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Biases in Earth radiation budget observations 
2. Consistent scene identification and anisotropic factors 

Qian Ye • and James A. Coakley Jr. 
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Abstract. Simple threshold scene identification methods are developed to reduce the effects 
of errors in scene identification on the anisotropy of reflected and emitted radiances 
inferred from Earth Radiation Budget Experiment (ERBE) scanner observations. The 
ERBE maximum likelihood estimate (MLE) scene identification is assumed to be accurate 
for nadir fields of view. Various combinations of neighboring ERBE scanner fields of 
view at nadir are used to determine the population of cloud scene types as a function of 
field of view size. Longwave and shortwave thresholds are then determined for each of the 
ERBE solar zenith, satellite view zenith, and relative azimuth angular bins so that the 
population of cloud scene types at a particular satellite view zenith angle is consistent with 
the field of view size at the particular satellite view zenith angle. Differences between the 
anisotropy of reflected sunlight and emitted longwave radiation obtained using the new 
scene identification method and that obtained using the ERBE MLE method show that the 
ERBE radiative fluxes have satellite view zenith angle dependent biases. Thresholds are 
also developed for cloud scene identification with fields of view that are constructed to 
have a constant size with satellite view zenith angle. The angular dependence of reflected 
sunlight and emitted longwave radiation for scenes identified with these thresholds show 
little dependence on field of view size. This lack of dependence is a necessary condition 
for using scanning radiometer data to obtain radiative fluxes. 

1. Introduction 

In part 1 [Ye and Coakley, this issue] a potential view 
zenith angle dependent bias in Earth radiation budget 
observations, like those made by the Earth Radiation Budget 
Experiment (ERBE), was described. In ERBE the radiative 
fluxes were derived by first identifying within each scanner 
field of view the cloud scene type: clear, partly cloudy, mostly 
cloudy, or overcast. The identification was made on the basis 
of the shortwave and longwave radiances observed for the 
field of view [Wielicki and Green, 1989]. An anisotropic 
factor associated with that scene type was then used to convert 
the radiances to radiative fluxes. The view zenith angle 
dependent bias arises because of (1) view zenith angle 
dependent errors in scene identification, (2) the nonuniform 
spatial distribution of clouds, and (3) the growth of the field of 
view size from nadir to limb. 

The nonuniform spatial distribution of clouds contributes to 
the bias because regions that are the size of an ERBE scanner 
field of view at nadir -(40 km) 2 have relatively large 
frequencies of clear and overcast conditions at the expense of 
relatively infrequent occurrences of partly cloudy and mostly 
cloudy conditions. Larger regions have smaller frequencies of 
clear and overcast conditions and larger frequencies of partly 
cloudy and mostly cloudy conditions. In part 1 it was shown 
that a scene identified as being clear at nadir was often 
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surrounded by fields of view that contain broken clouds and 
was thus likely to have more cloud contamination than a field 
of view identified as clear at the limb. At the limb the field of 

view is large. It was shown that large regions identified as 
being clear were often surrounded by regions that were also 
clear. Consequently, large regions were likely to be less cloud 
contaminated. Evidently, these large clear fields of view were 
parts of vast regions that were cloud free throughout. Simi- 
larly, overcast scenes at nadir were more likely than overcast 
scenes at the limb to be contaminated by breaks in the cloud. 
Because clear scenes reflect sunlight and emit radiation that 
varies more strongly with angle than that for overcast scenes, 
the effect of the clustering of clouds on certain spatial scales 
and the ERBE inversion method causes clear scenes to appear 
less anisotropic than they should and overcast scenes to 
appear more anisotropic than they should. Consequently, the 
anisotropy of the radiative fields obtains an apparent link to 
the size of the region being viewed. Because the field of view 
size for the ERBE scanner grows from nadir to limb, the 
ERBE fluxes are likely to have a satellite view zenith angle 
dependent bias. 

