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Summary of the main project objectives

Remote sensing approaches using wide field of view scanners such as the AVHRR have often
obviated the angular dependence of reflected and emitted radiation. Therefore the accuracy of
the geophysical products derived does not meet the requested requirements for user
communities concerned with climate change, carbon and water cycles, etc. With the advent of a
new generation of global imaging spectroradiometers capable of acquiring simultaneous multi-
angle abservations, both qualitatively new approaches as well as quantitative improvements in
accuracy are achievable that exploit the multi-angle signals as unique and rich sources of
diagnostic information.

The objectives of EAGLE are the following ones:

§

EVALUATION-CORRECTION: To evaluate and to reduce the associated uncertainty
with the angular effects in the historical (by means of a retrospective study of Europe,
using Pathfinder NOAA Land data from 1981 to present) and current (ATSR,
SEVIRI/MSG, MODIS, MERIS) sensors.

MODELLING: To propose improved algorithms using the available multi-angular
measurements so that to permit generating sensors independent bio-geophysical
products.

DEMONSTRATION: To provide a demonstration of improvements in biophysical
parameters obtained with the proposed algorithms.

VALIDATION: To validate models and products using in situ field data.
APPLICATION: To provide a dynamical biophysical map of Europe that will be
continuously updated by comparing modelling results with actual observations from the
various sensor systems.

RECOMMENDATION: To indicate the new algorithms and sensor configurations that
should be considered in the future to improve the estimations of the biophysical
parameters.

EAGLE intends to create strong interfaces with the user community and with operational
production services to be implemented in Europe in the GMES framework and this will
contribute to the establishment of a European Capacity for global monitoring of environment.



Work performed and end results

At the end of the 42 monthsof the contract (1 February 2004 to 31 July 2007), the project has
reached the objectives foreseen in the revised Technical Annex. The list below shows a brief
description, at work package level, of the work performed by the EAGLE consortium:

WP 110-Intercalibration & directional effects PAL data from EUROPE (Partners 1 and 3 -
Start month 0):

Partner 1 has processed a set of satellite raw data. The imagery selected were AVHRR data of
EUROPE from 1981-2001 within the Pathfinder AVHRR Land (PAL) program from NOAA,
which contains global and continental monthly and 10-day composites of channels 1, 2, 4 and 5
at 0.1° resolution. This imagery has been calibrated to give accurate TOA (Top of Atmosphere)
reflectivity for AVHRR-CH1 (visible) and AVHRR-CH2 (near infrared) and brightness
temperature (AVHRR channels 4 and 5). In order to estimate physical and biophysical
variables, algorithms previously used by Partner 1 have been adapted to the specific
characteristics of the image data set. To this end Partner 1 has developed an own software
(programmed in Interactive Data Language IDL). The software is easy and simple to use and is
capable to process the database over the whole Europe. The benefits arising from this WP are
mainly related to the large progress made in the elaboration of a software package for
processing the PAL data.

Concerning to SEVIRI/MSG sensor, Partner 1 has developed an own software to retrieve the
land surface temperature parameter from SEVIRI split-window channels (IR10.8 and IR12.0)
using the algorithm given by Sobrino and Romaguera (2004) and programmed in IDL language.
Values of surface emissivity are assumed according to in situ measurements or literature data.
Radiometric temperatures in the 5 by 5 pixel region were obtained from SEVIRI imagery using
the software MSGShell2 developed by Partner 5. This software can be adapted to higher interest
regions, and other emissivity or W values by changing the input values and it is capable to
process long time series of data.

Also concerning to SEVIRI/MSG sensor, Partner 3 has developed software to retrieve the Land
Surface Emissivity (LSE) from combined mid-infrared and thermal infrared channels of
MSG/SEVIRI. These retrieved LSE has been used together with the split window algorithm
developed specifically to retrieve land Surface Temperature (LST) from SEVIRI sensor. Partner
3 has also developed a single channel method for AATSR sensor to get the brightness
temperature at ground level with the use of the Modtran code fed with the output of ECMWF
data. Partner 3 has also built up an algorithm to produce both LSE and LST from a couple of
day-time and night-time images of MODIS.

This workpackage has been successfully accomplished. The deliverable 2 was sent according to
the technical annex. The conclusions of this workpackage are presented bel ow.



WP 120-Land cover, Land cover change (Partners 1 and 3 - Start month 10):

The objective of this workpackage was to characterise, from the processed PAL data, the land
cover and land cover changes in the terrestrial ecosystems. Different methods has been
evaluated and used to give an evolution map which alows characterising changes in the
terrestrial ecosystems both at regional and local scales.

To carry out the analysis of land cover, classifications have been built for the whole European
continent, from PAL NDVI data and REANALY SIS air temperature data. Two classifications
have been elaborated, one for the period 1982/1986, the other for the period 1995/1999, which
have been compared. This comparison evidences changes in snow cover, vegetation and thermal
patterns. Since air and surface temperatures are strongly correlated (through land cover),
thermal pattern changes mirror LST evolution. Results from workpackage 140 (harmonic
analysis) have been used to characterize land cover change between the two above mentioned
periods, identifying the processes undergone by the land cover: desertisation, vegetation
regrowth and variations in growing-season length. In relation to this task, NDVI metrics
(minimum and maximum values, dates of onset and offset of growing-season) have been
identified as suitable biophysical parameters for land cover monitoring. These NDVI metrics
could be retrieved from GIMMS (Global Inventory Modeling and Mapping Studies) database,
limited to NDVI data, but corrected from the orbital drift, as explained below.

