (11) 7,5 (111 8._ (lll 9,2 (11) 9,3 (10} q,l (10)

• 313 (11) .177 (11) .16_ (11) .16_ (11) .Z3_ (10} .2_2 (10!

.70 (10) ,79 (10) ,_1 (10] 1.03 (10) 1,15 (10) 1,13 (10)
0.7 (lO) _.8 (10) 8,_ (10) q.2 (10) q.8 (10) 8.0 (10)

,Zib (1_) .31Z (10) oZ3_ (10) .175 (1_1 .175 (101 ,30_ (101

.Tq (10} .8_ (10) ._C (10) 1.14 (10) 1.31 (10) 1.4C (10)
7._ (10) 6.7 (10) 7._ (10) 8.7 (10) 10.0 (10) 10.8 (10)

.220 (10) .236 (10) .37{ (10) .171 (10) ,206 (10) ,198 (10)

• o7 (1C) .85 (10( ,qr (16) 1,22 (10) 1.41 (10) 1.55 (10)
8.7 (i0) 7.1 (10) 7._ (10) 8._ (I0} 11.0 (101 11.7 (10)

• 032 (10} .17_ (101 ,31_ (10) -,026 (1C) ,2_0 (10} ,187 (10)

1.O5 (IO_ .q5 (IOt 1.O2 (I_1 1.36 (10) l._q (111 1.60 (10t

8._ {1C) 6.6 (10) 7,( (10) 9.3 (10) 10.8 (11) 10,6 (10)
-.Zbb (1C) .C78 (lO) .20_ (10) -.056 (10) .128 (11) .037 (10)

1,25 (10) 1.I_ ( 6} 1.29 (5) 1,51 (q) 1,62 (10) 1,65 (10)
lO.Z (10) 8.2 (_) B._ (5) 9.3 (q) 10,8 (10) q,_ (10)

-.30_ (iG) -,063 (6) ,0_q (5) -,007 (9) -,122 (101 -,193 (10)

2"00 V

1.75 F

n." 1.50'----

1.25 -- ///_//_

31.00 --

m AZIMUTH BIN

.50 --

.25 1

I I I I I I I I
10 20 30 40 50 80 70 80

VIEWING ZENITH ANGLE( BEG )

1
2
3
4

I
go

0

0

L_

0

Q,

0
n,

g
Z

2"00 V

.75_

1.50 /f /
1.25 -- //1" _ I/

1.00 -- ,_ _,,_.I

.75 l

.50

.25 --

0
0

AZIMUTH BIN

I I I I I I I
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

5
6
7
8

I
gO

(d) Solar-zenith-angle bin 4, 45.57° to 53.13 °.

Figure 8. Continued.
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eIN nO. 1 Z
A_GLE{DEG,) _-9 q-30

VIE_[Nb LE_[Th
_iN NO, AN_LE(DE_,)

l G-I_ ,Tb ill) ,70 tZl)
70b (11) 7.0 (11)

• 13_ (11) ,13_ (lid

Z l_-17 ,71 (10) ,76 (s_)
b.9 (10) 5.8 (=O)

0Z_ (IC) °OAT (I0)

3 <7-39 .7_ (9) .?3 (101
6°_ [ g) b,q (1u)

-0ZgL ( 9) ,v93 (_)

_°7 (13) 7,5 (iG)
-.Z_9 (10) -,115 (10)

_-6_ l.Oo ( 9) ,91 (i0)

-.070 ( q) -+lg3 (i0)

O o3-75 1°J3 (lO) 1.19 (lO)
17,_ (I0) II.3 (1_)

-°4j_ (10) -°395 (iO)

7 7_-9V 1.7_ ( 9) i*5Z ( 9)
ZG,L ( 9) 1_.6 ( _)

-.Sb_ ( 9) -.376 ( _)

SCENE TYPE = CLEAR LAND
D_TA i - SW ANI$OTRDPIC F_CTO_

Z - STAhD_PD DEVIATION OF SW RADIANCE$(WIM##EISR)
3 - CORPELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH I 53.1 - 60.0
MEAh ALBEDO z .1750 ( 16 )

NORMALIZED ALBEDC z 1.0_38 ( 18 )

RELATIVE AZIMUTH

3 4 _ 6 7 8

30-60 60-90 9C-1EO 120-150 150-171 171-180

.7£ (11) .7b (11) ,?t (11) .7b (11) .7_ (11) .76 (11)
7.6 (11) 7.6 (11] 7.E (11) 7.6 (11) 7.6 (11) 7.6 (11)

.13_ (11) .134 (111 .1]& (11) .134 (11) ,134 (11) ,1_4 (11)

.7i (1o) .76 (zO) .s_ (1o) .qi (io) .qz (lO) .93 (1o)
b,9 (10) 8,0 (10) q,_ (10) 8,5 (10) 8,_ (10) e,_ (10)

-,O_Z (Iv) ,02_ (10) .04( (101 -.105 (10) .168 (10) .007 (10)

.73 (10) .7C 110) .8( (9) 1.02 (10) 1.10 (10) 1.0_ (8)
7.6 (10] _.3 (10) 7._ ( 91 11.5 (10) 9.2 (10) 7.q (8)

-.1.0 (10) -.016 (10) -.0BE (9) -.037 (10) .193 (10) -.teq ( 8)

,81 (1_) .80 (10) .e_ (1C) 1,14 (10) 1.Z8 (10) 1.31 (10)
7.6 (10) 7._ (101 5._ (10) 9,6 (10) 10,5 (10) q.9 (101

.101 110) .041 (10) .08_ 110) -.10_ (10) .168 (10) .074 (10)

• 87 (10) ,88 (10) 1.0£ (10) 1.24 (10) 1.41 (10) 1.60 (9)
7.1 (10) 7.3 (10) 9,_ (10) 1i,8 (1C) 10,4 (10) 11,_ (q)

-.132 (10) -.19b (10) .11_ (10) -.168 (10) -.031 (10) .O1Z (9)

1.1_ (10) .9_ (9) 1.0_ [10) 1.53 (10) 1.&3 (10) 1.71 (10)
lO,C (1C) 6,6 (9) 9.1 (10) il.b (10) 13.0 (10) 11.1 (10)

-.3_3 (_0) -.020 (9) .lb_ (10) -.114 (10) -.116 (10| .006 110)

1.32 (lu) 1.19 (5) 1.2_ (5) 1.6_ (8) 1.77 (10) 1.82 (I0)
10._ JlO) _.1 (5) 8._ (5) 7.6 (8) 12.5 (10) 11.3 (10)

-.,18 (10) -.204 (5) -o0_7 [ 5) -._6 (8) -.062 (10) .127 (10)

2.00

1.75

iv" 1.50
0

£.)
.( i .2.5
h

l .00

0 .75
(/)

.50

.25 --

0
0

AZIMUTH BIN

I I I I I I ,I l
10 2.0 30 40 50 60 70 BO

VIEWING ZENITH ANGLE( DEG )

1
2
3
4

I
_0

C_
0
I--
0

(.)

0

Z
,<

2.00

1.75

1.50

1.25

1.00

.7S

.50

.25

0

AZIMUTH BIN

5
6
7
8

I I ] I I ] I I ]
10 20 30 40 SO eO 7-0 _0 = _0

VIEWING ZENITH ANGLE( DE(; )

(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure 8. Continued.
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bin NO. 1 2
ANULE(DEG.] 3-g 9-30

4IBIING ZENITH
_[N Nu. ANULB(DEG.)

J-Ib .7. (IO) .71 (_u) ,71
5.% (IC) 5,9 (iO) 5,9

• 30_ (lu) ,304 (1_) .30_

5,u ( d) _.7 ( 8) 5,i

,217 [ 8) ,lq6 ( _) -._Sb

3 _7-39 .71 ( 7) ._ ( e) .70
3.% ( Z) 4.8 ( b) 4,6

• lbl ( 7) ,2q6 ( 6) -.OOq

39-_1 ,_3 ( _) .7_ ( _) ,75

5.9 ( 8) 5.9 ( %) _,4
.c17 (v) -.tic (_) -.012

.IL_ (8) -.07q (d) -.096

b o_-75 1,b7 ( 8) 1,39 (10) 1.1_
16.6 (_) 11._ (1_) 10.1

-._71 (8) -.Z39 (IC) -._IO

7 7_-9u Z.I_ ( _) l,P3 ( 9) 1,51

_7,_ ( U) I0,2 ( 9) 6.5

-,I_Z ( 8) -.3_ ( 9) -.173

SCENE IYPE z CLEAR LAND
DATA I - SW XNISOTRDFIC FACTOR

2 - STAhDARD DEVIATION OF SW RAOIANCES{W/Mee_ISR)
- CORrELaTION OF LW AND SW RADIANCES

{ ) - DAT_ SOURCE

SUN ZENITH z bO.C - bfi,k
MEAN ALBEDO m ,leb3 ( 18 )

NORMALIZED ALBEDO m 1.1_4_ ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 6_-90 90-120 120-150 150-171 171-180

(10) .71 (10) .71 (10) .71 (101 .71 (10) .71 (10)
(10) 5,9 (10) 5._ (10) _,9 (10) 5,9 (10) 5,_ (10)

(10) .30_ (10) .30_ (10) .30, (10) .30_ (10) .30_ (10)

( 9) ,7_ ( O) .TE ( q) .8Z ( q) ,gl ( _1 ,8_ ( 8)
( 9) 5,2 (g) 6._ (9) 5.E ( 9) 7.7 ( _) 6,6 ( 81

( 9) -,058 ( q) -,07C ( _) .110 ( _) ,Z79 ( _) ,103 ( B)

( 9) .73 ( g) .7_ ( 8) .q5 ( _) 1.07 ( 8) 1.07 ( 7)
( 9) _.0 ( 9) _.£ ( 8) 6.3 ( q) 8,0 ( 8) 6,5 ( 7)

( _) -._3 ( q) .10_ ( e) ,197 ( q) ,31_ ( 8) -.607 ( 7)

( 91 .7e ( _) ,8_ ( _) 1.07 ( _) 1,23 ( 9) 1,36 ( 9)

( 9) 3,9 ( 9) 5.2 ( _) 7,7 ( q) 8,0 ( 9) 12,0 ( g)
( 9) -._37 ( 9) .06_ ( 9) .137 ( 9) .065 ( q) -.363 ( g)

( el .86 (q) ,_ ( 9) 1*22 ( 8) i,_5 ( O) 1,6_ ( 8)

(_) _,9 (q) b._ (q) 5,7 (8) 8,_ (_) 11,3 (8)

(8) ,017 (9) -,132 (g) ,082 (8) .218 (_) -,031 (8)

( 91 .97 (9) 1.0_ (8) 1.53 (_) 1.72 (10) 2.14 (_)
(_) _.5 (_) b.E (8) 8._ (9) 10.0 (10) 13.6 (q)
( _1 -.Z82 (_) ,214 (8) .025 (_) .O18 (10) .O_8 (9)

( 81 1,28 (5) 1,3_ (5) 1,73 (7) 1.92 (q) Z,16 (8)
(8) 5.8 (5) 7,? (5) 6,4 (7) _,7 (_) 10,0 (e)
( 8) -.13b ( 5) .205 ( _) .37g ( 7) -.327 ( g) .263 ( 8]

2.00

1.75

iv,1.50
0
F-
(.3

1.25
b-

0

)1.00

.75

01

°:)
.50

.2

0

- /,,%
- / ,'/,,

.
AZIMUTH BIN

I I I I I I ! .!
10 20 30 40 50 eO 70 80

VIEWING ZENITH ANGLE( DEG )

1
2
3
4

1
go

2.00 -- /

1 75 --

n,. 1.50
0
I--
_.)
< 1.25
L_

0

E i.oo
o

_ .7S

cn AZIMUTH BIN
Z
< .50 --

.25 --

I 1 1 1 1 1 1 1
o _o 3o 4o so eo 70 so
VIEWING ZENITH ANGLE( DEO )

(f) Solar-zenith-anglebin 6, 60.00° to 66.42°.

Figure 8. Continued.
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_IN NO, 1 Z
ANbLE(UEG,) 0-9 q-30

VLEWING L_NITH
bin NO, ANGLE{DEG,)

I u-15 ,04 ( B) ,54 ( 6) ,b_

3.7 ( 8) 3,7 { B} 3,7
-.I_8 (8) -.148 (_) -.146

2 1_-Z7 .65 (b) °68 (b) o65
5,9 { b) 6,0 ( b) 8.i

-,206 ( 6) -.2Z2 ( 6} -,267

27-39 .74 ( b) ,?b ( b) ,74
_,0 ( 6) 4,1 ( 6} 4,_

,C95 (b) -°055 ( 6} .095

4 39-51 ,0_ ( 5] .85 ( 8} ,86

4,5 ( 5) 4,5 ( 8)

-.233 ( 5] -.233 ( a|

5 51-63 1.o4 ( 5} 1.04 ( 7)
t3.1 ( _) b.O ( 7)

-.435 ( 5) -.230 ( 7}

o 6_-75 2.2_ (7) 1.4o (7)
ZO.Z (7) 9.9 (7)

-.641 ( 7) -,302 ( 7)

7 75-9U 3.23 (15} 1.93 (15)
2U.Z ( 5) 9.9 ( _}

-.6_1 ( 5) -.302 ( b)

SCENE TYPE t CLEJR LAND

DATA 1 - 5w _NISOTROPIC FACTOR

2 - STANDARD DEVIATION OF Sw RADIANCES(W/M*_21$R)
3 - COREELATIDN OF LW AND 5W PADIANCE$

( ) - OATJ $DURCE

SUN ZENITH z bb,_ - 7Z,5

MEAN ALBEDO i .2C_0 ( 1B )
NORMALIZED ALBEDO _ 1.ZE13 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8
3C-60 60-90 9C-120 120-150 150-171 173-180

( B) ,64 ( 8) .6& ( B) ,bk ( E}

( 8} 3.7 (8) 3.7 ( 8} 3,7 ( B)
( 8} -.146 ( 8) -.14E ( 8) -.148 ( 8)

( 7} .59 ( 7] .74 ( 7} .80 ( 7}
( 7} 3.5 ( 7) 4._ ( 7) 4.1 ( 7)
( 7) -.069 ( 7) .12_ ( 7] -.066 ( 7]

( 7) .70 ( 6) .81 ( 6} ,91 ( 6}

( 7] 3,6 ( 6) 4,_ ( 6} 5.3 { 6)
( 7) -,G43 (6) .20_ ( 6} -,184 ( 6)

( 6} .7Z ( B} .b_ ( 7) 1.02 ( 7)

_.5 ( 6) 2.7 ( 8) _ 4.4 ( 7) 6,4 ( 7)
-.172 ( 6) -.291 ( 8} ,285 ( 7) -.301 ( 7)

.98 ( 5} .8Z ( 7} .87 ( 7} 1.33 ( 7)
5,5 ( 5} Z.6 ( 7} 2. E ( 7) 8.7 ( 7}

-.20_ (b) -.067 ( 7} -.16_ ( 71 -.394 (7)

1.17 ( 7} ,95 ( 6} .q_ ( 7} 1.49 ( 7}
U,O ( 7] 5.0 ( 6) 6._ ( 7} 4,8 ( 7}

-._36 ( 7} -.Z_Z ( 6) -.43_ ( 7} .089 [ 7]

1.64 (15) 1,34 (15} 1.3E (15) 1.76 ( 6]
6.0 ( 5) 5.0 (15) 6._ ( 5] 7.2 ( 6)

-.430 ( b) -.25Z (15) -.43_ ( 5) -,202 ( 6)

.64 ( 8| ,64 (8)
3.7 ( 8) 3.7 [ 8)

-.148 ( 8) -.148 ( 8)

.77 ( 7) ,81 ( 7)
3,6 (7) 5,2 (7)

-.226 (7) .016 (7)

.9_ ( 6) ,_5 ( 6)
6.7 ( 6) 6.7 ( 6)

• 031 (6) -.331 ( 6]

1.ZO ( 7) 1.10 ( 7}
5,9 ( 7) 6.3 ( 7]

.28q ( 7} -.678 ! 7)

1,33 (7) 1.50 (15}

6.3 ( 7) 5,3 ( 6}
.609 ( 7) -.135 (6)

1,72 ( 0} 1.87 (15)
7.6 (8) 7.4 (6)

-,009 ( 8l -,OOq { 6)

2.03 ( 81 2.50 (15}
9.5 ( 8) 9.5 ( 6)

-.493 ( 8) -.493 ( 6)

2.00 -- / ////1.75 --

rv'l.50 -- / ////
0

° ///'7•< 1.25
1.1.

°E _o0 --
0
n,

m AZIMUTH BIN

_o ........ 2
3

2 4

[ t I I I I I t I
0 10 20 30 40 50 60 70 80 90

VIEWING ZENITH ANGLE( DE(; )

2.00

1.75

n,- 1.50
0
I.-
rj

1.25

(J

_01.00

0 .75
01

Z
<_ .50

BIN

.25 --

0 I I I I I I I I
0 10 20 30 40 50 60 70 80
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5
6
7
8

l
90
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 8. Continued.
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_IN NO.

AN_LE(DEG*)

_LEWLNG ZENITH
OIN NO, ANbLE(DEG,)

0-15

z 1_-27

3 )7-3v

4 39-bi

5 5.-63

b 03-75

7 7_-9u

ORIGINAIJ PACE IS

.OF PO0'_ QIL\LITY

1 Z
0-9 9-30

• 61 (1Z} ,62 (12)
Z._ (13) 2.9 (1=}

• O0u O) ,0O0 ( 0)

,b_ (iZ) ,66 (ia)
5,0 (13) 4,7 (13)

.000 O) .OuO ( O)

• 77 (IZ) ,74 (i2)
3.3 (13) 3,2 (13)

.OOu 3) .000 (O)

•b9 (12) ,85 (1_)
3.U (i3} 3.6 (13)

,00_ O) ,300 ( O)

l.Z_ (l_) 1,09 (iZ)

7.9 (_3) 5,0 (13)

.ouc O) ,000 (&)

2._0 (iZ) 1.58 (12)

18.2 (13) 8.7 (13)
,Ou6 O) .OvO (u)

4._9 (12) 2.08 (_2)

ZI.c (13) 8.6 (13)

,OuO O) .000 ( v)

SCENE TYPE : CLEAR LAND

DATA 1 - $W JNISDTROPIC FACTOR
2 - STAkDARD DEVIATION OF SW RADIANCES(W/Mee21SR)

3 - CORRELATION OF LW AND SW RADIANCES
( ) - DATJ SOURCE

SUN ZENITH : 72._ - 78,5
MEAN ALBEDO i ,2_10 ( 18 )

NORMALIZED ALBEDO : 1.4438 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 B
30-60 60-gC 9C-120 120-150 150-171 171-180

,62 (12) .62 (12}
Z.9 (13) 2,9 (13)

• 000 (O) .CO0 (O)

• 05 (12) ,65 (12)
6,5 (13) 3.1 (1))

• OOG (O) .000 (O)

• 72 (12) ,68 (12)
).1 (13) Z,8 (13)

• 000 ( O) ,&O0 (O)

.8& (12) .73 (12)
3.4 (13) 2,2 (13)

,000 ( C) ,000 ( O)

.97 (12) .85 (12)
_°4 (13) 2,2 (13)

• OOO ( O) .000 ( 0)

1,31 (12) 1,06 (12)
?,Z (13) 4,5 (13)

• OoO (O) .O00 (O)

1,79 (12) 1,43 (12)
7.1 (13) 4.3 (13)

,_00 (O) ,CO0 (O)

,6; (12)
2._ (13)

,00( O)

.67 (12)
3.? (13)

.OOC O)

• 7E (12)
3.2 (13)

• 00¢ O)

• 7q (12)
3,2 (13)

.OOC O)

• q3 (12)
2.4 (13)

• 00¢ G)

1.11 (12)
5._ (13)

• OOC O)

1._4 (12)
5,_ (13)

.OOC O)

.62 (12) .62 (12) .62 (12)
Z.q (13) 2.9 (13) 2,q (13)

,0DO (O) ,000 (O) .O00 ( O}

• 71 (12) .73 (12} .7_ (12)
2.9 (13) 2,8 (13) 3.9 (13)

• 000 (O) .DO0 (O) .000 (O)

,80 (12) ,87 (12) .gO (12)
3.7 (131 3.6 (13) 3.6 (13)

,OOC (O) .000 (O) .OOC (O)

.98 (12) 1.06 (12) 1.1C (12)
4.9 (1)) 4,2 (1)) 3,5 (13)

,DO0 (0) ,000 (0) ,000 ( 01

1.28 (12) 1.37 (12) 1._4 (12)
6.? (13) 5.3 (13) 4.1 (1))

,000 (0) .000 (0) .O0O (O)

1.53 (12) 1.76 (12) 2.04 (12)
4.0 (13) 6,1 (13) 6.5 (13)

,0O0 (O) ,C00 (O) ,00C (0)

1.84 (12) 2,19 (12) 2,86 (12)
6.0 (13) 8,) (13) 8.S (13)

.OOO (O) ,CO0 (O) .OOO (O)

2.OO

1.75

r,- 1.50
0

(.3
.< 1.25
h

0

_.i.oo
0
rv"

_ .75

Z
"< .50

.25

//

__"/'AZIMUTH BIN

I I 1 I I I 1 !
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

2.00

1.75

1.50

_1.25

1.00

0 .75

Z
1 < .5o _
2
3
4 25

l o
O0 0

BIN

1 I I 1 1 I I I
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7
8

1,
9O

(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.

Figure 8. Continued.

39



BiN kO, 1

VIewlNb L_NITH
DIN NU, ANGLL(OEG,)

I U-15 ,56 (12)
i.'_ (13)

•OOu (_)

Z 15-ZI ,07 (12)
3.) (13)

,00_ ( O)

3 ,_7-3 ¢/ .Tb (12)
;'.,, (13)

,OOu (O)

2.a (13)

.boo (O)

b :_}.-o3 I.P7 (iZ)

5,_ (13)
,MOO (O)

o c,.,s- 75 _,71 (1;)
l_,i (13)
.UO_ (O)

7 ?_-90 5,14 (l;)
18,o (13)
.DO0 (u)

2
g-30

.56 (IZ) .5o

1,g (13) 1.9

,OOc ( O} ,OvO

.CA (i2) ,b2

3,3 (13) 4.5

.000 ( O) .OOC

.74 (12) .70

2.3 (13) 2.2
.OoO &) .OOO

.85 (1Z) ,Tq
2.b (15) 2.5
,OO0 O) ,DO0

1,13 (12) ,99
_.7 (13) 3.2
•DO0 u) .OOO

1.6b (12) 1.40
6,5 (i3) 5,5

.OOu O) .ODD

2,17 (IZ} 1,59

6,4 (13) 5.3
.OCO o) .000

SCENE 1_PE : CLEAR LAND
DATA I - SW JNISOTRDPIC FACTOR

Z - STAhDARD DEVIATION OF SW RADIANCES(WIM_eZISR)
3 - CORRELATION OF LW AND SW RAOIANCFS

( ) - OATJ SOURCE

SUN ZENITH z 78.5 - 8A.3
MEAN ALBEDO : .2TOO ( 18 )

NORMALIZED ALBEDD : 1.6E75 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 B
30-60 60-90 9C-120 120-150 150-171 171-180

(12) ,58 (12) ,5_ (12)
(13) 1,g (13) I._ (131
( O) ,000 ( 0) ,OOC ( O)

(12) .bl (12) ,b3 (12)
(13) 2.1 (13) 2,2 (13)
(O) ,MOO (O) .OOC (O)

(12) .65 (12) .6E (1Z)
(13) 1,9 (13) 2,1 (13)
(C) ,000 { O) .OOC (O)

(12) .71 (12) ,7_ (12)
(13} 1.6 (13) 2._ (13)
( O) ,OOO ( O) .OOC (O)

(12) ,88 (12) .q_ (12)

(13) 1.6 (13) I,E (13)
(O) .GO0 (0) .OOC (0)

(IZ) 1.14 (12) 1.1E (1Z)
(13) 3.4 (13) A._ (13)
( O) .OOO (O) .OOC (O)

(12) 1,48 (12) 1.47 (12)
(13) 3.2 (13) A.] (13)
(O) ,O00 (O) ,OOC (C)

,58 (12}
1,9 (13)

• O00 O)

.67 (12)
2,0 (13)

,COO 0)

.76 (12)
2.6 (13)

.O00 O)

,95 (12)
3.4 (13)

.O00 O)

1,24 (12)
4,7 (13)

• O00 O)

1,53 (12)
2,8 (13)

• 000 O)

1.87 (12)
4.4 (13)

.000 O)

,58 (12) ,58 (12)
1.g (13) 1.9 (13)

,DO0 (O) ,000 (O)

,68 (12) .71 (12)
1.9 (13) 2.6 (13)

,000 ( O) .OOO ( O)

• 81 (12) .85 (121
2,3 (131 2.4 (13)

.000 (O) ,DO0 (O)

1.02 (12) 1.04 (12)
2,q (13) 2.3 (13)

,000 (0) ,000 (O)

1,33 (12) 1,38 (12)
3,7 (13) 2,e (13)

• 000 ( O) .000 ( O)

1.76 (121 2.13 (12)
4.3 (13) 4.8 (13)

,DO0 (O) ,000 (0)

2,26 (12) 3.13 (12)
6.2 (13) 6.9 (13)

.COO (O) ,O00 (O)

2.00

1.75

1.50

b.<_l 25

¢..)

1.00

h 75

_ .50

.25

0

-- //

/

/

/

AZIMUTH BIN

I I I I I I I I
0 _.o _0 ,L(} ,_o eO 70 8o
Vt[WINO ZENITH ANOLE( D[O )

1
2
3
4

....

90

2.00

1.75

rv, 1 .SO
0
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0
4:1.25

_1.00

0

) .7';

!.

,25 --

0 .....
0

m

AT._UTH BIN
__ 5
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7
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(i) Solar-zenith-anglebin 9, 78.46° to 84.26°.

Figure 8. Continued.
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aNGLE(DE_,)

_Ih h_. AN_L_IDEG,)

g 1_-g7

J_-SL

34-b_

o o3-75

7 l>-r,#

.t 2
o-c) g-30

• 7 (13}

,bOy U)

1.3 (13)
,OUr O)

• 7c (IZ}
• _ (131

• uv_ O)

• _2 (1Z)
z.1 (,3)

,G_O V)

1.31 (12)
_.. (13)

,OOu O)

5._ (13}
,GUO _)

7,9 (13}

.O_O O]

,7 (Z3)

,vOC u)

.bZ (IZ)

l,Z (13)

,OOO C)

,73 (_Z)

,9 (1_)
.0_0 C}

l,O (13)
.OOO _)

1.16 (12}
1.; (13}

.0C0 O)

1,72 (1,)
Z,6 (L3)

,OOG O)

Z,Z3 (12)

Z,b (13)

,O00 O)

SCENE TYPE I CLEAR L_ND

DATA 1 - SW ANISOTROPIC FACTOR
2 - STAbDkRO DEVIATION OF SW RADIANCESIwIM**ZISR)
3 - CORPELATI_N OF LW AND SW RADIANCES

( } - DATa SOURCE

SUN ZENITH ! B_,_ - qo,o
MEAN ALBEDO I ,32b0 ( 18 )

NORMALIZED ALBEOO I Z,037_ ( 18 )

RELATIVE AZIMUTH

3 _ 5 b 7 B
3e-bY bO-_ qC-120 120-110 150-171 171-180

,_ [1Z) ,Sk (12) ,SA (12) .5_ (12) .5_ (12) ,5_ (12)
.7 (13) .7 (13} ,_ {13) .7 (13) .7 (13} .7 (13}

,o_c ( o} ,Co0 (O) ,ooc ( O) ,000 ( O) .000 ( O} ,DO0 ( O)

,bo (IZ) .SB (1Z) .5_ (12) ,63 (12) ,6_ (121 ,67 (12}
1,7 (13) ,8 (13) ,E (13} ,7 (13) .7 (13) 1,0 (13}

,OOb ( O} ,000 (O) ,OOC ( O} ,000 (O) ,COO ( O) ,000 ( O}

,O_ (1Z) *b2 (1Z) .6S (12} ,73 (12} ,77 (12) .81 (12)
.e (13} ,7 (13) ,6 (13) .q (13) ,8 (13) ,q (13)

,00_ (u) .COO (O) .OOC (O) .000 (O) ,ODD (O) .OOC (O)

.7_ (12) ,70 (12) .7_ (12) ,92 (1E) .99 (12} ,qO (12)
• _ (13) ,b (13) ._ (13} 1.3 (13) 1.1 (1_) .9 (13)

.GO0 (O) ,OOO (O) ,OOC (O) ,CO0 (O) ,000 (O) ,000 (O)

.qq (12) ,qo (12} ,_7 (12) 1,20 (12) 1,ZP (12} 1,3Z (12)
1,Z (13) .6 (13) ._ (13) 1,7 (13} 1,_ (13} 1,0 (13)

,O0_ ( u} ,000 ( O} .DOE (O) ,000 (0) .OOO ( O} ,000 ( O}

1,47 (1Z) 1,21 (1Z) 1,Z_ (12} 1.SZ (1Z} 1,7_ (12) 2,21 (12)
2.2 (13) 1,_ (13) 1,E (13] 1.1 (13) l.T (13) 1,q (13)

,000 (O) ,ODD (O) .DO( ( O} ,000 ( 0} .DO0 (O) .000 (O)

2,03 (12) 1,59 (1Z) 1.5E (12) 1._1 (121 2.36 (1Z) 3.58 (12)
2,Z (131 1,3 (13) 1,_ (13) 1,7 (13) 2.5 (13) 3,1 (131

,OOC ( O) ,GOD (O) ,OOC ( O) ,000 ( O) .000 ( O) ,000 ( O}

2.00

1.75

r_ 1.50
0
I--
0
<_ 1.25
IJ.

0
E _.o0
0

.75

_ .50

.25

m

-- //

-- //,

/ /

///
/ /

/

AZIMUTH BrN

I I l l I i I l
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

2.00

1.75

n,, 1 .SO
0
I--
(.3

b_._1.25

(.3

1.00

.75

1 < ._0

2
3
4 .2s

I o

-- //

AZIMUTH BIN

5
6
7
8

I I I I I I I I I
10 20 30 40 50 60 70 80 90.

VIEWING ZENITH ANGLE( DEG )

I3) Solar-zenith-angle bin 10, 84.26 ° to 90.00°.

Figure 8. Concluded.
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BIN NO.
AN_LE(DEG,}

41EuING ZENITH
UIN NO. ANGLE(DEb,]

1 0-_5

i

¢-9

Z
9-30

SCENE TYPE : CLEJR SNOg
DATA I - SW JNISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(glN**ZISR)
3 - CORPELATION OF Lg AND 5W RADIANCES

( ) - OATJ SOURCE

SUN ZENITH : .C - 25.8
NEAh ALBEOO _ .6E73 ( 16 )

NORMALIZED ALEEDO : 1.0C00 ( 14 ]

RELATIVE AZINUTH

3 4 5 6 7 8
30-60 60-90 9C-120 120-150 150-171 171-180

I.Ob (_2)
72,_ (13)
.000 (O)

15-27 1.06 (12)
71.7 (13)
• OuO (O)

27-3g 1.05 (12}
65.0 (13)
• 000 (O)

3_-51 1.0_ 112)

p3.5 (13)
.00_ (O)

_1-63 i,02 (12)
o2,5 (13)
.000 ( O}

o_-75 .95 (IZ):
5b,2 (13)

7_-90

1,Oh (i2) 1o06 (12)
72,1 (13) 72.1 (13)
• 000 ( O} .000 O)

1.11 (iZ) .97 (12)
72.5 (13) 72.3 (13)
.OCO (O) .uO0 O)

1o0_ (1_) °98 (12)

• Ou6 (v) .300 O)

1.05 {12) I.OG (12)

1.06 {12)
72.1 (13)
.GO0 O)

1.08 (12)
72.4 (13)
.000 O}

1.Oh (12)
65,6 (13)
o000 _)

1.04 (12)

1.0( (12) 1.06 (12) 1.06 (12)
72.1 (13} 72.1 (13) 72.1 (13)
.OOC (O) .000 (O) .000 (O)

i.o7 (i2) 1.oe (lZ) ._q (12)
67.] (133 71.e (13} 74.4 (1_)
.OOC (O) .000 (O) .000 (O)

1.0_ (12) 1.07 (1Z) 1.00 (12)
7Z.1 (13) 57.b (13) 66.0 (13)
.OOC ( O) .000 ( O) .000 ( O)

1.0_ (12) 1.0_ (12) 1.01 (12)

1.06 (12)
72.1 (13)
• 000 03

1.03 (12|
73.5 113)
.CO0 O)

1.03 (12l
69.4 (13)
.000 O)

1.03 (12}

.000 ( O)

1.01 (12) i.02 fJ_) :i.b_ --1.01 _12)
62.5 (.3)

.000 (O)

'95 (IZ)
66.1 (13)

.000 ( O} .OOb ( O)

• 77 (12) .77 (12)
3q._ (13) #1.3 113)
• OOO (O) .000 (o)

63.8 (13}
.OOO O)

.94 i12)
51.2 (13)
• 000 O)

.76 (12)
37._ (13;
.OOG (O)

71.0 (13} 68._ (13)
• 000 O) .OOE (O)

.gZ (lZ} .92 (lZ)
61.6 (1_) 60.C (13)
• 000 O} .OOC (O)

.OOC O) .000 O} .00¢ ( O) .000 ( O} .000 ( O)

64.e (13) _3._ (13)
.000 (O) ,000 (O)

.q_ (12) .q3 (12)
5_.1 (1_ _3._ (13}
.000 ( O} .000 (O)

• 73 (12) .7_ (12)
42.6 (13) 63.1 (13)

• C00 O) .OOC ( O}

• 74 (12) .75 (12)
41.2 (13) 37.4 (13)

.000 (O) .000 (O)

.000 O|

1.03 (12)
61.4 (13}
.000 O)

.93 (12)
56.6 (13)
• 000 O)

• 7_ (12)
45._ (13)

• 000 ( O|

)
)

2.00

1.75

e," 1.50
0

0
.d_ 1.25
LI.

0

)1.00

_) .75

(/)

Z
<_ .50

.25

0
0

42

_," i .50
0
I--

,< 1.25
b_

2.00 --

1.75

0 .75
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Z
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.25 m

I I I ! I I I I o I I I I I J I [
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(a) Solar-zenith-angle bin 1, 0° to 25.84 °.

Figure 9. Bidirectional model for clear over snow. (See table 5 for explanation of data sources.)
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uIN NO.
ANGLE(OEG.)

VLLWING ZENITH
BIN NO, ANGLE(DEG.)

z _b-Z7

3 2/-39

q _9-51

5 51-63

o o3-75

7 7_-90

1

0-9

_.ul (12)

62.1 (13)
.OOu O)

1.03 (.Z}
bZ.b (13)
• GUO O)

1.02 (12)
_b.9 (13)
.000 u)

_.0_ (12)

47.7 (13)
.00_ O)

1.o_ (1_)
57.1 (13)

•OGO O)

._8 (IZ)
52._ (13)
.GuO U)

•8_ (IZ)
_u.b (13)

.OOO O}

2
9-30

1.ol (11)

62.1 (13)
.0C0 O)

1.06 (1Z)
02.2 (_3}
.000 O)

1.02 (_)
65.1 (13}

• OC_ u)

1.42 (i2)

56.0 (13)

.0_0 O)

1.02 (12)
57.0 (13)

• OCt O)

.9_ (1_)
60.1 (13)

• OOO O)

.e4 (1_)
_0.7 (13)

,Oub ( _)

SCENE TYPE : CLFJR SNOW
DATA I - SW JNISOTROPIC FACTOR

Z - STANDARD DEVIATION OF SW RADIkNCES(WIM*eZ/SR)
3 - COR;ELATION OF LW AND SW RAOIANCES

( ) - DAT_ SOURCE

SUN ZENITH z ZS.E - 36.9

MEAN ALBEDO l .6703 ( 14 }
NORMALIZED ALBEDO m 1.0C45 ( i_ )

RELATIVE AZIMUT_

3 4 5 6 7 B
30-60 60-90 9C-lZO 120-150 150-171 171-180

1,01 (12) 1.01

62,1 (13) bZ,1
.000 (O) .OCO

,97 (12) 1,05
05.5 (13) 63.1

.OOC ( O) .CO0

1,OZ (12) 1.0_
58,5 (13) 58.0
,OOO (O) .000

1,02 (12) 1,03
53.0 (13) 61.7
.OvO ( O) .COO

i,01 (12) I.OG
56.9 (13) 63.7
.000 (O) .CO0

.96 (12) .q3

46.b (13) 55,7

•000 ( O) ._00

.80 (11} .76

35.2 (13) _G.O

.OOC ( O) .000

(12)

(13)
O)

(1Z}
(13)

O}

(12}
(13)

O)

(lZ)
(13}

O)

(12)
(13}

O)

(12}

(13)
O)

(12)
(13)

O)

1,01 (12) 1.01 (1Z) 1.01 (12} 1.01 (12)

62.1 (13) 62.1 (13) 62.1 (13} 62,1 (13}
.OOC (O) .000 (O) .000 ( O] .000 ( O}

1.C_ (lZ) 1,07 (12) .qQ (lZ) 1,01 (IZ)
58._ (13) 63,8 (13) 66.6 (13) 64.6 (13)

.00( ( O) .000 ( O) .CO0 ( O] .000 ( O)

1,0_ (12) 1,1_ (12) 1,01 (12) 1,OC [12)
64.1 (13) 55,3 (13) 58.5 (13) 60,Z (13}
• OOC (O) .OOO (O) .000 ( O} .000 (O)

1.02 (12) 1.06 (12) 1.02 (12) 1.01 (12)
bO._ 413) 62.9 (13} 63.3 (13) 55.3 (13l
.OOC ( O) .000 ( O) .OOO ( O) .000 ( O}

.99 (12) 1.01 (12) 1,01 (IZ) 1,OZ (IZ}
_0.2 (13) 57.q (13) 4B.5 (13) 54.6 (13}
.OOC ( O) .OOO ( 0) .000 ( O) .000 ( O)

•gz (12) ,94 (lZ) ,95 (12) .q6 (12)

54.C (13) 51,3 (13) 49.5 (13) _0,5 (13)
.OOC ( O) .000 ( O) .000 ( O} .000 ( O)

.74 (12) .77 (12) .78 (12} .82 (12)
39. C (13) 38,3 (13} 35.3 (13) 45.1 (13)
.OOC (O) .000 (0) .000 (O) .OOO (O)

200 --

1.75 --

rv' 1.50 --
0
I.-
r...)
<C 1 25
IJ.

C)
_. 1.00
0
rv

(_) .75

Z
"_ ,50

.25 --

0
0

AZIMUTH BIN

__ 1
2
3
4

I ] I I I I I I I
10 20 30 40 50 60 70 80 gO

VIEWING ZENITH ANGLE( DEG )

2.00

1.75

n, 1.50
0
I--
0
•< 1 2S
IJ_

1.00

0 .75
U1

Z
.50

.2S --

0
0

AZIMUTH BIN

I I I I I I I I
10 20 30 40 50 eO 70 80

VIEWING ZENITH ANGLE( DEG )

5
6
7
8

1
90

(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 9 Continued.
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din NO,

ANGLE(OE_,)

V|EWINu LENITH

_IN NQ. AN_L_(&Ebo]

i 3-I_

A)-27

3 Zl-39

4 3w-_l

b 03-75

7 7_-qo

1 2

0-9 o-30

•qq (12) .99 (12)
_4.l ( 9) 54.1 ( 9)

.uO0 (O) .000 (9)

l,Ol (IZ) 1,03 (12)

• _00 (7) .000 (B)

i.O_ (12) i,_I (12}
50,7 (7) 57.2 ( 7)
• 00_ ( 7) ._CC ( 7}

1.09 (12) 1,04 (12)

44.7 ( 7) 50.b (B)
.OOO ( 71 .0¢0 ( B)

1.08 (12) l,Ot (12)

52.0 ( 7) 5Z.2 ( 8)
,000 ( 7) ,OOC ( 8)

l.b_ (1_) 1,05 (1_)
51.1 ( 7) 56,_ ( 8}

.bOO (7) ,OOO (_)

l.O3 (121 ,q? (l_)
_2,3 ( 5) 41,6 ( 6)
• Ouu (5) ,uO0 (_)

SCENE IYPE : CLEJR SNOW

DATA 1 - SW JNISOTROPIC FACTOR

2 - STAhDARD DEVIATION OF SW RAOIANCES(WIN_eZISR)
3 - CORPELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH : 36._ - 45,6
MEAN ALBEDO : ,b733 ( 14 }

NORMALIZED ALBEDO : 1.0Cq0 ( 14 }

RELATIVE AZIMUTH

3 4 5 6 7 8
30-bO 60-90 9C-lZO 1Z0-150 150-171 171-180

,99 (12) .9q (12) ,9_ (12) ,Q9 (12)
54.1 ( 9) 54ol (9) 54,1 ( 9) 54.1 ( 9}
• 000 ( 9) ,000 ( 9) ,OOC ( g) o000 ( 9)

,97 (12) 1,02 (12) 1,01 (lZ} 1,04 (12)
56,0 (9) 54,3 (9) 50,_ (B) 54,7 (8)

.OOO (9) ,000 (9) .00C ( B} ,000 (8)

1,01 (12) 1.02 (12) 1.01 (12} 1.09 (12)
51,_ (8) _0.3 (7) 55._ (7) 46.5 (7)
• 000 ( 8} ,000 (7) ,00C (7) ,000 ( 71

1,04 (IZ) 1.02 (12} 1,01 (12) 1.04 (12;

4_,1 ( 8) 54,6 ( 8) 5?,_ ( 8) 53.7 ( 7)
.OGO ( 8) ,000 ( 8) ,00( ( 8) ,000 ( 7)

i.O& (ii| ,qB (1?) _9((12) i,01 (1Z)
51,6 ( 7) 55,1 (7) 51,; (8) 51,3 (7)
.000 ( T) ,COO ( 7) ,00C ( 8) ,000 ( 7)

1.00 (12) oq_ (12) .9_ (12) ,9_ (1Z)
_3.4 ( 9) 49,9 ( 6) 4B,? ( 7) 46.1 ( 7)

,ODD ( 9) .000 (6) .OOC (7) ,000 (7)

• 87 (12) ,7_ (1Z) ,7( (12) .79 (12)
34.3 ( 7) 37.0 ( 5} 35,E ( 5) 34,9 ( _)
.000 ( 7) .000 ( 5) .OOC ( 5) ,000 ( 5)

• 9q (12) ,qq (1Z)
_4,1 (9) 54,1 ( 9)
,000 (q) ,000 ( 9)

,_8 (12) 1,00 (1Z)
58.6 ( 8) 56.7 ( 7)
,000 (8) ,000 (7)

1.00 (1_l 1,00 (lZ)
51,1 ( 7) 5_.4 ( 7)
,000 (7) ,000 (T)

.99 (12) 1,03 (lZ)

54,9 (8) 50,Z ( 8}
• 000 (8) ,000 ( 8l

1,0Z (12} 1,02 (12)
43,2 (8) 48.8 (7)
• 000 ( 8) ,000 ( ?)

,97 112} ,99 (12)
44.7 ( 9} 46,0 (8)

,000 ( 9} ,000 (8)

• 83 (1Z) ,86 (1El
33,3 ( 8} 41,8 (T)
,000 ( 81 ,000 (T)

2.00

1.75

D:: 1.50
0
I-
0

1.25
IJ.

(..)

E _00
0
n."

.75 --

0
0

,_ ___ _--__..=._-_--.__

AZIMUTH BIN

1

2
3

I I I I I I I I I
10 20 30 40 50 _0 70 80 90

VIEWING ZENITH ANGLE( DEG )

2.00

1.75

C_: 1.50
0
I.-
(.)

1.25

0
_" 1.00

0'}

Z
'< .50 --

.25

AZIMUTH BIN

5
6
7
8

I I I I I I I I I
0 10 20 30 40 50 BO 70 80 gO

VIEWING ZENITH ANGLE( DEG )

(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57 °.

Figure 9. Continued.
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ORIGINAL PAGE IS

OF POOR QUALITY

_IN NO. 1 Z
A_OLL(DEG.) u-9 9-_0

VL£_LNG ZLNITH
u[N h_. Ah6LE(DEG.)

l o-15 .97 (111 .g7 (11)
45.7 (111 45.7 {111

-.690 (11) -,6_6 (11)

2 19-Z7 ,_9 (Iu] .q_ (lu)
_b,4 [i0) 44.9 {I0)

-.7_7 (i0} -.b89 (iU)

3 Z7-3g I.OU (lO) .49 (i01
42.g (i0) 48.4 (I0)

-.7_0 (lu} m.745 (_U)

4 3g-_l i.1_ [iJ) 1.04 (1_)
ig*Z [I0) 44,0 (i_)

-,6_1 IlO) -.bE7 (i0)

_l-b3 1.14 (I0) i._8 (I01

4B._ (10) 46.5 (10)
-.7_b (10) -.b73 (10)

o o3-7_ 1.18 (10) 1.13 (11]
4u._ (10) 52.7 (li)

-.5gZ (iO} -.b09 Ell}

7 7_-90 1.2_ ( 91 1,1q (I0)

44._ ( q) 44.4 (lO)
-,_9 ( 91 -o514 (lOI

SCENE TYPE * CLEAR SkOW
DATA 1 - SW JNZSOTROPIC FACTOR

2 - STAkDARD D_VIATION OF SW RADEANCES(W/Mee21SR|

3 - COR;ELATION OF LW AND SW RAOIINCES
( ) - DAT_ SOURCE

SUN ZENITH * 4_.e - 53.1
MEAN ALEEDO I ,675_ ( 14 )

NORMALIZED ALBEDO * 1.0124 ( 14 )

RELATIVE AZIMUTH

3 _ 5 6 7 8
30-60 60-90 9E-120 120-150 150-171 171-180

.97 (111 .97 (111 .97 (I11 .97 (111 .97 (111 .97 (11)
45.7 ill) 45.7 (111 45.? (111 45.7 (111 45.? (111 45.7 (11)

-.bgC Eli) -.690 (11) -.69E (11) -.690 (11) -.690 (111 -.690 (11)

.95 (ii) .@8 (11) ,QE (11) .qq (111 .95 (I0) .qq (I01

49.3 (11) 45.4 (11) 42.7 (11) _5.4 (11) 41.6 (101 48.6 (10)
-,TIb (11) -,719 (11) -,BbE (111 -,711 (111 -,683 (IO) -,688 (10)

.99 (101 .qe (10) .97 (10) 1.03 (10) .q9 (10) .97 (10)
_3.6 (lO) 42.1 (101 46.2 (101 38.4 (10) 43.q (10) 45.3 (10)

-.609 (10) -.70b (10) -.70E (10) -.686 (10) -.?03 (lO) -.531 (10)

1.03 (10} ,g8 (101 .91 (11) l.O0 (10) ,98 (10) 1,02 (10)
_1.5 (10) 45.7 (10) 4_.1 (ii) _.7 (10) 47.0 (10) 43._ (10)

-.708 (101 -.736 (10) -.702 (11) -.b88 (10) -.714 (101 -.702 (10)

1,0_ (lO| ,9_ (101 ,_ (lO) ,g7 (101 1,02 (101 1,03 (10)
45.3 (101 _._ (101 44._ (101 _2.9 (10) 37.5 (10) 4Z.e (10)

-.712 (10) -.750 (101 -.?_C (10) -.733 (101 -.664 (10) -.5_6 (10}

I.OP (1O) .98 (9) ._ (10) .98 (10) .49 (lll .98 (101
40.5 (10] 45°3 (_) 42._ (10) 41.1 (10) _q.7 (11| a_.q (101

-.63e (10) -.757 (9) -.712 (10) -.790 (lO) -.641 (111 -.627 (10)

1.08 (10) 1.02 (5) 1.OC ( 51 1.04 (7) .98 (101 .92 (101
3b.g [101 41.7 (5) _0.4 (5) 40.2 ( 71 _4.0 (10} 3_.2 (10)

-.575 (lO) -.64b (5) -.60, (_) -.4_7 (7) -.656 (10) -.667 (lO)

2.00 --

1.75

_ .50
0
I--
C)
< 125
h

C)

E _.oo
0
D£

Z

'_ .-_0 --

.25 _

0

0

AZIMUTH BIN

I I l I I 1 I I
10 20 30 40 50 60 70 80
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0
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O
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0

0
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(d) Solarmzenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 9. Continued.
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B1N NO, 1 2
ANGLE(DEG.) 0-9 9-30

VlE_LNG ZENITH
b_N NO, ANGLE(DEG,)

O-15 .9_ (ii} .95 (ii) .g5
32.2 (I1) 32.2 (11) 32.2

-.b89 (ii) -.be9 (ll) -,689

Z 19-27 .98 (11) .96 (11] .97
32.1 (11) 33.3 (11) 30.2

-.717 (11) -.656 {111 -.677

3 17-39 1.01 (i0] ,99 (111 ,98
32.1 (10) 53.9 (11) 33.6

-.699 (10) -.693 (11} -.680

6 39-51 1.00 (Ii) 1.05 (11) 1,03

_Z.u (11) 35.b (11) 31.5
-.639 (11} -.625 {11| -,653

51-63 1.22 {10) 1.12 (11) 1.06
30.3 (10) 35.0 [_1) 33,2

-.388 (i0) -.5_9 {ii] m,bZO

b o3-7_ i.29 [11) 1.21 [111 1.12
63,_ (11) 39.3 [111 35.1

-.3_8 (11) -.4eO [111 -.523

7 75-90 1.46 [10) 1.33 [11) 1.16
_1.9 (I0) 38.6 (11) 30._

-.361 (10) -,370 (1i) -.376

SCENE TYRE : CLEAR SNOW
DATA 1 - SW ANISDTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIM_*Z/SR)

3 - CORPELATION OF LW AND SW RADIANCES
( ) - DATA SOURCE

SUN ZENITH s 53.1 - 60.0
MEAN ALBEDO z ,6779 ( 14 )

NORMALIZED ALBEDO z 1.0159 ( 14 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 60-90 9C-120 120-1_0 150-171 171-180

(111 .95 (11) .9_ (I1) .95 (11) .95 (11) .95 (11)
(11) 32.2 (11) 32.2 (11) 32.2 (11) 32.2 (11) 32.2 (11)
(11) -.689 (11) -.68; (11) -.689 (11] -.689 {11) -°689 (11)

(11) .95 [11) .96 (11) .97 (111 .97 (11) .99 (11)
(11) 32.9 (11) 32.2 (11) 30.6 (11} 30.5 (11) 28.9 (11)
(11) -.680 (11) -.702 (11) -.697 (11} -.671 (11) -.653 (11)

(ll) .97 (11) .9_ (10) .98 (11) .98 (11) .98 (10)
(111 29.7 (11) 29.2 (10) 30.5 (11) 30.1 (11) 30.7 (lO)
[11) -.675 [11) -.70[ (10) -.671 (11} -.667 [11) -.682 (10)

(11) .9_ (11) .q_ (11) .99 (111 1.00 (11) 1.01 (11)
(11) 32.4 (11) 32.7 (11) 29.2 (11) 29.3 (11) 29.6 (11)
(11) -.651 (11) -.6_ [I1) -.682 (II1 -.655 (ll) -.665 (11)

(11) .93 (10) .9_ (11) .98 (10) 1.02 (11) 1.06 (11)
[11) 34.0 (10) 30._ (11) 32.2 (10) 27.6 (11) 25.6 (11)
(11) -.635 (10) -.663 (111 -.637 (10) -.619 (11) -.596 (11)

(11) ,97 (10) .94 (10) .99 (10) 1.01 [11) 1.02 (11)
(11) 27.3 (lO) 28.6 [10) 2?.2 (10} 26.4 (11) 27.7 (11)

(11) -.631 (10) -.637 (10) -.657 (10) -.611 (11) -.568 (11)

(10) 1.03 (5) .9_ (5) .93 (8) .99 (11) 1.00 (11)
(10) 28.6 (5) 28._ (5) 28.9 (8) 22.3 (11} 25.0 (11)
(10) -.579 (5) -.65_ [ 5) -.831 (8) -.578 (11) -.471 (11)
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure 9. Continued.
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.ORIGINAL PAGE IS

.OF. POOR QUALITY,

BIN Nb.
ANGLE(DEGo)

VILNLNG ZENITH
_IN NU, ANGLE(OEG,)

1 u-L5

1 2
0-9 9-30

,96 (ii) .90 (1_) ,9C

25.1 (11) 25.1 (11) 25.1
-.633 (11) -.633 (11) -,633

i_-Z? ,94 (11) ,93 (11) .44
k3,8 (11) 24,6 (li) 23.2

-,539 ill) -.6_3 i1_) -°592

_7-39 .99 (10) .97 (ll) ,95
Z3.6 (101 26.0 ill) 25.9

-.6L_ (io) -.53c (ill -.60b

39-51 l,ll (ii) l,u5 (II) I.01
Z_,3 (11) 26,4 (ii) 26.9

-._ (Ii) -,5t6 (11) -,60Z

5.-63 1.2% (I_} I.I> (II) 1.07
24.1 (10) 30,2 (li) 27.5

-.29( (13} -,450 (111 -,_19

63-79 1.;6 {I1) 1.32 (111 1,16
41.0 (111 36,C ill) 30,2

-.i05 (11) -,317 (ll) -.443

75-90 1.70 (101 1.51 ill) I.ZB
_8,_ (10) 43.0 (li) 31,0

-.0o_ (lu) -,_7 (li) -.327

SCENE TYPE z CLEAR SNOg
DATA 1 - SW _MISOTROPIC FACTOR

Z - STANDARD DEVIATION OF SW RADIANCESiWIMt*21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH I 60,C - 66.4

MEAN ALBEDO I .6789 ( 14 )
NORMALIZED ALSEDO : 1.0174 ( 14 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 60-90 9C-120 120-150 150-171 171-180

(11) ,gO (111 .gf (111 .qO (111 .qO (11) .90 (111
i111 25.1 (11) 25.1 4111 25,1 (111 25.1 (111 2_,1 (111
(111 -.633 i111 -.63_ (111 -.633 (111 -.633 (111 -.633 (11)

(11) ,92 (111 ,91 (I11 ,93 (11) ,94 (11) ,94 (11)
(111 14,1 (111 24.2 (111 22,3 (111 20,7 i111 21,2 (111
(111 -.606 i111 -.62_ (111 -.591 (111 -.542 i111 -.554 (11)

(11) ,93 (111 .9_ (11) ,95 (11) .95 ill) .95 (101

(11| 13.3 (111 22,_ (111 20.5 (11) 22.4 (11) 21.7 (10)
{11) -.616 (111 -.644 ill) -,56_ (111 -.546 (11) -,61_ (101

ill) .94 (111 .9_ (111 ._7 (111 .98 (111 ,99 (11)
(11) 24,6 (111 20._ (11) 21,9 ill) 20.0 (11) 21,6 (11)
(111 -.654 (111 -.592 (111 -.616 i111 -.553 i111 -.539 {11)

(111 ,96 (111 ,9_ (111 .98 (111 1.01 ill) 1.04 (111
(111 22.8 ill) 20._ (11) 22.1 ill) 20,6 (111 20.0 (11)
(111 -,624 (11) -.635 (111 -.625 (111 -.598 i111 -.538 (111

(11) ,97 (101 ,97 (10) 1.02 (11| 1,05 4111 1.06 (11)
(11) Z4,0 (10) 18,_ (lO) 21,5 (111 18.9 (111 21,8 (11)
(111 -.631 (101 -,607 (1C) -.600 (11) -.594 (11) -,456 (11)

(111 1,08 i 5) 1.Ok (5) 1.01 (9) 1.07 i111 1.04 (101
(11} 25,8 (5) 21,E (5) 20.8 (9) 16.1 (111 21.4 (10)
(li) -.526 (5) -,561 (5) -.610 (9) -.53D (111 -.422 ilO)
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(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.
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_[N NO.

ANGLE(bE_.)