In part 1 such a bias was found for clear ocean scenes but 
not for the other scene types. Instead, it was found that the 
ERBE maximum likelihood estimate (MLE) scene identifica- 
tion method [Wielicki and Green, 1989] often incorrectly 
identified partly and mostly cloudy scenes at the limb as being 
overcast. The dependence of the frequency of scene type on 
field of view size was determined from observations for the 
nadir fields of view by combining the fields of view to obtain 
observations for regions of various sizes. The ERBE scene 
identification scheme was assumed to be correct for the nadir 
fields of view. The frequency of overcast scenes at the limb 
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was found to be larger than expected given the size of the limb 
field of view. Conversely, the frequencies of partly cloudy and 
mostly cloudy scenes at the limb were smaller than expected. 
Because of the incorrect identification the anisotropy of 
reflected and emitted radiation could not be determined for 

partly cloudy, mostly cloudy, and overcast scenes. 
Here the ERBE scene identification errors found in part 1 

are avoided by developing a new method for identifying cloud 
scene types from the ERBE scanner radiances. The new 
method produces populations of scene types at each satellite 
view zenith angle that are more consistent with the field of 
view size at the particular angle. The new method is based on 
simple thresholds applied to the shortwave and longwave 
radiances obtained with the ERBE scanner. Anisotropic 
factors for reflected sunlight and emitted radiation are derived 
based on the radiances obtained with this new scene identifi- 

cation. Comparisons of the anisotropic factors with those 
derived with the ERBE MLE scene identification method 
show the effects of scene identification errors and cloud 

clustering on the angular distribution of reflected sunlight and 
emitted longwave radiation. The anisotropic factors derived 
with the new scene identification are shown to be relatively 
insensitive to field of view size, a necessary condition for 
obtaining radiative fluxes from scanner observations using 
methods like those employed by ERBE. 

2. Analysis Methods 

The ERBE MLE scene identification method was assumed 

to provide the correct identification for fields of view at nadir. 
The dependence of the population of cloud scene types on field 
of view size was determined by simulating nadir fields of 
view of the sizes that matched those associated with the 

ERBE satellite view zenith angle bins. The required 
groupings were described in part 1. The averages of the 
shortwave and longwave radiances for the scanner fields of 
view that contributed to a simulated field of view were taken 

to be the radiances for the simulated field of view. The scene 

type was based on the nominal cloud cover derived from the 
cloud scene types of the contributing scanner fields of view. 
The assignment of scene type was also described in part 1. 

As in part 1, the observations were from the Earth 
Radiation Budget Satellite (ERBS) scanner for the months of 
September, October, and November 1986. Only ocean and 
overcast scene types were considered, as the purpose of this 
study was to determine whether the anisotropy of the radi- 
ances obtained with the new scene types showed reduced 
sensitivity to field of view size. While the range of scene 
types was limited, they constituted approximately 70% of the 
observations obtained with the ERBS scanner. Thus the 

findings presented here are likely to prove relevant for all 
scene types. 

The field of view size dependence of the population of 
scene types was used to derive two sets of thresholds. For the 
first set, thresholds were adjusted so that the population of 
scene types associated with the field of view size at a 
particular angle were identical to that for the same size field of 
view at nadir. These thresholds are referred to as the "full 

resolution field of view" (FFOV) thresholds. Since the 
thresholds were based on the ERBE scene identification 

results, the scene types derived by using the thresholds were 
taken to be the same as their ERBE counterparts: clear, partly 
cloudy, mostly cloudy, and overcast. There is, however, no 

evidence that the new scene types have the cloud cover 
associated with the ERBE scene types: clear, 05Ac<0.05; 
partly cloudy, 0.05<Ac< 0.5; mostly cloudy, 0.5<_Ac< 0.95; 
and overcast, 0.955Ac5 1. Nevertheless, the thresholds were 
consistent with the features of the ERBE MLE method. Larger 
shortwave reflectivities and smaller emitted longwave 
radiances were associated with larger cloud cover fractions. 

