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Information on land surface properties finds applications in a range of areas
related to weather forecasting, environmental research, hazard management and
climate monitoring. Remotely sensed observations yield the only means of supply-
ing land surface information with adequate time sampling and a wide spatial
coverage. The aim of the Satellite Application Facility for Land Surface Analysis
(Land-SAF) is to take full advantage of remotely sensed data to support land,
land-atmosphere and biosphere applications, with emphasis on the development
and implementation of algorithms that allow operational use of data from
European Organization for the Exploitation of Meteorological Satellites
(EUMETSAT) sensors. This article provides an overview of the Land-SAF, with
brief descriptions of algorithms and validation results. The set of parameters
currently estimated and disseminated by the Land-SAF consists of three main
groups: (i) the surface radiation budget, including albedo, land surface tempera-
ture, and downward short- and longwave fluxes; (if) the surface water budget
(snow cover and evapotranspiration); and (iii) vegetation and wild-fire parameters.

1. Introduction

The Satellite Application Facility for Land Surface Analysis (Land-SAF) is part of
the SAF network, a set of specialized development and processing centres serving the
European Organization for the Exploitation of Meteorological Satellites
(EUMETSAT) Application Ground Segment (Schmetz et al. 2002). The SAF net-
work complements the product-oriented activities at the EUMETSAT Central
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Facility in Darmstadt. The main purpose of the Land-SAF is to take full advantage of
remotely sensed data, particularly those available from EUMETSAT sensors, to
measure land surface variables, which will find applications primarily in meteorology.

The Land-SAF makes use of two main satellite systems: the geostationary series,
Meteosat Second Generation (MSG), and the EUMETSAT Polar System (EPS).
With respect to the previous generation of European geostationary satellites, the
spin-stabilized MSG has an imaging-repeat cycle of 15 min (against 30 min on the
previous system), which provides more timely information. The EPS is Europe’s first
polar orbiting operational meteorological satellite and the European contribution to
a joint polar system with the US. EUMETSAT will have the operational responsi-
bility for the ‘morning orbit’ with Meteorological-Operational (MetOp) satellites, the
first of which was launched successfully on 19 October 2006.

The Spinning Enhanced Visible and Infrared Imager (SEVIRI) radiometer,
onboard MSG, has unique spectral characteristics and accuracy, with a 3 km resolu-
tion (sampling distance) at nadir (1 km for the high-resolution visible channel), and 12
spectral channels (table 1; Schmetz et al. 2002). Its combination with the Advanced
Very High Resolution Radiometer (AVHRR) onboard MetOp permits global cover-
age of the land surface, with AVHRR complementing SEVIRI at high latitudes.

The Land-SAF (figure 1) started its 5-year development phase in September 1999,
and its initial operations in January 2005. During the current phase of the project,
from March 2007 to February 2012, the Land-SAF consortium is pursuing the
consolidation of its operational and user support activities. Emphasis is on the
validation and upgrading of algorithms based on the changing needs of the users
and full exploitation of the capabilities of EUMETSAT sensors. The Land-SAF has
been especially designed to serve the needs of the meteorological community, parti-
cularly Numerical Weather Prediction (NWP). The products retrieved from Meteosat
and EPS satellites can be grouped into (i) Surface Radiation Budget parameters,
which include downward long- (DSLF) and shortwave (DSSF) surface fluxes, albedo
(AL), land surface temperature (LST), and emissivity (EM); and (if) Biogeophysical
parameters, such as snow cover (SC), soil moisture and evapotranspiration (ET), and
vegetation products (table 2). The growing number of users in agricultural and

Table 1. Characteristics of the Spinning Enhanced Visible and Infrared Imager (SEVIRI)
onboard Meteosat Second Generation (www.eumetsat.int).

Channel Central wavelength (um) Dynamic range Radiometric noise
VIS0.6 0.635 53 Wm s ym™' S/N 10 at 1% albedo
VIS0.8 0.81 357 WmZsr ' pum™! S/N 7 at 1% albedo
NIR1.6 1.64 75Wm2sr ! pm™! S/N 3 at 1% albedo
IR3.9 3.92 335K 0.35 K at 300 K
WV6.2 6.25 300 K 0.75K at 250 K
WV7.3 7.35 300 K 0.75 K at 250 K
IR8.7 8.70 300 K 0.28 K at 300 K
IR9.7 9.66 310K 1.50 K at 255K
IR10.8 10.80 335K 0.25 K at 300 K
IR12.0 12.00 335K 0.37 K at 300 K
IR13.4 13.40 300 K 1.80 K at 270 K
HRV Broadband (about 0.4-1.1) 460 Wm™sr' um™  S/N 1.2 at 0.3% albedo

S/N, Signal-to-noise ratio.
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Figure 1. Project phases: (i) 5-year development period (September 1999 to December 2004);
(ii) initial operations phase (January 2005 to February 2007); and (iii) the continuous develop-
ment and operations phase, which began in March 2007. The schedule for EUMETSAT
satellite launches is also indicated.

forestry applications, land use, and the broader topics of climate, environment
monitoring and atmospheric chemistry, have supported the extension of biogeophy-
sical parameters to wild-fire-related products. The Land-SAF generates land surface
variables on a pixel-by-pixel basis, which are provided to users in the satellite nominal
resolution, for most of the products. An indication of the expected accuracy of each
retrieved value is also given, either in the form of quality flags or as an estimated error
range (i.e. estimates of product inaccuracy taking into account known algorithm
uncertainties and propagation of input errors).

