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1. INTRODUCTION

The land surface of the Earth exhibits anisotropy in the spatial and angular
distribution of scattered radiation due to the presence of topography and landscape
objects on the land surface. If such anisotropy is not taken into account and
Lambertian, diffuse surface reflectances are employed, errors of up to 40% can result
in the retrieved albedo of a surface [Kimes, et al., 1993] and a similar level of errors
will result for atmospheric correction or derived products such as Vegetation Indices
[Hu, et al., 1999; Hu, et al., 2000].

This surface reflectance anisotropy is usually expressed as a Bi-directional
Reflectance Distribution (BRDF). It is an intrinsic property of the land surface and
may be used to standardize reflectance observations with varying sun-view
geometries to a common standard geometry, irrespective of solar or view angles or
spatial resolution. It is often closely linked to the land surface type.

Its hemispheric integration is known as albedo, which does vary as a function of solar
angles but fortunately in an easily describable manner using a polynomial
approximation (Strahler and Muller et al., 1999). BRDF and albedo are determined by
land surface structure and optical properties. Surface structure influences the BRDF
through, for example, shadow-casting, mutual view shadowing, and the spatial
distribution of vegetation elements. Surface optical characteristics determine the
BRDF, for example, through vegetation-soil contrasts and the optical attributes of
canopy elements (loc. cit.). There are a large number of different methods for
representing BRDF shape. A recent review employing a large number of SDRs from
POLDER concluded that semi-empirical methods, away from the backscattering peak
known as the “hot spot”, are sufficiently accurate for most practical purposes
[Maignan, et al., 2004].

Owing to the restricted FoV (! 40°) of the MERIS sensor and the 3-day revisit time at
the equator, it is unfeasible to retrieve a direct BRDF and integrate to a spectral
albedo from MERIS SDRs except for a few high latitudes [Gao, et al., 2003a]. It is
therefore necessary to employ an ancillary (external) dataset of BRDF shapes to
account for the anisotropy. Fortunately, there are 3 different sources of publicly
available data to represent this anisotropic scattering behaviour of the land surface:

» MODIS (Terra and Aqua) collection 4 BRDF at 1km [Schaaf, et al., 2002] and
0.05°, "5km [Gao, et al., 2005]

* MISR 8-daily BRDF at 1.1km [Diner, et al., 1999]

» POLDER Il BRDF at 6.7km (albeit only for the period 2 April-24 October 2003,
[Maignan, et al., 2004])
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Given the higher sampling density and greater spatio-temporal coverage of the
MODIS BRDFs, these were selected to generate the MERIS albedos. The MODIS
BRDFs at 0.05° (the so-called Climate Modelling Grid or CMG with the file-name of
MOD43C1) were chosen for ease of use as no resampling from the sinusoidal map
projected data was required nor mosaicing of 10° x 10° as for the MOD43B 1km
product. Gaps in the MOD43C2 due to cloud or insufficient MODIS looks also appear
as gaps in the final MERIS albedo product.

The technical characteristics of MERIS and MODIS are shown in Table 1 below.

MERIS MODIS
Spectral Bands | 15 (13 for level 2 products) | 36 (7 for land products)
(see Table 2) 412.5-865nm 495-2155nm (for land)
IFoV (nadir) 300m (Full Resolution) 250m (2 land bands)
1200m 500m (5 land bands)
(Reduced Resolution) 1000m (29 non-land bands)
FoV (swath width) | £34.25° (1150km) +55° (2330km)
Global coverage 3 days 1-2 times/day (both Terra and
Aqua)
Repeat cycle 35 days 16 days
Orbit Altitude 800km 705km
Equator crossing 10am (descending) 10:30am (descending-Terra)
1:30pm (ascending-Aqua)
Launch date 1 March 2002 (ENVISAT) | 18 December 1999 (Terra)

Table 1. Inter-comparison of MERIS and MODIS instrumental characteristics [Gao, et al., 2003a]

The MERIS SDRs were averaged to the relevant resolution of the MODIS BRDFs
(0.05°). These avareged SDRs were then employed to scale the BRDF using the
magnitude inversion technique employed by MODIS when there are insufficient
samples using the so-called “back-up” algorithm [Schaaf, et al., 2002]. MODIS
BRDFs originate either from direct inversions or, when there are insufficient looks
which do not meet the internal algorithm’s criteria, from the MODIS BRDF database
generated originally from AVHRR [Strugnell and Lucht, 2001; Strugnell, et al., 2001]
but more recently from Collection 3 for 2001.
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The purpose of this document is to provide a description of the Albedo retrieval
module as integrated in the ALBEDOMAP processor for the retrieval of surface
albedos above land given resampled SDRs which have been aerosol-corrected and
cloud-cleared.

