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ESTIMATION OF BROADBAND PLANETARY ALBEDO FROM

OPERATIONAL NARROWBAND SATELLITE MEASUREMENTS

Abstract

This study presents a scene independent algorithm for estimating
broadband planetary (top-of-atmosphere) albedo using NOAA/AVHRR
narrowband satellite data. Initial results from a radiative
transfer model investigation are given, followed by empirical
coefficients which were deduced through multivariant regression
analysis of Nimbus-7/ERB braodband data and/NOAA-7/AVHRR
narrowband data. Planetary scenes were grouped into five major
categories. Strong varfations in the two channel AVHRR
narrowband albedo observations were noted for different scene
classifications which emphasize the potential error in using a
single AVHRR channel 1 (0.58-0.68 um) albedo determination as has
historically beén done. We found that while individual scene
regressions have significantly different regression
characteristics; they allow a single regression when all
surfaces are taken together due to their natural albedo range.
We present scene independent coefficients relating AVHRR

narrowband channels 1 and 2 to ERB broadband with an explained



variance of 0.956. Individual scene analyses are also presented
but the emphasis of this work was the scene independent studies.
The results presented should allow improved albedo calculations

when one 1is T1imited to AVHRR narrowband data.
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ESTIMATION OF BROADBAND PLANETARY ALBEDO FROM
OPERATIONAL NARROWBAND SATELLITE MEASUREMENTS

I. INTRODUCTION

Operational satellite platforms provide global data from
multispectral narrowband radiometric scanners (e.g.», the AVHRR)
with small fields of view. With proper adjustments these data
can be used to determine estimates of the distribution of the
earth's radiation budget components. Typically, most narrowband
shortwave measurements have emphasized the visible spectral
range, say between 0.55 and 0.75 um. Aside from measurement
calibration, the conversion of the shortwave narrowband data into

the average pianetary albedo requires adjustments to account for

1) Spectral expansion from filtered narrowband to
unfiltered broadband radiance over the shortwave

spectrum from about 0.24 to 4.2 um;

2) Integration over all possible exitant angles for a

given fllumination direction, and

3) Integration over all pertinent solar zenith angles to



account for all {llumination and sky conditions during

agiven day.

These adjustments are dependent on the type of underlying
background (water, land, clouds, snow) and are indirectly
impacted by the actual space and time scale selected for data
summary. Only the first of these adjustments constituted the

principal goal of this work.

Earlier radiation budget estimates (Gruber and Winston, 1978)
simply converted the narrowband radiance measurement (regardless
of background) into an isotropic albedo, for which the emergent
radiance is considered the same in all directions, and further
assumed that the isotropic albedo inferred from the narrowband
was fdentical to that from the broadband. Additionally, the
albedo for the time of satellite passage was considered
representative of that for the entire day. Subsequent studies,
based primarily on results obtained i1n conjuction with ERB
measurements from the Nimbus~-7 satellite, have addressed all of
the adjustments mentioned above. This study seeks to derive an
empirical narrowband to broadband relationships for AVHRR

channels 1 and 2, while retaining the assumption of isotropy.
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1.1 Background Scene

The shortwave radiance emanating from the top of the
atmosphere (TOA) is determined by the variable properties of the
underlying surface, by atmospheric molecular/aerosol absorption
and scattering, and especially by clouds. If the surface
reflectance 1s low, as for the ocean outside of the specular
angle or the lowest sun elevation angles, then atmospheric
scattering will dominate the TOA albedo. For other surfaces or
clouds, atmosheric scattering plays a secondary role. The
general background types could be ranked according to increasing
TOA shortwave radiance or albedo: ocean, vegetated land, desert,
cloud, and icecap snow. Although there is some overlap between
desert and cloud reflectances, or between cloud and snow, the
magnitudes themselves generally distinguish different types--with
the exception of specular reflection from water. Thus, for the
purpose of relating narrowband and broadband radiances in a
general way, it may not be necessary to make the relationship scene.
dependent; instead, data from all scene types may be combined.
(Scene 1dentff1cat10n may still be necessary for angular
adjustments of the broadband radiance.) 1In any case, depending
on scale, explicit scene fdentification is not always possible
since a mixture of types is not uncommon. The practicality of a
unique linear definition for the narrowband-broadpand relationship

for a specific surface type may be questionable. For example,



non-specular shortwave data from over a clear ocean may lead to a
single cluster of measurements with no obvious statistical
relatfonship. Here the variations of the narrowband-broadband
points would have to be described through a detailed physical

model with other input information.