In addition to the FFOV threshold method a second set of 

thresholds was developed using the "constant size field of 
view" (CFOV) observations introduced in part 1. CFOV 
observations were constructed by grouping neighboring ERBE 
scanner fields of view so that the size of the region being 
viewed was almost invariant with satellite view zenith angle. 
For the CFOV observations, longwave and shortwave 
thresholds were adjusted so that the population of scene types 
within an ERBE satellite view zenith angle bin was equivalent 
to the population obtained for the CFOV observations at 
nadir. Like the FFOV threshold identification method, the 
CFOV identification method removes the growth of apparent 
cloud cover from nadir to limb found with the ERBE MLE 

scene identification scheme. In addition, the CFOV observa- 
tions reduce effects due to the spatial scales on which clouds 
congregate. Because of their constant size, the CFOV obser- 
vations should be subject to relatively constant cloud and clear 
contamination at all satellite view zenith angles. 

Figure 1 illustrates the procedures used to derive the long- 
wave and shortwave radiance thresholds for a particular 
satellite view zenith angle. The figure illustrates the division 
of the longwave-shortwave radiance pair domain for a 
particular Sun-scene-satellite geometry. The crosses give the 
means of the longwave and shortwave radiances associated 
with clear, partly cloudy, mostly cloudy, and overcast scenes 
used in the ERBE MLE scene identification method. The 

ellipses are meant to illustrate the standard deviations and 
linear correlations for the longwave and shortwave radiances 
based on the values used in the ERBE MLE scene 

identification method. The figure shows a hypothetical case in 
which the ERBE MLE method incorrectly identifies some 
mostly cloudy fields of view as overcast and some clear fields 
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Figure 1. Diagram illustrating procedures used to obtain the 
longwave and shortwave radiance thresholds based on 
frequencies of occurrence derived from simulated nadir 
observations. 
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Figure 2. An example showing the effect of full resolution 
field of view (FFOV) and constant size field of view (CFOV) 
thresholds on scene identification. The arrows in the figure 
point to observations which were identified as either clear sky 
or overcast by the Earth Radiation Budget Experiment 
(ERBE) maximum likelihood estimate (MLE) scene identifi- 
cation but were reidentitled by the CFOV threshold method. 
Radiances are in Wm -2 sr -•. 

of view as partly cloudy. In this case, the population of 
overcast and clear scenes has to be reduced according to the 
frequencies of occurrence derived from the simulated nadir 
observations. 

The following procedures were used to obtain the desired 
population of scene types. First, thresholds were adjusted to 
distinguish between partly cloudy and clear scenes and 
between mostly cloudy and overcast scenes. For overcast 
scenes, an initial longwave threshold was arbitrarily set at the 
mean value plus two standard deviations of the longwave 
radiances for the fields of view identified as being overcast by 
the ERBE MLE scene identification method. Similarly, an 

initial shortwave threshold was arbitrarily set at the mean 
value minus two standard deviations of the shortwave 

radiances. If based on the population of scene types expected 
for the size of the field of view at the particular satellite 
viewing zenith angle, the initial thresholds identified too many 
fields of view as overcast, then the initial longwave radiance 
threshold was reduced (moved downward in Figure 1), and 
the initial shortwave radiance threshold was increased (moved 
right in Figure 1). The ratio of the change in the longwave 
radiance to the change in the shortwave radiance was set 
equal to the slope of the longwave-shortwave radiance 
relationship derived from a linear leastsquares fit for the 
scanner fields of view identified as being overcast by the 
ERBE MLE scene identification method. The step size used 
for the shortwave radiance threshold was taken to be 1 Wm -2 
sr -• for the overcast-mostly cloudy boundary and 0.1 Wm -2 
sr -• for the clear-partly cloudy and partly cloudy-mostly 
cloudy boundaries. Similar adjustments were made for the 
thresholds separating the clear and partly cloudy fields of 
view. 

After the radiance boundaries for overcast and clear fields 

of view were determined, the boundary separating partly and 
mostly cloudy fields of view was fixed by adjusting both the 
shortwave and the longwave thresholds so that the boundary 
remained normal to the line connecting the means of short- 
wave and longwave radiances associated with the partly and 
mostly cloudy fields of view identified by the ERBE MLE 
scene identification method. The final position of the 
boundary was determined by the frequencies of occurrence 
obtained from the simulated nadir observations. 