2. ALGORITHM OVERVIEW

The BRDF/albedo correction scheme described herein is designed for processing the
MERIS Level2 SDR data over land surfaces. It is based on a magnitude inversion of
the averaged SDRs over a 0.05° bin using the MODIS BRDF shape taken from the
so-called Climate Modelling Grid (CMG) products. Figure 1 illustrates the flowchart of
the final BRDF/albedo retrieval scheme. The algorithm is divided into 5 different
components comprising:

* Binning daily MERIS SDRs for the four common spectral bands (see Table 2
for corresponding band locations) onto the 0.05° grid used by the MODIS
CMG BRDF product (MOD43C2) for the same 16-day time period (see Table
3 for a mapping of Date to the 16-day periods employed by MODIS)

» Performing a magnitude inversion using these binned spectral SDRs and the
corresponding BRDF parameters from MOD43C2 for these bands (ignoring
any band-to-band differences)

* Hemispherical integration of this BRDF into black-sky (Directional
Hemispherical Reflectance, DHR) and white-sky (Diffuse bi-Hemispherical
reflectance, DbHR for perfectly isotropic irradiance) spectral albedos

* Linear Interpolation and extrapolation (for those MERIS bands which are
outside the common 4 spectral band limits) of the remaining 9 spectral
albedos and integration of all 13 spectral albedos to three broadband albedos
(0.4-0.7#m, 0.7-3#m and 0.4-3#m). The coefficients for these interpolations
are the same as the ones proposed by Gao et al. (2003) as there was neither
time nor resources available to investigate other more sophisticated
techniques.

The QC flags from the MOD43 CMG product were passed through the processing
chain so that it was possible to determine for each output MERIS albedo whether
MODA43 full inversions or MOD43 magnitude inversion BRDF database values or
NULL values were employed in the retrieval as well as how many MERIS SDRs went
into each 0.05° sample and level 3 QC flags (primarily when the resultant MERIS
albedo data fell outside the prescribed albedo limits, e.g. >1). All the 16-day MERIS
products at 0.05° resolution have been stored for subsequent archiving and
distribution.
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Figure 1:Flowchart of the final BRDF/Albedo algorithm for the retrieval of the surface spectral
and broadband albedos.

MERIS MODIS MISR | POLDER
490+5(3) | 459-479 (3) |425-467 | 443+10
560%5 (5) | 545-565 (4) |543-572| 565+10
66525 (7) | 620-670 (1) |661-683| 670+10
86510 (13)| 841-876 (2) |847-886| 865+20
1230-1250 (5)
1628-1652 (6)
2105-2155 (7)

Table 2: Corresponding spectral bands (in nm) for MERIS (inc. channel number), MODIS (inc.
channel number), MISR and POLDER. After [Gao, et al., 2003a]

The algorithm was implemented and applied to data from MERIS for the whole of
2003 and some sample products are shown later.

In order to compare monthly products from POLDER-2 and MISR with those derived
from MERIS, it was necessary to produce weighted means of the relevant constituent
16-day products. Ideally, this weighting would be taken from the weights of
determination of the best-fit of full or magnitude inversions. Unfortunately, these
weights are only available in the 1km MOD43 BRDF product and not in 0.05°
MOD43C2 product used here for reasons explained before.

Table 3: Mapping between Day of Year and corresponding 16-day periods of MODIS
BRDF MOD43C2 product for 2003. Product name is referred to by the FIRST
DoYshows the mapping between the 16-day constituent time periods and the
monthly values. Initially this mapping was only performed for September 2003.
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Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 32 60 121 152 182 335
2 61 122 153 183 336
3 62 123 154 184 337
4 63 124 155 185 338
5 64 125 156 186 339
6 65 126 157 187 340
7 66 127 158 188 341
8 67 128 159 189 342
9 68 160 190 343
10 69 191 344
11 70 192 345
12 71 193 346
13 72 194 347
14 73 195 348
15 74 196 349
16 75 197 350
17 76 198 351
18 77 199 322 352
19 78 200 323 353
20 79 201 324 354
21 80 202 325 355
22 203 326 356
23 204 327 357
24 205 328 358
25 145 206 329 359
26 116 146 177 207 330 360
27 117 147 178 208 331 361
28 118 148 179 332 362
29 119 149 180 333 363
30 120 150 181 242 273 334 364
31 151 243 365

Table 3: Mapping between Day of Year and corresponding 16-day periods of MODIS BRDF
MOD43C2 product for 2003. Product name is referred to by the FIRST DoY of each 16-day time
period
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3. ALGORITHM DESCRIPTION

3.1 Theoretical Description

The following sections provide the theoretical basis of the proposed algorithm as well
as the basic physics of the algorithm.