1.2 Spectral Range

The translation of a filtered narrowband radiance
measurement to the unfiltered broadband radiance depends on the
spectral nature of the narrowband filter. Presumably, the
spectral ranges of the narrbwband filter will sample
characteristic absorption/scattering regions of the atmosphere
and cover representative background surfaces. The greater the
spectral range or number of narrowband spectral 1intervals
(especially the independent ones), the greater will be the

information content on the broadband radiances.

Spectral variations of the albedo over various background
surfaces are known from specific empirical data (Bowker, et al.,
1985) and from various theoretical computations (e.g., Wiscombe
and Warren, 1980; Briegleb and Ramanathan, 1982). Algorithms
relating radiances from particular narrow spectral intevals to
the broadband shortwave radiance have been developed previously
(Wydick and Davis, 1983; Minnis and Harrison 1984; Davis, et al.,

1984) and are under current development.



1.3 Viewing and Illumination

In accomplishing the spectral expansion from narrowband to
broadband it is assumed that comparisons of narrowband and
broadband data are based on the same viewing and 1llumination
conditions., In fact, such an empirically derved relationship is
valid only for matching angular conditions. Application of the
broadband shortwave radiance derived from the relationship,
therefore, would still require integration over the entire
hemispheric solid angle of view (to obtain instantaneous
shortwave flux density or albedo) and over all solar zenith
angles encountered during the day (to obtain daily average
albedo). It {is possible to generate angular models, perform
these integrations, and store results in tables in the form of
factors to be applied to the instantaneous isotropic albedos
derived from the broadband-narrowband relationship presented
here. However, use of the tabulated factors to define products
such as the daily average albedo requires more information than
broadband radiance or {isotropic albedo. In particular, some
information on the general surface type is required.
Furthermore, selection of the appropriate anisotropic integration
factor requires the solar zenith, satellite zenith, and relative
azimuth angles. For the daily average albedo correction factor,
the solar time and the latitude of the viewed point must be

known. Tabulated data sufitable for the angular adjustments have

5



been derived from Nimbus-7 ERB data and are discussed by

Jacobowitz et al., 1984 and Stowe and Fromm, 1984,

An alternative approach to the estimation of the broadband
shortwave parameters from narrowband measurements is first to
estimate the narrowband albedo, for which a narrowband
bidirectional model 1s required, then to relate the instantaneous

narrowband albedo with the instantaneous broadband albedo.

2.0 DEFINITIONS

In order to establish a basis for evaluating the merit of a
narrowbanmd-broadband shortwave relatifonship, it is first
necessary to define the objective of the desired relationship.
Once an objective is established then an acceptable procedure is
devised for developing an appropriate relationship, even if the

derived relationship may not be suitable for any other purpose.

Our major goal is todefine a relationship that will make it
feasible to use narrowband radiance measurements in the
specification of the global distributfon of radiation budget
parameters (on the scales of days and 500 km). Furthermore, the
objective of the application is to employ the conversion from
narrowband to'broadband on a routine real-time operational basis.
Such a robust relationship could be anticipated to be
insensitive to fine detafl. W{th the relationship a narrowband

radiance (for any angle) would be converted into a broadband



radfance (for the same angle). Given the broadband radiance, 2
user could then employ established bidirectional models (to
convert to broadband flux density and albedo) and dfrectional

models (to convert from {instantaneous to datly average albedo).

A definition of the desired product requires first a

definition of pertinent terms and parameters:

A = daily average albedo

L = spectral radifance from earth-atmosphere

S = solar spectral irradiance

€ = solar zenith angle

) = satellite zenith angle

¢ = relative azimuth angle

H = sunlit half-day, the time between sunset or sunrise

and noon

Wy = spectral response of filter for {fth interval

L{ = filtered radiance for 1th spectral fnterval

= [Lwyod

7



—t
iy
I

filtered normal solar iradfanced in 1th spectral

. fo 1) d )

interval

ML4/14, the scaled radiance, or normal-sun

isotropic albedo, for {1th narrowband

Li/(Ii cos§ ), the bidirectional reflectance

o

oi = 1TP1, the isotropic albedo for ith narrowband
Ei/cos §
Eo = broadband scaled radiance =TJLy dX/ S; d2
Ao = broadband isotropic albedo = Eo/€05§
H amr T2
l Y
A =ﬂ o(.,Coseswededgs c“t:ofo;(«ft
[2] 6 o

where X is the anisotropic correction factor (from angular
dependancy model) and ft 1S the diurnal correction factor (from
directional model) for the instantaneous albedo®eX . Both X

and ft are functions of the surface type. X s the ratio of the
true radfant exitance to the assumed isotropic exitance; fi 1s

the ratio of the daily average albedo to the instantaneous albedo.



