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Abstract

Surface albedo has been identified as an important parameter for understanding and
quantifying the Earth’s radiation budget. EUMETSAT generated the Meteosat Surface
Albedo (MSA) Climate Data Record (CDR) currently comprising up to 24 years (1982–
2006) of continuous surface albedo coverage for large areas of the Earth. This CDR5

has been created within the Sustained and Coordinated Processing of Environmen-
tal Satellite Data for Climate Monitoring (SCOPE-CM) framework. The long-term con-
sistency of the MSA CDR is high and meets the Global Climate Observing System
(GCOS) stability requirements for desert reference sites. The limitation in quality due to
non removed clouds by the embedded cloud screening procedure is the most relevant10

weakness in the retrieval process. A twofold strategy is applied to efficiently improve
the cloud detection and removal. A first step consists on the application of a robust
and reliable cloud mask taking advantage of the information contained in the mea-
surements of the infrared and visible bands. Due to the limited information available
from old radiometers some clouds can still remain undetected. A second step relies on15

a post processing analysis of the albedo seasonal variation together with the usage of
a background albedo map in order to detect and screen out such outliers. The usage
of a reliable cloud mask has a double effect. It enhances the number of high quality
retrievals for tropical forest areas sensed under low view angles and removes the most
frequently unrealistic retrievals on similar surfaces sensed under high view angles. As20

expected, the usage of a cloud mask has a negligible impact on desert areas where
clear conditions dominate. The exploitation of the albedo seasonal variation for cloud
removal has good potentialities but it needs to be carefully addressed. Nevertheless it
is shown that the inclusion of cloud masking and removal strategy is a key point for the
generation of the next MSA CDR Release.25
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1 Introduction

Surface albedo has been identified as an important parameter for climate change by
the Working group I within the Intergovernmental Panel on Climate Change (IPCC)
(Foster et al., 2007). Monitoring this parameter is paramount to understand the climate
system (e.g. Henderson-Sellers and Wilson, 1983) because it is a key forcing variable5

(e.g. Hansen et al., 1997) and it is controlling the surface radiation budget (e.g. Pielke
and Avissar, 1990). The Global Climate Observing System (GCOS) formulated scien-
tific requirements for climate observations including a list of relevant parameters, the
Essential Climate Variables (ECVs), with associated observation requirements (GCOS-
138, 2010). One of the terrestrial ECVs is the land surface albedo. This parameter is10

defined as the ratio of the radiation flux reflected to the incident radiation flux impinging
the surface (Schaepman-Strub et al., 2006). It depends on both the anisotropy of the
surface and the atmosphere (e.g. Schaaf et al., 2009). GCOS has specified as satellite
derived products for climate change studies two variables corresponding to two oppo-
site extreme conditions: the black-sky albedo (BSA) defined in the absence of a diffuse15

irradiance component and the white-sky albedo (WSA) defined under pure diffuse irra-
diance conditions. Throughout this paper we use the variable directional hemispherical
reflectance (DHR) to refer to black sky albedo and the variable bi-hemispherical albedo
under isotropic illumination (BHRiso) to refer to white sky albedo. Those two parameters
can be used to estimate the actual albedo, the blue-sky or BHR under ambient condi-20

tions (Pinty et al., 2005). EUMETSAT has undertaken an activity to generate a surface
albedo dataset (Meteosat Surface Albedo, MSA) climate data record (CDR), spanning
over more than two decades from measurements acquired by the Meteosat Visible
and Infrared Imager (MVIRI) instrument onboard the Meteosat First Generation (MFG)
satellites (EUMETSAT, 2011). EUMETSAT coordinated a study (ALBEDOVAL) for the25

validation of the MSA CDR. In the validation report (Fell et al., 2012) the full set of
results, including comparison with in-situ measurements and satellite retrievals, can be
found. This paper focuses on the most relevant positive outcome, i.e. the high tempo-
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ral stability and presents a strategy to address the most relevant weakness, i.e. the
deficiency in quality due to undetected clouds.

