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provided by the Multi-angle Imaging SpectroRadiome-
ter (MISR), offer new and unique opportunities to
document the angular variations of land surface re-
flectances. The geophysical interpretation of such re-
flectance anisotropy patterns over terrestrial surfaces
has only recently permitted to relate these signatures
in a quantified manner to the structure and intra-pixel
three-dimensional organization of the vegetated sur-
face. This contribution outlines simple physical princi-
ples supporting the interpretation of the anisotropy of
spectral radiances exiting terrestrial surfaces in terms
of a signature of vegetation structure. The shape of the
anisotropy function is represented with two model pa-
rameter values which may be mapped and interpreted
in their own right. The value of one of these parameters
permits us identifying geophysical conditions where the
three-dimensional vegetation structure becomes signif-
icant. The joint analysis, based on computer simu-
lations, of the shape of the anisotropy function to-
gether with combinations of vegetation structure vari-
ables, that are readily measurable in the field, reveals
remarkable patterns of organization. It thus seems pos-
sible for multiangular instruments, like MISR, to de-
liver a pixel-based information about the structure of
vegetation that is in agreement with canopy structure
characterizations obtainable by other means.
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The relationship between surface Bidirectional Re-
flectance Factor (BRF) and vegetation properties is
complex and varies with the degree of heterogeneity
and architecture of a vegetation canopy. Research
has demonstrated that surface BRF pattern is de-
tectable from airborne or spaceborne multi-angle and
multi-spectral observations.
large-area vegetation characterization using spaceborne

However, application in

multi-angle remote sensing data is still in its infancy.
The primary motivation of this study was to test if
and to what extent vegetation classification can be im-
proved through a data mining technique using multi-
spectral, multi-temporal and multi-angle data (MISR
and MODIS) in a semi-arid environment in the United
States. The study area is around the Jornada Range-
land in New Mexico, USA with grassland, shrubland,
woodland and some desert barren land. Satellite data
used for this study include MISR surface BRF and the
MODIS 16-day composite NDVI data from year 2002
(all resampled to 1 km resolution). Training data of
eight vegetation/land cover types were ted from a
digital vegetation map with 30-meter spatial resolution.
Total of 669 samples were randomly selected for evalu-
ating algorithm performance. Several vegetation clas-
sifications were made by use of a Decision Tree (DT)
algorithm and an Artificial Neural Network (ANN) clas-
sifier. The DT implements a gain ratio criterion in
rule development and pruning and includes boosting

and cross-validation features. Preliminary results show
that overall accuracy from a 5-flod cross-validation us-
ing MODIS NDVI data is 45% (with standard error of
2.6) as compared to 51% (standard error of 2.3) using
MISR data. For individual classes, the accuracy ob-
tained from using MISR data is equal or higher than
those using MODIS data (0-28
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Monitoring of terrestrial vegetation from satellites
at global and regional scales requires accurate and fre-
quent measurements of surface reflectance. In this con-
text, the POLDER instrument leads a key improve-
ment providing, at high temporal resolution, measure-
ments of the Bi-directional Reflectance Distribution
Function corrected for atmospheric effects. In the
frame of the ADEOS-2/POLDER-2 project, advanced
Land Surface Level 3 algorithms have been developed
to retrieve the spectral Directional-Hemispherical Re-
flectances (DHR), the Normalized Difference Vegeta-
tion Index (NDVI) corrected for directional effects, the
Leaf Area Index (LAI) and the Fraction of Vegetation
Cover (FVC). A multi-temporal filtering module re-
moves the observations contaminated by residual clouds
and/or aerosols, the inversion of a semi-empirical ker-
nel model fitting the hot spot gives the BRDF coeffi-
cients which lead to the DHR and NDVI, a neural net-
work inverting a radiative transfer model in the veg-
etation retrieves the LAI and the FVC. Furthermore,
an error depending on the noise on the input data (i.e.
the measured bi-directional spectral reflectances) and
on the retrieval algorithm, is assessed for each param-
eter. We present the Land Surface Level 3 products
generated from ADEOS-2/POLDER-2 bi-directional re-
flectances acquired from April to October, 2003. The
retrieved parameters are validated, first to estimate
their accuracy for the user community, and also to pro-
vide feedback so that retrieval algorithm can be im-
proved. The validation procedure relies on the fol-
lowing steps: 1) Analyze of the spatial and tempo-
ral variability; 2) Comparison with previous ADEOS-
1/POLDER-1 products; 3) Comparison with available
equivalent products derived from other sensors by sim-
ilar or different approaches; 4) Comparison with in-
situ measurements: data collected during international
campaigns or regional studies, and spatially-distributed
reference data sets like those produced in the frame
of the VALERI (VAlidation of Land European Remote
sensing instrument) project.

URL: http://medias.obs-mip.fr/postel/
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Many vegetation properties are related to features

of reflectance spectra in the region 400 nm - 2500 nm.
and to emittance in region 8 mm - 14 mm Detailed ob-
servations of spectral reflectance reveal subtle features
related to biochemical components of leaves such as
chlorophyll and water. Exchange of energy between the
biosphere and the atmosphere is an important mech-
anism determining the response of vegetation to cli-
mate variability. This requires measurements of the
component temperature of foliage and soil. The lat-
ter are closely related to the angular variation in ther-
mal infrared emittance. The architecture of vegetation
canopies determines complex changes of observed re-
flectance and emittance spectra with view and illumi-
nation angle. Quantitative analysis of reflectance and
emittance spectra requires, therefore, an accurate char-
acterization of the anisotropy of radiance. This can be
achieved with nearly - simultaneous observations at dif-
ferent view angles. The Surface Processes and Ecosys-
tem Changes Through Response Analysis (SPECTRA)
Mission has been conceived to perform these observa-
tions at high spatial resolution by taking advantage of

