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1. General Information

The cover fraction fCover is the fraction of green vegetation covering a unit area of
horizontal soil. It corresponds to the gap fraction in the nadir direction. It is generally close to
fAPAR with the advantage of being defined independently of illuminations conditions making
it an intrinsic canopy attributes. For these reasons, fCover is a very good candidate for
substitution of classical vegetation indices. Note that fCover is aso independent on leaf and
soil optical properties although it is defined with reference to green elements. FCover
typically varies from O (bare soil) to 1 (full cover). The required accuracy should be consistent
with that proposed for fAPAR and should be around 0.05. Similarly, the maximum encoding
step should be 0.01.

2. Application of the product

FCover is used to decouple vegetation and soil contributions in energy balance processes
wih particular attention to temperature and evapo-transpiration. Its inter-annual variations
allow to monitor the changes in land-use.

3. Algorithmic methodology

Among the severd retrieval algorithms of biophysical parameters such as fCover, those
that are based on the minimisation of the distance in the space of canopy variables appeared to
be optimal from the accuracy of the retrievals while being very efficient computationally
wise. Therefore a neural network has been built with normalized reflectances in 3 spectra
bands (B2, B3, MIR), sun zenith angle and fAPAR as inputs and fCover as output. We briefly
describe the key steps to generate the normalized reflectances. Then we focus on the physical
basis of the radiative transfer model represented by the neural network.

First, CY CLOPES agorithm removes clouds and their shadows, based upon thresholds
depending on classes of a landcover map, and correct the effects of atmospheric absorption
and scattering to get surface reflectances from daily VEGETATION P products. Then the
linear reflectance model of Roujean et a. (1992) is inverted to normalize the surface
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reflectances and removes the bidirectiona effects due to changes in sun and viewing angular
configurations during the synthesis period. This model describes the bidirectional reflectance
asalinear combination of three terms, themselves weighted by three parameters :

p(es’gv’¢) = ko +k1f1(es’0v’¢) +k2f2(95,0\/,¢)

0s, Ov, ¢ are respectively the solar zenith, view zenith and relative azimuth angles, while f1
and f2 are the geometric and volume scattering functions respectively, and ki are the
weighting parameters of the fi functions.

The compositing method is improved using an a priori information (Hagolle et al., 2004):
a confidence interval for the parameters of the Roujean model is used to constrain the least-
squares fit. As aresult, the cost function is modified as follows::

Cz@ (p;zﬁi) } (KI-C1(2)? | (k2—C2(2))*

2 2
Oy Oy2

where 1/ cﬁland v GEZ are the weights of the constraints and 1/ Giz the error associated to
reflectance. C1(A) and C2()) have been empirically determined.

Having constrained the BRDF moddl, it is easier, in most cases, to detect and discard
cloud contaminated pixels. The detection is done using BO band. If the standard deviation of
errors o of the model fit is above a threshold, our algorithm discards all the observations that
are greater that the adjusted model values plus c. At this stage, many previously undetected
cloudy pixels are discarded. Then a second fit and a new o value is computed (smaller than
the previous one) ; al the pixels that have a difference to the model greater than 1.5% ¢ are
discarded whatever the sign of the difference. This last stage is iterated until no pixe is
discarded anymore, or until the number of remaining pixelsislower than 3.

In the operational D10 method (Duchemin et al, 2002), pixels with a strong deviation
from the model fit were also discarded but with no distinction between higher and lower
values. The improvement in this new method is illustrated hereafter (figure 1). The current
algorithm is applied at a 10-day frequency on surface reflectances acquired during a sliding
period of 30 days to generate directional parameters for each spectra bands. Normalized
reflectances are then assessed with a sun zenith angle corresponding to a solar position
observed at 10h00 local time and a viewing observation at nadir.
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Figure 1 Left column, reflectances (triangles) and the retrieved BRDF model (solid lines) for two different
pixels (Céte d'lvoire, Dec 2002) in spectral band B2, during a test period of 15 days, using the D10 method.
Right column, retrieved model using the new proposed method that uses a priori information. In all plots,
unfilled symbols correspond to observations that were discarded by the iterative process described in the text.