As identified during this study, the polar-orbit satellites, such as Terra, Aqua and NOAA, are
suffering from the orbit drift, causing the derived land surface temperature (LST) no comparable
for a long-time period. Even within a single orbit, the local solar times of the observations are
different from each other, especially the difference between the west and the east observations.
Furthermore, in the overlapping areas of two neighbouring orbits, the observations at the same
location are also acquired at different local solar times. Therefore, an accurate temperature
diurnal cycle model has to be developed to correct from these effects. For this reason, we have
developed a physics-based temperature diurnal cycle model with only 5 determined parameters.
It has been shown in this study that if the temperature diurnal cycle is described by the model,
the temperature at any given time of the day can be calculated and that makes possible to
accuratdly map LSTs of global area. Since there is only one measurement for ten days in the
PAL dataset, it is not possible to determine the model parameters and apply the orbit drift
correction with the PAL dataset.

This workpackage concluded successfully. The deliverable 3 is attached to this report according
with the technical annex.

WP 130-Maps of critical parameters (Partners 1 and 3 - Start month 2):

Maps of NDVI (Normalized Difference Vegetation Index), surface temperature, surface
emissivity and albedo have been calculated from PAL data. The maps have been obtained from
the methodology proposed in the technical annex. The software UCG_EAGLE (WP 110) builds
automatically a database of these maps all over Europe for every period of 10 days from July
1981 to September 2001.

This workpackage has been successfully accomplished

WP 140-Dynamical Vegetation Maps (HANTS) (Partner 4 - Start month 0):

NLR has applied the HANTS software to produce the Fourier components of Europe for the
years 1982 until 2001. Newer data were not available yet at NASA GSFC. After a first run
through all years, arecalibration has been carried based on yearly average NDVI fluctuationsin
the Sahara, which have been flattened. Based on the new calibration data, all data have been



reprocessed. The data are now available to the project. Besides, Partner 1, in collaboration with
Partner 4, has conducted a harmonic analysis on Land Surface Temperature with the help of
HANTS software. This analysis shows that HANTS algorithm is suitable for such a task, and
corroborates results obtained from NDVI harmonic analysis.

Finally vegetation dynamics has been studied using SPOT-VGT 10-day composite data of
greater Europe of the year 2002. The first phase in the production of a dynamic vegetation map
of Europe was completed in the form of three major elements. These are (i) vegetation dynamics
expressed by means of HANTS results obtained from SPOT-VGT NDVI data from one year,
(i) the GLC2000 land cover classification result of the same area, obtained from JRC, and (iii)
adigital devation model (DTED level 0) provided by USGS. Results are given in deliverable 3
attached to the fourth annual report.

WP 200-Surface Albedo (Partner 4 - Start month 9):

The methodology to derive surface albedo from hyperspecral model simulations has been
developed. Parameters of a soil-vegetation reflectance model are obtained by model inversion of
remote sensing data from various sensors. Next the model is applied at hyperspectral resolution
to generate hemispherical reflectances and, combined with total spectral irradiances from
MODTRAN4, spectral integration is performed to obtain surface abedo. This technique has
already been demonstrated for simulated SPECTRA data.

Albedo maps has been produced from using the dynamic vegetation mapping facility available
(WP 800). RT model simulations were used in order to generate albedo maps. This is more
accurate and allows much more flexibility regarding day of the year and time of day than using
multiple linear regressions for each satellite-date-orbit combination.

WP 310-LAIl & Fractional vegetation coverage 1- MERIS (Partners 1 and 3 - Start month
7):

On the basis of the literature study and by means of simulations made by M odtran-Prospect-
Sailh model, we have constructed a simulated database and developed a practical method for
estimating the LAl and fraction cover from multi-spectral data.

WP 320-LAl & Fractional vegetation coverage 2-AATSR (Partne's 1 and 3 - Start month
7):

A method has been proposed to perform the atmospheric corrections in the visible and near
infrared channels at two view angle observations. A modified atmospherically resistant
vegetation index has been developed and constructed with the apparent reflectance measured at
the satellite level. Subsequently, the retrieval of LAI and the fraction vegetation coverage from
AATSR data has been investigated. By means of the database constructed by 6S and Sailh
model, an algorithm has been developed to retrieve the fraction vegetation coverage without
performing atmospheric corrections in AATSR visible and near-infrared channels. If the leaf
angle distribution function is known, LAI can also be obtained with an acceptable accuracy
from AATSR data. Fractional vegetation coverage has been obtained for the AATSR images of
the EAGLE campaigns.

WP 410-Emissivity — Approach 1 (Partner 3 - Start month 3):

Based on the concept of TISI (Temperature-Independent Spectral Indices), an algorithm has
been developed to retrieve Land Surface Emissivities (LSE) from the combined mid-infrared
and thermal infrared data of the MSG1-SEVIRI. In order to use this type of algorithm to obtain
LSE from SEVIRI data, a new atmospheric correction scheme has been developed for both
Middle Infra-Red (MIR) and Thermal InfraRed (TIR) channels. For the images acquired at



UTC times 0:00, 6:00, 12:00 and 18:00, the atmospheric corrections were implemented using
MODTRAN 4.0 fed with the ECMWF data. For the images acquired at times outwards when
atmospheric data (ECMWF data) are available, time-nearest and spatially interpolated
atmospheric data were used for the images in SEVIRI channd 4 (MIR channel at 3.7mm)
because this channel is not too sensitive to the change of water vapor content in the atmosphere.
For the SEVIRI channels 7(8.7nm), 9(11nm) and 10(12nm) (TIR channels), a physics-based
Diurnal Temperature Cycle model (DTC) was developed alowing by time interpolation to
derive the brightness temperature at ground level for the entire day. The directional emissivities
in SEVIRI channels 4, 7, 9 and 10 were estimated by the TISI concept, BRDF models (modified
Minnaert's model and RossThick-LiSparse-R model) have been developed to estimate the
directional emissivity in channel 4 from the measurements of the bi-directional reflectivity in
this channel.