2 Surface albedo retrieval from geostationary statellites

Satellite measurements offer an unique opportunity for documenting and monitoring the
spatial surface albedo distribution and in particular its variability at continental scales.5

Observations acquired by instruments on board geostationary satellites have three
major advantages: (i) long term archived data, (ii) capability of a surface sampling under
different illumination conditions and (iii) capability of a diurnal sampling of parameters
influencing the retrieval such as cloud cover and aerosol load. One drawback is that
the retrieval area is limited to a circle with a radius of ca. 65◦ around the sub satellite10

point (SSP).
Another characteristic to consider is that the pixel size is not constant but it depends

on the angular distance from the satellite SSP. Most of the albedo retrieval strategies
rely on the collection of cloud-free observations to define the bidirectional reflectance
distribution function (BRDF). This function is used to characterize the surface angu-15

lar reflectance properties. The MSA algorithm is based on a method proposed by Pinty
et al. (2000a). It performs the inversion of a fast Radiative Transfer Model (RTM) ingest-
ing reanalysis total column water vapour and total column ozone data. The method re-
lies on daily accumulation of clear sky radiances acquired in a single visible band (VIS)
and on the applicability of the reciprocity principle (Lattanzio et al., 2006). Accord-20

ing to this principle the Bidirectional Reflectance Distribution Function (BRDF) does
not change when incident and reflected angles are reversed. Measurements acquired
under different illumination conditions can then be interpreted as observations taken
under different viewing conditions. One key point is that the method applied in the
MSA algorithm allows for a joint retrieval of aerosol load and both black and white sky25

albedo. An assessment of the measurement error and an estimation of the retrieval un-
certainty are performed during the processing for each pixel (Govaerts and Lattanzio,
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2007). The algorithm is applied to the native instrument visible band resulting in spec-
tral albedo values. In the current release of the MSA CDR the products are generated
as 10 days composites, except for the last period of each year, which corresponds to
5 or 6 (leap years) days. The maximum number of available products per year is 37.
The MSA retrieval method is general and it has been applied to the Geostationary Op-5

erational Environmental Satellite (GOES) and Geostationary Meteorological Satellite
(GMS) observations (Govaerts et al., 2008). This activity has been performed within
the World Meteorological Organization (WMO) Sustained and Coordinated Processing
of Environmental Satellite Data for Climate Monitoring (SCOPE-CM) framework (Lat-
tanzio et al., 2013).10

3 Requirements and validation

During the past ten years many efforts have been made to establish proper CDR re-
quirements for detecting and assessing climate change. The analysis focused mainly
on accuracy and stability (Ohring et al., 2005) and recently also on the necessary
length of a dataset for detecting a real change (Loew, 2014). The requirements defined15

by GCOS for land surface albedo are reported in Table 1. The rationale behind these
requirements is to allow the detection of changes in the radiative forcing equivalent to
20 % of the expected variation per decade due to greenhouse gases and other forc-
ing, i.e. 0.1 Wm−2 per decade (GCOS-154, 2011). A key aspect in the generation of
a CDR is the assessment of the uncertainty associated with the geophysical variable20

retrieved. Such a parameter is essential to determine whether a detected change or
trend is statistically significant or within the measurement uncertainty.

EUMETSAT coordinated a study (ALBEDOVAL) for the validation of the MSA CDR
performed by a group of independent researchers in Europe and US. The validation
focused on four main aspects: (1) uncertainty assessment, (2) temporal consistency,25

(3) validation against in-situ measurements and (4) comparison with other satellite es-
timates.
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In order to quantify the stability and to assess the quality of the MSA CDR various
data sources have been exploited. These include satellites data and in-situ measure-
ments. The subset of validation data suitable for the objective of this paper are listed
in Sect. 3.2. A systematic comparison of the MSA with in-situ observations is prob-
lematic due to the lack of direct albedo measurements representative of the large ar-5

eas covered by individual MSA pixels. Most of the FluxNet (Cescatti et al., 2012) or
the Baseline Surface Radiation Network (BSRN) sites (Ohmura et al., 1998) providing
surface albedo observations are located in rather heterogeneous landscapes and are
thus not well suited for MSA validation. In the context of the ALBEDOVAL study, a very
limited number of ground sites have been identified as potential candidates for a di-10

rect case-based comparison with MSA retrievals. Satellite data used for comparison
include products generated with the Moderate Resolution Imaging Spectroradiometer
(MODIS) (Schaaf et al., 2002) and with the Multi-angle Imaging SpectroRadiometer
(MISR) (Martonchik et al., 1998) instruments. The full set of comparison results can be
found in the validation report (Fell et al., 2012).15