The basic idea here is to derive fCover by inversion of a unique, physically based
vegetation reflectance model, irrespective of surface type. The canopy is modelled as an
horizontally homogeneous turbid medium, limited by a soil layer also homogeneous. It may
seen irredlistic to consider that canopies are homogeneous on scales larger than a few tens of
meters, and a fortiori on scales of 1 kilometer. It may also seem irredlistic to use the turbid
medium concept, a priori adapted to some cover types (grasslands, cultures), in area where
vertical structures are prominent such as forest covers for example. This approach has,
however, several advantages: i) it is simple, ii) it provides a sound physical representation of
the average properties of the soil + vegetation layer, and iii) it should provide a sensitive
improvement relative to the use of semi-empirical relationships generally calibrated on
specific targets using specific geometric configurations, and therefore hardly extrapolable to
the generality of possible terrestrial surfaces and geometric configurations.

The radiative transfer SAIL model is modified with the integration of PROSPECT
(Jacquemoud and Baret., 1990) and an empirical soil background description. The present
model uses an updated version of leaves spectra properties (Fourty and Baret, 1996). It
predicts the canopy BRDF at any wavelength and sun view geometry, as a function of
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parameters describing the canopy structure, leaf biochemistry and spectral soil properties. The
structural parameters are the leaf areaindex (LAI), the average leaf angle (ALA), and the hot
spot parameter (HOT), ratio of leaf size to cover height (Kuusk, 1994). The leaf biochemical
parameters are the pigment concentrations representing the chlorophyll A and B and
carotenoids (Ca,), the water equivalent thickness (Cy), the brown pigments (Cyp), the dry
matter (Cy,). A leaf structure index (N) represents the effective number of layersinside a leaf.
The optical soil properties are tackled with 10 standard soil spectra, 1 snow spectrum and 1
water spectrum. A brightness parameter (Bs) independent on wavelength allows to take into
account various moisture and roughness. The proportion between soil and vegetation is
explained with the fCover variable.

First, radiative transfer model simulations are made to generate a large database (severdl
thousands simulations). It is mainly made within following steps. The ECOCLIMAP database
(Masson et a., 2003) is used to drive the distribution of LAl as a function of location and
date. The sun position is determined depending on location and date. The distribution of the
background soil is driven by latitude and season. Finally, the distribution of the other input
variables is derived from prior knowledge of their distribution. Once this database is
generated, it is split in three parts: a training part containing 50% of the simulations to assess
weights and bias of the various neurons of the network, an hyperspecialization part and a
testing part to validate the network (both 25% of the simulations). The neural network once
trained is run in operationa mode to generate fCover with normalized VEGETATION
reflectance as main inputs. A complementary step provides an estimate of the associated
uncertainty.

4. Ancillary data

The current CY CLOPES version 2 uses several ancillary data mainly for the inputs in the
atmospheric correction and cloud detection:

- monthly mean aerosol MODIS products. In the persective of a rea time
processing chain, this ancillary data should be removed and replaced by a
climatology previously processed (monthly mean derived from previous
years)

- water vapor estimate and pressure at sea level derived from meteorological
data downloaded from Météo-France. The 2 files immediately anterior and
posterior to the orbit. The resolution is 1° x 1°. These data are aready
available at VITO for operational processing of VEGETATION P products

- ozone concentration derived from the TOMS instrument. In this case too,
this ancillary data should be removed and replaced by a climatology
previously processed

- the DTM issued from GTopo30 at a 2km spatial resolution

- the GLC2000 landcover classification
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5. Examples
This part presents an example of fCover product over Africa in April 2003 using

measurements from VEGETATION sensor at 1km spatial resolution (fig. 2). The largest
fCover values are observed in the equatorial belt and high plateau of Ethiopia. The figure 5
focuses on North Egypt and Middle East. The high fCover values for the Nile Delta are
clearly distinguishable.