The relationships that are determined empirically herein can

be expressed in the following terms:

n
Ao = Ao + . QLA (1)
f:l
and
n
E°= b°+ZbLE' (2)

where n is determined by the number of spectral intervals, and
the coefficients "a"™ and "b" are determined through multiple
regression. These expressions, then define the instantaneous
broadband isotropic albedo and scaled radiance from the
narrowband terms. Although these broadband terms are the
specific objective of the algorilthms derived, angular
information should be carried along for subsequent applications
of bidirectional and directional models. The narrowband data may
also be used as a selection tool (through scene identification)

for application of angular models to the broadband radiances.

3.0 Data



3.1 Model Simulation

For guidance, an {nitial narrowband-broadband feasib1l1ty
simulation was performed with data from the extensive
computations based on the Dave radiative transfer model (Dave,
1978). Spectral radiances cover the range 0.3 to 2.5 micrometers
in 77 unequally spaced intervals. Models include options for up
to three different scattering and absorbing aerosol distributions
but only single fixed water vapor and ozone distributions.
Results are obtainable for 7 solar zenith angles, 34 relative
azimuth angles and up to 110 local zenith angles. Arbitrary
spectrally-varying surface reflectances are easily introduced.
Five major (typical) surface types were included in the
simulations: (1) Ocean, (2) Vegetation, (3) Desert, (4) Cloud,
and (5) Snow. A1l surfaces were treated as Lambertian in the
broadband and AVHRR sensor simulations; ocean surface
reflectances in specular directions are most affected by this
assumption. The spectral resolution in the dataset permitted
approximation of spectral response functions for simulation of
the narrowband measurements. However, the simulated measurements
were idealized in that surfaces were considered to be homogeneous
(one type at a time) and isotropic. No shadows were considered,
and no variatfons in atmospheric path were accounted for.
Instrument noise was ignored; the principal means for obtaining a
range of radiance magnitudes in the simulations for a’g1ven

surface was by varing the solar zenith angle.
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Figure 1 illustrates, for two solar angles, the spectral
irradiance on a horizontal surface at the top of the atmosphere
and on the earth's surface for a non-reflecting lower boundary.
The atmospheric spectral albedo, or reflectance, is illustrated
according to the scale on the right side. The difference between
spectral irradiance curves represents atmospheric attenuation.
The large peak in atmospheric reflection occurs in the UV portion
of the spectrum. Spectral positifons of the AVHRR Channels 1
(0.58-0.68 um) and 2 (0.72-1,10 um) are indicated in Figure 1.
The 11lustrated spectral range encompasses the region covered by
computations with the Dave model. Approximately one percent of
incident energy remains at the shortwave tail below 0.3 and
less than four percent in the'10ngwave tafl beyond 2.5 um. (The
ERB broadband measurements extend spectrally to cover over 99
percent of incident energy). Using the entire illustrated
spectral range to define the unfiltered broadband response,
multivariate regressions were performed with the simulated
broadband scaled radiance and the AVHRR narrowband scaled
radfances, in accordance with Eq. (2). (Actual shortwave AVHRR
measurements were calibrated and reported in terms of the scaled
radiance used here.) By using the regression coefficient derived
for channels 1 and 2, the broadband scaled radiances are
estimated from the narrowband data and compared in Figure 2 with
"true" broadband scaled radiances. With the exception of the

brightest snow points in Figure 2, the simulated results suggest

11
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that a quasilinear relationship exists between the broadband
scaled radiance estimated from narrowband measurements and the
"true" broadband scaled radfance, regardless of surface type.

The brightest snow points are unrealistic because of the small
solar zenith angles associated with them. The acceptability of a

l1inear relationship will depend on the scatter that arises with

real data.

Table 1 summarizes some of the regression results for
individual surfaces and for a combination of all surface types.
Since NOAA's operational shortwave radfation budget products have
been derived from AYHRR Channel 1 data, results for regressions
using only Channel 1 to estimate broadband scaled radiances are
included also. The main difficulty with Channel 1 alone 1s its
failure to respond to the surface reflections associated with

vegetation.