the spacecraft agility. Scientific preparations are pur-
sued along two avenues: a) the nature of the expected
data and candidate algorithms are evaluated by gener-

ating and using synthetic hyper - spectral multi - angu-
lar/radiometric data; b) algorithms are evaluated with
actual hyper - spectral data collected with a variety
of airborne systems and concurrent ground measure-
ments; Campaigns have been performed using radio-
metric observations provided by ATSR, AATSR, Air-
MISR, CHRIS - PROBA and a variety of airborne hy-
perspectral systems. The paper will cover highlights of
these studies.
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The dual-angle viewing geometry of the AATSR sen-
sor, like that of its two predecessors, provides special
advantages over single-angle viewing sensors, especially
in the presence of excessive atmospheric aerosol. This
enables the ATSR series of instrument to provide an
exceptionally accurate and stable time-series of Global
sea0-surface temperature, in order to meet the needs of
modern climate research activities. The AATSR instru-
ment will be briefly described and some early validation
results will be presented. Some inter-comparisons of
AATSR global SST fiellds with similar fields from other
sensors such as MODIS and AVHRR will also be shown.
These inter-comparisons illustrate very graphically the
significant advantages offered by the dual-angle view in
the presence of atmospheric aerosol. Examples of data-
products and of applications of AATSR data will also
be given. Some preliminary results from an on-going
study of climate change observations from the ATSR
instruments will also be discussed.
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Conspicuously broken clouds are possibly the eas-
jest to identify in multi-angle remote sensing. This
makes their geometry (height, size) and kinematics (ad-
vective tendency) amenable to straightforward geomet-
ric methods. What is missing is an estimation of the
isolated cloud’s optical properties, particularly its op-
tical thickness. To this end, we address theoretically
the problem of radiative transfer through dense clouds
that are homogeneous but not plane-parallel. The dif-
fusion approximation we use for idealized spherical and
cylindrical cloud geometries is validated with a Monte
Carlo solution of the full 3D radiative transfer equa-
tion. Based on these analytical solutions, we propose a
simple method for inferring the optical depth of bro-
ken or isolated cumulus clouds that is not expected
to be sensitive to the cloud’s aspect ratios. We ex-
ploit the fact that compact cloud shapes enable simul-
taneous views of reflected and transmitted light, which
is a topological impossibility for the standard plane-
parallel cloud model used in operational remote sens-
ing irrespective of cloud geometry. This observation
is further facilitated by oblique viewing angles. The
new algorithm is validated using detailed 3D radiative
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transfer simulations for known cloud models with syn-
thetic but realistic fractal structure, and then applied
to Multispectral Thermal Imager (MTI) data with very
encouraging results. Finally, we list potential applica-
tions that will benefit remote sensing of surface and
clear-sky properties.

URL: http://nis-www.lanl.gov/~adavis
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Stereo matching of cloud reflectivity patterns using
two or more pairs of viewing directions can be used
to obtain instantaneous cloud tracked winds and cloud
heights from a polar orbiter. Under ideal conditions
and using MISR measurements at a resolution of 275
m, the accuracy of cloud tracked winds for a 70 km
domain is nominally 4 m/s rms, with a height resolu-
tion of 400 m. Comparisons by the NASA Goddard’s
Global Modeling and Assimilation Office of model an-
alyzed wind fields with the MISR operational products
based on only two camera pairs yielded normalized un-
certainties (i.e. rms/mean) of about 0.7, or 6.2 m/s for
lower tropospheric winds. Here we examine the lessons
learned regarding the need for accurate co-registration,
quality control of stereo matching (especially the treat-
ment of multilevel clouds), and the merits of adding
a third camera pair. Provided co-registration can be

guaranteed, addition of a third camera pair appears to
improve the wind product by about 2 m/s rms.
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We compare cloud-top height estimates from sev-
eral sensors: thermal tops from GOES-8 and MODIS,
stereoscopic tops from MISR, and directly measured
heights from the Goddard Cloud Physics Lidar on
board the ER-2, all collected during the CRYSTAL-
FACE field campaign. Comparisons reveal a persistent
1-2 km underestimation of cloud-top heights by thermal
imagery, even when the finite optical extinctions near
cloud top and in thin overlying cirrus are taken into
account. The most severe underestimates occur for the
tallest clouds. The MISR ”best-sinds” and lidar
mates disagree in very similar ways with thermally es
mated tops, which we take as evidence of excellent per-
formance by MISR. Encouraged by this, we use MISR
to examine variations in cloud penetration and thermal
top height errors in several locations of tropical deep
convection over multiple seasons. The goals of this are,
first, to learn how cloud penetration depends on the
near-tropopause environment; and second, to gain fur-
ther insight into the mysterious underestimation of tops
by thermal imagery.

bi-
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Multiangle remote sensing provides a wealth of in-
formation for earth and climate monitoring, such as
the ability to measure the height of cloud tops through
stereoscopic imaging. As technology advances so do the
options for developing spacecraft instrumentation ver-
satile enough to meet the demands associated with mul-
tiangle measurements. One such instrument is the in-
frared spectral imaging radiometer, which flew as part
of mission STS-85 and was the first earth-observing
radiometer to incorporate an uncooled microbolome-
ter array detector as its image sensor. Specifically, a
method for computing cloud-top height with a precision
of 620 m from the multispectral stereo measurements
acquired during this flight has been developed, and the
results are compared with coincident direct laser rang-
ing measurements from the shuttle laser altimeter. Mis-
sion STS-85 was the first space flight to combine laser
ranging and thermal IR camera systems for cloud re-
mote sensing.
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