User requirements evolve with the availability of improved or new data sources,
and the rise of potential applications for new products. Programmes promoted by the
World Meteorological Organization (WMO) or by the European Commission (EC)
and European Space Agency (ESA), such as the Global Monitoring for Environment
and Security (GMES), have established guidelines for the monitoring of climate and
environment, stressing the need for global, long-term, high quality and reliable
products. The life cycle of EUMETSAT satellites, and the participation of Land-
SAF consortium members in the geoland project (a prototype for the land component
of GMES), put the Land-SAF in a privileged position as a product/service provider
for those programmes. Finally, the proactive relationship with the user community is
expected to be reinforced through cooperation with users regarding validation activ-
ities, and through promotion of workshops to discuss the adequacy of the Land-SAF
list of products, and their respective characteristics (workshop proceedings, with
examples of product application, are available at http://landsaf.meteo.pt/
workshops.jsp).

2. Surface radiation budget
2.1 Products and algorithms

Surface radiation budget-related parameters have been estimated from SEVIRI/
MSG, archived and disseminated on a regular basis since March 2005. Estimations
using AVHRR/MetOp and merging of polar orbiting and geostationary satellite data
are now foreseen for 2009. Polar orbiters will improve spatial coverage at high
latitudes, as well as the angular sampling for a better estimation of surface albedo.
Land surface albedo (AL) is the fraction of incoming solar energy reflected at the
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surface. It indirectly quantifies the fraction of the energy that is absorbed and
transformed into surface sensible and latent heat fluxes. Owing to strong feedback
effects, the knowledge of albedo is important for determining weather conditions in
the atmospheric boundary layer (Dickinson 1983). The Land-SAF AL product
(Geiger et al. 2008a) is based on the three shortwave channels at 0.6, 0.8 and 1.6
pum. In the first step of the AL processing chain, cloud-free reflectance observations of
each time-slot are corrected for atmospheric effects using the simplified radiative
transfer code SMAC (Rahman and Dedieu 1994). A linear kernel-driven bidirectional
reflectance distribution function (BRDF) model (Roujean et al. 1992) is then inverted
against daily time series of top-of-canopy reflectance values. The integration of the
BRDF model provides spectral AL values that are then converted into broadband
estimates corresponding to visible (e.g. figure 2(a)), near-infrared, and total
(e.g. figure 2(b)) shortwave ranges. These are available as directional-hemispherical
(‘black-sky’) and bi-hemispherical (‘white-sky’) quantities (Geiger et al. 2008a). Two
temporal AL products are considered: one with an effective temporal scale of 5 days,
updated on a daily basis, and a 30-day composite, updated every 10 days. The
temporal resolution associated with the former reduces the sensitivity to uncorrected
atmospheric effects (e.g. residual cloudiness), while still being able to detect short-
term variations of the surface properties, such as recent snowfall or burnt areas.
Median values of error estimates for the 5-day AL are of the order of 0.005, while
the 90th centile is around 0.010. Nevertheless, the reliability of AL retrievals (both
5-day and 30-day products) may be degraded (i) over regions with persistent cloud
cover, as is often the case in tropical areas during the rainy season; (if) over areas with
very high aerosol loads, since the current version of the AL algorithm relies on aerosol
climatological data for the atmospheric correction; and (iif) over pixels with recent
snowfall or snow melt. Users may easily identify such cases, associated with larger
error ranges and degraded quality flags.

The monthly composite AL samples (sub-)secasonal time-scales. The Land-SAF
Team is currently working on an improved version of the 30-day AL composite,
which makes use of observations provided by SEVIRI/MSG (for multiple illumina-
tion angles) and AVHRR/MetOp (for different viewing geometries). The

S ‘ : S
ALVIDH AL-BB-BH
T T— T T—
00 01 02 03 04 05 00 01 02 03 04 05

Figure 2. Albedo estimated for 10 July 2006: (a) visible (range 0.4-0.7 um) black sky; and (b)
total shortwave (range 0.4—4 pm) white sky albedo.
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combination of data sets from geostationary and polar systems is indeed challenging
because it requires some harmonized effort relative to the data preprocessing (cloud
and aerosol removal). The expected improvements in BRDF quality with a better
angular resolution will be operated typically at 3 km spatial resolution. This value
corresponds to a compromise as it represents the SEVIRI subsatellite footprint and an
average resolution for AVHRR between nadir (1 km) and off-nadir (6 km).