14



Tablel

Coefficients from Regression Analyses of Simulated

Broadband and AVHRR Narrowband Overhead-Sun Isotropic

Albedos (Scaled Radiances)

Ocean

Vegetation

Desert

Cloud

Snow

COMBINATION

Intercept
(Z)

AVHRR Channels 1 and 2

AVHRR Channel 1

When both AYHRR Channel

1

15

and 2 are used

Ch. 1 Ch. 2 Intercept Slope

Coeff, Coeff (%) 1
.10 1.23 -0.34 0.79 .91
.69 0.49 0.44 1.33 .27
.34 1.20 -0.26 0.45 .94
.66 0.63 0.21 0.78 .80
.47 0.40 0.43 0.83 .76
.72 0.39 0.44 2.92 .75

in estimation



(simulated) of broadband scaled radiance, for the combination of
all surface types, the relative weight of each channel fis
similar, but with a slightly larger coefficient for Channel 2.
The greater spectral width of Channel 2 encompasses a greater
portion of incident solar radiation, even though the higher
surface reflections and generally lower atmospheric transmittance

in Channel 1 leads to a greater outgoing spectral flux density.

3.2 Empirical Data

3.2.1 Broadband (ERB)

The broadband data were generated from the Nimbus-7 ERB
narrow field-of-view (NFOV) shortwave scanning channels
(Jacobowitz, et al., 1984). These channels have a spectral
response ranging from 0.2 to 4.8 micrometers. An extensive ERB
NFOV (shortwave and longwave) data set exists, including cloud
informatfon and surface type for geographical grid areas over the
globe. Solar and satellite zenith angle information {is included,
along with relative azimuth increments (Stowe, and Fromm, 1984).
Each grid area covers about (165 km)Z with zonal boundaries
spaced 1.5 degrees of latitude. The ERB NFOV instrument

functioned from Noyember 1978 until June 1980.

16



3.2.2 Narrowband (AVHRR)

Narrowband data consisted of daylight portions of three
adjacent NOAA-7 orbits. The orbits were chosen for the variety
of surface types covered. AVHRR channels 1 and 2 Global Area
Coverage (GAC) data used have a nadir resolution of 1.1 x 4.0 km.
The GAC data are the same type of data used for NOAA radifation
budget products. The GAC data consist of four out of five
consecutive scan spots of every third scan line of the highly
resolved Local Area Coverage (LAC) data (Gruber, et al, 1983).
The individual GAC data spots were used for determination of
scene types, and then averaged over larger views corresponding to
an ERB measurement. For matchup with ERB, calculations were made
of solar and satellite zenith angles and relative azimuth angles.
Broadband longwave estimates also were made as a tool for
screening to ensure proper cloud matchups. Inasmuch as the
actual AVHRR data used were obtained from 1981 (not coincident
with the broadband ERB data), matchups between AVHRR and ERB data
required procedures that minimized differencs due to spacé and
time varfabilities. One procedure restricts data (over the same
target types) to those with the same solar zenith angle and
approximately the same satellite zenith angle, while nearly
matching the relative azimuth angles, 1f possible, or assuming

symmetry with respect to the principal plane of the sun. The

17



only difficulty with this approach {is the time dependence of

cloud surface and land surface albedos. The other procedure fis

to adjust the broadband data, through the application of
bidirectional and directional angular models to achifeve an angular
matchup with the AVHRR data. The difficulties here are the
requirement for careful scene fidentification and the uncertainty
introduced by application of statistically determined models to
specific point values. Results presented here demonstrate only
the AVHRR data that are matched (angularly) with ERB broadband

data, without adjustment of the latter.

4.0 Results (Empirical)

Broadband-narrowband relationships were examined empirically
for individual surface types as well as for the combination of
all surface types. Sample sizes for specific surface types were
1imited as a result of the extensive screening demanded to ensure
matches of AVHRR and ERB data 1n terms of solar zenith, satellite
zenith, and relative azimuth angles (despite the differences 1in
satellite times). This 1imitation and the tendency for
clustering of data from a given background led to less stable
narrowband-broadband statistics for individual surfaces than for
the overall combination of all data points. Nevertheless,
datasets that were generated contained meaningful representations

of the various surface types. Figure 3 1s a comparison of AVHRR

18



Channel 1 and Channel 2 albedo. The data segregate naturally,
with water surfaces, clouds, and snow showing higher Channel 1
reflectance while vegetation and, to a lesser extent, desert
surfaces show higher Channel 2 reflectance. This conformity to
expectations also serves as a partial assurance as to

reasonableness of the relative calibratfon of the AVHRR channels.

