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Comparing Operational MSG/SEVIRI Land Surface
Albedo Products From Land SAF With Ground

Measurements and MODIS
Dominique Carrer, Jean-Louis Roujean, and Catherine Meurey

Abstract—This study is devoted to an assessment of the quality
performance of the Satellite Application Facility on Land Surface
Analysis (LSA-SAF) albedo products, which are generated from
the high frequency of observations now offered by the Meteosat
Second Generation (MSG) geostationary satellite series. Land sur-
face albedo products are compared against in situ measurements
and the analogous products from the Collection 4 of Moderate
Resolution Imaging Spectroradiometer (MODIS) in domains in
European and Northern African regions. We find a good con-
sistency with MODIS broadband shortwave and near-infrared
directional–hemispherical reflectance (DHR) over midlatitude re-
gions. Comparative statistics indicate biases below 0.01 in absolute
and 5% in relative terms, and an average root-mean-square error
(RMSE) around 0.03 for all situations, including in snow cases.
The comparison for shortwave bihemispherical reflectance (BHR)
shows an even better match over herbaceous cover with respec-
tive values for bias and RMSE of 0.007 and 0.012. Broadband
visible BHR from LSA-SAF overestimates MODIS equivalent
albedo product by 20%, which seems to be caused by remaining
uncertainties in narrowband-to-broadband conversion, residual
aerosol signals, and the use of a different bidirectional reflectance
distribution function (BRDF) model. The commendable statistical
results obtained over bright desert targets such as Northern Africa
are worth noticing. Assuming that the MODIS product is a good
reference, a relative bias of 10% can be judged satisfactory for
the LSA-SAF snow-free broadband DHR values. In addition,
quarter-hourly MSG observations better capture snow episodes,
although some discrepancies appear for areas with high vegetation
cover.

Index Terms—Albedo, assessment, bidirectional reflectance dis-
tribution function (BRDF), geostationary satellite, land surface,
operational processing.

I. INTRODUCTION

LAND surface albedo is a fundamental quantity of the sur-
face energy budget (e.g., [1] and [2]) with large implica-

tions for weather forecasting and climate modeling. Therefore,
accurate assessment of surface albedo is crucial for both the
meteorological and climate science communities. The expected
accuracy for a global surface albedo product is assessed these
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days to 5% and is foreseen to become even more stringent
in the short future. Product specifications are determined by
all space agencies that support product development and the
implementation of an operational processing chain for surface
albedo. In this context, the European Meteorological Satellite
Organization (EUMETSAT) maintains a number of decen-
tralized processing centers called Satellite Application Facil-
ities (SAFs) dedicated to various scientific topics; e.g., the
Portuguese Meteorological Institute hosts the SAF on Land
Surface Analysis (LSA-SAF). The overall objective of LSA-
SAF is to provide value-added products for the meteorological,
climatological, and environmental science communities, with
the main applications in the domains of atmospheric fields
reanalysis and climate modeling, environmental management
and land use, agricultural and forestry applications, renew-
able energy resources assessment, natural hazards manage-
ment, climatologic applications, and climate change detection
(e.g., [1]).

Since 2005, the LSA-SAF ground segment routinely op-
erates near real-time processing of data from the Spinning
Enhanced Visible and Infrared Imager (SEVIRI) instrument
onboard the Meteosat Second Generation (MSG) geostationary
satellite series [3]. MSG is a spin-stabilized platform that
has a repeat cycle of 15 min. Hitherto, the LSA-SAF project
considers only observations from the SEVIRI instrument but
will also include data from the Advanced Very High Resolution
Radiometer (AVHRR-3) onboard EUMETSAT Polar System
(EPS), which was launched in October 2006. Data products
from the LSA-SAF project comprise a catalogue of public
access data sets (http://landsaf.meteo.pt) that includes daily
bidirectional reflectance distribution function (BRDF) and land
surface albedo products. The SEVIRI sensor offers a nadir
resolution of 3 km in the shortwave channels VIS0.6, VIS0.8
and SWIR1.6 centered on 0.6, 0.8, and 1.6 µm, respectively.
In these three SEVIRI spectral bands, LSA-SAF project gen-
erates directional–hemispherical reflectance (DHR) at solar
noon as well as bihemispherical reflectance (BHR). These
radiative products are combined to obtain broadband DHR
and BHR products in the visible (0.3–0.7 µm), near-infrared
(0.7–4.0 µm), and solar (0.3–4.0 µm) spectral domains to better
meet the needs of the user communities.

The LSA-SAF program is primarily focused on providing
data to drive improved weather forecast models and monitor
the changes in land surface albedo for the European, African,
and Southern American continents, which are the domains of
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observation covered by the satellite MSG. The daily LSA-SAF
land surface albedo product, or BHR, will enable improved
diagnosis of the effects of human-induced changes in climate
(e.g., Intergovernmental Panel on Climate Change [4]). After
10 years (1999–2008) of intense effort in research and develop-
ment leading to improved operational capabilities, LSA-SAF
surface albedo products have gained sufficient maturity to be
placed at the disposal of the user communities. Product charac-
teristics and methodology were presented in a recent study [5].
The DHR product has an absolute accuracy of 0.03 for values
less than 0.15 and a relative accuracy of 20% beyond 0.15 [6].
The climate community insists on this level of performance
over a broad range of spatial and temporal scales [7], [8]. This
paper presents evaluations of the performances of the LSA-
SAF surface albedo products at the end of the initial operational
phase (e.g., [9]).

The validation exercise consists in determining the degree
to which a model can provide the most accurate represen-
tation of reference data deemed to be sufficiently accurate.
It proceeds via analyses of both spatial variability—i.e., the
representation of the gradients at the continental scale—and
temporal evolution over an annual cycle. These are, for in-
stance, main criteria of assessment retained by the Committee
on Earth Observation Satellites/Working Group on Calibration
and Validation/Land Product Validation (CEOS/WGCV/LPV)
initiative (http://lpvs.gsfc.nasa.gov/), aiming at ensuring long-
term confidence in the accuracy and quality of Earth obser-
vation data and surface products from satellites. The primary
source of ground reference data for validation is a set of
independent field measurements. However, the assessment of
moderate resolution satellite measurements such as those from
the Moderate Resolution Imaging Spectroradiometer (MODIS)
is a difficult task because of the large ground-projected field
of view: a single satellite measurement can only quantify ra-
diative energy for a large area relative to field measurements
[10]–[14]. Moreover, the scarcity of ground networks equipped
with ground albedometers provides only a small sampling of
limited areas on the Earth’s surface. In midlatitude regions,
the scale of homogeneity of the landscape is typically a hun-
dred meters, which means that a large number of ground
samples are needed to capture the mean and variance of the
radiometry at the resolution of a satellite observation [11]–[15].
The alternative strategy chosen for this study was to assess
the LSA-SAF land surface albedo products against MODIS
ones that have already been validated, i.e., by deeming the
MODIS product is the optimal reference standard in terms of
permanence of the operational distribution during these last
10 years.

This paper is organized as follows. Section II describes the
protocols used to validate MSG land surface albedo estimates
from MODIS and with the support of ground measurements.
Results of comparisons with MODIS spectral and broadband
albedo values over Europe and Northern Africa are described in
Section III, along with other qualitative comparisons, including
time series of satellite BHR as a function of land cover type
and for cold regions. The final section considers the quality and
limitations of the operational LSA-SAF albedo products and
highlights the implications of the study.

