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1 Executive Summary 

Validation of EO products is usually defined as the assessment with respect to 
independent data such as upscaled ground measurements and other EO datasets. In the 
case of the GlobAlbedo products, validation has been performed of intermediate products 
in the processing chain to ensure that a full audit trail can be established so that any errors 
or artefacts seen further down the chain can be traced as to their origin. These 
intermediate products include (a) sensor inter-calibration coefficients used for narrowband-
to-broadband conversion to ensure that all the BBDRs are consistent; (b) pixel 
classification into cloud or snow to ensure that snow pixels are included in the final 
GlobAlbedo product; (c) Aerosol Optical Depth (AOD) derived from the input sensors to 
ensure that consistent atmospheric correction will be performed; (d) BBDRs to ensure that 
the BBDRs were consistent and finally; (e) the DHR and BHR and the derived Blue Sky 
Albedo (BlueSA) when data on atmospheric transmission is available. A summary of the 
results is now presented. 

The radiometric inter-sensor calibration coefficients are similar to the ones that have been 
generated by RAL for previous years using different numbers of pixels. The values are 
within each otherôs error bars and so are considered to be consistent. Inter-comparison of 
MERIS and VGT BBDRs do indicate that for one tile, VGT have higher BBDR values than 
MERIS but for all other tiles examined they are within each others uncertainty estimates. 
Agreement is slightly worse in the NIR cf VIS or SW. 

An assessment of the cloud detection using the Pixel identification method (IDEPIX) 
provided realistic results for various atmospheric conditions and allowed for adequate 
classification of clouds. It was shown that even the challenging cloud detection over snow 
and ice can be improved, especially for SPOT VGT. Seasonal and regional distinction was 
demonstrated to be a valuable step towards a comprehensive validation of pixel 
classification results. A reasonable agreement with the corresponding MODIS results 
improves confidence in the Idepix classification. However, it is noted that it is extremely 
difficult to evaluate the identification of cloud or snow pixels based on a limited number of 
case studies. From experience, good pixel classification results are strongly dependent on 
the threshold tuning. Therefore, further improvements could be achieved if more fine 
tuning of thresholds would be performed. This in turn requires more data than has been 
used up to now for validation. For a more systematic evaluation of the cloud detection, a 
higher level product assessment is definitely needed. 

The validation of AOT and SDR/BBDR provided indirect insights into the performance of 
the pixel classification. Misclassified pixels lead to artefacts in these higher level products 
(bright spots, borders around coastline) or unrealistic high/low values. In particular, the 
aerosol retrieval is sensitive to insufficiently screened sub-pixel clouds, by increasing the 
aerosol optical thickness. This was obvious through the inter-comparison of AOT with 
other instruments and ground based measurements. 

 

An assessment of AOD time series globally with AERONET for the whole of 2005 
indicated that VGT and MERIS AOD retrievals were generally statistically significant 
except for barren and shrub IGBP land cover classes and they were generally higher than 
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corresponding values from AERONET. The uncertainty estimates were also not within the 
actual error bars as defined by the comparison with AERONET. 

The main findings of the BBDR validation exercise are for SDR retrieval that the 
GlobAlbedo MERIS SDR agrees well with the SCAPE-M processor. There is a good 
correspondence of MERIS FR SDRs with coincident CHRIS/PROBA SDRs over 
homogeneous areas. For the Narrow-to-Broadband conversion, it appears there are no 
instrument-dependent biases in the GlobAlbedo N2B conversion and a very good 
correspondence with MODISô Liang N2B approach. For BBDR consistency, there are no 
apparent biases between MERIS and VGT BBDRs. A positive bias was detected in 
AATSR-nadir with respect to MERIS and VGT. With one exception, BBDR uncertainties 
from MERIS were within the corresponding values from VGT. 

