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Objectives 

 HR Surface Albedo (SA) product at 10m/20m/30m meters from S2-A -B + Landsat-8. 

 

 

Justification 

 Existing SA products of moderate resolution (MODIS, VIRSS, PROBA-V, S3) have too coarse 

resolution to satisfy users requirements in matter of energy budget (C, H20) for domains like 

agriculture, forestry, urban, etc 

Management and decisions  (irrigation, etc) are taken at plot scale. 

 

 

Challenge ! 

 To make agriculture practices to be more compliant with climate mitigation. 

 

Overview 



Abatement of GHG effects and intermediate crops (IC) 

Effects of introducing short & long cycles for IC compared to bare soil prior growth start 
for a maïze crop  (Ferlicoq & Ceschia 2015) 

- Reduction on soil C storage by 20% to 65 % 

- Reduction GHG emissions by 15% to 51 % 

- Increase of albedo infers a strong cooling effect (~7 times the C storage) 

- Albedo + C storage => with IC, major switch from global warming to cooling (acting as an 
equivalent C sink) : 90 % of this effect is due to surface albedo  



Dynamic of surface albedo and radiative forcing for an ICOS station 

ICOS station of Lamasquère (near Toulouse) 





(Olivier Hagolle et al.) 
Atmospheric correction 



SPATIAL RESOLUTION S2 L8 PV 

SPECTRAL RESOLUTION S2 L8 PV 

TEMPORAL RESOLUTION PV S2 L8 

DIRECTIONAL RESOLUTION PV S2 L8 
 

S2 : Sentinel-2 (10m & 20m) 

L8 : Landsat-8 (30m) 

PV : PROBA-V (300m) [follow-on of SPOT/VEGETATION] 

 

Merging satellite information (1/2) 



Merging satellite information (2/2) 

Solar irradiance Solar irradiance 



Narrow to Broadband conversion of HR SA (1/2) 

6075 simulations using RT code PROSAIL_5B 

+ solar radiation [/solar/spectra/am1.5/astmg173/astmg173.html] 

+ spectral bands S2: B2, B3, B4, B5, B6, B7, B8a, and B11 

 



Solar spectrum 

Sentinel-2 bands 

simulations 

 6075 simulations from PROSAIL_5B model 
 

Narrow to Broadband conversion of HR SA (2/2) 



S2 channels conversion coefficients 
Landsat-8 

conversion coefficients 
Proba-V 

Blue B2 a = 1.02927 
b = 0.0000866074 

a = 1.05524 
b = -0.000574786 

Red B4 a = 1.00118 
b = 0.0000351332 

a = 0.997323 
b = -0.000156254 

NIR B8a  a = 0.999699 
b = 0.0000495315 

a = 0.999686 
b = 0.0000699461 

SWIR B11 a = 1.00122 
b = 0.000369154 

a = 1.00241 
b = 0.00103424 

(S2_like)l = a * Xl + b 
 

 Xl : channels Landsat-8 or Proba-V 



30º -75º -45º nadir +45º +75º 

Bidirectional Reflectance Distribution Function (BRDF) 



Three categories of RT models for measuring BRDF/albedo 

LESS Complex 
+ 

MORE operational 
 

SCOPE_1 

SCOPE_2 

SCOPE_3 
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Kernel-Driven 

 

 



 

 

snow aerosols 

Bi-directional Reflectance Distribution Function  (BRDF) 
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k0 : coeff. Isotropy 

k1 : coeff. Roughness 

k2 : coeff. Volume scattering 

k3 : coeff. Specular 

k4 : coeff. Aerosol diffusion 

fi = f(angles) 

1 JJ
ap MKK

- Recursive procedure for state variable K 

-- Linear state-transition model (operator M) 

 

Kernel-Driven approach 



Synthesis and temporal composition 



‘Flowchart’ 



Directional-hemispherical (DHR or Black Sky Albedo) 

 [Angular reference : local solar noon (max of energy) ] 
 

Bi-hemispherical albedo (BHR or White Sky Albedo) 

 

Spectral albedo (Sensor Bands) 

 

Broadband albedo :  

  solar    [0.3µm, 4.0µm]  

  VIS  [0.4µm, 0.7µm] 

  NIR     [0.7µm, 4.0µm] 

 

Blue-sky albedo (BSA) 

 

BSA = DHR * (1 – diffuse) + BHR * diffuse 

 





19 

PROBA-V albedo: time series over agricultural areas in Spain 

Z_Age effect 



PROBA-V albedo: comparison with MODIS 



Age of albedo at different times 
2014.05.20 2014.07.20 

2014.09.20 2014.11.20 



 30-min and daily products 

 3 km at sub-satellite point 

 NRT (EUMETCast) 

 Off-line 

  Available since 2005 

 

Downward Short-wave (solar) Surface Radiation 

https://landsaf.ipma.pt/en/ 

METEOSAT Second Generation (MSG) 
/SEVIRI 



ICOS stations of Auradé & 
Lamasquère 

+ 6 others 

+ Bernadouze in Pyrénées 

Started in 2017. 

All stations fully operational from 
2018. 

 

Validation phase 

Toulouse 



RESULTS USING SENTINEL-2 

AURADE 

LAMASQUERE 

x6 



Project ALBEDO-prairies 



Conclusion and perspectives 

 

 Possibility now to derive a surface albedo compatible with agricultural scale 

 Ideally, vegetation and soil albedo products (separately) 

 

 Interest of having a vegetation throughout the year ( depending on water availability) 

1. It increases albedo over dark/medium bright soils (radiative effect) 

2. It fixes soil nitrogen (biochemical effect) 
 
 

 
 Merge Sentinel-2, Landsat-8 and Sentinel-3 (ITT ESA) 

 
 Start continental production (project SENAMAC /FPA-Copernicus User uPtake )  