A small area (30.2N—37.7N, 7.0E—15.7E) and a large area (0—60N, 20W—60E) were
selected as study areas. MSG Level 1.5 product, MSG cloud mask and ECMWEF profiles were
the primary data used in the LSE retrievals. The time span of the SEVIRI data over the small
study area is from July 15 to July 17, 2004. While over the large study area, the LSEs were
estimated from July 14 to July 19 of 2004 and from July 10 to July 14 of 2005, and on the other
31 days in 2004, 2005 and 2006.

Over the two study areas, the results obtained showed that: (1) The DTC model works well on
both vegetated and bare areas, and both modified Minnaert’s and RossT hick-LiSparse-R models
can describe correctly the behaviors of bi-directional reflectivities; (2) The land surface is a non-
Lambertian reflector. (3) The range of the directional emissivitiesin SEVIRI channels 4 and 7 is
very large, going from 0.5 to 1.0, and usually higher than 0.85 over the vegetated areas as in
Europe, and very low over the bare areas as in the Sahara desert region. The directional
emissivitiesin SEVIRI channels 9 and 10 are usually higher than 0.85.

The intercomparison of the results obtained by the two BRDF models shows that the semi-
empiricdl BRDF RossThick-LiSparse-R model is superior in accuracy to the modified
Minnaert’s model in the modelling of the bi-directional reflectivities in mid-infrared region and
leads to an accurate directional emissivity. We have extended the semi-empirical kernel-driven
BRDF model used for MODIS albedo calculation to the estimation of directional emissivity
from MSG-SEVIRI data and re-applied this model to about 30 days SEVIRI images processed
with the modified Minnaert’s BRDF during the previous reporting periods. The intercomparison
of the results obtained by these two BRDF models showed that the semi-empirical BRDF called
RossThick-LiSparse-R model is superior in accuracy to the modified Minnaert’'s model in the
modelling of the bi-directional reflectivities in mid-infrared region and leads to an accurate
directional emissivity.

WP 420-Emissivity — Approach 2 (Partner 1- Start month 3):

Partner 1 has developed a method to retrieve thermal emissivity maps. The background of this
work package is the definition of effective parameters on a heterogeneous surface given by
Sobrino et a (1990). The methodology uses high resolution images (Landsat, CHRIS/PROBA).
This method combines the visible and near-infrared spectral bands from the AATSR data. The
NDVI has been computed as an initial input to derive images of the Proportion of Vegetation,
and therefore to retrieve the emissivity maps of selected areas from remote sensing data using
the NDVI Threshold Method (NDVI™™). This method have been applied to the AATSR images
obtained from the EAGLE campaigns carried out in Barrax (2005), in Gormin (2006) and in
The Netherlands (2006).



WP 510-L ST (Partners 1 and 3 - Start month 3):

The generalized split-window algorithms for the retrieval of the Land Surface Temperature
(LST) from space measurements have been developed respectively for the SEVIRI and AATSR
instruments using the six standard model atmospheres prescribed in MODTRAN 4.0: Tropical,
Mid-latitude Summer (MLS), Mid-latitude Winter (MLW), Sub-arctic Summer (SAS), Sub-
arctic Winter (SAW) and U. S. 1976 Standard. Considering the specific view geometry of
SEVIRI, only the Tropical model atmosphereis available for the view zenith argle less than 17°,
and the SAS and the SAW are excluded in the algorithm devel opment because the view zenith
angles within the SAS and SAW regions are greater than 65°. In order to make the radiative
transfer simulations much more representative for natural cases, the temperature profiles and the
water vapor profiles of the six standard model atmospheres were adjusted. The air temperature
adjustment is £15.0 K for the first boundary level and linearly decreases with the increment of
the altitude until to tropopause. For the levels higher than tropopause, the adjusted amount is set
to 0.0 K. The water vapor content (W) was scaled from 0.1 to 1.5 with a step of 0.1. Eleven
view zenith angles at a height of 100 km: 0°, 10°, 20°, 30°, 35°, 40°, 45°, 50°, 55°, 60° and 65°,
and six view zenith angles: 0°, 10°, 20°, 25°, 50° and 55° were used for SEVIRI and AATSR
(Nadir and Forward), respectively. The LST ranges from To-5 to To+20 (T, is the air
temperature at the first layer of atmospheric profiles) with an interval of 5 K. The average
emissivity of two split-window channels varies from 0.90 to 1.00 with a step of 0.02, and the
emissivity difference of two channels (s ¢) varies from -0.025 to 0.016 with an increment of
0.005. Because both SEVIRI and AATSR have no atmospheric sounding channels, the first
boundary temperature of atmosphere is not known. Unlike the split-window algorithm
developed for MODIS instrument, the split-window algorithms developed in this project for
SEVIRI and AATSR have been improved with the range of LST instead of that of air-
temperature using a two-step processing. The first step is the retrieval of an approximate LST
using a general algorithm. Then according to the LST retrieved in the first step, the second step
decides which sub-algorithm will be used for an accurate LST retrieval. In order to further
improve the accuracy of the generalized split-window algorithm, the LST, the average
emissivity and the W were divided into several tractable sub-ranges. The LST was divided into
5 groups with an overlap of 5 K: «282.5, [277.5, 297.5], [292.5, 312.5], [307.5, 327.5] and
*322.5 K. The LSE was separated into two sub-ranges: one goes from 0.90 to 0.96 and the
other varies from 0.94 to 1.0 with an overlap of 0.02. The W was divided into six groups which
are[0.0, 1.5], [1.0, 2.5], [2.0, 3.5], [3.0, 4.5], [4.0, 5.5] and [5.0, 6.5] in g/cn?.

For AATSR, when LST islower than 335 K and W varies between 0 and 6.5 g/cn?, the RMSES
are better than 1.0 K for the Nadir view, and are better than 1.6 K for the Forward view. The
RMSEs for AATSR are also less than 1.0 K for both the nadir and forward views and all LST
groups when W is lower than 4.5 g/en?. While for SEVIRI, when W varies between 0 and 6.5
g/em?, the RMSEs are less than 1.0 K for the view zenith angles less than 55° and LST less than
312.5 K, or for the view zenith angles less than 45° and all LST groups. The RMSEs for
SEVIRI are also less than 1.0 K for all LST groups with the view zenith angles lower than 60°
and W lower than 3.5 g/cn’.