Land surface temperature (LST), or directional radiometric temperature of the
surface, provides the best approximation to the thermodynamic temperature based on
a radiance measurements (Norman and Becker 1995). It should be kept in mind,
however, that directional effects are important for heterogeneous and non-isothermal
surfaces, such as a satellite pixels over land (Barroso et al. 2005, Trigo et al. 2008a).
There, thermodynamic temperature would be better represented by the hemispherical
radiometric temperature (Norman and Becker 1995). Currently, the Land-SAF LST
(figure 3(a)) is obtained by correcting top-of-atmosphere (TOA) radiances for the
atmospheric attenuation along the path and the reflection of downward radiance. The
LST algorithm is based on a generalized split window, following the formulation first
proposed by Wan and Dozier (1996) to derive LST from the AVHRR and Moderate
Resolution Imaging Spectroradiometer (MODIS), adapted to SEVIRI data (Trigo
et al. 2008a). Surface temperature is estimated as a linear function of clear-sky, TOA
brightness temperatures for the split-window channels 10.8 pm and 12.0 pm, where
regression coefficients depend explicitly on land surface emissivity for each channel,
and implicitly on atmospheric water vapour content and satellite viewing angle.
Channel and broadband emissivity is estimated as a weighted average of that of
bare ground and vegetation elements within each pixel (Peres and DaCamara 2005,
Trigo et al. 2008b), using the fraction of vegetation cover (FVC), another Land-SAF
product described below. The uncertainty of LST retrievals (figure 3(b)) takes into
account the inaccuracy inherent in the generalized split-windows method and the
propagation of errors in the input variables (Freitas et al. 2010). The field presented in
figure 3(b) depicts well the regions with lower LST accuracy (error ranges above 3 K),
namely: (i) arid areas where the uncertainty in surface emissivity is generally high, and

Figure 3. (@) Land surface temperatures (LSTs) estimated for 10 July 2006, 12 UTC and (b)
the uncertainty of the LST retrievals. White areas over continents correspond to cloudy pixels,
where LST was not retrieved.
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where the extreme high brightness temperatures tend to further enhance LST error
ranges; and (ii) regions near the border of the MSG disc, where large optical paths
associated with high viewing angles lead to large LST uncertainties, particularly in the
presence of moist atmospheres.

Information on cloud cover is obtained using the Nowcasting and Very Short
Range Forecasting Satellite Application Facility (SAFNWC) software (http://
www.nwesaf.org/HD/Main.jsp). Dynamic information on the atmospheric pressure
and total column water vapour comes from the European Centre for Medium-range
Weather Forecasts (ECMWF) NWP model. Cloud data (identification and cloud
type classification) are used in the processing of all Land-SAF products, either to flag
non-processed pixels (e.g. BRDF, LST) or to be used for the estimation of atmo-
spheric absorption/emission within the visible (VIS)/infrared(IR) domain needed for
the estimation of the respective downward fluxes at the surface.

The downwelling surface short- and longwave radiation fluxes (DSSF and DSLF)
refer to the radiative energy flux in the wavelength intervals 0.3-4.0 um and 4-100 um,
respectively. Both DSSF and DSLF products are calculated for every second slot of
MSG input data at intervals of 30 min. The estimates are derived for the instanta-
neous acquisition time of each image line. Satellite-derived estimates of radiation
fluxes are valuable tools to validate results from assimilation systems and climate
models (Allan et al. 2004, Harries et al. 2005, Bony et al. 2006) or off-line forcing of
land surface models (Dirmeyer et al. 2006).

The shortwave component, DSSF (figure 4(a)), essentially depends on the solar
zenith angle, cloud cover and, to a lesser extent, atmospheric absorption and surface
albedo. The methodology for the retrieval of DSSF implemented in the Land-SAF
system (Geiger et al. 2008b) relies on the approach developed within the framework of
the Ocean and Sea Ice (OSI) SAF (Brisson et al. 1999). The distinguishing features of
the Land-SAF product are the spatial and temporal resolution, the source of ancillary
input data, and the use of three shortwave SEVIRI channels (0.6, 0.8 and 1.6 pm).
DSSF is strongly anti-correlated with observed TOA reflectances; bright clouds (i.e.
high TOA reflectances) correspond to low solar radiation reaching the surface.
Estimated TOA albedo serves as the most important input information for a simple

(W m?  DSLF — T wm?