Figure 2 shows an example of the determination of FFOV 
and CFOV thresholds for the ERBE angular bin in which the 
solar zenith angles range from 25.8 ø to 36.9 ø , the view zenith 
angles range from 0.0 ø to 15.0 ø, and the azimuthal angles 
range from 9.0 ø to 30.0 ø. The markings give the MLE scene 
identification: clear (crosses), partly cloudy (circles), mostly 
cloudy (asterisks), and overcast (pluses). Fields of view 
identified as either clear or overcast by the MLE method but 
reidentitled by the CFOV threshold method as partly and 
mostly cloudy are indicated by arrows. For the angular bin 
shown in the figure, as was often the case, the CFOV 
thresholds are more restrictive than the FFOV thresholds for 
clear and overcast scenes. 

Table 1. Frequencies of Occurrence for Simulated Full Resolution ERBE 
Scanner Observations 

Satellite View Zenith Angle 

Bin 

Number 

Frequency of Occurrence, % 

Field of 

Angular View Partly Mostly 
Range, Size Clear Cloudy Cloudy 

deg 104 km 2 Ocean Ocean Ocean Overcast 

1 0 - 15 0.16 17.2 28.6 32.5 21.7 
2 15 - 27 0.19 15.6 27.9 36.6 19.9 
3 27 - 39 0.25 13.1 32.6 36.8 17.5 
4 39 - 51 0.40 9.6 35.8 40.9 13.7 
5 51 - 63 0.79 8.7 37.2 41.6 12.6 
6 63 - 75 1.35 7.8 37.1 43.4 11.8 

The frequencies were obtained from ERBS scanner observations for September, October, 
and November 1986. ERBE, Earth Radiation Budget Experiment; ERBS, Earth Radiation 
Budget Satellite. 



21,256 YE AND COAKLEY: RADIATION BUDGET, CONSISTENT SCENE ID AND ANISOTROPY 

50.0 

37.5 

z 
u 

0 25.0 

I,I 12.5 

n/ o 

0 5o.o 
0 

0 
37.5 

I,I 25.0 

I, 12.5 

CLEAR SKY 
i i i 

•K N<. FFOV OBSERVATIONS 
o ..... -o CFOV OBSERVATIONS 

i i i 

0 20 40 60 

MOSTLY CLOUDY 
i i i 

8O 

50.( 

25.• 

12. 

PARTLY CLOUDY 

o 20 

OVERCAST 
50.( 

25.• 

12. 

o 

8O 

0 20 40 60 80 0 20 40 60 

VIEWING ZENITH ANGLE (DEG) 

Figure 3. Frequencies of occurrence for FFOV and CFOV observations identified using the FFOV 
thresholds. The results are based on Earth Radiation Budget Satellite (ERBS) scanner observations for 
September, October, and November 1986. 

3. Results 

Table 1 lists the frequencies of occurrence obtained from 
the simulated fields of view at nadir. The frequencies of 
occurrence decreased for clear and overcast scenes and 

increased for partly and mostly cloudy scenes as the field of 
view size grew from the -(40 km) 2 for the satellite viewing 
zenith angle bin at nadir to -(115 km) 2 for the satellite 
viewing zenith angle bin at the limb, which here was taken to 
be at 64 ø . Clear and overcast conditions occurred about 20% 

of the time at nadir but only about 10% of the time at the limb. 
Correspondingly, partly and mostly cloudy conditions 
occurred 60% of the time at nadir but about 80% of the time at 

the limb. The frequencies shown in Table 1 were used to 
establish the FFOV and CFOV thresholds described in the 

previous section. 
Figure 3 shows the frequencies of occurrence obtained by 

applying the FFOV thresholds to FFOV (solid lines) and 
CFOV (dashed lines) observations. For the FFOV observa- 
tions the frequencies of occurrence showed the expected trends 
with satellite viewing zenith angle: the frequencies of clear 
and overcast fields of view decreased with increasing view 
zenith angle and the frequencies of partly and mostly cloudy 
fields of view increased. For the CFOV observations the 