3.1.1 Physics of the Problem

The objective of the proposed BRDF/albedo retrieval scheme is to utilise the surface
reflectance (SDR) as defined by the upward radiance and the downward irradiance:

R ZLS (3.0)
UE %

and a pre-calculated spectral BRDF from MODIS for 4 common spectral bands (see
Table 2 for band locations), which is of the semi-empirical form called LiSparse-
RossThick (Strahler and Muller et al, 1999; [Lucht, et al., 2000; Schaaf, et al., 2002])
which can be expressed by the following general equation:

"roaLa(#) = REK&H) = Ti(#) + T (Ko (B90&H) + oo (K 0 (8, %4 #) (3.1)

where " .# and " are the solar zenith, view zenith and relative azimuth angles;
K.(".#% % are the model kernels; and f (") are the spectrally dependent BRDF
kernel weights or parameters. Kernel weights are selected that best fit the available
observational data. Definitions of the volume scattering kernels, K (", #% % and
geometric-optical scattering kernel, K .(",#,%,% are provided in (Strahler and Muller
et al, 1999; [Lucht, et al., 2000]). This BRDF model is linear in its parameters and
possesses an analytical solution. This represents a huge advantage over non-linear
formulations. The BRDF can be expanded into a linear sum of terms (the so-called
kernels), characterising different scattering modes. The resulting kernel-based BRDF
model is given by

R("#% %=& (9K, (" #9) (3.2)

Given reflectance observations, "(#), made at angles (",#,$), minimisation
"e?/"f2 =0 of a least-squares error function

om _ 1o (H$.%.4.")" R($.%.4."))°
e’( )—d(I "o (3.3)

leads to analytical solutions for the model parameters, f,
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f(7)=" %- #($i"%i’&J"')Ki($i’%’&J)X§' Ki(‘ﬁ’%’&)Kk(ﬁ’%’&)-Flz
K 3 w; (") ) w, (") D&
(3.4)

where w,(") is a weight given to each respective observation [e.g. w,(")=1 or
w, (")="#.%,.,%&], and d are the degrees of freedom (number of observations
minus number of parameters f,. The term in brackets to be inverted is the inversion
matrix of the linear system.

Albedo is defined as the ratio of upwelling to downwelling radiative flux at the
surface. Downwelling flux may be written as the sum of a direct and diffuse
component. Black-sky albedo (derived from DHR) is defined as the albedo in the
absence of a diffuse component and is a function of solar zenith angle only. White-
sky albedo (derived from DbHR) is defined in the absence of a direct component
when the diffuse component is isotropic and is a constant.

Direct Hemispherical Reflectance Reflectance, DHR, h, (") is given by

2# #12

he(") =% ;$;$<k(",%&)sin(%cos(%d%& (3.5)
and Diffuse bi-Hemispherical Reflectance, DbHR, H, is given by
H, = "7/'-';‘hk ($)sin($) cos($)d$ (3.6)
0
Black-sky, a, and white-sky, a, are then given by
Bys (", #) :§ f(®h(") (3.7
a,s(") =#kf fi(")H, (3.8)

As the kernels, h (") and H, do not depend on the observations, they may be pre-
computed and stored.

In our case, the kernel parameters are not derived from the MERIS observations but
rather from the relevant MODIS 16-day parameters for the similar spectral bands.

[Strugnell, et al., 2001] discussed how this could be achieved in the construction of a
BRDF database given certain archetypal BRDFs which could be adjusted to fit to in
situ BRDF observations. In our case, each SDR was employed with the relevant solar
and view angles to adjust a multiplicative constant, a, such that the MERIS BRDF at
the particular angle combination was equal to the one from MODIS as follows:



MERIS GLOBAL Name : ATBD BRDF/Albedo

| 1 R 12
LAND SURFACE Sztuee : 20.03.28(\)/6
ALBEDO MAPS Page : 8

Ruers("# 8 W =a* Ryonis("#$ N (3.9

As scene brightness increases, we tend to see an increase in directional effects with
the typical bowl-shape or inverted bowl-shape becoming more pronounced. For
values of a close to unity we expect a multiplicative factor to reproduce this behaviour
and as the multiplier increases, the BRDF effect will increase.