3.1 MSA data

The MSA CDR has been derived from imagery acquired by the MVIRI radiometer on-
board MFG satellites. The MVIRI field of view is centred in the SSP with a radius of
ca. 65◦. The main mission of these satellites was to provide data for the 0◦ (0DEG)
service area covering most of Europe, Africa, the Middle East, and the Eastern parts20

of South America. In order to bridge a gap in the availability of GOES, between 1991
and 1995, Meteosat-3 was moved first to 50◦W and, in early 1993, to 75◦W. These
temporary services, called respectively Atlantic Data Coverage (ADC) and Extended-
ADC (XADC), had the primary purpose of supporting the monitoring of severe weather
events such as hurricanes. Following the requirements of the Indian Ocean Experiment25

(INDOEX) (Ramanathan et al., 1995), the Indian Ocean Data Coverage (IODC) mis-
sion was established and Meteosat-5 has been moved in 1997 to 63◦ E. MVIRI data
acquired at this position are available from middle 1998 to 2007. As a continuation of
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the IODC mission, Meteosat-7 has been positioned at 57.5◦ E from where it acquires
data since November 2006. Detailed information about the MSA dataset availability
is given in Table 2. The dataset can be requested from the EUMETSAT Data Centre
(https://eoportal.eumetsat.int) free of charge after registration. Users can request the
product in the Binary Universal Form for the Representation of Meteorological data5

(BUFR) and in Hierarchical Data Format 4 (HDF4) formats. User documentation, con-
sisting of an Algorithm Theoretical Base Document (ATBD), Product User Guide (PUG)
and Validation Report (VR), is available for downloading on the EUMETSAT web page.

3.2 Validation data

In-situ measurements and a different satellite derived albedo product have been used10

for assessing the impact of non removed clouds. Ground measurements from the
Southern African Regional Science Experiment (SAFARI) campaign (Privette et al.,
2005) have been compared with MSA retrievals over a tropical forest site in Africa.
A comparison over a larger area has been performed using the surface albedo dataset
(Geiger et al., 2008) generated using imagery acquired from the Spinning Enhanced15

Visible and Infrared Imager (SEVIRI) radiometer onboard Meteosat Second Genera-
tion (MSG) satellites at the EUMETSAT Land Surface Analysis Satellite Application
Facility (LSA SAF) (Trigo et al., 2011). The SEVIRI cloud mask takes advantage of the
instrument’s better spectral resolution and its 15 min temporal frequency increases the
chances of gathering clear sky observation. DHR values are estimated at local noon20

for the MSG SAF dataset and at a default solar zenith angle of 30◦ in the case of the
MSA CDR. As reference for assessing the impact of the uncertainty in the retrieval
due to aerosol estimation, 18 stations (in Europe, Africa and the Arabic peninsula) of
the AErosol RObotic NETwork (AERONET) (Holben et al., 1998) have been used. The
AERONET Aerosol Optical Depth (AOD), which is specified for 675 nm, was referenced25

to 550 nm (reference wavelength of the MSA AOD) by using the Angstrom coefficient
derived from concurrent observations at 870 nm. The so reformatted AERONET values
were then averaged to match the 10 day MSA periods.
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4 Temporal consistency

The confidence level on the temporal stability of a Data Record is fundamental to as-
sess the existence of temporal trends. One way to assess this aspect is to select a set
of stable targets, e.g., desert locations and analyse the white and black sky albedo re-
trievals over multiple years. The time series for four desert targets are shown in Figs. 1–5

4. The visible channels of the MVIRI instrument on board the MFG series are slightly
different (e.g. Lattanzio et al., 2013) and a spectral conversion is necessary to compare
them. The coefficients proposed by Loew and Govaerts (2010) have been applied to
convert the spectral albedo into a common broad band (0.3–3.0 µm) value. The individ-
ual time series of both 0DEG and IODC are very homogeneous. Especially the central10