II. COMPARISON PROTOCOLS

A. MODIS Products

The first MODIS instrument onboard National Aeronautics
and Space Administration (NASA)’s Terra (EOS AM-1) plat-
form was launched on 18 December 1999, followed by a second
MODIS onboard Aqua platform on 4 May 2002 [16]–[19].
MODIS is designed to observe and monitor changes on the
Earth’s surface and in the atmosphere. MODIS data (version 4)
from Terra and Aqua are merged to create DHR and BHR
products at a resolution of 500 m, delivered on a 16-day basis,
retrieved at an 8-day frequency in the latest version 5 (V005).
DRH and BHR of MODIS version 4 (V004) are considered
here. They appear in seven nominal solar bands plus in three
broad bands and are projected onto a sinusoidal grid. So far,
studies have evaluated the performance of MODIS albedo
products based on MODIS/Terra only [20] and shown that the
ability to combine MODIS data [21] from both Terra and Aqua
satellites has contributed to improvements in product quality
and, particularly, its reliability.

The MODIS and LSA-SAF land surface albedo algorithms
both rely on a kernel-driven approach. The MODIS science
team selected the semiempirical BRDF model known as the
RossThick-LiSparse-Reciprocal (RTLSR) model [16]–[18]. It
is worth recalling briefly here that BRDF is defined as the ratio
of the radiance scattered by a surface into a specified direction
to the unidirectional (collimated) irradiance incident on a sur-
face. Satellite measurements provide an estimate of the DHR
through an integration of radiance measurements over multiple
viewing geometries [19]. Moreover, BHR describes the total
fraction of incoming solar energy reflected by a given target
integrated over a sufficient period of time. Current algorithms
for MODIS albedo products include an atmospheric correction
scheme, the inversion of a linear semiempirical BRDF model,
an angular integration of the BRDF, and the application of
relationships to convert narrow into broadband albedo estimates
[18]. A similar processing scheme was adopted by the LSA-
SAF, which exploits clear-sky illuminated scenes available
during a day from among the 96 potential SEVIRI observations.
By comparison, cloud-screened MODIS scans with sequential
multiangle observations collected during the 16-day synthe-
sis period can only provide a maximum of 4 observations
per day.

For the MODIS product, a backup algorithm is activated that
selects a typical BRDF whenever less than seven observations
satisfying cloud-screening tests are processed or if a robust
full BRDF retrieval cannot be performed. For the LSA-SAF
products, BRDF model parameters are constrained in time by
persistent estimates using a recursive procedure. The definition
of broadband albedo products for MODIS is similar to that
for the LSA-SAF: MODIS and LSA-SAF DHR [or “black-
sky albedo” (BSA)] both deliver integrants of the surface re-
flectance over all viewing geometries for a solar zenith angle at
local noontime. Then, an integration of BSA over all directions
of illumination provides an estimate of the BHR [or “white-sky
albedo” (WSA)]. The true albedo combines BSA and WSA,
with the proportion of each depending on the contribution of
the sky irradiance [22].
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Dissimilarities between MODIS and LSA-SAF albedo prod-
ucts concern the spectral bands available, the BRDF model
used, sensor resolution and calibration, observation geometry,
atmospheric correction and the length of the synthesis period,
impacting the temporal resolution of the product. The BRDF
models only differ in their geometric kernels while their volu-
metric kernels depart from a normalization factor; the meaning
of the isotropic component is preserved to stand for a surface
reflectance at zenith illumination and nadir view. Therefore,
the MODIS and LSA-SAF BRDF products are comparable
for snow-free situations. For the time being, the two sensors
adopted a common strategy for not changing their respective
BRDF model even for snow-covered scenarios, but the treat-
ment shows some deviations however. The MODIS team has
established a strategy to split the process in either snow-free
pixels or snow pixels scenarios using the same BRDF model
[18]. Differences appear only in the conversion coefficients.
For instance, some outlier pixels representing the minority of
a scenario may be discarded on a date and reconsidered on
the following date. The consequence of this is spatial and
temporal discontinuities in MODIS albedo maps. In contrast,
the LSA-SAF albedo algorithm merges snow with snow-free
pixels. The inner product is listed as contaminated by snow by
having a single snow flag observation during the daily period
of composition. For the sake of comparison with MODIS,
LSA-SAF albedo values were arithmetically averaged over
16-day periods matching that of the MODIS product. Note that
the MODIS albedo algorithm handles binary situations, i.e., it
assumes totally snow free or snow-covered scenarios, while the
LSA-SAF albedo algorithm considers partial snow situations
within the MODIS 16-day periods. It is therefore expected that
the largest discrepancies between the two products will be seen
during the onset of snow episodes.

For the purpose of assessment, MODIS albedo maps were
reprojected onto the SEVIRI grid, which is space view pro-
jection, then degraded in spatial resolution identically to the
SEVIRI pixels. The resolution of the SEVIRI pixel is 3 km
divided by the latitude cosine times the longitude cosine and
the geolocation is better than one-fifth of the pixel size. The
procedure was twofold: First, each original MODIS pixel was
assigned to the nearest neighbor SEVIRI pixel. Then, an aver-
age of all MODIS albedo pixels assigned to the same SEVIRI
pixel was calculated. The same procedure was applied to the
MODIS quality flag. In the lack of quality information for
the three MODIS broadband albedo values, the quality flag
comes from the spectral channel having the largest weight
in the narrowband-to-broadband conversion. High values of
the MODIS quality flag correspond to low confidence in the
albedo product. LSA-SAF BHRs were averaged over 16-day
periods (details on the characteristic time scale of the products
can be found in [5]). LSA-SAF pixels having a bad quality
flag were discarded from the processing. The processing was
achieved without iteration or information from prior model
inversion runs. The strategy is to collect ground measurements
over relatively homogenous surface types to represent as much
as possible the albedo value at the pixel size of a moderate
resolution sensor. The task is clearly less difficult over natural
than over human-altered landscapes, but over Europe, this is

Fig. 1. Shortwave DHR measurements collected at the BSRN station of
Toravere (left) on a clear day and (right) on a cloudy day.

problematic, as it is dominated by fragmented landscapes that
vary at scales smaller than that of the satellite observations. The
difficulty in identifying extensive homogeneous areas should
be acknowledged as a limitation of this study. Consequently,
this paper presents comparisons against ground measurements
that should be primarily judged as qualitative in the sense that
primary attention should be given to the timing of the albedo
estimates and to a lesser extent to its intensity.

B. Ground Measurements

The Baseline Surface Radiation Network (BSRN)
(http://bsrn.ethz.ch/) is a project supported by the World
Climate Research Program and the Global Energy and Water
Experiment (GEWEX). Its objective is to monitor major
changes in the radiation field on the Earth’s surface in
relationship to changes in climate. The primary uses of the data
are in the validation of satellite-derived estimates of radiative
fluxes and in driving and evaluating general circulation models
of the atmosphere. BSRN instruments provide the highest
available accuracy for measurement of solar and atmospheric
radiation at high temporal resolutions of between 1 and 3 min.
Currently, BSRN encompasses fewer than 40 stations located
in contrasting climatic zones over the globe. This highlights
the lack of conventional ground-based information and the
need for global wall-to-wall satellite-based estimates. The
albedo measured at BSRN stations is a “blue-sky albedo,”
which corresponds to the sum of the DHR and BHR values
weighted by the proportion of down-welling direct and diffuse
to global solar radiation, respectively [21]. It varies with
illumination geometry and is a function of local time for
clear sky conditions. For situations with vegetation above a
nonbright soil, which is typical of many land areas, DHR
decreases when approaching the local solar noon. The opposite
scenario—with sparse vegetation over a bright sandy soil,
which is typical in semiarid ecosystems—creates a peak at
noontime. This is due to the enhanced proportion of bright
soil in the sensor field of view. On a cloudy day, tower flux
albedometers provide direct estimates of BHR. Fig. 1 shows
a time series of DHR measured at the BSRN forested site of
Toravere (Estonia) in summer on clear and cloudy days. The
presence of snow beneath the canopy would reverse the shape
of DHR from convex to concave (not shown).