The LSEs in SEVIRI channels 9 and 10 were estimated by the method developed in WP410,
while the LSEs in AATSR channels IR11 and IR12 were inferred from the ones in SEVIRI
channels in terms of the RossThick-LiSparse-R model, the Kirchhoff's law, the angular-
independent propertiesof TISI and the MODIS UCSB Emissivity Library. The W was estimated
by means of the method developed in WP520.

LSTswereretrieved over the study area (longitude: 20W—®60E, latitude: 0—60N) from July 14,
2004 to July 19, 2004 and from July 10, 2005 to July 14, 2005 by the split-window method and
the single channel method from the SEVIRI data and the AATSR (Nadir and forward) data. The
results show that the LSTs in daytime are higher than the ones at night, and the LSTs over the



bare area are higher than the ones over vegetated area in daytime. The LSTs estimated by the
two methods are basically consistent. The AATSR Nadir LSTs are averagely 3.6 K higher than
the corresponding AATSR Forward LSTs in daytime, while they are aimost equal at night. The
results of the AATSR LSTs indicate that the dual-angle algorithm developed for the AATSR
instrument cannot be used in the daytime LST retrieval, but may be qualified for nighttime LST
retrieval. The LST retrievals are mainly limited by the absence of emissivitiy knowledge and the
presence of clouds.

WP 520-Atmospheric Correction (Partners 1 and 3 - Start month 9):

One of the objectives of this WP is to estimate the atmospheric total column water vapour
(TWC) content directly from satellite data. This estimated TWC is used as input data to perform
atmospheric corrections of satellite data. During the period covered by this project, a theoretical
method has been proposed to estimate the TWC directly from satellite data and a practical
algorithm allowing using the developed method has been also proposed and applied to SEVIRI
and AATSR instruments. The results showed that the method developed is accurate enough to
be applied for land surface temperature retrieval with split-window algorithm developed in
WP510.

Another objective is the estimation of the Aerosol Optical Depth (AOD) in the atmosphere
directly from AATSR data A theoretica method using multispectral and multiangular
measurements has been proposed and has been applied to AATSR data.

During the EAGLE project, we have applied the theoretical method devel oped previously to the
actual SEVIRI and AATSR data for estimating the atmospheric total column water vapour. The
results showed that the method devel oped here is accurate enough to be applied for land surface
temperature retrieval with split-window algorithm. Retrieval of aerosol optical depth from
ATSR-2 data has been also carried out, with a method using visible and near infrared channel
data at two-angle views. Such retrieved aerosol optical is necessary for atmospheric corrections
of top of atmosphere spectral and directional radiances to obtain their corresponding surface
values.

WP 530-Comparison AATSR versus NOAA-MODIS-SEVIRI/MSG (Partners 1 and 3 -
Start month 9):

Partners 1 and 3 have obtained the land surface temperature from AVHRR, MODIS, AATSR
and SEVIRI data over Barrax region in Spain using split-window and single channel methods
and the LST products have been compared in between them. The LST retrieved by SEVIRI isin
general higher (rms 4.5 K in the daytime) than the one derived by MODIS and AATSR. We
thus suspected the calibration accuracy of SEVIRI instrument and undertook the cross-
calibration of SEVIRI infrared channels with the TerraaMODIS channels. Two methods, the
ray-matching method and the radiative transfer modelling method, were developed and applied
to cross-calibrate the SEVIRI channels 4 (3.9¢m), 9 (10.8 *m) and 10 (12.0» m) with MODIS
channels 20, 22, 23, 31 and 32.

The results obtained by the ray-matching method showed that the calibrations of SEVIRI
channels 4, 9 and 10 against MODIS channels are consistent in July 2005 and July 2006. The
brightness temperatures measured in SEVIRI channel 4 are lower than the ones measured in
MODIS channel 20, while the brightness temperatures measured in SEVIRI channels 9 and 10
are, respectively, higher than the ones measured in MODIS channels 31 and 32. The results
obtained by the ray-matching method showed that, for brightness temperatures ranging from
280 K to 320 K, the temperature adjustments « BTs (MODI S calibrated brightness temperature
(BT) minus actual SEVIRI calibrated BT) increases from 4.4 K to 5.9 K for SEVIRI channel 4,
and they vary from -0.44 K to -0.75 K for SEVIRI channel 9 and from -0.03 K to -0.21 K for
SEVIRI channel 10. Because the ray-matching method can not account for the effects of the



different spectral responses between SEVIRI and the MODIS, it is hard to decide whether the
brightness temperatures in SEVIRI channels are overestimated or underestimated.

More detailed analyses have been performed to cross-validate the SEVIRI LSTs (LST_SEVIRI)
estimated by the split-window algorithm developed specifically for MSG-SEVIRI in WP510
with the LSTs extracted from the MODIS/Tera LST products (LST_MOD11B1 and
LST_MOD11 L2) and the AATSR Forward LSTs (LST_AATSR) derived by the split-window
algorithm for AATSR in WP510 over the Iberian Peninsula area and the Egypt & Middle East
areain July of 2004 and July of 2005 according to the Quality Assurance (QCs) defined in the
MODIS/TerraLST products.