#IEWING ZENITH

ULN _Uo AN_LE(DEG°)

I v-15

1 2

0-9 O-30

•_o (11) ._ (I_) .eb

19.3 (11) 19.3 (11) 19.3

-.b,7 (11) -.517 (1i) -.5i7

i_-27 .91 (II] .Ql (I_) .q_

ib.9 (ii} 19,3 [_I) 19,4
-.4bb (II) -.6_3 Ill) -.%_5

_7-39 ,%5 (i0) .96 (II) .92
_I._ (io) 20.5 (II) _0.5

-.5_U (i0) -.376 (I_) -.487

39-51 1.11 (ii) ],De (ii) 1.0G

2_._ (ii) 22.b (IL) _I,7

5_-63 1.27 (ii) 1,19 (lid I.I0

2_._ (ii) Z7,1 (ii) 22.9
-.Z2_ (lid -,299 (11) -.4Z2

b_-7_ 1.7_ (11) 1.46 (i_) I._5

44.3 ill) 38.5 (1t} 29.6
-.02_ (11) -.135 (1i) -.250

I_-9_ 2.2_ (i0) 1.77 (11) 1.3B
e2.3 (10} 49.3 {11) 33.5

-.u_9 (I0) -.1_2 (i_) -.202

SCENE TYPE _ CLEAR SNOW
DATA I - SW ANISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(W/_*_21SR)

3 - CDRFELATION OF LW AND SW RADIANC[S
( ) - DAT_ SOURCE

SUN ZENITH z 66._ - 72,5
MEAN ALBEDO z .6774 ( 14 )

NDRMALIZED ALEEDD _ 1.C151 ( 14 )

RELATIVE AZIMUTH

3 4 5 6 7 8
50-_0 50-_0 _C-120 120-150 1_0-171 171-180

(11} .8b (11) .8_ (ll) .86 (11) .86 (11) .86 (11)
(11) 1_.3 (11) 1_.) (11) 19.3 (11) lg.3 (I1) 1_.3 (11}
(11) -.517 (11) -.51? (11) -.517 (13) -._17 (11) -.)17 (11)

(11) ,87 (11) .8_ (11) .88 (11) .88 (11) .88 (11)
(11) lg.4 (11) 19._ (11) 18.2 (11) 18.8 (11} le.1 (11)
(11) -.;_1 (11) -.4_ (11) -.525 (11) -.481 (11} -.A21 (11)

(11) .e_ (11) ,8_ (11) .91 (11) .¢2 111} .93 (10)
(11) 20.0 (11) 1_.1 (11) 18.2 (11) 18.2 (11) 17.0 (10)
(11) -.551 (11) -.60_ (11) -.5_1 (11) -.A38 (11) -.,71 (10}

(lID ,_2 (111 .9_ (11) .9_ (11} .9_ (11) .q8 (11}
(11) 2u.O (11) 17.7 (llD 1e,9 (11) 18,6 (11} 1G,1 (11)
(11) °._24 (11) -,602 (11} -.516 (11) -.511 (11) -.42_ (11)

(11) ._4 (11) ._4 (11) .9_ (11) 1.02 (11) 1.02 (11)
(11) Z0.2 111) le.t (11) 19.3 (11) 17.5 (11) 16.6 (11)
(11) -._08 (il) -._?_ (1t) -.b02 (11} -._qO (11) -.462 (11)

(11) ._? (10) ._ (11} 1.05 (11) !.10 (11) 1.13 (11)
(11) _0.0 (10) 16.[ (11) 1_.7 (11) 17.5 (11) 16.3 (11)
(il) -.50_ (10} -._4_ I11) -.440 (11) -.507 (11) -,362 (11)

(11) 1.13 (|) 1.It { _) _.|_ (10) 1.16 (11) 1.1e (10)
(11} _4._ ( _} _0.) | _) _._ (1O) 16.1 (11) 15.4 (10)
(11) -.|90 ()) -,44_ t _) -.422 (10) -.506 (11} -,404 (101

2.00

1 75
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.
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bin NO. 1 2
A_lbC _ ( 0E6, ) 0-9 9-30

#ItwING LENITH

_IN hO. ANbLL(DEG.)

1 _-lb .81 (11) .81 (11)
14.a (IL) 14.3 (ILl

-._ (11) -.40e (h)

Z _9-Z7 .eb (II) ,O_ (I_)

14,6 (11) 14.4 (II)

-,_bb (lll -,336 (ii)

J _7-_9 .93 (Iu) *gZ IlL)

15,0 (I0) 16,5 (Ii)

-,279 (10) -.29Z (II)

% 39-51 1,1% (11] I*07 (ll)

L8,7 (1i) 18.2 (11)
-o191 (11) -,Z24 i11)

)_-6_ 1,3_ (11) 1.Lg ill)
i5._ (i_) 22.2 41_)

,G16 (i_) -,043 (11)

0 o3-75 2*09 (11) 1.76 (1L)
51.3 (ii) 3b,0 (11)
.Obl ill) -,05_ ill)

7 I_-9_ 3.0_ (i0) £,_1 (ii)
7_,7 (iO) 52,5 (1_)

.GIN (i0) ,01_ (11)

SCENE TYPE ! CLEJR SNOW
DATA 1 - SW JNISOTROPIC FACTOR

2 - STAhDARD DEVIATION OF SW RADIANCES(WIM_tZ/SR)

3 - CORFELATION OF LW AND SW RADIANCES
( ) - DAT_ SOURCE

SUN ZENITH t 7Z,_ - 78.5
MEAN ALBEDO ! .6T08 ( 14 )

NORMALIZED ALBEDO t 1.0(52 ( 14 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-bC bO-gO 9_-120 1ZO-15O 150-171 1Tl-180

• 81 (11) .81 (11) .81 (11) .81 (11) .81 (11) ,81 (11)
14,3 (11) 14,3 (11) 14.2 (11) 14.3 (11) 14.3 (11) 14.3 (11)

-.4OU (11) -.408 (11) -.40[ (11) -.4OB (11) -.408 (11) -,408 (11}

• 86 (11) .83 (I1) ,8£ (11) .83 (11) ,83 (11) ,83 (11)
1}.C (11) 14.8 (11) 14.2 (11) 14,2 (11) 14.1 (11) 13.4 (11!

-.372 (11) -.374 (11) -.3g_ (11) -,385 (111 -,3BO (11) -.376 (11)

,90 (11) .84 (11) .84 (11) ,8B (11) ,8T (11) ,8g (10)
14.9 (11) 15.Z (11l 14,4 (11) 13,7 (11) 13.T (11} 12.8 (10)

-,359 (11) -,_63 (11) -.4q( (11) -,410 (11) -,35_ (11) -,430 (10)

.97 (I1) ,8g (11) ,BE (11) .gO (11) ,g4 (111 ,94 (11)
17.2 (11) 19.Z (11) 13.E (11) 14.8 (11) 13.0 (11) 12.8 (11)

-.303 (11) -.410 (11) -,43; (11) -.381 (11) -,411 (111 -.334 (11)

1,12 (11) ,91 (11) ,91 (11) .97 (11) 1.02 (111 1,02 (11)
lb.3 (11) 15,0 (11) 14.1 (11) 14.9 (11) 13,3 (11) 13.2 (11)

-.183 (11) -,350 (11) -,424 (11) -.395 (11) -._02 (111 -.385 (11)

1.34 (11) ._3 (10) .q_ (11) l.lO (11) 1.16 (11) 1.1g (11)
Z5,4 (11) 16,b (10) 13,((11) 15.3 (11) 13.9 (111 14.1 (11)

-.110 (11) -,313 (10) -.43_ (11) -.288 (11) -.414 (11) -.257 (11)

1.55 (11) 1.18 (5) 1.1_ (5) 1.21 (10) 1,2q (111 1.33 (11)
3i.4 (11) _1.0 (5) 17.( (5) 14,9 (10) 13.b (I1) 13,4 (11)

-.UbO (11) -,2Z8 (5) -.332 ( 5) -,313 (10) -.385 (11) -.199 (11)
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(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.
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BIN NO,
ANbLE(DEb.)

¢IEWING LENITH
wiN h0, ANGLE(DEG.)

u-15 .73

-._71

Z l_-Z7

3 _7-39

6 b3-75

7 7_-_O

1 2
0-9 q-30

(11) .73 (ii)

(ll) 8,2 (Ii}

(II) -,471 {iL)

• Tg (ii} .79 [ii)

8.8 (li] g.C {11)
-._29 (Ii] -._3g (I_)

• g3 (10] .88 (Ii}
8.Z (10) 9.3 {1i)

-.27_ (_u) -.350 {1.)

1.14 [IL) 1.97 (1_)

10.5 (11) 10.4 (ll)
-.157 (II) -,Zb6 (II)

1._1 (10) 1.35 {11)
16._ (_0) 14.8 (1,)

.008 [10) -.078 (Ii)

2.74 (11} 2.07 (11)
45.3 (11) 29.2 (1_)

• 021 (Ii) .054 (Ii)

4._3 (I0) 3,02 [II]

b3.5 (i_) 43.2 {ii)

-,085 (IO) ,019 (II}

SCENE TYPE _ CLEJR SNOW

DATA I - SW ANISOTROPIC FACTOR

Z - $TAtDARD DEVIATION OF SW RADIANCES(WIM**21SR)
3 - CDREELATION DF LW AND $W RADIANCES

{ ) - DATJ SOURCE

SUN ZENITH ! 78,5 - 84.3
MEAN ALBEDO z .6_02 ( 1_ )

NORMALIZED ALEEDO i .9744 ( 14 )

RELATI#E AZIMUTH

3 4 5 6 7 8
30-60 60-g0 gC-120 120-150 150-171 171-180

• 73 {11) .73 {11) .7_ (11) .73 (11] .73 (11) .73 (11)
_._ (11) 8.2 (11) e.2 (11) 8.2 (11) 8.2 (11) 8.2 (11)

-.471 {11) -.471 {11) -.471 (11) -.471 (11) -.471 (11) -,471 (11)

• 77 (11) .74 (11) .74 (11) .76 (11) .76 (11) .76 (11)
8.g {11} 8.9 (11) 8.7 (11} 8.5 (11) 7.B (11) 8.1 (11)

-.4_ (11) '.458 (11) -.431 (11) -,46_ (11) -.&78 (11) -,4_0 (11)

.83 {11) .79 {11) .7_ (11) .80 (11) .81 (11) .85 (10)
lO.Z (11) 8.4 (11) 8,e (11) 8,2 (11) 7,8 (11} 8,0 (101

-.3_3 (11) -.441 {11) -.482 (11) -.46_ (11) -.464 {11) -.P_7 (10)

• q_ (11) .84 (11) .8C (11} .83 {11) .90 (11) .90 {11)
g.3 (11) b.4 (II) 8. E (11) 8.6 (11} 7,7 [11) 8.2 (11)

".3u8 (1i) -.363 (1i} -.42_ (11) -,34_ {il) -.k25 {11) -.354 (ii)

1.13 {11) ,88 (11) .8[ (11) .gZ (11) 1,01 (11) 1,01 (10)
11.4 (11) 8,b {11] 8.1 (11) 8.9 {11) 7.7 (11) 7,7 (10)

-.046 (ii| ".300 (ii} -.40_ (111 -.306 (11) -_387 {11) -._4? (10)

1._4 (11) ,g3 (10) ,_) (11) 1,11 (11) 1.21 (11) 1,Z4 (11)
18.1 (11) 9.7 (lO) 8._ (11) 9.8 (11) 8,_ (11) 8,8 (11)
•012 [11) -.324 (10) -,52¢ (11) -.225 (11) -,335 (11) -.300 (11)

1,99 (10) 1.35 (5) 1.Z_ (5) 1.31 (10] 1.44 (11) 1._0 (10)
Z3._ (1C) 14,5 (5) 11,; (5) 10.e {10) 9.6 (11) 9,C (10)
• 05_ {1_) -,185 (5) -,33_ [ _) -.254 (10) -.390 (11) -,277 (10)
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(i) Solar-zenith-angle bin 9, 78.46 ° to 84.26 °.

Figure 9. Continued.
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ORIGINAL pAGE IS

OF pOOR QUALITY

BIN ND. 1 Z

ANGL E ( D EG , ) 0-9 9-30

VI_LNG LEN|TH

DiN NO, ANGLE(DE_,}

J-l_ .67 (11) .b7 (11)

2.4 (Ii) 2.6 (i_)

-,qll (II) -.611 (11)

• >-a7 ,76 (!0) .76 (I0)

2.6 (10) Z.5 (10)

-.34b (I0) -.638 (lb)

3 _7-39 .85 (_) .e2 [Ib)
2.7 (q) 3.0 (_u)

-,239 ( 9) -.337 [i0)

_9-5_ *.12 (I0) l. U5 (_u)
3.6 (/0) 3.0 (ib)

-,26b (i0) -,231 (lu)

5 _l-b3 1,61 (i0) 1.42 (i_)

5.9 i/U} 5.0 (I0)
-.17_ [iO) -,036 {iu)

o _J-75 3.i0 (i01 2.3E (i_)

ZC,2 (I0) 11.6 (11}

-,05v (I0) -.013 (i_)

7 f_-90 5._0 (g) 3.07 (10)
29.8 { q) _7.8 (lu)

-.028 ( 9] -.173 (lul

SCEh£ TYPE t CLEAR ShOW
DATA 1 - SW _NISDTROPIC FACTOR

? - STANDARD DEVIJTION DF SW RADIANCES(WIMe_21SR)
3 - CDRIELATION OF LW AND SW RADIANCES

( ) - DATJ SDURCE

SUN ZENITH s 86.3 - qO.O
MEAN ALBEDD = .618_ ( 16 )

NORMALIZED ALBEDO = ,9E75 ( I6 )

kELATIVE AZIMUTH

3 4 5 6 7 8

30-60 bO-qC 9(-lZO 120-150 150-171 171-180

,o7 (Ii) .67 (II) .67 (I11 .6T (II( .67 (I11 .67 (If)

2,6 (11) 2.6 (11] 2.4 (Ii} 2,4 (1]) 2.4 (11) 2.6 (11]

-.611 (lll -.611 (I1) -.611 (11) -o611 (11) -.411 (11] -.611 (11}

,73 (i01 .b7 (i0) ,6E liD) ,68 (I0) ,70 410} ,72 (101

2._ (I0) _o7 (I0} 2._ liD) _,9 (I0) Z,_ (I0] _o_ (I01
-,411 (10) -.369 (IC) -,305 (iC) -,356 (i0] -.600 (I0) -.458 (10)

.76 (I0) .72 (i0) .7_ (iO) ,74 (IO) ,76 (I0) .83 ( 9)

_.9 (Iu) 2,5 (i01 a.E (iO) Z,8 (lO) 1,3 (lO) _.7 ( _)

-,668 (101 -._lZ (10} -._7_ (10) -.368 (lO) -,_T6 (lO) -,331 ( q)

• 91 (10) .79 (10) ,77 (lO) ,T8 (lO) .83 (10) .86 (lO)
3.1 (10) 2.5 (10) 2.5 (101 3.1 (1O) 2.3 (lOI z.q (1CI

-.28o (lO) -.323 (1C) -._05 (10) -,196 (lO) -.38Z (lO) -.225 (lO)

l.i_ (I0) .82 (I0} ,8! (I0) ._ (tO) 1.01 (lOl .qq (I0)

3.b (10) _.7 (10} Z._ (10) 3.Z (10) 2.6 (10) 2.5 (101
1,058 (10) 1.1Z5 (10] m'_04 (1O) --'333 (10) --'368 (10) --.Zk8 (101

1.o6 (iO) .Qb (i0} .q_ (iO) l.lb (I0) 1.28 (II) l,ZP (i01

6.1 (10) 3.7 (10) 3.C (10) 3.5 (lO) 3,Z (11) 3.7 (10)
-.17_ (10) -,227 (10) -.kl_ (lO) -._0_ (lO) -,314 (11) -.18_ (lOI

Z.3Z (10) 1.50 (5) 1.35 (5) 1.48 (q) 1.Sq (10) 1.b7 (9)
8.8 (10) 5,4 ( 5] 6,3 ( 5) 4.1 ( q) 3,4 (10) 3,1 ( 9)

-.ZZ9 (10) -.19_ ( 5) -.Z6_ ( 5) -.015 ( _) -.Z85 (lO) -,_23 ( q)

2.00

1.75

1.50

_b1.25

1.00
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(j) Solar-zenith-angle bin 10, 84.26 ° to 90.00 °.

Figure 9. Concluded.
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SCENE TYPE s CLEJR DESERT
DATA 1 - SW JNISOTROPIC FACTOR

Z - STANDARD DEVIATION Of SW RADEANCES(WINee21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH : ,C - 25.8
MEAN ALBEDO : .2369 ( 14 )

NORMALIZED ALBEDO s 1.0C00 ( 16 )

RELATIVE AZIMUTH

BIN NO, I Z 3 4 5 6 7 B
ANGLe(DE6,) C-q q-30 30-60 60-_C QC-120 120-150 150-171 171-180

VI_wIN_ ZEhLT_
bin NO, ANbLE(bE_,)

1 0-15 1.o7 (1l) 1.07 (11) 1.07 (11) 1.07 (111 1.07 (11) 1.07 (11} 1.07 (11) 1.07 (111
23,_ (111 23.0 (111 23.0 (11) 23.0 (11) 23.C (111 13.0 (11) 23.0 (11) 23.0 (11)

-.lOJ (11) -.lu_ (11) -.10G (11) -.100 (111 -.10C ill) -.I00 (111 -.100 (11) -.100 (11)

Z 1_-27 1._b (i0) ._g (11) 1.03 ill) 1.04 (11) 1.0_ (11) 1.08 (11) 1.09 (11) 1.12 (11)
23.8 (1_) 24.1 ill) 14._ (lid 24.0 (11) 23.C (11) 22.7 (lid 21.6 (Ill 22.0 (11)

-.DZo (10) .004 (lid -.OlO (11) -.081 (11) -.09_ (11) -.194 (11) -.227 (11) -.252 (11)

3 17-30 .q_ (101 .98 {11) 1.01 (11) 1.01 (11) 1.O_ (11) 1.05 (11) 1.09 ill) 1.08 (10)
23.8 (10) 2_.2 (1_) Z4.2 (11) 2_.1 (11) 23.4 (11) 22.4 (111 22.3 (11) 21.6 (101

-.Oeb (10) -.Oe? (i_] -.0_5 (111 -.130 (111 -.176 (11) -.229 (Ii} -.229 i11) -.292 (101

_9-_1 ._2 (1C) .q_ (111 .q_ (11) 1.00 (11) 1.0_ (111 1.02 (11) 1.05 (11) 1.03 (11)

2_.t (101 24.e (11) 24.7 (11) 24.0 (11) 23._ (11) 22.3 (11) 22.8 (111 22.4 (11)
.04_ (101 -.103 (111 .01_ (11) -.O4Q (11) -.151 (11} -,214 (111 -.188 (11) -.136 (11)

_1-b3 ._1 (10) ._3 (111 .ql (lid .qB (10) .94 (lid 1.01 (lid 1.02 (Ill 1.01 (11)
23.u (13) 24._ (1.) _.o (111 24.0 (10) 22.E (I1) 22.1 (111 22.4 (11) 22.3 (11)

-.o_e (10) -.O_ (11) .031 (11) -.064 (10) -.14_ (11) -.149 (111 -.190 (111 -.153 (11)

b 0_-7_ ._ (10) .93 (111 .91 (11) .94 (11) .97 (11) 1.00 (11) .98 (11) .99 (11)
Z_._ (iu) 2_.1 (11) 23.5 411) 2_.4 (11) 22._ (11) 20.9 (111 21.5 (111 21,3 (111

-.0_2 (101 -.142 (111 -.Oq_ (11) -,161 (11) -.2_( (111 -.148 (11) -.110 (11) -.1_9 (11)

7 75-_ ._ (lO) ._3 (10) .go (11) ,@7 (10) .9E (101 .98 (101 .96 (11) .98 (10)

_.7 (10) 21.9 (1_) 21._ (Ill 18.8 (lO) lq.C (lO) 18.b (10) 18.2 (11) 20.0 (10)
-.153 (10) -.13_ (101 -.0_7 (11) -.093 (10) -.27_ (10) -.214 (10) -.094 (11) -.242 (10)

2.00 --

1.75 --

1 " 50 l

F--
0

1.25 --
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(a) Solar-zenith-angle bin 1, 0° to 25.84 °.

Figure 10. Bidirectional model for clear over desert. (See table 5 for explanation of data sources.)
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ORIGINAL PAGE IS

OF POOR QUALITY

ANGLf(DEG.) 0-q q-3C

SCEHE TYPE I CLEAR DESERT
DATA 1 - Sw $NISOTRDPZC FACTOR

2 - STANDARD DEVIATIDN OF SW RAOIANCES(WIHee21SR)
3 - CORFELATIDN OF LW AND SW RADIANCES

( ) - OATA SOUPCE

SU_ ZENITH ! 2_,E - 3b.%

MEAN ALBEDO ! ,2388 [ 1_ )
NUE_ALIZED ALBEO0 ; 1.0080 ( 1_ )

RELATIVE AZIMUTH

3 _ 5 6 T e
30-60 60-%0 9C-120 120-1_0 150-171 1Tl-180

VLtWLN_ _LNITH

_-15 .gV (11) ,g9 (11) ,Qg

24,4 (11) 2_.& (1_) 2_._
•ogG (11) .U9¢ (11) ,09G

Z i_-Z7 .9_ (iv) .$g (lu) ,99

ZS.O (10) 24,o (LO) 29,6
-.Or7 (i_) ,155 (L0) ,008

3 _1-3_ .99 (10) .Q5 (1v) .q2

26._ (10) 26.9 (LO) 2_.7
-.OZ_ (I0) -.0;4 (1_) -.037

39-_1 .8_ (IO) ._9 (11) .87
_._ (lOJ 27.1 (_1) 24._
,0_ (10) -.01_ (11) .0_

_1-o3 ._ (10) ._C (_0) ,go
l_._ (I_) 26.7 (10) 25,7
• O1_ (iv) -.0_6 (_O) -.037

6 o5-7) 1,00 (iO) ._2 (11) ,8_

Z7._ (10) 24.2 (1_) 23.8
-.1_ (10) -,I2_ (11) -.023

7 7_-90 1.11 ( 9) 1.C2 (lu) .9_

lo,_ ( 9) 2_.9 (i0) 2_.2
-,13_ ( 9) -.2_1 (10) -,Obb

(11) ,g9 (11) ,9; (11) ,Qg (11) .99 (11) ,99 (11)
(11) 2..4 (11) Zk.; (11) 2_,k (11) 2..* (11) 2_,4 (11)
(11) ,090 (11) ,OgC (11) .090 (11) ,OqO (;1) ,090 (11)

(11) ,97 (11) 1,01 (11) 1,05 (11) 1,08 (10) 1,16 (10)
(11) 2;,3 (11) 25,((11) 2_.2 (11) 23,7 (10) 23,0 (10)
(11) -,003 (11) ,01; (11) -,015 (11) ,080 (10) -,055 (10)

(10) ,_5 (10) ,gE (10) 1,Oh (10) 1,17 (10) 1,1B (10)
(10) 22.3 (10) 22,2 (10) 22,0 (10) 2_,7 (I0) _1,3 (101
(10) ,102 (10) -,06_ (10) -.013 (10) -,0_2 (10} ,045 (10)

(10) ,_7 (10) 1,01 (11) l,lk (1C) 1.15 (11) 1,21 (10)
(10) 25,0 (10) 2_,_ (I1) _.b (10) 23,7 (11) 2),9 (10)
(10) -,C89 (10) -,11¢ (11) -.108 (10) -,029 (11) -,068 (10)

(1C) 1.O1 (10) ,g_ (1C) 1,10 (10) 1,13 (10) 1,16 (10)
(1C) 27.2 (10) Z3,2 (10) 26.0 (10) 22,_ (10) 22,7 (10)

(10} -.102 (10) ,01] (10) ,058 (10) -,022 (10) .026 (10)

(11) ,_3 (10) .q_ (10) 1,03 (10) 1.17 (11} 1,10 (11)
(11) 26._ (10) 21._ (10) 2_,_ (10) 2_,0 (I1) 20._ (11)
(11) .Z_3 (10) -.00_ (10) -,103 (10) -,1_ (11) -,003 (11)

(10) ._9 (8) ,_ (5) 1,05 (6) 1,1_ (10) 1,10 (10)
(10) Z5.6 (B) 22,£ (5) 23.7 (6) 22,0 (10) 19,6 (10)
(10) .132 (B) .034 (_) -,0_ (6) -.0_5 {10) -,06_ (10)

2.00

1.75

rv" 1.50
O
F-
t.)
<_ 1.25

rv.

.75

Z
"< .50

.25

AZIMUTH BIN

I I I I I I I 1
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4

QO
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1.75

_," 1 50
0
I--
0
•< 1.25
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0
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m

0
rv"
F.- .7S
0
U')

7

<C .50

.25

0
0

AZ|UUTH BIN
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lo _o _,o 40 SO eO _0 _0
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(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 10. Continued.
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BLN NO, 1 Z
ANGLE(DiG,) 0-9 9-30

VIEW1N_ ZEhlfH
oIN N_, AN_LE(DEG,)

i u-l_ .g3 (ii) .93 (11)

25.b (II) 25.8 (li)

-.179 (ii) -.17Q (ll)

Z Ib-2? .92 (iO) .84 (io)
2_._ (i0) 26., (io)

-,Z81 (I0) -.319 (i0)

3 _7-39 .8b (10) .69 (10)
27,7 (10) 2b,8 (IO)

-,3bb (10) -.17b (10)

4 39-51 ,9_ (ld) ,8b (ll)
30.4 (10) 28.0 (11)

-.2_7 (10) -,135 (11)

5 51-6_ ._ (10) .89 (I0)
29.3 ilO) _7.5 (lO)

-o251 (IU) -,171 {Id)

b o_-75 1,O2 (10) .97 (11)
30.e (10) 28,5 [ll)

-.241 (IO} -.221 (1.)

? 7_-90 1.13 (10) 1,12 (lu)
zg.& (iO) 28.6 (Ib)

-._31 (i0) -.464 (iO)

SCENE TYPE _ CLEAR DESERT
DATA 1 - SW ANISOTROPIC FACTOR

2 - STANDAPD DEVIATION OF SW RADIkNCES(WINe_2ISR)

3 - CORRELATION OF LW AND $W RADIANCES

( ) - DATA SOURCE

SUN ZENITH : 36.q - 45.6
MEAN ALBEDD : .2411 ( 1_ )

NORMALIZED ALBEDO : 1.0177 { 14 )

RELATIVE AZIMUTH

3 4 5 6 7 B
3O-bO 60-90 9C-120 120-150 1_0-171 171-180

.93 (11) ,g3 (11) .9) (11) .9) (11) .g3 (11) .93 (11)
25.8 (11) 25,8 (11) 25.E (11) 25.8 (11) 25,8 (11) 25.8 (I1)

-,17g (I1) -.179 (11) -.17_ (11) -.179 (11) -.179 (11) -.17_ (11)

,92 (11) .9S (11) .q7 (11) 1,02 (11) 1.04 (1O) 1,08 (10)
26.O (11) 2b,1 (11) 25.1 (11) 25.7 (11) 25,5 (101 27.3 (10)

-,237 (11) -,206 (11) -.28_ (11) -,244 (11} -.115 (10) -,297 (10)

•B7 (I0) .93 (i0) .97 (10) 1.1D (10) 1.12 (i0) 1.13 (q)

26.9 (10) 25.7 (10) 26.4 (10) 24.9 (10) 23.3 (10) 23.4 (9)
-,lq_ (IO) -.lbl (10) -,28_ (1C) -.305 (10) -.173 (10) -.192 (9)

,90 (10) .95 (10) ,97 (11) 1,11 (10) 1.16 (11) 1.28 (10)
28,1 (10) 26,3 (lO) 26,_ (11) 2_.2 (10) 23.6 (11) 23.1 (10)

-o210 (10} -.30_ (10) -.261 (11) -o346 (10) -.285 (11) -,2_3 (10)

.94 (10) ,92 (10) 1.0C (10) 1.14 (10) 1.20 (10) 1,24 (10)
_7.3 (10) Z6,6 (10) 25._ (10) Z4.9 (10) 24,0 (10) 24._ (10)

-.18b (IO) -.38_ (10) -,154 (10) -,3el (10) -.315 (10) -.235 (10)

1.03 (11) .90 (10) ,96 (10) 1.12 (10) 1.22 (11) 1,25 (11)
_7.2 (11) 2_.4 (10) 24.2 (10) 24.8 (10) 23.5 (11) 23.1 (11)

-.180 (11) -.189 (10) -.18C (10) -.257 (10) -.306 (11) -.229 (11)

1.05 (10) ,91 (7) 1.OC (_) 1.19 (_) 1.22 (10) 1.28 (10)
26.5 (10) 25.3 (7) 24.C (5) 22.4 ( 8} 21.5 (10) 20.4 (10)

-.26b (10) .043 (7) -.16_ (_) -.359 (8) -.269 (10) -.19_ (10)
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.,( 1.25 --
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_ .75 --
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(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57 °.

Figure 10. Continued.
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ORIGINAU PAGE IS

0_ POOR QUALITY,

_IN NO.

ANGLE(DEG.)

#IkwING ZENITH

_I_ NO, AN_LE(DEG,)
i u-15

I Z

0-9 q-30

• 90 (113 .90 [11) .90

19.7 (II) 19.7 (Ii) 19.7

-,216 (ii) -.216 (II) -,216

_-27 ,d5 (_0) .82 (i0) ,_7

20.b (I0) 20,0 (_0) 21.0
-,o_J (i_) -.305 (I0) -,226

ZY-39 ,OZ ( 9) .b5 (iu) .8_

19,9 ( q) 21,@ (I0) 21,G

-.0_9 ( 9) -,25_ (iv) -.Z_3

39-51 ._ (ID) ,e3 (I03 .87
20.6 (10) 20.2 (lu) 21.7

-.llb (Io) -,I_7 (xu) -,236

5,-63 ,97 (i03 ,87 (Iu) ,ql

13.3 (10) 20,i (i03 20._
-,ZZE (I0) -.15_ (l&) -,155

63-75 l.Ub (103 .9! (lO) ,99
2%.2 (i0) 20,9 (10] ZI,9

-,43_ (I¢) -,315 (lu) -,293

75-90 I.ZB (q) 1.16 (I03 Â.Oh

2Z._ [ q) 22,5 (1_) 21.9

-,42_ (q) -,3_9 (._) -.311

SCENE TYPE t CLEAR DESERT
DATA 1 - SW _NISOTROPIC FACTOR

2 - STAFDARD DEVIATION CF SW RAOIANCES(N/N$_21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATI SOURCE

SUN ZENITH t ¢5.6 - 53.1
MEAN _LBEDD s .Z437 ( 14 )

NDRMALIZED ALBEDg I 1.0287 ( 14 )

RELATIVE AZIMUTH

3 _ 5 6 ? 8
30-60 60-90 9C-120 120-150 150-171 171-180

(11) .gO (11) .9¢ (11) .90 (11) ._0 (11) .90 (11)
(11) 19.7 (11) lq.T (11) 1_.7 (11) 1Q.7 (11) 1_.7 (11)
(11) -.21b (11) -.21t (11) -.216 (11) -.216 (11) -.216 (11)

(10) .B8 (11) .9_ (11) .98 (10) 1.04 (I0) 1.04 (10)
El&) lgoQ (11) 19._ (11) 20.8 (10) lg.8 (10) 19.7 (10)
(10) -.14, (11) -.28E (I1) -.304 (10) -.277 (10) -.11C I10)

(lO) ,89 (10) ,9t (10) 1.07 (1C) 1.17 (103 1,1? (9)
(10) 21,0 (10) 20,2 (10) 21,3 (103 20,4 (103 Zl,3 (9)
(103 -,111 (103 -,31_ (103 -,31_ (103 -,302 (103 -,1_6 (9)

(10) ,¢¢ (10) .95 (10) 1,11 (103 1,Z7 (10) 1,33 (10)
(10} 20.6 (10) lq.? (10) Zl.4 (10) _0.6 (10) 21.1 (10)
(10) -.259 (10) -.ZSC (10) -.452 (lO) -.315 (10) -._45 (10)

(lv) ,86 (10) 1,0_ (I03 1,13 (10) 1,_ (10) 1.39 (103
(10) 19.6 (10) 21.? (lO) 20._ (10) 21.1 (10) 21.0 (10)
(10) -,387 (10) -,33_ (10) -,321 (lO) -,3_3 (10) -.270 (10)

(lO) ,_C (10) 1.0_ (10) 1.20 (10) 1,38 (11) 1,41 (10)
(10) 18,9 (10) 21,1 (10) l_,Z (103 ZO,4 (113 20,4 (103
(103 -,37e (10) -.41_ (10) -.ze_ (103 -,35e (113 -,3_ (103

(103 .85 (7) 1.0_ (5) 1,23 (9) 1.39 (103 1._ (10)
(1_) 1_,1 ( 73 l?.e (_) 15.0 (Q) le,e (10) 20,e (10)
(1c) -.06_ (7) -.25_ (5) -.113 (q) -,3_? (103 -,1_1 (10)

2.00

1.75

n,, 1.50
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(d) Solar-zenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 10. Continued.
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61N NO. l 2
ANGL_(D_b.) _-9 9-30

CZcWING LcN1Th
oLh NO, ANGLE(D£G,}

1 u-lb .b5 (10) ._5 (10) ,85 (10) ,85

_q._ (10) 14.4 (iV] 14,4 (10) 14,4
-.2_q (10) -._39 (10) -.239 (IC) -.239

2 1_-27 .bu ( 8) ,BD ( O) ,_ ( 9) °88

Ib.O [ 8) 18.5 ( 8) I6.b ( 9) 14.6
-o_74 ( 8) -.50_ ( b) -.U89 ( 9) -.135

_7-39 ._5 | 7) .86 ( 8) .79 ( 9) ,82
21._ ( 7) 13.8 ( 8) 1_,2 ( g) 12,7

-,_75 ( ?) -°330 ( _) -,11; ( q) -.299

3_-51 .88 ( 8) ,?q ( g) ,75 ( 9) .85
18.8 (d) 13,9 (9) 11._ (_) 17.4
• 1_8 (8) -.207 ( 9} .053 (9) -.181

lb._ ( 8) 10.5 ( 8) 13,3 ( 8) 16.9
.11_ ( 8) -.Z_7 ( b) -.ZUO ( b} -.397

6 _3-7_ 1._a ( 8) 1,02 (10) ._3 ( 9) .86
19.7 ( 8) 16.t (i0) 15°_ ( q) 13,8

-,5_1 ( 8) -._5 (10) -.ISO ( q) -.445

7 Ib-9_ L._l ( _) I,i_ ( o) 1,1Z ( 8) 1,0_
17.3 (b) 15.C (8) 14._ (8) 14.3

-.bOu ( 6) -o659 ( U} -._bb [ 8) -.472

SCENE TYPE * CLEAR OESERT
DATA 1 - SW _NISDTROP|C FACTOR

2 - STANDARD DEVI_T|ON OF S_ RAD|ANC_$(WIN$$ZISR)
3 - CORGELATZON OF LW ANO SU RAOZANCES

( ) - OATA SOURCE

SUN ZENITH x 53.1 - 60.0
MEAN kLBEDO z ,2471 ( 1¢ )

NOR_AL[ZEO ALBEO0 _ 1.0431 ( 14 )

RELATIVE AZ|_UTH

3 _ 5 6 7 B
30-60 80-90 9C-120 120-150 1_0-171 171-180

(10) .85 (10) .85 (10) .85 (10) ,85 (10)

(10) 14.4 (10) 14.4 (10) 14,4 (10) 14.4 (10)
(10) -,23_ (10) -.239 (10) -.239 (10) -,239 (10)

(g) .8; (9) 1.00 (9) 1.04 (q) 1,00 (8)
(9) 13.t (q) 17.8 ( 9) 18,2 (q) 1_.3 ( e)
( 9! -,17_ (9) -.373 (9) -.310 (q) -.095 (B)

(B) .9_ (O) 1.10 (8) 1.16 (8) 1.22 (7)
(8) 13.E (8) 16.2 ( 8) 17,k (B) 20.0 (7)
(8) -.33_ (8) -._82 ( 8) -.24_ (8) -,3_ (7)

(10) ._ (9) 1.13 (9) 1.32 (9) 1.34 (8)
(10) 18._ (9) 17.0 (9) 16.0 (9) 14.0 (8)
(10) -.26_ (9) -.352 ( 91 -.376 (9) -.229 (8)

(9) 1.02 (9) 1.18 (9) 1.42 (0) 1.53 (B)
(9) 1_._ (9) 15.3 (9) 18.7 (8) 16.2 (B)
(9) -.Z82 (9) -.350 (9) -.52_ (8) .054 (0)

(9) 1,0_ (9) 1.29 (10) 1.5_ (10} 1,62 (9)
(9) 13.2 (9) 16.7 110) 16.3 (10) 17,5 (9)
(9) -._;1 (9) -.257 (10) -.107 (10) -.105 (9)

(5) 1.16 (5) 1,39 ( 8| 1.66 (9) 1.73 (8)
(5) 1_._ (5) 15.7 (8) 17.1 (9) 16.0 (8)

(5) -._7_ (5) -._2_ (8) -.273 (9) -.067 I 8)

200_ 2.00

1.75_- t .75

!

 ,.so F  ,.so

1,25

E _.oo n°.,-_.00

0 .75

- AZIMUTH BIN

I _ ._o

T.... T._
.25 4.

o i ] I i I I I I_I
o _o g0 _o 40 so 60 70 _9 @0

VIEWING ZENITH ANGLE( OEG )

_ I/

AZIMUTH BIN
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure I0. Continued.
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61N NO.

VIEN£N_ Z_NITH
DIN hO, AN_Lt(OEb.)

J _7-Jg

51-63

o 63-75

7 75-9U

0-9 9-30

.o_ (16) .82 (io)
11.o (13) 11.6 (133
oOO0 (u) .OOC ( O)

.75 (_u) ,7_ (16)
I_,4 (13] 14,6 (13)

,OOv ( O] ,OCC (O)

• le (16) .78 (16)
Ib,e (13) 10.6 (133
.OOb (O) .000 (_)

• Do (lb] .85 (lo}
15.b (13) 12.5 (i33
._0_ (O) .000 (O)

1.01 (]6) .q9 4163
14,k (13) I0,_ (13)
,00_ (O) ,OOC (O)

1.2_ (163 1,16 (1o)
18.4 (lb) 13.6 (13)
.o_0 (O) .OOC ( O]

1.6_ (16) 1.50 (16}
17., (13) _7.1 (_33

.00_ (U) .OOC (O)

SCENE TYPE 8 CLEJR DESERT
OAIA I - Sk JNISOTROPZC FACTOR

Z - ST_FDARD DEVIATION OF SW RADIANCES(klMe$2/SR)

3 - CORRELAT|ON OF LW AND SW RAD|ANCES
( ) - DATA SOURCE

SUb ZENITH I 60oC - 66.4
MEAN ALBEDO ; .2_17 ( 14 )

NORhALIZEO ALBEDD _ 1.OE2_ ( 14 I

RELATIVE AZIMUTH

3 4 5 6 7 8
30-6C OO-gC 9C-120 120-150 1_0-171 171-180

• 82 (163
11.6 (13)
.OOu O)

.76 (16)
lZ.5 (13)
.Ou¢ OI

.77 (16)
1d.7 (13)
• 000 O)

.82 (16]

10.5 (13)
• 000 O)

.92 (16)
12.7 (133
• 0_0 0)

1.0_ (16)
i4.7 (13)

.000 O)

1.37 (16)
14.7 (133
• 000 O)

.82

11.6
.OOO

.60
11.3
.000

.80
10.3
.O_O

.82
14.0
.000

.87

.000

.96
IZ.6

,000

1,17
13.4
,000

(16) .82 (16)

(13) 11.6 (133
(O) .00C (O)

(163 .BE (16)
(13) 11,( (133

O) .OOC (O)

(16) .8_ (16)
(13) 10._ (13)

O) .OOC (O)

(16) ._ (16)
(13) 14._ (13)

O) .OOC (O)

(16) .9_ (16)
(133 11.6 (13)

O) .OOC (O)

(16) 1.0_ (163
(133 11.1 (13)

O) .00£ (O)

(16) 1.2] (16)
(13) 12._ (13)

O) .OOC (O)

.B2 (16)
11.6 (133
.000 O)

.94 (16)
16.0 (13)
.000 O)

1.02 (16)
12.5 (133
• 000 O)

1.10 (16)
13.8 (133
• 000 O)

1.19 (16)
12.8 (13)
• 000 O)

1.28 (16)
13.8 (133
.DO0 O)

I._7 (161
13.9 (133
.OOO O)

.82 (16)
11.6 (13)
.000 O)

.g9 (16)
14.4 (133
.000 O)

1.10 (16)
13.7 (13)
.000 O)

1.22 (16)
12.3 (13)
.000 O)

1.35 (16)
14.6 (13)
.000 O)

1.47 (16)
13.0 (133
• 000 O)

1,70 (163
14.5 (13}
.CO0 Ol

• 82 (16)
11.6 (13)
.DO0 O)

1.OC (16l
12.7 (133

.OOO O)

1.12 (16)
15.3 (13)
• 000 O)

1.25 (16)
10.9 (13)
.000 O)

1.3q (16)
12.3 (1_)
.000 O)

1.53 fib)
13,7 (13)

.000 01

1.76 (16)
13.6 (13)
• OOO O)

2.001_

1 75

)1.50

1.25

1.00

_ ,75
0
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(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.

Figure 10. Continued.
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SIN NO,
ANGLE(DEG,)

VLEV_NG L_N1TH
DIN NO. ANGLE(DEG,)

L J-15

3 _7-39

5 _1-b3

b _3-75

7 7_ -90

1 Z
O-q q-30

.77 (lb) .77 (lo)
B.7 {13) 8,7 (13)

,000 O) ,OCC { O)

• 73 (lb) ,73 {16)
9.6 (13) 11.2 (23)

.OOu O) .OCO (O)

• 78 (16) .77 {16)
13._ {13) 8.4 (13)
• 00o O) .OOu (O)

.86 (16) .87 (lo)
lZ.e (13) 10.1 (13)
.OOO O) .ODD (O)

1.Gb (_6) 1.03 (16)
IZ.O (13) _._ (13)
.o_u O) .OoG (O)

1,33 (16) 1,29 (lo)
lb.1 (13) 11,8 (13)
.000 O) .000 (O)

1.94 (16) 1.d7 (16)
_7._ (13) 16,3 (13)
• 000 O) .OOC { O)

SCENE TYPE I CLEtP DESERT
DATA 1 - SW _NISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RAOIANCES(WI_$ZlSR)
3 - CORRELATION OF LW ANO SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH : 66,4 - 72,5
_EAN ALBEDO I .2!81 ( 14 )

NORMALIZED ALBEDO | 1.0Eg5 ( 14 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 60-90 qC-120 120-150 150-171 171-180

,77 (lb) .77 (16) .7T
8.7 (13) 8.7 (13) 8.T

,000 (O) .000 (O) .OOC

.73 (16) .75 (16) ,8C
9,6 (13) 8.5 (13) 8.2

,000 ( O) .DO0 (O) .00¢

• 75 (16) .76 (16) °8_
8.4 413) 7.q (13) 8.C

.000 ( O) ,OOO (O) ,00(

,8Z (16) .80 (16) .8E
8.4 (13) 10.8 (13) 11,2

,OCC ( O) ,000 (O) ,OOC

,94 (16) .87 (16) .95
10.4 {13) 11,3 (13) 9.2
.OuO ( O) .000 ( O) .00C

1,14 {16) 1,00 (16) 1.07
12.6 {13) 10,5 (13) 9,1
,000 { O) ,DOG (O) ,OOC

1.62 {16) 1.35 {16) 1.3_
13.9 (13) 12.3 (13) 11,3
• OO0 (O) .000 (O) .OOC

(16) ,77
(13) 8,7

O) ,000

{16) ,87
(13) 10,3

D) ,OOO

(16) .95
{13) 9.3

O) .000 (O)

(16) 1.04 (16)
(13) 10.* (13)

O) .000 (0)

(lb) 1,16 {16)
(13) 10.0 (13)

O) .000 ( O)

(16) 1,32 (16)
(13) 11,4 (13)

O) ,OOO (O)

(16) 1,71 (16)
(13) 12,q (13)

O) .000 (O)

(16) .77 (16) .77 (16)
(13) 8,7 (13) 8.7 (13)
(O) .CO0 (O) .ODD { O)

(16) ,q2 (16) ,93 (16)
(13) 10.7 (13) _.4 (13)
(O) .COO (O) ,OOO (O)

(16) 1,03 (16) 1,05 (16)
(13) 10,2 {13) 11,4 (13)

.000 (O) .OOO (O)

1,16 (16) 1,1_ (16)
g.3 {131 8.3 (13)

.000 (O) .OOO (O)

1,32 (161 1,3T (16)
11,6 (13) 9.6 (13)
.000 (O) .000 (O)

1.53 (16) 1,5q (16)
10,8 (13) 11,4 (13)
,000 (O) ,000 (O)

1.9q (16) 2.07 (16)
13.6 (13) 12,8 (13)

.OOO (O) .OOO (O)

=

2.00 --

1.75 --

IZ 1.50 --
0
I--
0
•,_ 1.25 --
b.

0

_- 100 --
0
rw

.75 ....
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 10. Continued.
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ORIGINAl: PAGE IS

OF POOR QUALITY.

BIN NO, i 2
ANGLE(DEG,) 0-9 9-30

VlEwINb ZENITH
din NO= ANGLE(OEG,)

I O-L5 ,76 (12} ,76 (121 ,76 (12) .76

6,_ (13) 6,& (13) b.4 (13} 6,4

.00_ ( O} .DO0 ( O) ,000 ( C) ,000

_5-27 .79 (12} .77 (LZ) .7_ (12) ,75

7.7 (13) 8,9 (131 7,3 (13} 6,3
.o00 ( O} .000 ( u} .000 (O) .CO0

3 27-39 .b_ (I_] .81 (iZ) .78 (12) .76

11,2 (13) 6,6 (13) 6,4 (13} 5,8
,000 ( O) .OGC ( C) .000 ( C) ,000

4 39-5L °94 (12) .B8 (12} ,87 (12} .75
lu,Z (13} 7,7 (13) 6,6 (133 7,6
.6or (O) .OOC (O) .ouo (O) .000

5 _,-83 l.u_ (121 ,05 (12) .u9 (IZ_ .83
_,_ (13) 5,9 (13) 7,3 (13} 8,0

,000 (O) .000 (C) .000 (O) ,CO0

_3-75 1,44 (12} 1,3q (,_) i,Z_ (121 1,04
12,9 (13) 9,5 (13) lO,O (131 8,1
,000 (O) ,000 (_) ,000 ( GI ,OOO

7 7>-90 2,Ol (12) 1,99 (12) 1,71 (123 1,41
_3,_ (13) t2,9 (13} 10,0 (13) 9,5
.oco (O) .000 (_) .OoC (D) .000

SCENE TYPE = CLEJR OESEPT
DATA 1 - SW aNISCTROPIC FACTOR

2 - STAbDARD DEVIATIDN OF SW RADIANCES(WIM*tZ/SR}
3 - CORgELATIDN DF LW AN_ SW RADIANCES

( ) - DATA SDURCE

SUN ZENITH = 72,_ - 78,5

MEAN ALBEDO I .2E83 ( 16 )

NORMALIZED ALBEDO = 1,132_ ( 14 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-b0 60-9O go-120 120-I_0 150-171 171-180

(12}
(13)

03

(123
(13)

0)

(123
(133

O)

(123
(13}

O}

(12}
(13)

O}

(12}

(131
O)

(123
(13)

O)

,7( (123 .76 (12}
6._ (13) 6.4 (133

.OOC (O) ,000 (O)

.8C (12) ,82 (121

6,1 (13) 7,3 (13)
.OOC ( O) .000 (O)

• 7_ (121 ,8B (12)
5,_ (13} 6.4 (13}

• OOC (0) .000 ( 0l

,8_ (12} 1,OC (1Z)
8,1 (13) 7.4 (131

.00¢ (O) .000 (O)

.q_ (123 1.16 (12}

6.7 (133 7.4 (13)
.00¢ (C) .000 (O)

1,0_ (12) 1,35 (12)
6._ (13) 8,6 (13I

• 00C (O) .000 ( O}

1.4_ (1E} 1.79 (12}
8,_ 413) I0.0 (13)

• OOf (C) .000 (O)

,76 (121
6,4 (13)

,000 (O)

,B4 (12)
7,2 (13)

,000 O)

,98 (12)
7.2 (13)

.000 O)

1.09 (121
6,5 (13)

,COO O)

1.37 (12)
9.0 (133

• 000 O}

1,56 (12}
8,2 (131

• 000 O)

2,10 (123
10.6 (13)
.000 O)

• 76 (123
6.4 (13)

• 000 O)

.84 (123
6.3 (13)

• 000 O)

.94 (123
7.E (13)

• 000 O)

1,13 (12)
5,6 (13)

.000 O)

1.44 (12}

7._ (13)
.000 O}

1.62 (12}
8.7 (133

,000 O)

2.1q (12}
IO,0 (13)
.000 O)

2.00 -- /f
1.75

S!J1.25 --

1.00

_ AZIMUTH BIN
Z
'< .50

.2

J I I J I I I J I
0 10 20 30 40 50 80 70 80 90
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(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.

Figure 10. Continued.
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BIN NO. 1

ANbLE(DEG,) 0-9

V|cwING ZENITH

_LN NO, ANGLE(OEG,)

I Q-lb .70 (12)
3,U (13)

.000 (O)

2 Z;-27 .Tb (12}

4.b (13)
.000 ( O)

3 _7-_g .B7 (12)

7.1 (13)
,OOu ( O)

4 39-52 o_5 (12)

b.O (13)

.ooo (O)

_-b3 1.u7 (12)
b.b (13}

.OOU (0)

q.1 {_3)
,00_ ( O)

7 7_-90 Z,27 (12}
9.5 (13)

,COu (O)

2
9-30

• 70 (12I
3.8 (13)

,OCO O)

• 74 (12)
5,4 (13)

• 000 O)

.el (121
4.Z (13}

.000 _)

• QO (12)

5.C (13)
,000 O)

• 95 (12)
3,e (,3)

• DO0 o)

1.53 (12)
6.7 (_3)

.OOO O)

2,18 (12)
9,0 (13)

.ODO O)

SCENE TYPE s CLEJR DESERT
DATA 1 - SW AN_SOTROPIC FACTOR

2 - STAkDARD DEVIATION OF SW RAOIANCES(W/Nee21SR|
3 - CORFELATION OF Lw AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH I 7B,_ - 84,3
MEAN ALBEO0 ! ,HE64 ( 14 )

NORMALIZED ALBEDO s 1.ZCBg ( 14 }

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 60-_0 9C-120 120-150 150-171 171-180

• 70 (12) ,70
3.6 {13) 3.6

,000 (0) ,C00

,71 (12) .bq
4,4 (13) 3.7

.OOC (C) .CO0

.7_ (121 ,71
4,0 (13) 3,5

• 000 ( O} .000

.85 (12) ,71
4.1 (13) 4.5

.GO0 (O) .000

.92 (12) ,85

4.b (13) 5,3
,000 ( O) .GOD

1,33 (12) 1.11
7,0 (13} 5,5

• 000 (O) .000

l,_b (12) 1.51
7,b (13) b,6

• 000 (O) .OOO

(12) .?C (12!
(13) 3, e (131

O) .ODD (0)

(12) ,?_ (1Z)
(13) 3,? (13)

O) .OOC (O)

(12) .7_ (12}
(13) 3._ (13)

O) ,OOC { O)

(12) .81 (12}
(13) _,C (13)

O) .00¢ (0)

(12) .9_ (12)
(13) 4,_ (13)

O) .OOC ( OI

(12) 1,1_ (12)
(13) 4,1 (13)

O) ,OOC (O)

(12) 1,S_ (12)
(13) b,C (13)

O) ,OOC (O)

.70 (12)
3.8 (13)

,000 O)

,78 (12)
4,4 (13)

,000 O)

.B4 (12}
3.9 (13)

,OOO 01

.96 (12)
4.6 (13)

.OOO O!

1,13 (12)
4.6 (13)

,000 0)

1.42 {121
5,8 (13)

.000 O}

1,q3 (12)
6,9 (13)

.000 0)

• 70 (12)
3.8 (131

.000 O)

,76 (12}
4,3 (13}

• ODD O)

,92 (12)
4.4 (13)

,DO0 O)

1.04 (121
4.0 (13)

• 000 O]

1,35 (12)
_,b (13)

• 000 O)

1,65 (12)
5.9 (13)

• CO0 O)

2.26 (12)
7,4 (13}

.OOO OI

.70 (12)
3.8 (13)

,ODD (O)

,79 (12)
3.9 (13)

• OOO (O)

• 8q 412)
4,6 (13)

• 000 (O)

1,08 (12)
3.6 (13)

,000 (O)

1,40 (12)
4.7 (13)

.000 (O)

1,71 (12)
5,9 (13)

,000 (O)

2.37 (12)
7.0 (13)

• 000 (O)

2.00

1.75

n,, I .SO
0
I--
(...1
<{ 1.25
b.

0
E i.oo
0
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(i) Solar-zenith-anglebin 9, 78.46° to 84.26 °.

Figure 10. Continued.
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O_IGINAI5 PAGE

OF POOR QUALIT_

bin NO.
ANSLE(DEG.)

¢ItwLNG Z_NITH
_[N _0o AN_LE[DEG,)

u-15

2 1b-27

3 _?-39

39-51

5 _L-63

b o3-7_

7 ?5-gu

1
o-q

•bo (12)

1.3 (13)

,OuO O)

• 74 (12)

1,7 (13)

.8b (12)
2.5 (13)
•O_O _)

• q5 412)
2,4 (13)

• 000 O)

i.lO (12)
2.1 (13)

• 000 O]

1,7_ 4121
3,0 (13}

.000 O)

2.5i (12)
3.8 (13)

,bOO O)

2
9-30

• 65 (Ii)
1.3 413)

.OOC (O)

.71 (iI)

1,q 413)
• OoC (O)

,80 (123
1.5 (13(

•u(C ( O)

,gl (12|
1.8 (ib)

.000 ( O)

.95 (123
1.4 (133

,000 ( o]

1.65 (1_)
2,b 413)

.OCC (O)

2._1 (1Z)
3,e (133

• OCO 4 O)

SCENE TYPE : CLEJR DESERT
DATA 1 - SW JNISOTROPIC FACTOR

2 - $TAFDARD DEVIATION OF SW RAOIANCEStWIM$$21SR)
3 - CORFELATZON OF Lk AND SW RAO|ANCES

( ) - DAT_ SOURCE

SUN ZENITH I B4._ - 90,0
MEAN ALEEOO I ,3¢98 ( 14 )

NORMALIZED ALBEDO : 1o3¢77 ( 1_ )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 60-9G 9C-120 120-1_0 150-171 171-180

• b) 4123 .b5 (123
1.3 (133 1.3 413)

• 000 (O) .000 (O)

• 08 (123 .63 (123
1.5 (13) 1.2 (13)

• 000 (O) .OOO 4 O)

• 73 (12) .66 (12)
i.4 (13) 1.2 (133
•0o0 (O) .000 (O)

,82 (12) .be (123
1,4 (133 1,5 (133

.DO0 (O) .OOO (O)

.93 (123 .8b (121
1._ (133 1,q (133

• oDD (O) .COO (O)

1,42 (123 1.18 (12)
2.7 (133 2,1 (13)

• 000 ( O) ,000 (O)

2.05 (12) 1.66 (12)
3.0 4133 2.6 (133

• 000 ( O) .CO0 (O)

,6_ (124
1,_ (13)

,00( O)

,72 (123
1.) (133

.OOC O)

.7) (12)
1.2 (133

• OOC O)

• 7_ (12}
1.7 (13)

• OOC O)

.q_ (123
1,_ (133

.OOC O)

1.1q (123
1,e (134

• OOC O)

1.6_ (123
2,_ (133

• OOC O)

.65 (123 .65

1,3 (133 1,3
.OOO (O) .CO0

• 73 (12) ,73
1.fi (13) 1,5

• OOO (O) .000

• 81 (123 .86
1,4 (13) 1,5

.DO0 (C) .000

,93 (12) .98

1,6 (133 1,3
.000 (O) .000

1,11 (123 1.32
1.6 (133 2.0

.000 (O) .COO

1.47 (123 1.72

2.2 (133 2,1
• OOO (O) .OOO

2.11 (12) 2.4q
2,7 413) 2,9

• 000 (O) .000

(12) .65 (12)
(133 1.3 (13)
(O) .000 (O)

(12) ,T4 (123
(13) 1,3 (13)
(O) .000 O)

(123 .84 (12)
(133 1.6 (13)
(O) .OOO O)

(123 1,03 (12)
(133 1,2 (13}

(O) ,000 O)

(123 1,37 (123
(13) 1.6 (13)
(O) .000 O)

(12) 1,Tq (12)
(13) 2.2 (13)
(O) .000 O)

(12) 2.60 (12)
(13) 2.7 (13)
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(j) Solar-zenith-angle bin 10, 84.26 ° to 90.00 °.