FLUXNET is another global network but is focused on
micrometeorological measurements at tower-equipped sites. It
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Fig. 2. Scenes of broadband near-infrared DHR for the synthesis period ranging from June 10 to June 25. Top panels: (left) LSA-SAF and (right) uncertainty
estimate. Middle panels: (left) MODIS and (right) qualitative error estimate. Bottom panels: (left) absolute and (right) relative differences between LSA-SAF
and MODIS.

is based on eddy covariance methods to measure the exchanges
of carbon dioxide, water vapor, and energy between ecosystems
and the atmosphere (http://www-eosdis.ornl.gov/FLUXNET/).
Over Europe, FLUXNET is represented by the CarboEu-
rope cluster nested measurement strategy, which was glob-
ally “the first successful effort in action in which a
coherent, comprehensive integration of terrestrial and at-
mospheric carbon sciences has been realized at continental
scale” (http://www.carboeurope.org/). CarboEurope provides
atmospheric and terrestrial observations from local to regional
and continental scales. The regional experiment component is
important as it provides a direct link between ecological and
continental scale measurements and models. The ecosystem
component includes about 100 sites and is assessing in a quan-
titative manner the carbon fluxes of the diverse land cover types
of the European continent. In particular, photosynthetically
active radiation (0.4–0.7 µm) data collected at the towers supply
ecosystem-level data on carbon stock changes in biomass and
soil, which allows estimates of the permanence of carbon sinks.

III. RESULTS

In this section, we present comparisons between the LSA-
SAF and MODIS albedo products over contrasting environ-
ments in Europe and Northern Africa. The period selected for
comparison embraces a whole year, which a fortiori will in-
clude snow and ice scenarios in Europe. To point out the sources
of discrepancies, the exercise of comparison is extended to
spectral albedo products despite differences in spectral sensitiv-
ity functions between MSG and MODIS bands. Only LSA-SAF
albedo values that are issued from the operational production
center are included in the analysis.

A. European Domain

Imaging Scenes: A visual inspection of the albedo, error,
and difference maps in Fig. 2 reveals a well-behaved agreement
between MODIS/Aqua+Terra and LSA-SAF broadband near-
infrared DHR products for the 16-day period ranging from
June 10 to June 25, 2005. The average difference for the whole
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Fig. 3. Scatter plots between the LSA-SAF and MODIS broadband albedo products for the period ranging from June 10 to June 25 for the same area displayed in
Fig. 2. (Top left) Total broadband BHR. (Top right) Total broadband DHR. (Bottom left) Visible broadband DHR. (Bottom right) Near-infrared broadband DHR.

maps represents less than 0.02 in absolute terms and about
10% in relative terms. We notice that differences occur in
regions for which the confidence as expressed by the associated
quality information is low for either one or two products.
This holds true for all broadband albedo products obtained
between June 2005 and September 2006, namely: visible DHR
[0.4–0.7 µm]; near-infrared DHR [0.7–4.0 µm], and shortwave
DHR and BHR [0.3–4.0 µm]. In fact, the broadband visible
DHR from LSA-SAF often goes beyond MODIS product,
which is explained by the choice of not performing an over-
correction for aerosols.

LSA-SAF Versus MODIS Statistical Distributions: We per-
form in this section a quantitative analysis of the results by
exploring the distributions of LSA-SAF and MODIS albedo
estimates for the 16-day period ranging from June 10 to June
25, 2005, which corresponds to the MODIS period 161 (from
the day-of-year 161 to the day-of-year 176). Standard statistics
(bias and standard deviation) displayed on each graph for
convenience are commented here. We only consider for this
comparison the best MODIS albedo pixels, i.e., for which
quality flag is equal to zero, and LSA-SAF albedo pixels
having an uncertainty less than 0.1. The agreement between
LSA-SAF and MODIS estimates is displayed in Fig. 3 for
the DHR and BHR. These plots show that a commendable
correspondence exists for both broadband near-infrared and
shortwave albedo products. A clear overestimation of the LSA-
SAF visible broadband DHR is conspicuous with respect to
the MODIS product, with a bias of 0.015, which corresponds
to 20% in relative terms. A thorough analysis of the spectral
DHR and BHR estimates is also performed between MODIS
and SEVIRI channels having close band centers. This concerns

MODIS band 1 (0.6 µm), MODIS band 2 (0.8 µm), and
MODIS band 6 (1.6 µm) (Fig. 4). For the channels centered
on 0.6 and 1.6 µm, DHR shows a very small bias. At 0.8 µm,
the LSA-SAF DHR provides an underestimate of about 0.017
with respect to MODIS, while the LSA-SAF BHR gives an
overestimate with respect to MODIS for any spectral bands. It
is worth noting that the LSA-SAF algorithm makes use of the
same coefficients for the narrowband-to-broadband conversion
of DHR and BHR as done for MODIS [23]. Differences in
spectral sensitivities of the sensors may explain these results.
Although we suspect that observed biases are more likely to be
related to an effect of the angular integration. This can be due
either to the utilization of different BRDF models or to differing
angular sampling configurations. Due to some balancing effects
between spectral bands, the biases are mitigated for short-wave
broadband albedo variants (Fig. 3). These results show that the
general trends obtained for any period of time between June
2005 and September 2006 are similar.

Time Series of Statistical Results: The examination of
the temporal behavior of differences between LSA-SAF and
MODIS albedo products within a yearly cycle is of special in-
terest as these differences could be climatically significant. The
bias and standard deviation estimated between the LSA-SAF
and MODIS broadband albedo values are reported for a series
of MODIS 16-day periods over an extended European domain
between June 2005 and October 2006 (Fig. 5). Except for the
winter period, absolute biases of total shortwave and near-
infrared broadband albedo are below 0.01, which corresponds
to 5% in relative terms for the whole period. The standard de-
viation associated with these differences was about 0.02–0.03.
For a similar period, a root-mean-square error (RMSE) of 0.014
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Fig. 4. Scatter plots between the LSA-SAF and MODIS (left) spectral BHR and (right) spectral DHR for the period ranging from June 10 to June 25 for the
same area displayed in Fig. 2. (Top) MODIS band 1 and SEVIRI VIS 0.6 (red, 0.6 µm). (Middle) MODIS band 2 and SEVIRI VIS 0.8 (near-infrared, 0.8 µm).
(Bottom) MODIS band 6 and SEVIRI IR 1.6 (middle infrared, 1.6 µm).

