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Biases in Earth radiation budget observations 

1. Effects of scanner spatial resolution 

on the observed anisotropy 
Qian Ye I and James A. Coakley Jr. 
College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis 

Abstract. The Earth Radiation Budget Experiment (ERBE) used angular direction models (ADMs) to 
convert satellite scanning radiometer measurements to radiative fluxes at the top of the atmosphere. 
The ADMs were assumed to depend only on the physical characteristics of the scene being observed, 
and they were taken to be independent of the instrument's spatial resolution. As is shown here, 
however, the angular distribution of the radiation fields derived from ERBE observations depends on 
the field of view size. Because the spatial resolution of the field of view depends on the satellite view 
zenith angle, the dependence of the angular distribution on field of view size suggests that the radiative 
fluxes derived from ERBE have biases which depend on satellite view zenith angle. ERBE scanner 
observations from the Earth Radiation Budget Satellite (ERBS) are averaged for nadir pixels to 
construct observations that have a constant field of view size for each of the ERBE satellite view zenith 

angle bins. The angular distribution of the radiation field for the constant size field of view observa- 
tions exhibits systematic differences of the order of 2-5% from that obtained with the unaltered, full 
resolution scanner observations. While the differences are small, they are frequently significant at the 
90% confidence level, given the variation in the observations and the sample size (3 months). 
Reflected radiances constructed from the constant size fields of view are generally more anisotropic 
than those constructed from the full resolution scanner observations. The population of scene type 
obtained for the constant size fields of view shows that the ERBE scene identification algorithm has to 
be modified in order to develop angular direction models which are consistent with the observed 
anisotropy and also independent of field of view size. 

1. Introduction 

Observations of the radiative fluxes, like those made by the 
Earth Radiation Budget Experiment (ERBE) and will be made 
by the Clouds and the Earth's Radiant Energy System 
(CERES), rely on scanning radiometers to achieve both high 
spatial resolution and global coverage. With scanning radio- 
meters, however, each region is viewed with a particular solar 
zenith, satellite view zenith, and relative azimuth angle. 
Because of the angular dependence of reflected sunlight and 
emitted longwave radiances the radiances obtained with the 
scanner are not necessarily representative of the radiative 
fluxes passing through the top of the atmosphere. Angular 
direction models (ADMs) are used to allow for the anisotropy 
of the radiances in order to obtain the radiative fluxes. 

In principle, the anisotropy of reflected and emitted radia- 
tion depends only on the physical properties of the emitting 
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and reflecting object. In the case of ERBE the angular direc- 
tion models were applied as if the anisotropy were independ- 
ent of the spatial scale of the scene being observed. This lack 
of dependence is required because the size of the field of view 
increases dramatically from nadir to limb. The field of view 
of the ERBE scanner on the Earth Radiation Budget Satellite 
(ERBS) is about (40 km) 2 near nadir and about (115 km) 2 at a 
satellite zenith angle of 64 ø. Regions at the (115 km) 2 scale 
are rarely either clear or overcast. They are often partly 
cloudy. Regions at the (40 km) 2 scale, on the other hand, are 
either clear or overcast approximately 15-20% of the time. 
Because of the spatial scale of cloud systems and because of 
the growth of field of view size from nadir to limb, most clear 
observations occur for the nadir views. Few appear at the 
limb. It will be shown that because broken clouds are ubiqui- 
tous, fields of view identified as being clear near nadir are 
frequently extracted from the midst of broken cloudy systems. 
Because of the proximity of broken clouds, these clear fields 
of view are highly likely to be cloud contaminated. On the 
other hand, since fields of view at the limb are large, those 
identified as clear are found to be in the midst of vast regions 
that are also clear. Such fields of view, because they are sur- 
rounded by other clear fields of view, are likely to have little 
cloud contamination. Overcast scenes with clear sky con- 
tamination exhibit complimentary behavior. The spatial scale 
of cloud systems combined with (1) the growth of the scanner 
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field of view size with satellite view zenith angle and (2) the 
ERBE scene identification algorithm leads to a varying degree 
of contamination from nadir to limb. Because the anisotropy 
of reflected and emitted radiation depends on the degree of 
cloud cover, this varying degree of contamination affects the 
anisotropy of the observed radiances. Clear regions with little 
cloud contamination should reflect and emit radiation that is 

more anisotropic than that reflected and emitted by regions 
that have appreciable cloud contamination. 