Saharan sites “Libya” and “Egypt One” and, to a slightly lesser degree also “Murzuq
Desert” appears to be extremely stable (see Table 3). A similar stability is observed
for further sites in both arid and non-arid areas (Fell et al., 2012). An exception is rep-
resented by the “Omani Desert” site (Fig. 4). In this case a trend towards increasing
surface albedo is found, especially for IODC retrievals. The same site is also showing15

a bias between the 0DEG and IODC. The origin for such a bias can very likely be traced
back to the different observation geometry. Those differences may lead to systematic
deviation in the DHR retrieval that can reach values of up to 10 and up to 20% for
BHRiso. Apart from the specific mentioned cases, the results of the regression analysis
shown in Table 3 indicate that the temporal stability of the MSA CDR is generally better20

than ±0.01 per decade, matching the GCOS requirements.

5 Uncertainty assessment

The uncertainty assessment focused on the impact of aerosol and undetected clouds.
Aerosol retrieval is particularly challenging over bright surfaces because the contribu-
tions to the radiometric quantities measured from aerosol and surface albedo show25

very similar patterns. Undetected clouds lead to a systematic overestimation of sur-
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face albedo above both dark and bright surfaces, though the issue is more relevant
on tropical forest due to the higher mean cloud coverage. Because the retrieval of
surface albedo and AOD is jointly performed, an overestimation (underestimation)
of the aerosol contribution leads to an underestimation (overestimation) of the sur-
face contribution. The impact of an incorrect estimation of the aerosol contribution5

was assessed through the comparison of MSA AOD estimates against measurements
taken at AERONET stations. In general there is good agreement between MSA and
AERONET AOD, even though MSA is based on a simple continental aerosol model.
MSA retrieval is bound to discrete AOD values in the range between 0.1 and 1.0.
As a result, MSA will tend overestimating the AOD in cases where the real value is10

< 0.1. MSA seems to underestimate AOD for values above 0.5. It should be pointed
out that this statement is based on a limited number of observations. Statistically, the
AODs from IODC and 0DEG show a very similar performance against AERONET (see
Fig. 5).

In the current MSA implementation no external ancillary cloud mask information is15

applied. In the first retrieval step, a simple procedure is applied to detect clouds and
cloud shadows (Pinty et al., 2000b). This procedure analyses statistically the daily
variation of Top of Atmosphere Bi-directional Reflectance Factors (ToA BRF) in order
to detect values deviating from the expected values in case of clear sky conditions.
The impact of undetected clouds emerges from the comparison between the MSA20

products with satellite and in-situ measurements. A comparison between MSA and
MSG SAF black-sky albedo retrievals for barren and evergreen broadleaf surface types,
representative of tropical forest and desert sites is shown respectively in Figs. 6 and
7. The results clearly reveal that the cloud detection procedure is not adequate for
patterns with persistent cloud cover during the day such as in the evergreen broadleaf25

forest areas. This is evident from Fig. 7 where the long tail of high MSA albedo retrievals
is not mirrored in the SEVIRI dataset. This effect is absent in the case of barren surface
type. On the other hand, the comparison over the latter reveals a conditional bias, with
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deviations from the 1 : 1 line increasingly higher for brighter surfaces. Figure 6 also
shows that this effect increases with viewing angle.

The MSA dataset has been compared with in-situ measurements acquired during
the SAFARI campaign (Privette et al., 2005). This comparison does not focus on the
quantitative analysis of the difference in the retrieval but aims to highlight the issue5

related with not removed cloudy pixels in the case of the MSA CDR. MSA products
derived for the 0DEG and IODC missions have been analysed for a site located in
Mongu (Zambia) for years 2000, 2001, 2002. The BHR (blu-sky albedo) is the quantity
measured by the in-situ instrument. Blue sky albedo values are expected to lie between
the corresponding BHRiso and DHR one (Pinty et al., 2005). This expected behaviour is10

confirmed in most of the cases for the 0DEG mission (Fig. 8) and for the IODC mission
(Fig. 9). The decrease in accuracy and precision of the retrieval in winter, during the
rainy season, is expected and is due to undetected clouds in the MSA CDR.