frequencies for all scene types were relatively constant. The 
variations in the frequencies were caused in part by sampling. 
The frequencies to which the thresholds were adjusted (Table 
1) were obtained using all fields of view. The thresholds, 
however, were obtained for fields of view that were separated 
by at least 40 scan lines for a given scene type, solar zenith, 
satellite zenith, and relative azimuth angular bin. In addition, 
bins for which there were fewer than eight observations were 

not included in the analysis. As described in part 1, these 
procedures were used to insure the statistical independence of 
each sample. Differences shown in Figure 3 between the 
FFOV and the CFOV frequencies for the largest satellite view 
zenith angle are typical of the sampling errors. A second 
cause of the residual variation is that the FFOV thresholds do 

not allow for effects due to cloud clustering. Scenes identified 
with the FFOV thresholds are likely to have more cloud 
contamination at nadir than at the limb. Consequently, the 
CFOV frequencies for clear scenes at small satellite view 
zenith angles are likely to be higher than those for large view 
zenith angles. The same trend is expected for the overcast 
scenes. The variations shown in Figure 3 for the CFOV 
observations, however, appear to be within errors due to 
sampling. 

Figure 4 shows the frequencies of occurrence for the four 
cloud categories identified with the CFOV threshold method 
for FFOV (solid line) and CFOV (dashed line) observations. 
Compared with the results obtained with the FFOV thresholds 
(Figure 3), almost constant frequencies of occurrence are 
obtained for the CFOV observations. For the FFOV observa- 

tions the CFOV thresholds produce frequencies of occurrence 
near nadir for clear ocean and overcast fields of view that are 

smaller than those produced by the FFOV thresholds. The 
smaller frequencies are expected because for clear and over- 
cast scenes the CFOV thresholds are often more restrictive 

than the FFOV thresholds, as was, for example, the case 
shown in Figure 2. Scenes near nadir, which the FFOV 
thresholds identify as clear or overcast, are often in the midst 
of broken clouds. With the CFOV thresholds, some of these 

fields of view are identified as partly or mostly cloudy. 
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Figure 4. Frequencies of occurrence for FFOV and CFOV observations identified with the CFOV threshold 
identification method. The results are based on ERBS observations for September, October, and November 
1986 
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Figure 5. Percent differences in the mean radiances for scenes identified by the ERBE MLE, FFOV, and 
CFOV methods. The means obtained using the threshold methods were subtracted from those obtained using 
the ERBE MLE method. ERBS scanner observations for September, October, and November 1986 were used. 
The results presented in the figure are azimuthally averaged. They are for solar zenith angles between 25.8 ø 
and 36.9 ø . 
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Clearly, the mean radiances, standard deviations, and 
correlations between shortwave and longwave radiances for 
the scene types identified with the FFOV and CFOV 
thresholds differ from those obtained with the ERBE MLE 

scene identification. Figure 5 shows an example of the 
percent differences in the means of the shortwave and long- 
wave radiances. The differences are obtained by subtracting 
the radiances obtained using the threshold methods from those 
obtained using the ERBE MLE scene identification method. 
For scenes identified as clear by the FFOV thresholds, the 
means of the reflected shortwave radiances are smaller than 

those for the scenes identified as clear by ERBE MLE method. 
The corresponding means of the longwave radiances are 
larger. Conversely, for scenes identified by the threshold 
methods as overcast, the means of the reflected shortwave 
radiances are larger and the means of the longwave radiances 
are smaller. Since clouds generally have higher reflectivities 
than the ocean background and are at lower temperatures, the 
clear fields of view identified by the threshold methods would 
appear to have less cloud contamination than those identified 
by the ERBE MLE method. Likewise, the overcast scenes 
would appear to be less contaminated by breaks in the cloud. 
These differences were, of course, forced by the design of the 
threshold methods. The design was to reduce the growth in 
the number of overcast scenes with satellite view zenith angle 
obtained with the ERBE MLE scene identification method. 

