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 Land Surface Albedo (LSA) is a key climatic variable for the study of

the planetary energy budget and the partition of energy between

the atmosphere and the Earth’s surface.

 Factors affecting LSA spatio‐temporal variations include solar

illumination, seasonal phenomena (precipitation, vegetation

phenology), human induced changes (crops, urbanization), and

abrupt changes (e.g. forest fires).

 A continuous global LSA monitoring is only feasible using EO and big

data analysis techniques.

Introduction

Introduction

(Kiehl and Trenberth 1997)
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(Schaepman‐Strub et al. 2006)

Introduction

 To retrieve LSA from satellite observations:

 Compute the incoming narrowband TOA radiances.

 Atmospherically correct to derive narrowband surface radiances.

 Correct the anisotropic reflection by the surface.

 Calculate narrowband LSAs.

 Convert the narrowband LSAs to broadband LSA.

Introduction
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 BRF: is given by the ratio of the

reflected radiant flux from a surface

area dA to the reflected radiant flux

from an ideal and diffuse surface of

the same area dA under identical

view geometry and single direction

illumination.
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LSA Estimation

 The spectral albedo is defined as the ratio between the

hemispherical integrals of the up‐welling (reflected) spectral

radiance and the down‐welling spectral radiance weighted by

the cosine of the angle between the respective reference

direction and the surface normal:

 
 

 




















2

2

cos,,

cos,,

:
inininin

outoutoutout

dL

dL

a

       







2

cos,,,,,,
1

,, ininininininoutoutoutout dLRL

 
   

 







 

 
F

ddLR

a
outinoutinininininoutout coscos,,,,,,

1

2 2

 α(λ) is not a true surface property but rather a characteristic

of the coupled surface‐atmosphere system.

BRDF

LSA Estimation
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 Considering only direct radiation, thus a beam from a

specific direction (θdh, φdh):

 In this case we obtain the spectral directional hemispherical

("black‐sky") albedo :
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 On the other hand, for completely diffuse illumination:
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 In this case we obtain the bi‐hemispherical (“white‐sky”)

albedo:
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LSA Estimation

 The quantities αdh(λ;θdh,φdh) and abh(λ) are true surface

properties and correspond to the limiting cases of point

source and completely diffuse illumination .

 To obtain an approximation of the albedo for ambient

illumination conditions (“blue‐sky”), it is suggested to

linearly combine the abh(λ) for isotropic diffuse illumination

conditions and the αdh(λ;θdh,φdh) as:

 where fdiffuse denotes the fraction of diffuse radiation and is

a function of Aerosol Optical Thickness (AOT).

           bh
diffusess

dh
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 Therefore, to estimate spectral albedo, the parameters

αdh(λ;θdh,φdh), a
bh(λ) και fdiffuse should be estimated, or in

practice, BRDF and AOT.

LSA Estimation
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 Semi‐empirical models:

Schaaf et al. 2002

LSA Estimation

: average of all SZAs 

),,,()(),,,()()(),,,,( outoutiningeogeooutoutininvolvolisooutoutinin KfKffR  

: independent of θ

LSA Estimation

Schaaf et al. 2002

MODIS
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LSA Estimation

Schaaf et al. 2002

          wsdiffusebsdiffuse afaAOTfLSA )(,,})(,1{, 

Average for all SZAs

LSA Estimation

(Benas & Chrysoulakis 2015)
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Local and Fine Scale LSA
 Extension to Landsat: k0 (a, b), k1 (c, d) and k2 (e, f) results:

RED NIR (Franch et al. 2014)

Local and Fine Scale LSA
 DART‐based simulation of BRDF

DART albedo1 m x 1 m

(Gastellau‐Etchegorry et al. 2015)
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 The only example of albedo retrieval from multisource data is the

MCD43 series of albedo products, which combines the data from

Terra/MODIS and Aqua/MODIS.

 Although use of multisource data helps to improve the

spatial/temporal resolution of albedo projects, the problem of band

discrepancy between different sensors has not been solved.