Until now only a single channel (AYHRR Channel 1) has been
used to estimate radiation budget parameters (Gruber, 1978).
Figure 4 illustrates AVHRR Channel 1 data plotted against ERB
broadband albedo for matched scenes; the AYHRR data points
correspond to those in Figure 3. It is apparent that the
vegetated areas and, to a lesser extent, the desert areas are
somewhat underestimated by Channel 1, with some overestimation
for other surfaces just as in the comparison with AVHRR Channel
2. Of course, the overall scatter of data points is larger in
Figure 4, since none of the points are coincident views of the
same targets as in Figure 3. Especially noticable 1s the larger
scatter of the cloud points; this emphasizes the extreme
difficulty in matching a cloud scene from independent views at

different times.

From Figure 4, 1t would seem that inclusion of Channel 2
should improve the relationship to broadband albedos. Figure 5

11lustrates, for the same matchup, the AYHRR Channel 2 data

19
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against the ERB broadband. Ocean albedos are somewhat
underestimated by Channel 2, as are the brighter clouds.
Vegetation albedos may be slightly overestimated. 1In general,
the relationship of Channel 2 with ERB is similar to that with
Channel 1 and ERB, except that better correspondence over

vegetation is achieved.

Multivariate regressions were performed, linking the
broadband ERB data to the AVHRR Channels 1 and 2, taken as
independent variables in accordance with Eq. 1 and 2. Results of
the regressions are summarized in Table 2. The coefficients
derived from the regressions for the combination of all surface
types were also applied to AVHRR observations to obtain the
dependent broadband estimates directly from the AVHRR data.

These broadband estimates were then compared with the observed
ERB broadband data, as in Figure 6. It can be seen in Figure 6
that the linear regression relationship using both AVHRR channels
leads to a successful depiction of broadband albedo over the
entire range without bfas for specific surfaces types. Of
course, the largest scatter still occurs for cloud matchups; such

scatter can only be reduced for coincident views.
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Table 2 Regression Statistics Derived from Angularly-Matched

ERB Broadband and AYHRR Narrowband Bidirectional

Reflectances

R2 = Explained Varfance

RMSE = Root-Mean-Square-Error of Broadband Estimate

Ao = Intercept (%)

A1 = AVHRR Ch. 1 Coeff.

A2 = AVHRR Ch. 2 Coeff.

(#) = Standard Error of Estimate
SURFACE R2 RMSE Ao Al A2

ISOTROPIC ALBEDO, CHANNELS @I AND 2
OCE AN .638 1.365 2.585(0.763) 0.851(.318) -0.392(.389)
VEGETATION .754 2.126 -0.702(2.026) 0.361(.193) 0.732(.138)
DESERT .715 2.422 9.321(4.176) 0.874(.329) -0.070(.265)
CLOUD .756 7.506 -6.219(6.591) 0.730(.648) 0.406(.756)
SNOW .879 4.622 -5.125(6.973) 0.371(.772) 0.686(.915)
COMBINATION .956 4.551 0.746(0.765) 0.347(.107) 0.650(.121)
ISOTROPIC ALBEDO, CHANNEL 1
OCEAN .624 1.365 2.803(0.732) 0.540(.081)
VEGETATION .488 3.010 2.906(2.703) 1.040(.205)
DESERT .713 2.350 9.485(4.009) 0.794(.126)
CLOUD .753 7.410 -4.757(5.925) 1.072(.116)
SNOW .875 4,562 -2.223(5.723) 0.945(.087)
COMBINATION .945 5.041 2.466(0.769) 0.915(.020)
SCALED RADIANCE, CHS. 1 AND 2
COMBINATION .941 3.327 0.774(0.564) 0.326(.104) 0.663(.114)
SCALED RADIANCE CH. 1

COMBINATION .924 3.744 1.826(.601) 0.917(.024)
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For comparison, broadband estimates also were obtained from
an algorithm based solely on AVHRR Channel 1. These estimates
are compared with the broadband ERB observations in Figure 7.
Although the cloud-data scatter is similar in both Figures 6 and
7, it can be seen in Figure 7 that the single Channel 1 estimates
tend to show overestimates for ocean and snow and underestimates
for land surfaces, especially for vegetation. Thus, while the
overall relationship between AVHRR Channel 1 broadband estimates
and observations is similar to that for estimates based on both
Channels 1 and 2, individual data points tend to be biased for

different surface types.