Compared with the radiances obtained with the FFOV 
thresholds, the reflected shortwave radiances obtained with 
the CFOV thresholds are smaller for clear and partly cloudy 
ocean scenes. The shortwave radiances are larger for mostly 
cloudy ocean and overcast scenes. The longwave radiances 
obtained with the CFOV threshold method are larger than 
those obtained with the FFOV threshold method for clear 

ocean scenes. Evidently, clear ocean scenes identified with 
the CFOV threshold method are less cloud contaminated than 

those obtained with the FFOV thresholds. The reflectivities of 

overcast scenes identified with the CFOV thresholds are 

generally higher than those for scenes identified by the FFOV 
threshold method and the emitted longwave radiances are 
lower. Evidently, the overcast scenes identified with the 
CFOV threshold method are less contaminated by breaks in 
the clouds. 

Because the shortwave-longwave radiance pairs associated 
with the threshold scene types no longer match those of the 
ERBE scene types, the conventional identities, clear, partly 
cloudy, etc., are used here only to simplify the discussion. No 
claim is made that the thresholds did a better job of 
identifying clear scenes or overcast scenes. The thresholds 
simply divided the longwave-shortwave radiance domain into 
regions in which certain specified percentages of the fields of 
view were to be found. In making these divisions, it was 
assumed that each region of the longwave-shortwave domain 
was occupied by a distinct scene type. This assumption, while 
common to all threshold methods, was not tested. The goal 
was to determine whether dividing the longwave-shortwave 
radiance domain so that the population of scene types was 
solely a function of field of view size would lead to an angular 
dependence for reflected sunlight and emitted longwave 
radiation that, unlike the ERBE observations, was 
independent of field of view size. 

The FFOV and CFOV thresholds were applied to the 
ERBS scanner observations. Figure 6 shows that the 
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Figure 6. Fractional cloud cover obtained with the ERBE 
MLE method (heavy solid line), the FFOV thresholds (solid 
line), and the CFOV thresholds (dashed line). Observations 
are from the ERBS scanner for September, October, and 
November 1986. 

fractional cloud cover derived from both threshold methods, 
using the nominal cloud fractions for the ERBE scene type, 
were relatively constant with increasing view zenith angle 
compared with the increase obtained with the ERBE MLE 
scene identification method. 

Using the procedures described in part 1, FFOV and 
CFOV pseudoanisotropic factors were obtained for the FFOV 
and CFOV thresholds. Figure 7 shows differences in the 
anisotropic factors obtained with the FFOV shortwave and 
longwave thresholds applied to the FFOV and CFOV obser- 
vations. The figure shows the percent differences (FFOV- 
CFOV) for the solar zenith angle bins which had the largest 
numbers of satellite zenith and azimuth angle bins for which 
the differences in the anisotropic factors were significant at the 
90% confidence level (shaded regions). Procedures for 
determining the confidence levels were also described in part 
1. Figure 8 shows the same differences but for the solar 
zenith angle bins which had the smallest numbers of satellite 
zenith and azimuth angle bins in which the differences were 
statistically significant. Compared with similar results shown 
in part 1 obtained with the ERBE MLE scene identification, 
the differences between the FFOV and the CFOV anisotropic 
factors were reduced both in magnitude, when the differences 
were statistically significant, and in the number of bins found 
to have statistically significant differences. For bins in which 
large percentage differences occurred, the differences lacked 
statistical significance. In addition, compared with their 
ERBE counterparts, the differences obtained with the 
threshold methods appeared to be more randomly distributed 
in the viewing zenith and azimuth angle domain. Table 2 
gives the percentage of the number of angular bins which had 
differences which were significant at the 90% confidence 
level. The percentage is that of the total number of bins for 
which there were at least eight statistically independent 
observations as described in part 1. Clearly, with the FFOV 
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Figure 7. Percent differences between the FFOV and the CFOV pseudoanisotropic factors for the solar zenith 
angle bins which had the largest number of satellite view zenith and relative azimuth angle bins for which the 
differences were significant. The scenes were identified with the FFOV thresholds applied to both the FFOV 
and the CFOV observations. The solar zenith angles for each scene type are given in the figure. The radial 
axis is for view zenith angle. The polar axis is for the relative azimuth angle. The increment of the contours is 
2.5%. Regions in which the differences were positive and significant at the 90% confidence level are shaded. 
Those that were negative and significant are hatched. 