6 Quality improvement

One clear outcome of the validation study is that the most relevant issue impacting the15

quality of the MSA CDR is the partial failure in detecting clouds. A twofold strategy has
been designed for tackling the problem. The first part relies on a robust and reliable
Cloud Masking scheme applied during the surface albedo retrieval. The second part
of the strategy, referred as Cloud Removal and applicable only after the generation of
the complete Data Record, exploits the information in the time domain included in the20

natural albedo seasonal variation in order to detect and remove outliers.

6.1 Cloud masking

Two different cloud masks have been generated and tested. The first one is derived
using a simple method exploiting the MVIRI VIS band only. Analysing all images ac-
quired during a full month a BRF background map for each image acquisition interval25
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(30 min for MVIRI) is build up. In a second step all MVIRI images for that month are
compared with the previously generated background to detect outliers due to cloud
coverage (background Cloud Mask, BCK CM) using a simple threshold method. The
second cloud mask (CMSAF CM) has been generated as prototype by the Satellite Ap-
plication Facility on Climate Monitoring CM SAF (Khlopenkov and Trishchenko, 2007;5

Fontana, 2010). This procedure uses both the visible and the thermal band at 10.8 µm.
Common to both methods is that they can be in principle applied to all past and present
GEO satellites (MSG, GOES, GMS, MTSAT). This aspect is particularly relevant if con-
sidering the application within the SCOPE-CM Framework.

The comparison of albedo estimates obtained with different cloud screening ap-10

proaches for a tropical rain forest region (Fig. 10) sensed under a small view zenith
angle (VZA) shows that the impact of using a cloud mask has significantly reduced the
number of DHR values above 0.4. Since vegetated areas are generally characterized
by low albedo, DHR above 0.4 are unrealistic and most likely due to undetected clouds.
It is worth noting that this effect is more evident when using the CMSAF CM (bottom15

left panel) than with the simple BCK CM (bottom middle panel). The added value of
the CMSAF CM exploiting both the visible and the infrared channels over the simple
BCK CM based on the visible channel only is to better constrain the DHR values on
the range below 0.4 (bottom right panel). It can also be noted how the pattern of the
scatter plot is similar to the comparison shown in Fig. 7 between the MSA CDR (with no20

cloud mask) and the SEVIRI based albedo dataset. As expected, cloud masking has
a very marginal effect on desert region (Fig. 11) where clear sky conditions dominate.
The analysis for another tropical rain forest region sensed under large VZA (Fig. 12)
shows that the use of a cloud mask efficiently removes unrealistically high albedo val-
ues caused by cloud contamination, leading to a significant decrease of the number of25

retrieved DHR values as shown in Table 4. Again, the effect is much more pronounced
when using the CM SAF CM. This result is not surprising as visible only cloud mask-
ing at high VZA is likely to fail due to decreased contrast at higher atmospheric path
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lengths. The fewer but more reliable retained DHR observations will likely increase the
overall quality of the Data Record.

6.2 Cloud removal

The exploitation of a cloud mask for the generation of high quality surface albedo is
fundamental and has shown very positive impact on the retrieval. Unfortunately, due to5

the limited spectral and spatial information provided by MVIRI, a non-negligible number
of cloud-affected observations will not be identified as such. Undetected clouds can be
removed in a post-processing approach. One strategy is to exploit the information con-
tained in surface albedo time series covering several years. Under normal conditions
surface properties remain relatively stable over multiple years, respecting a natural sea-10

sonal variation. This assumption might not hold if in a certain year an area had suffered
from natural or anthropogenic extreme events (wild fires, flood or droughts). Neverthe-
less such events can be considered statistically not significant and treated as outliers.
The proposed strategy relies on the creation of broadband (0.3–3.0 µm) seasonal DHR
maps to be used as a climatological background and it is performed in three steps. In15