The effects of this contamination are investigated by con- 
structing a new set of observations which have a nearly 
constant field of view size. The constant field of view size is 

obtained by averaging ERBE scanner fields of view together 
for nadir satellite zenith angles so that the resulting "field of 
view" is approximately equal in area to that of the field of 
view at the limb. The anisotropy of the reflected and emitted 
radiances for these constant size fields of view are then com- 

pared with that obtained from the full resolution ERBE 
scanner observations. 

It should be emphasized that the spatial scale dependence 
of the anisotropy described here results from the interaction of 
several factors. First, the radiance fields depend nonlinearly 
on the properties of the atmosphere that influence the 
radiances, particularly those due to clouds. The breakdown of 
scene type into the four cloud categories used by ERBE was in 
part to allow for the nonlinear relationship between cloud 
properties and the radiance fields [Wielicki and Green, 1989]. 
One notes that if the radiance fields were linearly related to 
the properties of the atmosphere, then there would be no need 
for scene identification. The anisotropy of the radiance fields 
would be linearly related to the radiances, and thus the radia- 
tive fluxes could be deduced through linear operations on the 
observed radiances. Because of the nonlinear relationships, 
however, the average radiances for a given region are not 
simply related to the average properties of the atmosphere. 
The variability of the properties within the region also con- 
tribute to the determination of the average radiances. As was 
pointed out by Coakley and Kobayashi [1989], the anisotropy, 
like the radiances themselves, also depends nonlinearly on 
atmospheric properties and so the average anisotropy, in like 
manner, is also not simply related to the average atmospheric 
properties. The consequence of the nonlinear relationships is 
that the anisotropy depends on the spatial scale. 

Second, the spatial scale dependence described here would 
not arise if the scene identification consistently identified 
unique scene types and ascribed to these scene types the 
associated angular dependence of the reflected and emitted 
radiances. The dependence discussed here arises in part from 
errors in scene identification. 

Third, the errors are linked to cloud contamination in clear 
scenes and clear contamination in overcast scenes. If clouds 

were uniformly distributed over the globe so that the fraction 
of area covered at all scales was, on average, the same, then 
errors in scene identification would be expected to affect all 
scales in the same way. But clouds cluster on certain spatial 
scales. They are not uniformly distributed. As a result, the 
errors in scene identification couple with spatial scale 
dependence of the fractional cloud cover to produce a spatial 
scale dependence of the anisotropy associated with the ERBE 
cloud scene types. 

This paper is the first in a three-part series. Here the ani- 
sotropy of emitted and reflected radiation is shown to depend 

on the spatial scale of the scene being observed. The spatial 
scale dependence, however, cannot be fully studied because, 
as one outcome, this study reveals systematic view zenith 
angle dependent errors in ERBE's identification of scene type. 
At large view zenith angleS, ERBE appears to have incorrectly 
identified many partly and mostly cloudy scenes as overcast. 
As a result, part of the spatial scale dependence of the anisot- 
ropy found here is due to these gross errors in scene identifi- 
cation. In the second paper, a simple scene identification 
algorithm is developed which avoids the ERBE scene identi- 
fication errors. The new scene identification algorithm was 
developed to test the hypothesis that the scale dependence of 
the anisotropy was in part due to errors in scene identification. 
In the second paper, the removal of the scene identification 
errors is shown to lead to anisotropic factors that are relatively 
insensitive to the spatial scale of the scene being observed. 
This lack of dependence is necessary for the determination of 
radiative fluxes from radiances obtained with a scanning 
radiometer. In the third paper the new scene identification 
scheme and associated anisotropic factors are shown to 
eliminate the growth of the time-averaged, global average 
albedo with satellite view zenith angle exhibited by the ERBE 
and ERB observations [Suttles et al., 1992]. 