GlobAlbedo products have been assessed for 11 so-called ñvalidation tilesò, 53 Fluxnet 
sites and, where visible the METEOSAT First Generation disk products as well as global 
products against MISR and MODIS. Preliminary conclusions are that for ñno-snowò and 
many ñsnowò products, the GlobAlbedo-derived Blue-Sky albedo values are in much better 
agreement, than the MODIS priors, with the tower albedometer measurements of the 
ground area around the towers. For global analyses, GlobAlbedo albedos are in better 
agreement with MODIS than MISR. The reason for this is currently not known. The 
estimated uncertainty of each albedo appears to be reasonable at present. Land cover 
analysis of albedos indicates that there is little difference between different vegetation 
types using broadband albedos for the tiles studied. Triple collocation appears to be a 
potentially useful technique for analysing systematic errors due to issues within the 
albedos such as residual clouds, snow-cloud contamination and sample numbers. This 
analysis method will be further explored in future. 
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2 Introduction 

This document describes the steps taken and the results obtained to validate the 
GlobAlbedo intermediate and final output Test Products. The reader is referred to RD9 
for a description of what was planned to be performed in this phase of the project. Ground-
based measurements, such as the NASA AERONET sun photometry measurements and 
the AmeriFlux and SURFRAD (RD20) ground albedometer measurements are used 
together to quantify the accuracy of the intermediate and output products.  For certain 
intermediate products where ñground truthò data are not available, visual qualitative 
analysis has been performed. Global analysis is performed with level-3 products from 
MISR and MODIS and for the tower sites (including the two contributed) at specific tower 
sites with MODIS priors. 

3 Purpose and Scope 

In Phase 1 of the GlobAlbedo project, Test Products (described in RD1)  have been 
processed using the algorithms outlined in the ATBDs (RD4-8).  In this report, these Test 
Products are validated over areas where ground-based sun photometer and tower-based 
albedometer measurements are available. In addition, where no such correlative data 
exist, a visual qualitative analysis is performed. The lack of other global products for the 
year 2005 (e.g. POLDER, MSG/METEOSAT-8) has meant that triple collocation can only 
be demonstrated here with previously available products. 

4 Applicable and Reference documents 

4.1.1 Applicable documents 

ID Title Issue Date 

[AD 1] EOEP-DUEP-EOPS-SW-09-0001 SoW Statement of 
Work for DUE-GlobAlbedo Project 

1.0 6/4/09 

[AD 2] GlobAlbedo AO/1-6060/09/I-OL Proposal, University 
College London 

1.0 02/06/09 

 

4.1.2 Reference Documents 

RD1  GlobAlbedo_PPS_D09_v2 (2011) GlobAlbedo Test Product Set. Author: Jan-Peter 
Muller, G. Lopez.  

 

RD2 GlobAlbedo_TS_D02_v1_2 (2010) GlobAlbedo Technical Specifications. Authors: 
J-P Muller, P. Lewis, P. North, C. 48pp 

 

RD3 Wolfe, R., Roy, D., Vermote, E. (1998) MODIS land data storage, gridding, and 
compositing methodology: Level 2 grid. IEEE Trans. Geoscience and Remote Sensing, 36 
(4), 1324-1338 
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RD4  GlobAlbedo_ATBD_V3.0 (2011). GlobAlbedo: Algorithm Theoretical Basis 
Document. Authors: P. Lewis, C. Brockmann, O. Danne, J. Fischer, L. Guanter, A. Heckel, 
O. Krueger, G. López, J-P. Muller, P. North, D. Potts, R. Preusker  

 

RD5 GlobAlbedo-BBDR-ATBD-V3.0 (2011). GlobAlbedo: Algorithm Theoretical Basis 
Document ï SDR/BBDR retrieval. Authors: L. Guanter, R. Preusker, J. Fischer, G. López, 
P. Lewis, A. Heckel, P. North, D. Potts, J-P. Muller 

 

RD6 GlobAlbedo-Albedo-ATBD-V3.0 (2011). GlobAlbedo: Algorithm Theoretical Basis 
Document - Albedo Retrieval. Authors: P. Lewis, G. López, L. Guanter.  