and a bias of −0.02 were reported for shortwave MODIS Terra-
only albedo compared to Northern America SURFace RADi-
ation Budget Network (SURFRAD) data sets collected over
grasslands and crops [21]. In summer, the MODIS shortwave
broadband BHR is slightly lower than LSA-SAF shortwave
albedo (Fig. 5). It was found that MODIS accuracy drops
during fall and winter for some reference sites [21]. As a result,
MODIS and LSA-SAF albedo can be indirectly judged closer
than the ground reference data from the SURFRAD network.
Other comparison with field measurements over the western
Tibetan Plateau shows that MODIS global land surface albedo
meets an absolute accuracy requirement of 0.02 (no distinc-
tive bias; RMSE 0.0186) [24]. Statistical differences between
MODIS and LSA-SAF products are also noticeable during
winter with increased bias at the end of 2005, particularly
for near-infrared broadband albedo (Fig. 5). The LSA-SAF
algorithm improved with time thanks to the improved cloud
screening implemented in the operational system in December

2005. This change also had an impact on the quality of the near-
infrared broadband albedo beyond this time. The bias for the
visible broadband albedo exhibits absolute values up to 0.015,
or about 20% in relative terms. Note that the aerosol optical
thickness values used for a given point is held constant all year
long and solely varies with latitude, around a value arbitrarily
fixed at 0.2. The maximum bias for the visible broadband
albedo during the summer months (July–August 2006) may
show a nonnegligible effect of the treatment of aerosols. The
atmospheric optical pathway being the shortest of the year, no
increased bias due to geometry is expected from June to July.
The lack of strong correlation between VIS-DH and NIR-DH
biases is explained by the use of different quality flags, which
results in the handling of different pixels in the procedure for
comparison.

The discrepancies observed between SEVIRI and MODIS
spectral albedo values at 0.6, 0.8, and 1.6 µm cannot be
explained by the differences in spectral sensitivity of these
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Fig. 5. Temporal evolution during the period ranging from June 1, 2005, to September 30, 2006, of the statistical results (bias and standard deviation) between
LSA-SAF and MODIS broadband BHR and DHR values for the same area displayed in Fig. 2. The x-axis time label “J” refers to the first of June. The one-
sided length of the vertical bars indicates the standard deviation. Top left (rhombus): Shortwave BHR. Top right (triangle): Shortwave DHR. Bottom left (cross):
Near-infrared DHR. Bottom right (circle): Visible DHR.

Fig. 6. Temporal evolution during the period ranging from June 1, 2005, and July 31, 2006, of the statistical results (bias and standard deviation) between
MSG—using MODIS BRDF model—and MODIS broadband shortwave albedos for the same area displayed in Fig. 2. The x-axis time label “J” refers to the first
of June. The one-sided length of the vertical bars indicates the standard deviation. Top left (rhombus): Shortwave BHR. Top right (triangle): Shortwave DHR.
Bottom left (cross): Broadband near-infrared DHR. Bottom right (circle): Broadband visible DHR.

sensors’ channels. On the other hand, if DHR values for
channels centered on 0.6 and 1.6 µm compare well, a bias
exists for BHR (see Section III-A2). We interpret these results
as the consideration of different BRDF models and angular
sampling. To support such a hypothesis, we explored the
results of albedo estimates for different BRDF models. The
LSA-SAF albedo initially calculated with the BRDF model of
Roujean et al. [25] is reassessed here with the MODIS BRDF
model (Fig. 6). The results showed an improvement, particu-

larly for near-infrared DHR. The bias and standard deviation
are more stable through time at the end of 2005 compared to
previous results (Fig. 5). This improvement is partially due to
residual cloud decontamination performed by the latest version
of LSA-SAF code. Deviations are slightly reduced between
SEVIRI and MODIS by examining the bias values during the
summer season (Fig. 6). Agreement for the visible DHR is also
improved during the summer of 2006, revealing that the choice
of the BRDF model is not of minor importance and that this
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Fig. 7. Comparison of broadband visible DHR products. Top panels: LSA-SAF (left) albedo and (right) uncertainty estimate. Middle panels: (left) MODIS
albedo and (right) qualitative error estimate. Bottom panels: (left) Absolute and (right) relative difference between the LSA-SAF and MODIS results.

could provide an explanation for the observed discrepancies.
However, this decreases confidence in our ability to obtain
absolute albedo values.

B. Northern African Domain

A comparative study between MODIS and LSA-SAF data
was performed over the North African region to recover the
potential sources of discrepancies over bright desert targets.

Imaging Scenes: A visual inspection reveals large similar-
ities between LSA-SAF and MODIS products over North-
ern African region (Fig. 7). Statistical results are comparable
to those obtained over Europe for the 16-day period from
July 12, 2006, to September 13, 2006 (MODIS periods
193–251). The maps of difference (absolute and relative units)
that behave similarly to in Fig. 6 for the period ranging from
July 12 to July 27, 2006 (MODIS period 193), provide a good
example of the overestimation of visible DHR by the LSA-SAF
values with respect to the MODIS estimates.

LSA-SAF Versus MODIS Statistical Distributions: Distrib-
utions of the LSA-SAF and MODIS albedo estimates for the
16-day period from July 12 to July 27, 2006 (MODIS period

193), are presented in Fig. 8. Results lead to the recurrent
conclusion that there is a good correspondence for both the
near-infrared and the shortwave broadband albedo products. A
clear overestimation of the LSA-SAF visible broadband DHR
is noticeable with respect to the corresponding MODIS product.
It is also worth mentioning that the standard deviation for the
mean albedo value is less in comparison of what was obtained
for Europe (Fig. 3) because the level of magnitude of surface
albedo values in Africa is usually higher compared to Europe.
For instance, LSA-SAF visible DHR over Northern African
region shows a mean albedo value of 0.27 against 0.08 over
Europe for the MODIS period 161.

Time Series of Statistical Results: The statistical estimates
(bias and standard deviation) between the LSA-SAF and
MODIS broadband albedos have been calculated over Northern
Africa and Europe for a series of MODIS 16-day periods
between June 12 and September 13, 2006. The results in
absolute units are indicated in Tables I and II, respectively.
These statistical results evolve slowly in time during the whole
study period. A relative bias about 20% is manifest for visible
DHR. For other albedo variants, satisfactory agreements pre-
vail with a relative bias less than 10%, a maximum absolute
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Fig. 8. Scatter plots between the LSA-SAF and MODIS albedo products for the period ranging from July 12 to July 27, 2006, for the same area displayed in
Fig. 7. (Top left) Shortwave BHR. (Top right) Shortwave DHR. (Bottom left) Broadband visible DHR. (Bottom right) Broadband near-infrared DHR.

TABLE I
BIAS AND STANDARD DEVIATION (STDEV) BETWEEN LSA-SAF AND MODIS BROADBAND ALBEDO RESULTS

FOR 16-DAY PERIODS FROM JULY 12 TO SEPTEMBER 13, 2006, OVER NORTHERN AFRICA

bias of 0.033, and an RMSE maximum of 0.023 for short-
wave DHR.

Jin et al. [20] also compared MODIS albedo to commonly
used surface albedo data sets derived from the historical global
archive of Earth Radiation Budget Experiment (ERBE) and
AVHRR observations (e.g., [22]–[26]). The authors reported
RMSE values of 0.025 and 0.047 and biases of 0.016 and
−0.034, respectively, to AVHRR and ERBE for global DHR in
September. The greatest discrepancies occurred over relatively
bright surfaces in Eurasia and Northern Africa. In this regard,
LSA-SAF shortwave albedo values observed over Northern
Africa seem quite consistent with those from MODIS.