Figure 10. Concluded.
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DIR/GINAL PAGE IS

POOR ......_:_v

BIN NO. 1 Z

ANGL E(DEG.) o-g 9-30

VIEWING LLNITH
BIN NO, ANL.L_(DEG.)

1 O-J._ l.Ob ( 2] I.C8 (2)
23,7 ( 2} 23.7 ( _)
• 663 ( 2) .b43 { 2)

;' 15-27 1,3b ( 2) 1,22 ( 2)

28.9 { 2) 19.0 ( 2)

• 07v ( 2) .Z4B ( 2)

3 27-39 l.lB ( 2) 1,05 ( 2)
19.2 { 2) lb.1 ( _)
,195 { 2) ,491 (2)

4 39-51 .9.' (2) .90 (2)

17.6 ( 2} I0.0 (2)

.564 { 2) ,617 { 2)

5L-b3 .93 (2) .bO (2)
lq.? (2) 19.1 (;')

,571 (Z) ,576 (2)

b o3-75 1,00 (2) ,&8 (2)
LB.3 (2) 17.3 (2)
.klb (2) ,438 (2)

7 7b-O0 1,16 (2) 1.13 ( 2I
18.3 (2) 16.2 (2)

.362 (2) ,23b (2)

SCENE TYPE _ LANC-DCEAN MIX
DATA I - SW _NISOTRDPIC FACTOR

2 - STAbDkRD DEVIiTION OF SW RkDIANCES(WIMt*ZISR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH z .C - 2_.8
MEAN ALBEDO : .1180 ( 19 )

NORMALIZED ALBEOO _ 1.0¢00 ( 19 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-bO 60-90 qC-120 120-1_0 1_0-171 171-180

1.06 (2) 1.08 (2) 1.OE (2) 1.08 (2) 1.08 (2) 1,08 (2)
23,7 (2) 23.7 ( 2} 23.7 (2) 23,7 (2) 23.7 (2) 23,? (2)
.643 (2) .643 (2) .643 (2) .643 (2) .643 (2) .643 (2)

1.v7 (2) 1.01 I 2) 1,0( (2) 1,02 (2) 1,05 (2) 1,07 (2)
18.7 (2) 22.1 ( 2} 2_.) (2) 25.5 (2) 2b.7 (2) 27.0 (2)
• _91 (2) .661 (2) .671 (2) .685 (2) .604 (2) .66_ (2)

.q5 (2) .96 (2) .9_ (2) .gq (2) 1.02 (2) 1.02 (2)
20.3 (Z) 22,9 (2) 2%.] ( 2} 26,7 (2) 2_,1 (2) 25,_ (2)
.635 ( 2} .bb3 { 2) ,662 (2) .672 (2) ,653 (2) .6_7 (2)

.8_ | 2) .09 ( 2} .9_ (2) .98 (2) 1.01 (2) 1.03 (2)
20.6 (2) 21.9 (2) 23.E (2) 26.1 { 2) 26.3 (2) 24.1 (2)

• 65C (2) .646 (2) .632 (2) .639 ( 2} .650 (2) .650 (2)

.08 (2) .ql (2) ,95 (2) 1,01 (2) 1,02 (2) 1,06 (2)

19,6 (2) 21.7 (2) 22._ (2) 23.9 ( 2} 22.1 (2) 22.9 (2)
.599 (2) ,617 { 2) .60] (2) .609 (2) ._24 (2) ._15 (2)

,97 (2) ,97 (2) 1,02 (2) 1,04 (2) 1,07 (2) 1,11 (2)

17.7 (2) 18.3 (2) 19,_ (2) 20,7 (2) 19.1 (2) 19,3 (2)
.688 (2) .517 (2) .45_ (2) .482 (2) .555 (2) .529 (Z)

1.09 ( 2} 1.06 (2) 1.0E { 2) 1.12 (2) 1.16 (2) 1,19 { 2)
_5,2 ( 2) 15,6 (2) 1b,3 (2) 17,6 ( 2) 16,6 (2) 16,9 (2)
,379 (2) ,401 (2) .31] (2) ,381 ( 2) ,453 ( 2} .43b (2)

i
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(a) Solar-zenith-angle bin 1, 0 ° to 25.84 °.

Figure 11. Bidirectional model for clear-over-land-ocean mix. (See table 5 for explanation of data sources.)
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ORIGINAL PAGE IS

OF POOR QUALIT_

BIN NO. 1 Z

ANGLE(DEG.) U-9 9-30

V_EWING ZENITH
_IN NO, ANGLEIDEG,)

1 U-15 ,9_ ( 2) .gu [ 2)
J.8.5 | 2) 18.5 ( Z)
,o6Z ( Z) ,662 I 2|

Z 15-27 Z.OB (Z) 1.00 (Z)

1_o7 (2) IZ.7 ( Z|

.ZIB ( Z) .358 [ Z)

3 ,_7-39 1.3_ { 2) 1.10 [ ,::}
Zb°9 ( Z) 13.7 ¢ Z)

-,I:,_* ( Z) ,058 [ 2)

4 39-51 1,1 _, ( Z] I°Cu ( Z)

1_.4 ( Z) 13,6 ( Z)
,ulB { Z) ,371 ( 2)

5 _-63 1,05 (Z) ,96 ( Z}
14,..' ( Z] 14,0 ( Z]

b e,3-7_ l,lv (2) 1,11 (,c)

15._ (2) 15,5 (Z)
,let (Z) .3G¢, (Z)

7 7_-go l.kX (Z) 1.34 ( _}

15,_ ( Z} lo,8 (Z)
.143 (2) ,113 (2)

SCENE TYPE _ LANE-OCEAN Mix

DATA 1 - SW ANISOTROPIC FACTOR
E - STAhDARD DEVIATION OF SW RADIANCESfW/N_EISR)
3 - CORPELATIDN OF LW AND SW RAOIANCES

( ) - DATJ SOURCE

SUN ZENITH : ZS.E - 36,9
MEAN ALBEDO z ,11q3 ( 19 )

NORMALIZED ALBEDO : 1,0]06 [ lq )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 60-9C 9C-120 120-150 150-171 171-180

,90 ( 2) ,90 ! 2) ,9{ (2) ,qO I 2) ,90 ! 2} ,90 ! E)
18,5 (Z) 18,5 (Z) 18,_ (Z) 18,5 ( 2) 18,5 ! 2) 18,5 ( 2!
,66Z ( Z) .66E (2) .66E [ 2) ,662 (2) ,662 (E) ,662 ( 2]

,gZ { Z] ,B7 (Z) ,g] ( Z} ,95 [ E) 1,00 (2) 1,04 (2)
16.2 [ 2} 18,b (Z) 20.3 [ 2) 21,6 (2) Z3.1 ( 2} 24,1 ( 2!
,60Z { 2) ,656 [ 2; ,66_ (E) ,678 { 2) ,678 [ 2) ,683 (2)

.87 (Z) ,8_ (Z) ,BE (E) 1.00 { E) 1.05 { 2) 1.13 (2)

1_.6 (2) le.5 { 2) I_.E (2) 22.5 (2) 24,8 (2) 2_,_ (Z)
,604 (Z) ,675 (2) ,652 (2) ,647 (Z) ,658 (Z) ,665 (2)

,85 (Z) ,B4 (Z) ,_3 [ Z) 1,04 ! E) 1,11 ( 2] 1,15 ( 2}
17.2 (2) 19,5 ( 2] 1q.1 (Z) 22.5 (2) Z3,0 ( 2} Z6,3 (2)
,_65 (2) ,634 (2) ,66_ ( 2! .63E (2) ,673 (2) ,649 (E)

,8_ { Z) .85 (Z) ,9£ ( Z} 1.07 (2) 1,17 (2) 1,19 (2)
16,7 (Z) 17,e (2) 18.; ( 2] Z0,6 (Z) Z1.5 (2) 22,1 (Z)
,_6 (Z) ,601 (2) .651 (Z) .640 (Z) .63e (2) ,64A (2)

1,03 (z) .97 ( z} ,9_ [ z) 1,1z (z) 1.26 (2) 1,29 ( 2]
16,1 ( z} 16.3 ( z} 17,_ (2) 18,6 (2) 19.1 ( 2I 19,5 (2)
.446 ( z} ,4_7 (z) ,67z (z) ,610 (z) .54k (2) .520 ! E)

1,ZZ { Z) 1.0_ (2) 1,0_ { Z) 1,26 ! 2) 1.34 I 2} 1.41 ! 2)
15.5 (Z) 13.6 (2) 16,_ (2) 16.3 { Z) 16.1 ( 2] 17,8 (2)
,261 (2) ,476 [ 2) ,Sgl ( Z] ,5_3 (2) ,467 (2) ,A?4 (2)

2.00 --

1.75 --

n,- 1.50
0
I--
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•< 1.25
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(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 11. Continued.
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ORIGINAI_ PAG]g IS

OF POOR QUALITY

OIN NQ,

ANGLE(DEG.)

VIEWING L_NITH

u£N hO. ANGLE(D_G.)

I _-1_

2 I_-27

3 27-39

39-51

5 5L-63

b o=-75

7 7b-gO

I 2

0-9 g-30

.bl (2) ,El ( 2}

I?.2 ( 2} 17.2 ( 2}

,649 [ 2) .649 ( 2)

13._ { _) 12.0 (2)

1.13 ( 2) ,99 ( 2)

i_.) ( 2) 12.2 ( 2)

-,2_ (2) .137 { 2)

L,5_ { 2) 1,0_ | 2)

33.b (2) 15.4 [ 2)
-.3_6 (2) ,O_O (2)

1,_7 ( 2) 1.C7 ( 2}

23._ ( 2) 14.3 ( 2}

-.410 { 2) ,IGO (_)

1._ (2) 1.22 (2)
15.6 (_) 14.5 (2)

-.261 ( 2) ,0_2 ( 2)

I,_9 ( 2) 1.4B ( 2)
X7.C (Z) 13.5 (2)

-,2_3 ( 2) -,0_ ( _}

SCENE TYPE : LANC-DCEAN MIX

DATA 1 - SW JNISOTRDPIC FACTOR
2 - STAEDARD DEVIkTION OF SW RADIANCES(W/M**2/SR)

3 - CORRELATION OF LW AND Sw RADIANCES

( ) - OATJ SOURCE

SUN ZENITH I 36._ - 65.b
MEAN ALBEDO z .1270 ( 19 }

NDRMALIZED ALBEDO I 1.0763 ( 19 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-6u bO-qO 96-120 120-150 150-171 171-180

.e, ( 21 .81 (2) ,81 (2) .81 ( 21 .81 (2) .81 ( 21
17.2 ( 21 17.2 { 2) 17.2 ( 21 17.2 (2) 17.2 ( 21 17.2 (2)

.79 (2) .Tq (2) .8_ (2) .8Q (2) .93 (2) ._ (2)
15._ (2) 17.7 (2) 18._ ( 2} 18._ ( 2} 18.7 (2) 1Q.8 (Z)
• 5_1 (2) .636 (2) .63_ (2) .65; (2) .679 (2) .670 (2)

.29 (2) .BC ( 21 .8_ ( 2} .98 (2) 1.07 (2) 1.08 ( 21
1_.2 (2) 18.6 (2) 1B._ ( 2} 20.1 ( 2} 21.7 (2) 22._ (2)

• 605 ( 2) .607 (2) .6_1 (2) .669 ( 2) .6_8 ( 21 .676 ( 21

.e2 ( 23 .el (2) .ST (2) 1.0_ ( 2) 1.16 (2) 1.2_ ( 21
15.6 (2) 17.5 (2) 17.1 (2) 19.5 ( 2) 21._ (2) 23.7 (2)
• 535 ( 2) .593 ( 2} ,65] (2) .622 ( 2) .663 ( 2) .65_ (2)

.8_ ( 2) .e4 ( 2] .9_ (2) 1.12 (2) 1.25 (2) 1.28 (2)
1_._ ( 21 15.5 (2) 1T.2 (2) 20._ (2) 21.1 (2) 21.e (2)
• _0 (2) .Sq_ (2) .63_ ( 21 .58e (2) .652 (2) .622 (2)

1.06 (2) .q3 [ 2) 1.01 (2) 1.23 (2) 1.37 ( 21 1._2 (2)
i_,3 (2) 15._ (2) 16.E (2) 18.5 (2) 19.5 (2) 19._ ( 21
.327 (2) .509 (2) .5_C (2) .493 (2) .570 (2) .5_2 (Z)

1.29 (2) 1.12 (2) 1.1_ (2) 1.*0 (2) 1.53 (2) 1._5 ( 21
1;._ (2) 10.3 (2) lk._ (2) 15.0 (2) 15.6 (2) 15.9 (2)
._33 (2) .332 (2) .50_ (2) ._70 ( 2} ._17 (2) ._77 (2)
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(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57 °.

Figure 11. Continued.
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DR!GINAI£ PAGE IS

.OF.POOR QUALITY

e IN NO. 1 2

ANGLc (D EG. ] ,)-g g-30

41L=ING Z r..NI TH

,;iN NO, AN_Lr..(DEG,)
i 0-I_ ,7_ ( 2) ,74 ( 2)

xz,q ( Z) 12,9 [ 2')

•651 ( 2) .651 ( 2)

Z _._,-27 .72 ( 2} .72 [ Z|
I0,C ( 2) g.2 ( 2)

•60_ ( 2] .567 { 2')

3 <:7-3{) .91 ( 2') ._I, ( Z)

7.2 ( 2) 8.2 ( 2)
.G95 ( 2) .317 ( Z)

3g-51 I.o7 ( 2] 1,U9 ( 2)
30.0 ( 2. l ]3.6 (Z)

-.4b7 ( 2] -,127 { 2)

b :_1-63 2..14 ( 2) 1,16 ( 2)
_,l.5 ( 2] 16.1 ( Z)

-.4'_b ( Z) --.2_4 ( 2)

b o3-75 2.1',, ( Z) 1.4_ ( 2)
3_.,J { 2) _c._ { 2)

-._SZ (2) -.26Z (_)

7 7_-qO 2.3J ( Z) 1,75 ( 2)
,_.2 ( Z) lb.5 ( 2)

-.4c,_, ( 2) -.339 ( _:)

SCENE TYPE I LANC-OCEAN MIX

DATA 1 - SW _NISOTROPIC FACTOR
2 - STANDARD DEVIATION OF SW RADIANCES(W/M_EISR)

3 - CORPELATION OF LW AND SW RADIANCES
( ] - DJTJ SOURCE

SUN ZENITH I _5.6 - 53.1
MEAN ALBEDO = .1340 ( 19 )

NDRMALIZED ALBEDO I 1,1256 ( ig )

RELATIVE AZIMUTH

3 4 5 6 7 8
3b-bO 60-gC 9E-120 120-150 150-]71 171-180

• 7_ ( 2} ,74 (Z) ,74 { Z) ,74 (Z) ,74 (2) ,74 (2)
12,9 (2) ZZ,g (2) 12,_ ( 2} 12,9 [ 2) 12,_ (2) 12,9 (2)
• 651 ( 2} .&51 (Z) .651 (2) .651 (2) .b51 (2) .651 (2)

,70 (2) .72 ( Z] .TE ( 2} ,65 [ 2) ,89 (2) ,Sq ( 2)
10,9 ( Z] 12,4 (Z) 13,7 (2) 14,6 ( 2} 15,1 { 2) 15,1 (2)
• 653 ( 2} .620 ( 2] .62_ [ 2) o596 (2) .635 (2) .641 (2)

• 72 ( Z} ,71 ( 2) ,81 ( 2) °93 ( 2) 1,02 ( 2) 1,01 ( 2)
10._ (2) 11.8 (2) 14.1 (2) 15.3 (2) 17.1 (2) 16.3 (2)
• sgb (2) ,66b (2) ,65] (2) ,628 (Z) ,634 (2) ,669 (2)

.77 (Z) .7b (Z) .82 (2) 1.03 (2) 1.17 (2) 1.25 (2)
10,2 (2) 11.9 (2) 12._ ( 2} 16.3 (2) 18,q { Z) 20,? ( 2}
• 54B ( 2} .6_0 (2) .67_ (2) .623 (2) .640 ( 2l .6_? (2)

._7 (2) ,79 (Z) .gC (2) 1.13 (2) 1.31 (2) 1.41 (2)
11.3 (2) 11.4 (2) 13.E (2) 16,3 { 2) 1Q.O (2) 21.5 (2)
• _79 ( Z) ,b13 ( Z) ,652 ( 2} ,57Z ( 2) .626 ( 2) ,626 ( 2)

1.11 ( Z) .g3 ( Z) 1,0C ( 2) 1.32 ( 2) 1,4q ( 2) 1,57 ( 2)
ll,q ( 2) 11.6 ( Z) 12._ ( 2) lb.1 ( 2) 16.q ( 2) 18.4 ( 2)
.23_ (2) .556 (Z) .sg_ (2) ,515 ( 2} ,518 (2) .513 (2)

1,36 (2) 1,16 (Z) 1.2! ( 2] 1.56 (2) 1.6g { 2) 1.72 (2)
12.1 (2) ll.B (Z) 12._ (2) 14.4 { 2) 15.3 (2) 15.3 (2)

.Oq6 (2) ,410 ( 21 .48E (2) ,47g (2) .445 (2) ,412 { 2)
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(d) Solar-zenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 11. Continued.
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BIN NO.
AN_LE(DEG.)

v|EgING ZENITH
_IN NU. ANGLE(OEG.)

. U-15

Z i>-27

_7-39

5 aZ-b3

6 63-75

7 75-9U

1 Z
O-q ;-30

.fit) I 2) .66 (2)
10.6 (2) 1u.6 (2)
.597 ( 2) .597 ( Z)

,66 ( 2) .64 ( 2}
8.9 ( 2) _.7 ( 2)
.b_,O ( 2) ,573 ( _}

.80 ( 2) .77 ( 2)
7.7 ( 2) 7.b ( Z)

.112 ( 2) .352 ( 2)

1.63 (2) 1.04 ( 2)
2_o5 ( 2) 11.3 ( 2)

-.586 ( 2) -0239 ( .:)

2.65 (2) 1.31 (2)
bl.? ( 2) 19.6 ( 2}

-.:)65 ( 2) -.319 ( 2)

3.3b ( 2) 1.59 ( 2)
7b.3 (2) 18.4 (2)

-.55_ ( 2) -.402 ( 2)

3.65 ( 2:) 2.13 ( 2:)
7_.5 ( 2) Zb.G ( Z)

-.483 ( 2:) -,394 ( 2)

SCENE TYPE z LANC-DCEAN NIX
DATA 1 - SW ANISOTROPTC FACTOR

Z - STAhOAPO DEVIATION OF SW RADIANCES(gI_EISR)
3 - CORRELATION OF LW AND Sg RADIANCES

( ) - OATJ SOURCE

SUN 2:ENITH I 53.1 - 60.0
NEAN ALBEDO s .1450 ( 19 )

NORMALIZED ALBEDO s 1.2268 ( lq )

RELAT|VE AZIRUTH

3 4 5 6 T 8
30-60 60-_0 9C-120 12:0-150 150-171 171-180

.66 (2) .66 (2) .bE (2) .66 (2) .66 { 2l .66 (2)
10.6 (2) lO.fi (2) 10. e (2) 10.6 (2) 10.6 (2) 10.6 (2)
.597 (2) .597 (2:) .597 (2) ,597 (2) .597 (2) .5q7 (2)

.64 (2) .66 (Z) .T2 (Z) .?Q (2) .81 (2) .81 (2)
9.4 (2:) 10.9 (2) 12._ (2) 12.4 (2) 12.5 (2) 12.6 (2)

• _02 (2) .556 (2) .56C (2) .528 (2) .610 ( 2} .556 (2)

.66 (2) .66 (Z) .7, (2) .ee (2) .96 (2) .96 (2)
9.7 (2:) 10.1 (2) 11.E (2) 14.9 ( 2} 14.7 (2) 13.9 { 2)

._8_ (2) .581 (2) .55_ (Z) .514 (2) .619 (2) .549 (2)

.77 ( 2:} .72 (2) .7_ ( 2| 1.00 (2) 1.13 (2) 1.16 (Z)
9.e (2) 10.3 (Z) 10.7 (2) 14.7 (2) 16.3 (2) 16.6 (Z)

.461 (2) .539 (2) .61_ (2) .537 (2) .616 (2) .594 (2)

.87 (2) .79 (2) .Sq (2) 1.13 ( 2} 1.28 ( 2l 1,42 ( 2!
b.b (2) 11.0 (Z) 13.2 (2) 15.7 (2) 16.5 (2) 19.6 ! 2)

• 36_ (2) .483 (2:) .58_ (2) .444 (2) .557 ( 21 ._80 (2)

1.2C (2) .92 (2) .9_ { 2] 1.42 (2) 1.57 (2) 1.64 (2)
11.3 (2:) 9.8 (2) 12.2 (2) 17.7 (2) 17.3 (2) 17.5 (Z)

-.029 (Z) .47_ (2) .55e (2) .479 (2:) .443 ( 2] .503 (2)

1.51 (2) 1.24 (Z) 1.2_ (2) 1.65 (2) 1.eO (2) 1.B_ (2)
10._ (2) 10.1 ( Z} 12.1 (2) 13.8 (2) 15.4 (2) 15.1 { 2)

-.06_ (2) .330 (2) .45_ (2) .484 (2) .434 (2) .485 (2)

2.00 --

1.75 --

_" 1.50 --
0
t--
0
<C 1 25 --
h
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_. _oo --
0
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) .75 --

0 --

0 10

////I//
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0 .75
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.
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ORIGINAL pAGE !S

O_ POOR QUALITY

BIN NO.

ANGLE(DEG,)

VIENING Z_"NITH

_IN NO. ANGLEIDEG,)

1 o-15 .oi (2)

8.4 ( Z)

,650 (2)

Z Ib-27 ,bZ { 2)

7.i ( 2)

• (:.03 (2)

3 ,_7-30 .74 { 2)
4.9 ( 21

.394 ( 2)

4 39-5_. 1.39 ( 2)
1B.9 (2)

-.51_ ( 2}

5 _I-63 2,9(:, (2)
65,J. (Z)

-,_98 ( 2)

b 63-75 _.9_ ( 2)
1.[3,9 (2)
-,59_ ( 2)

7 76-90 :).¢3 ( 2}
.[io,_ (2)

-.586 (2)

1

0-9 9-30

61 ( 2}

8.6 ( 2)

• 650 ( ;'}

61 ( 2)
6.7 4 2)

.6J7 ( 2}

6_ (2)
5.3 ( 21

• '_3 (2)

98 (2)
8.5 ( 2}

-.275 ( 2}

1 30 (2)
16.8 ( 2]

-.337 ( 2}

1 _7 ( 2}
29.5 (Z)

-,6C5 ( 2)

2._,9 (Z)
28.5 ( ,_)

-.561 (2)

SCENE TYPE z LANC-OCEAN MIX
DATA 1 - SW _NISOTRDPIC FACTOR

2 - STAbDAPD DEVIATION OF SW RADIANCESfW/M*_21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH ! 60. C - 66.6
MEAN ALBEDO I .1_97 ( 19 }

NORMALIZED ALBEOD z 1.3_30 ( lq )

RELATIVE AZIMUTH

3 6 5 6 7 B
30-60 60-_0 9C-120 120-150 150-171 171-180

• 61 (2) .61 (2) ,bl ( 2} ,61 (2) ,61 (2) ,61 (2)
8,6 (2) B.4 ( 2I 8._ (2) 8.4 (2) 8,6 (Z) 8,_ (2)

• 650 (2) ,650 ( 2} ,65C ( 2} ,650 (2) .650 (2) ,650 (2)

• 60 ( 2) 161 ( Z) .6_ ( 2} ,71 ( 2I .78 ( 2) ,7E ( 2)
7.3 (2) _.2 (2) 9._ (2) 9.2 (2) 10.e (2) 11.6 (2)

• 513 (2) .545 (2) ,531 (2) ,sqo (2) .627 (2) .Aq3 (2)

.66 (2) .bZ ( 2} .6E (2) .81 i 2) .ql (2) .93 (2)
6.b (2) 7.q (2) 8._ ( 2| 10.5 (2) 12.7 (2) 11.6 (2)

.492 (2) .545 (2) .66C (2) .643 (2) .632 (2) .4Off (2)

.71 ( 2) .6q ( 2) ,7_ ( 2} ,Q4 ( 2) 1,07 ( 2) 1,16 ( 2)
6.6 ( 2) 7,g ( 2) 8,_ ( 2} 11.5 ( 2) 13,2 ( 2) 16,0 ( 2}

,660 ( 2) .585 ( 2) ,60_ ( 2) .592 ( 2) .598 ( 2) .421 ( 2)

• 88 ( 2) .78 ( 2) .BE ( 2) 1.08 ( 2) 1,30 ( 2) 1,44 ( 2}
6,8 ( 2) B.2 ( 2) 10.C ( 2) 12.0 ( 2) 16.1 ( 2) 17.6 ( 2}

.398 ( 2) ,600 (2) .482 ( 2) ,551 ( 2) ,606 ( _) ._T& ( 2)

1,23 { 2) ,86 ( 2} .9_ ( 2) 1,39 ( 2) 1,61 ( 21 1,92 ( 2}
11,7 (2) 6.6 (2) 9._ (Z) 14,1 (2) 15,0 (2) 21,6 (2)

-,118 (2) .696 (2) .53q (2) ,503 ( 2) .477 (2) .500 ( 2)

1,62 ( 2) 1.27 (2) 1.2_ ( 2} 1.65 ( 2) 1,91 ( 21 2,Oq (2)
IG.1 ( 2) 9,3 ( 2) 11,_ ( 2) 13.6 ( 2) 13.5 ( 2} 15.8 { 2}

,089 ( 2) ,3_0 (2) ,517 ( 2) .554 ( 2) ,326 ( 2) ,546 ( 2)

2.00

1.75

n." 1.50
0
I--

<: 1.25
b.

0

E l oo
0
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(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.
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ORIGtNAE PAGE IS

OF POOR QUALITY

BIN NO, I Z

ANGLE(DEG.) 0-9 q-3U

VIEWING LENITH

biN Nd. ANGLt(DEb,)

I 0-I_ ,_b ( 2) ,_6 ( 2)

5.3 ( 2) 5,3 ( 2)

• 439 ( 2) .439 ( 2)

Z I_-27 ,56 ( Z) ,60 ( Z)

b.5 ( Z) b,_ ( Z)

.394 ( 2) .342 ( 2)

3 27-39 ,70 (Z) ,72 (2)
q.7 (2) 5.6 ( L}

• Z45 ( 2) ,399 ( 21

39-51 1.17 (2) ,9_ (E)

9,u(2) 7.4(2}
-,379 (2) -,203 (2)

_L-63 2.Eo ( Z) 1,55 ( 2)
3_,v ( 2) 16,0 ( g)

-.668 (2) -,679 (_)

b o_-7_ 5.74 (Z) 1.91 (2)
1U7.? (2) 23.2 (2)

-,b44 { 2) -,328 (2)

7 75-90 c.83 ( 2) 2,52 ( Z)
98.9 ( 2) Z4,9 ( 2)

-.653 ( Z) -,56L ( Z)

SCENE TYPE : LANE-OCEAN MIX
OATA i - SW JNISOTROPIC FACTOR

Z - STANDARD DEVIATION OF SW RAOIANCE$IWIM**21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH t 66.6 - 72,5
MEAN ALBEDO : .1E30 ( 19 )

NORMALIZED ALBEDO = 1,5508 ( 19 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 60-90 9C-120 120-150 150-171 1Tl-IBO

,5( ( 2) ,56 ( 2) ,5_ (2) ,56 [ 2) .56 { Z) ,56 ( Z)
5.3 ( 2) 5.3 ( Z) 5.2 ( 2) 5.3 ( 2) 5.3 (2) 5.3 ( 2)

.439 (2) .439 (Z) .63_ (?) .439 (2) .439 (2) .439 (2)

.55 (2) .53 (2) .62 (Z) ,65 (2) .66 (2) .68 (Z)
7.E (2) 6,7 (Z) 6.E ( 2} 7,6 (2) 6.5 (2) 7,_ (2)

,328 (2) .493 (Z) .58_ (2) .581 (2) .540 (2) .5?2 (Z)

.64 (2) ,59 (2) ,6E (2) ,77 (2) ,83 (2) ,82 (Z)
6,3 (Z) b,1 (Z) 7,_ ( 2} 8,3 (2) 8,7 (Z) 7,8 ( 21

.594 ( 2) .577 ( Z) ,611 ( Z) .691 ( 2) .563 ( 2) .607 ( Z)

,77 ( 2) ,62 ( Z) .T3 ( Z) ,89 ( 2) 1,05 ( Z) ,97 ( 2)

b.5 ( 2) 5.6 ( _) O.C ( 7) 9.6 ( 2) 9.7 ( 2) - 8.0 ( 2)
.65_ ( Z) .583 ( 2) ,66_ ( 2} .370 ( 2} ,62_ ( 2) .606 ( 2)

,94 ( Z) ,74 (Z) ,7E ( 2) 1,16 ( 2) 1,22 ( 2) 1,31 ( 2)
7.2 ( Z) _,7 ( Z) 6.2 ( Z) 11.4 ( Z) 9.2 ( Z) 11,4 ( Z)

,239 (2) ,594 (2) ,624 (Z) .405 (2) .616 (2) .541 ( 2}

i.38 (Z) ,85 (Z) ,9E (2) 1.33 (2) 1,62 (2) 1,?5 (2)

ii,8 (Z) 10.5 (Z) 6.E (Z) 10.6 (Z) 10.9 (Z) 12.6 (2)
-.13_ ( Z) .310 (2) .18T (2) .521 (2) .441 (2) .418 (Z)

1,99 ( Z) 1.41 (Z) 1,37 (2) 1,70 (Z) 2.07 (Z) 2.32 (2)
17,0 ( 2) 9,3 (2) 6,E (2) 11,6 (2) 14,2 (2) 16,3 ( 2)

-._35 ( 2} .160 ( 2) ,30C ( 2) .251 ( Z) .029 ( 2) .280 ( 2)

4E 1.25
It.

(.)
_" 1.00
0
/v'

AZIMUTH BIN
Z

.2

] [ [ I I I I I
0 10 20 30 40 50 60 70 80
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,w 1.50 // //
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 11. Continued.
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ORIGINAL PAGE _S

DE POOR QUALITY

BIN NO. I 2

ANGL E(OEG.) u-g 9-30

VltwlNG LENITH

_IN NO. Ar_bLt(DkG,)

3._ (2) 3.8 (Z)
.509 (2) .509 [ 7')

Z _-Z7 .62 (2) .6¢ (Z)
4.8 ( 2) _.5 ( 2)
•._.8 ( 2} .366 ( 2)

3 Z;'-_,9 .77 ( 2) ,71 ( ,_)
3. c, ( 2) 4,1 ( 2)

• 190 ( 2) ,301 ( 2}

.J9-51 i.19 ( 2) .92 ( 2)
8._ ( Z] 5.g [ Z]

-.468 { Z) -.050 ( Z)

5 bi-6"_ 2.71 ( 2) 1.35 (2)

39,7 ( /) 9.4 ( 2)

-.546 ( ;) -.30_ (2)

6 03-77 5._0 ( 2] l.q8 ( 2)
84..,' ( _) ,'0.5 ( 2)

-.517 ( 2) -.211 ( 2)

7 75-90 7.95 ( Z) 2.6C ( Z)

89.u (2) 22.0 (2)
-._0 (2) -.2_.9 (2)

SCENE TYPE = LANE-OCEAN MIx

DATA i - SW ANISOTRDPIC FACTOR
Z - 5TAkDARD DEVIATION OF SW RADIANCES(WINII21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SDURCE

SUN ZENITH ¢ 72._ - 78,5

MEAN ALBEDO t .2170 ( 19 )
NORMALIZED ALBEDO = 1,8390 ( 19 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 60-90 qc-120 120-150 150-171 171-180

• 53 (Z) .53 (2) .53 (2) .53 (2) .53 ( 21 .53 (2)
3.E (2) 3.8 (2) 3.e (2) 3.8 (2) 3.8 (2) 3.6 (2)

.509 (2) .50g (2) .50; (2) .50q (2) .509 (2) .509 (2)

• _8 (2) .56 (2) .5_ (2) .61 (2) .63 ( 2} .65 { 2)
5.b (2) 4.0 (2) 4.Z (2) 4.3 (2) 4.2 (2) 4.6 (2)

• 325 (2) .512 (2) .52C (2) .545 ( 2} .542 ( 2| .497 { 2)

• b5 (2) .59 (2) .5_ (2) .69 (2) .76 (2) .79 (2)
3.9 (2) 3.8 (2) 4._ (2) 5.1 (2) 5.0 ( 21 5.0 (2)

• 452 t 2) .541 (2) .561 (2) .499 (2) .513 (2) .533 (2)

• 75 (Z) .65 (2) .6_ (2) .8_ (2) .q5 (2) .Q8 (2)
_.4 (Z) 3.7 (Z) 4._ (2) 6.7 (2) 5.8 (2) 5.6 (2)

• 3_3 (Z) .550 ( 2} .567 (2) ._39 (2) .502 (2) .551 (2)

• 97 (2) .76 (2) .8C (2) 1.09 (2) 1.21 (2) 1.26 (2)
5._ (2) 4,2 (Z) 5.C (2) 8.1 (2) 7.5 (2) 7.5 (2)

• 169 (2) .524 (2) .594 (2) .508 (2) .818 (2) .556 (2)

1.49 (2) .99 { 2) 1.0_ (2) 1.35 ( 2l 1.65 ( 2| 1,81 (2)
11.1 (2) 10.2 (2) 6.] (2) 7.6 (2) 8.0 (2) 10.8 (2)

-.132 (2) .20_ (2) .323 (2) .533 (2) .418 (2) .499 (2)

2.34 (2) 1.5, ( 2} 1.4; (2) 1.77 (2) 2.24 (2) 2.55 (2)
Z0.8 (2) 8.9 (2) _.3 (2) 9.1 (2) 12.5 (2) 14.? (2)

-.297 ( 2) -.036 (2) ,154 (2) .299 ( 2) ,106 (2) ,487 (2)

oo / ,/1.75 --

.. /,/ / ,,

o ,,;-<_" 1.00 --

0
rv"

_ AZIMUTH BIN
z 1

< so_ 32
28 4

o I I I I I I I I I
0 10 20 30 40 50 80 70 80 90

VIEWING ZENITH ANGLE( DEG )

2.00 --

t .75 //

r,.- 1.50

I.--
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._ 1.25

_. 1.00
0

i_ .75

(n BIN
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.2 8
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(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.
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DR_NAI_ PKOE IS

'.OFPOOR QUALITY

bin NO. I 2

AN_LL(DEG.) 0-9 9-30

¥LEw[NG LE_ITH
bin NU. ANGLE(DE6,)

1 0-15 o5_ ( 2} .50 I £)
2.2 ( 2) Z,? [ 2)

2 i_-Z_ .ou { 2) .58 (_)
3.2 ( 2) 2.q ( 2)

• _SL ( Z) ,Z_5 ( ?)

3 27-39 .7_ ( 2) .7C [ Z)
2,_ ( 2) 2,8 ( 2)
.0_ ( 2} ,lb0 { 2)

4 _9-bI 1.15 (2) .gl ( 2]

5.8 ( 2} 4,6 { 2)

-,473 (_) -.145 ( 2]

5 51-63 2.¢_ ( 2} 1.3q ( Z)
_9.0 ( _) 8.0 { 2)

-,_40 ( Z) --.56g ( _]

b _3-75 5._o ( 2] 2.63 ( 1]
01.3 (2) 16,4 ( _}

-.514 ( 2l -.Z4_ (2)

7 7_-_0 8.g4 ( Z) E,66 [ 2)
74.6 ( 2) 17.g ( Z}

-._38 ( 2) -,28q ( 2)

SCENE TYPE I LAN[-CCEAN MIX

DATA 1 - SW JHISOTRDPIC FACTOR
Z - STANDARD DEVIATION OF SW RADIANCES(WIM_#2ISR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH _ 78°S - 84,3
MEAN ALBEDO : ,2(90 [ lq )

NORMALIZED ALBEDD : 2.2797 ( lq )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-o0 60-_0 9C-120 120-150 150-171 171-180

• 50 ( _) .50 (2) .5( (2) .50 ( 2) .50 ( Z} .50 (Z)
2.2 (2) 2.2 { 2) 2.2 (2) 2.2 (2) 2.2 ( E} 2.2 (2)

.415 ( 2) .415 I 2) ._1_ [ 2) .415 ( 2) .415 ( Z] .415 ( Z]

.55 (2) .52 (2) .53 { Z) .57 ( 2) .59 ( 2] .61 (2)
3.b (2) E,4 ( 2} 2._ (2) 2.5 (2) Z.4 ( 2} 2.7 (2)

,231 (2) .436 (2) .44_ (2) .474 (2) ,468 ( 2} ,422 { Z)

.65 (2) .56 (Z) .5( (2) .66 (2) .71 ( E} .74 (2)
2._ (2) 2.2 ( 2] 2. E (2) 3.1 (Z) 2.9 (2) 2.9 { 2)

.330 [ 2) .471 (2) .514 (2) .413 (2) .429 (2) .463 (Z)

.75 (2) .64 ( 2] .bt (2) .82 (2) ._0 (2) .gZ (Z)
3.0 (2) 2.1 (2) _._ (2) 4.3 ( 21 3.4 ( 2} 3.1 (Z)

,201 (2) ._33 ( _} .51_ (2) ,342 (2) .408 (2) .46A (2)

.97 (2) .7_ (2) .81 ( 2} 1.06 (2) 1.16 (2) 1._0 (2)
4.0 (2) 2,b ( 2} 3.C (2) 4,_ ( 2} 4._ (2) 4,_ ( 2I

.G46 (2) .416 (2) .552 (2) .438 (2) .442 ( 21 .481 (2)

1.9_ (2) 1.10 ( 2} 1.0S (_) 1.35 (2) 1.6S ! 2) 1.84 (2)
9.3 { 2) 8.7 { 2} _._ (2) 4.4 (2) 5.0 (2) 7._ (2)

-.?lO (Z) .056 (2) .Z4_ (_) .446 (2) .254 (2) .458 (Z)

2.63 (_) 1.65 { 2) 1.5E ( _} 1.81 (2) _.37 (2) 2.71 [ Z}
20.b I z) 6.1 ( Z} 3._ (Z) 6.4 (2) 10.2 (2) 10.4 { 2;

-.377 (Z) -.217 ( 2] ".30_ (Z) ,112 (2) -.075 (2) .447 (2)

2.00

1.75

n.- 1.50
0

,_1.25

1.00

.75

_ .SO

.25

0
0

- /// -oo1 __ 1.75

/ ,// /

-- ]/// _1_.1.25
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(i) Solar-zenith-anglebin 9, 78.46° to 84.26°

Figure 11. Continued.
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ORI,qlbl_J_ _'AGE IS

OF. POOR QUALI'I_,

BIN NO. 1 2
A,_bL E ( Dr:G, I U-9 9-30

#IcwlNG _ENITH
diN hEI, ANGLE(DEG,)

l _-I:_ o_7 ( 2) °(,7 ( 2)
.b i 2) ,8 (2)

• 357 ( 2) ,357 ( 2.)

Z _b-2Z ,_9 ( 21 ,57 ( 21

1,l ( 21 1,1 ( 2:)
• 222 ( 2| ,211 ( 2)

3 ,:7°3_ ,14 ( 21 ,76 (;_)
I,i ( 21 I,I ( 2)

•Ob(, ( 2) ,121 ( 2)

4 ._9-bl J.,IO (2) ,OC (2)

2,1 ( ?} 1,_1 ( 21

-,_ (2) -,i_3 (.,")

5 _,.-b3 Z.Sb ( 21 1,42 ( 2)

11,1 ( )) 3, e, ( 2)

-,54J. ( 21 -°379 { 2)

b b3-7_, ),_,b (;') 2,66 ( 2}
23,3 (2) 0,8 (2)

-,su) ( 21 -,2_I ( Z)

( 7_-90 g,O._ { 2) 2,69 (k.)
2B.7 (2) 7,4 (2)

-.:_30 (2) -,269 (Z)

SCENt TYPE z LAN[-DCEAN MIX

DATA I - SW _NISDTROPIC FACTOR

2 - STAFDkRD DEVIATION OF SW RADIANCES(WIMee21SR)
3 - COR_ELATIDN OF Lk AND SW RADIANCES

( ) - DATJ SDURCE

SUN ZENITH _ 84.3 - 90,0

MEAN ALBEDO _ ,3_00 ( lq )

NORMALIZED ALBEDO I 2,7_66 ( 19 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-b0 60-qO qC-120 120-1_0 150-171 171-180

,47 (2) ,47 (2) .&_ (2) ,47 ( 21 ,47 (2) ,47 (2)
• 8 (Z) .8 (2) ,E (2) .E ( 21 .8 (2) .8 (2)

.157 (2) .3_7 (2) .357 ( 2l .357 (2) ,357 (2) .357 ( 21

.54 (Z) .50 (2) .5C (2) ,54 (2) .56 (2) ,58 (2)
1,3 (2) .9 (Z) ,_ ( 2} .9 (2) .8 (2) 1.0 (2)

• 193 (2) .401 (Z) .40A (2) ,433 (2) .430 (2) ,3q5 (2)

.63 (Z) .54 ( 21 .5_ (2) ,63 (2) .67 (2) .70 (2)
.9 (2) ,8 (2) 1.C (2) 1.1 I 2} 1.1 (2) 1.0 (2)

.27b ( 2} .438 (2) .49_ ( 2} ,371 (2) .388 (2) .436 (2)

,74 (2) ,b_ (2) ,6_ { 2) ,80 (2) ,87 (2) ,88 { 2)

1,2 (2) .7 (2) 1,( ( 2} 1.6 (2) 1,3 (2) 1,1 ( 2l
• 155 ( 2) .341 (2) .494 (2) .300 ( 2} ,366 ( 2) ,411 (2)

,97 (Z) .81 (2) ,83 (2) 1,03 ( 2} 1.12 (2) 1,16 (2)
1.¢ { 2) 1.0 (2) 1_ { 2) 1.e { 2) 1.6 (2) ).5 (2)

,01_ (2) ,368 ( Z} ,53_ (2) .408 (2) ,412 (2) ,438 (2)

l.b5 (2) 1.19 (2) 1.12 { 2} 1,36 (2) 1.66 [ 2) 1.86 (2)
4.0 (2) _.0 ( 21 1._ (2) 1.6 (2) 1.9 ( 21 3.1 (2)

-,221 ( Z) -.003 ( 2) .256 ( 2} .393 ( 2) .175 ( 2) ,_65 ( 2)

2.83 | 2) 1.b4 { 2) 1.b_ ( 2} 1.88 (2) 2.46 (2) 2,95 (2)
9.3 ( 2} 4,0 ( 21 1,_ (2) 2.7 (2) 4.4 (2) 5.2 (2)

-.385 (2) -,268 (2) -.312 (2) ,015 (2) -.127 (2) .4ql ( 21
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Figure 11. Concluded.
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ORIGIN!U] PAGE IS

OF POOR QUALITY

AN_LE(DEG.) _-9 q-30

Vi=wlnG Z_NITH

BIN hd. AN_LEIDEG.)
I U-i_ I.i_ (II) I,_6 (Ii) 1.16

18.= (ii} 18.8 (ii) 18._

-,2g_ (li) -.294 (i_} -,_9_

2 I_-27 1.3_ 411) 1.27 (11) i,14
Z3,_ (II} 18.3 (II} 16.9

-.Zb$ (II) -.35b (ii) -,%10

<7-_9 1.15 (ii] l,wT (ii) oWT

ie.i {ii) I7.a (ii) 17.I
-._6 (ii} -.419 (II) -,3bg

L_.t (11) IT,9 (11) 18.3

-,%b_ (11] -,446 (II) -,455

> ,,-53 ,9_ (ii} ,94 (II! ,93
i_._ (ii) 17,6 (II) 17.b

-,49_ (II) -.475 (li] -.126

b _-i_ 1,_9 (Ii) I.I( (II) 1.07

_8.o (ii) Ig.l |i,) 17,9
-.503 (113 -,51t Ill) -,%72

7 ?b-90 1,_9 (11) 1,2_ {1l) 1,2_
le,o (ii) 18.9 (ii) Ibo?

-,51_ (11) -,5_0 (1,) -,N71

5CEhE TYPE _ PARTLY CLOUDY OVER OCEAN
DATA 1 - SW ANISOTROPIC FACTOR

2 - 5TAhDARO DEVIATION OF SW RADEANCES(_IN*e21SR]
3 - CDRPELAT]ON OF LW AND $g RADIANCES

( ) - DATJ SOURCE

SUN ZENITH s .C - 25,8
_EAh ALBEOO z ,1250 ( 18 )

NO_MALIZEO ALBEOD I 1.OCOO ( 18 )

RELATIV{ AZIMUTH

3 4 5 6 T 8
30-60 bO-gC, qC-12O 120-150 150-171 171-180

(113 1.16 (113 1,1_ (113 1.1b (113 1.16 (111 1.16 (113

(113 18.8 (11) Ie.E (11) 18.8 (11) 18,8 (11) 18.8 (113
(ll) -,Zq4 (11) -,29_ (113 -,Z94 (11l -,294 (11) -,294 (111

(11) 1.03 (11) .q7 (11) .95 (11) .95 (11) .96 (lll
(11} 18,1 (113 18,2 (11) 18,9 (11) 19,0 (111 19,2 (11}
(113 -,384 (11) -.373 (11} -.400 (111 -.383 (11) -.402 (11)

(II) .9_ (II} ,92 (111 ._2 (ii} .92 (ii) .95 (II}
(11) 18.8 (11) 18.] (11) 18.9 (111 18.8 (111 19.2 (111
(11) -,377 (11} -.36_ (11) -.382 (113 -.29Z (11) -.409 (II)

(11) .87 (]1) .9C (11) .9_ (11) .q7 (111 1.01 (111
(11) _7.b (11) 18.q (11) 19.0 (11) 20.5 (11) 20.8 (11)
(11) -.364 (111 -.39( (111 -.36T (11) -.413 (11) -._8@ (11)

(11) .e8 (111 .9C (11) .94 (11) 1.01 (11) 1.07 (11}
(113 15.e (113 16. c (113 16._ (11) 18.6 (11} 19.8 (113
(11) -,31q (ii) -.37_ (i11 -.332 (11} -,*06 (11) -.39_ (Ill

(113 1.01 (113 .9_ (I1) .99 (11) 1.1O (11l 1.17 (111
(11} 15.6 (11) 15.C (11) 15.3 (113 17.1 (11| 18.3 (11}
(113 -.395 (11) -.3b_ (11) --.360 (111 --.410 (113 --.423 (111

(11) 1.1_ (11! 1.1] (111 1.13 (11) 1.22 (11) 1.28 (111
(11) 1_._ (n} 13._ (11) 13,7 (111 15.4 (11) 16._ (11)

(ii} -.A15 (113 -.381 (11) -.394 (11) -.427 (I1} -.444 (lll

!
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(a) Solar-zenith-angle bin 1, 0° to 25.84°

Figure 12. Bidirectional model for partly cloudy over ocean. (See table 5 for explanation of data sources.)
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ORI,J_NAL PAGE IS

OF POOR QUALITY

_IN NO. 1 2
ANGLtlDEG,) o-q 9-30

V/LWING LLNITH
_LN N_. AN_Lt(DEG.]

1 O-IS ._9 (i1) ,e9 (111
19._ (II) 19._ (ii)

-._o_ 1111 -.4_3 (1_)

Z 19-_7 i.IU (_I| l,c_ (1.1

ib,_ (111 15,3 [ii)

-.%7_ (11) -.651 (11)

3 dl-Jg 1._ (I11 l,l_ [11)

ZO.l 1_11 I_.8 (1_1

-.3%6 (II) -.%37 [i,)

% 39-_i 1.31 (i.} 1,12 (lll
18.1 (II) 17,5 (Ii)

-.%bO (II] -.%77 [I_)

b _I-63 1.2_ (I11 I.I0 [II)

i_.3 (ii) 17,_ (Ii)
-.519 (ii) -.49e (_I)

b o3-75 i._7 (II} I,_i [II)

21,1 (II) 2Z,Z (Ii)

-._31 (Ii] -.535 (11)

l /b-qu i._9 (ii) 1.5_ (ii)

23,k (II) 22,6 [i_1

-.b07 I111 -.56_ [II)

SCENE 1YPE z PARILY CLOUOY OVER OCEAN
DATA 1 - SW _NISOTROPIC FACIOR

Z - STA_OARD DEVIATION OF SW RADIANCES(wI_**ZISR)
3 - CORrELaTION OF LW _NO SW RAOIANCES

( ] - DATI SOURCE

SUN ZENITH * Z_._ - _o9
MEAN 6LBEDO _ .1_00 ( 18 )

NORMALIZED ALSEDO _ 1.1200 ( 18 )

RELATIVE AZIMUTH

3 _ 5 6 7 8
3C-60 60-90 9C-1ZO 1ZO-l_O 150-171 171-180

.89 (11) .89 111) .b_ [11) ,89 (II1 ,89 (11) °89 (11)
19,4 (lll 19.4 (i11 19,_ (I11 19,4 (I11 19,4 (i11 19,4 1111

-.4o3 1111 -,463 (11) -.463 111) -,463 (11) -.463 (l|I -.463 (111

,94 (111 .89 1111 .e& (I11 .90 (11) .91 (II) ,_ (11)

17.7 (111 Z0.3 1111 ZO.2 111) ZO.3 (111 19.7 (111 Zl.5 (111
-.kT? (11) -.4bO (11) -.k7i (111 -.458 (11) -._58 (11) -._76 (111

• gO 11_) .83 (11) .9C (111 .93 111) .97 (11) 1.05 111)
17.0 (11} 17.4 (11) 19._ 1111 19.3 (111 19._ (11) 22._ (11)

-.50b (11) -.473 (11) -.47_ (111 -.4_0 (11) -,k37 (11) -.45_ (11)

.91 (11) .79 111) .Be (11) .96 1111 1.05 (I1) 1.09 (111
18.Z 111) lb.3 111) 19.1 (111 19.3 (11) ZO.7 (11) 21._ (11)

-.keZ (11) -._31 111) -._3_ (11) -._32 (111 -.430 (11) -._6_ (11)

• 99 (111 .81 (111 .Be 111) 1.00 (111 1.16 111) 1.18 (11)
1,._ (111 15.8 (11) 16._ [lll 18.5 (11) 20.3 (11} ZO.7 (11)

-.5,5 (11) -._b3 (111 -.4Z_ (11) -.389 (111 -.469 (11) -.450 (11)

i.l_ (11) .90 1111 .q) (11) 1.04 (I1) 1.30 (11) 1.32 (11)
19._ (11) 15.1 111) 18.1 [11) 18.2 (11) 20.1 (11) 20.3 (11)

-.50_ (11) -._e9 (11) -._0_ (11) -.361 (11} -._2_ (11) -.k38 (11)

1.31 (11] 1.09 111) 1.02 ( 5) 1.18 (10) 1.36 (11) 1._0 (11)
18._ (111 1_.6 111) 15._ ( 51 1Z.8 110) 16.9 111) 18._ (11)

-.50_ (11) -.481 (11) -.391 ( _) -.Z7_ (10) -._19 (11) -._2_ (11)
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(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 12. Continued.
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ORiGIN/_J_ P#IGE IS

OF POOR QUALITY.

81N NO,
ANbLE(DEG,)

VIewING Z=NITH
81_ NO. ANbLE(DEG.)

1 _-15

1 2

0-9 9-30

.78 (11) .78 (ll) ,?b

i8.u (il) 18.0 (II) 18.0
-,464 (i_) -,464 (11) -.464

,5-21 .8_ (11) ,B? (1_) ,79
15,1 (11) 16,1 (11} 16,3

-.497 (Ii) -.594 (II) -.480

_7-39 1,19 (111 1,05 (ll) ,82
t5,6 (11} 15,1 (111 16,5

-,_75 (11} -,49_ (11} -,497

3_-51 L,bO (11} 1,_1 (11) ,90
21,e (111 17,4 (11} 17,9

-,3Z_ (111 -.440 (11) -,521

_1-_3 1,64 (111 1,29 (li) 1,01
_8,8 (11) 19,5 (11) 19,3

-.393 [Ii) -.511 (i_) -.527

o3-75 1,_2 (1L) 1,55 (111 1,23
24.b |II} 24.0 (ii) 21.1

-,_Ol (111 -,552 (1_) -.485

7_-90 2.07 (111 1,_7 (11) 1.44

26,U (il) 27,5 (11) 21,4
-,46h (111 -,979 (11) -,513

SCENE TYPE : PARILY CLOUDY OVER OCEAN

DATA 1 - SW JNISOTRDPIC FACTOR

2 - STANDARD DEVIATION OF Sw RADIANCES(W/M_*21SR)

3 - CORRELATION DE LW AND SW RADIANCES

( ) - OAT_ SOURCE

SUN ZENITH _ 36._ - 45.6

MEAN ALBEDO z ,i_00 ( 18 )

NORMALIZED ALBEDO s 1,2C00 ( 18 )

RELATIVE AZIMUTH

3 4 5 8 7 8
30-60 60-90 9C-120 120-150 150-171 171-180

(111 ,78 (11) ,TE (11) ,78 (11) ,78 (11) ,78 (11)
(111 18,0 (11) 16,((11) 18,0 (111 18,0 (11} 18,0 (111
(11} -,464 (111 -,46& (111 -,464 (11) -,464 (11) -,464 (111

(111 ,77 (11) ,8_ {11) ,87 (11) ,85 (111 ,85 (11)
(111 17,3 (11) 18,_ (11) lq,1 (111 18,7 (11) 18,3 (111
(111 -.468 (11) -.443 (11) -,455 (111 -,460 (11) -,452 (111

(111 ,77 (111 .8_ (11) .92 (llD .94 (11} 1,00 (lid
(11) 17,8 (111 17,7 (11} 18,3 (111 18,2 (11) 19,1 (11)
(11) -.406 (11) -.454 (11) -,498 (11} -.443 (11} -,521 (11)

(11) ,77 (111 .8_ (11} .97 (11} 1.05 (11) 1.14 (111
(111 16,1 (11) 17,7 (111 18,6 (11} 19,3 (111 22,6 (11)
(11) -,472 (111 -.49C (11} -,450 (11} -.436 (11} -.487 (11)

(11} .50 (11} .84 (11) 1.03 (11} 1.18 (11} 1.22 (11)
(11) 14.8 (111 15,1 (11) 17,7 (11) 18,8 (11) 20,5 (11)
(11] -.471 (11} -,_1_ (11) -,398 (11) -.474 (11) -,480 (11)

(111 .88 (11) .9C (11) 1.12 (11} 1.37 (11) 1.39 (11}
(111 15.6 (11) 16,1 (11) 17,7 (11) 19,) (11) 20,? (11)
(111 -,450 (111 -.38C (11) -.408 (11} -.461 (11} -,453 (11)

(11) 1.13 (10) 1.Of ( 5) 1.2_ (lO] 1.51 (111 1.58 (11}
(111 1_.2 (10} 15._ ( 5) 14.4 (10) 18.4 (111 19.5 (11)
(11) -,294 (10) -._5_ ( 9) -.381 (101 -.385 (11) -.412 (11}
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(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57 °.