3.1.2 Mathematical Description of the Algorithm

3.1.2.1 Albedo calculation as a function of sun angle

16-day BRDFs are computed using the magnitude inversion technique described in
the previous section. Black-sky albedos are then calculated for the mean solar zenith
angle over the particular 16-day time period.

The following polynomial has been found [Lucht, et al., 2000] to reproduce the Black-
sky albedo, a., well as a function of solar zenith angle, ”

(") = fiu (Mo, + 6"+ 8. ")+ Fa (Ao, +0, "+ G, ")+ Fo(P(Go, +0, "7+, "")

(3.10)

iso vol

where the g; coefficients are listed in Table 3 below and the f, (") are the BRDF

model kernel weights or parameters. The integrated coefficients for the white-sky
albedo are also provided.

g, for kernel, k | k=isotropic | k=RossThick | k=Li-Sparse
g, (term1) 1.0 -0.007574 -1.284909
g, (term "?) 0.0 -0.070987 -0.166314
g,, (term "?) 0.0 0.307588 0.041840
White-sky 1.0 0.189184 -1.377622

Table 4: Coefficients for equation 3.10 to calculate albedo as a function of solar zenith angle
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3.1.2.2 Albedo calculation as a function of optical optical depth

The albedo, under actual atmospheric conditions can also be modelled (Strahler and
Muller et al., 1999) as an interpolation between the black-sky and white-sky (so-
called “blue-sky”) as a fraction of diffuse skylight, S(",#($)) which is in turn a function
of the aerosol optical depth,

a(", #) ={1$ (", %#)} as (", #) + A", %#)as (", #) (3.11)

3.1.2.3 Spectral-to-Broadband Albedo conversion

[Gao, et al., 2003a] used the coefficients derived by [Liang, 2001] which are shown in
Table 4 to convert from narrow-to-broadband spectral albedos. He assumed that the
MERIS spectral bands were identical to MISR. He comments that the NIR conversion
is likely to be in error due to the use of only a single MERIS NIR band. Given the time
and resource limitations, it is proposed that this scheme be adopted.

VIS-Broadband | NIR-Broadband | SW-Broadband
Blue 0.3511 0.0 0.1587
Green 0.3923 0.0 -0.2463
Red 0.2603 0.0 0.5442
NIR 0.0 0.6088 0.3748
Intercept | -0.003 0.1442 0.0149

Table 5. Spectral-to-broadband coefficients ([Gao, et al., 2003a])

3.1.2.4 Monthly albedo values computed from 16-day values

The 16-day MERIS albedo values at 0.05° resolution need to be aggregated to
monthly values at 0.05° resolution. This was performed by weighting the 16-day
values by the number of days within the relevant month using a simple linear weight
(Ndays) based on the number of days within the 16-day cycle which fell inside the
month. Based on what can be seen in Table 3 there are a maximum of 3 16-day
periods, T1, T2 and T3 within any month, and m1, m2 and m3 days within each of
the corresponding 16-day periods. The monthly average albedo, A, can then be
calculated by

A=(M1/16)*T1 + (M2/16)*T2 + (M3/16)*T3 (3.12)
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An alternative method, proposed by Schaaf (personal communication, 2006) is to

Weight each value by whether the MODIS BRDF value originates from full inversions
(weight=1), magnitude inversions (weight=0.5) or null data (weight=0). However, the
MOD43C2 product did not include this information so this method was not employed.
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3.2 Practical Considerations

3.2.1 Numerical computation considerations

Owing to the lack of time and sufficient resources, monthly products were not
produced nor were products on an equal-angle spaced grid.