Over the vegetated I berian Peninsula area, when LST_SEVIRI is compared to LST_MOD11B1,
in the daytime, the average of the temperature differences (mean) islower than 0.8 K, and the
RMSE are ~2.6 K, while at night, the mean and RMSE become smaller. When Ts SEVIRI is
compared to Ts MOD11_L 2, the mean changes between 0.9 K and 2.3 K and RMSE varies
between 1.9 K and 3.2 K, which is basically consistent with the previous published results. The
results indicated that, in a general way, the temperature differences in daytime are larger than
the temperature differences at night, and the temperature differences between Ts SEVIRI and
Ts MOD11B1 are smaler than the temperature differences between Ts SEVIRI and
Ts MOD11 L2. When Ts_SEVIRI is compared to the AATSR Forward LST estimated by the
generalized split-window algorithm (Ts AATSR_Forward), Ts SEVIRI is averagely 1.3 K
higher than Ts AATSR_Forward with a RMSE of 2.4 K in the daytime, and the mean and
RMSE of the temperature differences are, respectively, reduced to 0.3 K and 1.6 K at night
(21:46UTC). The temperature differences between Ts SEVIRI and Ts AATSR_Forward are
mainly caused by the view zenith angles.

Over the Egypt & Middle East area, in the daytime, Ts SEVIRI is averagely 1.5 K lower than
the Ts MOD11B1 and the average RMSE is 2.5 K. The Ts_SEVIRI is averagdy 0.2 K higher
than Ts MOD11B1 and the average RMSE is 1.9 K at night. Similar to the results over the
Iberian Peninsula area, Ts MOD11 L2 is ill lower than Ts_SEVIRI, but the LST differences
are much larger: the mean is up to 2.5 K and the RM SE is up to 3.5 K. The large temperature
differences between Ts SEVIRI and Ts MOD11 L 2 usually happen in the desert regions.

WP 540-Component Temperatures (Partners 1 and 3 - Start month 9):

A Monte-Carlo method was developed to simulate the directional thermal infrared exitanceand
a thermal infrared database was constructed with both CUPID and Monte-Carlo models. This
database was used to establish a model which theoretically relates the directional measurement
to the component temperatures. The database was used also to calibrate the developed model.

An analytical parameterization of directional emission was proposed to account for the hot spot
effect in thermal IR which has been observed and studied by number of researchers. Similar to
visible and NIR, hot spot in thermal IR may result from shade-hiding due to the temperature
difference between sunlit and shaded parts. The core idea behind this parameterization is to
separate sunlit soil from shaded soil. The emission from soil and foliage which are singly
scattered by foliage are taken into account by means of phase function of vegetative canopy.

Canopy structure parameter, especially leaf area index and leaf angle distribution (LAD), plays
an important role in thermal radiative transfer of vegetative canopy. Thus, a thorough
comparison and analysis of LAD functions will enhance our understanding of the influence of
leaf angle distribution on the extinction coefficient and radiative transfer. By using the field
measurement of LAD in FIFE experiment and two sites in Australia, several LAD functions
were compared and their effects on extinction coefficients were analyzed.



Another attempt was made to couple thermal and visible/NIR radiative transfer models to
Separate  component temperatures directly from remotely-sensed measurements. Canopy
structure parameters such as leaf area index, leaf angle distribution and clumping index and
solar-viewer geometry were used to couple the radiative transfer models which output
directional brightness temperatures and reflectance given thermal environment variables and
gpectral properties of foliage and soil. Finally, a multi-perception neural network was trained
with the output database which relates the component temperatures with directional brightness
temperatures and reflectance. The evaluation of the component temperatures retrieved from the
smulated AATSR data using respectively the neural network based algorithm and the
simplified analytical directional thermal model both developed in this project has been
performed. The results showed that both models can give a reasonable accuracy to retrieve
component temperatures, but the neural network based algorithm is superior to the simplified
analytical directional thermal model in the accuracy of component temperature retrievals

WP 610-New Algorithms (Partner 2 and 5 - Start month 13):

The tasks left in this WP was transferred to partner 5 (ITC) since the dates when ITC was
included as a new partner. However, additional contribution has been made by partner 2. Work
has started to develop new algorithms, on the basis of the state of the art remote sensing
algorithm SEBS (Su, 2002), which should take full advantage of the directional radiometric
observations and do not depend on the satellite considered. A detailed validation of the SEBS
was carried out using the SPARC2004 data (van der Kwagt, et al., 2006). The SEBS model was
also applied to the North China plain for determination of evapotranspiration using routine
meteorological measurements (WMO standard) and MODIS products. The comparison to
lysmeter measurements and other estimation methods indicated that SEBS produced
independent and reliable estimates of good accuracy (Lin, 2006). The SEBS model was also
validated using data obtained from the the Soil Moisture-Atmosphere Coupling Experiment
(SMACEX) conducted in lowa from 19 June through 9 July in 2002 (Su et al., 2005b). Results
indicate that surface flux predictions from SEBS perform very well when assessed against in
situ flux measurements derived from eddy covariance approaches at both local and regional
scales.

For the wide dissemination of the SEBS algorithm, an open source code written in Java was
created and tested in the ESA BEAM environment for the application to ENVISAT MERIS and
AATSR data

WP 620-Operational Model for Heat Roughness (Partner 2 and 5 - Start month 19):

Roughness height for heat transfer is a crucial parameter in estimation of heat transfer between
the land surface and the atmosphere. Although many empirical formulations have been
proposed over the past few decades, the uncertainties associated with these formulations are
shown to be large, especialy over sparse canopies. In this project a simple physically based
model is proposed for the estimation of the roughness height for heat transfer. This modd is
derived from a complex physical model based on the ‘localized near-field’ Lagrangian theory.

The results of the model performance are judged by using the derived roughness values to
compute sensible heat fluxes with the bulk transfer formulation, and comparing these computed
fluxes to the observed sensible heat fluxes.

The present model is further shown to be able to explain the diurnal variation in the roughness
height for heat transfer. On the basis of a sensitivity analysis, it is suggested that most of the
information needed can be obtained by satellite remote sensing such that its global utility in
large-scale atmospheric models for both numerical weather predictions and climate research
merits further investigation.



The algorithm can be used globally both in surface energy balance models and in numerical
weather prediction models. The operational algorithm to estimate the roughness length for heat
transfer isimplemented in SEBS and the ATBD has been included in the Fourth Annual report.