2. Data Analysis 

The observations used in this investigation are taken from 
the ERBS scanning radiometer for a 3-month period 
(September, October, and November 1986). The scanner has 
a 3 ø x 4.5 ø hexagonal aperture with the 4.5 ø angle in the 
direction aligned along the direction of the satellite's motion 
when the scanner is in the normal cross-track scanning mode 
[Ko?ia, 1986]. In the cross-track mode the radiometric sam- 
ples are taken every 2.2 ø so that neighboring fields of view 
overlap each other by approximately 35%. Since the angular 
dimensions of the scanner's aperture are fixed, the surface area 
of the field of view remains approximately constant at about 
(40 km) 2 for satellite view zenith angles less than about 30 ø. 

In ERBE the ADMs were derived primarily from Nimbus 7 
Earth Radiation Budget (ERB) scanner measurements. 
ADMs were developed for 12 scene types: for ocean, land, 
and coastal surface types there were clear, partly cloudy, and 
mostly cloudy scenes; for desert and ice and snow surface 
types there were clear scenes and for all surface types there 
was an overcast scene type. The range of cloud cover for each 
cloud scene type was taken to be 0-5% for clear, 5-50% for 
partly cloudy, 50-95% for mostly cloudy, and >95% for 
overcast. For the shortwave ADMs the angular dependence 
was described by anisotropic factors for 10 solar zenith angle 
bins, 8 relative azimuth angle bins and 7 view zenith angle 
bins or 560 angular bins for each model [Suttles et al., 1988]. 
For the longwave ADMs, also referred to as limb-darkening 
models, the angular dependence was given for 7 view zenith 
angles and there were separate models for 10 latitude bands 
distributed from pole to pole [Suttles et al., 1989]. 

Table 1 gives the sizes of the full resolution fields of view 
at the Earth's surface for the 610-km orbit of the ERBS. The 

sizes in the table are for the midpoints of the ranges of the 
view zenith angle bins 1-5. For bin 6 the size is for a view 
zenith angle of 64 ø , the largest field of view considered in this 
study. The range of view zenith angles was limited in order to 
insure that a sizable number of clear and overcast scenes 
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Table 1. Number of ERBE Scanner Fields of View for Each Bin Used to 
Form Constant Size Fields of View 

Bin 

Number 

Full Number Number Percent 

View Resolution of of Difference 
Zenith Field of Scan Scan in Size 

Angle, View Size, Spots in Lines in of 
deg 104 km 2 Average Average Area 

1 0.0 - 15.0 0.16 6 2 -15.0 
2 15.0 - 27.0 0.19 5 2 -15.0 
3 27.0 - 39.0 0.25 4 2 - 6.5 
4 39.0 - 51.0 0.40 3 2 15.0 
5 51.0 - 63.0 0.79 2 1 1.5 
6 63.0 - 75.0 1.35 1 1 0.0 

ERBE, Earth Radiation Budget Experiment. 

would be obtained for the largest field of view size. In ERBE 
the maximum view zenith angle used was 70 ø . For view 
zenith angles greater than 30 ø the area increases rapidly with 
increasing satellite view zenith angle. As was noted earlier, 
the field of view is about (115 km) 2 at a satellite view zenith 
angle of 64 ø . 

Constant size fields of view are constructed for each view 

zenith angle bin. Figure 1 illustrates the plan used to con- 
struct the constant size fields of view at nadir and at the limb. 

At each view zenith angle the radiances in an appropriate 
number of neighboring ERBE scanner fields of view are aver- 
aged to form a single field of view, the size of which matches 
the size of the field of view at a view zenith angle of 64 ø. 
Table 1 gives the number of ERBE scanner fields of view in 
both the scanning and the satellite orbital directions used for 
each view zenith angle bin. The table also gives the percent 
variation in area viewed by the constant size fields of view. 
The variation is less than 15%. 