 

RD7 GlobAlbedo-PixeIID-ATBD-V3.0 (2011). GlobAlbedo: Algorithm Theoretical Basis 
Document - Pixel Classification. Authors: C. Brockmann, O. Krueger, O. Danne 

 

RD8 GlobAlbedo-Aer-ATBD-V3.0 (2011). GlobAlbedo: Algorithm Theoretical Basis 
Document - Aerosol Retrieval. Authors: A. Heckel, P. North, L. Guanter, R. Preusker, J. 
Fischer, G. López, P. Lewis. 

 

RD9 GlobAlbedo_PVP_V3.0 (2011). GlobAlbedo Product Validation Plan. Authors: J-P. 
Muller, C. Brockmann, L. Guanter, P. North, N. Shane, G. López 

 

RD10 Holben, B., et al. (2001): An emerging ground-based aerosol climatology: Aerosol 
optical depth from AERONET, J. Geophys. Res., 106(D11), 12067-12097 

 

RD11  Vidot, J., Santer, R., and Aznay, O. (2008): Evaluation of the MERIS aerosol 
product over land with AERONET, Atmos. Chem. Phys., 8, 7603-7617 

 

RD12  Levy, R. C., Remer, L. A., Kleidman, R. G., Mattoo, S., Ichoku, C., Kahn, R., and 
Eck, T. F. (2010): Global evaluation of the Collection 5 MODIS dark-target aerosol 
products over land, Atmos. Chem. Phys. Discuss., 10, 14815-14873, doi:10.5194/acpd-
10-14815-2010 

 

RD13  BEAM MERIS-AATSR-Synergy processor ATBD, http://www.brockmann-
consult.de/beam-wiki/download/attachments/51970061/synergy-land_aerosol-
atbd.pdf?version=1&modificationDate=1276173583061 

 

RD14  P.R.J. North, C. Brockmann , J. Fischer, L. Gomez-Chova, W. Grey, A. Heckel, J. 
Moreno,  P.  Preusker,  and  P.  Regner, (2008) MERIS/AATSR  synergy  algorithms  for  
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cloud screening, aerosol retrieval and atmospheric correction. In Proc. 2nd MERIS/AATSR 
User Workshop,  ESRIN,  Frascati,  22-  26  September  2008.  (CD-ROM),  ESA  SP-666,  
ESA Publications Division, European Space Agency, Noordwijk, The Netherlands. 

 

RD15  L. Guanter, L. Gómez-Chova, J. Moreno, (2008) Coupled retrieval of aerosol 
optical thickness, columnar water vapor and surface reflectance maps from 
ENVISAT/MERIS data over land, Remote Sensing of Environment, 112, 2898ï2913 

 

RD16  L. Guanter, A. Ruiz-Verdú, D. Odermatt, C. Giardino, S. Simis, V. Estellés, T. 
Heege, J. A. Domínguez-Gómez, and J. Moreno, (2010) Atmospheric correction of 
ENVISAT/MERIS data over inland waters: Validation for European lakes, Remote Sensing 
of Environment, 114, 467-480.  

 

RD17 S. Liang, (2010) Narrowband to broadband conversions of land surface albedo. I 
algorithms. Remote Sensing of Environment, 76, 213ï238. 

 

RD18 C. Cao, S. Uprety, J. Xiong, A. Wu, P. Jing, D. Smith, G. Chander, N. Fox, S. 
Ungar, (2011) Establishing the Antarctic Dome C Community Reference Standard Site 
towards Consistent Measurements from Earth Observation Satellites, Can. J. Remote 
Sens. in press. 

 

RD19 M.O. Roman, C.B. Schaaf, C.E. Woodcock, A.H. Strahler, X. Yang, R.H. Braswell, 
P.S. Curtis, K.J. Davis, D. Dragoni, M.L. Goulden, L. Gu, D.Y. Hollinger, T.E. Kolb, T.P. 
Meyers, J.W. Munger, J.L. Privette, A.D. Richardson, T.B. Wilson, S.C. Wofsy, The 
MODIS (Collection V005) BRDF/albedo product (2009): Assessment of spatial 
representativeness over forested landscapes, Remote Sens. Environ. 113, 2476-2498. 