WP 710-Validation DAISEX (Partners 1, 2 and 3 - Start month 12):

Partner 1 has developed algorithms for Land Surface Temperature (LST) and Land Surface
Emissivity (LSE) retrieval from Digital Airborne Imaging Spectrometer (DAIS) thermal
infrared (TIR) data Methods for LST retrieval include single-channel and two-channel
algorithms, whereas methods for LSE retrieval include the NDVI Thresholds Method
(NDVI™), the Normalized Emissivity Method (NEM) and the Temperture and Emissivity
Separation (TES) algorithm. LSE method has been tested using field measurements, with errors
between 1 and 2%. LST agorithms have been also tested using field measurements, with errors
between 1 and 1.5 K. LST and L SE products have been used in order to estimate heat fluxes and
evapotranspiration from DAIS data using the Simplified Surface Energy Balance Index (S
SEBI) developed by Roerink et al. (2000). This method also uses other remotely sensed
parameters such albedo, and it is applicable under the assumptions of constant atmospheric
conditions and sufficient wet and dry pixels over the images. Evapotranspiration values have
been tlested using field measurements obtained from a lysimeter station, with errors lower than 1
mmd .

Partner 2 has developed a model to estimate sensible and latent heat fluxes using land surface
paramsters derived from remote sensing measurements. This model was applied to airborne data
(HYMAP for visible and near-infrared spectrum and DAIS for thermal infrared spectra)
collected in DAISEX’99 field experiment in Colmar (France). The estimated sensible and latent
heat fluxes were compared with the measurements made by Bowen Ratio system over sugar
beet and fallow fields. The results show that estimation of sensible heat flux show good
agreement with measurements over sugar beet, while fallow has shown good agreement in latent
heat flux with measurements.

WP 720-New field campaigns (Partners 1, 2, 3 and 5 - Start month 18):

Several experiments were carried out in Spain, France and Netherlands, and field measurements
were collected simultaneously with satellite and aircraft overpasses. This has allowed building
an excellent high quality data base. The data provided by these experiments will suppose an
important support to the analysis of the impact of the angular effect in remote sensing data.
Moreover the benefits of building these data bases will affect not only to the EAGLE partners,
but also to the scientific community interested in the angular aspects. Measurements were taken
for calibration purposes of the AHS sensor (transects) and for introducing new angular
emissivity values of some surfaces (box method and with a goniometer). Analysis of data
colleted has been done by partners 1, 2, 3and 5.

Among the field campaigns we stand out the organised in the Netherlands in 2006 —
EAGLE2006 - EAGLE Netherlands Multi-purpose, Multi-Angle and Multi-sensor In-situ,
Airborne and Space Borne Campaigns over Grassland and Forest. The EAGLE2006 activities
are performed over central parts of the Netherlands (the grassland site at Cabauw and two forest
sites at Loobos & Speulderbos) from the 8th until the 18" of June 2006. EAGL E2006 originated
from the combination of a number of initiatives coming under different funding. As such, the
objectives of the EAGLE2006 campaign were closely related to the objectives of other ESA
Campaigns (SPARCO04, Sen2Flex2005 and especially AGRISAR2006).
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One important objective of the campaign is to build up a data base for the investigation and
validation of the retrieval of bio-geophysical parameters, obtained at different radar frequencies
(X-, C- and L-Band) and at hyperspectral optical and thermal bands acquired over vegetated
fields (forest and grassland). As such, al activities were related to algorithm development for
future satellite missions such as Sentinels and for satellite validations for CHRIS, MODIS and
MERIS data, with activities also related to AATSR and ASTER thermal data validation, as well
as the ASAR sensor on board ESA’s Envisat platform and those on EPS/MetOp and SMOS.
Most of the activities in the campaign are highly relevant for EAGLE, but also issues related to
retrieval of biophysical parameters from CHRIS and MERIS as well as AATSR and ASTER
data were of particular relevance, while scaling issues and complementary between these
(covering only local sites) and global sensors such as MERIS/SEVIRI, EPSM&aOP and SMOS
are also key elements. The data obtained are attached in the fourth annua report within
deliverable 4.

WP 800 — Dynamical biophysical map of Europe (Partner 2 and 4 - Start month 18):

The GLC2000 land classification map and a digital elevation model product could initially be
taken as a basis for deriving a map of fixed biophysical model parameters. It was expected that
vegetation dynamics during the growing season can mainly be expressed by only two
temporarily varying parameters, the total leaf area index (LAI) and fraction brown leaf area (fg).
Both are parameters of the integrated soil-leaf-canopy radiative transfer model SLC, which was
to be used to generate synthetic images that can be compared to actual images. HANTS was
also used to reconstruct a synthesis from the harmonic components at four frequencies, namely
the zero frequency (which gives the yearly mean), the yearly cycle, the half-yearly, and the four-
month period. The HANTS results obtained from the SPOT-VGT data of the year 2002 have
been processed in order to produce a so-called “ map of minimum vegetation”. By analysing the
dynamic behaviour of the SPOT reflectance channels in the red, the near infrared (NIR) and the
mid infrared (MIR), it was possible to find the moment of minimum vegetation under snow-free
conditions.



A crop growth model WOFOST, which isimplemented in the Crop Growth Monitoring System
(CGMS) with a database set up over Europe and developed for the Services of the EU
Commission, is used by partner 2 (Alterra) to simulate, on a daily basis, land surface
biophysical variables, i.e. LAl and the weight of dead leaves which can be transformed to
fraction of brown leaf area. The GLC2000 land classification map and a digital elevation model
product could initially be taken as a basis for deriving a map of fixed biophysical model
parameters. It was expected that vegetation dynamics during the growing season can mainly be
expressed by only two temporarily varying parameters, the total leaf area index (LAI) and
fraction brown leaf area (fg). Both are parameters of the integrated soil-leaf-canopy radiative
transfer model SLC, which was to be used to generate synthetic images that can be compared to
actual images.