C. Per Land Cover Types Basis Comparison

We explore here the dependence of the differences be-
tween LSA-SAF and MODIS products on land cover type.
For such, we reprojected onto the SEVIRI grid the 1 km
Global Land Cover (GLC2000) classification with 23 classes
(http://www-gvm.jrc.it/glc2000/). GLC2000 land cover data-

base exploits about a year of data from the VEGETATION
sensor onboard the SPOT4 satellite in following a bottom up
approach serving as main input data set to define the boundaries
between ecosystems such as forest, grassland, and cultivated
systems. To avoid as little as possible heterogeneity and geolo-
cation problems, we analyze only pixels belonging to a pure
class and their neighboring pixels. For the period of June 10–
25, 2005, the shortwave BHR showed the following statistical
results (bias/RMSE): −0.007/0.012 over “Herbaceous cover”
(GLC2000 class 13); 0.004/0.020 over “Cultivated and man-
aged areas” (GLC2000 class 16); 0.014/0.024 over “Sparse
herbaceous or sparse shrub cover” (GLC2000 class 14); and
0.011/0.023 over “Bare areas” (GLC2000 class 19). This high-
lights a dependence on land cover type for expressing com-
parison results. Statistical results are particularly improved for
the “Herbaceous cover” class for which LSA shortwave albedo
values are as accurate as MODIS.

Roughly 20% of the global land surface is obscured by
ephemeral and seasonal snow cover [27]. The existence of
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TABLE II
BIAS AND STANDARD DEVIATION (STDEV) BETWEEN LSA-SAF AND MODIS BROADBAND ALBEDO RESULTS

FOR 16-DAY PERIODS BETWEEN JUNE 1, 2005, AND OCTOBER 1, 2006, OVER EUROPE

thematic maps in land surface occupancy also allows a com-
parative appraisal of the products for areas covered with snow
and ice. Plant functional types here grossly structure the support
of comparison. Hence, the original GLC2000 classes were
merged to form four elementary surface classes corresponding
to different vegetation heights (assuming the general truth of
tree canopy height > shrub canopy height > grass canopy
height), zero inclusive, viz:

• “Tree” class merges all GLC2000 classes with tree: high
vegetation.

• “Shrub” class merges all GLC2000 classes with shrub:
medium vegetation.

• “Grass” class merges all GLC2000 classes with cultivated
areas and herbaceous cover: low vegetation.

• “Bare” is the GLC2000 class 19 for bare areas: no
vegetation.

Such a classification scheme is particularly well suited for
meteorological applications, particularly because it reflects the
aerodynamic roughness and outlines the role of shaded snow
[28]. Snow- and ice-covered pixels are evolving rapidly in
time, which yields a serious difficulty to adequately describe
the snow metamorphosis from space because of frequent cloud
coverage. In this respect, it is generally admitted that the
satellite-derived surface albedo can be uncertain in winter. The
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Fig. 9. Scatter plots between the LSA-SAF and MODIS shortwave bihemi-
spherical reflectance (BB–BH) products over the same area displayed in Fig. 2
for a 16-day period centered on day 337, 2005. Symbols refer to different land
cover types: (purple, +) Bare soil; (light blue, ×) Grass; (navy blue, Δ) Shrub;
and (black, ×) Tree.

present analysis will refer to surface pixels totally covered by
snow. First, to strengthen the quality of this choice, we consider
only SEVIRI snow pixels that neighboring pixels are flagged
as snow/ice by the LSA-SAF product at least once during
the 16-day MODIS synthesis period. Then, we consider only
MODIS pixels with a quality flag less than 9 corresponding to
a “magnitude inversion” where the number of observations is
between 3 and 7, and the LSA-SAF uncertainty estimate is less
than 0.1. The reason for retaining a particular MODIS quality
flag is because differences between satellite products merely
rely on the time frequency of data acquisition.

Fig. 9 shows a scatter plot between MODIS and LSA-SAF
shortwave BHR over an extended European domain during
a MODIS 16-day period starting on day 337 in 2005. The
studied period coincides with the onset of snowfall season over
central Europe. The albedo values are organized in two clusters
symbolizing the dissociation between the exposed snow areas
and occasionally snow-covered areas. The corresponding mean
MODIS albedo values are about 0.6 and 0.15, respectively
(Fig. 9). Nevertheless, a larger dispersion of the results is
observed for occasionally snow-covered areas with high albedo
values being in favor of MSG. This highlights the capability
of the LSA-SAF method to capture short events of snowfall,
typically within 3 days, during the 16-day MODIS periods. For
exposed snow areas, significant discrepancies are also noticed
for “Tree” and “Shrub” classes. Several factors could explain
the lower mean albedo value around 0.45 obtained for LSA-
SAF product, including inaccuracy in snow BRDF representa-
tion over higher vegetation canopies, differences in geometric
conditions, and the influence of the understorey vegetation.
Accuracy assessment of MODIS shortwave snow DHR for
homogeneous layers indicates good statistics of 0.02/0.07 for
bias/RMSE relative to in situ measurements [29]. Indirectly,
it would suggest that LSA-SAF albedo over homogeneous
snow deviates from ground reference. These results also show
that snow albedo is overestimated in weather forecast models
over high vegetation because shaded snow is disregarded [28].
Further development seems to be required for the snow and ice

LSA-SAF surface albedo products. Grain size estimates cou-
pled with an estimate of impurity concentration (from numer-
ical weather prediction model, or from microwave radiometer
observations) could be used to improve estimation of snow’s
albedo [30], [31].

D. Comparison With In Situ Measurements

Data sets of in situ measurements—down- and up-welling
short-wave radiation fluxes—were obtained from comple-
mentary sites located in contrasting environments. For the
Agoufou station—representative of the Sahelian semiarid
ecosystem—located in Mali, data have been made available
in the framework of the African Monsoon Multidisciplinary
Analysis (AMMA) project. We considered only data bounded
in time by clear observations within 1 h. Ground measurement
data were averaged within this time interval to reproduce DHR
with same local solar noon reference angle as the SEVIRI ob-
servations. The LSA-SAF DHR product slightly overestimates
the ground albedo except in early spring (Fig. 10). Compared to
the 1-km-resolution MODIS product, LSA-SAF DHR is closer
to the measurements despite a coarser pixel resolution. Spurious
fluctuations appear to be caused by episodes of aerosol; e.g.,
at the beginning of March. The decrease in the albedo at the
end of July could be related with summer rainfall events and
subsequent vegetation growth.

