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Introduction

Surface albedo is a key variable determining the disposition of solar radiation between the surface and
the atmosphere. Reliable mapping of surface albedo and improved understanding of radiation
interactions at the surface are required for advancing weather forecasting and climate studies. The
ground-based observations are limited to a handful of locations sparsely distributed in the South Great
Plains (SGP). Frequently, they represent only small-scale features of surface reflective properties and
may not be representative for larger scales. Satellite data combined with necessary field validation
measurements are suitable source of such information. A major objective of this project is to develop a
comprehensive database of surface spectral reflective properties at high resolution over the Atmospheric
Radiation Measurement (ARM) Program’s SGP Cloud and Radiation Testbed (CART) site, which is
characterized by diverse surface conditions and strong seasonal variations. We are developing satellite
data processing system aimed onto systematic generation of surface narrowband and broadband
reflectance, albedo, as well as the normalized difference vegetation index (NDVI) and some other
parameters over the SGP area of ~10deg x 10deg on various time scales.

Methodology

We are attempting to map the spectral surface albedos at varying spatial resolution for different times of
a year using all available datasets primarily from polar orbiting and geostationary satellite observations,
combined with ground and aircraft measurements. The size of the mapping area is approximately

1000 by 1000 km?, which encompasses the entire ARM SGP CART site. The satellite observations
include various systems, such as Advanced Very High Resolution Radiometer (AVHRR),
VEGETATION (VGT) on SPOT platform, Moderate Resolution Imaging Spectroradiometer (MODIS),
and CERES (Clouds and the Earth's Radiant Energy System). Historical satellite data such as ERBE,
ScaRaB, and earlier AVHRR observation as well as high-resolution data from Landsat TM will be also
processed. Available multi-angular observations are also considered, especially for validation of bi-
directional surface properties derived from cross-track scanner data. The structure of database and data
manipulation system is shown in Figure 1.
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Figure 1. The structure of database of surface reflective properties.

It has the following main functions: (1) compositing of clear-sky scenes from multiple satellite images;
(2) removal of the atmospheric effect and cloud contamination; (3) bi-directional (BRDF) correction and
normalization; (4) correction for surface-atmosphere radiative coupling; (5) adjustment to specific
clear/cloudy sky conditions; and (6) scaling-up of pixel albedo to grid-cell albedo.

Clear-sky compositing approach and some other aspect of data processing are discussed by Cihlar et al.
(2002a, 2002b). Further, we discuss with more details atmospheric correction, parameterization of
surface bi-directional properties and coupling between surface albedo and atmospheric radiation field.

Directional Properties of Surface Reflectance and Albedo

The most complete description of surface reflective properties is achieved by means of bi-directional
reflectance distribution function (BRDF) p (Nicodemus et al. 1977), which is a function of solar zenith

angle 0, viewing zenith angle 0, relative azimuth ¢, wavelength A, spatial coordinate X and time t,
that accounts for the seasonal changes of surface reflective properties:

P =p(89,60,,%, X, 1) (1)

The apparent spectral albedo of a surface is defined as ratio of upward and downward fluxes.

F1(0,,1)

OL(GO’}\‘) = 1
F7(6,,2)

2)

We omitted the dependence on spatial coordinate X and time t in Eq. (2).
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Since upward surface flux F ' is a convolution of BRDF function and downward radiance field in
upward hemisphere, the albedo (2) depends on sky-conditions and, strictly speaking, is not an intrinsic
property of the surface. It is a combined property of downwelling radiance field and shape of the
surface BRDF function.

The albedos for wide spectral bands AA = A, —A;or broadband shortwave albedo are determined by a
spectral convolution of downwelling flux and surface apparent albedo a(6,A) .

)
[0, MF* (09, 2)dn
M (3)

o (8)=—"—-

[F¥ (0, 0)d
)“1

An example of coupling between surface BRDF properties and radiation field is presented in Figure 2,
which shows broadband shortwave albedo for various surfaces and different atmospheric conditions.
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Figure 2. Dependence of surface albedo on atmospheric conditions.
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One can define two functions that represent “true” surface albedo properties independent on sky-
conditions: “direct” and “diffuse” albedos (Dickinson 1983; Liang et al. 1999). The “direct” albedo is
defined as

b 1
i (09,1) =% [dof ndu p(09,0,6,%) . @)
0 0

It corresponds to idealized situation when no diffuse component of downwelling radiation at the surface
level is present. This case approximately describes clear-sky conditions in “clean” atmosphere.

The “diffuse” albedo is defined as
1
agie (M) = 2[ pdpags (o, 1) (5)
0

The case of diffuse albedo corresponds to idealized situation of isotropic diffuse radiation. This case is
approximately describes the overcast conditions. In Eqgs. (4-5) p=cos0 and p, =cos6,. Above

albedo quantities, can be combined to provide a simple parameterization of the apparent surface albedo
under real-sky conditions.

a(0¢,A) = Tgip o gir (09, A) + (1= Tgip )0 gip () (6)

Ty 1n (6) is a fraction of direct component of the total downward surface flux (Trishchenko et al. 2001).