WP 910 - Assessment of progress and results (Partner 1, 2, 3, 4 and 5 - Start month 6):

During the duration of EAGLE project several meetings took place in: Brussels (kick-off),
Spain (first and final), France (second), The Netherlands (third). The objective was to discuss
the work progress of the different partners and also to plan the future work, including the
periodic reports and organizations of the field campaigns. Besides we can highlight

1.-Partner 5 organized the Final Meeting SPARC2004 at ITC, 4-5 July 2005.

2.-Partner 1 organized The Second International Symposium on Recent Advances in
Quantitative Remote Sensing (http://www.uv.es/ragrs).

WP 920 - Recommendations (Partner 1, 2, 3, 4 and 5 - Start month 6):

According to the Technical Annex, the whole set of the ATBD’s of the new algorithms
developed in the framework of EAGLE project has been delivered in the Fourth Annual report.
In addition, all the achievements in the workpackages have been described in the corresponding
deliverable. Then we provide an overview of the objectives achieved during the period of the
project, based on the deliverables Di (i indicates the deliverable number, see section 7.5 of the
Annex |-“Description of Work” of the contract).

§ DI1: A website www.uv.es/ucg/eagle has been constructed and used as a tool for
information exchanging. The website has been actualized continuously. All the partners
have contributed with their suggestions, data and results. We recommend consulting
this web as key point of the EAGLE project.

§ D2: A software package to compute biophysical parameters from PAL in IDL aswdll as
another software package in C++ to retrieve Land Surface Emissivity (LSE) and Land
Surface Temperature (LST) from SEVIRI data have been developed. Moreover, a
physics-based diurnal temperature cycle model (written in C++) with only 5 determined
parameters has been devel oped to remove the effects of orbit drift and inherent issues of
polar-orbit satdllite on the retrieved LST over a large region and for long-time period.
All software packages work well with PC and we recommend using it for processing of
NOAA, AATSR, SEVIRI and MODI S images.

8 D3 Maps of NDVI (Normalized Difference Vegetation Index), surface temperature,
surface emissivity and albedo have been calculated from PAL data. NDVI dynamics for
the years 1982-2001 have been determined and expressed as Fourier amplitude and
phase data per pixd. Land surface temperature product has been produced with MODIS
data from March 2000 to 2006 over Europe. We recommend the use of these maps to
study land surface phenology in Europe.



D4: This report includes the database related to the EAGLE field experiments. The
database is composed by field measurements and biophysical maps (temperature,
emissivity, fractional vegetation cover, ec.) obtained from AHS and ASTER data. We
recommend the use of this high quality database in the future.

D5: We recommend using our procedurein order to generate albedo maps.

D6: We recommend the method developed to estimate the LAI and fraction cover from
multi-spectral data. To this end a database has been constructed by means of
simulations of Modtran-Prospect-Sailh model and a selection of optimal channels and
anglesfor LAI retrieval has been undertaken.

D7: Several agorithms have been developed to perform atmospheric corrections in both
the visible/near infrared and the infrared channels of AATSR. Finally, a method has
been recommended to estimate the LAl and fraction cover from AATSR data

D8: A new atmospheric correction scheme has been developed to get the brightness
temperatures at ground level in midkinfrared and thermal infrared channels of SEVIRI.
Based on the concept of the temperature independent thermal spectral indices, a new
physics-based algorithm has been developed to retrieve Land Surface Emissivity (LSE)
from SEVIRI data. This algorithm has been applied to about 30 days SEVIRI/MSG
images and got about 30 maps of land surface emissivity in the SEVIRI/MSG channels
4 (3.7mm), 7(8.7mm), 9(11mm) and 10(12mm) in 2004, 2005 and 2006, covering the
land area going from 20W to 60E and from O to 60N. During the development of this
LSE retrieving method, a semi-empirical kernel-driven BRDF called RossT hick-
LiSparse-R model used in MODIS visible and near-infrared channels has been extended
and a modified Minnaert’s BRDF model has been developed simultaneously for the
estimation of directional emissivity from MSG-SEVIRI retrieved bi-directional
reflectivities in mid-infrared region. The intercomparison of the results obtained by
these two BRDF models showed that the semi-empirical BRDF called RossThick-
LiSparse-R model is superior in accuracy to the modified Minnaert’s model in the
modelling of the bi-directional reflectivities in mid-infrared region and leads to an
accurate directional emissivity.

D9: Partner 1 has developed a method to provide accurate emissivity maps from
AATSR data by the combination of VIS-NIR channels. The NDVI Thresholds Method
(NDVI™ has been applied to the remote sensing data obtained in the field campaigns
carried out in July 2004. Algorithms to estimate surface emissivity has been developed
by Partner 1.

D10: A practical and operative split-window agorithm has been developed to obtain
LST specifically from SEVIRI data. Also, a set of split-window, and dual-angle
algorithms have been developed for AATSR. The radiative transfer code (Modtrand)
and the ECMWF reanalysis atmospheric profiles have been proposed to perform
atmospheric corrections in thermal and mid infrared channels. Since The ECMWF
reanalysis (ERA) data are given at the gridded spatial resolution of 0.5 °
latitude/longitude for 4 main UTC time: 00:00, 06:00, 12:00 and 18:00, a bilinear
interpolation was used to produce the spatial resolution corresponding to the images,
and LST diurnal cycle model developed in D2 was used to generate the series of
brightness temperature at ground level.

D11: A theoretical method and a practical algorithm have been developed to estimate
the atmospheric total column water vapour from SEVIRI and AATSR split-window
channels. Moreover, an algorithm has been developed to estimate the Aerosol Optical



Depth (AOD) in the atmosphere from AATSR bi-directional measurements in visible
and near-infrared channels.