the first step for each pixel i in the processed region of interest (ROI), the time series
including all available periods t in the time range 1982 to 2002 (TR) is analysed. Due
to the fact that the VIS band of the MVIRI instruments on board the MFG platforms are
different (e.g. Lattanzio et al., 2013) a spectral to broadband conversion is necessary
for comparing them. The conversion has been performed using the coefficients pro-20

posed by Loew and Govaerts (2010). If the broadband DHR value in the time series for
the pixel i in the ROI and period t in TR is noted as DHRBB(i ,t) and referring the tem-

poral mean value as DHRBB(i ) and standard deviation as σBB(i ), the ensemble Ln(i )
of retrievals classified as potentially cloud contaminated and removed as noise for the
pixel i satisfies the condition:25

Ln(i ) =
{

DHRBB(i ,t) > DHRBB(i )+3σBB(i )
}

; ∀t ∈ TR, (1)
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assuming a normal distribution and an upper cutoff of 3σ. The standard deviation and
the mean value can be affected by outliers if they are a significant population in the
data distribution. For this reason sometimes the median and mean absolute deviation
are used as they are not affected by outliers, resulting in a more selective filter. At this
stage the usage of mean and standard deviation has been preferred to limit the re-5

trievals treated as outliers. As a result of this step, intermediate “de-noised” MSA DHR
products are created for the full ROI of each period t in TR. These products are a copy
of the original MSA dataset but with all retrievals satisfying Eq. (1) removed. In the
second step the seasonal DHR background maps are created. The 12 months in the
year are grouped in four seasons: DJF (December, January, February), MAM (March,10

April, May), JJA (June, July, August) and SON (September, October, November). All
the “de-noised” retrievals DHRBB

d (i ,ts) in each of the four groups are averaged, using
the estimated DHR uncertainty δDHR (Govaerts and Lattanzio, 2007) as weight. For
each pixel i the background value writes:

DHRBB
bck(i ,s) =

∑
ts

DHRBB
d (i ,ts)(1/δDHR(i ,ts))∑
ts

1/δDHR(i ,ts)
; s = 1, . . .,4, (2)15

where s is the season index and ts is the index running on all periods t included in
season s. Retrievals with lower uncertainty will have a higher relevance in the calcula-
tion of the average value. An example of such background maps for the same ROI in
Africa analysed in Fig. 10 is given in Fig. 13. The third and final step consists in screen-
ing the cloudy pixel out from the original MSA products. A simple threshold method has20

been adopted. For each period t the ensemble Lc(t) of the retrievals removed because
potentially cloud contaminates satisfies the condition:

Lc(t) =
{

DHRBB(i ,t) > (1+ T )DHRBB
bck(i ,s)

}
; ∀i ∈ ROI, (3)

where DHRBB
bck(i ,s) is the the background value for pixel i and season s (see Eq. 2)

and T is the threshold. An example of cloud screening achieved with this method for25
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May 2001 is given in Fig. 14. In this case a value of T = 0.40 has been used. This
value corresponds to an increase of 40 % with respect to the background value. This
threshold is very conservative and has been defined according to the albedo change
amplitude estimated by Govaerts and Lattanzio (2008). In this study it is shown that
a change in albedo in the Sahel region due to a drastic alteration in the precipitation5

regime did not exceed 30 %.
The current MSA CDR release, in particular along the Intertropical Convergence

Zone (ITCZ), is heavily affected by undetected clouds and its usage to build a back-
ground map can’t be considered fully reliable. The present analysis should be repeated
after the generation of a new release with the application of a cloud mask. It could10

also be necessary to implement different thresholds according to the land cover type.
Regions not showing a large dynamical change pattern could benefit of a less conser-
vative threshold value. This precaution might be particularly important for snow cov-
ered regions. High values due to snow coverage could be interpreted as clouds and
removed. Even considering all current limitations the Cloud Removal method shows15

good potentialities. The advantage of removing undetected clouds with the disadvan-
tage of loosing good retrievals must be carefully taken into account when applying such
a strategy. Considering that datasets like the MSA CDR are generated for climate mon-
itoring it is fundamental to provide the users with best possible quality retrievals, even
it this is to be done at the cost of increasing missing data. The gaps due to missing20

retrievals might be filled using gap filling methods (e.g. Fang et al., 2007) or providing
the users with temporal and spatial averaged products.