Table 2. Percentage of Angular Bins Which Had Differences in the CFOV 
and FFOV Anisotropic Factors that Were Significant at the 90% Confidence 
Level 

Partly 
Scene Cloudy Mostly 

Identification Clear Ocean Cloudy 
Method Ocean Shortwave Ocean Overcast 

ERBE MLE 61 77 48 64 
FFOV threshold 13 13 15 19 
CFOV threshold 3 15 12 14 

Longwave 
ERBE MLE 59 72 61 57 
FFOV threshold 26 35 29 31 
CFOV threshold 22 25 27 23 

The percentages are for ERBS scanner observations for September, October, and November 
1986. CFOV, constant size field of view; FFOV, full-resolution field of view; MLE, maximum 
likelihood estimate. 
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Figure 8. Same as Figure 7 but for the solar zenith angle bins which had the smallest number of satellite 
view zenith and relative azimuth angle bins for which the differences were significant at the 90% confidence 
level. 
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Figure 9. Azimuthally averaged shortwave anisotropic factors for FFOV and CFOV observations obtained 
with the FFOV thresholds. The azimuthally averaged anisotropic factors were averaged for all solar zenith 
angle bins. 
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Figure 10. Same as Figure 7 but the FFOV and CFOV pseudoanisotropic factors were constructed from 
scenes identified with the CFOV thresholds. 

thresholds these percentages were smaller than those obtained 
with the ERBE MLE. 

Figure 9 shows the azimuthally averaged anisotropy for the 
FFOV and CFOV observations obtained with the FFOV 

threshold scene identification method. As was done in part 1 
the azimuthally averaged anisotropic factors were averaged for 
all solar zenith angles. Because of the effects of cloud 
clustering, the FFOV observations identified as clear were 
expected to have more cloud contamination than the CFOV 
observations and the overcast scenes were expected to have 
more clear contamination. Consequently, for clear skies the 
CFOV observations were expected to show a higher degree of 
anisotropy, and for overcast conditions they were expected to 
show a higher degree of isotropy than the FFOV observations 
showed. Figure 9 shows that for clear ocean scenes the 
average anisotropic factors for the CFOV observations were 
smaller than those for the FFOV observations at nadir and 

larger at the largest view zenith angle. For overcast scenes 
this trend was reversed. 

Differences in the azimuthally averaged anisotropic factors 
were reduced from the levels of 2- 10% found in part 1 for 
the E-•E MLE scene identification to about 0.5% overall. 

The anisotropic factors derived using the FFOV threshold 
scene identification method showed less spatial scale 
dependence than those obtained using the ERBE MLE scene 
identification method. Consequently, compared with the 
E•RBE MLE scene identification, the FFOV threshold scene 

identification showed less evidence for a view zenith angle 
dependent bias. 

Because of cloud clustering and the growth of the field of 
view size from nadir to limb, a varying degree of cloud or 
clear contamination was expected in the FFOV threshold 
scene identification. Even though the FFOV threshold 
method appeared to reduce effects due to errors in scene 
identification obtained with the ERBE MLE scene 

identification method, as indicated by the nearly constant 
fractional cloud cover at all satellite view zenith angles 
(Figure 6), the derived anisotropy still appeared to be a 
.function of spatial scale. The residual dependence was due to 
cloud clustering. Clear and overcast fields of view were 
sometimes extracted from the midst of broken cloudy fields. 
CFOV observations had a constant size field of view from 

nadir to limb; so the degree of cloud and clear contamination 
in the CFOV observations was expected to remain constant 
from nadir to limb. AS a result, the CFOV thrcsholds 
obtained for the CFOV observations were expected to reduce 
the spatial scale dependence of the derived anisotropic factors. 