D12: A comparison of LST products obtained from AATSR, MODIS and SEVIRI
instruments over Barrax site in Spain in coincidence of a field campaign in July 2004
has been carried out. The results showed that the LST retrieved by SEVIRI isin general
higher (rms 4.5 K in the daytime) than that derived by MODIS and AATSR, this can be
only explained by the inaccuracy of SEVIRI's calibration, a cross-calibration of
SEVIRI infrared channels with the Terra-M ODI S channels has been undertaken. A new
comparison of LST has been redone with the new calibrated BTs (Brightness
Temperature) of SEVIRI over the Iberian Peninsula area and the Egypt & Middle East
areain July of 2004 and July of 2005 according to the Quality Assurance (QCs) defined
in the MODIS/Terra LST products. The results revealed that the SEVIRI LSTs are
consistent with the LSTs extracted from the MODIS/Terra LST products and the
AATSR LST with accuracy of 1-3 K depending on the different types of surface.

D13: A Monte-Carlo method has been developed to simulate the directional thermal
infrared exitance and a thermal infrared database was constructed with both CUPID and
Monte-Carlo models. This database was used to (1) establish a simplified analytical
directional thermal model theoretically relating the directional measurement to the
component temperatures; (2) calibrate the developed model and (3) make the accuracy
assessment. Several leaf angle distribution (LAD) functions were compared and their
effects on extinction coefficients were analyzed with the field measurement of LAD
conducted in FIFE and two sites in Australia. A combined thermal and visible/NIR
radiative transfer models has been developed to simulated the satellite measurements,
the latter has been used to separate component temperatures with a multi-perceptron
neural network. Moreover, an analytical parameterization of directional emission was
proposed to account for the hot spot effect in thermal IR. The evaluation of the
component temperatures retrieved from the simulated AATSR data using respectively
the neural network based algorithm and the simplified analytical directional thermal
model both developed during the period covered by this project has been performed.
The results showed that both models can give a reasonable accuracy to retrieve
component temperatures, but the neural network based algorithm is superior to the
simplified analytical directional thermal model in the accuracy of component
temperature retrievals.

D14: For estimation of sensible and latent heat fluxes using satdlite earth observation
data, the SEBS (Surface Energy Balance System) was implemented as an open source
code and implemented in the ESA open source software BEAM as a plug-in. This
version has been tested in the ESA Advanced Training Coursein land remote sensing in
August 2007. An ATBD isincluded in the Fourth Annual report.

D15: The operation algorithm to estimate the roughness length for heat transfer is
implemented in SEBS and An ATBD isincluded in the Fourth Annual report.

D16: The work made with the DAIS data allowed us to analyze the feasibility of using
hyperespectral airborne data for environmental studies (for example in the context of
agricultural precision).

D17: The GLC2000 land classification map and a digital eevation model product could
initially be taken as a basis for deriving a map of fixed biophysical model parameters. It
was expected that vegetation dynamics during the growing season can mainly be
expressed by only two temporarily varying parameters, the total leaf area index (LAI)
and fraction brown leaf area (fg). Both are parameters of the integrated soil-leaf-canopy
radiative transfer model SLC, which was to be used to generate synthetic images that



can be compared to actual images. HANTS was also used to reconstruct a synthesis
from the harmonic components at four frequencies, namely the zero frequency (which
gives the yearly mean), the yearly cycle, the half-yearly, and the four-month period. The
HANTS results obtained from the SPOT-VGT data of the year 2002 have been
processed in order to produce a so-called “map of minimum vegetation”. By analysing
the dynamic behaviour of the SPOT reflectance channels in the red, the near infrared
(NIR) and the mid infrared (MIR), it was possible to find the moment of minimum
vegetation under snow-free conditions.A crop growth model WOFOST, which is
implemented in the Crop Growth Monitoring System (CGMS) with a database set up
over Europe and developed for the Services of the EU Commission, is used by partner 2
(Alterra) to simulate, on a daily basis, land surface biophysical variables, i.e. LAl and
the weight of dead leaves which can be transformed to fraction of brown leaf area.

§ D18: the ATBD’s of the new algorithms developed in the framework of EAGLE project

has been delivered in the fourth annual report. In addition, the achievements in the
workpackages have been described in the corresponding deliverable.

WP 1000 - Project coordination (Partner 1, 2, 3, 4 and 5 - Start month 6):

During the EAGLE project several tasks have been carried out to guarantee the correct
management of the project. These tasks include the design and implementation of the EAGLE
website (www.uv.es/ucg/eagle); it is continously revised and actualized; the participation and
organization of the different meetings, the organisation of the intensive field campaigns.



Final plan for using and disseminating the knowledge

Section 1.- Exploitable knowledge and its use
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1. Software package for processing PAL data:

The developed software package covers a larger temporal sequence (up to 20 years) of data
(PAL database). IDL is the programming language used to edit the programs due its
functionality with the use of matrix. Partner 1 is the lead participant. Partner 3 works in
conjunction with partner 1 in this task. The executable software (not the source code) will
be free to download from the EAGLE website.

2. Maps of biophysical parameters over Europe:

These maps are a powerful tool to estimate climatic change and can be useful due they
provide data of parameters which are necessary in some models of ecosystems.

3. Evapotranspiration

These maps are a powerful tool for water irrigation management in the agricultural sector.

4. SEBS software

This software package is made for processing of satellite data and meteorological data for
the estimation of the evaporative fraction, heat fluxes and evapotranspiration and can be
used in remote sensing, water resources and climate change studies. The package is released
as an open source code in JAVA programming language — for the easiness of application it




is made as an plug-in the ESA open source BEAM software for processing of ENVISAT
and other satdlite data.

Section 2.- Dissemination of K nowledge
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§ PROJECT WEB-SITE:

The Project web site describes the activities carried out by the consortium, the project
results published in several journals and proceedings and the future plans. The web site can
be viewed in www.uv.es/ucg/eagle.
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