Figure 12. Continued.
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61N NU. 1 Z
ANGLE{DEG.) O-q 9-30

SCENE TYPE z PARILY CLOUDY OVER OCEAN
DATA 1 - Sw _NISOTROPIC FACTOR

Z - STANDARD DEV[AT]ON Or SW RAD[ANCES(WIMee21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SDURCE

SUN ZENITH : 45.6 - 53.1
_EAN ALBEDO z ,1700 ( 18 )

NORMALIZED ALBEDO m 1,3(00 ( 18 )

PELATIVE AZIMUTH

3 4 5 6 7 8

30-60 60-9G qC-lZ0 120-]50 150-171 171-180

VIEwLNG LENITH
ulN NO. ANuLE(DEG,)

1 O-lb ,1_ (11) ,71 (1L} .71
15.7 (11) 15.7 (I_) 15,7

-._14 (ii} -.414 ill) -._14

15-27 .70 (II) ,76 (11) .72
14,_ (ll) 15.3 (11) 1_,4

-._02 (_1} -._64 (1i) -.43_

3 Z1-39 1,ul IlO) ,ql (11) ,77
I_,1 (10} 13.9 (I*) 14.3

-,472 ilO) -.378 (11} -.450

39-)I 1.75 (II) 1,23 (ii) .86

25.0 (11) 17,3 (11) 17,3
-.14u (il) -.%19 /1i) -.480

5 _-b3 Z.ZO (11) 1.48 (Ii) l,Ol
Z_.9 (Ii) 20.b (11} 17.2

-,15L (ii) -.438 (1_) -.458

b b3-7b 2.54 (ii} 1.8C (i_) 1.53

2%,> (11) 27,1 (11) 21,8
-.38_ (11) -.49_ (11) -._0

7 tb-qU 2.91 (11) 2,19 (Ii) 1.59

28._ (11) 30,3 (ii) 22.8

-.399 (11} -.51_ (Ii) -.484

(11} ,71 (11) ,71 (11) ,71 (11} ,71 (11) ,71 (11)
(11} 15,7 (11) 15,7 (11) 15,7 (11) 15,7 (11} 15,7 (11}

(11) -,414 (11} -,41_ (11) -,414 (11) -,414 (11) -,414 (11)

ill) ,69 (i1) ,73 (11) ,84 (11) ,B2 (11) ,84 {11)
(11) 14,1 (11) 15,C (11) 17,3 (11) 15,7 (11) 17,0 (11}
(11) -.410 (11) -.3q_ (11) -.60_ (11} -.352 (11) -.386 (11}

(11} ,72 (11) ,74 (11) ,qO (11} ,91 (11) ,q4 (11)

(11) 14,1 (11) 13,_ (11) 16,3 (11} 15,_ (11) 16,2 (11)
(11) -,429 (11) -,412 (11) -.407 (I1) -.340 (11) -,370 (11)

(11} ,74 (11) ,7_ (11} ,96 (11) 1,05 (11) 1,12 (11)
(11) 14,2 (11) 14._ (11} 17,1 (11} 17,6 (11) 1_,_ (11)
(11) -,37q (11} -,444 (11) -.446 (11) -,378 (11) -,362 (111

(11} .Tq i11) ,8_ (11) 1,01 (11) 1,1e (11) 1,2_ (11)
(11) 1_,4 (11) 14.1 (11) 1_,5 (11) 16,_ (11} 18,0 (11)
(11) -,411 (I1) -,43; (11) -,400 (11) -,_12 (11} -,373 (11)

(11) ,86 _11) ,8_ (11} 1,17 (11} 1,3q (11} 1,46 (11}
(11) 14,8 (11) 15,£ (11} 16,4 (11) 17,8 (11) 18,0 (11}
(11) -,418 (11} -,387 (11) -,424 (11) -,365 (11) -,39_ (11)

(11} 1.15 ( _} 1.06 (5) 1.3b (11) 1.57 (11} 1.64 (11)
i11) 1_,_ (9) 14,_ (5) 13,7 (11) 16.6 (11) 17,_ (111

(11) -,674 ( 9} -,43_ ( 5} -,_8_ (11) -,37_ (11) -.33_ (11)
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(d) Solar-zenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 12. Continued.
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diN hOD

ANGLt(DEG.)

VlcNIN@ ZEhlTM

_IN hUG AN_cE(DEb.)

L O-i_

2 z)-27

._ c?7 -3g

4 Jg-_L

o o_-75

7 7)-90

1 Z
u-9 9-30

.o4 (11) .t4 (li)

12.2 (11) 12.2 (lID

-.4_0 (II) -.4C0 (I,)

.ok (ii) .69 (i1)
_3,1 (11) 1_.5 (i¢)

-.430 (,I) -,447 [ll)

• so (10) ,_3 (ii)

II.3 (i0} 11.b (11)
-.4ZI (iO} -.431 (ll)

1.5_ (ii) 1.19 iL)
16.7 (11) ib._ {ll)

-.256 (ii} -,417 ii)

2.5_ (11) 1,61 11)

3b._ (il) 21.5 (z_)

.OGo (llD -.3_ lid

3._o (ll) Z.ll If)

_0._ (11) 30.3 (AiD
-.1_ (11) --°433 li)

_.01 (iO) 2,63 (1,|
_.3 (13) 32.i (il}

-,ZgN (I0) -.432 (11)

SCENE 1YPE : PARTLY CLOUDY OVER OCEAN
DATA I - SW JNISOTRORIC FACTOR

Z - STAEDAPD DEVIATION OF SW RADIANCES(WIMe_2/SR)

3 - CORRELATION DF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH = 53,1 - 60,0
MEAN ALBEDO : .iESC ( 18 D

NORMALIZED ALBEDO : 1.4_0C ( 1B D

RELATIVE AZIMUTH

3 4 5 6 7 8
3G-bO 60-9C OC-120 1Z0-150 150-171 171-180

• 64 (11) .6_ (11) .b4 (11) .6, (I1) .64 (11) .64 (11)
12,2 (11) 12.2 (11) 1Z._ (lid 1Z.2 (11) 12,2 (11D 12,2 (11)

-.400 (11) -.400 (11) -.40C (11) -.400 (11) -.400 (11) -.400 (11)

°66 (11) .63 (11) .bE (11) ,75 (llD .7g (11) ,77 (11)
12,2 (lID 11,9 (11) 1Z,_ (llD 13,5 (11) 13.3 (11) 13,4 (11D

-.373 (11) -.384 (llD -.377 (11) -.35b (11) -.348 (11) -.338 (11)

.71 (11) .67 (lid .bE (111 .83 (111 .87 (11} .90 (10)
12.2 (11) 12.Z (11) ll.& (11) 13.6 (11) 12._ (11D 14.6 (10)

-,456 (11) -,38Z (11) -,_11 (11) -,378 (11) -,354 (11D -,352 (10)

• 87 (11) .71 (llD .72 (11) .92 (11} 1.01 (11) 1.04 (11)
15.3 (11) 12.7 (11) 12._ (11) 14.3 (11) 14.7 (11) 16.4 (11)

-.467 (ll) -.366 (llD -.403 (11) -.397 (11) -.406 (11) -.425 (11)

1.06 (11) .79 (11} .7_ (11) .99 (11) 1.le (11} 1.24 {11)
16._ (11) iZ._ (11} 1Z.C (ii) 13.1 (11) 14,e (11) 16,1 (11)

-.43b (11) -.37b (11D -.42_ (11) -.358 (11) -.393 (11) -,280 (11)

1,43 (llD .88 (10) .B_ (11) 1.1q (11) 1.42 (llD 1,50 (11)
21.g (ii) 14.5 (I0) 14.2 (II) 14.6 (lid 15.7 (11) 16.7 (11)

-.462 (ii) -.328 (10) -.32_ (11) -._qO (11) -.37b (11D -.35B (11)

1.74 (11) l.Z6 { 5) 1.ZC ( 5D 1.44 (10) 1.6Z (11D 1.71 (11)
2;.3 (1,) 17.7 (5) 15.¢ (5) 1_.3 (10) 14.7 (11) 15.? (11)

-._7 (II) -.395 (5) -,382 (5) -.409 (10D -,E78 (11) -.394 (11)
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(e) Solar-zenith-anglebin 5, 53.13 ° to 60.00 °.
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ORIGINAL PAGE IS

OF. POOP_ QUALI'I_,

_|N nO. I L

ANGLE(DEG.) 0-9 9-30

VIkwIN_ ZENITH

oi_ NO, ANGLE(DEG,)
1 _-,5 ._9 (1*) ,59 (Ill ,59 111|

iO.l (ii) I0,i (ii) IDol 111)
-.430 (Ii) -,430 (I11 -,_30 Ill)

_9-21 ,69 (ii1 ,b7 (ii) °64 (Ii)

10.2 (I11 I0,4 (II) ii,3 (11)
-._4u (if} -.W53 (i11 -.4_? (ii)

_7-39 ._b (I0) .eu (ll) ,70 (II)

_0.7 110) II,i (Ii) 10.4 1111

-.4o9 (.Of -,473 (I_) -.4u2 1111

J9-51 l,)Z (I01 1.17 (ii) ,8b 1111
Ib.N (131 14.3 111) 13,1 (i11

-,442 (i01 -.430 (i11 -.47_ 111)

5 _i-b3 _.6b (I01 1.6e (il} 1,05 (111

30.0 (_0) lq.4 (II} 14,q (11)

-.12_ (i0) -,3_3 111) -.394 (11)

b 03-75 4.o0 (11) _.33 (ii) l,b5 (_I)

63._ (il) 32.6 11i) 21.5 (i11

-.i_ (11) -.4?0 (ii) -,443 (11)

l 7_-90 5,61 (i01 3,03 (ill 2,00 (10)

57.9 (_u) 36,2 (II) 21.I 110)

-.03_ (I01 -,421 (ll) -,440 110)

SCENE TYPE J PARILY CLOUDY OVER OCEAN
DATA I - SW ANISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCE$(WIN**2/SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH ! 60,{ - 66,4

MEAN ALBEDD : .2150 ( 18 )
NORMALIZED ALBEDO ! l.?2OO ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-6C 60-_0 9C-120 12D-l_O 150-1?1 171-180

.59 (11) .5_ (111 ,59 (111 .59 (111 .59 (11)
1C,1 (11) 10.1 (11) 10.1 (111 10.1 (111 10.1 (111

-._30 1111 -.43C (111 -.430 (111 -.430 (111 -.430 (111

• 60 (ll) ,6_ (11) .67 (111 .72 (111 ,70 (11}
9,7 (111 9,_ (111 10.5 (111 11,1 (111 10.6 111}

-.419 (111 -.38t (111 -.377 (111 -.403 (111 -.3_1 (111

• 61 (111 .6_ 1111 .77 (111 ,82 (111 .8_ (lO)
10,4 (11) 9.2 (111 11.0 (11) 11,2 (n) 10,9 (lO)

-,_b9 (111 -,3q2 (111 -.)?q (111 -,)q7 (111 -o_77 (101

.69 (111 .66 (11) .B5 1111 ,96 (111 ,gq (11)
1C.? (111 I0._ (111 ll.e (111 12.1 (111 12.4 1111

-._gq (111 -._77 (111 -.407 (111 -.3Q4 (11} -,416 (11)

,79 (11} .77 (11) .98 (11) 1.13 Ill) 1.23 411)
11,3 (111 10,_ {11) 11,9 (111 12,3 (111 13,5 (111

-.386 (111 -,3_E (11) -.433 (111 -,343 (ll) -,375 (111

,89 (10) .8¢ (101 1.20 (111 1.41 (111 1.52 (111
14.9 (101 13.e 1101 13.3 (11) 1_.8 1111 15,8 (11)

-,_45 (101 -o30_ (10) -.442 (111 -.408 (111 -,*Sq (111

1,36 (5) 1.2_ (5) 1.51 (lO} 1.67 411} 1,76 (10)
1_.0 (5) 15.2 ( 51 13.1 (101 1_.8 (111 14.4 (lO)

-.363 (5) -.31_ (5) -.26_ (101 -,358 (111 -._80 (10)
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(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.

Figure 12. Continued.
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BIN NO. 1 Z
ANGLE(DEG.) O-g q-30

VIEWING ZENITH
diN hO, ANGLt(DEG,I

l 0-15 .53 Ill) ,53 (ll)

7,4 (11) 7.4 (11)
-._56 (LiJ -,458 Ciii

2 15-27 -_Z (1U] ._D (10)
8.5 (10) 7.6 (10)

-.47_ (1U/ -,4_7 (10)

3 27-39 .Tq (lu) .77 (*_1
8.i (I0) 8._ (i0)

-.482 (lu) -,411 {lO)

39-51 1.45 (lu) 1.17 (111
1209 (10) 13,3 [11)

-.4z_ (1U) -,3gg [li)

5 51-63 2.61 (10] 1.b6 (lu}
2B.b (10) 1T,q (1U]

-.lg_ (10) -.426 (lu|

6 o3-75 5._ (lu) Z.b3 (l*)
78.4 {10) 33.! (ll)

-.030 (IO_ -.3T_ (11l

7 l_-go 7.16 [10) 3._0 (lO)
b_._ (10) 40.3 (IO)

•o19 (101 -.353 (i0)

SCENE TYPE : FARILY CLOUDY OVER CCEAN
DATA I - Sk JNISOTROPIC FACTOR

2 - STAkOARD OEVIATION OF Sw RkDIJNCES(wIH$eZISR)
3 - CbR_EL_TZON OF LW A_D $k R_DZ_CES

( ) - DATJ SOURCE

SUN ZENITH ! 66,_ - 72.5
MEAN ALEEDO I .Z_O0 ( le )

NORMALIZED ALBEO0 : 2.0(00 ( 18 )

RELATIVE kZIMUTN

3 _ 5 6 T B
30-60 60-90 9C-1ZO 120-150 150-171 171-180

,53 (11) ,53 (11) ,53 (11) ,53 (111 ,53 (11) .53 (11]
7,4 (11) 7,4 (11) 7.4 (11) 7,4 (111 7,4 (11) 7,4 (11)

-.45b (111 -.458 _11_ -.45E (Z11 -.456 (Z|/ -.458 _|11 -.4_8 (ZIi

.58 (11) .56 (11) .St (11) .60 (11) .bE (11) .63 (10)
1.7 111) 7.4 (11) 7.C (11) 7,6 (11) 7,4 (11) 8,8 (10)

-.4_ (111 -,459 (11) -,45_ (11) -,440 fill -,425 (11) -,451 (10)

.69 (101 ,Sg (10) .5_ (10) .70 (10) ,79 (10) .78 (10)
g.6 (10) 7.0 (10) 7._ (10) 8.7 (10) 8.7 (10) 7.9 (10)

-.434 (10) -.379 (101 -.475 (10) -.473 (10) -.264 (10) -.469 (10)

,87 (11) .65 (11) ._ (11) .7T (11) ,91 (11) ,_5 (10)
11.6 (11) 8,2 (11) 7,_ (11) 9,3 (11) 9,1 (11) 9._ (10)

-,508 (111 -,404 (11) -,5I_ (11) -.433 (11) -,368 (11) -,_63 (10)

1.14 (10) .74 (10) ,73 (10) ,g3 (10) 1,12 (10) 1,14 (10)
13.7 (10) g.1 (10) 8._ (10) g,6 (10) 10,4 (10) 9,3 (10)

-.434 (10) -.416 (I0; -.30¢ (101 -.405 (10} -.441 (10) -.37_ (10;

1,67 (10) .q2 (10) .8! (101 1.19 (10) 1,41 (11) 1,57 (11)
Z1.0 (10) 13,_ (10) 12,¢ (lO) 12,E (10) 12,4 (11) 12._ (11)

-.4ZZ (lO) -.33Z (lO) -.Z4¢ (_0) -.373 110| -.44q (I11 -.3_9 _IIl

Z.Z3 110) 1.46 (5) 1.3] (5) 1.53 (10) 1.70 (10] 1.81 (101
ZZ.5 (10) 16.6 ( 5] 14,_ (5) 13,q (lO) 12,1 (10) 12,5 (10)

-.44C (10) -,332 (5) -.135 (5) -.116 (10) -,357 (10l -.315 (101
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 12. Continued.

?8



ORIGII_TAL PAGE IS

OF POOR QUALITY

_IN NO. 1 2
ANGLE(DEG.) U-9 9-30

_LtwING L_NITH
oLN NO. ANGLE(DEG.)

I 0-15 .48 (Ii) .48 (11)
5.0 (11) 5.0 (11)

-.4_6 (ii} -,426 (ll)

Z _5-27 .57 (10} ._8 (lu)
5.6 (10) 5,6 (_0)

-.474 (10] -.506 (10)

3 _7-3g .7b ( q) .75 {1b)
7.1 ( 9) 6.9 (10)

-.465 ( 9) -.473 i10)

4 39-5i 1,35 (IO) 1.17 (II)
I0.0 (10) I0.I (ii}

-,318 41o) -.3_8 (IL)

5 bl-b3 2.5b (i0) 1.73 (i_)

24.3 (I0) 14.5 (lO)
-.Z49 410) -.371 (iO)

6 b3--75 5.97 (I0} 2.bC (LO)

80.9 (I0) 32,I (IG)

-.135 (10) -.41o (lu)

7 75-90 8.37 (10) 4,08 (10)
84.o (10] 35.4 (lu)
.092 (I0) -.243 {IG)

SCENE TYPE I PARTLY CLOUDY OVER OCEAN
DATA 1 - SW JNISOTRORIC FACTOR

2 - STAEDARD DEVIATION OF SW RAOIANCES(WIM$_21SR)
3 - CORRELATION OF LV AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH = 72._ - 78,5
MEAN ALBEDD I ,3COC ( 18 )

NORMALIZED ALBEDO = 2.4C00 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 60-90 _C-120 120-150 150-171 171-180

• 48 (11) .48 (11) ,4E (11) .48 (11) ,48 (11) ,_8 (11)
5,0 (11) 5,0 (11) 5.C (11) 5,0 (11) 5,0 (11) 5,0 (11)

-.42o (11) -.426 (11) -,42E (11) -,426 (11) -,426 (11) -.426 (11)

,56 (11) ,52 (11) .4_ (11) ,54 (11) .5_ (10) .58 (10}
8,0 (11) 5.8 (I1) 5,_ 411) 5,3 (11) 5,3 (10! 6.0 (10)

-.3bb (11) -.522 (11) -,45_ (11) -.383 (11) -.407 (10) -.412 (10)

.64 (10} ,55 (I0) ,53 (lO) ,62 (10) ,70 410) ,73 (9)
6.0 (10) 5.3 (10) 5.¢ (10) 6.4 (10) 5.9 (10) 6.1 (q)

-,406 (10) -.414 (10) -.43_ (10) -,483 (10) -,238 (10) -,3_7 (9)

.88 (10) .65 (10) .6C (10) ,73 (10) .84 (10) ,88 (10)
9.2 (10) 6.8 (10} 5. E (10) 6.7 (10) 6.5 (10) 7.4 (10)

-.348 (I0) -.475 (I0) -,59_ (10) -,484 (10} -,366 (10) -,340 (10)

1.,7 (10) .77 (10) .7C (10) .90 (10) 1.06 (10) 1.07 (10)
ll,g (10) 8,3 (10) _.C (10) 7,_ (10) 8,0 (10) 7.5 (10)

-,301 (lo) -,_95 (10) -,43_ (10) -,433 (10) -.455 (10) -,376 (10)

1.81 tiC) 1.02 (10) .8_ (10) 1.24 410) 1.41 (11) 1.57 410)
18,3 (10) 14.3 (10) 9,_ 410) 10,8 (10) 9.3 (11) 12.2 (10)

-,378 (i0) -.190 (I0) -.12_ (I0) -.313 (IC) -.375 (II) -,336 (10)

2.44 (10) 1.58 4 5) 1.3_ (5) 1,54 (10) 1,75 (10) 1,95 (10)
24.8 410) 17.2 (5) 12.4 (5) 10.6 (10) 9.q (10) 11.3 (lO)

-.113 (1C) -.180 (5) -.17_ (5) -.282 (10) -.242 (10) -.209 (10)
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(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.

Figure 12. Continued.
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biN _O.
AN_LE(DEG,)

VIEWING ZcN|TH
bin hO, AN_LE[UEb,)

1 u-lb

1 2

u-q 9-.%0

•_b {Ii) .%b (.,) .4b

3._ (ii) 3.S (Ii) 3.5
-.331 ill} -.331 (i_) -.331

1_-27 .5_ (I0) .58 {I_) .54

%,_ (iv) 4.8 iLa) 3,7
-.587 (10) -.514 (_0) -.3@2

_7-39 .7% (9) ._4 (I0) .62

5.2 ( q) 5,1 (I0) 4,2

-.317 ( 9) -._q3 iIQ) -.466

3_-5L 1.35 (I0) I.IZ ilO) .84

8,_ (I0) T,C (i0) b,5

-,_ (i0) -,_6 (i0) -.38G

_I-_3 2.40 (i0) I.78 (I0) 1.13

14,7 (I0) 12.5 (I0) B,l

-o248 (10) -.307 (i0) -.ZbO

oa-7_ b,_ ilo] 3,10 LIO) Z,OO
bO,o (.0) 22._ (1_! 14,b

-,Io0 (I0) -,384 (14} -,334

7_-90 d._3 (q) 4.38 (i_) Z,82
b4., (9) 27.8 (i0) 15._

.079 i q} -,02q (lu) -,05b

SCENE TYPE = PARILY CLOUDY OVER OCEAN
DATA 1 - SW _NISOTRDPIC FACTOR

Z - STAhDARD DEVIATION DE SW RADIANCES(WIMeeZ/SR)
3 - CDR%ELATION OF Lw AND SW RADIANCES

( ) - OAT_ SOURCE

SUN ZENITH I TB,5 - 84°3

MEAN ALBEDO : ,3ESO ( 18 )

NORMALIZED ALBEDO = 2,q200 ( 18 )

RELATIVE AZIMUTH

3 _ 5 6 7 8
30-60 60-90 gC-120 120-150 150-171 271-180

(ii} ._b (ii) ,_ (II) ,46 (Ii) ,46 (11) .46 (11)

(II) 3.5 (Ii) 3,_ (II) _,5 (Ii) 3.5 (II) _,5 (II)

411) -,331 (11) -°331 (11} -,331 (11) -,331 (11) -o331 (11)

(10) ,4_ (10) .4_ (10) ,50 ilO) ,51 (10) ,50 (10)
(10) 3,9 (10) 3,_ (10) 3,7 (10) 3.8 (10) 3.6 (10)
(I0) -.44b (I0) -,35_ {i0) -.2qO (I0} -.240 {I0) -._6_ (I0)

(iO) .53 (I0) .5_ liD} ._b (I0} ,_3 (10) .$8 (8)

(10) 3,8 (I0) 2,_ (I0) 3,B (I01 3.8 (10) 4.Z (B)

(10) -,546 (10) -,36; (tO) -.382 (IC) -,200 (10) -,626 ( 8}

(1O) ,b2 (10) .SE (10) ,b7 (10) .80 (10) .81 (10)
(10) _,o (10) 3. E (lO) 4.0 (10) 4.5 (10) 4._ (lO)
(10) -.375 ilO) -,35E (10) -.352 (10) -.Z28 i101 -,476 (lO)

(10) *77 (10) ,71 (10) .8& (10) 1,02 (10} 1,04 (10)
(10) _.7 ilO) _.1 (lO) 4,5 (10) _.7 (lO) 5,_ (10)
(10) -,479 (10) -,31E (10)" -,387 (10) -°315 (10) -0407 (10)

(lO) 1.Oh (10) .B_ ( _1 1,Zl (10) 1.41 (10) 1.46 IlO)
(10) 7.2 ilO) 5,3 (9) b,7 (10) 7,4 (10) 6,6 (10)
(10) -.265 (10) -,171 (9) -.318 (10) -.340 (10) -.410 (10)

{ 9) 1.75 (fl) 1,47 (_) 1,b6 (10) 1.84 (10) 1._5 (q)
(9) _.8 (5) 7,_ (5) 6.6 (10) 7.4 (10) 9,1 (9)

(q) -,131 (5) -.054 ( _} ,123 (10) -.18q (10) ,ZOZ (9)

2.00

1.75

n- 1.50
0
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(i) Solar-zenith-angle bin 9, 78.46° to 84.26 °.

Figure 12. Continued.
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ORIGIN'AE PAGE IS

OF POOR QUALITY,

BIN i'xD. l

ANGLE(DEG, ) ,J-9 ¢;-30

VIcwINb LcNITH

8L_ N_, ANGLE(DEG,)

1 0-£5 ,45 (i0) ,_5 (I0} ,45

i._ (I0) 1,9 (I0) l,g

-,_3b (I0) -._3t (i0) -,_3e

I_-27 ,_5 ( 8) ,57 ( 8) ,51

Z,O ( 8) Z,8 ( _} 1.6

-.U_5 ( 8) -.3(0 ( _) -.iZZ

_7-3_ ,El ( 7} ,70 ( b) ,54

Z,b ( 7) 2,6 ( b) 1.9
-.091 ( 7) -.3vl ( 8) -,087

5g-Sz 1.23 ( 8) l,cg ( g) ,80

Z,7 (8) Z,7 (@) 3,3

-,7_o ( _} -,399 { g) -,327

51-63 1,96 (8) 1,_3 (b) 1,18
6.3 (8) 4,8 (6) 3.5

• 047 ( 8) -,080 ( 8) -,55b

b3-75 5.7_ ( g) 3,10 (I0) 2.2g

27,b ( g) 10,1 (lu) 7,9
-,274 ( g) -,380 (10) -,130

7_-90 8,14 ( 7) 4,70 ( 9) 3,19
_i,5 (7) 14,o (9) 7.3

-.6zb ( 7) -,ilb ( 9) -,008

SCENE TYPE i PARILY CLOUDY OVER OCEAN
DATA I - Sw JNISOTROPIC FACTOR

2 - STAhDARD DEVIATION OF SW RADIAHCFS(WIMee21SR)

3 - CORRELATION OF LW AND SW RADIANCES
( ) - DAT_ SDURCF

SUN ZENITH I 84._ - _0,0
MEAN ALBEDO I .6_50 ( 18 )

NORMALIZED ALEEDO = 3,5EC0 ( 18 )

RELATIVE AZIMUTH

3 _ 5 b 7 8
30-bO bO-gC 9C-lZC lZC-15O 1_0-171 171-180

(10) ,45 (10) ,_ (10) ,45 (10) ,45 (10) ,45 (10)
(10) l,q (10) 1,; (10) 1,Q (10) 1,9 (10} 1,9 (10}
(lO) -.43b (10) -._36 (10) -.43b (10) -._)b (101 -.436 (10)

(9) .48 (10) ,k_ (10) .4_ (_) .46 (8) ,51 (B)
(q) 2,3 {10) 1. t (10) l,b (9) 1,8 (8) 1,8 (8)
(9) -.117 (10) -,32_ (10) -.lOB (_) -.306 (8) -.023 (e)

(8) .Sb (8) ,5( (8) ,55 (8) .58 (8) .64 (7)
(8) 1.o (8) 1,_ (8) 1.7 (8) 1._ ( 81 1.1 (7)
(8) -,573 ( 8} -,07( (8) -,202 (8) -.919 (8) -,_82 (7)

(9) .b5 (g) .6_ { 9) .b7 (9) ,72 (9) ,83 (?)
(9) 2.0 (9) 2.4 (9) Z,O ( q} 1.8 (9) 2.0 (?)
(9) -.253 (9) -,214 (9) -.35b (9) -.300 (9) .138 (7)

( e} ,8Z (9) .8C (e) .83 ( 8} 1.01 ( _} 1.00 (B)
(8) l,B (9) 2.Z (8) 1.7 ( 8} Z,Z ( _} Z.4 (8)

(8) -,125 (9) ,172 { 8) .074 (8) -.218 (9) -,_28 (g)

(9) ,98 (q) .8! ( 8} 1.29 (I0) 1.42 (10) 1.47 (q)
(9) 2,0 (q) Z,! (B) _.0 (I0) 3.0 (10) 3.1 (9)
(9) -.100 (q) -.29_ (8) -.011 (1CI -,192 (10) -.465 (9)

(8) 1,u3 (5) 1.5] ( 5} 1,bb (_) 1,8_ (B) 1.90 (_)
( 8} _.2 (5) 4,C (5) 4,5 (_) 3.5 (B) 2.7 (B)

(8) -,05z (5) -,lit (_) .126 { q) -,288 (8) .076 (8)

2.00

1.75

1.50

b_1.25
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SCENE TYRE : PARTLY CLOUDY OVER LAND OR DESERT

OATA I - SW INISOTROPIC FACTOP
2 - STANDARD DEVIATION OF SW RADIANCES(WIMe*ZISR)
3 - CORFELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH I ,E - 25,B

MEAN ALBEDO a .2]30 ( 18 )
NORMALIZED ALBEDD = 1,0000 ( 18 !

EELATIV_ AZIMUTH

_LN N_, 1 _ 3 4 5 6 7 8
AN_LE(DEG.) 0-9 9-30 30-00 60-90 90-120 110-1_0 150-171 171-180

_LEwING LENITH
_IN NO. ANbLc[OEG,)

1 0-19 1.05 (11) 1.u5 (il} 1.05 (11) 1.05 (11) 1.09 (111 1,05 (11) 1,05 (111 1,05 (11)
24.5 (113 24,B (111 ZA,O (111 24,6 (11} ZA,e (111 24.8 (111 24.8 (111 24.8 (11}
.095 (1_) .Oq5 (111 ,095 (11) .095 (111 .Og_ (11) .095 (111 .095 (11) °095 (11)

Z l:-Z? i.o_ (11) .97 (1.) l.O0 (11) 1.00 (11) 1.02 (11) 1.07 (111 1.09 (11} 1.14 (11)
26.5 (111 Z3.8 (li) 14.5 (111 ZA.Z (111 Z3.E Ell) 24.Z (11} 23.0 (11) 23.8 i111
• 1Zb (15) ,Oh7 (11) .150 (111 .103 (]1) .11((11) .056 (11) .066 (11} ,Oq4 (11)

3 cl-39 ._b (11) ,95 (11) .9_ (11) .q8 (111 1.02 (11) 1.04 (111 1.07 (11) 1.10 (11}
24,_ (111 23.8 (1_) Z4.1 (11i 23.6 (11) Z3.E (111 22.9 (11} 23.0 (111 24.5 (11)
._79 (11} .1ek (1.) .t56 Ill) .141 (11) .L2) (111 ,11Q 111) .Oql (111 .047 (11}

4 _9-51 .93 Ill) ,q_ (ll) ,q4 (111 ,q3 (11) 1.01 (111 1,03 (11) 1.05 (11) 1.06 (111
2_.7 (ii} 2_.6 (II) Z3.4 (111 Z3.5 (11) Z4.1 (11} Z4.0 (11) 23.4 (111 23.2 (11)

,_49 ill) .1ZZ (11) .107 (11) .178 (11) ,151 (11) .121 (111 .071 (111 .041 (111

_-_3 .91 (11) .93 (1_) .q3 (111 .q3 (111 .�E Ell) 1.03 (11) 1.05 (11} 1.06 (11)
22.1 (111 2Z.q (11} 11.4 (111 22.1 (11) 22,_ (11} 22.6 (111 21.6 (11) 22.4 i11)
.1_6 (11) .041 Ell) ._30 (11) ,163 (11) .22¢ (11) .lq6 (11) .105 (11} .085 (111

o3-75 .99 (11) .q8 i1_) .q6 (11) .q7 (111 .q_ (11) 1.03 (111 1.03 (111 1.06 (11)
22._ (,Z) 22.3 (111 Z0.5 (111 Z0,5 (111 11.( i111 21,1 (111 20.0 (111 20.3 (111

-.163 (11) -.let (1.) -.084 (11) .040 (111 .034 (11) .124 (11) .015 (11} -.011 (111

7 7_-90 1.O5 (_C) 1.OZ (11) 1.00 (11} .q9 (11} 1.01 (111 1.03 (11) 1.03 (11} 1.05 (111
1b.8 (Lu) Z0.5 Eli) Zu,O (11) 17.b (11) lq.C (111 17.B (111 18.5 (11) 18,5 (111

-.241 (lO) -.Zbb (1_) -.131 (11} -.022 (11) -.1_4 (111 -.014 (111 -.154 (111 -.007 (11)
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(a) Solar-zenith-angle bin 1, 0° to 25.84 °.

Figure 13. Bidirectional model for partly cloudy over land or desert. (See table 5 for explanation of data

sources.)
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DRIGI]_TAE PAO_ I_

OF. POOR QUALITY

dIN NO. i 2

ANGLE(DEG.) 0-9 9-30

VIcwIN& ZENITH

BIN NO. A_LL(DEG,;

w-15 .gb (11) ,§b ill) .96
23.0 (I11 23,0 41,) _3,0

-.033 [Ii) -,033 {I11 -,033

2 A_-_7 ,93 (iO) ,85 (ii} .91
23.4 (10) 20.6 (I_] 23.8

-.029 (iO) -.125 (I.! -.038

21.3 (i0) 22,5 (11) 23.4
-.166 (i0) -.02B (11) ,043

_g-bl .gU (ii) ,ql (II) ,ql

ZZ,7 (11] 73._ (i_) 21,7

-.Io_ (ii) -.063 il*) -,C48

_.-b3 .9_ (I0) .95 (I_) .93
22._ (10) 21,7 (ii} 20.6

-.Ib7 (1O] -.0_6 (_i) -.ugO

oj-75 1.13 (ii) l.u7 (ii) 1,03

2_.7 (II) 22.( (lll 21._

-,3_3 (II) -,341 (11) -.24b

7 75-90 1,30 4101 1,21 (11) 1,11

2b.% (_O) 23.4 (11] 20.7

-.2_2 (I0} -.4_2 (1.} -.2bl

SCENE TYPE = PARTLY CLOUDY OVE; LAND OR DESERT
DATA 1 - SW _NISOTRDPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIM_21SP]
3 - CORRELATION OF lW AND SW RADIANCES

i ) - DAT_ SOURCE

SUN ZENITH = 25,E - 36.9
MEAN ALBEDD = .2EIC ( 18 |

NORMALIZED ALBEDO m 1.0376 ( 18 )

RELATIVE AZIMUTH

3 _ 5 6 7 8

30-60 60-qO gE-12O 120-150 150-171 171-180

(il) .96 (11) .92 (II) .q6 (11) .96 i11) .g6 (11)

(Ii) 23.0 (11) 23.C (11) 23.0 (11) 23.0 (11) 23.0 (11)

(11) -,033 (11) -.033 (11) -,033 (11} -,033 (11) -,033 (11)

(11) ,95 (11) ,_ (11) 1,O2 (11) 1.07 (11) 1,13 (11)
[11) 23,9 (11) 23.4 (11) 22.5 ill) 22.5 (11) 23,4 ill)

(11) -,022 (11) -,02_ (11) .010 (11) -.064 (11) .01g (11)

(11) .g3 (11) ._6 (11) 1,05 (11) 1,16 (11) 1,21 (10)
ill) 22.8 (11) 22,3 (11) 22.5 (11) 23.7 (11) 21,1 (10)

ill) ,007 (11) -,0bE (11) .042 i11) -.02P (11) -,157 (10)

411) .q2 (11) ,gt (11) 1.07 (11) 1.15 ill) 1.18 i11)
(11) 23.4 (11) 21.( (11) 23,4 ill) 22,0 {11) 20,8 (11}
(11) .022 (11) ,053 (11) ,02_ i11) -.011 (11) ,007 (11)

(11) .ql (11) .q7 (11) 1.06 (11) 1,16 (I1) 1.1q (11)
(11) 2_,2 (11) 20.e (11} 22.0 (11) 20.2 (11) 20.2 (11)
(11) .OBC (11) .082 (Ii) -.003 (11} -.032 (11) .031 (11)

(11) ,93 (10) .ge i11) 1.06 i11) 1.18 (11) 1.20 (11)
(I1) 21.8 (1O) 20.1 (11} 20.6 (11) 20,0 (11) lg,7 (11)
(ill -.Cb3 (10) .05t (11) .047 (11) -.027 (11) -.13_ (11)

(11) .Q7 (TO) ._ (5) 1.04 i 8) 1.17 ill'l 1,20 (11)
(11) 17,2 (10) 18.1 ( 5) 15.1 ( 8) 19.0 (11) 18.7 (11)
ill) -,121 (I0) -,092 (5) -.35g ( 8) -,050 (11) -.I0_ i11)
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(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 13. Continued.
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BIN NO. 1

ANGLE(D_G.) _-9

41t_ING ZkN|TH

DIN NU. AN_L_CDEG.)

1 0-1_ .6_ [ii)
26.2 (111
.o_ (ii}

2 15-Z7 .b9 (131
E8._ (10}
.i_8 (101

_7-3g .81 (101
22.o (iv)

-.i_5 (i0)

4 39-51 .94 (11)
30,3 (111

-.133 (111

5 _1-6J 1.07 (I01
Z7.i (lU)

-.211 (I01

o o_-75 I._4 (111

3u.s (111
-,390 (ii]

'7 7_-_O 1._ (101

9-3U

.6g {111 .B9
26.2 (ll) 26.2

,055 {If) .O_5

,CO (111 ._9
24,7 (ill 26.g

-,G65 (111 ,076

.9_ (111 .gO
27.3 (11) 27,3
•038 4111 .107

.90 (1_) .91
25.5 (1_1 Zb.g

-.03b (11} -,024

,_6 (111 ._6
26.1 (11) 26.5

-,057 (111 -.067

1.i4 (zl) 1.06
26,6 (111 Z601

-,Z_¢ (1_1 -.188

1.30 (i_) 1,1b
24.e (11) 24.1

-,332 (11) m'Zg7

SCENE TYPE * PARTLY CLOUDY OVER LAND OR DESERT
DATA I - SW tNISDTROPIC FACTOP

2 - STANDARD DEVIATION OF SW RADIANCES(WIM$$Z/SR)
3 - COQFELATIDN OF LW AND SW RADIANCES

( ) - OAT* SOURCE

SUN ZENITH * 36,_ - _5.6
MEAN ALBEDO * .Z_OO ( 18 )

NORMALIZED ALEEDO * 1.0796 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 60-_0 q¢-120 120-150 150-171 171-180

(111 .99 (111 .8((11) .89 (11) ,Eg (111 .Og (111
(11) 2b.2 (111 26.2 (111 26.2 (11) 26.2 (11) 26.2 (11)
(11) ,055 (I1) ,05_ (111 .055 (11) ,055 4111 ,055 (111

(11) .90 (11) .97 ill) ,97 (11) .gq (111 1.01 (11)
(11) 26.3 (11} 26._ (11) 26.5 (11) Zb.2 (11) 25.6 (11I
(11) .102 (11) .08_ (111 .103 (11} .1B2 (11) .12_ (11)

(11) .8g (11) .gC (11) 1,04 (11} 1.13 (11) 1.06 (10)
(11) 25.q ill) 23.2 (111 25.4 (11) 26.6 (11) 23._ (10)
(111 .161 (11) .04_ (111 .027 (111 .005 (111 ,098 (10)

(11) .91 (11) .q_ (111 1.11 (11) 1.17 (11) 1,24 (11)
(11) 25.5 (11) 24.1 (111 25.7 (11) 25.8 (11) 26.6 (_1)
(11} .OB4 (111 .O_l (11) .014 (11} .020 (11) .0_1 (11)

(111 .90 (11) .q_ (111 1.16 (11) 1.18 (11) 1.25 (11)
(111 24.3 (111 23,_ (I1) 25,7 (111 24.8 (11} 24._ (11)
(111 -.GOb (I1) .I0((11) _ .075 (11) .023 (111 .Og2 (11D

(111 .gO (101 .9_ (111 1.15 (11) 1.23 (ll) 1,27 (11)
(Ill 26.1 (lOD 22._ (111 25.2 (11) 23.fl (111 23.7 (11)
(11) -.C52 (101 .044 (11) -.018 (111 -.OOq (11) .07_ (11)

(11) .@q (g) 1.0] (5) 1.20 ( 91 1.26 (11) 1.27 (llD
(111 i8,g ( ql 21.5 (5) 22.2 (g) 22.0 (ll) 23,? (11)

(11) -,20_ (9) -.081 (5) -.215 (9) -.077 (11D -,045 (11)
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(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57 °.

Figure 13. Continued.
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ORIGINAE PAGE IS

Qt_ POOR QUALITY

ANuLE(OLG,) _-9 4-30

VlLwING ZtNITH

ulN hd. AN_LE(OEG.)
I v-i_ ._4 (ii) .e4 ill) .B_

21._ (Ii) 21.2 (iii 21,2

2 I_-2/ .o_ (i0) .7_ (Ib) .83
21.1 (10) 20.8 (10) 22.5

-.oll {i0) -.luO {iO) --.U3O

3 _7-3g .78 (i0) .,7 (IC) .DO

I_,3 (i0) 22.b (i0} 21,%

-.2bl (iv) -.uSb (I_) -.015

39-91 .91 (I0) ,69 (I.D .91

2Z.i (iO) 2_.2 (il) ZZ.5
-.lgl (i0) -.16b (II) -.0_0

ui-63 l.Ob (I0) l. Cu (Ii) .97
Z3.b {iO) 22.6 (lid Z3.b

-.2_b (13) -.23b (II) -._95

b 03-75 1.3_ (I0) 1,2b ill) 1,13

28.0 {iO) 27.1 (li) 24.5

-,4_1 (10) -.4_5 {11) -.333

1 7>-90 1.5_ (I0} 1,4t (13) 1,2b

32.u (.u) 27.b (lu) 23.3
-.SG0 (_0) -,47_ (lu) -.423

SCENE TYPE s PARTLY CLOUDY OVER LAND OR DESERT

DAIA 1 - SW ANISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANC_$(W/N_*ZISR)

3 - CORRELATION OF LW AND $W RADIANCES
( ) - DATA SOURCE

SUN ZENITH : 45._ - 53.1

MEAN ALBtDO : .2410 ( 18 )

NORMALIZED ALBEDO : 1.131_ ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

3_-60 O0-9C 9C-120 120-1_0 150-171 171-180

(11) .8N (11) .84 (11) .84 ill) .e4 (11) .84 (11)
(11) 21.2 ill) 21.2 (11) 21.2 (11) 21.2 (11) 21.2 (11)
(11) -.0_5 (11) -,01_ (11) -.045 (11) -.045 (11) -.045 (11)

(11) .85 (11) .8_ (11) .g3 (11) ._6 (11) .q7 (10)
(11) 22,4 (I1) 22, E (11) 23.6 (11) 22,3 (11) 23,1 (101
(11| .004 (II) -.013 (11) -.144 (11) .017 (11) -.121 (10)

(10) ,B5 (10) .8_ (10) 1.03 (11) 1.0q (10) 1.00 (10)
(10) 22.0 (10) 22,3 (10) 23.2 (11) 22.4 (10) 19.1 (10)
(lu) ,042 (10) ,0_ (10) -,03_ (11) ,005 (10) -.11_ (10}

(11) .q2 (11) .9((11) 1.09 (11) 1.21 (11) 1.23 (10)
(11) 22,8 (11) 21,_ (11) 22,6 (ll) 23,5 (11) 2_,T (10)

(11) ._6_ {11) -.02C (11) -.OB5 (111 -.010 (11) -._90 (10)

(10) .Og (11) .q_ (11) 1,1_ (10) 1.24 (11) 1.32 (10)
(10) 22.0 (11) 21,1 (11) 23,5 (10) 23.6 (11) 22,9 (10)
(i0) -.G95 (11) -.01_ (11} -,078 (10) -,051 (11) -,044 (10)

(11) .96 (10) .q_ (11) 1.26 (11) 1.29 (11) 1.37 (11)
(11) 21.3 (10) 21._ (11) 21.5 (11) 21.8 {11) 22.3 (11)

(11) -.120 (10) -.02_ (11) -.156 {111 -.072 (11) -.040 (11)

ill) ,97 ( 71 1,0{ (5) 1.38 (10) 1,34 (11) 1,3_ (10)
(11) 17.Z (7) lq.6 (5) 18.4 (10) 1_.1 (11) 20.6 (101

(11) .031 (7) -.O_I (5) -.147 (10) -.077 (11) -.068 (10)
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(d) Solar-zenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 13. Continued.
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BIN NO, 1 z
AN_LE(OEG,) 0-_ q-30

VIEWIN& ZENITH
oLN NO. AN_LE(DEG.)

0-15 .70 (11) .76 (11)
16.1 (11) 1b.1 (I1)

-.330 (11} -.330 (11)

Z Z_-27 .7o (lu) .74 (10)
14.o (10) 16.4 (10)

-.211 (10) -.335 (10)

3 17-39 .82 (9) .77 (I03
14._ ( q) 15.4 (ZO)

-.297 (9) -.454 (1,)

4 39-bl .96 (LO) *q3 (_0)
1_.3 (10) 19.7 (lu)

-.393 (I0) -,491 (I0]

5 _L-63 Z.Zb (10) 1,Oq (1_)
3_,4 (10) Zo.3 (10)

-,312 (10) -,468 (i0)

b O3-75 _.bO (I0) 1.44 (I0)
32.7 (10] 31.4 (10)

-.623 (10) -.524 (1_)

7 7_-9_ 2.14 (9) 1.80 (i0)
_u,O (q) 31,1 (lu)

-,489 ( 9) -.514 (I0)

SCENE TYPE _ PARTLY CLOUDY OVER LAND OR DESERT
DATA 1 - SW iNISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIM**EtSR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DAT_ SOUPCE

SUN ZENITH I 53.] - 60,0
MEAN ALBE00 _ ,2_40 ( 18 )

NORMALIZED ALBEOO z 1,1;25 ( 18 )

RELATIVE AZIMUTH

3 4 _ 6 7 8
30-00 60-qO _C-120 120-150 150-171 171-180

• 76 (11) .76 (11) .7_ (11) .76 (11) .76 (11) .76 (11)
16.1 (11) 16.1 (11} 16.1 (11) 16.1 411) 16.1 (11} 16.1 (11)

-.330 (11) -.330 (11) -.33¢ (11) -.330 (11) -.330 (111 -.330 (11)

.78 (10) .80 (11) .8_ (11) .90 (10) .90 (10} .90 (10)
17.1 (lO) 16.1 (11) 17.7 (11) 17._ (10) 18.1 (10) 15.5 (10)

-.386 (10) -.314 (11) -.3_7 (11) -.330 (10) -.335 (10) -.193 (10)

.82 (10) .7g (10) .B((I0) .98 (10) 1.05 (10) .9_ (9)
16.3 (10) 14.4 (10) 16.E (10) 17.5 (10) 18.7 (10) 17.3 (9)

-.34b (10) -.263 (10} -.30( (10) -.287 (10) -.267 (10) -.401 (9)

.87 (10) .8_ (10) .8_ (11) 1.07 (10) 1.1b (10) 1.24 (10)
18.4 (10) 15.B (10) 16.4 (11) 17.2 (10) 17.3 (10) 20.4 (10l

-.410 (10) -.370 (10) -.22E (11) -.143 (10) -.174 (10) -.417 (10)

.97 (10) .89 (10) .92 (10) 1.16 (10) 1.26 (10) 1.41 (10)
18.9 (10) 15.8 (10) 16.4 (10) 16.6 (10) 18.2 (10) 19.3 (10)

-.343 (10) -.186 (10) -.15_ (10) -.2_3 (10) -.248 (10) -.167 (10)

1.Z0 (10) .94 (10) .9_ (10) 1.32 (10) 1.34 (11) 1.4_ (10)
21.0 (10) 16.8 (10) 17.1 (10) 18.2 (10) 17.2 (11) 18.7 {10)

-.541 (10) -.219 (10) -.16; (10) -.284 (10) -.225 (11) -.225 (10)

1.39 (10) 1.17 (5) 1.1_ ( 5} 1.43 (q) 1.45 (10) 1.52 (10)
20.9 (10) 18.0 (5) 17.4 (5) 16.1 (9) 17.6 (10) 17.g (10)

-.54_ (10) -,327 (5) -.24E ( 5) -.219 (_) -.299 (10) -.181 (10)

2.00 -- ///

1.75
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure 13. Continued.
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ORIGINAI_ PA-GE l_J

.OF. POOR QUALITY

BIN NO. 1 2
A_GLE(DEG.) 0-9 9-30

VIEWIN_ ZENITH
_IN NO. ANbLE(DEG.)

I u-15 .7o ill) .76 (II)

ll,b ill) ll.b (ll)

-.429 (ll) -°429 (ll)

Z _-27 .7_ ( 9) .73 ( 9)
l_.b ( q) 13,2 ( 9)

-.485 ( g] -.4g7 ( 9)

3 _7-39 .65 ( 8] ,72 (9)
14,3 [ 8) ii,4 ( 9)

-,_6_ (8) -.28D (9)

4 39-51 .96 (9) .91 (lo)
17.O (9) 14.1 (lO}

-.474 ( 9) -.471 (i0)

5 51-63 1.3_ ( g) I._i ( 9)

26.6 ( q) 21.4 ( 9)
-,978 ( 9) -,5_9 ( g}

b 03-75 2,oz ( q} l. TO (lu)
32.9 (g) 32.3 (i0)

-.4v7 ( 91 -.575 (10)

7 15-90 2.54 (a) Z.i_ (10)
41,0 ( d) 39.9 (10)

-,bS_ ( 8) -.524 (Iv)

SCENE TYPE : PARTLY CLQUDY OVER LAND OR DESERT
DATA 1 - SW INISDTRDPIC FACTCR

2 - STANDARD DEVIATION OF SW RADIANCES(WIN*eZ/SR)

3 - CORRELATION OF LW AND SW RADIANCES
( ) - DATJ SOURCE

SUN ZENITH : 6O.C - 66,4

MEAN ALBEDO z .2?SO ( 18 )

NORMALIZED ALEEDO I 1.2¢11 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 T 8
30-60 60-90 9C-120 120-150 150-171 171-180

.76 (11) .76 (11) .7_ (11) .76 (11) .T6 (11) .T6 (11)
1L.6 (11) 11.6 (11) 11,_ (11) 11.6 (11) 11.6 (11) 11.6 (11)

-.429 (11) -.429 ill) -.42; (11) -.429 (11) -.429 (11) -.42_ (11)

.72 (10) .73 (10) .77 (10) .8_ (10) .83 (10) .8_ (9)
10.7 (10) 11.4 (10) 11.1 (10) 12.7 (10) 12.0 (10) 12.3 ( 91

-.397 (10) -.414 (10) -.457 (10) -.391 (10) -.443 (10) -.470 (9)

.77 (10) .74 (10) ._) (9) .93 (10) 1.04 (10) .Q3 (8)
10.4 (10) 11.6 (10) 10.1 (g) 13.4 (10) 14.1 (10) 10.4 (B)

-.502 (10) -.439 (iO) -.361 (9) -.554 (10) -.449 (10) -.160 (8)

.88 (10) .79 (10) .8_ (10) .g? (10) 1.13 (10) 1.1_ (10)
12.8 (10) 12.3 (lO) I2.E (1O) 12.5 (10) 14.2 (10) 12.8 (10)

-.543 (10) -.40_ (10) -.492 (10) -.406 (10) -.351 (10) -.440 (10)

1.06 (9) .85 (10) .87 (10) 1.13 ( 9} 1.Z5 (10) 1.34 (9)
16.9 (9) 11.9 (10) 10.2 (10) 13.2 (9) 12.9 (10) 13.7 (9)

-.4_b (q) -.508 (10) -.437 (10) -.378 (9) -.324 (10) -.392 (9)

1.41 (1O) .go (i0) ,9_ (10) 1.31 (10) 1.43 (10) 1.65 (10)
Z2.1 (10) 11.5 (10) 10.¢ (10) 13.1 (10) 13.3 (10) 14,T (10)

-.557 (10) -.611 (10) -.511 (1C) -.365 (10) -.367 (10) -.406 (10)

1.58 (9) 1.23 (5) 1.24 (5) 1.53 (8) 1.53 (10) 1.65 (9)
20.6 (g) 16.3 (S) 13.2 (_) 9.8 (8) 14.0 (10) 14.3 (9)

-.4_5 (9) -.540 (5) -.49_ (5) -.499 (8) -.361 (10) -.298 (Q)

2.00 F / // 2,00

175_ /// 1.75

//n_1.50_ / // / 1.50

o .
,.,oL /// , ,.,
" L /.;'/"" 0

_. ,.oo / 1.oo

Z_Cn 21_ AZIMUTH BIN z----"

1 < .50
.5o ........ 2

3
2 4 2S

I I I I ] I ] [ I o
0 10 20 30 40 50 60 70 80 go

VIEWING ZENITH ANGLE( DEG )

/

-- /I/'/ //

_I/5Zr /

AZIMUTH BIN

I I 1 I 1 I I I
10 20 30 40 50 00 70 80

VIEWING ZENITH ANGLE( DEO )

5
6
7
8

1
00

(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.

Figure 13. Continued.
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bin NO.
AN_LE(OE_.)

_JcwING Z_NIT_
_,N NU. ANGL¢(OE_,)

1 2
0-9 9-30

SCENE TYPE I PARILY CLOUDY OVER LAND OR DESERT
DATA 1 - SW JNISOTROPZC FACTO¢

2 - 5TAhDARD DEVIATION OF SW RADIANCES(WlN**21SR}
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZEN|TH : 66.& - 72.5
NEAN ALBEDO t ,3C10 ( 18 )

NORMALIZED ALBEDO z 1,4131 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 B
30-60 60-90 qC-120 120-150 150-171 171-160

• c4 (10) ,E4 (10| .b4 (10) .b4
8.7 (1G) 8.7 (10) _.7 (10) 8,7

-°487 (1_) -,467 (l_) -.4b7 (10) -.487

15-Z7 .6_ ( 8} .6_ ( 8) ._7 ( 8) .b5
8,7 ( 8) 10.9 ( 8) 10.0 ( E) 9.0

-.Sbb (8) -.739 (8) -,297 (E) -.401

L7-39 ,7_ (7) .74 (8) .69 (8) °76
ll.u (7) 9.9 (8) 7.4 (b) 12.3

-.9_u (15) -.3_2 { _) -,991 (B) -.33B

39-51 .78 (7) ._6 { e) .95 (8) .77
LO,_ (7) 15._ (8) 13.8 (8) 9.4

-.173 (7) -.469 [ _) -,712 [ 8) -.b34

_,-b3 1.4b ( 7] 1.37 (_) 1.12 { 7) .87
Zl.b ( 7) ZI._ I _) _2.7 ( 7) 11,9

-,2U_ I 7J -.5C9 t B} -oOB3 ( 7) -.50_

o_-75 2._0 ( 6) 2,07 ( 9) 1._6 { 8) ,89
35.4 ( 8) 35.7 ( 9) 22,0 ( 8) 9.4

-o44B ( B) -.4_9 I 9) -.412 ( 8) -.P6E

75-9_ L.5_ ( 7) 2,C7 ( @) 1o83 ( 8] 1.31
36,o ( 7) Z4.6 ( 8) 23._ ( 8} 14.1

-.375 ( 7) -.396 ( _) -.384 ( b) -.485

(10) ,64 (10) .64 (10) .64 (10) .64 (10)
(10) 8.] (10) 8.7 (10) 8.7 110) 8.? (10}
(10) -.487 (10) -.487 (10) -.487 {10) -._B7 |10)

(9) .6_ (9) .77 ( B) .77 (6) .67 (B)
( 9} 6.6 (9) 7.2 i 8) 7.6 ( 8) 6.q (8)
(9) -.§1( (9) -.086 ( 8) -.531 (8) -.26C (8)

(8) ,7t ( 8} .86 (6) .ql (8) .QO (7)
I 8) 6,) (8) 12.7 (8) 8.1 (8) 11.1 { 7)
(8) -.752 (8) -.562 ( B) -.241 | 8) -.525 { 7)

(9) .?_ (9) .92 (9) 1.08 (_) .96 | 8)

(9) 7._ (9) 9.3 ( q) 13.7 ( 91 7.1 (8)
(9) -.33_ | 9) -.370 (9) -.570 | 9) .060 { B)

(9) .87 (Q) 1.16 (8) 1.26 (8) 1.35 (T)
(9) 9.? (9) 11.6 (8) 10.9 (8) 10.1 ( T!