7 Conclusions

EUMETSAT generated the MSA CDR within the WMO SCOPE-CM framework. The
ALBEDOVAL validation study has been performed to assess the quality of the Data25

Record. The outcome can be summarized as follows:
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– The MSA Data Record agrees well with corresponding values from satellite-
derived and ground-based observing systems under many observation condi-
tions, and it presents a high temporal stability.

– There are some quality issues concerning cloud detection and aerosol related
effects related to the use of a single continental aerosol type limited to a set of5

pre-defined load values.

– The strengths underline the already high value of the MSA CDR for climate ap-
plications. The weaknesses need to be considered for specific applications and
shall be addressed in the context of a future re-processing.

The study has clearly demonstrated that, for historical satellites where less calibra-10

tion information is available such as MVIRI, the MSA CDR shows a very good temporal
stability despite all related caveats (higher sensor noise, lack of documentation). For
most of the desert sites analysed the stability satisfies the GCOS requirement. The
study has also highlighted some weaknesses needing to be addressed. In particular
the presence of undetected clouds affects the overall quality of the Data Record. The15

current embedded method relying on the statistical analysis of the ToA BRF does not
perform well in a situation of persistent cloud coverage. In order to address such draw-
back a twofold strategy has been designed. A first step consists of the introduction of
a reliable cloud mask to remove most of the clouds prior to the generation of the full
MSA CDR. Two different Cloud Masks have been used to generate MSA products for20

a particular period. These two datasets and the original one generated without any
external Cloud Mask have been compared. The effect of the cloud mask is negligible
in areas where cloud frequency is low (as it is the case of desert regions). The impact
on vegetated areas is different according to the viewing geometry. Areas sensed under
low view angles show an increase in the total number of retrievals. In the case of high25

view angles the effect of the cloud mask is to reduce the number of unrealistic high
albedo values. In a second step the temporal and seasonal information included in the
dataset has been exploited. The applied method shows good potentialities for remov-
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ing spurious cloud contaminated pixels, though such an approach should be carefully
assessed because it might lead to remove good retrievals but will provide the users
with a more robust and reliable Data Record.

Acknowledgements. A preliminary version of the CM SAF Cloud Fractional Cover (CFC)
dataset was provided by MeteoSwiss to EUMETSAT as part of their engagement within the5

EUMETSAT’s Satellite Application Facility on Climate Monitoring (CM SAF) and SCOPE-CM.
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Table 1. Target requirements for the DHR and BHRiso defined in GCOS-154 (2011).

Variable/Parameter Temporal Resolution Accuracy Stability

Black Sky Albedo Daily to Weekly max(5 %; 0.0025) max(1 %; 0.0001)
White Sky Albedo Daily to Weekly max(5 %; 0.0025) max(1 %; 0.0001)
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Table 2. Overview of MVIRI observations history in standard operation mode. The coverage
acronyms refer to Indian Ocean Data Coverage (IODC) and [Extended] Atlantic Data Coverage
([X]ADC). The corresponding sub-satellite points (SSP) are also indicated.

Coverage SSP Satellite Start Date End Date

0◦ M2 16 Aug 1981 11 Aug 1988
0◦ M3 11 Aug 1988 25 Jan 1991

0DEG 0◦ M4 19 Jun 1989 4 Feb 1994
0◦ M5 2 May 1991 13 Feb 1997
0◦ M6 21 Oct 1996 20 Jan 2000
0◦ M7 3 Jun 1998 19 Jul 2006

IODC_63 63◦ E M5 1 Jul 1998 16 Apr 2007
IODC_57 57◦ E M7 1 Nov 2006 ongoing

ADC 50◦W M3 1 Aug 1991 27 Jan 1993

XADC 75◦W M3 21 Feb 1993 31 May 1995
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Table 3. Regression slopes for the four sites shown in Figs. 1–4. Values exceeding
±0.01 decade−1 are in bold. IODC data is restricted to the 63◦ coverage (MVIRI-5) to avoid
potential effects caused by the different observation angles of IODC_63 and IODC_57.