In this study, scene identification is implemented for the 
new constant size fields of view as follows' (1) only clear, 
partly cloudy, mostly cloudy ocean scenes, and overcast 
scenes are used; (2) the cloud amount in a constant size field 
of view is taken to be given by 

.025 x N ct• +.275 x N Pc +.725x N •4c +.975 x Nov 
AMT = (1) 

N TOTAL 

where Nct • , N•, c , N•4 c , and Nov are the number of clear, 
partly cloudy, mostly cloudy, and overcast observations for the 
full resolution scanner fields of view that constitute the 

constant size field of view. NrorA L is the total number of full 
resolution fields of view making up the constant size field of 

o 

• 4.5 

-_. 4. 

• FOV at Nadir 
m - 3.0 

SCANNING DIRECTION 

Figure 1. The construction of constant size fields of view at 
nadir and at the limb. 

view. The weighting factors: 0.025, 0.275, 0.725, and 0.975 
are the midpoint cloud cover fractions for the four cloud 
categories used in the ERBE scene identification. The scene 
type is then derived using the ERBE cloud scene type 
selection rules for cloud cover: 0-5% for clear, 5-50% for 
partly cloudy, 50-95% for mostly cloudy, and >95% for 
overcast. 

The identification of the scene types for the simulated fields 
of view will not produce the same results as. produced by the 
application of the ERBE maximum likelihood estimate (MLE) 
pro.cedures to the averages of the longwave and shortwave 
radiances for the simulated fields of view. As was demon- 

strated by Baldwin and Coakley [1991], the longwave and 
shortwave radiances are nonlinearly related to one another. 
The dependence of the radiances on cloud properties, such as 
opacity and cloud height, makes the relationship nonlinear. 
As a result, radiances obtained by averaging the radiances of 
several fields of view will not necessarily represent the radi- 
ances expected for the cloud conditions obtained by averaging 
the cloud properties, as is done in (1). In fact, the nonlinear 
relationships are partially responsible for the field of view size 
dependence of the anisotropy of the radiance field. 
Nevertheless, the method of scene identification used here is 
designed to explore the consequences of the reasonable 
assumption that the scene type is simply related to the com- 
posite scene types as is given by (1). In any case, this scene 
identification scheme is expected to provide a more accurate 
representation of the scene type than would be obtained by 
applying the ERBE MLE scheme to the average radiances in 
the same way that more accurate estimates of cloud properties 
are expected to be obtained with observations at higher spatial 
resolution [Wielicki and Parker, 1992]. As will be shown 
below, however, the nonlinear relationships discussed here are 
only one source of the field of view size dependence of the 
anisotropy. The scene identification scheme will be used to 
show that the scales on which clouds cluster also contribute to 

the field of view size dependence. 
For reflected sunlight the anisotropic factor, Rl(g o , It, dp) is 

related to the reflected flux, 11;Fl(ito), and radiance, I1(]2o, It, •), 
by 

•ll ( ItO, It, • ) 
R/(ito, It, ½}) = (2) 

o) 

where go is the cosine of the solar zenith angle, It is the cosine 
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of satellite view zenith angle, and •p is the relative azimuth 
angle. The subscript I indicates the scene type. Since the 
radiative flux is given by 

2• 1 

0 0 

(3) 

Rl(#O, •t, q) is normalized. The normalization is given by 

2• 1 

o o 
(4) 

For emitted longwave radiation, identical procedures are 
used, but the ADMs are functions of viewing zenith angle and 
latitude, 0. 

Since the maximum view zenith angle in this study is 64 ø , 
approximately 25% of the solar zenith, satellite view zenith, 
and relative azimuth angular bins are not included. To allow 
for the missing bins, pseudoanisotropic factors are defined to 
be given by 

lfi I ( ].lo , ]..l j, •) k ) 
Pl(•øi'•'J'(Pk)-- Z O)mn•mll(•oi,•m,(Pn ) (5) 

m, tl 

where the discrete angular ranges associated with the ERBE 
models are depicted by the indices; the integrals in (3) are 
replaced by summations with quadrature weights tOmn= 
A•mA•Pn , and the summations are restricted to those angular 
bins for which there are a minimum number of observations. 