9) -._2_ I 9) -._b4 | B) -.52B ! 8) -.30_ ! 7)

(9) .8_ (9) 1.34 (9) 1.50 (101 1,67 (8)
(9) 8._ (9) 10.9 (9) 10.7 (10) 13.3 ( 8}
( _} -.65_ { _) -._28 | 9) -.431 {10) -.3_2 [ 8)

(5) 1.2e (5) 1.54 (6) 1.69 (9) 2.01 (7)
(5) 11.4 (5) 9.7 (B) 10.9 (Q) 8.8 (7)
(5) -.53T (5) -.437 (8) -.580 (g) -.403 I 7|

2.00

1.75

1.50
0
I-
0
•< 1.25
IJ.

C)

_" _.oo
0
O:

.7";

-- /I

__- AZIMUTH BIN

.25

0 1
0 10

I [ [ I I I I
20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEO )

2.00

1.75

re" 1.50
0
I.-
0
•<_ 1.25
h

C)

1.00

.75

VI

1 "< .50 _

2
3
4 2. --

I o
9O 0

-- /
/

AZIMUTH BIN

I [ I I I I I I
10 20 30 40 50 60 70 80

VIEWINO ZENITH ANOLE( DEG )

5
6
7
8

I
9O

(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 13. Continued.
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ORIGINAT_ PAGE I3

OF POOR QUALITY

diN ND.
ANGLE(DEG.)

VLcNING LENITH
_[N N0, ANbLt(D_b,)

7.u (13)

• OOu { O)

Z Z5-_7 .7_ {12)
_.1 (13)

,uO0 (O)

3 Z7-39 ,eb (12)
lu.9 {i_1

• UUU ( _)

39-_I 1.03 (12)
ii.I (13)

.0_0 ( 0}

5 _l-b3 I._3 (121

Ib.Z 113)

•000 ( O)

b 03-75 2.52 (12]
25.0 (13)
.oO0 ( O]

7 iS-gO _.6J (1Z)
30.5 [131

• 000 { O)

1 2
u-q 9-30

64 (IZ)

7.0 (13]

.uO( V}

7C (12)

g.l (13]
• OCO 0 )

6= (12]

8.7 (13)
.oCt O}

q5 (12)
12.5 (13)
• OOO O)

1 32 (iZ)

I0.8 (1_)
• O_O O)

2 _1 {It)
30.7 {i3)
.OOo O)

3.Z3 (IZ)
2_.0 {13)

,000 O)

SCENE TYPE s PARILY CLOUDY OVER LAND OR DESERT
DAIA 1 - SW ANISOTROPIC FACTOR

Z - STAkDARD DEVIATION OF SW RADIANCE$IW/Me*21$R)
3 - COPPELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH ! 72,_ - 78,5
MEAN ALBEO0 s .3400 ( 18 )

NORMALIZED ALBEDO = 1.5_62 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-bO bO-90 qC-120 120-1_0 1_0-171 171-180

.b4 {iZ) .64 (12)
7,0 (13) 7.0 (13)

• uO0 ( O) .COO (O)

• 68 {12) .bb {12}
8.2 {13) 7,_ (13)

.OOG ( O) ,000 [ O)

.Tb (1Z) ,b7 (12)
6.6 (13) 8.7 (13)
.UUO ( O) .OOO { O}

.Bb (12) ,72 (12)
i0.i {13) 7.1 (13)
.000 (O) .CO0 ( O}

1.05 {IZ) .85 112)
_,7 {13) _.3 {13)

.OOO { O) .00¢ { O)

1,59 {12) 1.03 (12)
lo.1 (13) 8.8 (13)
.000 ( O) .OOO { O)

2,12 (12) 1,_3 {12)
21,8 {13] 1Z._ {13)

.000 { u) o_00 (O)

,64 {12)
7,C (13)

,00( O)

.6E (12)
5,_ (13)

,OOC O)

,6; (12)
4.5 (13)

.OOC O)

,7_ (12)
5.6 (13)

• OOC C)

.87 (12)
7, E (13)

oOOC O)

1,OI (12}
7.7 {13)

• OOC O)

1,3_ (iZ)
9.E (13)

• 00C O)

,64 (12)
7,0 (13)

,OOO O)

.70 {12)
5,3 (13)

.000 O)

• 75 (12)
8,q (13)

,OOO O}

,q2 (12)
7.5 {13)

,OOO 0)

1.11 (121
8.9 (13)

.OOO O)

1,36 (1Z)
8.9 (13)

.000 O}

1,61 {12)
e.2 (13)

.000 O)

.64 (12)
7.0 (13}

.000 O}

.72 (12)
5.8 (13)

.CO0 C}

,83 (12}
5.9 (13)

.DO0 O)

.95 (12)
9,7 (13}

• 000 0)

1,13 (12l
7,9 (13)

.OOO O)

1.50 (12)
8.6 (13)

• 000 OI

1.69 (12)
q.8 {13)

• 000 O)

• 64 (12)
7.0 (131

.000 { O)

.74 (12)
6.1 (13l

.OOO (O)

,85 (12)
8,5 113)

,OOO ( O}

.98 (12]
5.8 ll3l

.COO (O)

1.23 (12)
7,4 (13)

,OOO { O)

1.72 (12)
11.1 (13)
.000 (O)

2.38 (12)
6.5 (13l

.000 (O)

2.00

1.75

n- 1.50
0
I.--

.d_ 1.25
IJ,.

E 1.00
0
n.
I'-
0 .75:
(/3

Z
<C .50 --

25 --

i

o;
0

- /// /

1 I I I 1 I I 1
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

1
2
3
4

1
gO

2.00 l-

1.75 F

>1.50

1.25

_o
)1.00

.75

'< .50

.25

0
0

-- /////

AZIMUTH BIN

] I I I l I I l
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

5
6
7
8

,1
gO

(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.

Figure 13. Continued.
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BIN NO,
ANGLE(DEG,)

VIEWING ZENITH

DIN NO. ANGLE(DEG.)

1 u-15

Z 1>-27

3 _7-39

4 39-51

§ bL-63

5 63-75

7 75-qO

1 2
0-9 9-3G

.61 (12) ,bl (12)
4.6 (13) ¢.6 (13)

.Our ( O) ,000 ( O)

.70 (12) ,_8 (12)
5._ (13) 6,1 (13)
,0_0 O) .000 (v)

•86 (1_) ,80 (LZ)
7.b (13) 6.1 (13)

• OO0 3) .000 ( O)

1.03 (IZ) ,96 (12)
7,7 (13) 8,7 (13)

.GoO O) ,000 (O)

1.62 (lZ) 1.37 412)
13.9 (1J) 12.1 (13)
.ooo 0) .OoG (C)

2,29 (12) 2,52 (12)
16,2 413) 22,5 (L3)
.GO0 O) .000 (_)

_.67 (12) 3.65 (1_)
21.6 (13) 19.1 (1_)

,000 O) ,000 (O)

SCENE TYPE t PARTLY CLOUDY OVER LAND OR DESERT
DATA 1 - SW ANISOTROPIC FACTOR

2 - STAhDARD DEVIATION OF SW RAOIANCES(WINt*Z/SR)
3 - CO_FELATIDN OF LW AND SW RADIANCES

( ) - DATJ SOUPCE

SUN ZENITH ! 78,5 - B¢,3

MEAN ALBEDO a ,3_80 ( 18 )
NORMALIZED ALBEOD I 1.7746 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 e
30-60 60-90 _C-12O 120-1_0 150-171 171-180

• 61 412) .61
4,b (13) 4,6

• 000 (O) .DO0

,65 (12) ,63
5,5 (13) 4,_

.000 (O) .000

,74 (12) .64
4.5 (13) _,8

• 000 (O) .000

,_5 (lZ) .69
b*q 413) 4,7

.OOO (O) ,000

1.06 (12) ,88
6.7 413) 6.7

.000 ( O) .00_

1.60 (12) 1.13
12,7 (13) 6,7

.OOG (O) .DO0

2.3_ (12) 1.52
16,9 (13) _.2

• 000 (O) .000

(12) .hi
(13) 4._
(0) .OOC

412) .64
413) 3.7

O) ,00C

(12) .66
413) 3.C

O) ,OOC

412) .72
413) 3._

O) .OOC

(12) .8_
(13) 5._

O) .OOC

(IZ) 1,10
413) 5.;

O) .OOC

412) 1,37
(13) 6._

O) .00C

412) ,61 412) ,61 (12) ,61 (12)
413) 4,6 (13) 4.6 413) 4,6 413)
(O) ,000 (O) .DO0 (O) .000 (O)

412) .66 412) .68 412) ,69 (12)
(13) 3,¢ 413) 3,8 (13) 4,0 413)
(O) ,OOO (O) ,000 (O) ,000 (O)

412) ,71 412) ,78 412) .80 (12)
413) 5,9 (13) 3.9 413) 5,6 (13)
(O) .000 (O) .OOO (O) .000 (O)

(12) .qO 412) ,ql 412) ,q2 412)
413) 5,1 (13) 6.5 (13) 3,8 (13)
(O) ,000 (O) ,000 (O) ,OOO (O)

412) 1.09 412) 1,10 (12) 1.16 (12)
(13) 6.1 (13) 5.6 413) 4.9 (13)
(0) .000 (O) .OOO (O) ,000 (O)

412) 1,36 (12} 1,4_ (12) 1,75 412)
(13) 6.2 (13) 6.0 (13) 7.9 (13)
(O) .G00 (0) .000 (O) .000 (O)

412) 1,6¢ 412) 2,05 (12) 2,69 412)
(13) 5.8 413) 7,4 413) 6,7 (131
(O) .000 ( O) .000 (O) ,DO0 (O)

200

1.75

r_ 1.50
0

(D
<_ 1.25
b.

0
E _.oo
0

r,-

I-- .75
0
U_

Z

< .50

.25 --

0

- //
- //,,/
_

I I I I I I I I
10 20 30 40 50 80 70 80

VIEWING ZENITH ANGLE( DEG )

1
2
3
4

1
9O

2.00

1.75

rr 1.50
0
I--
0
.< 1.25
LL

0

_" I.oo
0
re"
t- .75
0
(/1

Z
"< .50

.25 --

0
0

BiN

I I I I I 1 I 1 I
10 20 30 40 50 60 70 80 gO

VIEWING ZENITH ANGLE( DEG )

(i) Solar-zenith-anglebin 9, 78.46° to 84.26°.

Figure 13. Continued.
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BIN NO.
ANGLE(DEGo)

VIEWING ZENITH
_IN NU. ANbLE[DEG*)

1 u-L5 ,5b (12)

1,7 [13}

•00_ ( O)

Z 15-27 ,b9 (12)
2.1 [135

•000 [ 05

3 ¢7-39 .87 (12)

2,9 (13)
.OuO (O)

4 39-52 1.03 (12]

3,@ (135

• OOO [ 05

5 _i-@3 1.71 [12)
5,_ {135

o000 (O)

b b3-75 2.09 (125

5,7 (13)

.Ouu ( O)

7 75-90 2.UO (IZ)

0.( (13)

.ObO [ 05

i 2

0-9 9-30

.58 (_Z)

1.7 (13)

o000 ( 05

• 66 {125
2.3 (13)

•000 05

• 81 (12)

2,3 (_3)

•000 O}

.9b (i_)
3,4 (13)

,DO0 O)

1.42 i12)
4.8 (13l

• 000 O)

2._ (12}
9.0 (135

• 000 O)

3•93 (125

7,8 (135

•OuO 05

•Sb
1.7

°0u0

DRIGINAE PA_GE IS

DF POOR QUALITY

SCENE TYPE t PARTLY CLOUDY OVER LAND OR DESERT
DATA 1 - SW ANISOTROPlC FACTOR

Z - STANDARD DEVIATION OF SW RAOIANCES{WIM*e2ISR)
3 - CDRFELATION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH = 84.3 - 90.0
MEAN ALBEDO I .4285 ( 18 )

NORMALIZED ALBEDO = Z,0117 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 B

30-60 60-90 9C-120 120-150 150o171 171-180

.b3
2.0

•000

•72
1•7

.000

.84
2.b

.000

1,06

2,6
,000

1,b2
4.q

• OOU

6,7
.000

(12) .58 112) ,58 (125 ,SB (12)
(13} 1.7 (13} 1.7 (13} 1.7 (13}

O) ,DO0 (O) .OOC (O) ,000 ( 01

(12) ,61 (1Z) .62 (lZ) .62 112}
(13) 1.8 (13) 1._ (13} 1.Z (13)

05 ,000 (O) ,OOC (O) ,OOO (O)

(12) ,b2 (12} .63 (12) .67 (125

(13) 2.2 (13) I.I (13) 2.1 (13)

05 .000 ( 05 ,0OC (O) .OOO ( O}

(12) .66 (12} .71 (12) ,88 (12)
(131 1.7 113) 1._ (13) 1.9 (13)

05 ,GO0 (O) .OOC ( O} .000 (O)

(12) .91 (125 ,q_ (12} 1.07 (125
(13) 2,7 (13) 2.2 (13) 2.3 (13)

O} .000 ( O) .OOC ( O) .000 ( 05

(1Z) 1,23 (IZ} 1.1E (lZ) 1.37 (12)
(135 2.8 (131 2.4 (13) 2.4 (13)

05 .000 (O) .OOC (0) .000 ( 05

(125 1.b8 (lZ} 1.5C (12) 1.b4 (12)
(131 3.9 (13) 2._ 113) 2,2 (131

( O} ,000 ( O) .00¢ ( O) ,000 ( O)

.58 [12)
1.T (13)

,000 0}

.65 (12)
1,4 [13)

• COO O)

.74 (12}
1.4 (131

.000 O)

• 88 (12)
2,4 (133

.000 0)

1.08 (12)
2.0 (13)

,000 O)

1.48 (12)
2.3 (13)

.000 O)

2,11 (12}

2.9 (13}
,000 (O)

• 58 (1Z)
1.7 (13)

,000 (O)

.66 (121
1,4 113}

.ODD ( 0}

,76 (12)
2,0 (13)

.OOO (O)

.87 (12)
1.4 (13)

.DO0 (O)

1.11 (12)
1.B (13)

.OOO (O)

1.?8 (121
_.1 (13}

• 000 (O)

2.97 112}
2.8 113}

,000 (O)

2.00

1.75

n- 1 50
O

CD
< 1.25
LI..

0
K _oo
0
n,.'

_) .75

O3

Z
< .50

.25

i //- /

1
2
3
4

I J I I I I I J_]
10 20 30 40 50 60 70 80 90

VIEWING ZENITH ANGLE( DEG )

2.00

1.75

r," 1.50
0
I'-
0
•< 1.25
b.

O

K 1.oo
0
OC
I--
0 75
(/)

Z
< .50 --

.25 --

-- BIN

5
6
7
8

1 I I I I I I I I
t 0 20 30 40 50 60 70 80 90 •

VIEWING ZENITH ANGLE( DEC )

(j) Solar-zenith-angle bin 10, 84.26 ° to 90.00 °.

Figure 13. Concluded.
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_IN hD. 1 Z
ANGLE(DEG.) ,J-9 9-3k,

V I I::wINL, ZENITH
_LN hO. ANGLE(DEG.)

1 O-i_ 1.0_ ( Z] 1.09 (,?.)

27._ (2) 27,5 (2)
.I_3 { 2) .163 (2)

2 1_-27 1.13 I 2_ 1.08 (2)

Z6,_ ( 2) Z3,4 I Z}
o09_, ( 2) .072 ( Z)

3 LT-3g 1.03 (2) .g9 (Z)
2b.v (_) 25.0 (Z)
• 13, (2) .ib2 (2)

27._, (2) 27.9 (Z)
.093 (2) .i_ ( 2)

:Jl-b3 .',a ( Z) .93 ( Z)

_6.i ( Z} 26.5 ( Z)
.ICl ( 2} ,OBB ( Z!

b 0_-75 I.U3 (2) 1.03 (2)

25.7 ( 2} 25._ (_:)
--.Obl ( Z) -.097 ( 2)

T 7_-9U 1.1_, ( 2) 1.12 { Z)
22.6 ( Z} 23.1 (,_)

-,17_ (2) -.2¢1 ( d:)

SCENE TYRE z PARILY CLOUOY OVER LAND-OCEAN MIX
DATA 1 - SW ANISOTROPIC FACTOR

2 - STAhDARD DEVIATION OF SW RAOIANCES{W/MSt2/SR)
3 - CDR&ELATION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH : ,( - 25.8
MEAN ALBEDO : .1L9D I 19 )

NORMALIZED ALBEDO ! 1.OCO0 ( 19 )

RECATIv( AZIMUTH

3 4 5 6 7 8
30--60 6C-90 qc-120 120-150 150-171 171-180

i.09 (2) 1.09 { 2) 1.0_ (2) 1.09 (2) 1.09 (2) 1.09 ( 2)
27,5 I 2) 27,5 { 2) 27._ (2) 27,5 I 2) 27,5 (2) 27,5 (2)
.lb3 (Z) .163 (2) .162 (2) ,163 ( 2} .163 (2) .163 (2)

1.05 ( ZI 1.01 I 2) 1.OC (2) 1.02 (2) 1.Ok (2) 1.07 ( 2;
25.5 (2) 27.4 (2) 29.C { 21 31.2 (2) 31.7 (2) 33.2 { 2I
,158 (2) ,15_ (2) ,179 (2) ,161 (2) ,176 (2) ,1gO (2)

.9_ (2) .97 (Z) .9E ( 2} ,99 (2) 1.01 ( 21 1.05 ( 2)
2b.7 { 2) 20.4 (2) 2g._ (2) 30.3 (2) 31.5 ( 2} 32.5 (2)
.182 (2) .176 (2) .19C (2) .184 (2) .161 { 2) .158 (2)

• 92 I 2) .91 (2) .q7 (2) 1.00 (2) 1,02 (2) 1.04 (2)
27,B (2) 27,9 (2) 30,_ (2) 30,5 (2) 30,4 ( 2} 30.2 (2)
.13B ( 2} .197 I 2} .le_ [ 2) .179 ( 2t .135 (2) .126 (2)

.93 (Z) ,91 I 2} ,_5 ( 2I 1,00 (2) 1,03 (2) 1,06 ( 2}

26._ (2) 26,4 { 2) 28.] (2) 29,2 (2) 28,4 (2) 28,5 (2)
.141 ( 2} .199 ( 21 .221 { 2} .220 ( 21 .147 ( 21 .|28 ( 2|

1.00 (2) .q9 (2) .9_ (2) 1.02 (2) 1.06 { 2I 1.10 (2)
Z_.2 (Z) Z_.B (2) 26.] (2) 27,2 (2) 25,3 (2) 23,3 (2)

-,030 ( Z) ,063 (2) ,092 (2) ,145 (2) ,058 ( 2) ,02_ (2)

1.06 ( 2) 1.05 (Z) 1.0_ (2) 1.06 ( 2) 1.10 ( 2) 1.14 (2)
2_.1 (2) 21,_ (2) 22,E t 2) 22,7 (2) 22,1 (2) 21,g (2)

-.155 ! 2) -.O04 ! 2) -.05C (2) ,026 I 2) -.07& I 2) -,027 | 2)

2.00

1.75

n," 1.50
O
I-
(.)
<C 1.25
IJ.

(.)

E ,.oo
0
n,

.75 --
(/1

Z
< .50 --

.25 --

0
0

2.00

1.75

n_ 1.50
0
I--
0
<[ 1 25
h

0

E i.oo
0

I--
0 .75

AZIMUTH BIN u)

1 <c .s0

] J I I I I I I I
10 20 30 40 50 60 ?0 80 gO

VIEWING ZENITH ANGLE( DEG )

4 .25

AZIMUTH BIN

5
6

-7

J I I I I I I I I
10 20 ' 30 40 50 80 70 80 gO

VIEWING ZENITH ANGLE( DEG )

(a) Solar-zenith-anglebin 1, 0° to 25.84°.

Figure 14. Bidirectional model for partly cloudy over land-ocean mix. (See table 5 for explanation of data

sources.)
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ORIGINAL PAGE IS

OF POOR QUALITY,

IN NO. 1 2
ANGLE(OtGo) 0-9 q-30

VIEWINb ZtkITH
olN hU. AN_LE(DE_.)

1 J-i_ .93 ( 2} ,93 ( 21

Z6,_ ( 21 26,e I. 21
• 055 ( 21 ,055 ( Z)

2 i5-27 1.,.,u (Z) .93 [ 21
z2,3 (Z) 19,8 ( 21

-.cul ( ZI -.071 (2)

3 q.7-3q 1,07 ( 2) ,q9 ( 2)

ZO.b (2) 20.u (2)
-,_.78 ( 21 -,03_ (.')

39-_i 1._6 (2) .99 ( 21
Z0.7 (2) 22.1 (Z)

-.21_. ( 2) -,058 ( .'3

5 _L-63 i.O@ ( 21 1.01 ( Z)
2.?..3 ( 2} 22.? ( 21

-,14b ( 2) -.05_, ( Z)

0 o3-75 i.2/ ( Z) l.lb ( 2)
25,5 ( 21 24.4 ( El

-.2:)2 ( 2) -.263 ( 2)

? 7:_-90 1.41 ( 2) 1.34 ( 2)
27.2 (2) 25.(. I ;')

-,20d ( 2) -,354 ( _:)

SCENE TYPE : PARTLY CLOUDY OVER LAND-OCEAN MIX
DATA 1 - SW JNISOTRDPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIM_eE/SR)
3 - CORPELATION OF LW AND SW RkOIANCES

( ) - DATJ SOURCE

SUN ZENITH I 25.E - 32._

MEAN ALBEOO I .1_05 ( IQ )
NORMALIZED ALBEDO _ 1.0880 ( lg )

RELATIVE AZIMUTH

3 4 5 6 ? 8
3O-bO 60-90 _C-120 120-150 150-171 171-180

.q3 (2) .93 (2) .92 ( 21 .93 (2) .93 (2) .9_ (2)
2b.6 (2) 2b.6 ( 21 2b.( (2) 26.6 (2) 26.b (2) 26.6 (2)
• 0_5 (2) ,055 (2) ,05_ (2) ,055 (2) ,055 (2) ,055 (2)

• 92 { 2) ,g3 ( 2} ,9_ (2) .q7 (2) 1,01 (2) 1,05 (2)
Z4,B (2) 27,2 (2) 28,C ( 21 2B.l (2) 29,2 (2) 31,5 [ 2)
,026 (2) ,OSO (2) ,06C (2) ,oqo (2) ,0?9 (2) ,112 (2)

• qC (2) ,89 (2) .q4 (2) 1,Ol (2) 1,0q (2) 1,15 (2)
24,6 ( 21 26,2 (2) 2b,_ (2) 28,2 ( 21 31,2 (2) 31,0 (2)
,oh6 (2) ,086 (2) .02_ (2) .115 (2) ,112 (2) ,044 (2)

.91 (2) ,B7 (Z) .q2 ( 2} 1.03 (2) 1.11 ( 2} 1.15 (2)
24.2 ( 21 26,5 (2) 26,2 ( 2} 20,_ (2) 29,2 (2) 29,2 (2)

• Olb (2) .111 (2) .Og_ (2) .103 (2) .091 (2) .088 (2)

.95 (2) .B7 (2) .q_ ( 21 1.04 (2) 1.16 (2) 1.19 (2)
23.1 (2) 25.3 (Z) 25,_ (2) 26,8 (2) 26,8 (2) 27,3 (2)

-,o3_ (2) ,I17 (2) ,122 (2) ,088 (2) .046 (2) ,079 ( 21

1.07 (2) ,q2 ( 2} .9! (2) 1,O5 (2) 1.23 (2) 1,25 (2)

23._ (2) 23.8 (2) 25,2 (2) 25._ (2) 24.7 (2) 2_.9 (2)
-.L52 (2) -.001 (2) .06_ (2) .073 (2) -.DO? (2) -.055 (2)

1.19 ( 21 1,02 (2) 1.0) (2) 1.10 (2) 1.24 (2) 1.2_ (2)
22.b (2) iq.6 ( 21 22,) (2) 18,4 (2) 21._ (2) 22.6 (2)

-,202 ( 2} -.095 (Z) -,03¢ (2) -,118 (2) -,049 (2) °,004 (2)

2.00

1.75

n.- 1.50
O

1.25

(3

1.00

n_

(_) .75

Z
<( .50

.25 --

O
0

m

AZIMUTH BIN

1 I I I I I I I
10 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

1

2

3

4

I
90

2.00

1.75

n,- 1.50
O
I--
(3

_L__1.25

(3

_- i.oo
0

ty-
I--
0 .75 --
(/)

Z
<( .50 --

.25

0
0

AZIMUTH BIN

5

1 I I ,1 1 I I I _1
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(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 14. Continued.
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BIN NO. l Z
ANaL E(DEG. | 0-9 9-30

VlLulNG ZENITH
HIN hO. ANGLEiOEG.I

I 0-i5 ,e5 (2) ,_5 (Z)
26,5 ( Z) 26°5 ( 2)
• 0_6 ( 2J ,O_b ( _)

,_ _-27 ,Bb ( 2) ,83 ( Z}

25,7 ( 2) 22,T ( 2)
• lZ? ( Z) -,041 ( Z)

3 ,'7-39 ,92 ( 2.) ,06 ( 2}
l_,b ( 2) 23,5 ( 2)

-*lSO ( 2) ,018 ( 2)

•, 39-51 .c.;.'u (2) 1.(.,-;(2)
2o,7 ( Z! ZZ.Z ( 21

-,2_1 ( 2) -,Oq2 ( Z)

5 _I-63 1.29 ( 2) I,09 ( 2)
Z3.3 { Z) 23,5 (Z)

-,2_,b { 2) -,131 (,')

6 _3-79 1.4}' (2) 1,30 ( 2)
ZT,b (2) 2b.2 (2)

-,3_9 (2) -,30g (2)

7 7:,-9o J,,bo (2) 1,_3 (Z)
27,B (2) Z6,4 (Z)

-.40U ( 2) -°381 ( Zl

SCENE TYPE s PARTLY CLOUDY OVER LAND-OCEAN NIx
OATh 1 - SW &NISOTRDPIC FACTOR

2 - STANDARD DEVIATION OF SW RAOIANCES(WIM$_ZISP)
3 - CORRELATION OF LW AND SW RAOIANCES

{ ) - DAT_ SOURCE

SUN ZENITH s 3b,_ - 4_,6
MEAN ALBEDC s .1_C0 ( 19 )

NORMALIZED ALBEDO : 1.1_43 ( lq )

WELATIVE AZIMUTH

3 _ 5 b 7 8
30-6_ bO-gC 9C-120 120-150 150-171 171-180

• 8_ (2) .85 (2) ,6_ (2) .85 (2) .65 (2) .85 (2)
2b.5 (2) 26,5 { 2) 26°E (2) 26.5 (2) 2b.5 (2) 26,5 (2)
,oe6 (2) .086 (2) .08_ (2) .086 (2) ,086 (2) .086 (E)

•8_ (2) .85 (2) .92 ( 2) ,93 { 2) .93 (2) .q5 (2)
26,1 (2) 2_.7 (2) 27,_ (2) 27,b ( 2) 27,B (2) 27,9 (2)

.Oqg ( 2) .118 (2) ,11_ (2) ,113 ( 2) .163 ( 2} ,145 (2)

• 8T ( 2) ,84 ( 2) ,8_ ( 2) ,99 ( 2) 1,06 ( 21 1,04 ( 2)
2b,3 { Z) 26,7 (2) 24,_ ( 2) 22,7 ( 2) 30,0 ( 2) 26,5 ( 2)
• 10_ ( 2) .l_b ( Z) ,077 ( 2] °081 ( 2) ,105 ( 2) ,Oq2 ( 2)

• 91 ( 2) .8b (2) ,8_ (2) 1,06 ( 2) 1,12 (2) 1,20 (2)
25.q ( 2} 26.3 (Z) 25._ (Z) 28,7 (2) E_,1 (Z) 30.6 (_)

-.002 (2) .115 ( 2} .Oq2 (2) ,oqo (2) .0_3 (2) .070 (2)

• qE ( 2) .8b (2) ,_C (2) 1°11 (2) 1.18 (2) 1,24 ( 2)
25._ ( _) Z4,7 (2) 24,7 (2) 28.7 (2) 26,8 (2) 20,4 (2)

-,055 ( 2) .0_1 (2) ,12_ ( 2)" .130 ( 2) ,05_ (2) ,090 ( 2)

1.1k (2) ,9_ { 2) ,92 (2) 1.14 (2) 1o29 (2) 1.32 (2)
Zb,O ( 21 2b,4 (2) 23,t (2) 26.9 (2) 2_,0 (2) 26.1 (2)

-o15O (2) ,007 (2) .05C ( 21 .025 (2) -.022 (2) .023 (2)

1,2b { 2) 1,04 (2) 1.03 { 2) 1.23 (2) 1.36 (2) 1.39 (2)
26.5 (2) 19.0 (Z) 22.3 { 2) 23.1 ( 2) 22.8 ( 2} 23.5 (2)

-,Zb7 ( 2) -,102 (2) -.042 (2) -,102 ( 2) -.081 (2) -.OQ1 ( 2)

2.00

1.75

n,, 1.50
0
I--
0
•< 1.25
L,.

(.)
E _.oo
0
n,-

.7.5

Z
"< .50

.25
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(c) Solar-zenith-anglebin 3, 36.87° to 45.57°.

Figure 14. Co_thmed.
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ORIGEVAI_ PACE IS

OF. POOR QUALIT_L

BIN NO,
ANGLE{D_G.)

VI_NING LENITH

BIN NO. ANGLE(OEG,)

i u-15

Z _-27

3 27-39

7 7b-90

1 2
0-9 9-30

• 79 { Z) ,79 ( 2) ,79
21.9 ( 2) 21,q ( 2) 21.q
• 037 ( 2) ,037 ( 2) ,037

• 8u (2) .76 { 2) ,7d
20._ l 2) 19,6 ( 2) 21,8

• 0_2 (2) -,Ub8 ( 2} .038

._e (2) .89 (2) .62
_7.1 ( 2) 20,3 ( 2) 2L,1

-.253 ( 2) -.010 ( 2) ,O_u

1.28 ( Z) 1.03 ( 2} ,90
25.1 ( 2) 19.9 ( 2) 22,1

-.2_9 ( Zi -,21_ ( Z) -,047

z,55 ( 2] l. ZO { Z) .9q
29.1 ( Z) 21.7 ( £) 22,4

-.311 ( Z} -.300 (2) -,120

L._3 ( Z) 1,48 { 2) 1.22

30._ ( 2) 27.1 I 2) 24,0
-,_9 [ 2) -,439 ( 2) -.279

2,11 ( 2) 1,77 ( 2) L._O
3b,u ( Z) 29.1 ( 2) 23,b

-._00 ( Z) -._65 ( 2) -.37(

SCENE TYPE : PARILY CLOUDY OVER LAND-OCEAN MIX

DATA 1 - SW INISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIMe_21SR)
3 - CDR_ELITION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH = 45._ - 53.1
MEAN ALBEDO = .2C55 ( 19 )

NORMALIZED ALBEDO I 1,2160 ( 19 )

RELATIVE AZIMUTH

3 4 5 b T 8
30-60 60-_0 9C-120 120-150 150-171 171-180

( 2) .79 (2) ,7; (2) .79 ( 2) ,79 ( 2) ,?9 ( 2}
( Z) 21.9 ( 2] 21.; (2) 21.q ( 2) 21,q (2) 21,Q (2)
( 2) .037 (2) ,032 (2) ,037 ( 2) ,037 ( 23 ,037 ( 21

( 2) ,78 { 2) ,82 (2) ,90 ( 2) ,90 (2) ,92 ( 23
(2) 22,4 (2) 23.C (2) 23,7 ( 23 23,3 ( 2} 24,0 { 2)
(2) ,083 (2) .07_ (2) -.029 ( 2} .C99 (2) .009 (2)

{ 23 .79 ( 23 .82 (2) ,97 ( 23 1.01 (2) .98 (2)
( 2] 21,8 (2) 22.1 { 23 24,1 ( 2} 24,7 (2) 21,0 ( 2}
(2) ,068 (2) ,111 (2) ,054 { 2) ,113 ( 2} ,007 (2)

(2) .84 (Z) .8_ (2) 1,04 (2) 1,14 (2) 1.18 (2)
( 23 23,2 (2) 22.C (2) 24.5 (2) 26,2 (2) 26,6 { 2)
(2) ,125 { 2) ,04_ (2) ,01q (2) ,086 { 2) ,031 (2)

(2) .85 (2) ,6_ ( 2i 1,12 (2) 1,21 (2) 1,29 ( 23
(2) 21.7 (2) 21,7 ( 2) 25,7 (2) 24,9 (2) 25,7 (2)
(2) -,002 (2) .05C (2) .056 ( 2) .034 (2) .055 ( 2)

( 2) ,91 (2) .92 (2) 1,22 (2) 1.33 (2) 1,41 ( 2)
( 2) 21,5 (2) 21,_ (2) 24,1 (2) 22,4 (2) 23,4 (2)
( 2) -.0_I (2) ,004 (2) -.043 (2) -,040 (2) -,021 ( 2)

( 2} 1,04 ( 2} 1,0_ (2) 1,37 (2) 1.43 (2) 1,47 (2)
( 2} 16,1 (2) 20,3 (2) 21,8 ( 2) 19.6 (2) 20,1 (2)
(2) -.136 ( 2} -.051 (2) -.022 ( 2) -,095 (2) -,0q6 ( 2)

2.00

1.75

n." 1.50
0
F-
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.< 1.25
IJ.
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R"1.oo
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(d) Solar-zenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 14. Continued.
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bin NU,

ANGL_(D_G.)

VItWING LcNITH
oLN kd, ANGLE(DEb*)

1 U-Xb

I ?

o-q g-30

•71 (2) ,71 (2)

X6.q ( 2) 16.g ( 2)

-.1u2 ! 2) -.i02 (_)

i)-27 .i_ ( 2) ,72 ( 2)
15._ [ 2) lb.3 { 2)

-.015 (2) -.I_I (()

_7-3_ ,_ { 2) ,79 (_)

-,15_ (2) -,275 (2)

39-91 &,2_ { 2) 1,04 ( _)

l@.b [ 2) 18.2 ( 2)
-.3B3 ( Z) -.365 { 2)

_,-b3 1,79 { 2) 1,31 ( 2)

42,_ ( 2] 21,1 [ Z}

-.266 [ 2) -,_19 ( 2)

o_-75 _.43 ( 2) 1,72 ( 2]
_7,9 ( 2) 31.C ( Z)

7_-90 2°§2 { 2) 2,15 ( 2)
_,_ | 2) 31.8 (2)

SCENE TYPE z PARILY CLOUDY OVER LANO-OCEAN MIX
OATA I - SW JNISOTROPIC FACTOR

Z - STAnDaRD DEVIATION OF SW RADIANCES(WIM_e21SA]

3 - CORRELATION OF LW AN_ SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH I 53,] - 60.0
MEAN AL_EOQ z ,2195 ( 19 )

NORMALIZED ALBEDO t 1,2_88 ( 19 ]

RELATIVE AZIMUTH

3 _ 5 6 T B

30-60 60-_0 ¢C-120 120-150 150-171 171-180

• 71 ( 2} .71 (2) .7] (2) .71 (2) .71 ( 2} .?1 { Z)
16.9 (2) 16.9 (2) 16.; { 2) 16.9 (2) 16.q ( 2} 16._ I 2)

-.102 (2) -.102 (2) -.102 { 2) -.102 (2) -.102 ( 2} -.102 (2)

• 7_ (2) .73 ( 2} .?E (2) .8_ (2) .85 (2) .85 (2)
17.5 (2) 17.4 (2) 18.[ (2) 19.2 (2) 18.8 (2) 17._ (2)

-._)_ (2) -.059 (2) -.OB_ (2) -.078 (2) -.Oq2 (2) .002 ( 2]

.77 (2) .7_ (2) .TE (2) .q2 { 2) .@7 (2) .q_ ( 21
17.1 (2) 16.2 { 2) 18.1 (2) 19.3 (2) 20.k (2) 18.9 (2)

-.12b { _) -.052 (2) -.05_ (2) -.05_ ( 2} -.01k (2) -.126 (2)

.87 { 2) .7_ (2) .81 (2) 1.01 (2) 1.10 (2) 1.15 (2)
1b._ { 2) 17.k (2) 17,_ ( 2] 20.0 (2) 20.6 (2) 23.5 (2)

-.2_8 { 2) -.105 (2) -.0_ { 2) .017 (2) .005 (2) -.113 (2)

1.01 (2) .85 (2) .87 (2) 1.Oq ( 2} 1.22 ( 2} 1.3_ (2)
i6.B (2) 17._ (2) 17._ { 2) 20.1 (2) 20._ (2) 23.5 (2)

-.230 (2) -.030 (2) -.00_ (2) -.001 (2) -.051 (2) .0,6 (2)

1.30 ( 2] .91 (2) ,q2 (2) 1.27 (2) 1.37 (2) 1.4_ (2)
22._ (2) 18.1 ( 2} 18.6 (2) 21._ (2) 18._ (2) 21.6 (2)

-._01 ( 2} -.oq2 (2) -.0_ (2) -.106 (2) -.114 (2) -.077 ( 2]

_.53 (2) 1.21 (2) 1.1_ (2) 1._ (2) 1._2 (2) 1.60 ( 2]
22._ (2) 1_.5 (2) 19.2 (2) 1_.2 (2) 18.3 (2) 18.8 (2)

-._35 (2) -.232 (2) -.15_ (2) -.I12 (2) -.163 (2) -.144 (2)

2.00

1.75 --

n. 1.50 --

0
i--
0
•< 1.25

_.oo --
0
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure 14. Continued.
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ORIGIIVAU PAGE rS

OF POOR QUALITy

oZN ND. 1 ,c
ANGL E( DEG. ) 0-9 q-3_a

Vlc_lNb ZENITH
_lN NU, ANGLE(DEG,)

1 0-15 .6_ ( 2] ,68 (Z)
13,5 ( 2) 13,5 [ _)

-,126 ( 2) -,126 ( 2}

Z I>-27 ,69 ( 2) ,70 ( 2)

12.7 ( Z) 13,2 ( 2)

-.Z_,4 (2) -.2)_ { 2)

J 21-3c_ .8_ (2) .7c) (2)
J.4.1 [ Z) 11.6 (()

-.297 ( 2] -.237 ( 2)

4 39-51 _,21 { 2) I,_2 (2)

17, _, ( 2) 14._ ( 2)

-,492 ( 2) -,407 ( 2)

5 _l-b_ 1.Ctl ( 2) 1.41 ( 2)
33.7 ( 2) 20.5 ( :')

-.433 (2) -,472 (2)

6 ,:)._-75 3.,L_, (2) 1,g7 (Z)
66.u ( 2) 32.6 ( ;)

-.33:_ (2) -.505 (2)

7 7_-90 3.69 (2) 2.5_ (2)

7u.5 (2) 3B.. _ ( Z]

-.336 (2) -,4_9 (2)

SCENE TYPE z PARTLY CLOUDY OVER LAND-OCEAN MIx

DATA 1 - SR JNISOTRDPIC FACTOR

z - STAhDARD DFVIATION Of 5W RADIANCES(WIMttZISR)
3 - CDRFELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH ! 60, C - 66,k

MEAN ALBEDD z .Z&50 ( lq )

NORMALIZED ALBEDO s 1,44q7 [ lq )

RELATIVE AZIMUTH

3 _ _ 6 7 8
30-6G 60-_0 qC-120 120-150 150-171 171-180

• 66 (2) .66 (2) ,6E (2) ,66 ( 2) ,68 (2) ,68 (2)
13,5 ( 2) L3,5 ( Z] 13,_ (2) 13,5 ( 2) 13,5 (2) 13,5 (2)

-._26 (2) -,126 ( 2} -.126 (2) -,126 (2) -,126 # 2) -,126 (2)

• b_ (2) .68 (2) ,7C (Z) ,77 (Z) ,78 (2) ,79 ( 2}
12,5 (2) 12,7 ( 2} 1Z.{ (2) 14,7 ( 2] 13,7 ( 2} 14,1 (2)

-.103 ( Z) -.lk2 (Z) -,12E (2) -,08Q ( 2) -,155 (2) -,143 (2)

• 7_ ( 2) ,_B (2) ,7_ (2) .86 ( 2} .94 ( 2) ,8Q (2)
1Z.0 ( Z} 13,0 (2) 12,_ (2) 15.1 (2) 16,6 ( 2} 12,_ (2)

-.196 (2) -,176 (2) -.047 { 2) -.153 (2) -.102 (2) -,034 [ 2)

.87 (2) ,79 (2) .Te ( 2} .92 ( 2} 1.06 ( 2} 1.06 (2)
14.1 ( 2} 13,_ (2) 1_,_ (2) 14.7 { 2) 16,7 ( 2} 15,e (2)

-.302 (2) -,1Q& (2) -,17( { 2) -.132 (2) -,079 (2) -,125 (2)

_.05 (2) ,62 (2) .8} (2) 1,06 ( 2} 1.20 (2) 1,ZQ (2)
17,( (2) 13.3 (2) 12,T ( 2} 16,0 ( 2} 16,0 ( 2} 17,0 ( 2}

-,25_ ( 2} -,222 (2) -,12_ (2) -,107 (2) -,057 (2) -,105 (2)

1,_7 (Z) .8_ (2) .6_ ( 2} 1,26 { Z) 1._2 (2) 1._9 (2)
22,; (2) 14.4 (2) 14,2 (2) 16,_ (2) 16.1 (2) 19.8 ( 2]

-.399 (2) -.306 { 2) -.19_ ( 2] -,150 (2) -,168 (2) -,1_2 (2)

1.76 (_) 1,29 (2) 1.2E (2) 1.52 (2) 1,59 (2) 1,70 (2)
25.9 { 2) 17,7 (2) 15,_ (2) 14,9 (2) 1_,1 (2) 16,2 (2)

-,412 (2) -.363 (2) -,262 (2) -,154 (2) -.238 { 2) -,226 (2)
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(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.

Figure 14. Continued.
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IN NO. 1 2
AN_LE(DEG. ) O-q 9-30

VIEWING LENLTH
GIN NO, ANGLE(DEG.)

`1 0-15 .5_ ( 2) ,5q ( 2)
Q.2 ( 2) 9.2 ( 2)

-,21b (2) -,216 (2)

2 1_-27 ,_2 (2) ,c_ (2)

8,9 (2) 10.2 (2)
-,36o (2) -,_tll (._)

3 27-39 .77 (2) .75 (_)
10.3 (2) q.5 (2)

-,617 ( 2) -,22_ ( 21

4 39-5A 1.0t_ (2) 1.05 (2)
`1_.3 ( 2) 14,5 ( 2)

-.37g (2) -,404 (2)

5 51-63 1.98 ( 2) 1,_0 ( 2)
30.1 ( 2) lq.8 ( 2)

-.2_8 ( 2) -.43b ( 2)

b o3-75 3.99 ( 2) 2.32 ( 2)
72.2 ( 2] 34,5 ( 2)

-.25, ( 2} -.424 (2)

7 7_-90 4.64 (2) 3.o5 (2)
96._ (2) 33.o (2)

-.212 (2) -.344 (2)

SCENE TYPE : PAETLY CLOUOY OVER LANO-OCEkN MIX
DATA 1 - SW _NISOTROPIC FkCTOR

2 - STANDARD OEVIATION OF SW RAOIANCES(WIMet2tSR)
3 - COR_ELATTON OF LW AND SW RAOIANCES

( ) - DATA SOURCE

SUk ZENITH : 66,4 - 72,5
MEAN ALBEO0 : .2755 ( 19 )

NORMALIZED ALBEDO : 1.6_02 ( 19 )

RELkT|VE AZIMUTH

3 4 5 6 7 8
30-6C 60-_0 9C-120 120-150 150-171 171-180

.59 ( 2) ,59 (2) ,5_ (2) ,59 ( 2) ,59 (2)
q,2 ( 2} 9.2 (2) 9,2 ( 21 9,2 (2) 9,2 (2)

-,216 (2) -,216 (2) -,21( (2) -.216 (2) -,21e (2)

,63 (2) ,61 (2) .61 ( 2} ,69 (2) .70 (2)
9.9 (2) 9.3 (2) 8.C { 2) 9.7 (2) 9,5 (2)

-,159 (2) -,193 (2) -,20( (2) ,O46 (2) -,151 (2)

,69 (2) ,68 (2) ,6_ (2) ,79 (2) ,86 (2)
9,0 (2) 11.8 (2) q.) (2) 12,7 (2) 10.3 (2)

1,335 (2) --,105 (2) --,1_ (2) --,257 (2) --,002 ( 2

.9_ ( 2} .72 (2) .72 (2) ,85 (2) 1,OO ( 2
13,B (2) 10,2 (2) 9,_ (2) 11,2 (2) 13,8 ( 21

-.418 ( 2} -.275 ( 2} -.11_ (2) -.12C ( 2} -.227 ( 2

1,13 (2) ,81 (2) .81 (2) 1.06 (2) 1.20 ( 2
13.B (2) 12.1 (2) 11.C (2) 13.9 (2) 13.1 (2)

-.117 (2) -.239 (2) -.181 (2) -.122 ( 2} -.192 ( 2

1,61 ( 2} .g0 (2) ,87 (2) 1,27 (2) 1,46 ( 2
21.9 (2) 12.2 (2) 11.1 (2) 14.2 (2) 13.9 ( 2

-.332 ( 2) -,322 (2) -.28C (2) -,202 ( 2) -.200 ( 2

2,01 (2) 1.38 (2) 1,2E (2) 1.54 (2) 1,70 (2)
23,0 (2) 15,7 (2) 13,t (2) 13,5 ( 2} 13,1 (2)

-.38_ (2) -.345 (2) -.26_ { 2) -.13_ (2) -.301 (2)

,59 (2)
9.2 (2)

-.216 (2)

• 65 ( 2)
9.6 (2)

-.14B (2)

,85 ( Z)
11,3 ( 2)

-,231 ( 2)

,95 ( 2)
9,4 ( 2)

-.014 (2)

1.26 (2)
13.4 ( 2)

-,021 ( 2)

1.62 { 2)
15.3 (2)

-.160 (2)

1.92 (2)
15,8 ( 2)

-.OgO { 2)
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0
I--
C)
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 14. Continued.
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8IN NO. 1 Z
ANaL E| DEL,. ) 0-9 9-30

_/LEw[NG ZENLTH
_IN NO, ANGLE(DEG,)

1 O-.L_ ,57 ( 2) .57 ( ;_)
7.3 ( Z) 7.3 ( ;)

,071 ( 2) ,071 ( 2)

Z .L_,-Z7 .65 ( 2) .64 ( 2)
8,1 { 2) 8,4 { 2)

• 036 ( 2} ,008 ( 2)

3 27-39 .8c ( 2} ,77 { 2)
9._ ( 2) 8,4 { 2)

-.Olo (Z) -,027 (2)

_," 39-_J= i.Io (Z) ],05 ( 2)
11,3 ( 2) 11,5 ( Z)

-.i_7 ( 2) -.158 { Z}

5 b_-63 Z.v,I. [ 2) 1.51 { 2)
25,4 [ Z) lb°2 [ 2)

-,:'3e (Z) -,188 { 2)

b 6_-75 h.l_ [ 2) 2.92 (2)
76.6 [ Z) 32.0 (2)

-,2CZ ( 2) -,201 [ 2,)

7 75-90 5.3_ { Z) 3,o3 ( 2)
106.tJ [ 2) 31.0 (2)
-,113 (2) -.147 (2)

SCENE TYPE = FARILY CLOUDY OVER L&ND-OCEAN MIX

DATA 1 - SW ANISOTROPIC FACTOR

2 - STAFDARD DEVIATION DF 5W RADIANCES(WIM$$ZISR)
3 - CORRELATION OF LW AND SW RADIANCES

( } - DATJ $DbRCE

SUN ZENITH = 72._ - 78.5
MEAN ALBEDO * ,3200 ( 1_ )

NORMALIZED ALBEDO ; 1.B_35 [ 19 )

RELATIVE AZIMUTH

3 4 5 6 T 8
30-bO 60-90 9C-120 120-150 150-171 171-180

.57 ( 2) ,57 ( 2) .57 ( 2) .57 ( 2] .57 ( 2) ,57 ( 2)
7.3 ( 2) 7.3 ( 2) 7,_ ( 2) 7,3 ( 2) 7,3 ( 2} 7.3 ( 2)

• 011 ( Z) ,071 ( 2) ,07] ( 2) ,071 ( 2) ,071 ( 2) ,071 ( 2}

• 62 ( 2) .59 ( Z) ,5_ ( 2) ,63 ( 2) ,64 ( 2} ,6E [ 2)
8,8 ( 2} 7,6 ( 2) 7.C { 2) 6.7 ( 2] 7,1 ( 2) 7.6 { 2)

.003 ( 2) .Olb ( 2) ,074 [ 2) .084 ( 2) .088 ( 2) .044 ( 2)

,70 ( 2) ,62 ( 2) .62 ( 2) .69 ( 2) ,77 ( 2) ,79 ( 2)
7°3 ( 2) 6,O ( 2} 6.2 ( 2) 8.6 ( 2) 7,1 ( 2) 8.4 ( 2)

• 031 ( Z] ,034 ( 2) ,07E ( 2) ,007 ( 21 .101 ( 2) ,O56 ( 2)

,87 ( 2) ,69 ( 2) ,6T ( Z) ,83 ( 2) ,90 ( 2) .93 ( 2]
9.8 ( 2} 7,5 ( 2) 6._ ( Z) 0,8 ( 2) 9,2 ( 2) 7,6 ( 2)

-.0o6 ( Z) -,041 ( 2) -,01_ ( 2) ,O45 ( 2) ,035 ( 2) ,030 ( 2)

1.11 (2) .bl ( 2} .7_ (2) 1.01 (2) 1.10 (2) 1.16 (2)
10.9 (Z) 9._ ( 2} 8._ { 2) 10.3 (2) 8.7 (2) 9.1 (2)

-.110 (2) ,O02 (2) ,042 (2) ,043 (2) -.O34 (2) .0ill ( 2]

1.09 (2) 1.02 (2) .q2 (2) 1.30 (2) 1.46 (2) 1.65 (2)
18.2 (2) 1Z,l (2) 9._ (Z) 11.1 (2) 10.2 (Z) 13.2 ( 2}

-.1_7 (2) -.036 (2) .06[ (Z) -,012 (2) -,020 (Z) -.OOe (2)

2.27 (2) 1.50 ( 2} 1.34 (2) 1,58 (2) 1.83 ( 2] 2.18 { 2)
23,3 ( 2} 15.0 ( Z) 11.4 ( 2) 10,5 ( 2) 11,7 ( 2} 15,8 ( 2)

-.051 ( 2} -,072 ( Z) -.03_ { 2) -.036 ( 2} o01_ ( 2) .07E ( 2)
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(h) Solar-zenith-angle bin 8, 72.54° to 78.46 °.
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,IN NO. 1 2

ANGL¢(DEG. J 0-9 g-30

4ItwING L_NITH
o[N NO. ANGLE(UEb.)

_.o (2) 4.6 ( 2}
• Obl ( 2) ,051 ( 2)

Z Ib-Z7 .62 (2) .b3 (_)
5.3 ( 2) b.7 ( 2)

-,0,:o (Z) -,070 (Z)

3 _7-3g .hi (2) .77 (2)
b._ (2) 5.7 (Z)

-.0_,5 (2) -.030 (2)

4 3_-51 1.18 ( 2} 1.0_ (2)
8,7 (2) 8.1 ( 2}

-.2oc (2) -.1_3 { 2)

b ..,_.-63 2.00 ( 2) 1.57 ( 2)
16.5 (2) 13.1 (Z)

-.2Zb ( Z) -.ZZ2 ( Z)

b b.t-/5 '_.J. 7 ( Z) 2,70 ( _.}

63,0 (2) 23.9 (2)
-,23_ ( 2) -,ZI7 (2)

7 7_-_ _.7) ( 2) 4,02 ( Z)
84.3 ( ;) 24.B ( ->)

-.132 (2) -,0bO (2)

SCENE TYPE : PARILY CLOUDY OVER LAND-OCEAN MIX
DATA 1 - SW ANISDTROPIC FACTOR

2 - STAkDAPD DEVIATION OF SW RADIANCES(WIMee21$R)
3 - CORPELATION OF LW AND SW RADIANCES

( ) - OATJ SOURCE

SUN ZENITH ! 78,_ - E4,3
MEAN ALBEDO : .371_ ( 19 )

NORMALIZED ALBEDO : 2,1q82 ( 19 )

RELATIVE AZIMUTH

3 4 5 6 7 B
30-6b 60-90 g6-120 120-150 150-171 171-180

• 53 (2) ,53 (2) .52 (2) .53 (2) .53 (2) ,53 (2)
4,6 (2) 4,6 (2) 4,E (2) 4,6 (2) 4.6 (2) 4.6 (2)

,051 ( 2} .051 (2) ,051 (2) ,051 ( 21 ,051 (2) ,O51 (2)

.59 (2) .56 (2) ,5_ (2) .58 (2) .60 (2) ,60 (2)
5.0 (2) 4,8 (2) _,_ (2) 4.2 (2) 4,5 ( 21 4.T (Z)

.OOB (2) --,003 (2) ,06I (2) .0bQ ( 2} e0OQ ( 2} .10_ (2)

,6d (2) .59 (2) ,5_ (2) ,64 (2) ,71 (2) ,Eq (2)
4,6 (2) 5.2 (2) 3,_ (2) 5.3 ( 2} 4,5 ( 2} 5,8 (2)

-.041 ( 2) -,045 (2) *061 (2) .O20 ( 2) ,Og2 (2) -,004 (2)

,84 (2) ,6_ (2) .6_ (2) ,79 (2) .66 (2) .87 (2)
6,8 (2) 4._ (2) 4._ (2) 5,5 (2) 5.8 ( 21 4.4 (2)

-,Iii (2) -.04b (2) .02_ (2) .074 (2) .024 (2) -,055 (2)

l. Oq (2) .83 (2) .6C (2) ,_8 (2) 1.06 (2) 1.10 (2)
7.4 { 2) 6._ ( Z) 5,_ ( 2) 6,2 ( 2) 5,7 ( 2) 5,6 ( 2)

-,121 { 2) -.057 (2) ,O4_ (2) ,044 (2) -.039 (2) -,042 { 2)

1,80 (Z) 1,10 (2) .q_ ( Z} 1,Zq (2) 1,45 (2) 1,61 (Z)
i4.Z (2) 7.1 (2) 6.2 (2) 6,_ (2) 6.9 (2) 8.4 (2)

-._Q_ (_) -,05Q (2) .05_ (2) -.0_6 (2) -.DOe (2) -,DO? (2)

2,58 (2) 1,63 (2) 1,42 (2) 1.65 (2) 1,94 (2) 2._3 (2)
I_.8 (2) q.7 (2) 7.2 (2) 6.3 (2) 8.2 ( 2} 12.e t 2)

-,DOg (2) -,OBg (2) -.03! (2) .065 ( 2} .005 (2) ,192 ( 2!
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(i) Solar-zenith-angle bin 9, 78.46 ° to 84.26 °.