 

RD20 J. Liu, C. Schaaf, A. Strahler, Z. Jiao, Y. Shuai, Q. Zhang, M. Roman, J. Augustine, 
E. Dutton, Validation of Moderate Resolution Imaging Spectroradiometer (MODIS) albedo 
retrieval algorithm (2009) Dependence of albedo on solar zenith angle, J. Geophys. Res. 
114,11. 

 

RD21 G. Schaepman-Strub, M.E. Schaepman, T.H. Painter, S. Dangel, J. Martonchik, 
(2006) Reflectance quantities in optical remote sensingðdefinitions and case studies, 
Remote Sens. Environ. 103, 27-42. 

 

RD22 J.G. Salomon, C.B. Schaaf, A.H. Strahler, F. Gao, Y. Jin, (2006) Validation of the 
MODIS Bidirectional Reflectance Distribution Function and Albedo Retrievals Using 
Combined Observations From the Aqua and Terra Platforms, IEEE Trans. Geosci. 
Remote Sensing 44, 1555-1565. 
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RD23 F. Gao, C. Schaaf, A. Strahler, A. Roesch, W. Lucht, R. Dickinson, (2005), MODIS 
bidirectional reflectance distribution function and albedo Climate Modeling Grid products 
and the variability of albedo for major global vegetation types, J Geophys Res-Atmos 110 
D01104. 

 

RD24 Y.F. Jin, C.B. Schaaf, C.E. Woodcock, F. Gao, X.W. Li, A.H. Strahler, W. Lucht, 
S.L. Liang, (2003), Consistency of MODIS surface bidirectional reflectance distribution 
function and albedo retrievals: 2. Validation, J. Geophys. Res.-Atmos. 108, art. no.-4159. 

 

RD25 S.L. Liang, H.L. Fang, M.Z. Chen, C.J. Shuey, C. Walthall, C. Daughtry, J. 
Morisette, C. Schaaf, A. Strahler, (2002), Validating MODIS land surface reflectance and 
albedo products: methods and preliminary results, Remote Sens. Environ. 83, 149-162. 

 

RD26 A. Stoffelen, (1998)Toward the true near-surface wind speed: Error modeling and 
calibration using triple collocation, Journal of Geophysical Research 103, 7755-7766. 

 

RD27 K. Scipal, T. Holmes, R. de Jeu, V. Naeimi, W. Wagner, (2008), A possible solution 
for the problem of estimating the error structure of global soil moisture data sets, Geophys. 
Res. Lett. 35, art. no. L24403. 

 

RD28 S. Caires, A. Sterl, (2003), Validation of ocean wind and wave data using triple 
collocation, Journal of Geophysical Research 108, 3098-3114. 

 

RD29 P. Janssen, S. Abdalla, H. Hersbach, J.-R. Bidlot, (2007) Error estimation of buoy, 
satellite, and model wave height data, J. Atmos. Ocean. Technol. 24, 1665-1677 

 

RD30 Muller, J.-P., R. Preusker, J. Fischer, M. Zuhlke, C. Brockmann, and P. Regner, 
(2007), ALBEDOMAP: MERIS land surface albedo retrieval using data fusion with MODIS 
BRDF and its validation using contemporaneous EO and in situ data products. Proc. 
IGARSS Int. Geoscience and Remote Sensing Symp., Barcelona, Spain, Institute of 
Electrical and Electronics Engineers, 2404ï2407 

 

RD31 Cescatti et al. Intercomparison of MODIS albedo retrievals and in situ 
measurements across the global FLUXNET network. Remote sensing of environment 
(2012) DOI: 10.1016/j.rse.2012.02.019 
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5 Definitions and Abbreviations 