3.2.2 Verification

The algorithm was coded in Java within the BEAM package. [Gao, et al., 2003a]
used a somewhat similar approach with the key difference being that he performed a
full inversion of the MERIS albedo at the 1km resolution of the MODA43 product, albeit
without any aerosol correction for MERIS. He tested the performance of the
BRDF/albedo retrieval with MERIS reduced-resolution data aquired on April 24"
2003 covering California. He only showed results from broadband white-sky
intercomparisons and given the comments in the last subsection, we will only show
results for the visible broadband as the same bands were employed for both
broadband albedos. Figure 2 shows the results of the white-sky albedos for the
visible broadband using the coefficients displayed in Table 4. There are small
differences but using the “blob” test,. The patterns are very similar. The 2D
scatterplot also shown in Figure 2 indicates that most of the albedo values lie along
the 1:1 perfect correlation line but there are a small number of retrievals in the lower
left quadrant which the author ascribes to the lack of any aerosol correction in the
MERIS data.
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Figure 2: Upper left: MODIS MOD43B3 White-sky visible broadband albedo for April 2003. Upper
right: Equivalent MERIS white-sky broadband albedo. Lower left: MODIS (x) vs MERIS (y) white-sky
broadband albedos showing the effect of residual aerosols in the input MERIS. Taken from [Gao, et
al., 2003a]

3.2.3 Quality Control and Diagnostics

Extensive Quality Control information is available in the MODIS BRDF product
(http://geography.bu.edu/brdf/userguide/cmgparam.html). As far as practicable these
QC flags were maintained in the final output product so that the heritage could be
established. In addition, QC flags were added where no retrievals were possible
(due, for example, to persistent cloud cover) or where less than 3 MERIS samples
were available within a monthly time period. It should be noted that recently [Moody,
et al., 2005] published a new version of the MOD43B3 product at 2 arc-minute
resolution (" 2km) which includes spatial interpolation of gaps. However, the author
employed a Terra-only version of MOD43B3 and colleagues at Boston University
(Schaaf, 2005, private communication) have shown that there are substantial infilling
of gaps in the Collection 4 (TerratAqua) version of the product. Unfortunately, 6 out
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of the 23 16-day time periods in 2003 had no Aquat+Terra MOD43C2 product. If
these gaps are still significant for eventual use in the MERIS albedo product, a
strategy needs to be developed in future for filling in these gap pixels using this new
product. This gap-filled product is used to evaluate the MERIS product (see validation
report for further details).

3.2.4 Exception Handling

The algorithm will be applied only to pixels that were indicated as cloud free, not over
deep water and for which all input parameters (no fill values) are in the range of the
data used to generate the algorithm. Pixels for which one of the input dimensions
might be out of range was flagged and rejected from further analysis.

3.2.5 Output Product

Output product of the BRDF/albedo retrieval algorithm is the surface black-sky and
white-sky albedos at 13 of the 15 MERIS wavelengths together with QC information.

4. ERROR BUDGET ESTIMATES

[Gao, et al., 2003a] included displays of NBAR derived from MODIS and MERIS
which are not repeated here. However, use of NBAR (as well as difference and
correlation statistics) would allow “cloud-free” NBAR composites to be produced for
monthly and seasonal time periods. In addition, for overlap pixels from individual
swaths, such NBARs could be used to check that both BRDF effects have been
properly removed as well as checking that there are no residual cloud or aerosol
effects. Difference statistics with MODIS of albedos would provide an initial check on
the veracity and consistency of the data as well as highlighting areas where cloud-
clearing or aerosol correction was far from ideal. Owing the lack of time and sufficient
resources, this step was not performed in the final product generation.

5. ASSUMPTIONS AND LIMITATIONS

The algorithm should not be able to be applied where retrieved reflectances were in
the presence of absorbing aerosols, e.g. desert dust. The reason for this is that
MODIS atmospheric aerosol corrections do not currently produce sensible results
over bright surfaces. However, it was determined that the MODO6 aerosol product
(see aerosol correction ATBD) did include values over such surfaces. The algorithm
will also likely have limitations in the presence of snowl/ice. Although there was no
explicit step in retrieving snow/ice, the cloud detection method (see ATBD) did
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include removal of most areas with such surface cover. In future this deficiency
needs to be more explicitly addressed. In particular, there is a need to address the
issue if the snow is ephemeral and present for less than the majority of days within a
16-day time period, as MOD43C2 will ignore it's presence even if MERIS detects it.
An anomaly may therefore occur in this situation as the incorrect MOD43 BRDF
shape would be employed. However, lack of time and sufficient resources excluded

being able to address this issue.