Fig. 11 shows the seasonal cycles for shortwave sur-
face albedos for three neighboring CarboEurope sites located
in Germany. Beech forests, mixed shrub/tree (afforestating),
and spruce forest characterize the Hainich, Mehrstedt, and
Wetzstein stations, respectively. Daily averaged of field mea-
surements are calculated to match the shortwave BHR. The
low magnitude of reflectance of these dense vegetation sites
contrasts with the rise in albedo during snow sequential peri-
ods. The good correspondence between satellite products and
ground data is remarkable for snow-free albedo. The vertical
bar represents the possible value attributed to the LSA-SAF
albedo product; it outlines the domain of uncertainty, which
amplifies as time elapses since the last clear date used to make
the product [5]. The horizontal bar indicates the extension of
the MODIS 16-day synthesis period. The chronology of snow
events is also reported. For the Hainich station, the first snow
event of the winter season occurs at the end of December,
which is well depicted by both LSA-SAF and MODIS. During
other snowfalls, the level of agreement between the two sensors
is lower as it is reported in Table III with a clear distinction
for snow situations. A patchy organization of the landscape
regarding the snow could likely provide an explanation. At
and around the tower flux, the lifetime of the snow layer is
expanded below the canopy compared to the time residence
on the branches. An albedometer looking downward cannot
detect the changes of a snow layer located beneath the forest
canopy. This seems to be confirmed by a low dynamic range
of the radiometric signal during the season from an instrument
positioned on the mast. The satellite is able to better depict
snow in virtue of off-nadir observations. Bearing in mind that
MODIS albedo data were projected onto the SEVIRI grid, the
resulting MODIS product simply repeats the footprint pixel that
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Fig. 10. Seasonal evolution of the LSA-SAF shortwave DHR (at noontime) compared to ground measurements for the AMMA site of Agoufou (Mali). The
ground measurement data points are marked in orange color. Land SAF albedo products appear in black color and MODIS albedo in blue color. Crosses indicate
the nonavailability of LSA-SAF products. The magenta line represents daily estimate of the aerosol optical thickness at 440 nm measured at the AERONET
station, with the scale (to be multiplied by 10) given on the right y-axis. Rainfall estimates (in millimeters) from the Tropical Rainfall Measuring Mission satellite
are indicated in green color as a histogram.

Fig. 11. Time evolution of the LSA-SAF and MODIS shortwave BHR at noontime compared to ground measurements over the period ranging from September 1,
2005, and June 30, 2006, for three CarboEurope sites located in Germany. The one-sided length of the vertical bars indicates the standard deviation. The ground
measurement data points are marked in orange color. LSA-SAF appears in black color and MODIS in blue color. Red crosses indicate the nonavailability of
LSA-SAF products. Blue cross indicates the occurrence of snow flag.

corresponds to the location of the tower. Since these mast mea-
surements probably overestimate snow compared to a broader
scale because of a denser presence of trees preserving snow,
therefore this may explain the larger values for MODIS BHR.
The station of Mehrstedt has a mixture of trees and shrubs. The
magnitude of shortwave BHR shows a low intraannual variabil-
ity and is above all marked by spectacular snowfall episodes
(Fig. 11). Here again, a good similitude exists between LSA-
SAF, MODIS, and ground reference in timing. The differences
in albedo intensity could probably arise from greater snow pack

ablation with distance from the tower. The moderate resolution
of MODIS and the coarse-scale resolution of SEVIRI tend to
support this scenario. Interestingly, the disappearance of snow
both at the end of January and February are well represented in
the LSA-SAF albedo products whereas MODIS fails to report
such events. The last German site considered in this study is the
spruce forest of Wetzstein. A snow-free albedo of a few percent
is typical. Without snow, the comparison is quite satisfactory.
We can observe here again the typical trend of an albedo for
forested areas (as for the Hainich site) with a low seasonal
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TABLE III
BIAS AND STANDARD DEVIATION (STDEV) BETWEEN LSA-SAF AND MODIS SHORTWAVE BHR RESULTS

FOR 16-DAY PERIODS BETWEEN JUNE 1, 2005, AND OCTOBER 1, 2006, OVER SELECTED SITES IN EUROPE

Fig. 12. Time evolution of the LSA-SAF and MODIS shortwave BHR at noontime compared to ground measurements over the period ranging from September 1,
2005, and June 30, 2006, for two BSRN stations located in Europe. The one-sided length of the vertical bars indicates the standard deviation. The ground
measurement data points are marked in orange color. LSA-SAF appears in black color and MODIS in blue color. Red crosses indicate the nonavailability of
LSA-SAF products. Blue cross indicates the occurrence of snow flag.

dynamic. Therefore, previous physical explanations underlin-
ing the role of shadow cast on snow layer by the forest also hold
here. The satellite chronology of snowfall and snow thawing
coincides in both the MODIS and SEVIRI products, with a
better temporal definition in the LSA-SAF albedo estimates.

Further comparisons were performed for long-term mon-
itoring stations located in Europe and that belong to the
BSRN worldwide network. The two BSRN stations of Payerne
(Switzerland) and Toravere (Estonia) represent, respectively, a
wide valley with prevalent grassland and a boreal forest formed
by mixed spruce and deciduous species. For Payerne, snow
events are rather rare, which translates to a permanent low
level of albedo all year long (Fig. 12). MODIS and LSA-SAF
reveal very good agreement, and both underestimate the ground
measurements. It is not surprising since the site instrumentation
is confined in a valley and surrounded by mountains. Thus,
satellite measurements may integrate proportions of shaded
areas, particularly in the winter. As expected for prairies, snow
vanishes rapidly compared to the forest zone. Indeed, the two
satellites fail to reproduce the snow episode of late November.
On the other hand, the LSA-SAF albedo product reveals the

remarkable snowfall event of January, whereas the MODIS
albedo remains unchanged. Both sensors trap the late snow
event of March. Underestimation by satellite imagery may arise
from a deficit of snow in the mountains whose contribution
is integrated in the signal at the sensor level. The second
BSRN studied, i.e., the station of Toravere, is above all marked
by a high frequency of cloud coverage, which is typical of
Northern Europe. This phenomenon is amplified here by the
lower resolution of SEVIRI at high latitudes (60◦ N). For
this reason, a large uncertainty exists for LSA-SAF albedo in
winter, also because only a few observations can be processed
because of the shorter length of the day. Because of this uncer-
tainty, the domain of validity of the LSA-SAF albedo product
encompasses the set of ground measurements. We observe a
coherent timing of LSA-SAF with MODIS although this latter
underestimates the snow albedo for the area during wintertime.
Clearly, there exists a serious question of representation of
the local measurements at a regional scale since an absolute
difference about 0.5 is noticed in February and March with
the persistence of a snow layer. This difference is considerably
reduced after complete snow ablation. The snowmelt period in
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early April typically occurs within a 5-day period. The LSA-
SAF albedo product shows a smoother transition compared
to MODIS. This raises the importance of the scale of hetero-
geneity for describing the vegetation canopy, which forms a
shielding factor for snow. In addition, for BSRN stations, quite
significant statistical results are obtained whether considering
or not snow scenarios (Table III).