1 S
0 250 500 750 1000 200 260 320 380 440

Figure 4. (a) Shortwave and (b) longwave downwelling fluxes at the surface (W m™), esti-
mated for 10 July 2006, 12 UTC.
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physical parameterization of the radiation transfer in the cloud-atmosphere—surface
system. In clear-sky conditions DSSF is estimated directly by a parameterization for
the effective transmittance of the atmosphere as a function of the concentration of
atmospheric constituents (Frouin et al. 1989). For cloudy situations, DSSF estimates
rely on a simplified physical description of the radiation transfer in the cloud-atmo-
sphere—surface system (Gautier et al. 1980, Brisson et al. 1999). Important elements of
this scheme are cloud transmittance, cloud albedo, and atmospheric transmittance
between the surface and clouds. Estimates for the cloud properties are derived from
TOA albedo (Geiger et al. 2008b), determined from the satellite measurements by
applying a broadband conversion relationship (Clerbaux et al. 2005) and an angular
dependence model (Manalo-Smith ez al. 1998).

The estimation of DSLF (figure 4(b)) combines remotely sensed information on
clouds and atmospheric fields (temperature and humidity) provided by NWP models.
In the Land-SAF approach, DSLF makes use of bulk parameterization schemes
merging formulations derived for clear-sky conditions (e.g. Prata 1996), with schemes
developed for cloudy skies (e.g. Josey et al. 2003). DSLF retrievals benefit from the
signature of clouds and different cloud types on IR and VIS channels, complemented
with information on atmosphere water content and near-surface air temperature
available from NWP fields, also used to estimate atmospheric transmittance in the
DSSF algorithm. It is worth noting that NWP fields, obtained from ECMWF 12- to
24-h forecasts, include information from atmospheric sounders and other observa-
tions, and thus correspond to the best knowledge of atmospheric profiles for each time
slot.

2.2 Validation of radiative parameters

The validation strategy for Land-SAF products focuses on three main aspects: (i)
comparison with similar parameters retrieved from different sensors; (if) comparison
with in-situ measurements; and (iii) sensitivity studies and assessment of the impact of
input errors on the quality of the Land-SAF products. The latter are the basis for the
estimation of the product error range for each retrieved value, which is disseminated
to users (see, for example, figure 3()). Validation of surface radiative fluxes makes
use of the Baseline Surface Radiation Network (BSRN) (http://www.bsrn.awi.de), a
project of the World Climate Research Programme (WCRP) and the Global Energy
and Water Experiment (GEWEX) aimed at detecting important changes in the
Earth’s radiation field (Ohmura et al. 1998). BSRN radiation measurements include
surface downwelling short- and longwave fluxes and more rarely upwelling fluxes. As
a result of a strict quality control, BSRN data have been widely used to validate
radiation schemes in climate modelling and to check the calibration of satellite-
derived radiometric products. To overcome the scarcity of LST ground measurements
within the area covered by Meteosat, the Land-SAF Team carried out exploratory
studies to find suitable LST validation sites and one LST ground-truth station has
already been set up in Evora (Southern Portugal), in operation since August 2005
(Kabsch et al. 2008). Recently, two other sites have been set up in Africa, in Namibia
and Senegal, respectively.

As an example, figure 5 presents results from different methodologies involved in
the validation of Land-SAF radiation products, including comparison with similar
parameters retrieved from MODIS (LST and albedo), and with in situ measurements
(DSSF and DSLF). Validation exercises not only provide information on product
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Figure 5. Examples of validation exercises carried out for radiation parameters, including
comparison with products from other satellites and in situ observations. (¢) Average and
standard deviation (°C) differences between SEVIRI and MODIS LST products for two
10° x 10° boxes in Africa, centred at (i) 10° S, 20° E (Central Africa and (i) 25° S, 20° E
(Kalahari). The statistics are obtained for the period 25-31 July 2005, for MODIS daytime and
night-time passages (see legend), and for the classes of MODIS satellite zenith angle specified on
the x-axis. (b) Land-SAF broadband bidirectional albedo (y-axis) retrieved (i) over Europe
(10-25 June 2006) and (i) over Northern Africa (12-27 July 2006), plotted against the equiva-
lent MODIS parameter (x-axis); average (bias) and standard deviation (Stdev) of differences
are also indicated. (c¢) Scatterplot of Land-SAF DSSF versus in situ measurements for (i) clear-
sky cases observed in Carpentras, France and (ii) cloudy conditions observed in Roissy, France.
The data were collected between 2006 and 2007. (d) Scatterplot of Land-SAF DSLF versus
in situ measurements for same cases as in (c).
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accuracy but also reveal product characteristics and problematic/optimal retrieval
conditions. The comparison between Land-SAF (SEVIRI) and MODIS LST
(figure 5(a)) shows a clear dependence of discrepancies with viewing angles, for
daytime cases. As discussed in detail in Trigo et al. (2008a), these results indicate
clearly the directional character of remotely sensed LST, and also suggest that
comparison of night-time estimates is more suitable for the detection of biases
associated with the algorithm or input data. Overall, SEVIRI LST is higher than
MODIS LST, with night-time systematic differences ranging between 0.5°C and
1.0°C. Similarly, Land-SAF SEVIRI AL is routinely compared with MODIS AL
(figure 5(b)). The results reveal very good matching between the two parameters. Over
northern Africa, characterized by very bright surfaces, the Land-SAF product gen-
erates higher broadband albedo values (figure 5(b)(if)). Such overestimation with
respect to MODIS albedo is primarily linked to differences in angular integration of
surface reflectances, due either to the use of different BRDF models or diverse angular
samplings (more details in Geiger et al. 2008a).