Appropriate Spatial Resolution of Albedo Mapping for
Radiation Studies

Common sense tells us that for better characterization of surface properties one needs to use high-
resolution imagery. This may be true for certain applications, like crop monitoring, land inventory,
disaster monitoring etc. Obvious difficulty with this approach is a large volume of data, which is
inversely proportional to image spatial resolution (inverse quadratic dependence). Another problem is a
temporal coverage of the high-resolution imagery, which may not be adequate due to problems with
cloud cover and large repetition period of the observations from high-resolution sensors. Do we really
need the high-resolution imagery for the studies of solar radiation? If not, what is appropriate spatial
resolution for albedo mapping?

Follow to Chandrasekhar’s (1960) approach, one can write expression for downward radiation r*(.,X) as

F O, X) = ﬂ > (7)

Cl-<a(hX)>S
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where g} is a downward flux for the black surface (a(n)=0), s is a hemispherical albedo of the

atmosphere, <q(),X)> 1s the areal mean albedo around point X. Eq. (7) shows that the impact of surface

albedo on downward radiation at point X is determined by the average surface properties of surrounding
area. The size of the area is the largest for the clear-skies and smallest for cloudy conditions with low
cloud bottom (Li et al. 2002). Typical size of the averaging area is estimated to be of the order of few
kilometers and varies with sky conditions and atmospheric absorption at specific spectral band. As
such, we conclude that the observations available from medium resolution sensors, such as AVHRR,
VEGETATION/SPOT, MODIS and similar instruments, with pixel size ~1 x 1 km® provide adequate
spatial representation of albedo for the atmospheric radiation applications.

Atmospheric Correction

Atmospheric correction of satellite measurements is an important step in the retrieval of surface
reflective properties. It involves removing the effect of gaseous absorption, as well as correcting for the
effect of an atmospheric molecular and particulate scattering. Significant advance in our knowledge of
the absorbing properties of various atmospheric radiatively active gases has been achieved in the past
few years. In particular, Giver et al. (2000) reported an important updates to the parameters of line and
continuum absorption by water vapour. These and other updates have been incorporated into
HIRTRAN spectroscopic database and implemented in MODTRAN-4 radiative transfer model (Berk,
Anderson, et al. 2001 and 1999). We used the latest version of MODTRAN-4 combined with updated
HITRAN 2001 database (Rothman et. al. 2001) to estimate the impact of these improvements on
atmospheric correction of the signal in solar domain for various satellite sensors.

Generally, we found more atmospheric absorption with MODTRAN-4, than it was estimated with
earlier MODTRAN models, as well as 5S and 6S models (Vermote et al. 1997). This is especially
evident for narrowband channels located in near-IR part of solar spectrum near the water vapour
absorption band located around 0.94um (Trishchenko et al. 2002a). For example, the correction to
atmospheric transmittance in AVHRR near-1R ch.2 reached up to 12% depending on observational
condition, relative to the one computed with 6S model (version 4). This deviation could cause biases in
the retrieved surface reflectance up to 0.01 ~0.04, which leads to underestimation of normalized
difference vegetation index (NDVI) up to 10% or more in terms of relative bias.

BRDF Parameterization

Following experimentation with various approaches, we adopted a model described by Latifovic et al.
(2002):

where ¢ is the scattering angle, f,, r, are the kernel functions, v is Normalized Difference Vegetation

Index, A and B are the second order polynomials of v. Coefficients ¢ and D are constants. Using
vegetation index v as input parameter allows us to account for the temporal changes in the state of
vegetation. Last term in Eq. (8) serves for better parameterization of hot-spot effects. All parameters in
(8) are spectral band and land cover type dependent. An example of data processing using this approach
is presented in Figure 3 that shows pseudo-color images over the SGP area derived from the
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AVHRR/NOAA-14 data for several months in 2000. Images were derived from reflectances in channels
1, 2, and 3 normalized to standard geometry (0, =45°, 6 =0°, ¢ =0°) using BRDF function (8).

May June July

August September October

Figure 3. Surface reflectance over SGP area derived from normalized AVHRR observations in
channels 1, 2, and 3 for May through October 2000.

Combining Multiple Satellite Datasets

Accurate description of surface bi-directional properties is critical for determination of surface albedo.
Cross-track scanners provide a limited opportunity for reliable retrieval of BRDF shape, due to limited
range of observational geometrical conditions (Trishchenko et al. 2001). We propose an approach to
combine clear-sky data from several spaceborne instruments to produce more accurate estimates of
BRDF parameters. Advantages of multi-platform approach can be seen in Figure 4 that shows increased
range of observational conditions by combining observations from several platforms. This approach
allows us to increase the number of clear-sky pixels involved in data processing, as well as significantly
improve quality of the data fitting due to expanded range of angular variables. To make observations
from different sensors consistent with each other, one needs to apply procedure of spectral adjustment.
Details of this procedure are given by Trishchenko et al. 2002b.

Summary

An approach for systematic mapping of surface reflective properties and albedo over the ARM SGP
CART area from multiple satellite observations is presented. Basic data processing steps, such clear-sky
compositing, atmospheric correction, BRDF parameterization and albedo derivation are described.
Paper discusses also a coupling between surface albedo and atmospheric radiation field. Some
arguments in support of adequacy of medium-resolution sensors for mapping surface albedo are
considered.
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Figure 4. The distribution of narrowband reflectances depending on viewing and relative azimuth
angles. Grassland surface type over 10° x 10° area over the ARM SGP area, July 1999.
AVHRR/NOAA-14 (left) and VGT/SPOT-4 data (right).
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