FFOV and CFOV anisotropic factors were constructed 
with the CFOV threshold scene identification. Figure 10 
shows the percent differences (FFOV - CFOV) for the solar 
zenith angle bins which had the largest domain of significant 
differences at the 90% confidence level (shaded regions). 
Figure 11 shows the same differences but for the solar zenith 
angle bins which had the smallest domain of significant 
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Figure 11. Same as Figure 8 but the FFOV and CFOV pseudoanisotropic factors were constructed from 
scenes identified with the CFOV thresholds. 

differences. Compared with Figures 7 and 8, the domains of 
significant differences in Figures 10 and 11 are smaller. The 
azimuthally averaged anisotropic factors for the FFOV and 
CFOV observations identified with the CFOV thresholds are 

shown in Figure 12. Again the azimuthally averaged 
anisotropic factors were averaged for all solar zenith angles. 
As expected, for overcast scenes the CFOV observations were 
more isotropic than were the FFOV observations. The 
differences, however, were smaller than those shown in Figure 
9. Table 2 also shows that the percentages were smaller than 
those obtained with the FFOV thresholds for both the 

shortwave and the longwave radiances. 

4. Conclusions 

Errors in scene identification coupled with the spatial 
scales on which clouds congregate give rise to a field of view 
size dependence for the anisotropy of emitted and reflected 
radiances. In addition, as was noted in part 1, the ERBE 
MLE scene identification method appears to have identified 
many mostly and partly cloudy scenes at the limb as overcast. 
This tendency was revealed by assuming that the ERBE MLE 
scene identification method was correct for nadir observations 

and then determining the relationship between the population 
of scene type and the field of view size from the nadir obser- 
vations. Fields of view of various sizes were constructed by 
combining neighboring fields of view at nadir. A composite 

scene type was used to assign the combined fields of view to 
one of the ERBE cloud scene types. Threshold scene identi- 
fication methods were developed to give the population of 
scene types at a given satellite view zenith angle 
corresponding to the field of view size at the particular angle. 
These scene identification methods reduced the angular 
dependence of the scene identification errors obtained with the 
ERBE MLE scene identification method. The threshold- 

derived scene types, however, are acknowledged to be defined 
by the thresholds rather than by some characteristic feature 
such as fractional cloud cover. Nevertheless, the thresholds 
were designed to mimic procedures commonly used to obtain 
cloud cover from satellite imagery. The thresholds were set so 
that clear scenes had the largest longwave radiances and the 
smallest reflected shortwave radiances; overcast scenes had 
the largest reflected shortwave radiances and the smallest 
longwave radiances. 

The scene identification method based on thresholds that 

were designed to recover the population of scene types 
commensurate with the areas of each of the ERBE satellite 

viewing zenith angle bins is referred to as the full resolution 
field of view (FFOV) threshold method. Fields of view 
identified with this method produced reflected and emitted 
radiances with angular dependencies that were relatively 
insensitive to field of view size. Isolated clear fields of view 

drawn from the midst of partly cloudy scenes, however, 
tended to exhibit effects due to cloud contamination, and 
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Figure 12. Azimuthally averaged shortwave anisotropic factors for FFOV and CFOV observations obtained 
with the CFOV thresholds. The azimuthally averaged anisotropic factors were averaged for all solar zenith 
angle bins. 

overcast scenes drawn from the midst of mostly cloudy 
regions likewise showed signs of breaks in the clouds. 
Evidence for these types of contamination came from 
comparisons with fields of view identified with constant size 
field of view (CFOV) thresholds in which the size of the field 
of view was set equal to the size of the ERBE scanner field of 
view at a view zenith angle of about 64 ø. 

The field of view size dependence in the anisotropy of 
reflected and emitted radiances revealed here coupled with the 
increase in field of view size with satellite view zenith angle 
from nadir to limb should produce satellite view angle 
dependent biases in the radiative fluxes obtained by ERBE. 
While the magnitudes of the biases are undoubtedly small (2 
- 10%, depending on satellite view zenith angle), the results 
presented here indicate that they are statistically significant 
even for a sample size as short as 3 months. 
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