IV. CONCLUSION AND FUTURE PROSPECTS

The results of this comparative study between LSA-SAF
albedo variants with equivalent MODIS products demon-
strate the high utility of SEVIRI-derived observations for the
scientific community. The study shows a good consistency
for the LSA-SAF total broadband and near-infrared broadband
albedo estimates over midlatitude regions with respect to the
MODIS estimates, with absolute biases below 0.01 and a stan-
dard error slightly less than 0.03. A peculiarity is that product
performance is well structured per land cover type, with best
statistical results obtained over herbaceous cover for which
LSA-SAF shortwave albedo product is deemed as accurate as
MODIS. Interestingly, no particular alteration of the results
was raised over bright soils in Northern Africa. Assuming that
MODIS is the most valid (unbiased) reference, a bias require-
ment of 10% can be considered as fulfilled for these LSA-SAF
products, except for pixels flagged as snow/ice. For snow/ice
surface albedo, LSA-SAF products have the advantage to track
occasional events, but more investigation is needed to estimate
correctly this quantity, particularly over shrub-dominated and
forest land covers (i.e., there is the potential to adopt a specific
snow/ice BRDF model). For the visible broadband albedo prod-
uct, the overestimation clearly falls beyond the specification
of around 20% in relative terms. This could be improved
by revising the narrowband-to-broadband conversion approach
and the use of an operational aerosol product in the atmospheric
correction scheme. However, the sensitivity study shows that
the origin of the discrepancies between ground measurements,
MODIS, and LSA-SAF albedo estimates is plausibly due not
only to the use of different BRDF models but also to the
observation geometry and atmospheric effects. The assessment
studies presented here should be extended with the results
investigated in more detail as a function of geographic location,
surface type, snow cover, precipitation, and atmospheric con-
ditions. Nonetheless, the results presented here are instructive
in the sense that the observed discrepancies are physically
interpreted. The major hindrance to a definitive assessment is
the disparity in scales between local ground measurements and
sensor footprints in view of changing surface heterogeneity
at different scales. An ideal validation exercise would require
a large field campaign with measurements taken at multiple
scales by field instruments, aircraft, and high-resolution satel-
lite imagery to better assess the degree of heterogeneity. The
LSA-SAF project recently entered its continuous development
and operational phase, which will last until 2012. Major effort
will be afforded to the implementation of the processing chains
needed to exploit the data acquired by the AVHRR instrument
onboard EPS satellite series. This should also help resolve some
serious issues, such as those noticed here for snow albedo

estimates at mid and high latitudes in the winter. Installation
and collection of high-latitude and SEVIRI border-disk ground
measurement sites are already being examined. Airborne BRDF
campaigns are also planned for boreal ecosystems that will
provide additional strong reference data; the focus will be on
the study of the surface albedo and BRDF models for snow
and ice media beneath tall vegetation canopies. These activities
will serve to quantify the benefits of merging MSG/SEVIRI
and EPS/AVHRR data and will follow further assessment of
the LSA-SAF surface albedo products.

ACKNOWLEDGMENT

The authors would like to thank their colleagues from the
Portuguese Institute of Meteorology for their participation in
the development of the LSA-SAF ground segment and their
contribution in the integration of the albedo algorithm into the
operational system and E. Mougin and L. Kergoat (both from
Centre d’Etude Spatiale de la Biosphère) for putting at our
disposal the data for the station of Agoufou (Mali). The authors
would also like to thank C. Rebmann and her colleagues from
the Max-Planck-Institute for Biogeochemistry for putting at
our disposal the ground data sets collected over major German
sites of CarboEurope. The authors would also like to thank
M. Chopping (Montclair University) for having a critical read-
ing of this paper and giving useful suggestions. Finally, fruitful
discussions with the NASA/MODIS team and the disposal of
the satellite data sets were very appreciated. The work of two
anonymous reviewers contributed to improve the readability of
this paper.

REFERENCES

[1] R. E. Dickinson, “Land processes in climate models,” Remote Sens.
Environ., vol. 51, no. 1, pp. 27–38, Jan. 1995.

[2] J. Noilhan and S. Planton, “A simple parameterization of land surface
processes for meteorological models,” Mon. Weather Rev., vol. 117, no. 3,
pp. 536–549, Mar. 1989.

[3] J. Schmetz, P. Pili, S. Tjemkes, D. Just, J. Kerkman, S. Rota, and
A. Ratier, “An introduction to Meteosat Second Generation (MSG),” Bull.
Amer. Meteorol. Soc., vol. 83, no. 7, pp. 977–992, Jul. 2002.

[4] J. T. Houghton, Y. Ding, D. J. Griggs, M. Noguer, P. J. vanderLinden, and
D. Xiaosu, Eds., “Intergovernmental Panel on Climate Change (IPCC),”
in Climate Change 2001: The Scientific Basis. New York: Cambridge
Univ. Press, 2001.

[5] B. Geiger, D. Carrer, L. Franchistéguy, J. L. Roujean, and C. Meurey,
“Land surface albedo derived on a daily basis from Meteosat Second
Generation observations,” IEEE Trans. Geosci. Remote Sens., vol. 46,
no. 11, pp. 3841–3856, Nov. 2008.

[6] User Requirement Document, SAF/LAND/URD/5.6, Issue 5.6, 2001.
[Online]. Available: http://landsaf.meteo.pt

[7] A. Henderson-Sellers and M. F. Wilson, “Surface albedo data for climatic
modeling,” Rev. Geophys., vol. 21, no. 8, pp. 1743–1778, 1983.

[8] P. J. Sellers, “NASA/GSFC International Satellite Land Surface Clima-
tology Project Report,” NASA Goddard Flight Space Center, Greenbelt,
MD, 1993.

[9] SAF/LAND/PP/1.8, Issues 1.6 SAF for Land Surface Analysis (Land
SAF) Project Plan2001. [Online]. Available: http://landsaf.meteo.pt

[10] Y. Tian, C. E. Woodcock, Y. Wang, J. Privette, N. V. Shabanov, L. Zhou,
Y. Zhang, W. Buuermann, J. Dong, B. Veikkanen, T. Hame, K. Anderson,
M. Ozdogan, Y. Knyazikhin, and R. B. Myneni, “Multiscale analysis and
validation of the MODIS LAI product over Maun, Botswana—Part 1:
Sampling strategy,” Remote Sens. Environ., vol. 83, no. 3, pp. 414–430,
2002.

[11] W. Lucht, A. H. Hyman, A. H. Strahler, M. J. Barnsley, P. Hobson, and
J.-P. Muller, “A comparison of satellite-derived spectral albedos to
ground-based broadband albedo measurements modeled to satellite spatial



1728 IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING, VOL. 48, NO. 4, APRIL 2010

scale for a semidesert landscape,” Remote Sens. Environ., vol. 74, no. 1,
pp. 85–98, Oct. 2000.

[12] Y. Tian, C. E. Woodcock, Y. Wang, J. L. Privette, N. V. Shabanov, L. Zhou,
Y. Zhang, W. Buermann, J. Dong, B. Veikkanen, T. Hame, M. Ozdogan,
Y. Knyazikhin, and R. B. Myneni, “Multiscale analysis and validation of
MODIS LAI product over Maun, Botswana—Part 2: Uncertainty assess-
ment,” Remote Sens. Environ., vol. 83, no. 3, pp. 431–441, Dec. 2002.

[13] X. Zhang, M. A. Friedl, and C. B. Schaaf, “Global vegetation phenol-
ogy from Moderate Resolution Imaging Spectroradiometer (MODIS):
Evaluation of global patterns and comparison with in situ measure-
ments,” J. Geophys. Res., vol. 111, no. G4, p. G04 017, Dec. 2006. DOI:
10.1029/2006JG000217.

[14] S. Liang, H. Fang, M. Chen, C. Walthall, C. Daughtry, J. Morisette,
C. Schaaf, and A. Strahler, “Validating MODIS land surface reflectance
and albedo products: Methods and preliminary results,” Remote Sens.
Environ., vol. 83, no. 1/2, pp. 149–162, Nov. 2002.

[15] H. Fang, S. Liang, H.-Y. Kim, J. R. Townshend, C. L. Schaaf,
A. H. Strahler, and R. E. Dickinson, “Developing a spatially continuous
1 km surface albedo data set over North America from Terra MODIS
products,” J. Geophys. Res., vol. 112, no. D20, p. D20 206, Oct. 2007.