In this study the minimum is taken to be eight observations. 
Pseudoanisotropic factors were used earlier by Baldwin and 
Coakley [ 1991 ]. ß 

The percent difference between the pseudoanisotropic 
factors derived from the full resolution observations (F) and 
that derived from the constant size field of view observations 

(C) is given by 

Apl(].loi, ].l./, •Jk )(%) = 

lOO 

F C 

Pl ( ]'1oi' ].lj, (Pk) -- Pl ( ]'loi' ].lj, •Jk ) ß (6) 

l { P; (11oi I1./ tP k ) + PS (110i I1/ Ok)} 2 ' ' ' ' 

Because of the varying degree of cloud cover allowed 
within each scene type, the standard deviation of an ani- 
sotropic factor associated with a particular solar zenith, 
satellite view zenith, and relative azimuth angular bin is rela- 
tively large. The standard deviations are typically much larger 
than the differences in anisotropic factors for the full resolu- 
tion and constant size field of view observations. To 

determine whether the differences in the anisotropic factors 
are significant, an estimate is needed for the "noise" caused by 
the variability in cloud cover within each scene type for the 3- 
month observing period. 

For two independent normally distributed samples with 
means #l and #2, standard deviations 0.1 and 0.2, and sample 
sizes n 1 and n 2, the significance of the difference in the means 
for a two-sided t test at the 90% confidence level is given by 

I 2 2 I 2 2 0.1 0'2 ]'•1 -- ]'•2 < U• 0.1 + 0'2 and ['[1 ['[2 > + (7) V 1 V 2 - Ul__• nl n 2 
where u_•=-u0.0s = u0.9s = 1.64 [Brownlee, 1965]. 

2 

Estimate s are needed for the sample sizes, n., and the stan- 
dard deviations, (5 i, .in (7). Radiation field• are spatially 
correlated on scales of 1000-2000 km [Cahalan et al., 1982]. 
Because the full resolutio n scanning measurements are highly 
correlated, taking the observations for each ERBE scanner 
field of view as being statistically independent will grossly 
underestimate the "noise," the terms containing the radicals in 
(7), and overestimate the statistical significance inferred for 
the differences. 

Following Leith [1973], Baldwin and Coakley [1991] 
modeled the spatial correlation of the radiation field as due to 
a first-order Markov process. For such processes the samples 
are sufficiently independent when the signal-to-noise ratio 
reaches a constant value. Here the signal is the difference, #2- 
/*2, in (7). Baldwin and Coakley found that the signal-to-noise 
ratios became constant when observations were averaged over 
40 consecutive scan lines to obtain a single estimate of the 
mean reflected or emitted radiances for the particular solar 
zenith, satellite view zenith, and relative azimuth angular bin. 
Based on the results of the mean square successive difference 
test [Brownlee, 1965], however, the adjacent samples 
obtained with the Baldwin and Coakley method are often 
found to be correlated a• the 90% confidence level. In this 

study, instead of taking the average radiances falling within a 
set of 40 scan lines, a single estimate is obtained from a field 
of view with the desired Sun-scene-satellite geometry and 
scene type and at least 40 scan lines are skipped before the 
next sample is drawn. This procedure removes most of 
residual correlation obtained with the Baldwin and Coakley 
method. 

Figure 2 shows an example of estimates of the average 
reflected shortwave radiances and their associated noise 

obtained by assuming that (1) each ERBE field of view 
provides an independent estimate, (2) the average of each set 
of 40 consecutive scan lines provides an independent estimate, 
and (3) a sample is drawn from a single field of view for a 
particular scene typ e and Sun-target-satellite viewing 
geometry and at least 40 scan lines are skipped between 
samples. The observations are for the overhead solar zenith 
angle bin, 00-25.8 ø, and are taken from the ERBS scanner 
data for September 1986. Each point in the figure gives the 
mean and estimate of the error in the mean, i.e., the "noise," 
for a single satellite view zenith angle and relative azimuth 
angle bin. Consistent with (7) the noise is taken to be given 
by 

4-/n (8) 
where 0' is the standard deviation of the radiances and n is the 

number of samples in the bins. Only results for bins with at 
least eight samples are shown. The crosses connected by lines 
give averages of the radiances for all solar zenith, satellite 
view zenith, and relative azimuth angles and noise estimates 
obtained by using (8) in which the standard deviation of all 
the radiances and the number of samples for all the bins are 
used. Differences in the estimated means are small. 