5.1 Definitions 

5.2 Abbreviations 

AATSR Advanced Along Track Scanning Radiometer 

ATBD Algorithm Theoretical Basis Document 

BBA Blue-sky Broad Albedo 

BBDR Broad Band directional reflectance 

BHR Bi-Hemispherical diffuse Reflectance 

BRDF Bidirectional Reflectance Distribution Function 

DHR Directional Hemispherical Reflectance 

FR Full resolution 

MERIS Medium Resolution Imaging Spectrometer 

MSSL Mullard Space Science Laboratory 

NDVI Normalized differences vegetation index 

NIR Near-Infrared (0.7-3µm) 

SDR Surface Directional Reflectance 

SW Short Wave (0.3-3µm) 

TOA Top-of-atmosphere 

VIS Visible wavelengths (0.3-0.7µm) 

VGT SPOTôs Vegetation instrument 
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6 Products assessed 

The products assessed are taken from throughout the processing chain from the 
calibrated reflectance through the cloud and snow masking through the atmospheric 
correction through the narrow-to-broadband directional reflectance (BBDR) to the final 
BRDF to the predicted blue-sky albedo over a tower albedometer site through to the final 
global DHR and BHR products are assessed with the Test Product. 

7 Radiometric inter-calibration product 

These are described in Appendix 2 of RD5. See also the discussion on SDR in section 9 
of this report including an assessment of SDR using CHRIS-PROBA. 

7.1 Methods used 

These are described in Appendix 2 of RD5 and SDR in section 9 of this report. In 
summary, time series of measurements from AATSR, MERIS and VGT were acquired 
over a stable site during November and December 2008-January 2009. These data were 
then radiometrically de-calibrated into spectral reflectance. These spectral reflectances 
were then corrected for Ozone absorption to an equivalent Top-of-Atmosphere reflectance 
with the same Ozone content. A cloud mask was applied (as VGT data was not acquired 
at the same time as the other 2 sensors so only land surface pixels could be compared).   

7.2 Analysis 

These are described in Appendix 2 of RD5 and SDR in section 9 of this report. In 
summary, the pixel reflectances were compared against each other after the pre-
processing described in the previous section. Sensor inter-calibration coefficients were 
then derived which are summarised below. 

7.3 Validation summary 

The table shown as Figure 25 in Appendix 2 of RD5 is again shown here for 
completeness. The radiometric calibration coefficients are similar to the ones which have 
been generated by RAL for previous years using different numbers of pixels. They are 
within each otherôs error bars and so are considered to be consistent here. See also SDR 
in section 9 of this report for a discussion of the SDR products when compared against 
CHRIS-PROBA. 
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Figure 7-1. Sensor intercalibration coefficients for AATSR, MERIS and VEGETATION 
for December 2008-January 2009 over DOME-C. Number of points refers to the 

mean value over a maximum of 225 pixels if all are cloud-free. 

8 Cloud detection product 

8.1 Methods used 

For cloud detection within GlobAlbedo the method of Pixel identification is applied. The 
term ñPixel identificationò refers to a classification of a measurement made by a space 
borne radiometer, for the purpose of identifying properties of the measurement which are 
influencing further algorithmic processing steps. Most importantly is the classification of a 
measurement as being made over cloud, a clear sky land surface or a clear sky ocean 
surface. The term ñpixelò is often used for such a measurement in order to express it being 
part of a spatially oriented collection of many measurements, which all are geo- located 
and which form, as a whole, an image of the earth below the satellite. 

The validation of pixel identification information is not easy because it is not a physical 
quantity but a context related, qualitative information. It also is not a self-consistent 
information but has to be considered in connection with the further processing: if a pixel, 
which extends over a finite area of 1km x 1km and which is a mixture of different surface 
types, is considered as land, water or cloud, depends on the ability of the subsequent 
processing to treat it as either of these classes. 

The main tool to validate the performance of the pixel classification is therefore done 
indirectly by investigating the higher level products. Systematic errors, e.g. increased 
surface reflectances next to clouds, or bright spots in L3 albedo maps, are a possible 
effect of wrongly classified cloud pixels. 
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8.2 Analysis 

The validation of the pixel identification flag can be performed in two different ways: 1) 
visual inspection; and 2) assessment of its effects on higher level products. Method 1 is 
subjective because it is performed by an (experienced) scientist but has been proven in 
the past to give most insight into performance for critical cases, and to help understanding 
the reasons for failure. Method 2) is most relevant for the purpose of GlobAlbedo, and 
when looking to time series and averages can reveal problems, which are not detectable 
with single image samples. 