Figure 14. Continued.
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din NO.
ANGLE(DE_,)

VILwINU Z_NITH

_IN NO. ANELE(DE_,)

1 u-lb

1 2

u-9 9-30

,52 ( 2) .52 ( 2)

1.8 ( 2) l,B I 2)
--.067 ( 2) --.067 ( 2)

_5-27 ,6_ ( 2) .oi ( 21

Z.1 (2) 2.b ( 2)

,0_ (2) -,094 (_)

27-39 ,64 ( 21 .75 ( 2)
2.8 ( 2) 2.2 ( 21

-.ui6 ( 21 -.O50 4 2)

39-51 1.1_ ( 21 1.J3 ( 2}

3.1 ( Z) 3.1 ( 2)

-.3_7 ( 21 -.195 t 2}

5i-03 1.U3 ( 2) 1._3 ( 2}

6.1 ( Z} 5,3 (Z)

-.054 ( 21 -.143 { 2)

_-75 3.95 ( 2) 2.77 ( 2)
26._ { 2} 10.2 ( 2)

-,262 (2) -.226 (2)

7_-90 _,13 ( _) 4.32 ( 2)
_7.7 ( 21 12.5 ( Z)

-,343 ( 23 -.115 (2)

SCENE TYPE I PARTLY CLOUDY OVER LAND-OCEAN MiX
DATA 1 - SW ANISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(V/M_2/SR)
3 - CORFELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH = B4,3 - qO.O
MEAN ALBEDO s .4368 ( lq )

NORMALIZED ALBEDO s 2,5243 ( lq )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 bo-qo 9C-120 120-150 150-171 171-180

,52 (2) ,52 (2) ,52 (2) ,52 ( 2} ,52 ( 23 ,52 (2)
¢.B ( 21 1,b (2) 1, E (2) 1,8 ( 23 1,8 ( 21 1,8 { 23

-.067 (2) -.067 ( 23 -,067 (2) -.067 (2) -.067 (2) -.067 (Z)

• 57 (2) ,54 (2) .52 ( 2} ,5_ ( 21 .55 { 21 .58 (2)
1,9 (2) 2,1 (Z) 1,? ( 23 1,E I 2) 1,0 (2) 1,7 (2)

• 042 ( 2] ,029 ( 23 ,02_ ( 2| ,09_ { 2) ,030 (2) ,og7 (2)

.o3 (2) .59 { 2) .5_ (2) .61 (2) .66 (2) .70 (2)
2.0 ( 23 1.9 (2) 1._ ( 23 2.0 (2) 1,8 { 21 1.7 ( 23

,C9_ ( 2} -.140 { 21 .OSC (2) ,011 (2) -,07e ( 2b -,049 (2)

.u2 (2) ,65 (2) ,67 ( 2} ,77 (2) ,80 (2) ,85 (2)
3.0 (2) 1,9 (2) 2,E (2) 2,1 ( 23 2,2 (2) 1,7 ( 21

-,125 (2) -.109 (2) -.047 (2) .001 (2) -.027 (2) .063 (2)

1.12 (2) .86 (2) ,82 I 2) ,95 (2) 1,05 (2) 1,06 (2)
3.2 (2) 2,3 (2) 2,3 ( 23 2,2 (2) 2,1 (2) 2,] (2)

-,289 (2) ,O00 (2) ,11_ ( 21 .146 I 2) -,062 ( 23 -,126 I 2)

1.9b (2) 1.11 ( 2] 1.01 { 2| 1.33 ( 23 1.45 (2) 1,62 ( 21
7.5 ( 2} 2.6 (2) 2._ (2) 2.7 (2) 2.7 (2) 3.3 (2)

-.i62 ( 21 .O6O (2) .01_ { 2) .006 I 2) -.081 (2) -.084 ( 21

2,83 ( 21 1.76 (2) 1,5( (2) 1,b5 (2) 1,98 (2) 2,'2 I 2)
8,1 ( Z) 4.2 ( 23 3._ (2) 3,6 { 2} 3,3 { 2) 5,4 (2)

-.109 (2) -.063 (2) -.061 (2) .042 (2) -.069 I 21 ,164 (2)
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(j) Solar-zenith-angle bin 10, 84.26 ° to 90.00 °.

Figure 14. Concluded.
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BIN NO. 1 Z

AN_LE(OkG.) O-9 9-30

¥1EwINb ZENITH

_[N _0, AN_LE(DEG.)

x 0-15 1.0_ (11) I.¢5 (11)
_2.o (ii) _2.6 (II)

-.203 (ii) -.263 (ll)

Z _b-Z7 I.ZO (li) 1.09 (ii)

kO.l (111 ,1.8 (111

-.27_ {11) -.280 (12)

3 _/-39 I.I0 (11) 1.C3 (Ii)
_z.3 (11) *O.b (1L)

-.27_ (111 -.247 (21)

4 39-51 1.03 (111 1.0. (12]

4_.Z (21) *t.q (11)
-._Tb (11) -.27b (11)

_-b3 i.u7 (_11 I.OZ (I_]

3g._ (II) 39.4 (11)

-.Zbq (21) -.2b_ {11)

b b_-75 1.1o (11) 1.10 (11)
36.9 (111 37.8 (21)

-.30_ {11) -.330 (1.)

7 79-90 1.13 (11) 1.14 (li)
33.3 (11) 34.7 (11)

-.3_7 (11) -,417 (11)

SCENE TYPE : MOSILY CLOUDY OVER OCEAN

DATA 1 - SW /NISOTRDPIC FACTOR
Z - STANDARD DEVIATION OF SW RADIANCE$(WIMq_2ISR)

3 - CORRELATION OF LW AND SW RADIANCES
{ ) - DATA SOURCE

SUN ZENITH t .{ - 25.8
MEAN ALBEDO : ,2_50 ( 1B )

NORMALIZED ALBEO0 _ I.OCOC ( 18 )

RELATIVI AZIMUTH

3 4 5 @ 7 8
30-60 bO-_O gC-120 120-150 1_0-171 171-180

1.05 (11) 1.05 (11) 1.0_ (11) 1.05 {11) 1.05 (lID 1.05 (111
42._ (11) ;2.6 (11) 42.¢ (111 *2.6 (11) 42.6 (11) ,2.6 (111

-.Zb3 {11) -.Zb3 (11) -.263 (11) -.263 (11) -.263 (11) -.263 (111

1.06 (11) 1.0_ (11) 1.OC (111 1.02 (11) 1.03 (11) 1.05 (11)
_3.7 (11) ,_.5 (11) ,4.1 (11) 45.1 (11) 44.9 (11) ,6.2 (111

-.272 (11) -.27q (11) -.247 (11) -.249 (11) -.230 (11) -.235 (11)

1.00 (11) 1.01 (111 .q_ (111 1.00 (11} 1.02 (111 1.0e (11)
*2.b (111 _*.7 (111 42._ (11) *3.7 (11) 43,6 (11) *5.8 {11)

-.24* (21) -.188 (11) -.15! (11) -o188 (111 -.154 (11) -.219 (11)

1.00 (11) .93 (11) ,qE (11) .qq (11) 1.06 (11) 1.10 {111
*2.9 (11) ,1.1 (11) 43._ (11) *3.3 (11) 45.2 (11) 45._ (11}

-.Z7Z (11) -.200 {11) -.18} (11) -.127 (11) -.17, (11) -.201 (111

1.02 (11) .B9 (11) .qC (11) .91 (11) 1.02 {11) 1.0_ (11)
39.2 (11) 3b.2 [11) 37l_ {11) 37.8 {11) 41.0 (11) 42.3 (11)

-.234 (11) -.171 (11) -.18((11) -.106 (11) -.142 (11) -.180 (11)

1.04 (11) ,92 (11) .8_ (11) .88 (11) .gq (111 1.0@ (11)
35._ (11) 31.0 (11) 31.6 (11) 31.8 (11) 35.0 (11) 37.q (11)

-._9q (21) -.229 (11) -.23; (11) -.183 (11) -.235 (111 -.224 {11)

1.07 (11) .q3 (11) .86 (11) .88 (11) .qq (11) 1.06 (11)
31.B (111 27.0 {11) 24.2 (11) 24.8 (11) 29.2 (11) 30.8 (11)

-.3be (11) -.280 (11) -.)03 (11) -.237 {11) -.314 (11) -.296 (111
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(a) Solar-zenith-angle bin 1, 0 ° to 25.84 °.

Figure 15. Bidirectional model for mostly cloudy over ocean. (See table 5 for explanation of data sources.
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ORIGINAL PAGEIS
DR POOR QUALITY

BIN NO.
ANGLE(OEG.)

41_wlNG Z_NITH

o|N NO. ANGLEiDEG*|
L _°15

I 2

0-9 9-30

o99 (lll .gq (111 ,gq

46,5 ill] 4b.5 ill} 46.5
-,369 i11) -,3Eg 111) -,3_9

_5-27 ,99 1111 ,98 1111 ,99
42.5 (11} 43.0 ilL] 45.1

-.418 (11} -.436 (111 -,416

27-39 1,0_ (11) ,98 ill) ,96
39.0 (111 40.3 (111 43,5

-,41q (111 -.441 11_1 -,426

39-51 l,Oe ill) 1,02 (1_) 1,01

40.B i11) 41,1 iI_) 43.9

-._36 (1i} -.437 (11) -.418

5i-b3 1,13 ill) 1,08 (ii) i,04

41.4 (II) 41.4 ill) 41.9
-._ob (1L) -.413 1111 -.406

o3-75 _.20 (111 1.20 11_) 1.07
40.0 (11) 40,7 (I11 39,3

-.366 1111 -.422 (i_} -,416

75-90 1,26 ill] 1,27 ill) i,Oe
_9,0 (ii) 37,1 i11) 35.2

-.393 (II] -.426 (I11 -.406

SCENE TYPE _ MOSTLY CLDUDY OVER OCEAN
DATA i - SW aNISOTRORIC FACTOR

Z -STAhDARD DEVIATION OF SW RADIANCES(WIM**21SR}
3 -CORRELATIDN OF LW AND SW RADIANCES

i ) - DAT_ SOURCE

SUN ZENITH ! 25._ - 3b.9
MEAN ALBEO0 I .275G ( 18 )

NORMALIZED ALBEOO I 1,0784 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 60-90 9C-120 120-150 150-171 171-1E0

(11) .99 i111 .9_ ill) .99 (11} °99 (11} ,99 (11}
(11} 46.5 (11} 46,_ (11) 4b.5 ill) 46.5 (11} 46,5 (11}
ill} -,389 ill) -,38_ ill} -,389 (111 -,389 (11} o,389 (111

(111 ,99 111) 1,0C (111 1,03 (111 1,0_ i11} 1,02 (111
(111 46.9 i11} 47,_ (111 47,8 111) 47,1 (111 47,1 (111

(111 -,408 i111 -,414 1111 -,380 (11) -,386 (11} _.421 (111

(11) ,95 (111 1,01 Ill1 1.05 (11) 1,04 ill} 1,17 (111
(11) 45,3 (111 45,? (111 47,0 (111 45.6 ill} 48,9 (11)
(11) -,4GQ i11} -,402 i11) -,373 (11} -,)50 (11} -,171 (111

(11} ,91 ill} ,9_ (11) 1,04 1111 1,10 111) 1.12 (111
ill) 45,1 ill) 45,5 (11} 47,9 (11) 46.2 (111 46.3 (11}
iZl} -.457 i111 -,3b_ i111 -,374 1111 -,340 Ill1 -,338 (11}

(11) ,84 ill) .ql i11} ,99 (111 1,14 ill} 1,13 (11}

i11) 41,0 (111 42,2 i111 45,3 (11} 42.1 111) 41,8 (11)
(11} -,437 i11) -,3g_ (11} -,345 i11) -.288 i11) -,293 (11)

i111 ,7_ (11) .85 (11} .Bb (111 1.14 (11} 1,12 (11)
ill) 35,5 ill} 40.C (11) 38.9 ill} 39,4 Ill} 38,0 (11}
{111 -,305 Ill} -,44_ (111 -._33 (11} -.251 i11) -,22_ (111

(11) ,79 ill) .82 (5) .78 (10} 1,04 (11) 1,07 (111
(111 27.9 ill} 32._ (5) _1.4 (10) 32._ (111 33.0 (11)
(111 -,304 (11) -,37_ (5) -.31g (19} -,_06 i11) -,_02 i11}
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1.75
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(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 15. Continued.
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ORIGINAL PAGE IS

OF pOOR QUALITY

_IN N_,

ANbLE(DEG*)

VIEWING LtNITH
GiN NO, AN_LE(DEG.)

I 0-1_

1 2

O-q q-B0

SCENE TYPE = MOSTLY CLOUDY OVER OCEAN
DATA 1 - SW JNISOTRDPIC FJCTOE

Z - STANDARD DEVIATION Of SW RAOIANCES(W/M0*21SR)

3 - CORRELATION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH _ 36,_ - 45,6
MEAN ALBEDD s ,g_O0 ( 18 )

NORMALIZED ALBEOO s 1.1373 ( 18 }

RELATIVE AZIMUTH

3 4 5 6 7 B

30-60 60-gO 9C-120 120-150 150-171 171-180

,_? (ii) .92 (ii) .9_ (ii)

_I,5 (ii) 41._ (II} 41,5 (Ii)
-._75 (11) -,475 (11) -,4?5 (11)

1_-27 ,qO (ii) .ql (ii] .90 (ii)

3g,l (11) 38,1 (II} 39.4 (ii)

-.5(_ (IL} -.469 (11) -,490 (II)

_7-3_ l.vO (11) .95 (Ii) .91 {11)

3_.3 (1i} 37,I (i_) 39.6 (ii}

-._0i (Ii) -.492 (11) -.513 (11)

3_-_i 1.1_ (Ii} 1,05 (11} 1,00 (Ii}
3b._ (Ii) 37.5 (_1} 41._ (11)

-.507 (Ii} -.510 (ii} -,51i (ii}

_-63 1.25 (11) i,lb (11) 1,08 (11}

3b.u (11} 38.5 (II( 38.8 (II)
-.47_ (11) -.47q (Ii} -.478 {ii)

o_-?5 1.40 (11} 1.33 (11) 1.16 (11)
_7._ (_X) 3q.1 (1_) 38.Z (11}

-.39_ (ii) -,_66 (11) -°486 (ii)

7_-9_ L.53 (tt) 1._2 (11} 1.19 (11)
37._ (11) 36.9 ill) 3b.6 (11)

-.393 (11) -._:7 iLL} -.4_2 (11)

.q2 (11) .q_ (11) .97 (11) .9Z (11) ._ (11)
41.5 (11) 41._ (11) _1.5 {11) 41.5 (11) 41.5 ill)

-.475 (11} -.47_ (11) -.4?5 (11) -._75 (11) -.475 (11)

.89 (11) .97 (11) .99 (11) .98 (11) .97 (11)
_0.4 (11) 4Z.e (llD 41.4 (llD _2.? (11} _1._ (11)

-.474 (11) -.45C (11} -.443 (11} -.469 (11) -._g (11}

.92 (11) .q5 (11} 1.03 (11} 1.02 (11I 1_08 (11)
3q.7 (11) 41.2 (11) 4_.2 {11} 41._ (11) 42._ (11;

-.495 (11) -.457 (11) -.4_ (11} -.452 (11) -._43 (11}

.90 (11) .q] (11) 1.0_ (11} 1.07 (11) 1.15 (11)
39.6 (11} 41.5 (11} 42.6 (11} 41.3 (11} 42.8 (11}

-.903 (11) -.46_ (11) -.470 (11) -.421 (11} -._23 (11)

.88 (11} .9_ (11) 1.02 (11} 1.13 (11) 1.15 (11)
37.b (11) 3q, C (11} 3q,8 (11) 36.9 (11) 38.6 (11}

-,49q (11) -,484 (11) -.454 (11) -,3_9 (11) -.394 (11)

.Tq (11) .Be (111 .q4 (11) 1.17 (11) 1_16 (11)
35.0 (11) 37._ (11) 35.4 (11) _4.5 (11} 33.8 (11)

-.505 (11} -.49_ (11} -.376 (11) -.335 (11I -.332 (11)

,80 (10) .8_ (5) .84 (10) 1.15 (11} 1.16 (11)
2e.0 (10} 31._ ( 5} Z3.0 (10) 31.Z (11} _9.3 (11)

-.379 (10) -.38_ (5) -.163 (10) -.270 (11) -.278 (11}
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(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57 °.

Figure 15. Continued.
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ORIGINAL PAGE IS

OF POOR QUALITY

BIN NO.
ANGLE(OEG.)

VlrwING ZLkITH

1 J-15

O-9 9-3{)

• 8_ (11} ,e4 (ill .84
J6._ (11) 30.8 (113 36.8

-,47b (111 -.470 (11) -._76

z_-Z? ,_ (1L) .84 (1i1 ,84
JT._ (11) 34.J (113 35.0

-,bOO (il) -._01 (i=) -.496

17-39 ,90 (II) ,ql (II} .88

36.0 (IL) 33.6 (L1} 34.4
-,452 (i.) -.47_ (i*) -.461

3Q-bl i.I_ (113 1,3_ (11) 1.00

34.7 ill) 33.0 (II) 30o_
-.4_7 (11} -.436 (II) -,4d6

5L-_3 1.4u (111 1,26 (_i) 1.11

31.o (II} 35.9 (ii) 37._

-.427 (ii} -.45C (IL) -.443

b3-75 1.68 (11) 1.52 (ii) 1.2_

_5.4 (11) 38.8 (113 38.1
-,3_3 (111 -.381 (i,1 -.426

7_-90 I._7 (Ii) 1.72 (ill 1.3b
34.7 (II) 41.1 (I_} 37.6

-.317 (II) -,359 (II) -,_19

SCENE TYPE = MOSTLY CLOUDY OVER OCEAN

DATA I - Sw ANISOTROPIC FACTOR

Z - STAMDARD OEVIATION OF SW RAOIANCE$(W/M$$2/$R)
3 - CORPELATION OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZEkITH I 45._ - 53,1
MEAN ALEEO0 = ,3150 ( 18 }

NORMALIZED ALBEDO = 1,2_53 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 60-_0 9C-120 120-150 150-171 171-180

(11} ,8_ (111 ,8& (11) ,84 (11) ,84 (11) ,84 (11)
(11} 3b.8 (11) 36, e (11} 36,8 (11} 36,8 (11} 36,8 (11)

(11) -,47b (11) -,476 (11) -.476 (11) -,476 (11) -,476 (11)

(ii} .83 (II) .8_ (11} .94 (11) ,94 (11) .q3 (11)

(11) 34,q (113 35,_ (11) 37.9 (11} 37,5 (11) 36,6 (113
(I1) -.487 (11) -.44_ (11) -.437 (11) -.447 (11} -.412 (11)

(L1} .87 (11) .87 (11) .9q (11) ,97 (11} 1.02 (113
(11) 34.6 (11) 34._ (113 38.1 (113 36.6 (11} 37.8 (11}
(11} -.477 (1l} -.441 (113 -.414 (113 -.398 (11) -,41B (113

(11) ,ql (113 .9_ (113 1,01 (113 1.06 (11) 1.13 (113
(11} 35.8 (11) 35,_ (113 36.4 (113 36.0 (11} 3_,1 (113
(11) -,_90 (11) -.45_ (11) -,416 (113 -,352 (11} -,374 (113

(11) .89 (11) ,gC (11) 1.02 (11) 1,13 (11} 1,15 (11|
(113 33,4 (113 33,_ (]1} 35,4 (113 33,7 (11) 34.g (113
(113 -,48_ (11) -.44¢ 1113 -,423 (11) -,30q (11) -,307 (11)

(11) ,88 (11) ,OR (113 1.02 (113 1.20 (113 1,18 (11)
(11) 33.5 (11) 33.t (113 31.6 (11) 30._ (11) 30.3 (113
(11) -.565 (11) -.481 (11} -,364 (11) -.278 (11) -.228 (11)

(113 ,80 (8) ,_C (5) 1,02 (103 1,21 (113 1,20 (113
(ll) 21,_ (8) 2_,C (5) 26.8 (10} 27,4 (11} 26,4 (113
(11) -,_50 ( 83 -,43! (5) -,226 (10) -,245 (111 -,168 (113
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1 75
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(d) Solar-zenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 15. Continued.
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BIN NO,
ANGLE(DEG.)

VI_wZNG ZENITH
_IN NO, AN_LE(OEG.)

1 0-15

1 Z

0-9 9-30

• 77 (11) .77 11i) .77
29,2 (11} Z9.2 (11) Zq.2

-.45N (11) -,454 (11) -.454

15-Z7 0BO (11) ,BO (11) ,78
ZS,* 111) 28.1 111) Z7.8

-.508 (11) -.39C 111) -.454

27-39 .69 (10) .87 (11) 084
Z8.£ 110) 27.7 111) Z7.9

-.434 (10) -.4_3 (11) -.446

39-51 1.19 111) 1.09 (11) .97
26.7 (11) Z9.4 (11) 29.8

-.343 111) -.424 111} -.443

5L-63 1.55 (11) 1.34 (111 1,12
30.U 111) 30.8 111) 32,Z

-.248 (11} -,371 (11) -,4Z6

o3-75 Z.OZ (11) 1.72 111) 1.37
32,4 (11) 37.5 (1_) 3_09

-.ZGO (11} -.Z89 11_) -.SZZ

75-90 Z.40 (11) Z.03 (11} *,51
35.7 (11) 39.4 111} 38.0

-.038 (11) -.214 111) -.396

SCENE TYPE z HOSTLY CLOUDY OVER OCEAN
OATA I - Sw JNISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SV RADIANCES(_IN#_21SR)
3 - CORRELATZON OF LW AND SW RADIANCES

( ) - OAT# SOURCE

SUN ZEEITH x 53.] - 60.0
MEAN ALBEDO ! .3300 ( 1B }

NORHALIZED ALBEDQ z 1.Z141 ( 18 )

RELATIVE AZINUTH

3 4 5 6 7 8
30-60 60-90 9C-120 1Z0-150 1_0-171 171-180

(11) .77 (11) .77 111) .77 (11) .77 Ill) .77 (11)
411) 29,Z (11) 29.2 (11) 2_.2 (11) 29.2 (11} Z9.2 (11)
111) -._54 111) -.45_ 111) -.454 111) -.4S4 111) -.454 (11)

(11) .78 111) ,76 (11) .86 111) .87 111} .90 (11)
(11) 28,1 (11) 27.7 (11) Z9.7 (11) Zq.7 (11} 2q.6 111)
(11) -,441 111) -.401 111) -.416 (11) -.364 (11) -.446 (11)

(11) .81 (11) ,82 Ill) .93 (11) .93 [11) .9_ 110)
(11] 28._ (11) Z8._ (11) Z9.4 (11) Z8.3 (11) Z8,T (10)
111) -.446 (11) -.402 111) -.352 (11) -.370 111) -.344 (10)

111) .87 111) .8_ 111) .96 111) 1.02 (11) 1.06 (11)
111} Z6.8 (il) 29.7 111) 29.9 (11) 26.9 (11) 30.0 111)
[11) -.451 {11) -.472 111) -.36Z 111) -,310 (11) -.30_ 111)

(11J .9C (11) .BE (11} 1,02 (11) 1,12 (11} 1,1a 411)
(11) Z8.5 (11) Z7._ (11) 27.9 (11) 27.7 1111 29.1 (11)
(11) -.492 111) -.46) 111) -.357 (11) -.240 (11) -.217 111)

111) .93 (11) ,92 (11) 1.08 111) 1.Z2 111) 1,Z4 111)
111) 28.5 (11) Z8._ 111) 27.4 111) 2_,9 #11) 26.1 111)
111) -.576 111) -.501 111) -.303 (11) -.194 (11) -.198 111)

(11) 1.16 (5) 1.02 (5) 1.12 (11) 1.26 (11) 1.27 111)
(11) 30,8 (5) 28,_ (5) 2_,2 (11) 22,3 (11) 22,e (11)

(11) -.456 ( 5} -.392 ( 5} -,218 111) -,191 (11) -,110 (11)
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure 15. Continued.
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ORIGIN'A£ PA-G_ IS

OF POOR QUALITy

din NO. 1 2
A_GLE(DEG.) 0-9 9-30

VIk_ING ZENITH
_I_ NO, AN_LE(DEGol

1 U-15 .71 {lll ,71 (11)

ZZ.Z (11) 22.2 (11)
-,%67 (II) -.467 (11)

2 15-27 ,7e (Ii) ,77 (ii)

21.2 {11l ZI,O (lll

-,_71 (ill -.400 (II)

3 27-39 .89 {10) ,Sb (11)
22.8 (I0) 22.4 (li)

-.368 (10) -,467 (11)

4 39-51 1.23 (Ill I,IZ |i_)
£%.5 (II) 24.6 (11)

-,374 (ii) -,613 (11)

5 5_-63 l.bg (II) 1,45 (ii]
Zb._ (11] 16,6 (ii)

-,210 (II} -,332 (ii)

63-75 Z.4% (ii) 1.99 (Ii)

_0.2 (11) 37.6 (ll)
-*l_o (ill -,265 (Ill

7 75-90 3.01 (11) 2.62 (11)
37.5 (11) 43.5 (11)

-,U3¢ (11) -.204 (1.)

SCENE TYPE z HOSTLY CLOUDY OVER OCEAN
DATA i - SW _N|SOTRORZC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIM_*21SR)
3 - CORPELAT]DN OF LW AND SW RAD[ANCES

( ] - DAT_ SOURCE

SUN ZENZTH z 60.C - E6,4
MEAN ALBEDO I ,3E50 ( 18 I

NORMALIZED ALEEDO Z 1.4216 ( 18 )

RELATIVE AZIHUTH

3 4 5 6 ? 8
30-60 60-90 9C-120 120-150 150-171 171-180

.71 (11) .71 (11) .7] (11) .71 (11) .71 (11) ,?1 (11)
22,2 (11) 22,2 (11) 22,2 (11) Z2,2 (11) 22,2 (11) 22,2 (11)

-.4b? (11) -.467 (11) -.467 (11) -.467 (11) -.467 (11) -.667 (11)

.Tb (11) .73 (11) .74 (11) ,77 (11) .82 (11) ,81 (11)
21.5 (11l 21.6 (11) 22.C (11) 21.q (11) 22.1 (11} 22.2 (11)

-.464 (11) -.484 (11) -.41_ (11) -.449 (111 -.371 (11) -.395 (11)

• 83 (11) .77 (11) .7_ (11) .85 (11) .91 (11) .90 (10)
22,2 (11) 20.0 (11) 20,1 (11) 21,3 (11) 21,8 (11) 19,5 (10)

-.48G (11) -.462 (11) -.46_ (11) -.361 (11) -.28¢ (11) -,310 (10)

• 98 (11) ,83 (11) ,83 (11) ,90 (11) ,98 (11) 1,01 (11)
24.5 (11) 21.3 (11) 22,3 Ill) 21,4 (11) 21,0 (11) 23,3 Ill)

-.454 (11) -.393 (11l -.44¢ (11) -.315 (11) -.267 (11) -.333 (11)

1.10 (11) ,89 (11l .8t (11) .99 (11) 1.09 (11) 1.15 (11)
27.1 (11) 22.3 (11) 21.7 (11) 22.0 (11) 20.8 (11) 21.3 (11)

-.;08 (11) -.457 (11) -.43[ (11) -.277 (11) -.271 (11) -.243 (11)

1.51 (11) .92 (11) .8_ (11) 1.11 (11) 1.25 (11) 1.30 (11)
33.5 (11) 22.7 (11l 23,1 (11) 21.4 (]1) ZO.4 (11) 21.2 (11)

-.367 (11) -.443 (11) -.461 (11) -.273 (11) -.241 (11) -.181 (11)

1.71 (11) 1.24 (5) 1.1_ (5) 1.20 (11) 1.33 (11) 1.36 (11)
35.t (11) 26,2 (5) 23.5 (_) 18.1 (11) 17.9 (11) 18.5 (11)

-.2_5 (11} -.336 (5) -.30_ (5) -.08? (11) -.126 (11) -.100 (11)

2.00

1.75

D1.50
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(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.
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din NO. 1 Z
ANGLE (DE(*.) 3-9 q-30

VIEWING ZEhlTH
d4N hO. ANbLE(OEG.]

1 O-_b .66 (115 ,66 (115
15.4 (11) 15.4 (11)

-.44C (115 -,446 (115

a _-27 .TZ (I15 ,75 (lid

iboO (I_) 16.2 (115

-._66 (115 -.427 (i_5

3 _7-39 ._ (I0) .U6 (115

17._ (103 lo.7 (113
-,431 (105 -.377 (1_)

3_-_t 1.Zo (115 1,14 (113
1_.8 (11) 18,6 (11)

-.339 (11) -,344 (115

b 5_-63 1.7o (115 1,55 (115
22.9 (l:) 23.4 (11)

-.152 (115 -,253 (11)

6 o3-75 2.93 (I_) Z,26 (113
45._ (,15 38.2 (11)

-,035 (113 -,166 (115

7 75-90 3.8i (I03 2.89 (115
_1._ (lO) 43,1 (11)
,lOq (lu) -.057 (11)

SCENE TYPE _ MOSTLY CLOUDY OVER OCEAN
DATA 1 - SW ANISOTROPIC FACTOR

2 - STANDARD DEVIATION Of SW RADIANCES(W/Ne#21SR)
3 - CORPELATEON OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH t 66.4 - 7Z.5 .
MEAN ALBEDO I .4C00 ( 18 )

NO_NALIZED ALBEDO = 1.5E86 ( 18 )

RELATIVE AZ]NUTH

3 4 5 6 7 B
30-b0 60-90 9C-120 120-150 150-171 171-180

.66 (115 .66 (11) .6_ 111) .66 (115 .66 (11) .66 (11)
15.4 (11) 15.4 (11) 15.k (115 15.4 (11) 15.4 (115 1_.4 (11)

-._6 (115 -,446 (115 -,44_ (113 -,446 (115 -,446 (113 -,446 (11)

,72 (115 .67 (11) .67 (115 .69 (11) ,73 (11) .7_ (11)
16,1 (115 15,1 (113 14,_ (11) 14,9 (115 15,8 (113 16,0 (113

-,479 (115 -,453 (113 -,43_ (11) -,427 (115 -,401 (113 -,394 (113

,79 (11) .72 (11) ,7C (11) ,79 (11) .85 (113 ,89 (10)
15.9 (115 14,9 (113 14,_ (115 15,5 (115 15,8 (115 15,4 (103

-,k61 (11) -,383 (113 -,47_ (113 -,356 (113 -,274 [11) -,301 (103

,96 (115 .80 (113 ,7T (113 ,85 (11) ,94 (113 ,q7 (113
18,1 (113 16,_ (115 15,2 (115 15,3 (11) 16,0 (113 1_,9 (113

-.383 (113 -.440 (11) -.382 (11) -,337 (113 °,Z68 (113 -,29_ (11)

1.Zl (115 .89 (11) .82 (115 ,96 (115 1.08 (11) 1.10 (11)
_,6 (115 17.2 (11) 15,C (115 15,5 (115 15,0 (113 1_,2 (11)

-.319 (Z15 -,420 (11) -,38_ (115 -,210 (115 -,lq3 (113 -,240 (113

1,bb (11) .96 (11) .DE (115 1,14 (115 1,Z6 (113 1,34 (113
Z6,O (115 18.9 (11) 16,2 (115 16._ (115 14,9 (113 16,4 (11)

-,Z3_ (113 -,426 [113 -,452 (11) -,Z04 (113 -,21_ (113 -,161 (113

1.96 (115 1,36 ( 55 1,1E ( _5 1,E3 (113 1,39 (113 1,49 (11)
3Z,4 (115 Z2,6 (5) 18.Z (_) 14,2 (115 13,9 (113 14,6 (113

-.170 (11) -.298 (5) -.30_ ( 55 -.157 (11) -.147 (11) -.076 (11)

2.00
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 15. Continued.
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ORIGINAL pAGE iS

OF pOOR QUALITY

BIN NO. I Z

ANGLE(DEG.) C-q 9-30

VIEwIN_ LENITH

_IN NO. ANGLL(DE_.)

L 0-15 ,be ill) ,60 (Ii) .60

_.b {ii) 9,8 (llJ 9,6

-,_53 [ii} -._53 ill) -.453

_-Z7 ,bl (1_) ,71 (11) ,68
lO,b ill) 10,1 (11) 10,6

-,515 {11) -,448 (11) -,472

3 _7-39 ,82 (t0} ,83 Ii_) ,7_
10,b (i0) i0,9 (11) 10.7

-.%01 (i0) -,46o {Ii} -.481

% 39-51 1.29 (Ii) 1.15 (1_} .96
13.% (ll) 13.3 {ii) 12,7

-.240 (11) -.352 (11) -.397

b bZ-63 l,gu (II) 1,64 ill) 1,20
ZO.3 [Ii] 18.8 (Ii) 15.z

-,127 [11) -,189 (iI) -.Z4E

o o_-75 3._9 ill) Z.50 (1l) 1.77
_6._ {ii) 34.4 (Iz) 24.4

-.103 (11) -.163 (1_} -.130

7 75-90 4,97 (10) 3,38 (11) 2,26
5o.5 (10) 41.7 (11) 27.2

-.0_ (10) -.064 ill) -.026

SCENE TYPE _ MOSILY CLOUDY OVER OCEAN
DATA 1 - SW ANISOTROPIC FACTOR

Z - STANDARD DEVIATION OF SW RADIANCES(WIMttZISR)
3 - CORPELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH = 72. S - 78,5
MEAN ALBEDO = .4¢80 ( 18 )

NORMALIZED ALBEDO z 1.7_69 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 ? 8

30-60 60-90 9C-lZO 120-150 150-171 171-180

(11) .60 (11} .6C (11} .60 (11) .60 (11) .60 (11)
(11) 9.8 (11} 9.8 (11) q.8 (11) 9.8 (11) 9.8 (11)
(11) -.453 (11| -.45_ (11) -.453 (11) -.45_ (11) -.453 (11)

(11) .6_ (11) .62 (11) ,64 {11) ,65 {11) .65 (11)

(11) 10.0 (11) 9.8 (11) q.6 (11) 9.5 (11) 9.8 (11)
[11) -.476 (11) -.46C (11) -.441 {11} -.411 (11) -.37, (11)

(11| .68 {11) .65 (11} .72 (11) .76 (11) .78 (10)
(11) 9.8 (11} 9._ (11} 9.6 (11) 9.6 (11) 9.2 (10)
(11) -.434 (11) -.43_ (11) -.408 (11) -.284 (11) -.365 (10)

(11) .78 (11} .7_ (11) .?q [11) .90 (11) .92 (11)
(11} 11.2 (11} 10._ (11) 9.5 (11) 9.8 (11} 10.2 (11)
(11) -.411 (11) -.412 (11) -.364 (11) -°260 (11) -.251 (11)

[11) .88 Ill} .81 (11) .93 (11) 1.04 (11) 1.03 111)
(11) 11.4 i11) 10._ (11) 10.6 (11) 9.9 (11} 9.3 (11)

(II} -,319 (II) -.398 (II) -.243 (11} -.252 (11) -.253 (11)

(Zl) .99 (11) .86 (11) 1.14 (11) 1.27 (11) 1.33 (11)
(11) 12.7 (11) I1.E (11) 11.8 {11) 10.8 (11) 11.6 (11)
(11) -.3Z9 (11) -.38_ (11) -.Z26 (11) -.138 (11) -.193 (11)

(11) 1.47 (5) 1.Z8 (5) 1.33 (11) 1.47 (11) 1.59 (11}
(11) 17.2 ( 5} 13.7 ( 51 10.9 (11} 10.8 (11} 12.1 (11)
(11) -.179 (_) -.20_ (5) -.032 (11) -.102 (11} °032 (11}

2.00

1.75

_" 1.50
0
p-
C)
<( 1.25
h

0

E _.oo
o
e,.
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- ///
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(h) Solar-zenith-angle bin 8, 72.54° to 78.46 °.
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BIN NO.

ANbLE(DEG.)

VIEWING ZENIIH

bin NO, ANGLE(OEG.]

i u-l§

1 2

0-9 9-30

SCENE TYPE _ MOSTLY CLOUDY OVER OCEAN
DATA I - SW ANISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIM$$Z/SR)
3 - CORRELATION DF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH i 78,5 - 84,3

MEAN ALBEDO # .SCOG ( 18 )
NORMALIZED ALEEDO : 1.960E ( 18 }

RELATIVE AZIMUTH

3 4 5 6 T B
30-60 60-gO qc-120 120-150 150-171 171-lBO

.9_ (11) .55 (11) ._5 (I1) .55
5.0 (11) 5.6 (1_) 5.b (11) 5.0

-.432 ill) -.432 ill) -._32 (11) -.432

15-2_ .o_ (11) .66 (11) .63 (11) ,58
6.i ill) 5.9 (11) 5.9 (11) 5.6

-.355 ill) -.413 (11) -.388 (11) -.433

_7-39 .80 (I0) ._0 (1_) .72 (11) .63
6,9 (10) &.b ill) 0.0 (11) 5.g

-.Z38 (i0) -.360 ill) -._01 ill) -.314

39-51 1.27 (10} 1.14 ill) .93 (11) ,75

lO.b (10) 8,5 (11) 7.9 (11) 5,9
-,1oi (10) -,261 (11) -.296 (11) -.3t2

51-63 1.q_ (10) 1.e7 (11) 1°23 (11) ,86
lk.2 (I0) 12.3 (11) 11.0 (11) 6,7

-._13 (_0) -.II_ (11) -.057 (11) -.290

03-75 3,bb (11) 2,e2 ill) 1.gl (11) .gq
39.8 (11) 26.6 (11) 17,0 ill) 6.7

-.14_ (11) -.090 (11) -,066 (11) -.244

75-90 6.04 (I0} _.Ii (11) 2.50 (i0) 1.56
50.1 (I0) 35.9 (11} 20.9 (10) 11,6

-,11e (10) -,016 (1_) ,109 (10} -,083

(11) ,55 (11) .55 (11) ,$5 (11)
(11) 5,e (11) 5.6 (11) 5.6 (11)
(11) -,432 (11) -,432 (11) -,k32 (11)

(11) ,ST (11) .58 (11) ,61 (11)
(11} 5.6 (11) 5.7 (11) 5,7 (11)
(11) -,35A (11) -,361 (11) -,291 (11)

(11) ,bl (11) ,65 (I1) .6g ill)
(11) 5.1 ill) 5.6 (11) 5.6 (11)
(11) -,35? (11) -.381 (11) -,257 (11)

ill) .6_ (11) .73 (11) .83 (11)
(11) 5,7 (11) 5,7 (11} 5,7 (11)
(11) -.ZS4 (11) -,315 (11) -,232 (11)

(11) .7_ (11} .90 (11) 1.01 (11)
(11) 5._ (11) 6,0 (i1_ 5.q (11)
(11) -,31_ (11) -.lg8 (11) -,171 (11)

(11) ,_1 (11} 1,15 (11) 1,28 (11)
(11) 6.2 (11) 6,9 (11) 6.9 (11)
(11) -.18E (11) -.074 (11) -,062 (11)

(5) 1.34 (5) 1.41 (10) 1.57 ill)
(5) g.1 (5) 7,6 (10) 7.6 (I1}
(5) -,07] (5) ,015 (10) ,024 (11)

,55 (11)
5.6 (11)

-.432 (11)

.61 (11)
5.8 (11)

-.306 (11)

,71 (10)
5.4 (10)

-.134 (10)

• 85 (11)
6.1 (11)

-.114 (11)

1.02 (10)
5.6 (10)

-,075 (10)

1.34 (11)
7.4 (11)

-.127 (11)

1,&7 (10)
8.6 (10)

,042 (10)

_l

2.00
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0
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(i) Solar-zenith-angle bin 9, 78.46 ° to 84.26 °.

Figure 15. Continued.
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ORIGINAL FACE I_
OE POORQUALITY

6IN NO, 1 Z
ANGLECDEG,) 0-9 9-30

_IEWING ZENITH
blN NO. ANGLE(OEG,)

2.0 {11) 2.0 il_)
-.351 (_1) -.351 ill)

Z 19-Z7 ,62 (i0) .66 (10)

2.2 (10) 2,3 [I0)

-.365 (lU} -.1_7 (10)

3 Z7-39 ,8U ( g) ,80 (_0)
2.6 (9) 2.5 ilO)

-.211 (9) -.240 (I0)

4 39-51 1.2_ (lO) 1.12 (i0)
3.3 (10) 3.3 [10)

•025 (i0} -.Z59 (,0)

5 5i-63 1,9_ ( 9] I.b5 [lu}
6,i ( 9) 5.3 (10l

-,006 ( q) -,_49 (10)

b 63-7_ 3.db (lO) 2.97 (10)
19,4 (10) 10,_ (10)

-,245 (10) -°035 (10}

7 75-90 6.19 ( 9) 4.66 (10)
19._ ( 9] 15.3 (i0)

-.IIK ( 9] -.219 (lu)

SCENE TYPE : MOSTLY CLOUDY OVER OCEAN
OATA 1 - SW JNISOTROPIC FACTOR

2 - STAhDARD DEVIATION OF SW RAD[ANCE$(W/Mtt21SP)

3 - CORRELATION OF LW AND SW RADZJNCE$
( ) - OAT_ SOURCE

SUN ZEN|TH = 84.3 - 90.0
MEaN _LEEDO : ,560C ( 18 )

NORMALIZEO ALBEOO : 2,1_61 ( 18 }

RELATIVE AZIMUTH

3 4 5 6 7 8
30-bO 60-90 9C-120 120-150 150-171 171-180

• _3 illl ,53 (11) .5_ (11} ,53 (I1} .53 (11) ,53 (11}
Z.O (11) 2,0 (11} Z.C (11) 2,0 (11) 2,0 (11} 2,0 (11)

-,351 (11) -,351 (11) -,351 (11) -,_51 (11) -,351 (11) -,351 (11)

• bl ilO) ,57 (10) ,5_ (IC) ,58 (I0) .57 (10} ,_8 (10)
_.5 (101 2.6 (10) 2.3 (10} 2.2 (10} Z.O (10) 2.0 (10)

-,40Z (10} -.2_7 (10} -.35_ (10) -,270 (10) -.324 (10) -.246 (10)

• 74 (I0) .61 (10} .5_ (10) .62 (10) ,65 (10) .63 ( 8}

2,4 (lb} 2,4 (10] 2._ (10) 1.9 (10) Z,O (10} 1,q ( 81
-,307 ilC} -.333 (10) -,34_ (lO) -.221 (10) -.172 ilO} -,203 ( 8}

,93 (10) ,72 (10) .67 (10) ,70 (10} ,77 (10} ,82 (10)
3,0 (10) 2.2 (10) 2,2 (10) 2,2 (101 2.1 (10} 2,2 (10)

-,135 (lO} -,301 (10) -,20_ (10) -,179 (10} -,130 (10) -,038 (10)

1.24 (1G) ,83 (10) .TE (1C) .84 (lO) 1.01 (lO) .96 (10)

4.1 (10) 2,4 (10) 2._ (10) 2.2 IlO) 2.2 (10) 2.5 (10)
,044 (IG) -,2bb (10] -,21_ ilO) -,152 (10} -.174 (10) -,20e (10}

2.02 (10} .99 (10} .92 (10) 1,18 IlO) 1,31 ilO) 1,29 (10)
7.1 (1O) 2,6 (10) 2.4 (10) 3,2 (10) 2,8 (10) 3.0 (10)

-.007 (10) -.224 (10) -.122 (10) .077 (10} -.174 (10} -.028 (10)

2.86 ( 9} i,68 (5) 1,46 ( 5} 1,41 (10} 1,6E (10) 1,78 (9)
7.7 (9) 4,3 (5) 3,_ (5) 2.5 (10) 3.0 (10) 2.6 (9)

,ZUl (9) -.029 ( 5} .00_ ( 5} ,095 (10) .076 (10} ,273 (9)

2.00

1.75

n- 1.50
0
I-
0
•,¢ 1.25
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(j) Solar-zenith-angle bin 10, 84.26 ° to 90.00 °.

Figure 15. Concluded.
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din NO.

ANGLEiDEG.)

VIEWING ZENITH

oLN NO, AN_LE(DEb,)

I u-l}

1
0-9

2
9-30

l.ub (lid 1.36 {il)
39.E (11) 39.8 (Ii)

-._33 (Ii) -.135 ill)

_)-27 .99 (ii) 1.02 (I_]
37.5 (ii] 39.5 (Ii)

-._b3 (ii) -,444 (lid

_7-39 1.02 (iO] 1.00 Ill)
_2.2 (10) 38.o (li]

-.55_ (I0} -.525 (I_)

J9-51 .98 (II) .96 (II;

36.5 (11] 38.1 (lid

-,483 (ii) -.515 (ii)

_i-b3 ,99 (I0) .98 (11)

35.2 (i_) 34,1 (I_]
-.469 (I0) --.499 (ii)

05-75 .99 (II) l,OC (ii)

30,3 Ill) 30.b (II)
-,316 (II) -.4el (ii]

7)-90 l.O_ (IO) 1.02 (ll)

2_.Z (lu) 29,0 (ii}

-.q7L (iO} -.449 (II)

SCENE TYPE : MOSTLY CLOUDY OVER LAND OR DESERT
DATA 1 - SW ANISOTROPIC FACTOR

2 - STANDARD DEVIATION OF $W RADIANCESIWINee21$R)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH : ,C - 25,8
hEAN ALEEDD : .3C00 ( 18 )

NORMALIZED ALBEDD : I.OCO0 { 18 )

_ELATIVE AZIMUTH

3 4 5 6 7 B
30-60 bO-gO 9C-120 120-150 150-171 171-1B0

1.06 ill) 1.Oh (11) 1.0((11) 1.06 (11) 1.06 (11) 1.05 (11)
39.e (11} 39,e (11) 39._ (11) 39,8 (11) 39.8 (11} 39.8 (11)

-.k33 i11) -.433 (11) -.433 (11) -.433 (11) -.433 (11) -.433 (11)

1.04 (Ii) 1,03 ill) 1.04 i11) 1.07 (ii) I.II (11) 1.11 (11)

_2.9 (11) 41.0 (11) 39._ (11) 40.3 (11) 39.8 (11) 41.4 (11l
-,501 (11) -,480 (11) -,44_ (llD -,477 (11) -.449 (11) -,410 (11)

.98 ill) 1.01 (11) 1.02 ill) 1,04 (lid 1.07 (11) 1.10 i11)
37,1 (11) 37,9 (11) 37,_ (11) 38.1 (11) 37,3 (11) 41,1 (11)

-,454 (11) -.4bO i11) -.40E (11) -.438 (11) -,348 (11) -,381 i11)

.97 (11) .93 (11) 1,OC (llD 1,02 (11) 1.07 (11) 1,09 (11)
35.6 (11] 35,0 (11) 37. E (11) 36.9 (11) 37,1 (11) 38,8 (11)

-.4b_ ill] -.449 (11) -.46C (11) -.4bO (11) -.384 (11) -.433 (11)

,97 (11) .92 (11) ,92 ill) .95 (11) 1,04 (11) 1,0_ (11)
33._ (lid 31.2 (llD 34,2 (llD 32.1 ill) 34,3 (11) 35,2 (11)

-.53O (11) -.40B (11) -.49; (11) -,439 (11) -,355 (11} -,339 (11)

.97 (lid .93 (11) .92 i11} .94 i11) .qq ill) 1,04 111)
30.5 (11) 2b,b (11) 30._ (11) 29,5 (il) 2_,2 (11) 31,7 (11)

-,_b2 (11) -,491 i11) -,52_ (11) -.443 (11) -,373 (11) -,399 (11)

.98 (11] .92 (11) ,9] (11) .9_ (11) .96 (11) 1,01 (11)
26.1 i11) 25.5 (11) Z7.1 i11) 24.5 (n) 25._ (11) 26.5 i11)

-.5u3 (11) -.485 (11) -.487 (11) -.423 i11) -.440 i11) -.371 (11)

2.00
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(a) Solarzenithangle bin 1, 0° to 25.84 °.

Figure 16. Bidirectional model for mostly cloudy over land or desert.
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OF _O_aR

uIN HO, l 2
ANGLE(bEG,| O-g 9-3U

VlteiNG ZENITH
GIN _O, ANbLE(DEG,)

0-i_ IoG2 [Ii) I,_2 (11)
4L.% (1k) 41o9 (1k)

-.4_b [11) -.4Zb (li)

2 l_-Z7 .9o (lu) ,q7 (li)
40.1 (10) 40.4 (11)

_7-a$ .99 [iu) ,q8 (1_)
30,0 (10) 37,5 fLU)

-._i (lu) -,508 (lu)

4 39-91 l.u2 (ii) I,C9 (i.1
37,_ |ll) 38,7 [ll)

_i-b3 l,u_ (i0) 1,65 (Ii)

33,9 {16) 54,3 (ii)
-,4o7 (iJ) -,469 (ll)

D b3-75 _.13 (1O] 1,10 ill)
_4.9 (lu) 33,2 (111

-,421 (10) -,437 (11)

7 _-gO 1.1_ 4101 1.14 4101
2U.O (10) 29._ (Iv)

-,256 (lo) -,446 (iO)

SCENE TYPE * MOSILY CLouDY OVER LAND OR DESERT

DATA i - SW JNISOTROPIC FACTOR

? - STAFDJRD DEVIATION OF SW RADIANCES(WIM$tZ/SR)
3 - CDR;EL_TION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH _ 25, E * 36,9
MEAN ALBEO0 _ ,3270 ( 18 )

NORMALIZED ALBEDD s 1,0_00 ( IB )

RELATIVE AZIMUTH

3 4 5 b 7 8
30-60 60-90 9C-lEO 120-150 150-171 171-180

1.02 (111 1,02 (111 1.02 {11) 1.02 (111 1.02 (11) 1,02 (11)
_1,9 (11) ;l.q (11) 41,_ (11) 41,9 (11) 41.Q (11! 41._ fill

-.4?6 (11) -,4Z_ (11) -.4_ (11) -,426 (11) -.426 (11) -.42b [11)

.98 (11) 1,0G (11) 1.03 (11) 1.06 (11) 1.08 (11) 1.1S (lO)
_0._ (11) 40,3 (11) 41.4 (111 39,7 (11) 39.3 (11) 40._ (10)

-.387 (11) -.390 (11) -.35((11) -.353 (11) -.345 (11) -.3_1 (10)

.96 (11} ,98 (10) ,gE (11) 1.0_ (11) 1.1Z (10) 1,_0 (10)
3o,u [11) 37.1 (10) 37,_ (111 37.4 (11) 37.0 (101 38.6 (101

-.345 (lll -.378 (10) -.43_ (111 -.34Z (11) -,_9_ (10) -,334 (10)

.95 (il) .qZ (11) .9((11) 1.03 (11) 1.13 (11) 1.1_ (11)
3b.9 (11) 35.5 (11) 3_.7 (11) 39.3 (11) 37.b (11) 37.7 (111

-.4_b (11) -,;69 (11) -,37; (11) -o308 (11) -.331 (11] -.244 (11)

,98 ill) ,86 (10) ,q_ (11) 1.00 (11} 1.17 (111 1,13 (10)
33.{ (11) 29.0 (10) 31,7 (11) 34.0 (11) 33.2 (111 _.2 (10)

-,43_ {111 -.380 (10) -.42E (111 -.303 (11) -._63 (11) -.24Z (10)

1.01 (11) .8_ (10) ,BE (11) .92 (11) 1.08 (11) 1.11 (11)
32.G 111) 25,3 (10) 30.(111) 30.7 (11) 30,2 (11) 30.3 (11)

-,4b; (11) -.365 (10} -.4hi (11) -.323 (11) -.161 (11) -.183 (11)

1.00 (111 ,66 (10) .8_ ( 51 ,94 ( 61 1.02 (11) 1.04 (11)
28._ (il) 24.9 (101 27.7 (5) 28.3 (6) 26._ (11) _.4 (11)

-._Ze (11) -.388 (10) -,40_ (_) -.310 (6) -,_53 (11) -,197 (11)
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(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 16. Continued.
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BIN NO°
AN_LEIOEG.)

VIEWING ZENITH
_N NO, ANGLE(OEG,]

• 0-i_

i 2
u-9 9-30

,95 (ii) ,95 (ii) ,95
3_,4 (11) 38,4 ill) 38,4

-,373 (11) -,373 (11] -,373

I_-27 ,9_ (i0) ,90 (II} ,90

34,_ (Io) 36.1 ill) 35.5
-,_83 (IU) -,455 (1_) -,374

_7-3_ .93 (_0) ,95 (I0) ,89

32._ (10) 36.1 (10) 33.1
-,520 (lU) -,NO2 (1_) -.434

39-51 1.u2 (10) .gb (11) .97
36.3 (I0) 34.7 (II) 35.3

-.425 (i0) -.397 (11) -.436

bL-63 1.13 {I0) 1,08 (11) 1,01
33,4 (I0) 33.8 (II) 34,0

-,349 (iO) -.3)0 ill) -,368

b3-75 1.2b (10) 1.Z1 (ll) 1,08
34,6 (10) 3_.7 (11) 31,b

-.301 (10) -,_22 ill) -._02

7_-90 1.36 (10) 1.30 (10) 1,_1
31.9 (10) 32.4 (IU) 3L.C

-,409 (10) -.388 (10) -.370

SCENE TYPE * MOSTLY CLOUOY OVER LAND OR DESERT

DATA 1 - SW _NISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RAOIANCES(WIR_Z/SR)

3 - CORRELATION OF LW AND SW RADIANCES

{ ) - DATA SOURCE

SUN ZENITH t 36._ - 45.6
MEAN ALBEOD z ,3550 ( 18 )

NORMALIZED ALBEDO z 1.1E33 ( 18 |

RELAT1VE AZIMUTH

3 4 5 6 7 8
30-60 60-_0 9C-120 120-150 150-171 171-180

(11) ,9_ (11) .q_ (11) .95 (11) .95 (11) .95 (11)
(11) 38.4 (11) 38.4 (11) 38.4 (11) 38.4 (11) 38.4 (11)
(11) -,373 (11) -.372 (11) -.373 (11) -.373 (11) -,373 (11)

(11) ,92 (11) ,9E (11) ,99 (11) 1,01 (11) 1,01 (10)
(11) 36,3 (11) 39,_ (11) 38.3 (11) 36,8 (11) 36,2 (10)
(11) -,336 (11) -,31_ (11) -,331 (11) -,331 (11) -,293 (10)

(10) ,93 (10) ._E (11) 1,05 (10) 1,0_ (10) 1.11 (10)
(10] 36,1 (10) 35,_ (11) 35,6 (10) 36.3 (10) 35,9 (10)
(10) -,277 (10) -.37C (11) -,332 (10) -,207 (10) -.242 (10)

(11) ,91 (11) ,98 (11) 1,06 (11) 1,11 (11) 1,19 (11)
(11) 33,B (11) 31,_ (11) 36,3 (11) 33,6 (11) 34,3 (11)

(11) -,362 (11) -,60) (11) -,243 (11) -,196 (11) -0202 (11)

(11) .69 (10) ,9C (11) 1,05 (10) 1,11 (11) 1,17 (10)
(11) 28,6 (10) 30._ (11) 33,0 [10) 31.3 (11) 32.9 (10)
(11) -,294 (10) -.33C (11)--.200 (10) -.120 (11) -.125 (10)

(11) .92 (10) .8_ (11) 1,04 {10) 1,12 (11) 1.17 (11)
(11) 31,5 (10) 29,((11) 32.9 (10) 30,1 (11) 30,2 (11)
(11) -,441 (10) -.36_ (11) -,189 (10) -,137 (11) -,192 (11)

(11} .91 (8) .92 (5) 1.04 (6) 1,09 (11) 1,12 (11)
(11) 24,1 (8) 27,1 (5) 29,0 (6) 2S,6 (11) 26,q (11)
(11) -,432 (8) -.34_ (5) -.209 (6) -,127 (11) -.064 (11)
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__ 1.00 --

0
n-

.75

if)

Z
'_ .50 --

.25 _

0

__

AZIMUTH BIN

I I I I I I 1 I
1 0 20 30 40 50 60 70 80

VIEWING ZENITH ANGLE( DEG )

1
2
3
4

I
90

200

1.75

n,, 1.50
0
I.-
0
< 1.25

LI.

0

_. 1.oo
0
a::
I-- .75
0
O0

Z
"< .50

.25 --

0

0

AZIMUTH BIN

5

1 I [ I I I I 1 I
10 20 30 40 50 80 70 80 90

VIEWING ZENITH ANGLE( DEG )

8

(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57 °.