Although not shown, the validation of LST and AL products includes evaluation
against in situ measurements. Figures 5(c) and 5(d) show, also as an example, scatter-
plots of Land-SAF downward fluxes for DSSF and DSLF, respectively, versus
ground observations for two stations in France. The results are presented separately
for clear and cloudy-sky conditions, revealing higher discrepancies for the latter, as
expected. In general, the radiative fluxes are within the target accuracy (table 2) for
most retrieved values. Conditions likely to produce lower quality estimates
(e.g. partially clouded pixels, high angle observations) are flagged within the retrieved
products. In addition, DSSF (DSLF) may be overestimated (underestimated) under
very high aerosol loads, as shown by Slingo et al. (2006).

Product validation is essential for assessing whether user requirements (table 2) are
met. The example presented in figure 5 aims to illustrate the ongoing validation of
surface radiation parameters, using both in situ observations and data from other
satellites. Further detailed results on product performance may be found in the Land-
SAF validation reports updated regularly (http://landsaf.meteo.pt; see also Geiger
et al. 2008a,b, Kabsch et al. 2008, Trigo et al. 2008a,b).

3. Biogeophysical parameters
3.1 Water budget

In addition to the surface radiation budget, the Land-SAF has been tasked to provide a
series of biogeophysical products, essential for modelling and understanding land sur-
face processes. SC and ET constitute the first set, related to the surface water budget.
SC relies on different signatures of snow, ice and clouds on the reflectance of
shortwave IR channels onboard SEVIRI/MSG and AVHRR/MetOp to provide
daily fields discriminating snow-free, snow-covered and partially snow-covered pixels
over the whole European area. As the separation between cloud and surface ice/snow
is also crucial for cloud detection, the SC algorithm is based on a thresholding
procedure to distinguish surfaces covered with snow or ice from clouds and snow-
free pixels. The resulting SC (http://landsaf.meteo.pt) product has been generated on
an operational basis and archived since March 2005. An additional set of quality/
processing flags for each pixel is provided to users, giving information on the uncer-
tainty of the classification (further details may be found in the respective Product User
Manual, Land-SAF 2006). Table 3 presents a summary of the Land-SAF SC scores
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Table 3. Land-SAF snow cover product verified against
NOAA/NESDIS (Europe; July 2007-February 2009).

Proportion correct 0.977
Bias 0.863
Probability of detection 0.747
False alarm rate 0.135

using the National Oceanic and Atmospheric Administration (NOAA)/National
Environmental Satellite, Data and Information Service (NESDIS) product as refer-
ence. The statistics corresponding to SC retrievals over the European region, between
July 2007 and February 2009, show good agreement between the two products.
Detection of snow with VIS and IR is generally less reliable for terrains with steep
slopes, or over areas with dense forests with snow under the canopy. These cases are
flagged in the Land-SAF SC product.

Although SC estimations based on IR and VIS channels provide maps with high
spatial resolution, they may be hampered by persistent cloudiness; in this respect, the
high temporal sampling of geostationary satellites provides a clear advantage towards
polar orbiters. The information from both platforms will be used to produce daily SC
maps, which will be particularly useful over the mid- to high latitudes. In regions such
as Central and Eastern Europe or Scandinavia, Meteosat viewing geometry makes the
detection of snow more difficult because of the high satellite zenith angles, and
radiances correspond to coarser spatial resolution pixels (with distances between
pixels reaching 6-12 km). There the better spatial resolution provided by MetOp,
along with observations closer to nadir, will complement the higher observation
frequency of Meteosat. Microwave data are not limited to clear-sky observations,
they are also sensitive to snow water equivalent (e.g. Kongoli et al. 2004, Drusch et al.
2004). However, they have coarser resolution (typically 25-50 km, instead of 1-5 km)
and may present problems in the detection of thin or wet snow (Kongoli et al. 2004).
The accuracy of snow products derived from VIS/IR and from microwave varies
considerably with surface and terrain types and atmospheric conditions. Merging the
two different sources of data will provide the best means to improve accuracy, extend
product availability, and provide information on snow metamorphism (snow ageing,
melting, ice). The Land-SAF Team expects to minimize known sources of errors by
introducing, for example, topographic and land cover corrections (e.g. forests).