Following step 1 initially, a certain number of scenes from each sensor are selected. The 
data cover pure clear sky, totally cloudy as well as more ñambiguousò pixels (haze, multi-
layer clouds, clouds over snow, bright sand). The products also cover representative 
observational conditions, i.e. season, location, viewing and observation angles. 

The following section (7.2.1) presents examples from visual inspections covering data 
from all three sensors  for different seasons and regions. The same orbits are selected for 
MERIS and AATSR for this purpose and the closest possible in time corresponding VGT 
data (different swaths and overpass times) is selected. A further validation approach is the 
comparison of Idepix results with MODIS cloud and snow classification. Examples are 
presented in sections 7.2.2 and 7.2.3. 

8.2.1 Visual inspection for different seasons and regions 

Examples from the visual inspections presented in the following subsections include:  

¶ MERIS, AATSR and VGT: Inspection of a number of cases based on a coarse 
seasonal/regional classification: 

o Arctic, Antarctica: Spring and summer (daylight conditions) 

o Mid-latitudes: All seasons 

o Tropics: Summer (small seasonal variations, assuming they are negligible 
for pixel classification) 

¶ VGT: special case of clouds over ice (Dome-C comparison)  

8.2.1.1 Mid-Latitudes, Summer 

The first comparisons were made for mid latitude summer conditions. All scenes show 
improvement after further adjustment of the thresholds used for cloud detection. Also, the 
Idepix cloud classification shows an improvement with regard to 'standard' cloud flags 
distributed with the products. This is especially true for AATSR and VGT. 

The Idepix pixel identification algorithm was improved in several iterative steps. For the 
AATSR nadir view, Figure 8-1 shows a comparison of cloud detection results with the 
RGB picture for a mid latitude summer scene. Cloud detection results are shown for a first 
threshold tuning and after a further threshold adjustment. Also, snow covered pixels are 
detected. The results after the first threshold tuning were generally regarded as too 
conservative (too many clouds undetected). The centre image shows the improvement 
after a further threshold adjustment. Especially for shallow cumulus cloud fields, the 
results look much more reasonable when compared to the RGB.  
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For the same scene, Figure 8-2 shows a comparison of Idepix cloud classification with the 
standard AATSR L1b 'cln_cloudy' flag. It is obvious that the Idepix classification is 
significantly better; most of the false alarms of the 'cln_cloudy' flag. The same is true for 
the forward view (Figure 8-3). 

Figure 8-4 shows the same comparison as Figure 8-1 (same day and region), but for a 
MERIS scene. Similar to AATSR, more clouds are detected after further threshold tuning, 
and the result looks more reasonable compared to the RGB.  

Figure 8-5 shows the same way of comparison as Figure 8-2 and Figure 8-3, but also for 
the MERIS scene of Figure 8-4. The differences between the MERIS L1b 'bright' flag and 
Idepix cloud classification are not that obvious, but at least for this clouds Idepix seems to 
derive slightly better results. 

Figure 8-6 shows the same type of comparison as  Figure 8-1 and Figure 8-4 (same day 
and region), but for a SPOT VGT scene. Similar to AATSR, more clouds are detected after 
a further threshold tuning, and the result looks more reasonable compared to the RGB. 