YE AND COAKLEY: RADIATION BUDGET, SPATIAL RESOLUTION AND ANISOTROPY 21,247 

z 

50.0 

37.5 

25.0 

12.5 

CLEAR SKY PARTLY CLOUDY 

120 

io i 0 i 

-0.2 0.1 0.4 0.7 

3O 

o 

-0.4 

MOSTLY CLOUDY 

+ 

o 

o 

+•* 
0.2 

1.0 

I i 

0.8 1.4 2.0 

_:_+ , 
,t 

+-,- **.o oo 

++ ,'o ø 
+ 

o 

o 

o 

o , 

o 

o 

i i i 

-0.2 0.2 0.6 1.0 

OVERCAST 
2OO 

150 - 

100 - 

50- 

0 

-0.4- 

•.1 i , i , 
.+ ,½ % ++ ,•1%• 0 O0 

ß ,• •0 O• ß •,.o % o•oO o 
ß 7o % 
$ o 

% 

o +BIN AVERAGE METHOD 
o * BC METHOD 

o o MBC METHOD 

i i i 

0.7 1.8 2.9 

1.4 

4.0 

NOISE 

Figure 2. Means and expected standard deviations in the means (noise) (Wm -2 sr -1) obtained by assuming 
each Earth Radiation Budget Experiment (ERBE) scanner field of view provides an independent estimate 
(pluses), by using the Baldwin-Coakley method to estimate the noise (asterisks), and by using the modified 
Baldwin-Coakley method as discussed in the text (circles). The observations are for the overhead solar zenith 
angle bin, 00-25.8 ø. Each point in the figure gives the mean and estimate of the noise for a single satellite 
view zenith angle and relative azimuth angle bin. Only results for bins with at least eight samples are shown. 
The crosses connected by lines give averages of the radiances for all solar zenith, satellite view zenith, and 
relative azimuth angles and noise estimates obtained by using equation (8) in which the standard deviation of 
all the radiances and the number of samples for all the bins are used. The observations are from the Earth 
Radiation Budget Satellite (ERBS) scanner for September 1986. 

Estimates of the noise levels increase almost an order of 

magnitude from the levels obtained by assuming that each 
scanner field of view provides an independent estimate to 
those obtained with the original Baldwin-Coakley method. 
The estimated noise increases another 20% for the modified 

Baldwin-Coakley method used in this study. 

3. Results 

As noted earlier, clouds are not uniformly distributed in 
space. They tend to cluster on certain spatial scales. As a 
result, fields of view at nadir which the ERBE MLE indifica- 
tion method identifies as clear are often extracted from the 

midst of broken cloud systems. These fields of view are 
probably cloud contaminated. On the other hand, large fields 
of view, i.e., those at the limb, which are identified as clear 

surrounding full resolution ERBE scanner fields of view with 
the same scene identification are counted. Figure 3 shows the 
frequency with which the number of surrounding fields of 
view, expressed as a percentage of the total number of 
surrounding fields of view, has the same scene type as the 
center field of view. Twenty full resolution scanner fields of 
view surround a constant size field of view; eight surround a 
full resolution field of view. The figure shows that for the 
large, constant size field of view the frequency with which the 
surrounding fields of view all have the same scene type is 
larger than that for the small, full resolution field of view. For 
clear ocean scenes, constant size fields of view are surrounded 
by clear fields of view 61% of the time. For overcast fields of 
view, constant size fields of view are surrounded by fields of 
view that are also overcast 75% of the time. In the case of the 

small, full resolution fields of view the corresponding 
are probably extracted from vast regions that are also clear. ' frequencies are 48% for clear oceans and 63% for overcast 
These fields of view are relatively free of cloud contamination. 
The same situation occurs for the contamination of overcast 

scenes by clear skies where the clouds break. Scanner 
observations from ERBS were used to obtain evidence for the 

clustering of clouds on certain spatial scales. 
For both the full resolution and the constant size fields of 

view at nadir identified as either clear or overcast by the 
ERBE MLE scene identification method, the number of 

scenes. In other words, in the case of the full resolution 
observations, 52% of the fields of view identified as clear are 
in the midst of broken cloud fields. Likewise, 37% of the 
overcast fields of view are in the midst of broken cloud fields. 