Figure 2 fCover over Africain April 2005. The white pixels correspond to invalid values. The color scale is
between 0 (black) and 1 (red
e o e Atp N s -

Work Package 2 — VGT4Africa
Page 5 of 9



é EUROPEAN COMMISSION

fon s cone{ S®IMEDIAS e

A

Distribution of VEGETATION data

Figure 3 fCover over North Egypt and Middle East in April 2005. The color scale is between 0 (black)
and 1 (red). The white pixels correspond to invalid values.

6. Validation evidence

Validation exercises have been carried out through comparisons with ground validation
sites derived from VALERI experiment (Baret et al., 2005) but also with similar products
derived from MODIS sensor. VALERI encompasses 27 sites located all around the world in
order to take into account the various terrestrial biomes, including both natural and cultivated
vegetation. Within VALERI, a dedicated methodology has been set up to estimate the value
of the considered biophysical variables at the spatia resolution of large swath satellites from
ground measurements. Each individual ground measurement site, an area of 3x3 km? flat and
relatively homogeneous at the 1km scale, is sampled by selecting elementary sampling units
(ESUs) that represent the variability observed within the whole site. Over each ESU, which is
around 20x20m2, gap fraction measurements are performed either with LAI2000 or
hemispherical photographs. A concurrent (£7 days) SPOT-HRV image is then used to up-
scale the ground measurements performed over the ensemble of ESUs to the whole site,
thanks to a transfer function and co-kriging techniques. This processing allows to compare
directly products derived from low resolution sensors and ground VALERI measurements.
Examples of fCover tempora profiles are presented hereafter with VALERI points if
available (and its associated error) for sites located in Mali (fig. 4), Morocco (fig. 5) and
Burkina Faso (fig. 6).
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Figure 4 fCover tempora profile for the Gourma site (50% bare soil, 50% grass). The blue point
correspond to VALERI measurement
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Figure 5 fCover temporal profile for the Haouz site (56% bare soil, 2% deciduous broadleaf, 42%
grassland)
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Figure 6 fCover temporal profile for OQuagadougou site (21% bare soil, 16% deciduous broadleaf, 63%
grassland)

7. Estimated cost from ‘pre-operational’ to ‘operational’

The current processing chain implemented in the CYCLOPES project is operational.
Products are delivered in a Plate Carre projection. A clear documentation exists describing
Input Output Data Definition, Products Validation, End Users Information Guide.

The project objectives imply that the CY CLOPES processing chain is not a real time
processing chain. It means that modifications will have to be brought in the framework of
VGT4AFRICA project concerning the compositing method. Work will be achieve to generate
a composite on day j relying on measurements only acquired before this day. These
modifications concern minor methodological aspects (modifications of tempora weighting,
dliding compositing period, aerosol and ozone climatology) which will have no impact on
processing time.

The IPR for CYCLOPES external users are governed by the Consortium Agreement
signed by the different parties.
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9. Technical product sheet

Product name

Cover fraction

Algorithmic Methodology

Product derived through a neural network approach using normalized reflectance in B2, B3
and MIR, fAPAR as inputs

Geometric Resolution

1km

Product Accuracy

An associated file contains for each pixel the fCover uncertainty
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Frequency Delivery

Every ten days

Ancillary data

- Monthly mean aerosol MODI S product, daily ozone TOMS product, but they could be
replaced by climatology

-  DTM (Gtopo30)

- GLC2000 Land Cover classification

Delivery time

After the last P product acquisition, about one day (TBC)

Archive

Full year 2002 and 2003 (situation on 04/18/05). It will be extended to years 1998 until 2001
in Summer 2005.
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