One of the aims of the Land-SAF is the estimation of parameters necessary for a
complete description of the energy budget over land surfaces, making use of
EUMETSAT. Within this framework, ET, which combines soil and intercepted
water evaporation with plant transpiration, is essential to the estimation of surface
latent heat flux.

The approach currently followed to derive ET makes use of a soil-vegetation—atmo-
sphere transfer (SVAT) model — a simplified version of the ECMWF TESSEL SVAT
scheme — forced by Land-SAF radiation products (DSSF, DSLF and AL) and
ECMWF meteorology to estimate ET. Soil moisture will be estimated through
Advanced Scatterometer (ASCAT)/MetOp data, through either direct assimilation of
TOA radiances or soil moisture retrievals (provided by EUMETSAT). ET depends on
many local factors and variables (e.g. vegetation type and state, soil moisture, near
surface wind), making its validation particularly difficult. Figure 6 shows a scatterplot
of Land-SAF ET estimates against observations taken in Cabauw (The Netherlands),
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Figure 6. Comparison of 30-min Land-SAF evapotranspiration (ET_SAF) estimates (mm h™")
with in-situ measurements (ET_Obs) taken in Cabauw (The Netherlands) over the period
ranging from 1 March to 31 December 2007.

characterized by grassland (Beljaars and Bosveld 1997). The comparison with observa-
tions does not present evident systematic biases. In general, the validation results reveal
good agreement between estimations and observations obtained for stations in areas
dominated by grasslands (figure 6) and mixed forests (not shown; Land-SAF 2008). So
far, validation of ET has been mostly performed for Europe. Flux measurements over
Africa and South America are scarcer but a full assessment of Land-SAF ET estima-
tions over those regions is ongoing.

At a later stage, the Land-SAF Team expects to test alternative approaches to the
estimation of daily ET by exploiting the spectral and temporal resolution of
SEVIRI. Among others, Caparrini et al. (2004) showed that sequential LST data
contain useful information on the partitioning of available surface energy into latent
and sensible surface heat fluxes. Thus, high frequency (e.g. 15-min) fields of LST may
be assimilated into an SVAT model, which can also use other surface radiation
parameters as forcing.

3.2 Vegetation and wild fires

The second set of biogeophysical parameters comprises vegetation and wild fire
indices. Fraction of Vegetation Cover (FVC), Leaf Area Index (LAI), and Fraction
of Absorbed Photosynthetically Active Radiation (FAPAR) are currently retrieved
from SEVIRI; retrievals based on AVHRR and on merged AVHRR and SEVIRI
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Figure 7. (a) Fraction of Vegetation Cover (FVC) and (b) Leaf Area Index (LAI), correspond-
ing to a 5-day composite, estimated on 10 July 2006.

data will become available later. FVC (figure 7(a)) characterizes the fraction of
vegetation on a flat background; LAI (figure 7(b)) is a dimensionless variable (m>
m~2) defined as one half of the total leaf area per unit ground area, and accounts for
the surface of leaves contained in a vertical column normalized by its cross-sectional
area; and FAPAR (not shown) represents the fraction of solar energy absorbed by
vegetation for photosynthesis. FVC, LAI and FAPAR are relevant parameters for a
wide range of land-biosphere applications, from agriculture and forestry to environ-
mental management and land use. FVC determines the partition between soil and
vegetation contributions, also used for emissivity estimations. For fully and healthy
developed canopies, LAI indicates the amount of green vegetation that absorbs or
scatters solar radiation, and is an important parameter in NWP, climate and SVAT
models. Finally, FAPAR is an indicator of the health and thereby productivity of
vegetation. FAPAR is generally well correlated with LAI, particularly for healthy,
fully developed, vegetation canopies.

The algorithms of the vegetation products rely on the use of BRDF parameters
(Roujean and Lacaze 2002), which contain specific spectral directional signatures of
vegetation reflectances. The normalization of SEVIRI images to a common geometry
minimizes surface anisotropy effects, which constitute one of the main drawbacks of
using geostationary satellites for vegetation monitoring. While FAPAR is based on
simulations of surface reflectances in optimal angular geometries (Roujean and Bréon
1995), FVC is estimated through the application of a spectral mixture analysis
methodology, developed taking into account the spectral variability of vegetation in
different ecosystems (e.g. Bateson et al. 2000, Garcia-Haro et al. 2005), to VIS and
near-IR reflectance values. The algorithm relies on a statistical approach, in which
soil and vegetation components are represented by a multimodal probability density
function. Finally, LAI is estimated from FVC following the methodology developed
by Roujean and Lacaze (2002), which proved to be more effective than traditional
techniques based on spectral vegetation indices.