 

 

Figure 8-1: Comparison of cloud detection results (middle and right, in yellow) with the 
AATSR (forward view) RGB picture for mid latitude summer. Cloud detection results are 
shown for a first thresho (middle) and after a further threshold adjustment (right). Snow 
covered pixels are indicated in purple. 
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Figure 8-2: Comparison of cloud detection results (middle and right, in yellow) with the 
AATSR (nadir view) RGB picture for mid latitude summer (same scene as previous figure). 
Cloud detection results are shown for AATSR 'cln_cloudy' flag (middle) and Idepix after 
further threshold adjustment (right, same as in figure above). 
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Figure 8-3: Comparison of cloud detection results (middle and right, in yellow) with the 
AATSR (forward view) RGB picture for mid latitude summer (same scene as previous 
figure). Cloud detection results are shown for AATSR 'clf_cloudy' flag (middle) and Idepix 
after further threshold adjustment (right). 
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Figure 8-4: Comparison of cloud detection results (middle and right, in yellow) with the 
MERIS RGB picture for mid latitude summer (same day and region as for AATSR above). 
Cloud detection results are shown for a first Idepix threshold tuning (middle) and after a 
further threshold adjustment (right). Snow covered pixels are indicated in purple. 
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Figure 8-5: Comparison of cloud detection results (middle and right, in yellow) with the 
MERIS RGB picture for mid latitude summer (same scene as above). Cloud detection 
results are shown for MERIS L1b 'bright' flag (middle) and Idepix after further threshold 
adjustment (right). 
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Figure 8-6: Comparison of cloud detection results (middle and lower, in yellow) with the 
VGT RGB picture (upper) for mid-latitude summer (same day and region as for MERIS 
and AATSR examples above). Cloud detection results are shown after a first threshold 
tuning (lower) and after further threshold adjustment (middle). Snow covered pixels are 
indicated in purple. Stripes in the figures originate from the underlying VGT level 1b 
reflectance data in MIR band. 
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8.2.1.2 Mid-Latitudes, Spring 

The following examples show Idepix cloud/snow classification results for 'Mid 
Latitudes'/'Spring' in comparison with the underlying RGB images. 

 

 

Figure 8-7: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the MERIS RGB picture for mid latitude spring over France (March 29th, 
2005). Snow covered pixels are indicated in blue. 

 

 



 

  
Title:  GlobAlbedo Test Product Validation Report  
 
Doc. No.  GlobAlbedo_TPVR_V2.2 

 

 

Page 24 of 92 

 

Figure 8-8: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the AATSR (forward view) RGB picture for mid latitude spring over France 
(March 29th, 2005). Snow covered pixels are indicated in blue. 
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Figure 8-9: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the SPOT VGT RGB picture for mid latitude spring over Southern France and 
Northern Italy (March 29th, 2005). Snow covered pixels are indicated in purple. 

8.2.1.3 Mid-Latitudes, Winter 

The following examples show Idepix cloud/snow classification results for 'Mid 
Latitudes'/'Winter' in comparison with the underlying RGB images. 
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Figure 8-10: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the MERIS RGB picture for mid latitude winter over France (January 9th, 
2005). Snow covered pixels are indicated in blue. 
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Figure 8-11: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the AATSR (forward view) RGB picture for mid latitude winter over France 
(January 9th, 2005). Snow covered pixels are indicated in blue. 
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Figure 8-12: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the SPOT VGT RGB picture for mid latitude winter over Southern France and 
Northern Italy (January 9th, 2005). Snow covered pixels are indicated in purple. 

 

8.2.1.4 Arctic, Summer 

The following examples show Idepix cloud/snow classification results for 'Arctic'/'Summer' 
in comparison with the underlying RGB images. 
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Figure 8-13: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the MERIS RGB picture for Arctic summer over a part of Siberia (June 24th, 
2005). Snow covered pixels are indicated in blue. 
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Figure 8-14: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the AATSR (forward view) RGB picture for Arctic summer over a part of 
Siberia (June 24th, 2005). Snow covered pixels are indicated in blue. 
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Figure 8-15: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the SPOT VGT RGB picture for Arctic summer over a part of Siberia (June 
24th, 2005). 

 

8.2.1.5 Arctic, Spring 

The following examples show Idepix cloud/snow classification results for 'Arctic'/'Spring' in 
comparison with the underlying RGB images. 
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Figure 8-16: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the MERIS RGB picture for Arctic spring over a part of Siberia (April 18th, 
2005). Snow covered pixels are indicated in blue. 
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Figure 8-17: Comparison of cloud detection results from the latest Idepix version (right, in 
yellow) with the AATSR (forward view) RGB picture for Arctic spring over a part of Siberia 
(April 18th, 2005). Snow covered pixels are indicated in blue. 
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Figure 8-18: Comparison of cloud detection results from the latest Idepix version (right, in 
yellow) with the SPOT VGT RGB picture for Arctic spring over a part of Siberia (April 18th, 
2005). 