The particular dataset used to generate coefficients
appearing in Table 2 reveals the marked differences associated
with the different surface types. The RMSE and offset (A,) are
indicated in percent. The large RMSE associated with clouds
merely expresses the dissimilarities in the cloud backgrounds
from independent scenes; for coincident views the RMSE would drop
significantly. The explained variance (R2) is higher for the
pair of AYVHRR channels than for Channel 1 alone, especially for
vegetation. Practical emphasis of the narrowband-broadband
relationship is on the combination of all surface types. As
shown in Figure 6, a linear relationship is satisfactory and
enables the broadband estimation of isotropic albedo or scaled
radiance without scene identification. Furthermore, the

explained variance 1s largest for the combination of all surface
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types, as a result of the much larger varfance for the
combination, Coefficients for the combination do not change
significantly in going from {sotropic albedo to scaled radiance.
Additional studies of the sensitivity of the regression
coefficients derived from empirical data have revealed or
substantfated a number of factors, other than the obvious
importance of measurement calibration. The coefficients are
somewhat responsive to the makeup of the dataset, i.e., the
representativeness of atmospheric and surface inhomogeneities and
their mix. For some land surfaces the variations in anisotropy
can be large, as it is for the ocean, so that a biased angular
sampling of such surfaces could influence the regression
relationship. On the whole, for angular matching of narrowband
and broadband data there is a 95 percent probability that the
coefficients for the combination will be within about 15 percent
of their derived values. Furthermore, 1f one coefficient
increased the other would decrease (a high negative correlation
between the coefficients). The fact that the Channel 2
coefficient exceeds that for Channel 1 relates to the conclusion
that Channel 2 accounts for more of the explained variance than
Channel 1l; uncertainty in Channel 2 as a result of signal

varfability is less than for Channel 1.

If instead of angular matching, angular models are applied
to the broadband data to adjust the measurements to what would
have been measured from the same angles encountered by the

narrowband, then uncertainty is added. This uncertainty is
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related to the statistical nature of the model as well as to
model resolution aﬁd to the method of interpolation used in {ts
application. However, the most troubling adjustment is for the
solar zenith angle; it is better that the solar angles be matched

so as to avoid adjustment.

Part of the difficulty with solar zenith angle occurs for
very large zenith angles (low sun and long slant paths). Here,
for example, the attenuation in the Chappius band of ozone can
reduce the albedo of Channel 1 relative to that of Channel 2, and
could lead to broadband albedo underestimates if only Channel 1

were used.

5.0 Conclusions

The broadband isotropic albedo (or the scaled radiance,
which yields the isotropic albedo upon division by the cosine of
the solar zenith angle) can be successfully estimated through a
linear relationship to the narrow band isotropic albedos for
AVHRR channels 1 and 2. Inclusion of channel 2 in the algorithm
significantly improves the estimation of albedo over vegetated
areas, while reducing the inherent single channele 1
overestimation of albedo for oceanic scenes. Furthermore, for the
purpose of routinely generating and mapping radiation budget
parameters, the linear relationship can be applied to matching

angular conditions regardless of scene type. However, to
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generate the true broadband shortwave flux density and albedo,
and to determine dafly averages, 1t 1s necessary to apply
existing bidirectional reflectance and directional reflectance

models to the estimated instantaneous isotropic albedos.

Much of the scatter in the approximated linear relationship
arose from the inability to develop the relationship from
coincident narrowband and broadband views. Inasmuch as the
derived regression results were based on 1imited empirical data
after extensive screening to obtain narrowband and broadband data
for the same target types with the same solar zenith, satellite
zenith, and relative azimuth angles, it is most urgent to extend
the empirical testing of the relationship from coincident ERBE
and AYHRR measurements from the NOAA-9 satellite. The AVHRR data

may also be used for scene identification.

A specific wuncertainty remaining with the broadband-
narrowband isotropic albedo relationship is the possible angular
dependencies, and especially the solar zenith angle, of the
coefficients. It is recommended that the algorithm be expanded
to include one or more functions of the pertinent angles 1n the
regression as independent variables along with the narrowband

albedos.
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