The high rate of acquisition provided by the SEVIRI instrument guarantees the
availability of spatially consistent cloud-free data for adequately monitoring both the
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seasonality of vegetation and the long-term trends in the state of vegetation. The spatial
and temporal variation of the SEVIRI vegetation products in Southern Africa was
validated using data collected by Privette et al. (2002) and Huemmrich et al. (2005)
along the International Geosphere Biosphere Programme (IGBP) Kalahari Transect. A
representative example of this analysis is presented in figure 8. LAI retrieved from
SEVIRI/MSG captures the phenology in this area, from peak-biomass in March—April
(towards the end of the wet season), to senescence, peak dry season and minimum foliar
biomass in early September, and rapid green-up into the next season. Large product
errors are generally found at high latitudes, particularly over Europe during winter,
since the inputs are derived under suboptimal conditions. Product limitations at high
latitudes are anticipated to be considerably reduced by combining SEVIRI and
AVHRR data. Moreover, the quality of FVC, LAI and FAPAR also tends to be
degraded for areas with persistent cloud, high aerosol loads, or large viewing angles,
as in the case of the AL product. Such degradation is reflected in the product error
range, and in extreme cases (e.g. very large input uncertainties, or traces of snow) the
estimated values are masked out. In the case of FAPAR, values with estimated
uncertainty higher than 0.25 are set to ‘not processed’ in the final product files. The
information on retrieval conditions or on the reasons for ignoring the retrieval is
detailed in the product quality flags. Maps of estimated error ranges for FVC, LAI
and FAPAR (not shown) generally exhibit high values over high latitudes, particularly
during winter, and along the most active areas of the Inter-Tropical Convergence Zone
(ITCZ). Uncertainty estimates, based on the propagation of input errors and on the
theoretical uncertainty of the algorithm, typically range between 0.04 and 0.15 for FVC,
between 0.03 and 0.10 for LAI, and between 0.05 and 0.15 for FAPAR.

Fire-related processes have long been identified as applications with great potential
to be derived from SEVIRI/MSG and AVHRR/MetOp (Pereira and Govaerts 2001,
Boschetti et al. 2003). These applications include the monitoring of vegetation sus-
ceptibility to fire, which is linked to water stress and surface temperature. The merging
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Figure 8. Comparison of Land-SAF LAI product (stars; labelled MSG) retrieved from
SEVIRI over a 2-year period (2006-2007) with (non-concomitant) field measurements over
the Mongu site in western Zambia (15.438 S, 23.253 E). The land-cover type at the site is a
Miombo woodland on Kalahari sand (woody savannah). The single time-profile combines all
measurements taken with two different instruments and periods: (/) TRAC instrument (Natural
Resources Canada, Canada Centre for Remote Sensing, Ontario, Canada) over the year 2000
(diamonds) and (i) LAI-2000 LICOR instrument (Li-COR Biosciences, Lincoln, NE, USA)
over the period 2000-2002 (triangles).
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of such data with meteorological parameters provides indicators of fire risk, fire
detection, monitoring and fire scar identification. Following demands from environ-
ment monitoring and risk management (e.g. GMES requirements), the Land-SAF is
currently exploring (7) the capability of SEVIRI/MSG to detect and monitor active
fires, particularly over Africa, leading to the operational generation, archiving and
dissemination of the Fire Detection and Monitoring (FD&M) product; and (ii)
signals of vegetation water stress on SEVIRI channels (0.8, 1.6 and 3.9 um), to follow
its variability in space and time, and to produce a meaningful danger of fire rating, or
Risk of Fire Mapping (RFM), for (Southern) Europe. The latter is still under devel-
opment; an operational version is currently foreseen for the end of 2010.