For large fields of view with sizes like those near the limb, 
when they are identified as clear or overcast, they are probably 
extracted from vast regions that are also clear or overcast. 
Results for the constant size field of view show that only 39% 
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Figure 3. Frequency with which the surrounding fields of view will have the same scene type as the center 
field of view. Results are based on the ERBS nadir observations with the ERBE maximum likelihood 
estimate (MLE) scene identification for September 1986. The surrounding fields of view are full resolution 
ERBE scanner fields of view with a spatial resolution of -(40 km) 2. 

of the clear fields of view and only 25% of the overcast fields 
of view are extracted from the midst of broken cloud fields. 

Consequently, the observations of clear scenes near the limb 
are less likely than those at nadir to be cloud contaminated 
and overcast scenes less likely to be contaminated by breaks 
in the clouds. These results indicate that ERBE is probably 
subject to a varying degree of cloud and clear contamination 
from nadir to limb. Because the anisotropy of reflected and 
emitted radiation is sensitive to cloud cover, the varying 
degree of cloud contamination from nadir to limb leads to the 
application of anisotropic factors that are inconsistent for 
nadir and limb scenes. 

Figures 4 and 5 show examples of the percent differences 
in pseudoanisotropic factors based on full resolution ERBE 
scanner and constant size field of view observations for clear, 
partly cloudy, mostly cloudy ocean, and overcast scenes. Fig- 
ure 4 gives the percent difference (full resolution - constant 
size) for the solar zenith angle bins which have the largest 
number of satellite zenith and relative azimuth angular bins in 
which the differences are significant at the 90% confidence 
level. Figure 5 gives the percent differences for the solar 
zenith angle bins which have the smallest number of satellite 
zenith and relative azimuth angular bins in which the differ- 
ences are significant. Shaded regions indicate that the 
differences are significant at the 90% confidence level. In all 
cases, pseudoanisotropic factors were obtained using only the 
angular bins for which both the full resolution and the 
constant size field of view observations had at least eight 
samples. 

For all scene types, significant and systematic differences 
are found between the pseudoanisotropic factors derived with 
the full resolution and the constant size field of view obser- 

vations. The percentages of bins which have significant 
differences at the 90% confidence level are 28% for clear, 
42% for partly cloudy, 18% for mostly cloudy, and 21% for 
overcast scenes. Though statistically significant, the differ- 
ences in the anisotropic factors are generally less than 5%. 
The differences generally increase with increasing solar zenith 
angle, and the largest differences usually occur for radiation 
reflected in the direction of forward scattering. 

The azimuthally averaged anisotropy is used to illustrate 
the change in anisotropy between the full resolution and the 
constant size field of view observations. The azimuthally 
averaged anisotropy is given by 

•(#0,#) =- •tOp(#0, #,•) 
0 

(9) 

The azimuthally averaged anisotropy for an isotropic reflector 
is 1 for all )t and )t o. 

Figure 6 shows the azimuthally averaged and solar zenith 
angle averaged pseudoanisotropic factors for the full resolu- 
tion and constant size field of view observations. With the 

exception of partly cloudy ocean scenes the radiances 
observed with the constant size fields of view are more 

anisotropic, meaning that they exhibit a stronger view zenith 
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Figure 4. Percent difference between the pseudoanisotropic factors obtained with full resolution field of view 
(FFOV) and constant size field of view (CFOV) observations. The differences are for the solar zenith angle 
bins which had the largest number of satellite view zenith angle and relative azimuth angle bins for which the 
differences were significant at the 90% confidence level. The solar zenith angles for each scene type are given 
in the figure. The radial dimension indicates the satellite-viewing zenith angle; the polar dimension indicates 
the relative azimuth angle. The contour interval is 2.5%. Regions in which the differences are positive and 
significant at the 90% confidence level are shaded. Those that are negative and significant are hatched. 

angle dependence than do those obtained for the full resolu- 
tion observations. The reflected radiances for the constant size 

fields of view are generally smaller than those for the full 
resolution observations at nadir and larger at the limb. 