[16] W. Wanner, A. H. Strahler, B. Hu, P. Lewis, J.-P. Muller, X. Li,
C. B. Schaaf, and M. J. Barnsley, “Global retrieval of bidirectional re-
flectance and albedo over land from EOS MODIS and MISR data: Theory
and algorithm,” J. Geophys. Res., vol. 102, no. D14, pp. 17 143–17 162,
1997.

[17] W. Lucht, C. B. Schaaf, and A. H. Strahler, “An algorithm for the retrieval
of albedo from space using semiempirical BRDF models,” IEEE Trans.
Geosci. Remote Sens., vol. 38, no. 2, pp. 977–998, Mar. 2000.

[18] C. B. Schaaf, F. Gao, A. H. Strahler, W. Lucht, X. Li, T. Tsang,
N. C. Strugnell, X. Zhang, Y. Jin, J.-P. Muller, P. Lewis, M. Barnsley,
P. Hobson, M. Disney, G. Roberts, M. Dunderdale, C. Doll,
R. d’Entremont, B. Hu, S. Liang, J. L. Privette, and D. P. Roy, “First
operational BRDF, albedo and nadir reflectance products from MODIS,”
Remote Sens. Environ., vol. 83, no. 1, pp. 135–148, Nov. 2002.

[19] Y. Jin, C. B. Schaaf, F. Gao, X. Li, A. H. Strahler, W. Lucht, and
S. Liang, “Consistency of MODIS surface bidirectional reflectance distri-
bution function and albedo retrievals—Part 1: Algorithm performance,”
J. Geophys. Res., vol. 108, no. D5, p. ACL 2-1, Mar. 2003. DOI:
10.1029/2002JD002803.

[20] Y. Jin, C. B. Schaaf, C. E. Woodcock, F. Gao, X. Li, A. H. Strahler,
W. Lucht, and S. Liang, “Consistency of MODIS surface bidirectional re-
flectance distribution function and albedo retrievals—Part 2: Validation,”
J. Geophys. Res., vol. 108, no. D5, p. 4159, Mar. 2003.

[21] J. G. Salomon, C. B. Schaaf, A. H. Strahler, F. Gao, and Y. Jin,
“Validation of the MODIS bidirectional reflectance distribution function
and albedo retrievals using combined observations from the aqua and terra
platforms,” IEEE Trans. Geosci. Remote Sens., vol. 44, no. 6, pp. 1555–
1565, Jun. 2006.

[22] Z. Li and L. Garand, “Estimation of surface albedo from space: A para-
meterization for global application,” J. Geophys. Res., vol. 99, no. D4,
pp. 8335–8350, Apr. 1994.

[23] S. Liang, “Narrow to broadband conversion of land surface albedo—Part
1: Algorithms,” Remote Sens. Environ., vol. 76, no. 2, pp. 213–238,
May 2000.

[24] K. Wang, J. Liu, X. Zhou, M. Sparrow, M. Ma, Z. Sun, and W. Jiang, “Val-
idation of the MODIS global land surface albedo product using ground
measurements in a semidesert region on the Tibetan Plateau,” J. Geophys.
Res., vol. 109, p. D05 107, Mar. 2004. DOI: 10.1029/2003JD004229.

[25] J. L. Roujean, M. Leroy, and P.-Y. Deschamps, “A bidirectional reflect-
ance model of the Earth ’s surface for the correction of remote sensing
data,” J. Geophys. Res., vol. 97, no. D18, pp. 20 455–20 468, 1992.

[26] I. Csiszar and G. Gutman, “Mapping global land surface albedo from
NOAA AVHRR,” J. Geophys. Res., vol. 104, no. D6, pp. 6215–6228,
1999.

[27] E. G. Moody, M. D. King, C. B. Schaaf, and S. Platnick, “MODIS-derived
spatially complete surface albedo products: Spatial and temporal pixel
distribution and zonal averages,” J. Appl. Meteorol. Climatol., vol. 47,
no. 11, pp. 2879–2894, 2008.

[28] A. K. Betts, P. Viterbo, A. C. M. Beljaars, and B. J. J. M. van den Hurk,
“Impact of BOREAS on the ECMWF forecast model,” J. Geophys. Res.,
vol. 106, no. D24, pp. 33593–33604, 2001.

[29] J. Stroeve, J. E. Box, F. Gao, S. Liang, A. Nolin, and C. Schaaf, “Accuracy
assessment of the MODIS 16-day albedo product for snow: Comparisons
with Greenland in situ measurements,” Remote Sens. Environ., vol. 94,
no. 1, pp. 46–60, Jan. 2005.

[30] T. H. Painter, K. Rittger, C. McKenzie, P. Slaughter, R. E. Davis, and
J. Dozier, “Retrieval of subpixel snow covered area, grain size, and albedo
from MODIS,” Remote Sens. Environ., vol. 113, no. 4, pp. 868–879,
Apr. 2009.

[31] T. Markus, D. C. Powell, and J. R. Wang, “Sensitivity of passive mi-
crowave snow depth retrievals to weather effects and snow evolution,”
IEEE Trans. Geosci. Remote Sens., vol. 44, no. 1, pp. 68–77, Jan. 2006.

Dominique Carrer received the Engineer degree
from the Ecole de la Météorologie, Toulouse, France,
in 2003 and the master’s degree in physics from the
University Paul Sabatier, Toulouse, in 2001.

He joined the Centre National de Recherches
Météorologiques (CNRM), Météo-France, Toulouse,
in 2005. His primary research interests are re-
mote sensing of surface and atmospheric parameters
(including land surface albedo, down-welling short-
wave surface radiation flux, and aerosols).

Jean-Louis Roujean received the Ph.D. degree in
environmental physics and chemistry science (spe-
ciality remote sensing) from the University Paul
Sabatier, Toulouse, France, in 1991.

In 1991, he was a Centre National d’Etudes Spa-
tiales Postdoctoral Fellow with the Centre National
de Recherches Météorologiques (CNRM), Toulouse.
In 1994, he was hired by the French Centre National
de la Recherche Scientifique (CNRS). In 1999, he
was appointed Head of the remote sensing group for
land surface studies for 8 years at the CNRM, Météo-

France, whose domains of research activities include land cover classifica-
tion, radiation transfer modeling for vegetation, developments of operational
methods for surface parameters mapping, data fusion, down-welling radiation
calculations, and validation operations. The team is involved in programs
supported by the European Union such like CYCLOPES (FP5) devoted to
the fusion of optical sensors data and GEOLAND (FP6), a contribution to
GMES. Also, the team takes part in the Consortium Satellite Application
Facilities (SAF) on Land Surface Analysis under a EUMETSAT contract,
which aims at implementing the operational distribution of surface parameters
from MSG and METOP sensor systems. He has published on modeling tools to
derive biophysical information from optical multiangular remote sensing with
emphasis on the upscaling issue. He has conducted field experiments during
HAPEX-Sahel (1992) and BOREAS (1996). He is the Principal Investigator
of the Snow Reflectance Transition Experiment (SNORTEX) project in collab-
oration with the Finnish Meteorological Institute (FMI). His primary research
interests include the modeling of surface reflectance bidirectional effects for the
correction of satellite multitemporal data sets.

Catherine Meurey received a technician formation
from the Ecole de la Météorologie, Toulouse, France,
in 1982.

She joined the Centre National de Recherches
Météorologiques (CNRM), Météo-France, Toulouse,
in 2001. Her primary research interests include re-
mote sensing of surface and atmospheric parameters
(including land surface albedo and down-welling
shortwave surface radiation flux).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