Biomass burning is a significant global source of aerosols, greenhouse gases
(e.g. carbon dioxide and methane) as well as of nitric and carbon monoxides, methyl
bromide and hydrocarbons that lead to acid rain and the photochemical production
of tropospheric ozone and destruction of stratospheric ozone, which impact global
climate (e.g. Crutzen and Andreae 1990). Other impacts of biomass burning relate to
the biogeochemical cycling of nitrogen and carbon compounds, the hydrological
cycle, the reflectivity and emissivity of the land, the stability of ecosystems and
ecosystem biodiversity (e.g. Dwyer ez al. 1999). The radiant energy released per unit
time during a vegetation fire is directly related to the amount of biomass burning and
combustion gases emitted to the atmosphere (Wooster et al. 2005). As wild fires are
generally associated with vegetation combustion at temperatures within the
600-1300 K range, they exhibit an emission peak in the mid-IR (3-5 um), in accor-
dance with Wien’s displacement law. Therefore, the detection of active fires is essen-
tially based on the signature of these events (even with subpixel scales) on the
brightness temperature of channel IR3.9. The algorithm used by the Land-SAF for
fire detection is based on a series of contextual thresholds, derived empirically for
channels IR3.9 and IR10.8, which take into account values of immediate (fire-free)
neighbours (Giglio et al. 2003). The Land-SAF currently produces Fire Radiative
Power (FRP) at the pixel scale (every 15-min; figure 9), and at a coarser resolution
(1° longitude x 1° latitude; hourly), following the algorithm described in Wooster
et al. (2005). The rate of radiant energy emitted by a fire (FRP) is estimated using the
Planck function, relating the emitted spectral radiance and the emitter temperature
(Wooster et al. 2003).
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Figure 9. Fire Radiative Power (FRP) corresponding to all fire events detected over Europe
on 23 July 2008. The point over Sicily corresponds to the volcano in Mount Etna.
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Validation of the detection of wild-fire events and corresponding radiative power
obtained from SEVIRI/MSG is mostly based on comparisons with similar MODIS
products. The higher spatial resolution of the MODIS instrument allows the identifica-
tion of significantly more events (weak or small fires) than SEVIRI; for simultaneous
observations SEVIRI misses up to 50-55% of fires detected by MODIS. In addition, the
higher dynamic range of MODIS allows the estimation of higher FRP values than
SEVIRI, which saturates at lower temperatures. However, because of its high (15-min)
sampling rate, SEVIRI is likely to capture a signal from most fire events, in contrast to
MODIS, with only four overpasses per day. SEVIR1 is able to observe a significant part
of the life-cycle of wild fires, and thus capture most events when they reach their peak
intensity. Moreover, the FRP estimations using SEVIRI will be far more representative
of the radiative energy released over a day by wild fires than those provided by
instruments on polar orbiters, such as MODIS (Govaerts et al. 2008).

4. Conclusion

After a 5-year development phase and a 2-year period in pre-operation, the Land-
SAF Team has a set of consolidated algorithms, used to generate land surface
products in an operational mode, which are archived and disseminated in near real
time or off-line. These include retrievals of surface radiative components, vegetation
parameters and snow cover. Other algorithms are already in an advanced stage of
development and foreseen to become operational during the current 5-year phase of
the project (2007-2012). All of the products are distributed with quality control
information and for some of them with an error range, indicative of the expected
accuracy of the retrieved fields, on a pixel-by-pixel basis, supported by sensitivity
studies and product validation.

Product validation is an essential component of Land-SAF activities, as the main
source of information on the compliance of generated products with user require-
ments. Only parameters that meet the target accuracy described in table 2 for a
significant number of cases are considered operational (i.e. are distributed to users).
Furthermore, the results of product validation are one of the drivers for further
algorithm development and improvements of the quality of products. Validation
activities basically consist of intercomparison of Land-SAF products and similar
parameters retrieved from other satellite data (e.g. LST retrieved from AATSR on
ENVISAT, LST and AL from MODIS on EOS, vegetation parameters from MERIS
on ENVISAT, MODIS on EOS, snow cover from NOAA/NESDIS and MODIS) and
with ground-truth sites. Such intercomparison exercises are often carried out in
cooperation with existing projects or networks of detailed in situ measurements
(e.g. BSRN, GEWEX). Given the lack of LST ground measurements within the
Meteosat disc, the Land-SAF Team has set up its own sites, which are particularly
dedicated to LST, but that also collect downward surface radiative fluxes and other
meteorological data. The first of these stations has been set up in Evora (Southern
Portugal), while two others have recently been installed in Namibia and Senegal.

The Land-SAF addresses a wide community, ranging from surface processes
modelling (e.g. NWP, seasonal forecasting and climate models) to agriculture and
forestry applications (e.g. fire hazards, food production) and hydrology. This com-
munity greatly benefits from products generated from a reliable observation system
designed to ensure long-term operations. The MSG programme alone is expected to
provide observations for at least 12 years (e.g. Schmetz et al. 2002), while Meteosat
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Third Generation is already under preparation. Both Meteosat and MetOp series are
important components of the Global Earth Observation System of Systems (GEOSS),
a comprehensive, sustained observation system of the Earth. It is the role of the Land-
SAF, and all SAFs in general, to adapt existing algorithms to forthcoming
(EUMETSAT) sensors, guaranteeing the continuation of current products, and to
develop applications that fully exploit new remote sensing capabilities.

The Land-SAF products, classified as ‘essential’ by EUMETSAT, are available on
a free and unrestricted basis. The data may be requested and downloaded off-line
from the Land-SAF website, while near-real-time users are encouraged to use
EUMETCast, which is the primary distribution means for EUMETSAT image data
and derived products. Additional information on the Land-SAF is available at http://
landsaf.meteo.pt/, while the EUMETSAT website at www.cumetsat.int provides
details on European meteorological satellites and other SAFs.
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