8.2.1.6 Tropics, Summer 

The following examples show Idepix cloud/snow classification results for 
'Tropics'/'Summer' in comparison with the underlying RGB images. 
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Figure 8-19: Comparison of cloud detection results from the latest Idepix version (right, in 
yellow) with the MERIS RGB picture for Tropical summer over west Africa near the 
equator (June 22th, 2005). 
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Figure 8-20: Comparison of cloud detection results from the latest Idepix version (right, in 
yellow) with the AATSR (forward view) RGB picture for Tropical summer over west Africa 
near the equator (June 22th, 2005). 
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Figure 8-21: Comparison of cloud detection results from latest Idepix version (right, in 
yellow) with the SPOT VGT RGB picture for Tropical summer over west Africa near the 
equator (June 22th, 2005). 

8.2.1.7 Antarctica: Clouds over ice 

Figure 7-23 shows the same type of comparison as Figure 8-2, Figure 8-3 and Figure 8-5, 
but for a SPOT VGT example taken from a DOME-C dataset. It can be seen that Idepix 
after further threshold tuning obviously gives a very reasonable result which is significantly 
better than the VGT 'cloud certain' flagging, and also compared to the Idepix result from 
the first threshold tuning. However, it must be noted that cloud detection over ice is 
extremely difficult, and other examples which have been investigated do not show the 
improvement as clearly as this case. 
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Figure 8-22: Cloud detection from operational VGT product (left, 'cloud certain' flag) and 
from Idepix after first threshold tuning (middle) and after a further threshold adjustment 
(right). The scene has been taken from a DOME-C dataset and illustrates the difficult case 
of cloud detection over ice. 

 

8.2.2 Cloud classification: Introduction of a "cloud buffer" and comparison with 
MODIS prior outliers 

 

As an alternative validation approach besides simple visual inspection, the Idepix cloud 
classification results have been compared with 'outliers' (i.e. flagged as clouds) taken by 
comparing the SDR or BBDR reflectance from the corresponding MODIS prior products. 
Examples of these inter-comparisons are shown in Figures 7-24 and 7-25. The examples 
also illustrate the application of a 'cloud buffer', which is a further tuning option in Idepix 
and simply flags a certain region around a cloudy pixel as a buffer. This additional flag 
helps to further minimize the number of pixels which appear to be cloudy, but which were 
flagged as cloudy. This is often useful in edge regions of larger cloud fields where the 
clouds become very thin. 

Figures 7-24 and 7-25 show an example for tile h18v04  for MERIS and VGT. For both, 
MODIS prior outliers are in red, Idepix cloud mask in yellow. For both examples, the upper 
right image shows the MODIS prior outliers together with the cloud mask of the first Idepix 
version, indicating that Idepix lost too many clouds. The lower left image shows the cloud 
masks with the recent Idepix, already detecting many more clouds.The lower right image 
shows the same, but with the cloud buffer as mentioned above (buffer width = 2 pixels), 
which leads to a result quite close to the MODIS priors. However, we can also see that the 
priors do not necessarily deliver the "cloud truth", i.e., for MERIS, a lot of comparably 
bright pixels which are obviously cloud-free (South France, North-east Spain) are flagged 
as outliers.  
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Figure 8-23: Comparison of Idepix cloud detection results over land (MERIS) with MODIS 
prior outliers over Southern France and Northern Italy (MODIS tile h18v04, June 17th, 
2005). Upper left: MERIS RGB, upper right: Idepix (first version), lower left: latest Idepix 
version, lower right: latest Idepix version using a two-pixel cloud buffer. MODIS prior 
outliers are in red, Idepix cloud mask in yellow. 

 

 
















































































