Figure 16. Cont}nued.
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61h NO. 1 z
ANGLE(DEG.) O-g q-30

ViEWiNG ZENITH
_IN _0. ANbLE(OEG.)

i d-15 .b9 (11) .B9 (11) .89 (11) .89 (11) .8_ (ii)

34.0 (11) 34.0 (_) 34.0 (113 34.0 (11) 34.C (113
-.3o@ (113 -.366 (li) -.386 (113 -.386 (11) -.38_ (11)

Z I_-27 .38 (lO) ._6 (10) .8q (113 .8_ (113 .q2 (II)
32,7 (lO) 34.2 (103 34.0 (113 33.7 (11) 32.? (11}

-.3ee (lo) -.368 (1_) -.345 (113 -.344 (113 -.311 (113

3 _7-:_ .qT (T _) .a6 (,_) .gu (10) .qo (10) .9C (10)
31._ (10) 35.7 (10) 34.1 (103 33.0 (10) 31.C (1C)

-.%43 (I0} -.362 (i03 -.32o (10) -.432 (103 -.41_ (10)

4 3_-_1 1.0_ (,C) 1.C2 {ii) ._8 (11) .90 (11) .92 (113
34._ (103 35.8 (113 _).3 (113 31.3 (11) 33.& (11)

-.3_ (.4J -._I (..) -.402 (113 -,3_4 (11) -.kZ_ (113

_.-_ I.L_ (i0) 1.b (LO) 1.u@ (103 ,90 (lO) .ql (11)
_., I t 33.0 _01 _4.Z (103 30.1 (10) 30.? (11)

-.2_i (1G) -.3cC (lO) -.409 (10) -.396 (10) -.32_ (11)

b 63-75 1.4c (lO) 1.36 (li) 1.17 (11) .90 (I0) .St (11}
39.1 (10) 36.6 (11) 33.8 (113 26,7 (103 28._ (11)

-._3 (Iv} -.3_Z (1L) -,3_2 (113 -._1 (10) -.377 (113

7 75-90 1.60 (103 1.46 (_0) 1.24 (101 .96 ( 73 .9_ (5)
35.4 (103 _6.6 (103 34._ (10) 25.7 ( 7) 27,_ ( 53

--._I_ (I0) m'304 (1_) --.401 (10) --.E47 (7) --.43_ (5)

SCENE TYPE _ MOSTLY CLOUDY OVER L_ND OR DESERT
DATA 1 - SW _NISOTROPIC FACTOR

2 - STAbD_RD DEVIATION OF Sg RADI_NCES(_/Nee21SR)
3 - CORWELATION DE LW AND SW R_DIANCES

( ) - DAT_ SOURCE

SUN ZENITH I %5._ - 53.1
MEAN ALBEDD : ,3E20 ( 1B )

NDRH_LIZEO ALBEO0 # 1.2_33 ( 18 )

RELATIVE AZIMUTH

3 4 5 " 6 7 B
30-60 60-90 9C-120 120-150 150-171 171-180

.89 (11) .89 (113 .8_ (11)
34.0 (113 3_.0 (11) 34.0 (11)

-.386 (113 -.386 (11) -.386 (11)

.98 (11) .96 (11) .98 (10)
34.6 (11} _3.6 (113 34.5 (103

-.275 (113 -.247 (11) -.32_ (10)

1.00 (103 1.04 (103 1.01 (103
34.4 (103 32.2 (103 30.1 (10)

-.106 (10) -.157 (103 -.2A_ (10}

1.02 (lI) 1.09 (11) 1.13 (10}
33.6 (113 32.3 (113 3i.5 (10)

-.344 (11} -.177 (11) -.274 (103

1.07 (10) 1.1Z (113 1.17 (103
33.2 (10) 28.8 (113 30.7 (10)

-.180 (10) -.10I (11) -.038 (103

1.07 (103 1.12 (113 1.15 (113
Z9.8 (10) 27.4 (11) 26.2 (11}

-.297 (103 -.150 (11) -.lq& (113

1.11 ( 9) 1.10 (113 1.15 (10)
26.6 ( 9) 25.4 (113 24.3 (103

-.130 (9) -.084 (11) -.lBI (10)

2.00 --

1.75 --

n- 1.50 --
0
I--
C.)
•,( 1.25 --
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< .50 --
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(d) Solar-zenith-angle bin 4, 45.57° to 53.13°

Figure 16. Continued.
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_Ik NO, I 2 •

ANbLE(DEb,I v-q 9-30

VItWING ZENITH

o_N NU. ANGLt(DEG,)
1 o-l_ ._ (11) .84 (11) .84

30._ (11) 30.9 (11) 30.9

-.391 (11) -.391 (11) -,391

? 15-27 ,8a (io} ,90 (_C) .8b

30._ (1_] 34,3 (10] 30.7
-.3_ (10} -.478 (_0} -.475

27-39 _.0O (10) .gZ (10) .90
33,7 (i0) 2q,O (i0) 28,8

-._59 (iO) -.363 (IG) -.3B0

3_-51 L.LO (I0) l. OT (i0) ,98
53.0 (I0) 31,g (i_) 3_,_

-,3_5 (lO) -,360 (1O) -,347

5L-b3 1.32 (10) 1.24 (10} 1.12
3_,_ (1_) 35,7 (10) 3Z.b

-.300 (10) -.324 (_0) -,3ZE

b o_-75 1.71 (lO) 1,50 (1_) 1,28
_0,7 (i_) 38.0 (11) 33.b

-.Zq_ (_0) -.255 (11) -,273

7 7_-qu 1,qb ( 9) 1.72 (_v) 1.36
_._ ( 9) 35.0 (10) 33,2

-,Olc ( O) -.1_4 (10) -.Z17

SCENE TYPE = MDSILY CLOUDY OVER LAND OR DESERT
DATA i - SW JNISDTRORIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIM_eZISR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH s 53,1 - 60.0
MEAN ALBEDD = ,4200 ( 18 )

NORMALIZED ALBEDO _ l.kCO0 ( 18 )

RELATIVE AZIMUTH

3 4 5 b 7 8

30-60 60-qO 9C-120 120-150 150-171 171-180

(11) .84 (11) .8_ (11} .84 (11) .84 (11) .B4 (11)
(11) 30.9 (11) 30.; (11) 30.9 (11} 30.g (11} 30.q (11}
(11) -.391 {11) -.391 (11) -,391 (11) -.391 (11) -.3_] (11}

(11) .83 (11) .86 (11) ._0 (11) .92 (10) .9Z (10)
(11) Z9.6 (11) 2_.E (11) 2q._ (11) _0.8 (10) 2_.E (10)
(11} -.397 (11) -.33E (11} -.305 (11} -,368 (10) -.263 (10)

(10} .83 (10) ._] (10) ._4 (10} ._q (10} 1.01 (10)
(10) 28.2 (10) 3O.C (10) Z_,2 (lO) Z8.3 (10) 26.8 (10)
(10} -.309 (1U) -,2g_ (10) -.15q (10} -.Z92 (10} -,216 (10)

(10) .8_ (10) .6_ (11) 1.00 110) 1.02 (10l 1.11 (10)
(10) 30.1 (10) 20.2 (11) 30.0 (10) 28.0 (10) 2_.4 (10)
(10} -.268 (10) -.3q3 (11| -.ZgO IlO} -.233 (10) -,167 {10)

(10) .91 (lO) .Be (11) 1.06 (10) 1.10 (10} 1.18 (10)
(10) 25.3 (10) Z6._ (11) 28,_ (10) 27.9 (10} 2e,1 (10}
(1C) -.415 (10) -.4b_ (11) -.228 (10) -.073 (101 -.073 (10)

(11) ,87 (10) .8_ (10) 1.08 (10) 1.13 (11} 1.20 (10}
(11} 25.6 (10) 27.& (10) Z5.2 (10) 24.3 (11} 24.0 (10)
(11) -.411 (10) -.45_ (IO) -.066 (10) -.170 (11} -.066 (10)

{10) 1.08 (5) 1.0_ (5) 1.15 (g) 1.13 (11} 1.19 (10)
(10} 28.1 (5) 27._ ( 5} ZS.b (_) 22.8 (11] 2O.B (10)
(1C) -.310 (5) -.32_ (5) -.lq2 (_) -.Z05 (11} -.223 IlOI
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure 16. Continued.
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8IN NO.
AN_LE(OEG.)

VItMING _cNITH
_IN _. _NGLE(DEG.)

1 ,)-L_

1 Z
o-q q-3o

• U3 (Ii) .83 (ii) ,83

25.0 Ill) 25.V (11} 25.U

-,Zbl (II) -,281 Ill} -.281

Ib-Z7 ._2 (iv) ,86 (_) ,83

23,7 IlO) ZT,I fiG) 25,1

-.106 (iO( -.Z98 {i0) -,289

_7-39 ,_7 { 9) ,t9 (iG) ,90
Z6._ ( 9) E5.8 (10) 24,2

-,Z_> ( 9) -.Jlv (iv) -.2_4

3_-51 1.ii (iO) i,I0 (,0) l.Ol
Z8.9 (lO) 27._ Ii_) 2>,8

-._b_ (lOI -,3_0 (10) -,259

_-b3 1,_ ( q) 1.36 Ilu) i_17
Z9.9 ( 9) 3i._ (1_) 29._

-.171 ( g} -,175 (Iv) -._Z5

b3-75 l._ (i0) 1.73 (10) 1,39
_3.b (_0) 39.5 (IC) 3Z,1

-,198 (10) -,1_5 (lO) -,232

15-90 2._b ( 8) 2,i0 (lO} 1,_7
52.3 (8) 41.9 (1_) 28._

-.Gg_ ( 8] -.205 (i0) -.347

SCENE TYPE I HOS1LY CLOUDY OVER LAND OR DESERT

DATA i - SW _NISOTROPIC FACTOR
2 - STANDARD DEVIATION OF Sg RADIANCESIWIMeeIISR)
3 - CORPELATIDN OF LW aND Sg RADIANCES

I ) - DATJ SOURCE

SUN ZENITH t 60,C - 66,%
MEAN ALEEDO a ._87 ( 18 )

NDRMALIZE_ ALBEDO J 1.4_57 ( 18 )

RELATIVE AZIHUTH

3 k 5 6 7 8
30-60 60-9G _C-120 1E0-150 150-171 171-180

(11} ,83 (11) ,8_ Ill) ,83 (11) ,83 (11) ,83 (11)
(11} 25,0 IllD 25,((11) 2_,0 (i1) 25,0 Illl 25,0 (11D
(11) -.281 Ill) -,Eel (11) -,281 (11) -,281 (llD -,281 (llD

(10) .8Z I1D) .e3 (10) .88 (lO) ,86 (10) 08_ (lOD
(10) Z_,8 IlOD 23._ (10) 25.0 (lO) 23.g (10) 2_._ (10)
(lO) -.365 (10) -,ZS_ (10) -.2_4 (10) -.164 IlO) -,3_E (10)

(10) .80 (10) .87 (IOD ,ql (IOD ,97 (10) .96 (9)
IlO) 21,5 (10) ZZ._ (10) 21,8 (10) 22,_ (10} 23,3 I q)
IlO) -,308 (10) -.154 (10) -.191 IlO} -,231 (10] -,399 (9)

IlO) ._5 (10) .e_ I10) ,96 IlO) 1.02 (10) 1,08 (10)
IIC) 2Z,6 (10) 23,1 (lO} 2_,0 (10) 23,2 I10) 2_,8 (lOD

(lO) -.449 (]OD -.31E (10) -.253 (lOD -.182 (lOD -,263 (10)

(10) .87 (10) ,8_ (10) 1.03 (10) 1.08 (10) 1.16 (10)
(10) 21,b (10} 20,e (10) 21,0 (10) 21,8 (lOD 1_,2 (10)
IlO) -,_80 (10} -._3E IlO) -,19g I10) -,0_7 I10) ,010 (10)

I10) ,83 I10) ,82 (10} 1.05 (10) 1,15 (11) 1,30 (10)
I1C_ 22.1 (10) 19._ (10) 20,9 (10) 19,1 (11) 20,_ (10)
(10) -.5_1 IlO) -,_SE (10) -,226 IlO) -.212 Ill) ,086 (10)

(10) 1,10 ( 5} 1,0_ (5) 1.15 (_) 1,15 (10) l.Ig (10)
(10) 23,6 (5) 20,E (5) 18.6 (9) 19,4 (10) 16,3 (10)
I10) -._08 ( 5) -.33C ( 5) -.130 (9) -.320 (lOD .1)1 (10)

2.00

1.75

,'v, 1 50
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I--
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ORIGINAL PACE l g

O_ p.OOR QUALFI'Y

BIN NO.
ANGLE(DEG.)

VIEWING ZLNITH
DiN NO* AN6LE(DEG,)

i 0-i_

1 Z

0-9 9-30

• 75 (10) .75 (10) °75
17.9 (101 17.9 C10) 17.9

-.2b7 (101 -,Z67 [10) -.267

_-?7 ,_U ( 9) ,84 { 9J ,B1
17.4 ( 9) 19.i ( 9) 18.2

-,255 ( 9} -.2_G ( 9) -,201

17-39 .Ub (8) .91 ( 91 ,83
lb,b ( 8] 19,6 ( 9} 20.0

-.i_I ( 8) -.389 ( 9) -,Zbq

39-_I 1.2_ (8) 1.13 (i0) .98
10.7 ( 8) 23.4 (10) 21.4

-.2Z6 ( 8) -,310 (10) -.ZO6

51-63 1.53 ( 8) 1.43 ( 9) 1.18
3i.3 (8) Z6.1 ( 9} Z5.1

-.028 ( 8) -,211 ( 9) -,191

63-75 Z.Z3 ( 9) 1.98 (10) 1.60
41.4 ( 9) 39.6 (IO| 28o7

-°168 ( 9) -,097 (10) -.254

75-90 Z.94 ( 8) 2.45 ( 9) 1.77
48.1 ( 8) 51,8 ( 9) 3_.3

-,327 ( 8) -,074 ( 9) -.300

SCENE TYPE I MOSTLY CLOUDY OVER LAND OR DESERT
DATA 1 - SW JNISCIROPIC FACTOR

Z - STAhDAPD DEVIATION OF SW RADIANCES(WlM_*21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH I 66.4 - 72.5
MEAN ALBEOO i .49_ ( 18 )

NORMALIZED ALBEOD = 1.6_83 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 60-_0 9C-120 120-150 150-171 171-180

(10) ,75 (10) .7_ (lO) .75 (lO) .75 (10) .75 (10)
(10) 17.9 (10) 17._ (10) 17,9 (10) 17.9 (10) 17.9 (10)
(lO) -,267 (10) -,267 (lO) -.267 (10) -,267 (10) -,267 (10)

(1_) ,80 (10) ,7_ (10) ,81 (lO) .83 (9) ,86 (9)
(10) 17.2 (10) 17,1 (10) 16,5 (10) 16,8 (9) 16.8 (9)
(10) -,111 (10) -,14_ (10) -,076 (10) -,360 (9) -,136 (9)

( 9) .77 ( 9) ,83 ( 9) ,83 ( 9) ,92 ( 9) .97 ( 8)
( 9) 17.2 ( 9) 18._ ( 9) 16.5 ( 9) 17,0 (9) 13.8 ( 8}
( 9) -.267 (9) -,41[ ( 9) _.011 ( 9) -.141 ( 9) ,163 ( 8)

( 9) .83 (10) ,82 (lO) .91 (10) ,97 (10) l.O1 ( 9)

( 9) 17,2 (10) 17,_ (10) 17,9 (10) 16,1 (10) 16,3 (9)
(9) -,409 (10) -,392 (10) -,ZZ7 (101 ,054 (10) -,12q (9)

(9) .B7 (lO) .81 (10) .99 (9) 1.1O (lO) 1,13 (8)
{ 9) 17.5 (lO) 17,4 (lO) 16.0 (9) 15.1 (lO) 12,7 (8)
(9) -.443 (10) -.39t (101 -,201 (9) -,171 (10) -,168 (e)

(10) .86 (lO) ,8C (10) 1,05 (10) 1,14 (10) 1,29 (10)
(10] 16.0 (10) 1_.2 (10) 13,2 (10) 16,1 (10) 17,3 (lO)
(10) -,50B (lO) -,56C (lO) -,108 (10) -,219 (10) -,064 riO)

(9) 1,21 (5) 1.0t (5) 1.10 (9) 1,17 (10) 1.39 ( 9}
( 9) 21.8 (5) 17.t (5) 14.3 (9) 14.1 (10) 13.1 (9)
( 9) -.38_ (5) -,39T (5) -.201 ( 9) -.471 (10) -,110 (9)
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•< 1.25
LI-

(.)
K _.oo
O
r,-

I-- .75
O
(/}

Z
.50 --

.25 --

0

AZIMUTH BIN

I I 1 I I I I 1
10 20 30 40 50 eO 70 80

VIEWING ZENITH ANGLE( DE(:; )

1

2
-3

4

1
go

2.00

1.7.5

n_ 1.50
0
I--
O
.< 1.25
IJ_

)1.00

.75
O

Z
.50

.25

i

_ i ,._.._ ._

AZIMUTH BIN

I I [ 1 I 1 I I
10 20 30 40 50 80 70 80

VIEWING ZENITH ANGLE( DE(; )

5
6

7

8

I
go

(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 16. Continued.
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ORIGINA!J Pf_GE IS

OF POOR QUALITY

GIN NO. 1 2
ANGLE(DEG.) 0-9 9-30

CLEWING ZENITH
uLN NU. ANGLE(ORb.)

1 _-J. 5 .75 (1_,) .75 (10}
10.9 (I0) 10.9 (i0)

-,070 (IO) -.070 (10)

Z .L_-27 .75 ( 8] .86 ( 8)
12.8 [ 8) 9,6 ( 6)
• 265 ( 6) .052 ( 81

3 27-3g .96 ( 7) .91 ( 8)
16.7 ( 7) 10.1 ( 8)

-,O67 ( 7) -.236 ( b)

4 _g-_l 1.20 (_) l.lb (_)

15,_ (8) 12.4 (9)
-.UU6 (8) -,221 (9)

5 _.-63 L._b (7) 1.58 (_)
£Z.;' ( 7) ZU.6 ( 6)
,290 (7) -.OBO (_)

b o3-75 2,.60 (B) 2.26 (9)

39.:_ (8) 34.4 ( 9l
-.,)73 ( 8) .113 ( 9)

7 l:_-gu 3._ (7) 3.11 (9)
bl.u ( 7) 37.3 ( q)

-.2_7 ( 7) -,016 ( _)

SCENE TYPE z MOSTLY CLOUDY OVER LAND OR DESERT
DATA 1 - SW _NISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIM_#ZISR)

3 - CORRELATION OF LW AND SW RkOIANCES
( ) - DAT_ SOURCE

SUN ZENITH z T2._ - 7E,5
MEAN ALEEDD z .5_80 ( 18 )

NORMALIZED ALBEDO z 1.7_33 ( 18 )

RELATIVE AZIMUTH

3 _ 5 6 7 8
30-60 60-90 gC-120 120-150 150-171 171-180

.75 (10) .75 (10) .7_ (10) .75 (10) .75 (10) .T5 (10)
10,9 (10) 10,9 (10) 10._ (10) 10.9 (lO) 10.9 (10) 10.9 (10)

-.070 (10) -.O70 (10) -.07C (10) -.OT0 (10) -.070 (10) -.070 (10)

• 78 (q) .Te (9) ,7_ (9) .80 (9) .77 (8) .T9 (8)
1_.9 (9) 8.7 (9) 11.3 (9) 10,0 (9) 11.2 (8) 9.6 (8)

-.240 (9) .122 (9) -,32_ (q) -.098 ( 9} -.229 (8) -.058 (8)

• _6 (_) .B1 (8) .75 (8) ,_2 (8) .B2 (8) .87 (7)
10.b (8) 11.4 (8) 10.( (8) 10.0 [ 8) 11.5 (8) 6.6 (T)

-.i0_ (8) -.k36 (8) -.443 (8) -.158 (8) -.263 (8) -.00_ (7)

1.07 (8) .83 (10) .7_ (9) .86 (9) .92 (9) .97 (8)
12.2 (6) 12,9 (10) 11.2 (9) 11.1 (9) 9.2 (q) 6._ (8)

-,325 ( 8} -.598 (1G) -.50_ (_) -.168 (9) -.261 (9) -.176 (8)

1.29 (8) .80 (10) .7_ (10) .93 (9) 1.06 ( 8} 1.07 (7)
1_.0 (B) 12.6 (10) 10.2 (10) 11.0 ( 9} 9.2 (8) 9.B (7)
• 0_i (b) -,587 (10) -.591 (10) -.013 ( 9} -.192 (8) -.220 (7)

1,6B ( 8) .79 (10) .72 (1C) 1.01 (lO} 1.14 (10) 1,28 (8)
23.4 (8) 16.8 (10) IO.E (10) 11.6 (10) 10.9 (10) 13.2 (8)

-.366 ( 8) -,379 (10) -.697 (10) -.223 (10) -.187 (10) -.32_ ( B)

1.86 (8) 1.19 (5) 1.02 (5) 1.06 (8) 1.23 (10) 1.66 (T)
23.0 (6) 17,9 (5) 12.E (5) 10.7 (8) 11.1 (]O) 9.3 (7)

-.34_ (8) -.385 (5) -,66_ (5) -.676 (B) -.193 (10) .292 (T)
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(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.

Figure 16. Continued.
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BiN _0, 1 2
ANGLE[DEG,) u-q 9-30

VI£_IN_ ZEN|TH
DIN hO. &N_LE(DEb.)

1 o-1_ .72 (10} .72 (lb)

5._ (10) 5.9 (10}
-,6_3 (10} -,623 lib)

2 1_-_7 .78 ( 7} ,76 ( _)
7._ ( 7) 8.0 ( B)

-.047 (7) -.8_3 (8)

3 27-39 1._1 (7) .93 ( 71
6.8 ( 7) 7,4 ( 7)

-,47J { 7) -.895 [ 7}

4 39-51 1.2_ { 8) 1,20 (8)
8._ [ 8) 7.5 (_)

-.365 { 8) -,582 (8)

5 _1-63 1.7_ ( 7) 1.57 ( _)
1o.4 [ 7] 12.9 { 8)

-.707 ( 7} -,381 ( o}

b o3-15 3,_b ( 8) 2,50 ( 9)
39.4 ( 8} 19.3 ( 93

-.3_ ( 8) -.139 ( 9}

7 7_-90 3.4b (6) 3.70 (7)
_8.7 (o) 38.1 { 7)

-.244 (6) -.143 { 7)

SCENE TYPE g HOSTLY CLOUDY OVER LAND OR DESERT
OATA 1 - $W INISOTROPIC FACTOR

2 - STANDARD DEVIATION OF Sg RADIANCES(WI_*21SR)
3 - CORRELATION OF LW AND SW RADIAnCeS

( ) - DATA SOURCE

SUN ZEN|TH I 78.5 - 84.3

_EAN ALBEOO _ .5_05 ( 18 )
NORMALIZED ALBEDO _ 1.9250 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 60-90 9C-120 120-150 150-171 171-180

• 72 (10} .72 (10} ,72 (10) ,72 (10) ,72 (10) ,72 (10)
5.9 (lO} 5.9 (10) 5._ (10) 5.9 (10) 5.9 (10) 5.9 {10)

-.623 (10) -.623 (10} -.62_ (lO} -.623 (10) -.623 (10] -.623 (10)

• 75 ( 8} ,72 ( 8} .71 (8) .69 (9) ,66 ( 7} ,73 (7)
7.1 ( 8} 5.9 (8) ?.C (8) 6.7 (9) 7.1 ( 7} 5.3 (7)

-,781 ( 8} -,385 ( 8} -.747 (8) -,572 ( 9) -,492 (7) -,70O (7)

• _1 ( 7) .72 ( 8} .7? (8) .76 (7) .76 (7) .82 (7)
5.1 ( 7) 6.4 (8) 6.2 (8) 5.2 I 7) 4.2 (7) 4.7 (7)

-.572 (T) -.572 (8) -.bT) (8) -.6?0 (7) -.708 (7) -.886 (7)

1.02 (8) .72 (9) .7] (9) .83 (8) .87 (8) .8T (T)
7._ (8) 6.4 ( 9] 6.! { 9) 8.5 (8) 5.9 ( 8} 6.5 (7)

-.770 (8) -.608 (9) -.57( (q) -.507 (8) -.354 ( 8} -.697 ( 7}

1.18 (8) .79 (10} .7_ (9) .84 (8) .97 (8) 1.04 (7)
8.9 I 8) 6,4 (10) 5,C (9) b,5 (8) 4,3 (8) 4,4 ( 7}

-._79 (8) -.b27 (10} -.56_ (9) -.442 (8) -.625 (8) -.315 ( 7}

1.79 ( 9} .82 (10) .7_ (10) 1.04 (lO} 1.18 (10) 1.30 (7)
17.3 (9) 6.3 (10} 5._ (10} 6.4 (10) 6.3 (10) _.7 (7)

-.428 (9) -._91 (10) -.40t (10) -.375 (10| -.426 (10) -.188 (7)

Z.Z9 (_) 1.37 (_) 1.17 ( 5} 1.18 (9) 1.32 (10) 1.45 ! 7)
1b.4 (9) 9.7 I 5} 7._ (5) 6.5 ( 9} 6.8 (10) 5.8 (7)

-.23_ (_) -.4bT ( 5} -.43C (5) -.582 (q) -.41_ (10) -.389 (7)
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(i) Solar-zenith-angle bin 9, 78.46 ° to 84.26 °.

Figure 16. Continued.
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ORIGINAL PACE __g

.O_ POOR QUAL}TY

BIN NO, l

ANGLE(DEG,) _-9 g-30

VItwING _ENITH
kin NO, ANbLE(DEG,)

1 ._-15 ,59 (O) ,:9 ( g}
2,3 ( q) 2,3 ( 9)

-°69_ | g) -,bgl) [ g)

Z ._5-Z7 ,71 (b) .75 (B)
2,;' ( 6) 2,1 ( 8)

-,698 ( b) -,843 ( 4)

3 Z/-3_ ,70 ( 7) ,87 ( 7)
Z,l ( 7) 1,8 ( 7)

-,4¢_ I 7) -,718 ( 71

4 _9-_ I.ii ( 7) 1,17 { 8)
_.0 { 7) 3,7 { _l

-.5_0 { 7) -.531 | o)

_-b3 2,03 (b) l,b5 (7)
_,3 (6) 4,_ ( 71

-,553 ( 6) -,665 { 7)

b o3-7_ 3.7_ { 7) 2._6 ! 8)
l],O { 7) 7,6 ( 6)

-,ZbB ( 7} -,3_I* ( 8)

7 #'b-qg 3,g6 ( 6l 4,25 ( _)

12.7 ( 6] 13.9 ( 6)
-,180 ( 6) -,072 [ B)

SCENE TYPE s MOSILY CLOUDY OVER LAND OR DESERT

DAIA 1 - SW _NISOTROPIC FACTOR

Z - STANDARD DEVIATION OF SW RADIANCES(W/M*eZ/SR)
3 - CORRELATEQN OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH = B_,3 - 1¢,0

MEAN ALBEDO z ,6320 ( 18 )

NORMALIZED ALBEDO = Z.1C67 ( 18 )

RELATIVE AZIMUTH

3 _ 5 6 7 8
30-60 bC-qC 9C-120 120-1_0 150-17] 171-180

.5_ ( 9) ,59 ( 9} ,5; (q) ,59 ( 9) .59 (q) ,5_ (9)
2.3 (9) 2,3 ( 9} Z.Z (_) 2,3 (9) 2,3 (9) 2.3 (q)

-,b98 | 9) -,69B I g) -,bgE | 9) -,69B | g} -,69B { q) -,_98 (q)

• 5_ (B) ,50 (B) ,SE (B) ,5_ (8) ,58 (7) ,71 ( 7t

Z,2 (8) 1,8 (8) 2.1 (8) 2.1 (8) 2.9 (7) 2.5 (7)
-._53 (8) -.509 (8) -._5_ (8) -,575 (8) -.766 (7) -.771 (7)

• Tb (7) .56 (7) .62 (7) .63 ( 7), .67 (7) .67 (7)
1.3 ( 7} Z.3 (7) 1, E ( 7} 2,0 (7) 2.2 (7) 2.3 (7)

-.56_ (7) -.720 ( 7_ -.35_ (7) -.T3q ( 7} -.821 (7) -.603 (7)

1.03 (8) ,72 (0) .6_ (_) ,77 (8) ,76 (O) .81 (7)
_.q { B) 2.E (8) 1._ ( _1 2.7 (O) Zo6 (8) Z.7 ( 7l

-.647 (8) -.616 (8) -.46_ ( B| -.449 (8) -.703 (8) -.77T (7)

1,3_ (7) .83 (8) ,8] (8) .88 (8) ,q9 (7) 1,02 (6)
3.8 (7) 2,2 (8) Z.( (8) 1.7 (8) 2,8 (7) 2.7 { 6)

-.607 (7) -.70E (8) -,772 { 8) -.568 (B) -,726 (7) -,702 (6)

2,02 (_) .94 (B) ,B_ { 7) 1,20 ( B} 1,37 (q) 1,28 (7)

6,5 (g) 1.8 (8) 1,_ (7) 2,3 (8) 2.8 (_) 2.5 ( 7}
-,_46 ( gI -._36 { B| -.472 ( T} -,336 ( el -._1_ ( ql -.ST? ( ?l

2.65 (8) 1.b0 (5) 1.37 (5) 1.51 (7) 1,66 (8) 1,6_ (7)
7.0 (8) 3.9 (5) 3,2 ( 5} 3.7 (7) 3.1 (8) 2.4 (7)

-,15Z (e) -.3_4 (5) -._11 { 5) -.448 ( 7} -.539 (8) -.787 (7)
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(j) Solar-zenith-angle bin 10, 84.26 ° to 90.00 °.

Figure 16. Concluded.

121



BIN NO,
AN_LEIDEG,)

VIEIING ZENITH

din NO, ANGLE(DEG.)

1
{.,-9 9-30

i,Ob I 2) _.Ob I 2)
62,5 ( 2) 62,5 { 2)

-,361 ( Z) -.351 { 2)

15-27 2,_6 { 2) 2._5 (2)

3g.3 { 2) 41.1 (2)
-.362 (2) -.361 (2)

Z7-39 1.o_ (2) %.01 { 2)

6Z.6 ( Z} 60.1 (Z)

-,616 ( 2] -,390 [ 2}

39-)I 2,01 ( 2) .99 { 2)

3q.9 ( 2) 40,8 { 2)
-.376 ( 2) -,3q4 ( Z)

5L-b3 1,03 ( 2) 1,00 { 2)

37.9 ( Z) 37.5 ( 2]
-.366 (2) -,378 ( Z)

o3-7_ 2.06 I 2) 1,D_ | 2)
33.9 ( Z) 36.7 (Z)

-.360 (2) -.3_5 ( Z}

75-90 1,07 { 2) 1.07 { 2)
_1.6 ( 2] 32.1 ( 2]

-,396 ( Z} -,617 { 2)

SCENE TYPE I MOSTLY CLOUOY OVER LAND-OCEAN MIX
DATA ] - SW JN]SDTROPIC FACTDR

2 - STANDARD OEVIATION DF SW RAOIANCES(Wt_t*2tSR)
3 - CORRELATION OF LW _NO SW RAOEANCFS

( ) - DATJ SOUPCE

SUN ZENITH z .C - 25.8
MEAN ALEEDD i .2775 [ 19 )

NORMALIZED ALBEDO _ 1.0C00 ( 19 )

RELATIVE AZIMUTH

3 4 5 6 T 8
30-bO bO-90 9C-120 120-1_0 150-171 171-180

1,Oh I 2) I.Ob I 2) ].0_ I 2) ].Db t 2) 1,06 I 2) ].Oh { 2)
62.5 ( 2} 62.5 (2) 62._ ( 2] 42.5 (2) 62,5 (2) 42.5 (2)

-.351 { _} -.351 (2) -.351 (2) -.351 [ 2} -.351 (2) -.351 (2)

1.0_ (2) 2,03 I 2} 1,02 (2) 1,05 t 2) _.07 (2) 1,08 (2)
66,1 (2) 63,B ( Z] 63,4 { 2) 66.6 (2) 66.8 ( 21 6_.9 ( 2}

-.390 ( 2} -.380 (2) -.35C { 2) -,366 (2) -.342 (2) -,32B ( 21

.99 { 2) 1.01 [ 2) 1.OC (2) 1.02 { 2) 1.05 (2) 1,09 ( 2]
60.7 (2) 62.6 i 2} 61.; ( 2l 42.6 (2) 42.6 (2) 44.9 ( 21

-.368 (2) -.323 ( 2} -,29C (2) -.318 (2) -,262 (2) -,307 (Z)

• 9_ (2) ,93 { 2) ,9_ I 2) 1,01 (2) 1.06 f 2) ].IO I 2)
60.2 (2) 39.2 (2) 62.2 I 2) 61.8 ( 2} 62,7 (2) 63.5 (2)

-.364 (2) -.325 (2) -,32_ I 2) -.29T { 2) -.282 ( 23 -,318 (2)

,99 { 2} .91 { 2) .911 2} .93 { 2) 1.03 { 2) 3.07 (2)
37.1 ( 2) 35.3 ( 2) 37.2 ( 2) 36,7 { 2) 39.2 ( 2) 39.7 ( 2)

-.377 ( 2} -,299 (2) -.35C (2) -.282 { 2) -.2§9 (2) -,265 (2)

],OC ! 2_ ,92 | 2) ,9C | 2) .9] | 2) .99 [ 2) |.06 I 2)
33.5 (2) 31.1 (2) 33.2 (2) 32.9 { 21 33.6 (2) 35.7 (2)

-.389 ( 2} -.36E ( 21 -.392 ( 21 -.32B (2) -.311 ( 21 -.313 [ 2)

1.02 ( Z} .93 I 2) .9( (2) .92 [ 2) .97 # 2) 1,03 (2)
30.6 ( _} 27,4 (2) 27. e (2) 27.5 (2) 28.6 (2) 29,4 (2)

-.626 (2) -.385 { 2) -.60I (2) -.340 (2) -.376 (2) -.335 (2)
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(a) Solar-zenith-angle bin 1, 0 ° to 25.84 °.

Figure 17. Bidirectional model for mostly cloudy over land-ocean mix. (See table 5 for explanation of data

sources.)
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ORIGiNAE PACE iS

OF POOR QUALITY

BIN NO. L 2
ANGLEIDEG,} 0-9 9-30

VIEWING ZENITH
din NO. ANbLE(DEG.;

£ u-Lb L.O0 ( 21 1.00 ( 2) 1.0C
4fi,6 ( Z) 45,6 ( 2) 45.6

-.405 ( 2) -.405 ( 2) -,405

_5-27 .97 ( 21 .97 (Z) .98
42.0 (2) 42.7 (Z) 43.7

-.403 ( 21 -.445 ( 2) -.398

_7-39 1.C2 ( 2) .q8 I 2) ,gb
38.0 ( 2) 39.8 ( 2) 41.5

-.477 ( 2) -.4bq ( _) -.305

39-51 1.05 (2) 1.O1 (2) ,97
39.9 (2) 40.9 (_) 41.0

-.440 (2) -.4_ ( _1 -.428

_i-63 1._ ( 21 1.b6 (g) 1.01
3B._ ( 2) 38.9 I 2) 38.5

-.435 ( ZI -,438 ( _) -.415

03-75 1./o ( 2) 1,15 ( 2) 1.04
38._ ( 2) 37.5 I 2) 36.5

-,392 ( 2) -.421 ( 2) --°433

75-90 I.ZO ( 2) 1,ZC ( 21 1,03
_.7 ( 2) 33.9 ( 21 32.6

-.3_8 ( 2) -.424 ( Z} -.411

SCENE TYPE z MOSTLY CLOUDY OVER LAND-OCEAN NIX
DATA I - SW ANISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(WIM$$2/SR)
3 - CDRPELATIDN OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH z 25. E - 36.q
MEAN ALBEDD s .3C10 { lq )

NORMALIZED ALBEO0 = 1,OE47 ( 19 )

RELATIVE AZIMUT_

3 4 _ b 7 8
30-60 60-90 9C-120 120-150 1_0-171 171-180

( 2} Z.OO ( 21 1.0E ( 2l 1.00 ( 21 1.00 ( 21 1.00 (2)
(2) 45.e (2) 45.t (2) 45.6 { 21 45.6 (2) ,5.6 (2)
( 21 -.405 (2) -.405 (2) -.405 I 2) -.405 (2) -.409 (2)

( 21 l.OC (2) I.OE { 2} 1.05 { 2) 1.05 (2) 1.0_ (2)
( Z) 44.9 ( 21 46.2 (2) 45.5 ( 21 45.2 (2) 47.1 (2)
{ 2) -.396 (2) -.384 ( 21 -.366 (2) -.368 (2) -.380 (2)

(2) .96 (2) .9; (2) 1.04 (Z) 1.08 (2) 1.19 (2)
(2) 42.7 { 2) 42.e ( 21 43.6 (2) 44.1 (2) 45._ (2)
{ 2) -.392 ( 2} -.411 (2) -.35e ( 2} -.329 (2) -.355 (2)

{ 2) .q2 { 2) .97 (2) 1.03 (2) 1.12 (2) 1.13 (2)
(2) 41.5 ( 21 41,6 (2) 44.8 (2) 44.1 (2) 43.7 I 2)
(2) -.452 (2) -.36_ (2) -.343 (2) -.340 (2) -.300 (2)

( 2} .85 I 2) .9_ (2) .99 ( 2} 1.1_ ( 21 1.13 ( 2}
( 2} 37.3 (2) 38.7 (2) 41.3 ( 2} 40.0 (2) 3e.e I 2i
( 2} -.40E (2) -,40_ (2) -.330 (2) -.290 (2) -.281 (2)

(2) .61 (2) .87 (2) .89 ( 21 1.11 ( 2} 1.11 (2)
(2) 32.3 ( 2} 36._ (2) 37.0 (2) 35.9 (2) 3_.8 (2)
( 21 -.337 (2) -.44_ (2) -.338 (2) -.223 (2) -.224 (2)

(2) .83 (2) .at (2) .87 (2) 1.03 (2) 1.06 (2)
(2) 29.0 (2) 32.t (2) 30.4 (2) 30,9 (2) 30.7 (2)

(Z) -.351 (2) -.39E (2) -.318 (2) -.292 (2) -.267 ( 21
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(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 17. Continued.
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OF POOR QU,_,I'I_

BZN Nn.
ANG_EIDEG,)

4ItWINb ZENITH
bin NU, AHGLE(UEG,)

1 b-l_

1 2
0-9 q-30

41.b ( 2) 41.6 ( 2)

-.4_0 ( 2} -,420 | _)

17-27 .91 ( Z) ,gl ( _)
3b,3 ( 2] 38,1 (Z)

-,4N7 (2) -.465 ( 2]

_/-39 .g6 ( _) .q5 ( 2)
3_.3 (2) 37,g (2)

-._ (2) -.443 (2)

3V-_I 1.0b (2) 1.01 (2)
3b.b ( 2) 36.P ( Z)

-._7 ( 2} -.44B ( 2}

52-63 1.18 (2) 1.1_ (2)
35.3 ( 2) 37.1 ( 2}

-._o_ ( 2) -.41_ (2)

b3-7_ z,_3 ( _) 1.2b ( 2)

37.2 ( 2) 37.b ( 2)
-.3_3 ( 2) -.441 ( _)

7_-90 1.43 ( Z) 1.35 ( 2)
35.3 ( 2) 35.6 ( 2)

-.396 ( 2) -,_21 ( 2)

SCENE TYPE _ MOSTLY CLOUDY OVER LAND-OCEAN NIX

DATA 1 - SW JNISOTROPIC FACTOR
2 - STANDARD DEVIATION OF SW RADIANCES(WIMe*2/SR)

3 - CORFELATIDN OF [W A_D SW RADIANCES
( ) - OATJ SOURCE

SUN ZENITH : 3b,_ - 45,6
MEAN ALBEDQ ¢ ,3225 ( 19 )

NORMALIZED ALBEDD : 1.1_22 ( 19 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 bO-gO qC-12O 120-150 150-171 171-180

.Q_ (2) .Q4 (2) .q4 (2) .94 (2) .q4 (2) .9_ (2)
41._ (2) 41.6 (2) 41.6 ( 2] 41.6 (2) 41.6 (2) 41,6 (2)

-.420 (2) -,420 (2) -.42C (2) -,420 ( 2) -,420 ( 2) -,420 (2)

.QC (2) .91 (2) .97 (2) .9g (2) 1.00 (2) ,9_ (2)
38.b (2) _C.O (2) 42,_ (2) 41.2 (2) _1,6 (2) 42,3 (2)

-,_27 (2) -,403 (2) -,382 (2) -,38E (2) -.390 (2) -,372 (2)

,q0 (2) ,93 (2) ,_? (2) 1.04 (2) 1,06 (2) 1,10 { 2)
37,5 ( 2) 39,4 (2) 40,_ (2) 40,8 (2) 41,7 (2) 41,5 (2)

-.Abb (2) -,387 (2) -,41_ (2) -.385 (2) -,338 { 2) -,350 (2)

,9g ( Z) .g0 { 2) ,9_ (2) 1,O5 (2) 1,09 (2) 1,17 (2)
39,4 (2) 38,1 (2) 38,2 (2) 41.2 ( 2) 40,0 (2) 41,3 ( 2)

-.467 (2) -.431 (2) -.432 ( 2} -.363 (2) -.322 (2) -.326 ( 2)

1,04 (2) ,8_ (2) ,91 (2) 1,03 (2) 1.12 (2) 1,16 ( 2l
37,2 { 2) 34,9 (2) 35,¢ (2) 38,7 (2) 35,9 (2) 38,2 (2)

-,_22 (2) -,404 (2) -,4i¢ (2) -.342 ( 2} -,261 (2) -,281 (2)

1.22 { 2) .86 (2) .8_ (2) 1.00 ( 21 1.14 (2) 1.16 ( 2!
35,_ ( 2} 37.0 { 2) 34,_ (2) 37.6 ( 2} 33.8 (2) 34._ (2)

-.442 (2) -.466 (2) -.43_ (2) -.303 (2) -.258 (2) -.284 (2)

1.15 (Z) .B6 (2) .b_ (2) .95 (2) 1.12 { 2) 1.14 (2)
3_,8 ( 2} 30.3 (2) 32.2 (2) 33.1 (2) 29,Q { 2) 29,Q (2)

-,42_ ( 2) -.396 (2) -.371 ( 2) -.221 { 2) -.223 (2) -.19_ (2)
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_0 1.00

S .75
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(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57°.

Figure 17. Continued.
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ORIGINA!; PAGE Z,3

OF POOR Q'UALVI;Y

_IN NO.
ANGcE|_EG.)

VIt_ING ZENITH

I 0-15

Z 15-27

3 ¢7-3q

4 _9-51

_1-b3

b 0_-7_

7 7_-9u

1 2
c-g g-30

._7 { Z) .b7 (Z)

36.9 [ Z) 36.9 ( _)
-.426 { 2) -,_26 ( 2)

• 87 ( 2) ._5 ( 2)
36.3 ( 2) 35.4 ( 2)

-._3b ( 2) -.43_ ( 2)

,93 ( Z} ,qq { Z}
34.7 ( Z} 36.6 { 21

-._O (Z) -._15 { Z)

2,12 [ 21 1.03 (2)
35.L ( 2) 3_,4 ( Z)

-,_07 ( Z) -.q17 ( _)

1.29 ( Z) 1.20 ( 2)
34._ (2) 34.8 ( 21

-,3_u (2) -.375 (Z)

l.Sb ( 2} 1._3 [ Z)
_7._ (Z) 38.1 ( _1

-.29_ (Z) -.366 { Z)

1,73 ( Z) 1,57 { Z)
_5.Z [ 21 3g.o ( Z}

-.Zol { 2) -.322 ( c)

SCENE TYPE I MOSTLY CLOUDY OVER LAND-OCEAN MIX
DATA 1 - SW ANISOTROPIC FJCTOR

Z - STAhDARD DEVIATION OF SW RAD[ANCES(WIM$$21SR|
3 - CORRELATION OF LW AND SW RAOEANCES

( } - DATJ SOURCE

SUN ZENITH z _5._ - _3.1

MEAN ALBEDO z .3485 ( 19 )
NORMALIZED ALEEDO z I.ZE59 ( lg )

_ELATIVE AZIMUTH

3 4 5 6 7 B
3O-_O 60m90 QC-12C 120-150 150-171 171-180

,87 (Z) ,07 (Z) ,ST (Z) ,87 ( 21 ,87 (2) ,87 (2)
3b,9 ( 21 36,q ( 21 36._ { 2) 3b,g (2) 36,9 (2) 36,9 (2)

-,4Zb (2) -,426 (2) -,42_ (2) -,426 (2) -,42_ ( 2| -,426 { 2)

.86 (2) .86 (Z) .gO ( Z} .q6 ( 21 .95 ( 2} .95 { 2)
3b.1 (2) 3b.2 (2) 36. I (2) 37.q (2) 37.0 (2) 37.3 (2)

-._15 (2) -.411 (2) -.377 (2) -.357 (2) -.34g (2) ",36q (2)

,89 (2) ,Eq (Z) ,8_ (Z) 1,00 (2) 1,01 { Z) 1,02 (2)
35.5 (2) 3_.3 (Z) 3_._ (2) 37.7 ( 21 36.8 (2) 35.4 (2)

-,393 (Z) -,451 (2) -,_27 (Z) -.Zgg (2) -,292 (2) -,340 (2)

• g9 ( 21 ,91 (Z) .92 (2) 1,01 (Z) 1,07 (2) 1,13 (2)
37.1 (Z) 34.6 (Z) 35.T { Z) 36.4 (2) 36.1 (Z) 37.0 (2)

-.4kZ ( Z] -.416 ( Z} -.43_ { 2) -.382 (2) -.ZTg ( 2] -.332 ( 2}

1.1O (2) .90 ( 21 .gl (2) 1.05 (2) 1.12 ( 21 1.16 (2)
36.6 { 2) 33,1 (2) 33,5 ( 2} 36,5 ( 2} 33.0 ( 2} 35.0 (2)

-._Z6 { 2) -,442 (Z) -,3q2 (2) -.314 ( 21 -,230 (2) -,202 (2)

1.21 (2) .8q (2) .BE (2) 1.05 ( 21 1.15 { 2) 1.16 (2)
3b.6 (Z) 31.6 { 2) 31._ (2) 33.E (2) 30.0 (Z) Zq.g (2)

-._04 (Z) -.499 (2) -,42_ ( 2} -.344 (Z) -,231 (2) -,235 (2)

_,29 (Z) ,69 (2) ,92 (2) 1,07 (2) 1,15 (2) 1,17 (2)
3b,b (2) 28,8 (2) 30,_ (2) 30.4 { Z) 27,0 (2) 26,8 ( 2}

-.406 { 2) -.b35 ( Z} -.43] { 2) -.210 (2) -.181 (2) -.lg8 (2)
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1.75 --
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(d) Solarmzenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 17. Continued.
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BIN NO.
AN_LE(OEG,)

VIEWING ZLN]TH
uIN NU. AN_LE(OEG.)

i v-15

1 ?
u-9 9-30

.8_ { Z) .81 ( _1
3Z.3 ( 2) 32.3 ( 2)

-.41o ( Z) -._ib ( 2)

_5-27 ._L (2) .85 (2)
31,u (Z) 3_.2 (2)

-._ZO ( Z} -._3_ (Z)

_7-39 .q5 ( 2) ,90 ( 21
3_,_ ( 2) 30.8 ( L)

-._0 (2) -.401 ( Z)

3_-51 1.1_ (2) 1.08 (2)
31._ (Z) 32.4 (2)

-.3Z_ ( Z) -,3q3 ( 2)

51-b3 1._ (2) 1._9 I 2)
3Z.Z ( Z) 34.b ( _)

-.ZEN ( Z} -.3_q (2)

b3-75 i.o_ (2) l.bO (i)
37.3 ( 2i 36.7 ( Z]

-.2b_ ( Z) -.2_0 ( _)

75-90 2.16 ( 2) 1,85 ( _)
3g.2 (2) 37.3 i 2)

-,03_ ( Z] -,Zv8 ( _l

SCENE TYPE t MOSTLY CLOUDY OVER LAND-OCEAN MiX

DATA 1 - SW JNISOTROPIC FACTOR

Z - STAnDaRD DEVIATION OF SW RIOIJNCES(WIM**21SE)

3 - COREELATIDN OF Lk AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZEhITH z 53.] - bO,O
MEAN ALEEDD J .3750 ( lg )

NORMALIZED ALBEO0 s 1.3514 ( lq )

RELATIVE AZIMUTH

3 4 5 6 7 8

3U-60 60-_0 _C-120 IZ0-150 I_0-171 171-180

.81 (2) .B1 (Z) .81 (2) .81 (Z) .B1 (2) .81 (2)
32.3 (z) 32,3 (2) 3Z._ (2) 3Z.3 (2) 3Z.3 ( 21 32.3 (2)

-._lb (2) -._lb ( 21 -.41E (Z) -._16 (2) -.¢16 ( 2} -.41_ (Z)

•8_ (Z) .81 ( 2] .B2 (2) .88 (Z) .qO ( 2} .gl (2)
3Z,2 ( 2l 30,8 (Z) 31.4 ( 2! 31.8 (2) 3Z.6 ( 2i 31.6 ( Zl

-,%53 (2) -._15 (2) -.3b_ (_) -.3bO (2) -.368 (2) -.353 (2)

.87 { Z) .82 (Z) .8T (2) ._3 ( 2l .Q7 (2) .g8 ( 2}
30.8 (2) ZQ.9 (Z) 31._ ( 21 31.1 ( 2} 31.1 (2) 30.8 (Z)

-._il (2) -.378 (Z) -.35_ (2) -.267 (2) -,337 (2) -.293 (2)

.9B ( Z} .88 ( 21 .8_ (2) .96 (2) 1.02 (2) I.OQ (Z)

3Z.5 ( Z] 31.3 (Z) 31.E (Z) 3Z._ (2) 30.6 ( 21 32.8 (2)
-.3g_ ( _l -.360 ( ZI -._3( ( ZI -.334 (2) -.Z85 ( _! -.Z§3 (2)

1,12 I 2) .gO (2) ,8_ ( Z; 1.Ok (2) 1.11 (2) 1.18 ( 2I
3_,6 (_) 2_.7 ( 2} 2e._ (2) 31.0 (2) 2g.8 (2) 31.2 (2)

-.383 (_) -,45Z (2) -._62 t 2) -.308 (2) -.18_ ¢ 2} -.17g (Z)

1.32 (2) .gO (2) .8_ (2) 1.08 ( 21 1.17 (2) 1.22 (Z)
36._ (2) 28,0 (2) 2_,_ ( 21 Z8.8 (2) 26.5 (2) 27,6 (Z)

-.357 (Z) -.4gl (2) -,;8( [ Z) -.218 (2) -.ZOg (2) -.173 (2)

1._3 (Z) 1.11 (2) 1.0_ (Z) 1.14 (2) 1.1g (2) 1.22 { 2)
3b.B I 2) 30.8 I 2) 2g._ (2) 27.8 (2) 23._ I 2) 23.8 (2)

-,317 (2) -,387 (2) -.3b_ (Z) -.Z33 (Z) -.21Q (2) -,196 (2)
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure 17. Continued.
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.... _w QUALITY

BIN NO, J. 2

ANGLE(DEG, } O-q 9-30

VIEWING LENITH

fiN NO, ANGLE(OEG,)

l _-15 ,7B ( 2) ,78 ( 2)

Z6.0 (;_) 26.0 (2)
-,363 (2) -,3_3 (2)

Z J.b-Z/ .79 ( 2) ,62 ( 2}
Z4,O ( Z) 26,k { Z)

-,31_, ( 23 -,343 ( 2)

3 27-39 .93 ( 2) ,89 ( Z)

27,(_ ( 2) 25,4 ( 2)

-,339 (Z) -,391 { 2)

4 39-5J. 1.1_ (2) z,11 (2)

27._ (2) 27. _, (2)
-,zb_ (2) -,382 ( 21

5 5i-6_ 1.5_, ( 2) 1,4C ( 2)
ZB,_ ( Z) 30,0 ( Z)

-,IEV ( 2) -°259 ( 2)

6 63-75 2,15 (2) l,d5 ( 2)

42.1 ( -_) 38.9 ( 2}

-.152 ( 2) -,204 ( 2J

7 7b-gO 2.b5 ( 2) 2.25 ( 2)
_,b ( 2) 43,1 ( 2)

-.DSL ( 2) -,211 ( 2)

SCENE TYPE ¢ MOSTLY CLOUOY OVER LAND-DCEAN MIX

DATA I - SW JNISOTROPIC FACTOR

Z - STANDARD DEVIATION OF SW RADIANCES(WI_**ZISR)

3 - CDRFELATION OF LW AND SW RADIANCES
( ) - DATA SOURCE

SUN ZENITH I 60.¢ - E6,4
MEAN ALBEDO I ,4C6q { 19 )

NORMALIZED ALBEDD ! 1,4(61 ( %q )

RELATIVE AZIMUTH

3 4 5 6 ? 8
30-60 60-_0 9C-120 120-150 150-171 171-180

• 78 (2) .78 (2) .7_ ( 2) .78 (2) ,78 (2) .78 (2)
26,0 (2) 26,0 (2) 26.C (2) 26.0 (2) 26.0 (2) 26,0 ( 2)

-.363 (2) -,363 (2) -°362 (2) -.363 (2) -.363 (2) -.363 (2)

,80 (2) .78 (2) .7_ (2) .83 ( 2) .84 ( 2) .83 (2)
25,2 ( 2) 2_,3 (2) 24._ (2) 26.0 (2) 24,6 { 2) 24,5 (2)

-,367 ( 2) -,412 ( 2} -.33_ ( 2) -.338 (2) -.271 (2) -,36q (2)

• 87 ( 2) ,78 ( 2} ,8C (2) ,88 ( 2) .94 { 2) ,93 (2)
25.3 (2) 22,2 (2) 23,_ (2) 23.5 (2) 24,5 { 2) 23,7 (2)

-,377 (2) -.382 (2) -,30( { 2) -,28_ (2) -,275 (2) -,36_ (2)

1.0_ (2) ,84 (2) .84 (2) ,g3 (2) 2,01 (2) I,05 (2)
26.9 { 2) 23.3 ( 2} 24.C { 2) 24.B (2) 24,2 (2) 26,1 (2)

-,356 (2) -,423 (2) -,37_ (2) -,29_ (2) -,243 (2) -,30q (2)

i,16 { 2} ,8B (2) °8_ (2) 1,01 (2) 1,0q (2) 1,16 (2)

30,2 { 2) 22.8 (2) 22.C (2) 23.6 (2) 22,q (2) 22.5 (2)
-,_21 (2) -,_68 (2) -,43_ ( 2} -,261 (2) -,184 ( 2} -.159 (2)

1.4_ { 2) .87 (2) .8_ ( 2} 1,08 { 2} 1.20 (2) 1,30 (2)
33,5 (2) 22,6 (2) 22,E (2) 22,2 (2) 20,6 (2) 23.3 (2)

-,308 (Z) -.4B6 { 2) -,45_ [ 2) -,268 (2) -,2_7 (2) -,102 (2)

1.59 (2) 1,16 (_) 1.OE (2) 1,18 (2) 1.23 ( 21 1,32 (2)
32.3 (2) 2_.2 (2) 22._ (2) 19,8 (2) 18,9 (2) 1Q,2 (2)

-.310 (2) -.367 (2) -.32_ (2) -.146 (2) -,235 (2) -,0_0 (2)

2.00

1.75

1.50

I,<(1.25

1,00

0 .75
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(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.

Figure 17. Continued.
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fi IN nO. 1 2
ANGLE(OEG. | J-9 9-30

VItwIN(_ ZEh[TH
_IN hO. ANuLE(OEG.)

i O-i_ .11 ( 2) .71 ( ;)
18.0 { 2) 16.6 { ;)

-.3_b ( ,_l -.346 (Z)

lu.o (l) 19.8 ( 2}

-.3b_ ( 2) -.30b ( 7]

3 Z7-3g ._ ( 2] .gO (Z)

-.2t>5 ( ,_) -.3_7 ( 21

39-51 1.2_ ( 2} 1.13 (?)