Figure 7 shows the limb darkening obtained for emitted 
longwave radiances. Significant differences in the anisotropic 
factors are found for 59% of the clear ocean bins, 72% of the 
partly cloudy ocean bins, 61% of the mostly cloudy ocean 
bins, and 57% of the overcast bins. For clear regions the 
constant size field of view observations exhibit more anisot- 

ropy than the full resolution observations. The emitted 
radiances are larger at nadir and smaller at the limb for the 
constant size field of view observations. The increased 

anisotropy for clear scenes is consistent with effects due to 
cloud contamination. 

Figures 6 and 7 show that overcast scenes are also more 
anisotropic for the constant size field of view observations. 
This result counters the expectation that the radiances 
reflected and emitted from overcast constant size fields of 

view should show less angular dependence than the radiances 
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Figure 5. Same as Figure 7 but for the solar zenith angle bins that had the smallest number of satellite view 
zenith angle and relative azimuth angle bins for which the differences were significant at the 90% confidence 
level. 

coming from overcast full resolution fields of view. This 
inconsistent result, however, is probably due to errors in scene 
identification. Figure 8 shows that for the constant size fields 
of view the population of scene types depends on satellite 
view zenith angle. For observations collected over a 3-month 
period, the population of scene types is expected to be 
constant. While the frequency of clear ocean scenes is nearly 
constant, the frequency of overcast scenes increases with view 
zenith angle. The variations in the population of scene type 
with satellite view zenith angle indicate that the ERBE scene 
identification method incorrectly identifies all but possibly the 
clear ocean scene types. 

4. Conclusions 

The angular variations of reflected sunlight and emitted 
longwave radiances obtained with the ERBE scanning radi- 
ometer are shown to be field of view size dependent. Conse- 
quently, the anisotropy associated with a particular scene type, 
e.g., clear or overcast, viewed at nadir with full resolution 
differs from that obtained for the same scene type viewed at 
the limb with the spatial resolution of the limb field of view. 
The differences are generally less than 5%. Nevertheless, 
these small differences are often significant at the 90% 
confidence level for the three months of observations studied 
here. 
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Figure 6. Azimuthally averaged anisotropy of reflected sunlight averaged over all solar zenith angles. 

Ideally, the anisotropy should be a characteristic of the 
scene only and should not be affected by the spatial resolution 
of the instrument. Here the spatial resolution of the scanner 
affects the anisotropy because clouds congregate on certain 

spatial scales. Clear and overcast fields of view at nadir can 
often be extracted from the midst of broken cloudy systems. 
These fields of view are more likely to be contaminated by 
clouds or breaks in the clouds than are the fields of view at the 
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Figure 7. Azimuthally averaged anisotropy of emitted longwave radiances averaged over all latitudes. 
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Figure 8. Frequency of occurrence for the three cloud scene types over ocean and the overcast scenes obtained 
with the FFOV (solid line) and CFOV (dashed line) observations. The observations are from the ERBS 
scanner for September, October, and November 1986. Scene types are identified with the ERBE MLE scene 
identification method. 

limb where, because of their size, clear and overcast fields of 
view are likely to be parts of vast regions that are also clear or 
overcast. The effects of cloud contamination on the anisotropy 
of reflected and emitted radiances is detected for clear ocean 

scenes. For overcast scenes the effects are not detected. The 

lack of an effect, however, may be caused by errors in scene 
identification at large view zenith angles. Taking the 
identification of scene type to be correct for the nadir fields of 
view, the results at large zenith angles indicate that partly and 
mostly cloudy scenes are being identified as overcast. 

This study raises the following question: if the ERBE 
scene identification were somehow modified so that the 

population of the various scene types for the constant size field 
of view observations remained constant with satellite zenith 

angle, as they should for a large ensemble of observations, 
then would the resulting identification scheme produce 
anisotropic factors that are independent of field of view size? 
The anisotropic factors must be independent of field of view 
size if they are to be derived from and applied to observations 
obtained with a scanning radiometer having a field of view 
with fixed angular dimensions. 
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