Name Location 0DEG IODC 0DEG IODC
BHRiso [1 decade−1] BHRiso [1 decade−1] DHR [1 decade−1] DHR [1 decade−1]

Murzuq desert 24.75◦ N, 12.50◦ E −0.0084 0.0102 −0.0325 0.0099
Lybia 21.50◦ N, 28.50◦ E 0.0037 −0.0011 0.0085 −0.0011
Egypt one 27.12◦ N, 26.10◦ E 0.0083 −0.0006 0.0071 −0.0006
Omani desert 19.00◦ N, 55.50◦ E 0.0170 −0.0437 0.0133 −0.0421
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Table 4. Impact of a cloud mask applied to the MSA processing on the number of retrieved
pixels (total and higher than a threshold of 0.4).

Retrieved Pixels Above threshold (0.4)
NO CM CMSAF CM BCK CM NO CM CMSAF CM BCK CM

Forest (Africa) 90 % 92 % 91 % 1 % 0 % 0.01 %
Desert 100 % 100 % 100 % 47.9 % 47.7 % 47.9 %
Forest (South America) 51 % 17 % 36 % 15 % 0.03 % 1.2 %
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Figure 1. Long-term time series of BHRiso (upper panel) and DHR (middle panel) for the site
“Murzuq Desert”. The position of the target site on the respective 0◦ and IODC filed of view
is shown in the bottom panel. The coloured dots refers to 0◦ coverage, the grey dots to IODC
coverage. The dark and light-grey lines show the long-term averages for the two coverages.
The spectral to broad band conversion coefficients from Loew and Govaerts (2010) have been
applied.
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Figure 2. Same as Fig. 1 but for site “Libyan Desert”.
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Figure 3. Same as Fig. 1 but for site “Egypt One”.
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Figure 4. Same as Fig. 1 but for site “Omani Desert”.
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Figure 5. Comparison of AERONET and MSA aerosol optical depth (AOD). Left panel: 0DEG
coverage, right panel: IODC_57 and IODC_63.
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Figure 6. Scatterplots of MSA DHR30 (x axis) vs. SEVIRI DHR (y axis) for pixels classified as
“Barren” for the 1–10 January 2006 period. Pixels are grouped according to MSA viewing angle
ranges indicated in the top of each panel.
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Figure 7. Same as Fig. 6 but for pixels classified as “evergreen broadleaf forest”. The impact
of undetected cloud for the MSA CDR is clearly represented by the tail of high albedo values.
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Figure 8. Comparison of MSA vs. in situ albedo observations for the 0DEG mission. The box-
and-whisker diagrams represent the spatial variability of the MSA retrievals within a 3×3 window
centred at Mongu (Zambia). For the in situ observations (black), the diagrams represent the
temporal variability within a ten-day observation period.
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Figure 9. Same as Fig. 8 but for the IODC mission.
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Figure 10. Tropical forest region viewed under a low view zenith angle. Upper panel: distribu-
tions of surface albedo retrieved with no cloud mask (NO CM; red), with a single band (VIS)
cloud mask (BCK CM; green), and with the cloud mask developed by the CM SAF (CMSAF CM;
blue). Lower panels: scatter plots of albedo estimates using the cloud mask scheme indicated
in the respective x and y axis.
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Figure 11. Same as Fig. 10 but for a desert area.
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Figure 12. Same as Fig. 10 but for a tropical forest area viewed under high view zenith angle.

7569

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/8/7535/2015/amtd-8-7535-2015-print.pdf
http://www.atmos-meas-tech-discuss.net/8/7535/2015/amtd-8-7535-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
8, 7535–7571, 2015

EUMETSAT Meteosat
Surface Albedo

Climate Data Record

A. Lattanzio et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Figure 13. Background albedo maps for the four seasons. DJF (bottom left), MAM (bottom
right), JJA (upper left) and SON (upper right).
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Figure 14. Cloud screening example for Meteosat-7. The period is 1–10 May 2001. The original
MSA product is shown on the left panel and the cloud decontaminated one on the right panel.
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