21._ ( )) 2Z,5 ( 2)
-.293 (2) -.333 ( 2]

_I-63 I.o_ ( 2] i._8 (Z)

27.6 { _) 2_.7 (_)
-.OC, v ( 2) -.2&9 ( Z)

6 b_-7_, 2.5 _, { .>) Z.ll (_.)
_3.b (2) 3q,3 { Z]

-.07b (2) -,I_3 ( 2)

_0.I ( 2} _7,8 ( 2]

-.O_V (2) -.dT_ ( 2)

SCENE T_PE _ HOSILY CLOUDY OVER LAND-OCEAN MIX
DATA 1 - Sg JHISOTROPIC FACTOR

2 - STAbDARD DEVIATION OF SW gADIANCESIWIN*e21SR]
3 - COERELATIONOF Lg AND Sg RADIANCES

( ) - OAT_ SOURCE

SUN ZENITH t 66.6 - 72,5

_EAN ALBEDO z .4673 ( lq )
NORMALIZED ALBEDO z 1.6117 ( lq )

RELATIVE AZIHUTH

3 _ 5 6 7 8
3_-60 60-_0 9C-120 120-1fi0 150-171 171-180

• 71 ( Z) .71 (2) .71 (2) .71 (2) .?1 ( 21 .?1 ( 2|
1u.6 ( 2) 18.6 I 21 18._ (2) 18.6 [ 2] 18.6 ( 21 18.6 I 2)

-.3_6 (2) -.346 (2) -.34_ (2) -,346 ( 2) -,346 (2) -,3_6 ( 21

.77 (2) .7_ (2) .71 (2) .76 ( 21 .79 (2) .81 (Z)
19._ (2) 18.q (2) 17._ (2) 18.3 (2) 1e.7 (2) 1_.1 (2)

-.326 ( 2| -,319 { 2} -,33_ ( 2| -,249 ( 2} -,_72 { 21 -,268 ( 2!

• 81 { 2) ,75 (2) ,TE (2) ,81 ( 2) ,89 I 2} ,_3 (2)

19._ ( 2) 17.6 (2) 19.t (2) 17.6 ( 2) 18.6 ( 2] 17.5 ( 21
-.3_ (2) -,328 ( 21 -,_2_ ( 2| -.199 (2) -.228 ( 2| -,12_ (2)

.97 (2) .82 ( 2| ,8C ( 21 .88 I 2) ._6 (2) .q_ I 21
_1.3 ( 2) 16.2 (2) 18.¢ (2) 18.7 ( 2) 17.6 ( 2] 18.2 { 2)

-.297 (2) -.422 ( 2| -,38_ { 2) -,290 ( 21 -,139 [ 21 -,232 { 2|

1,19 (2) .8_ (Z) .8] (2) .98 { 2) 1.09 (2) 1.12 (2)
Z_.¢ (2) 18.2 (2) 17.1 (2) 17.? (2) 17.2 (2) 16.6 ( 21

-.?oC ( i| -.435 ( 2| -.3q_ ( 2} -.236 ( 2} -.217 { 2) -.237 ( 2!

1.bi (2) .91 t 2) .8_ (2) 1.09 { 21 1,19 ( 21 1,31 (2)
30.3 (2) 17.8 I 2) 15._ (2) 15.7 (2) 16.1 { 2) 18.7 (2)

-.27G (2) -.460 (2) -.4_E (2) -.187 (2) -.237 ( 2} -.155 (2)

1.85 { Z) 1.26 ( 2| 1.1] (2) 1.16 (2) 1.27 ( 2} 1.44 (2)
3,.i (Z) 22.1 ( 2} 18._ (2) 14.8 (2) 1_.1 (2) 15.5 (2)

-.2_1 ( Z} -.3_6 ( 2} -.35_ ( 21 -.200 ( _| -.31_ ( 2} -.137 ( 2|

2.00

1.75

)1.50

_b_1.25
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54%

Figure 17. Continued.
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oRIGINAL PAG_ IS

OF pOOR QUALIT_

_IN NO. I 2

ANbL E(O EG • ) 0-9 g-30

vIEWING L_NITH

i_IN hn. 4NGLE(DEG.)

J-15 .oo ( 2) .68 ( 2) .b8

12.7 (2) 12.7 (,_) 12.7

-.25;' (>) -.25" (Z) -.252

2 _L_-Z7 .71 (2) .79 ( _} .73

13.0 ( 2) 12.7 ( Z) 13.3
-.1J e' ( 21 -.212 { Z) -.340

3 27-30 .,g& ( 21 ._7 { 21 .51

,LS.l (2) IZ.3 (2) 12.o

-.2;9 ( 2) -.348 { L) -.295

3'-,-.51 I.,_4 (2) 1.16 (2) 1.02
i_.0 { Z) 14.2 ( 2) J._,.7

-.l_b (2) -.200 (2) -.3)7

5 _1-63 l.b6 (2) 1.00 (2) 1,25

21.6 [ 2) 20.7 ( r.i 17.2

• 11 _, (2) -.150 (2) -.147

6 03-75 2.bO ( 2) 2.J? ( 2) 1.72
(,4.0 ( 2) 34.8 ( 2) 24.6

-.050 ( Z) -.039 { 2} -.265

7 7_-9_ 4.35 { 2) 3.23 ( 2) 2.0 _,
5_;.'* (2) 40.4 ( 2} 25.2

-.147 { Z) -,Ob_' ( Z) -.164

SCENE TYPE : MOSILY CLOUDY OVER LAND-OCEAN MIX
DAIA I - Sw ANISOTROBIC FACTOR

2 - STAhDARO DEVIATION OF SW RADIANCES(W/MetZ/SR)

3 - CORRELATION OF LW AND SW RADIANCES
( ) - DATJ SOURCE

SUN ZENITH I 72._ - 78,5
HEAN ALBEO0 = .4_30 ( lq )

NORMALIZED ALBEDO = 1,7766 ( lq ]

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 60-90 9C-120 120-150 150-171 171-180

(2) ,68 (2) .bE ( 2} .66 ( 2) .68 (2) .68 (2)
( 2) 12.7 (2) 12.7 (2) 12.7 ( 2} 12.7 (2) 12.7 (2)
{ 2} -.252 (2) -.252 ( 21 -.252 (2) -,252 (2) -.252 (2)

(2) .71 { 2) ,7C (2) .73 ( 2) ,71 ( 2) .73 (Z)
(2) 11.8 { 2) 12._ ( 2} 12.6 ( 21 12.4 (2) 12.1 (2)
(Z) -.205 (2) -.36{ (2) -,262 (2) -.30e (z) -.228 (2)

( 2) .7_ (2) .7] (2) .TT ( 2) .79 (2) .83 (2)
( 2} 12.9 ( 2} 11._ (2) 11.8 ( 2) 12.0 (2) 10,2 (2)
(2) -,414 ( 2} -.42_ { 2) -.287 ( 2) -.288 (2) -.228 ( 21

( 2) .81 (2) .74 { 2) .83 ( 2} ,91 ( Z) .95 (2)
( 2] 13.2 ( 2} 11.4 (2) 11.9 { 2) 10,7 ( 21 10.4 (2)
(2) -.501 ( 21 -.45_ { 2) -.272 (2) -.277 I 2) -.237 (2)

{ 2) ,84 (2) .7_ (2) .q3 { 21 1.04 (2) 1.05 (2)
{ 2) 12.1 (2) 10._ ( 2} 11,7 ( 21 11.0 (2) 11.3 (2)
(2) -,461 (2) -,48T (2) -,15g { 2) -.251 { 2) -.263 (2)

(2) .88 { 2i .8C (2) 1.07 (2) 1.20 (2) 1.30 (2)
[ z) 14.9 { Z) 11.C | 2) 11.8 (2) 11.1 (2) 13.4 (2)
(2) -.328 (2) -.417 ( 2} -.231 (2) -.182 (2) -.287 I 21

( 2) 1.32 (2) 1.13 (2) 1.17 (2) 1.34 (2) 1.51 ( 21
(2) 17.6 (2) 13,3 (2) 11.0 (2) 10,9 (2) 11,2 ( 2|

(2) _-.263 (2) -.30E { 2) -,218 (2) -,143 (2) .098 ( 21

200
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n,, 1.50
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(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.

Figure 17. Continued.
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BIN NO. '1 Z
AN_LE(DEG.) O-Q Q-30

_LEWING ZENITH
_IN Nil, ANGLE([JEG.)

1 0-15 ,65 ( 2) ,b5 ( Z)
7,4 ( 2) 7.4 ( 2)

-.467 ( 2) -,_bT ( _)

Z 1_-_7 ,72 (2) ,72 (2)
7,_ (Z) 7, <) (2)

-.477 (2) -.b28 (2)

3 (7-39 .gl (2) ,87 (Z)
q,1 (Z) B,4 (2)

-,340 (2) -,592 (2)

* 39-51 1.Z0 ( 2} 1.12 [ 2)
O.q ( 2) 0,0 ( 2)

-.279 (2) -,410 ( Z}

5 )L-63 l,ul ( 2} 1,b2 ( 2}
12,5 (2) 12,9 ( 2}

-,3ol I 2) -.267 ( ,:}

0_-75 3.5_ ( 2) 2,69 ( _)
39,b ( 2) 28,i ( 2)

-,231 I 2i -,125 ( 2)

7 75-90 6.07 (Z) 3.89 ( 2)
53,4 (Z) 37.1 (2)

-.OSb ( 2) -ooqo ( 2)

SCENE TYPE t MoSILY CLOUDY OVER LAND-OCEAN MIX

DATA I - SW _NISOTROPIC FACTOR
2 - STAhOARO DEVIATION OF SW RADIANCES(WIM_e2/SR]

3 - CORFELATION OF LW AND SW RADIANCES
( } - DATJ SOURCE

SUN ZENITH = TB,_ - 84.3
MEAN ALBEDO I ,5403 ( 19 }

NORMALIZED ALBEDO t Z.qkbe ( lg ]

RELAT1VE AZIMUTH

3 4 5 6 T 8
30-bO bO-qO qE-120 120-150 150-I71 171-180

• 65 (2) .b5 (2) ,6_ ( 2] .b5 (2) .65 (2) ,65 (2)
7.q (2) 7.4 (2) 7.4 { 2) 7.6 (2) 7.6 (2) 7,4 (2)

-,_07 (_) -,467 (2) -,467 (2) -,467 (2) -.467 (2) -.467 (2)

.70 (2) ,6b (2) ,6_ (2) .64 (2) .64 (2) ,67 (2)
7.7 ( 2} 7.1 (2) 7.6 (2) 7.2 (2) 6.9 (2) 6.7 (2)

-.5o2 (2) -,382 ( Z} -,52_ (2) -,455 (2) -,405 (2) -.460 (2)

,77 (2) .68 { 2) ,7C (2) ,71 (2) ,73 (2) ,77 (2)
6.b (2) 7.0 ( 2} 7,_ (2) 6.6 (2) 5.8 (2) 6.6 (2)

-,453 (2) -,442 (2) -,472 (2) -,483 (2) -,435 (2) -,450 (Z)

,q8 (2) .T3 (2) .TO ( 2} ,78 (2) ,85 ( 21 ,86 (2)
8.6 ( Z) b,3 { 2) 6,_ (2) 7ol ( 2) 6,5 (2) 6o_ (2)

-.5_4 (2) -,46q (2) -.442 (2) -.409 ( 2) -.309 (2) -.424 (2)

1,21 ( 2) .82 (2) ,77 (2) ,86 ( 2) .99 (2) 1,03 (2)
10,3 (2) b.6 (2) 5,_ (2) 6,4 (2) 5.5 (2) 6,0 (2)

-,30q (2) -.455 (2) -.437 (2) -.336 (2) -,37§ (2) -,221 (2)

_,B_ { 2) .90 (2) ,8_ (2) 1.09 (2) 1.23 (2) 1,32 (2)
17,4 (2) b,5 (2) 6,1 ( 2} 6.7 (2) 6,7 (2) 7,1 (2)

-.263 (2) -.382 (2) -,28_ (2) -,231 ( 2) -,255 (2) -,187 ( 2)

2,39 ( 2) 1,46 (2) 1,2_ (2) 1,29 (2) 1,63 (2) 1,55 (2)
lq,o ( 2) I0,7 (2) B._ (2) 7.1 ( 2) 7,2 (2) 7,3 ( 2)

-,0ol (2) -,254 (2) -,231 (2) -,232 (2) -.168 ( 2} -,131 (2)
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0
I-
rJ
< 1.25
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(i) Solar-zenith-angle bin 9, 78.460 to 84.26 °.

Figure 17. Continued.
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ORIGINAL PAGE IS

OF POOR QUALITY

BIN NO. 1 Z
ANbLE(DEG.) Om_ 9--30

V J[EWING ZENITH
d;.N N(J* ANGLE(DEG.}

1 0-15 .Sb (2) .Sb ( Z]
Z.3 { Z) 2.3 (,?.)

-o530 ( Z) -,53G ( 2)

2 LS-Z7 .o7 ( 2i ,7G ( 2)
2.4 ( 2) 2.5 ( Z)

-.5i_ (Z) -.47q ( Z)

3 27-39 .78 ( 2) °64 ( 2)
2oN ( 2) 2°5 ( 2)

-.303 ( Z) -,431 ( _)

4 39-51 1.17 ( Z) 1.14 ( 2)
3,7 ( 2) 3,T ( _)

-°317 ( 2) -.411 ( Z)

5 _J.-b3 £,00 (2) 1,65 (2)
b,5 (2) 5,2 (2)

-,313 (2) -.364 (_)

b b3--75 J,79 ( 2) Z.91 ( 2)
16,1 ( 2) 9,5 ( 2)

-.25_ ( 2} -.Ig7 { Z)

7 7_-90 9.b;' ( 2) 4,35 ( 2)
19.3 { 2) 14.B ( 2)

-,041 ( Z) -.157 ( ,::)

SCENE TYPE z MOSTLY CLOUDY OVER LAND-OCEAN MIX
DATA 1 - SW JNISDTROPIC FACTOR

Z - STANDARD DEVIATION OF SW RADIANCES(WINt_21SR]
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH = 84.3 - q0,o
MEAN ALBEDO S ,5_60 ( 19 )

NORMALIZED ALBEDO _ 2.1A77 ( 19 )

RELATIVE AZIMUTH

3 4 5 6 T 8
30-60 60-_0 qc-120 12C-150 150-171 171-180

• 56 ( 2) .56 (2) .St (2) ,56 ( 2) ,56 ( 2) .Sb (2)
Z.3 { Z) 2,3 { 2) 2,3 ( 2] 2,3 ( 2) 2,3 (2) 2,3 ( 2}

-,530 (2) -,530 (2) -,53C (2) -,530 (2) -,530 (2) -,530 [ 2)

• 60 (2) ,53 ( 2} ,SE ( 21 .56 (2) ,58 ( 2] ,65 (2)
Z.3 ( Z} 2.1 (2) 2.2 (2) 2,1 (2) 2,5 ( 2} 2,6 (2)

-.419 (2) -.366 (2) -.45C (2) -.417 (2) -.580 (2) -.517 (2)

• 72 (Z) .Sq (2) .b] (2) ,63 [ 2} ,b6 ( 2] ,65 (2)
2,0 (2) 2,4 (2) 2.1 (2) 2.1 (2) 2,2 (2) 2,3 (2)

-.383 (2) -,51q (2) -,356 ( 2} -,495 (2) -,522 (2) -,430 (2)

,98 (2) ,72 (2) .b_ (2) ,T4 { 2) ,76 (2) ,82 (2)
3,3 (Z) 2.5 (2) 2.1 (2) 2,7 (2) 2.4 (2) 2,5 (2)

-.399 (2) -,475 (Z) -,3ZC (2) -,343 [ 2) -,458 { 2) -,461 (2)

1,Z_ (2) ,83 (Z) ,8C (2) ,86 (Z) 1,O0 (2) ,gq _ 2}
_.3 (2) 2,4 (2) 2.3 (2) 2.2 (2) 2.6 (2) 2,_ (2)

-,331 (2) -,486 (2) -.472 (2) -,355 (2) -.492 (2) -.470 ( 2}

2.02 (2) ,q6 (2) .BE (Z) 1,1q (2) 1,_4 (2) 1,29 (2)
7,0 (2) 2,3 (2) 2.C (2) 3.0 (2) 3.2 (2) 2,q ( 2!

-._40 ( 2} -.357 (2) -,25E (2) -,138 (2) -,319 (2) -,305 (2)

2,7_ ( 2} 1,6k (2) 1,3_ (2) 1,46 (2) 1,67 (2) 1,71 ( 2}
7,4 (2) 4,2 (2) 3.& (2) 3,7 (2) 3,3 (2) 2,6 (2)

.013 ( 2} -.218 (2) -.ZZC (2) -.Z56 { 2) -.260 (2) -,260 (2)

/; /
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(j) Solar-zenith-angle bin 10, 84.26 ° to 90.00 °.

Figure 17. Concluded.
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bin NDo
ANGLE[DEGo)

VItwlNb LCh{IH
_N NO. ANGLE|OEb.)

1 O-Z_

i

v-9

2
9-30

l.u5 (17) 1.05 (17)
65.1 (17) 65.1 {17)

-.b2b [17) -.b2g {_7)

lb-27 1.vc (17) 1.05 (17)

b4.u 117) 63*% (17)
-.blb (17) -.643 (,7)

27-39 1._0 {17) 1.05 117)
bO.U (17) 61,fi (17)

-.584 (17) -.667 (17)

_9-51 1.04 (17) 1.06 (17)
6_._ (171 59.9 (17)

-ob22 (17) -o616 |17)

)1-63 1.04 (17) 1.v3 (17)

_0,9 (17) 56.6 (17)
-.06_ (17) -.636 {17)

o3-75 1.0_ (17) 1.02 (17)
52,6 (17) 51.6 (i7)

-,643 (17) -.6i8 (17)

75-9_ ,96 (17) .99 (17)
49._ (17) 60.7 (17)

-.6_o {17) -,599 (17)

SCENE TYPE t OVEPCAST
DATA 1 - SW INI$OTROPIC FACTOR

2 - STAkOARO DEVIATION OF SW RADEANCES[NINt*2/SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH t .C - 25.8
MEAN ALBEDO = ,6_50 ( 10 )

NORMALIZED ALBEDO I 1.OCOO ( 18 )

NELAT|VE AZIMUTH

3 _ 5 6 7 8
3C-60 _0-90 9(-120 120-150 150-171 171-180

1.0_ (17) 1.05 (17) 1.05 (17) 1.05 (17) 1.05 (17) 1.05 (17)
65.1 (17) 65.1 (17) 65.1 (17) 65.1 (17) 65.1 (17) 65.1 (17)

-.020 (17) -,628 {17) -.62E (17) -,628 (17) -,628 (17) -,628 (17)

1.06 (17) 1.05 (17) 1.0_ (17) 1.05 (17) 1.06 (17) 1.07 (17)
66.Z (17) 66.7 (17) 6,.2 {17) 63.9 {17) 63.2 (17) 66.0 (17)

-.631 (17) -.623 (17) -.bz_ (17) -.621 (17) -.599 (17) -.625 (1?)

1.02 (17) 1.03 i17) 1.02 (17) 1.06 (17) 1.05 (17) 1.08 {17)
62.0 (17) 62.0 (17) 62.4 (17) 61.9 (17) 61.5 (17) 60.1 (17)

-.665 (17) -.621 (17) -.6C1 (17) -.617 (17) -.599 (17) -.580 (17)

1.03 (17) .q8 (17) .q_ (17) 1.0C (17) 1.06 (1?) 1.06 [17)
61.4 417) 61.7 (17) 60.3 (17) 59.3 (17) 59.1 (17) 5q.2 (17)

-,b3b (17) -,679 (17) -,59E 117) -,593 (17) -,578 (17) -,_76 (17)

1.03 (17) .96 (17) .92 (17) .93 {17) .99 (17) 1.03 (17)
50,2 (17) 57,2 (17) 57.3 (17) 55,8 {17) 56,1 {171 _6,3 (17)

-.636 (17) -.677 (17) -.66? (17) -.627 (17) -.597 (17) -.570 |17)

,98 (17) ,92 (17) ,87 {17) ,87 (17) ,96 (17) ,98 117)
51,8 (17) 5i,6 417) 52.e {17) 50.2 (17) 50,0 (17) _1,0 (17)

-.646 (17) -.680 (17) -.677 (17) -.636 (17) -.619 (17) -.586 (17)

.q6 (17) .e7 (17) .82 (17) .83 (17) .67 (17) .ql (17)
60.5 (17) 64.7 (17) 45.3 (17) 63.q (17) 62.9 (17) 46.2 (17)

-.6_7 |17) -.061 {17) -.682 {17) -.663 (17) -.639 (17) -._83 [17)
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(a) Solar-zenith-angle bin l, 0 ° to 25.84 °.

Figure 18. Bidirectional model for overcast scene. (See table 5 for explanation of data sources.)
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ORIGINAI_ P/(GE IS

OF POOR QUALITY

_IN NO. I Z
ANGLC(UkG.) 0-9 9-30

VIEWING ZtNITH

_IN NO. ANGLkIDEG.)
1 _-_5 1.0Z (17) 1,02 (17) 1,02

51,b (17) 51.6 (17) 51,b

-,_77 (17) -._77 (17) -.477

15-Zl l,Ol (17) 1.OQ (17) 1.0_
50.1 (17) 50.5 (17) 49,9

-,5_2 (17) -.52q (17) -.5G9

3 _7-39 1.G3 (17) 1._2 (17) 1.0G
45,3 (17) 50.7 (17) 69.2

-.527 (17) -.577 (.7) -.54E

3_-_1 1.07 (17) 1,_4 (17) 1,02
q_.3 (17) 48.1 (_7) 4b.O

-,547 (17} -.563 (17} -.552

51-63 1._9 (17) 1.07 (17) 1.05
43,7 (17) 44,2 (17) 43.7

-.4o4 (17) -.518 (17) -,521

b 03-75 _.12 (17) 1,12 (17) 1.03
44._ (17) 41.8 (17) 43.2

-.5_3 (17) -,52b (17) -,534

7 75-90 1.11 (17) 1.12 (17) 1.OC
39.7 (17) 38.2 (17) 40,5

-,3_0 (17) -,533 117) -.56_

SCENE TYPE : OVERCAST
DATA 1 - SW ANISOTROPIC FACTOR

Z - STAhDARD DEVIATION OF SW RADIANCFS(WINt_ZISR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH : 25.E - 36.9

MEAN ALBEDO ! ,4250 ( 18 )
NORMALIZED ALBEDD t 1,0235 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 ? 8
30-6C 6D-90 9C-120 120-150 150-171 171-180

(17) 1.02 (17) 1.02 (17) 1,02 (17) 1.02 (17) 1,02 (17)
(17) _1.6 (17) 51.t (17) 51.6 (17} 51.6 (17) 51.6 (1T)
(17) -.477 (17) -.47_ (17) -,477 (1?) -.477 (17) -.4T? (1?)

(17) 1.02 (17) 1.02 (17] 1,04 (17) 1,03 (17) 1,06 (1T)
(17) 50.5 (17) 51.2 (17) 50.5 (17) 50.4 (17) 50,4 (17)
(17) -.484 (17) -.462 (17) -.451 (17) -.466 (17) -.666 (1?)

(17) 1,0_ (17) 1.01 (17) 1,03 (17) 1.05 (17) l.Oq (17)
(17) 50.4 (17) 49.E (17) 49.9 (17) 48.2 (17) _8.2 (1?)
(17) -.542 (17) -.48_ (17) -,459 (17) -.445 (17) -.352 (1?)

(17) .96 (17) ,9_ (17) 1.02 (17) 1.06 (1?) 1.08 117)

(17) 51.5 (17) 49.? (17) 50.1 (1?) 45.9 (17) 46.5 (17)
(17) -.564 (17) -.51E (17) -.453 (17) -.362 (17) -.32_ (17)

(17) .92 (17) .9_ (17) .96 (17) 1.06 (17) 1.0e (17)
(17) 52.2 (17) 49.1 (17) 49.2 (17) 42.1 (17) 41.5 (17)
(17) -.611 (17) -.58_ (1?) -.498 (17) -.364 (17) -.325 (17)

(17) .85 (17) .8_ (17) ,Be (17) 1.01 (17) 1.02 (17)
(17) 51,8 (17) 69.1 (17) _7.b (17) _9,3 (17) 37.9 (17)
(17) -._63 (17) -.632 (17) -,554 (17) -.339 (17) -.322 (17)

(17} .82 (17) .82 (17) .72 (17) .91 (17} .95 (17)
(17) 42.6 (17} 44.((17) 34.8 (17) _5.9 (17) 35.8 (17)
(17) -.641 (17) -.642 (1?) -.66) (17) -.)96 (17) -.44_ (17)
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(b) Solar-zenith-angle bin 2, 25.84 ° to 36.87 °.

Figure 18. Continued.
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BIN NO. 1 2
ANGLE(DEGo} O-q 9-30

_IEwING ZEhIT_
GIN NO. ANbLE(DEG.)

1 O-LD .gO fiT) .qb (17) .06 (17) .gb (17) .9E
39.7 (17) 59.7 (17) 39.7 (17} 39.7 (17) 39.7

-.40_ (17) -.405 (17} -.405 (17) °.405 (17} -.40_

2 15-27 .95 (17) .96 (17) .05 (17) .95 (17) .9_
3d.9 (17) 37.7 (17) 38.5 (17) 39.b (17) 40.Z

-.492 (17) -.4?0 (17) -._71 (17) -.447 (17) -.33_

3 Z7-39 1.0_ (17) .99 {17) .9b (17) .96 417) .9E
36.2 (17) 37.7 (17) 38.7 (17} 38.1 (17) 3B.t

-.475 (17) -.551 (171 -.460 (17) -.467 (17) -.36;

4 39-51 L.UB (17) 1.05 (.7) 1.0Z (17) .95 (17) .qE
35.7 (17) 38.0 (17) 37.1 417) 39.6 (17) 3B.C

-._ub (17) -.490 417) -._69 (17} -.510 (17) -.421

5 51-63 1.1o (17) 1.12 (17) 1.Oh (17) .95 (17) .0_
33.2 (17) 3_.3 (17) 34.8 (17) 39.3 (17) 37.4

-.376 (17) -.458 (17) -.45_ (17) -.579 (17) -.49_

6 03-75 1._5 (;7) 1.21 (17) 1.00 (17) .88 (17) .q(
3Z.6 (17} 33.1 (_7) 34.4 (17) 40.4 (17) 36._

-.46u (17) -.4Z5 (17) -.480 (17) -.583 (17) -.572

7 75-90 1.31 (17} 1.25 (17) 1.08 (17} .87 (17) .8_
31.6 (17) 31.1 (17) 34.2 (17) 36.9 (17) 36._

-.3_1 (17) -.354 (17) -.5,4 (17) -.664 (17) -.581

SCENE TYPE = OVERCAST
DAIA 1 - SW JNISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RADIANCES(wIN_21SR)
3 - CORFELATION OF LW AND SW RADIANCES

( ) - DATI SOURCE

SUN ZENITH = 36,_ - 45,6
MEAN ALBEDO = .4_0 ( 1B )

NORMALIZED ALBEDO = 1.0706 ( 10 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-bC 60-90 9C-120 120-1_0 150-171 171-180

(17) .96 (17) .96 (17} .96 (17)
(17) 39.7 (17) 39.7 (17) 39.7 (17)
(17) -.405 (17) -.405 (17) -.405 (17)

(17} .99 (17) .qB (17) .99 (17)
(17) 39.b (17) 39.4 (17) 39.5 (17)
(17) -.352 (17) -.390 (17) -.344 {17)

(17) 1.02 (17) 1.02 (17) 1.0_ (17)
(17) 37.5 (17) 37.6 (17) 36._ (17)
(17) -.311 (17} -.280 (17) -.297 (17)

(17) 1.02 (17) 1.04 (17) 1.08 (17)
(17) 36,3 (17) 34,6 (17) 36.6 (17)
(17) -.313 (17) -.259 (17) -.1_6 (17)

(17) 1.01 (17) 1.05 {17) 1.07 (17)
(17) 36.6 (17) 32.4 (17) 32.7 (17)
(17} -.362 {17) -.185 (17) -.214 (17)

(17) ,95 (17) 1.03 {17) 1.03 (17)
(17) 36.9 (17) 29.1 (17) Z8.5 (17)
(17) -.411 (17) -.177 (17) -.199 (17}

(17) .88 (17) .98 {17) .99 (17)
(17) 32.2 (17) 27.8 (17) 26.3 (17)
(17) -.515 (17) -.151 (17) -.173 (17)
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(c) Solar-zenith-angle bin 3, 36.87 ° to 45.57 °.

Figure 18. Continued.
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ORIGINAL PKGE IS

OE POOR QUALITY

B1N NO. i 2
ANGLEIDEG,) 0-9 9-30

¢IEwIN6 ZENITH
B1N NU, AHbLE{DEG,)

1 0-_ ._0 (17) .qO (17) .gG

3_.6 (17} 3_.6 (17) 34.6
-.406 (17) -,606 (L7) -,406

2 _5-27 .q2 (17} ,92 (17) .92

33._ (17) 33.9 {17) 33.4

-,40_ (17} -.497 (17) -.464

3 27-39 .%7 (17} ,97 {=7) °96
32,o (17} 33.7 (17) 32.7

-.4Zb {17) -,514 {17) -._51

4 39-5_ 1.11 [17) 1.07 (17) 1.02
_3.2 [17) 32.0 ¢17) 32.6

-,443 {i7} -.471 {_7) -.458

5 _1-63 l._J {17) 1.18 (17) 1.09

30.7 {17) 31.3 (11) 32.1
-.314 [17) -,420 (17) -.415

6 63-15 1.42 (17) 1,36 (17} 1.16
3O,N (17) 30,8 {17) 30,7

-.i51 (17) -.245 (17) -o401

7 75-90 1.52 (17) 1,41 {_7) 1.21
29.1 (17) 29.t (17) 31.0

-.122 (17) -.16% {17) -,364

SCENE IYPE : OVEKCAST
DATA 1 - SW JNISOTROPIC FACTOR

2 - STANDARD DEVIATION OF SW RAOIANCES(W/M_AZ/SR)

3 - CORRELATION DF LW AND SW RADIANCES

( ) - DATA SOURCE

SUN ZENITH _ 45._ - 53,1
MEAN ALBEDD z .4EO0 ( 18 }

NORMALIZED ALBEDD = 1.1294 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-60 60-90 9C-120 120-150 150-171 171-180

(IT) ,90 (17) .qc (17) .qO (17) .90 {17) .90 (17)
(L?} 3;,6 (17) 34,t (17} 36.6 (17} 36.6 (17) 34.6 (17)
(17) -,406 (17) -.40_ (17) -.406 (17} -.406 (17) -.A06 (17)

(17) .92 (17) .9_ (17) ,96 (17} .95 (17) ,g_ (17)
(17) 35.0 (17) 34.1 (17) 36.5 (17) 33.2 (17} 32.B (17)
(17) -.668 (]7) -.381 (17) -.307 {17) -,342 (17) -,298 (17)

(17) .92 (17) ,93 {17) .99 (17) .99 (17) .9_ (17)
{17) 32.8 (17) 31._ (17) 36.0 (17) 32.5 (17) 31.0 (17)
(17) -.;68 (17) -.40C {17) -.29B (17) -.317 (17) -.212 {17!

(17) ,95 {17) .95 {17} 1.00 (17) 1.02 (17) 1.06 {17}
(17) 33.0 (17) 32._ (17) 33,3 (17) 31.5 (17) 31.3 (17)
(17) -.481 117) -.437 (17) -,26E (17) -.169 {17) -,169 (17)

{17) .9_ {17) ,92 (17) 1.01 {17} 1.04 {171 1,09 (17}
(17} 32.8 (17} 31,_ (17} 31,8 [17) 29,4 (17} 2_.8 (171
(17} -.504 [17] -,454 {17) -,248 {17) -.191 (17) -,135 {17}

(17} .92 (17} ,91 {17) .98 (17) 1.05 {17) 1.06 (17)
{17) 33.6 (17) 31.7 (17) 30,6 (17) 26,1 (17} 25.2 (17)
{17) -.534 {17) -.48C {17) -.240 {17) -.158 {17) -.112 (17)

(17} ,97 (17) .94 {17} .94 (17) 1.02 (171 1.02 {17)
(17) 29.4 (17) 29.E (17} 26,1 (17) 23,_ (17) 22.0 (17}
(17) -.622 (17) -,40E (17) -.069 (17) -.079 417) -.048 (17)
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(d) Solar-zenith-angle bin 4, 45.57 ° to 53.13 °.

Figure 18. Continued.
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_IN NO, 1 2
ANGLE(DoG.} 0-9 9-30

VItW[NG LEN[TH
bin NU, AN_LE(DEG,}

1 0-15 ,ub (17) ,BE (17)
28,q (_7} Z8,9 (17(

-,50_ (17) -,50_ (17)

Z 1_-27 .89 (17) ._0 (17)
Z8,8 (17) 29.0 (17)

-._9o (27) -.5C6 (17)

3 27-30 .97 (17} ,95 (17)
28._ (17) 28.3 (17)

-._B6 (17) -.4u2 (17)

4 3_-51 1.14 (17) 1.09 (17)
2u.O (17) _6,8 (17)

-.5c_ (17) -.437 (17)

5 _1-63 103_ (17) 1,25 (17)
_8,3 (1?) 26,8 (17}

-.314 (17) -.235 (17)

b 63-75 1.bZ (17) 1,49 (17)
31.. (17) 20._ (i7)

-.071 (17) -o114 (17)

7 h-9¢ 1._ (17) 1.65 (17)
31.* (17) 30.0 (17)
,109 (17) -,064 (17]

SCENE TYPE t OVERCAST
DATA 1 - SW _NISOTROPIC FACTOR

2 - STAhDARD DEVIATZON OF SW RAOIANCES(WIM$*EISR)
3 - CDRPELATIOH OF LW AND Sk RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH = 53.] - 60.0
HEAN ALBEDO t .5(00 ( 18 )

NORMALIZEO ALBEO0 = 1.1765 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8
30-60 60-90 gC-120 120-150 150-171 171-180

.86 (17) .66 (17) .8_ (17} .86 (17) .86 (17) .86 (17)
28.9 (17) 28.9 (17) 28._ (17) 28.9 (17) 28.9 (17) 2e.9 (17)

-.504 (17) -._04 (17) -,50_ (17} -.504 (17) -.504 (17) -.504 (17)

.89 (17) .86 (17) .87 (17) .91 (17) .91 (17) .0_ (17)
28.5 (17) 29.3 (17) 28.C (17) 28.3 (17) 27.1 (17) 26.8 (17)

-.472 (17) -,473 (17) -._42 (1?) -.387 (17) -.328 (17) -.329 (17)

,93 (17) ,89 (17) ,RE (17) .94 (17) ,94 (17) ,95 (17)
27.1 (17) 27,8 (1?) 27._ (17} 26.9 (17) 26.9 (17) 27.0 (17)

-.491 (17) -.516 (17) -.441 (17) -.362 (17) -.292 (17) -°236 (17}

1.02 (17) .92 (17) .91 (17) .96 (17) 1.00 (17} 1.01 (17)
28.5 (17) 27.8 (17) 28.k (17_ 26.4 (17) Z6.0 (17) 26.8 (17)

-.517 (17) -.545 (17) -.443 (17) -.289 (17] -.194 (17) -.250 (17)

1.13 (17) .06 (1?) ,O_ (17) ,q7 (171 1.04 (17) 1.07 (17)
27.2 (17) 28.1 (17) 27.C (17) 25,8 (17) 23.2 (17) 2_.3 (17)

-.395 (17) -.556 (17} -.49_ (17} -.241 (1?) -.169 (17) -.060 (17)

1,28 (17) .97 (17) .9_ (17) 1.01 (17) 1.07 (17) 1.08 (17)
26._ (17) 26.3 (17) 26._ (17) 25.3 (17) 21.7 (17) 21.4 (17)

-.3_b (17) -.603 (17) -.54_ (17) -.240 (17) -.085 (17) -.123 (17)

1.34 (17) 1.10 (17) 1.02 (17) 1.02 (17) 1.06 (17) 1.08 (17)
29,_ (17) 27.7 (17) 25._ (17) 22.0 (17) 20.2 (17) 20.6 (17)

-.3Z? (17) -,427 (!7) -.361 (17) -.097 (17) -.104 (17) -.138 (17)
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(e) Solar-zenith-angle bin 5, 53.13 ° to 60.00 °.

Figure 18. Continued.
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ORIGINAE PAGE IS

OF POOR QUALITY

6IN NO, i Z 3

ANULE(DEG.) O-g g-30 3O-bO

VIEwiNG _ENITH
_IN NO, AN_LE(OEG,)

I J-15 .8D (17) .80

2Z,3 (17) 22,3
I'5GU {Z7} I"500

Z 1_-Z7 ,_6 (17) .e6

23,u (17) 22,4
-,519 (_7) -,538

3 _7-39 .9_ (17) .04
ZO.7 (_7) 22.5

-.3_0 (17) -,51e

4 39-_i i,I_ (17] 1,11
20,b (17) ZI.5

-,3_7 (17) -,41_

5 _1-63 I._ (17) 1,31
ZI.g (17) 21,5

-.099 (17) -,237

0 b3--75 1.07 (17} 1.67
3_,9 (17) /g,¢
•i_I (17) -.074

7 79-g0 2,25 (17) 1,96

39.b (17) 33.5

.1o_ (17) .101

SCENE 1YPE = OVERCAST
DATA 1 - SW ANISOTROPIC FACTOR

2 - STAhDARD DEVIATION OF SW RADIANCE$(W/M$t21$R)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DAT_ SOURCE

SUM ZENITH ! 60,C - 66.4
MEAN ALBEDD = .5300 ( 18 )

NORMALIZED ALBEDO I 1,Z471 ( 18 )

RELATIVE AZIMUTH

4 5 6 7 8

bO-gO 9C-120 120-150 150-171 171-180

(17) .80 (17) .80 (17) .8C (17) ,80 [17) .80 (17) ,80 [17)
(17) _2,3 (17) Z2,3 (17) 2Z,_ (17) 22,3 (17I 22,3 (17] 22,3 (ITI

(17) -.50C (17) -,500 (17) -.50C (17) -,SOD (17) -,500 (17) -,500 (17)

(17) ._5 117) ,82 (17) ,82 (17) .84 (17} ,86 (17) ,87 (17)
(17) 22,2 (17} 2Z.1 (17) Z1,E (17) 21,7 (17) 21.1 (17] 21o_ (17)
(17) -,507 (17) -,_11 (17) -,49_ (17) -,436 (17) -,4Z1 (17) -,402 (17)

(17) .9C (17) ,87 (17) .85 (171 .89 (17) .9Z (17) .8q (17)
(17) 21.0 (17) 20._ (17) 21,E 117) 20,5 117) 20.3 117) 20,? (17)
(i7) -,523 (17) -.5b_ (17) -,525 (17) -,383 (17) -,308 (17) -,340 (17)

(17) 1,03 (17) ,gl (17) .8% (17) ,qZ (17) ,96 (17) ,96 (17)
(17) Z2.6 (17) 21,5 (17) 21.3 (17) 20,7 (17] 19,5 (17} ZO,9 (17)
(17} -.403 (17) -,514 (17} -,52_ (17) -,372 (17) -,221 (17) -,234 (17)

(17} 1,17 (17) ,9b (17) .q] (17) ,q7 (17) 1,03 (17) 1,04 (17)
(17) 23,0 (17) 22,3 (17) Zl,3 (17) 20,5 (17) 18,3 (17) 10,9 (17)
(17} -,390 (17) -,56b (17) -,537 (17) -,266 (17) -,16e (17] -,145 (17)

(17) 1,39 (17) ,97 (17) .9_ (17) 1,02 (17) 1,09 (17) 1,13 (17)
(17) 2b.9 (17) 23.3 117) 22._ (17) 19.7 (17) 17,8 (17) le,5 (17)
(17) -.237 (17) -,567 (17) -.601 (17) -,282 (17) -,077 (17) ,020 (17)

(17) 1,53 (17) 1.17 (17) 1,07 (17) 1,05 (17) 1,11 (17) 1,14 (17)
(_7} 29,5 (17) 24.4 (17) 21,_ (17) 17,6 (17) 16.6 (17) 17,_ [17)

(17) -.2_5 (17) -.3gO (17] -.3gl (17) -.14_ (17) -,077 (17) -.014 (17}
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(f) Solar-zenith-angle bin 6, 60.00 ° to 66.42 °.

Figure 18. Continued.
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BIN NO. I

AN_LE(DEG,) O-g 9-30

VIEWING ZENITH

BIN ND. ANGLE(DEG.}
1 o-15 .75 (17) ,75 (i7)

16,4 (17) 16.4 (17)

-.530 (_7) -.530 (i?)

2 I_-27 .Bi (17) .82 (17)
15.7 (17) 15.9 (17)

-._22 (17) -.558 (£7)

3 _7-39 ,_ (17) .92 (l?)
19._ (17) 15.7 (17)

-.509 (17} -,474 (17)

4 39-51 l.lg (17) 1,12 (17)
17,1 (17) 15,8 (17)

-.344 (17) -,300 (17)

5 _-63 1.52 (17) 1.40 (17)
21,_ (17) 18.2 (17)

-.076 (17} -,031 (17)

b o3-75 _,_5 {i7) 1.Q3 (17)
3_.6 (17) 30.3 (17)

• 032 (17) ,050 (_7)

? 75-90 2.91 (17) 2._9 (17)
_7.1 (17) 37.1 (17)

.130 (17) ,021 (17)

SCENE TYPE : OVERCAST
DATA 1 - SW _NISOTRDPIC FACTOR

2 - STANDARD OEVIATION OF Sw RkDIANCES(WI_t*ZISR)
3 - CORRELATION OF LW ANO SW RAOIANCES

( ) - DAT_ SOURCE

SUN ZENITH : 66.k - 72.5
NEAN ALBEDO : .5_0C ( 18 )

NORMALIZED ALBEDD : 1.3176 ( 18 )

RELATIVE AZIMUTH

3 4 5 6 7 8

30-bO b0-90 9C-120 120-150 150-171 171-180

.75 (17) .75 (17) .7_ (17) .75 (17) .75 (17) .75 (17)
16.4 (17) 16,4 (17) 16._ (17} 16.4 (17) 16,4 (17} 16,4 (17)

-,530 (17) -,530 (17) -,_3C (17) -,530 (17) -,_30 (17) -,530 (17)

• 80 (17) .77 (17} .7_ (17) .77 (17) ,79 (17} .77 (17)
15,4 (17) 15,7 (17} 15._ (17) 15,3 (17) 15,3 (17) 16,0 (17}

-,529 (17) -,559 (17) -,48_ (17) -,48e (17) -,41e (17) -,430 (17)

._b (17) .80 417) ,8c (17) ,82 (17) ,85 (17) ,86 (17)

15.5 (17) 15,3 (17) 15,((17) 14,2 (17) 15.2 (17) 15,1 (17)
-.538 (17) -,553 (17) -,55] (17) -,396 (1?} -,316 (17} -,273 (17}

1,00 (17} ,90 (17) ,8_ (17) ,88 (17} ,g2 (17) ,qz (17)
16.¢ (17) 15.8 (17) 15.1 (17) 14.8 (17) 14.0 (17) 14.0 (17)

-,487 (17) -,569 (17) -,55_ (17) -,3q9 (17) -,205 (17} -,224 (17)

1.19 (17) .g6 (17} .9) (17) .96 (17) ,gQ (17) 1,01 (17)
19.3 (17) 16,0 (17) 15,_ (17) 14,2 (17) 13,7 (17) 13.4 (17)

-.388 (17) -,577 (17) -,604 (17) -.283 (17) -,147 (17) -,107 (17)

1,54 (17) 1.01 (17) .9_ (17) 1,04 (17) 1,11 (17} 1,15 (17)
23,3 (17) 16,6 (17) 15,_ (17) 14,1 (17) 13,5 (17) 1_,8 (17)

-.181 (17} -.6Z4 (17} -,611 (17) -,215 (17) -.099 (17} ,034 (17)

1.74 (17) 1.27 (17} 1,1_ (17) 1.12 (17) 1,19 (17) 1,ZZ (17)
26,4 (17) 19,3 417) 16,5 (17) 12,9 (17) 12,_ (17} 13,1 [17)

-.126 (17) -,367 (17) -,35_ (17) -.079 (17) -,078 (17) .125 (17)
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(g) Solar-zenith-angle bin 7, 66.42 ° to 72.54 °.

Figure 18. Continued.
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fIN NO. 1 Z
ANULE(DEG.) U-9 g-30

_Lc_ING ZENITH
BIN NU, ANGLE(DE6,)

x J-L5 .7_ (17) .70 (17) .70
9.9 (17) 9.9 (17) 9.9

-.54_ (17) -.543 (17) -,543

Z £5-27 ,76 (17) .Tq (171 .76
10.t (17) 9.5 (17) 10.1

-,5?i (17) -.5_9 (11) -,557

3 Z7-39 ,89 (17) ,_9 (17) ,b4
10.4 (17) 10.Z 417) 10,3

-.441 (17) -.502 (17) -.53b

4 39-_1 1._1 (17) 1,13 (17) ,99
10.e (17) 11.3 (17) 11.5

-,Z*l (17) -.2_1 (17) -.444

5 _-b3 1,b3 (17) 1,48 (17) 1,2_
17.0 (17) 14.7 417) 13.8
,022 (17) -.J85 (17) -,257

b 0_m75 Z'b4 (17) 2.23 (17) 1,65

41,8 (17) 31.b 417) 21,0
-.0_7 (17) ,048 (17) -,099

7 75-9u 4,00 (17) 2,94 (17) 2,00
53.0 (17) 38.Z (17) 25.1

-.,92 (17) .0;3 417) -,01i

SCENE TYPE z OVEPCAST
OATA 1 - Sg JNISOTROPIC FACTOR

Z - STAhOJRD DEV[ATION OF S_ PAO[ANCES(glMee21SR)
3 - CORPELATION OF LW ANO SV RADIANCES

( ) - DAT_ SOURCE

SUN ZENITH I 72.5 - 78,5
HEAH ALBEDD ! ,5_00 ( 18 )

NORMALIZED ALBEDO z 1,3E82 ( 18 )

EELATIVE AZIHUTH

3 4 5 6 7 8
30-6C 60-90 9C-lZ0 120-150 150-171 171-180

(17) ,70 (17) .7( (17) .70 (17) ,70 (17) .70 417)
(17) 9,9 417) 9._ (17) 9,9 (17) 9,9 (17) 9,9 (17)
(17) -°543 (17) -,542 (17) -.543 (17) -,543 (17) -.543 417)

(17) .7Z (17) .72 (17) .7Z (17) .73 (17) ,73 (17)
(17) 10.0 417) I0.2 (17) 9,8 (17) q,1 (17) 9,_ (17)
(17) -o589 (17) -o57C (17) -.535 (17) -,466 (17) -.4Sb (17)

(17) .76 (17) .75 (17) ,77 (17) ,80 (17) .80 (17)
(17) 10.1 417) q.7 (17) 9.5 (17) 8.9 (17) 7.9 (17)
(17) -,532 (17) -,54_ (17) -,488 417) -,308 (17) -.158 (17)

(17) .Sb (17) ,BE (17) .82 (17) ,87 (17) .89 (17)
(17) 10,1 (17) q._ (17) _.3 (17) 8.b (17) 8.7 (17)
(17) -,553 (17) -.593 (17) -.377 417) -.160 (17) -.14_ (17)

(17) ,95 (17) ,BE (17) ,gz (17) .96 (17) .97 (17)
(17) 10,7 (17) 9,_ (17) 9,2 (17) 8.7 417) 8.5 (17)
(17) -,545 (17) -.562 (17) -.287 (17) -.130 (17) -,147 (17)

(17) 1,02 (17) ,9_ (17) 1.06 (17) 1.13 (17) 1.17 (17)
(17) 11.1 (17) 9._ (17) 9.5 417) Q.3 417) 10.6 (17)
(17) -.554 (17) -,562 (17) -.110 (17) -.053 (17) .095 (17)

(17) 1.37 (17) 1.1_ (17) 1,16 (17) 1.26 (17) 1.32 (17)
(17) 15.5 (17) IZ.E (17) 9.5 (17) 9.6 417) 11.2 (17)
(17) -.267 (17) -.ZS_ (17) .082 (17) .094 417) .230 (17)
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(h) Solar-zenith-angle bin 8, 72.54 ° to 78.46 °.

Figure 18. Continued.
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sZN NO. 1 Z
ANGLE(DEG.) o-q 9-30

_LENIN_ ZENITH
8_N hU. ANuLE(DkG,)

1 O-Z_ .b3 (17) oh3 (17)
5.7 {17) 5.7 (17)

-.SZ_ (17} -.525 (17)

2 1_-27 .71 (17) .74 (17)
6.0 (17) 5,9 (17)

-.49o (;7) -.44_ (L7)

3 _7-3_ .G5 (17) .84 (17)
o._ (17) 5.7 417)

-.371 (17) -.429 (_7)

4 39-51 _.E2 (17) 1.13 (17)
8.1 (17) 7,2 (17)

-.089 (17) -.220 (17)

5 _1-b3 1.7o (17) 1.55 (17)
_3,2 (17) 11.C (17)
•0_ (17) .0_3 (_7)

o _3-75 3._1 (17) 2.50 (17)
39._ (_7) 17.0 (_7)

-.112 (17) -.041 (_7)

7 75-90 5.29 (17) 3.79 (17)
42._ (17) 38.0 (17)

-.272 (17) -.131 (17)

SCENE TYPE = OVEPCAST
OATA 1 - SM JN]SOTROPIC FACTOR

2 - STA_OARO DEVIATION OF Sg RAOIANCES(glM_21SR)
3 - CORRELATION OF LW AND SW RADIANCES

( ) - DATJ SOURCE

SUN ZENITH z 78,5 - 84.3
HEAN ALBEDO | ,b20O ( IE )

NORHALIZEO ALBEDO s 1,4588 ( 18 )

RELATIVE AZINUTH

3 4 5 6 7 8

30-00 bO-qO qC-120 120-150 150-171 171-180

• 63 (17) ,63 (17) ,6_ (17) ,63 {17) ,63 (17) ,63 (17)
5.7 (17) 5.7 (17) 5.? (17) 5.7 (17) 5.7 (17) 5.7 (17)

-.5Z5 (17) -.525 (17) -.51_ (17) -.525 (17) -.525 (17) -.525 (17)

• 70 (17) ,67 (17) ,6_ (17) ,65 (17) ,66 (17) ,64 (17)
b.G (17) 5.6 (17) _._ (17) 5.6 (17) 5.7 (17) 5.6 (17)

-.488 (17) -.515 (17) -.48¢ (17) -._55 (17) -.414 (17) -.455 (17)

• 80 (i7) ,72 (17) .6_ (17) ,69 (17) ,71 (17) ,71 (17)
5.9 (17) 5.4 (17) 5._ (17) 5.3 (17) 5.7 (17) 5*1 (17)

-.450 (17) -.4Q8 (17) -,51k (17) -,431 (17) -.366 (17) -,365 (17)

,96 (17) .80 (17) .TE (17) .76 {17) .82 (17) ,B4 (17)
7,1 (17) 6,0 (17) 5,7 (17) 5,* (17) 5,1 (17) 5,7 (17)

-.389 417) -,440 (17) -,4q_ (17) -.332 (17) -,10_ (17) -.089 (17)

1,21 (17) ,92 (17) ,8_ (17) .86 (17) ,Q_ (17) .96 (17)
9,3 (17) 6,2 (17) 6,1 (17) 5,6 (17) 5,0 (17) 5,4 (17)

• 005 (17) -.505 (17) -._0_ (17) -.232 (17) -.064 (17) -,005 (17)

1,78 (17) 1,03 (17) .92 (17) 1,08 (17) 1,18 (17) 1,18 (17)
15.5 (17) 7.1 (17) 5.e (17) 6.7 (17) b.6 (17) 7,0 (17)

-,111 (17) -,5u4 (17) -.442 (17) -.031 (17) ,022 (17) -,038 (17)

2,3_ (17) 1,50 (17) 1,2_ (17) 1,2_ (17) 1,37 (17) 1,4_ (17)
20.4 (17) 11.4 (17) 8._ (17) 6.3 (17) 6.5 (17) 7.4 (17)

-.061 (17) -,246 (17) -,17E (17) .160 (17) ,OQ2 (171 ,13B (17)
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(i) Solar-zenith-angle bin 9, 78.46 ° to 84.26 °.

Figure 18. Continued.
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ORIGINAL PAG_ _S
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BIN Nb, l 2

AN_LE|OEG,) o-q q-3U

VLtwING _cNIIH
_[_ NO, ANGLE(ObJ.)

i 0-_5 .5_ (.71 ,58 (17) .58
2.0 (17) 2,0 (17| 2.0

-.3_7 (17) -,397 (17) -.3q7

Z _-27 ,b5 (171 ,b9 417) ,64
1,9 (17) 2,u 017) 2.1

-.43D 417) -,268 (17) -.328

3 _I-39 .8_ (_7) ,_O 417) ,75
Z.b (17) Z,O (17) k.2

• 021 (17) -.125 (17} -,3Z2

4 _9-5A i,1_ 417) I..I (17) .gl
3.2 (17) _.7 (17) 2.4

• 102 (17) -.1_5 (17) -.153

} )l-bs l.b2 417) I._I 417) 1.21
9,o (17) 4.3 [17) 3,3

•_75 (17) -.071 417) ,041

6 o3-7_ 3,71 (17) 2,76 (17) 1,92
17,0 (17) I0,0 417) 7.2

-,34b (17) -,172 (17) ,_05

7 ?_-9U b.17 (17) 4.38 (17) 2.65
2_.b 417) 15.4 (i7) 8.3

-.2_9 (1T) -.lq9 (17) ,ZSC

SCENE TYPE s OVERCAST
DATk 1 - SW JNISOTROPIC FACTOR

Z - STANDARD DEVIATION OF SW RAOIANCE$(W/Me_2ISR)
3 - COeFELATIDN OF LW AND SW RAOIkHCES

( ) - DAT_ SOURCE

SUN ZENITH z 84._ - 90.0
MEAN ALBEDO I .bkSO ( IB )

NORMALIZED ALBEDO t 1.5176 ( 18 )

RELATIVE AZIMUTH

3 k 5 6 7 8

30-bC 60-_0 qC-12D 120-150 1_0-171 171-180

(_7) .58 017) .DE 417) .58 (17) .SB (17) .58 417)
(17) 2.0 (17) 2.C (17) 2.6 417) 2.0 417} 2.0 417)
417| -.397 417) -.3g7 417) -.397 (17) -.397 417) -.397 (17)

417) .62 (17] ,5_ (17) .61 (17) .62 417) .62 017)
(17) 2.2 417) 2.3 (17) l.q 417) 2.1 417) 2.0 017)
(17) -.406 417) -.2B_ 417) -.287 417) -.277 417} -.214 417)

(17) .67 (17) .b_ 417) .69 417) .68 017) .6q (17)
(17) 2.0 417) 1.E (17) 2.1 117) 2.2 (171 1.8 (1T)
(17} -._88 (17) -.21_ 417) -.327 117) -.161 417) -.22C 417)

(17) .75 (17) .71 (17) .72 (17) .7g 417) .83 417)
(17) 2.1 (17) 2.C (17) 1.q 017) 1.8 (17) 2.0 (17)
417) -.424 417} -.39_ 017) -.304 417) -.157 417) -.Og8 (17)

417) .ql (17) .8_ (1?) .85 417) .9_ (17) .q3 (17)
417) 2.5 417) 2._ (17) 2.0 417) 1.9 117) Z.e 417)

(17) -.240 (17) -.35_ (17) -.076 417) .177 (17) -.148 (17)

417) 1.01 (17) .8_ 417) 1.12 417) 1.23 417) 1.24 017)
(17) 2.5 (17) 3.C (17) 2.? 417) 2.7 (17) 2._ (17)
(17) -.418 417) -.28C 017) -.032 417} -.027 (17) -.01e 017)

(17) 1.61 (17) 1.32 417) 1.32 017) 1.47 (17) 1.,8 017)
(17) 4.4 (17) 3. E 417) Z.7 417) 2.8 (17) 2._ (17)

417) -.083 417) -.004 417) .276 417) -.100 417) .026 417)
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(j) Solar-zenith-angle bin 10, 84.26 ° to 90.00 °.

Figure 18. Concluded.
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Figure 19. Dispersion of shortwave models averaged over all viewing angles.
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Figure 20. Directional albedos over ocean scenes.
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Figure 21. Directional albedos over land scenes.
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Figure 22. Directional albedos for clear over snow and clear over desert.
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