6. ABBRREVIATIONS, SYMBOLS AND DEFINITIONS

AER
ATBD
DHR
DbHR
DIFF
ESA
EOS
HEM
L1b

L2
MERIS
MODIS
NIR
RMSE
SDR
STDEV
TOA
VIS

Aerosol
Algorithm theoretical basis document
Direct Hemispherical Reflectance
Diffuse Bi-Hemispheric Reflectance
Difference
European Space Agency
Earth Observing System
Hemispherical
Levellb
Level2
Medium Resolution Imaging Spectrometer
Moderate Resolution Imaging Spectroradiometer
Near-infrared
Root mean square error
Surface Directional Reflectance
Standard deviation
Top-Of-Atmosphere
Visible

Table 6: Summary of abbreviations used in this document

Definition
Aerosol optical thickness
Irradiance
Radiance
Surface directional reflectance
Weight matrix

R(",#,%,% Bi-directional Reflectance Distribution Function

Dimension
dimless

W m™

W m?srtpm
dimless
dimless
dimless
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" Solar Zenith rad
" Relative azimuth rad
View azimuth rad
as Black-sky Albedo dimless
A, White-sky Albedo dimless
! Wavelength [nm]
" Reflectance dimless

Table 7: Symbols and definitions




MERIS GLOBAL Name : ATBD BRDF/Albedo
Issue : 1 Rev 12
LAND SURFACE Date : 20.03.2006

ALBEDO MAPS Page : 16

7. REFERENCES

Diner, D. J., et al. (1999), Level 2 Surface Retrieval Algoithm Theoretical Basis.,
edited, 100 pages, JPL D-11401, Rev. D, December 2, 1999.

Available for download from http://eospso.gsfc.nasa.gov/eos_homepage/
for_scientists/atbd/docs/MISR/atbd-misr-10.pdf

Gao, F., et al. (2003a), Deriving albedo from coupled MERIS and MODIS surface
products, paper presented at MERIS User Workshop, ESA, ESRIN, Fsacati, Italy,
10-13 November 2003.

Gao, F., et al. (2003b), Detecting vegetation structure using a kernel-based BRDF
model, Remote Sens. Environ., 86, 198-205.

Gao, F., et al. (2005), MODIS bidirectional reflectance distribution function and
albedo Climate Modeling Grid products and the variability of albedo for major
global vegetation types, J. Geophys. Res.-Atmos., 110, art. no.-D01104.

Hu, B. X., et al. (1999), The interrelationship of atmospheric correction of reflectances
and surface BRDF retrieval: A sensitivity study, IEEE Trans. Geosci. Remote
Sensing, 37, 724-738.

Hu, B. X., et al. (2000), Surface albedos and angle-corrected NDVI from AVHRR
observations of South America, Remote Sens. Environ., 71, 119-132.

Kimes, D. S, et al. (1993), Spatial Averaging Errors In Creating Hemispherical
Reflectance (Albedo) Maps From Directional Reflectance Data, Remote Sens.
Environ., 45, 85-94.

Liang, S. L. (2001), Narrowband to broadband conversions of land surface albedo |
Algorithms, Remote Sens. Environ., 76, 213-238.

Lucht, W., et al. (2000), An algorithm for the retrieval of albedo from space using
semiempirical BRDF models, IEEE Trans. Geosci. Remote Sensing, 38, 977-998.

Maignan, F., et al. (2004), Bidirectional reflectance of Earth targets: Evaluation of
analytical models using a large set of spaceborne measurements with emphasis
on the Hot Spot, Remote Sens. Environ., 90, 210-220.

Moody, E. G., et al. (2005), Spatially complete global spectral surface albedos:
Value-added datasets derived from terra MODIS land products, IEEE Trans.
Geosci. Remote Sensing, 43, 144-158.

Schaaf, C. B., et al. (2002), First operational BRDF, albedo nadir reflectance
products from MODIS, Remote Sens. Environ., 83, 135-148.

Strahler, A.H., Muller, J-P. et al. (1999). MODIS BRDF/Albedo Product: Algorithm
Theoretical Basis Document, Version 5.0, 53pp. April 1999. Available for download
from http://modis.gsfc.nasa.gov/data/atbd/atbd _mod09.pdf

Strugnell, N. C., and W. Lucht (2001), An algorithm to infer continental-scale albedo
from AVHRR data, land cover class, and field observations of typical BRDFs, J.
Clim., 14, 1360-1376.

Strugnell, N. C., et al. (2001), A global albedo data set derived from AVHRR data for
use in climate simulations, Geophys. Res. Lett., 28, 191-194.