 Available Global Products:

 MODIS Albedo Product

 POLDER Albedo Product

 MERIS Albedo Product (GLOBALBEDO Project)

 VEGETATION Albedo Product

 METEOSAT ‐ MSG Albedo Product

Global LSA

Global LSA
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Global LSA

Global LSA

(Zhang et al. 2012)
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Global LSA

(Liang et al. 2012)

Global LSA

(Zhang et al. 2012)

WSA NDVI
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Global LSA

(Liang et al. 2012)

Global LSA
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Level 3 Albedo Model Parameters MCD43A1

 Combined Terra and Aqua data products 

 8–day temporal average

 500 m × 500 m spatial resolution

 Include fiso, fvol, fgeo, on a pixel basis 

 at 7 wavelengths

 and 3 broad bands (shortwave: 0.3 ‐ 5.0 μm)

 Product Quality parameters are available 

(MCD43A2) 

Level 3 AOT Product (MOD08) 

 Available separately from Terra and Aqua

 monthly temporal average

 1° × 1° spatial resolution

 Average Terra/Aqua AOT computed and 

interpolated

Global LSA

(Mitraka et al. 2016)

isometric

volumetri
c

geometric

Global LSA
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volumetri
c

geometric

 Isotropic

Global LSA

geometric

isometric

 Volumetric

Global LSA
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 Geometric

Global LSA

Albedo 
Quality

Snow 
Cover

Global LSA
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Snow 
Cover

 Albedo Quality

Global LSA

 Snow Cover

Global LSA
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Aerosol 
Optical 
Depth 

Global LSA

 AOT

Global LSA
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Loop over 24 solar zenith angles within a day 

×

~3,200,000,000 pixels for the globe 

×

~45 8‐day products per year 

×

15 years 

=
IMPOSSIBLE (?)

Global LSA

https://earthengine.google.com

Global LSA
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 GEE is a platform for petabyte‐scale scientific analysis and 

visualization of geospatial datasets.

 GEE stores satellite imagery, organizes it, and makes it 

available for the first time for global‐scale data mining.

 The public data archive includes historical earth imagery 

going back more than forty years, and new imagery is 

collected every day. 

 GEE provides APIs in JavaScript and Python, as well as other 

tools, to enable the analysis of large datasets.

Global LSA

 GEE works with Image Collections. 

 Computations are not performed in a pixel 

level, but rather created for an imaged and 

mapped in parallel to an Image Collection.

 Information on the isotropic reflectance 

fraction, the volume scattering fraction and the  

geometrical structure of the surface are taken 

from MCD43A1 product.

 Information on the albedo quality is taken from 

MCD43A2 product.

 Information on the Aerosol Optical Depth is 

taken from MOD08 product.

 Information for the different collections is 

joined in a single collection.  

Global LSA

(Mitraka et al. 2016)
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Global LSA

(Mitraka et al. 2016)

 A function calculateAlbedo has been developed to estimate the blue‐sky 

albedo for an image.

 The calculateAlbedo function estimates for one image

 the WSA as a function of fiso, fvol, fgeo

 the BSA for individual SZA (hourly basis) as a function of fiso, fvol, fgeo

 the Blue‐sky Albedo in hourly basis, as a function of WSA and BSA, 

accounting for the diffuse radiation (fdiffuse) using AOT.

 the mean daily Blue‐sky Albedo corresponding to all solar zenith angles. 

 The calculateAlbedo is then mapped to the entire Image Collection for the 

whole 15‐year MODIS products

Global LSA

(Mitraka et al. 2016)
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Global LSA

(Mitraka et al. 2016)

0

1

Global LSA
 BSA example for June 2010 

(Mitraka et al. 2016)
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Blue-
sky

0

1

Global LSA
 WSA example for June 2010 

(Mitraka et al. 2016)

Black-
skyWhite-
sky

0

1

Global LSA
 Blue‐sky Albedo, example for June 2010 

(Mitraka et al. 2016)
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Blue-
sky

Global LSA
 Global Blue‐sky Albedo Trends 2000 ‐ 2015

Blue-
sky

Global LSA

 Changes in Soil Moisture over the period 1988 ‐ 2010

(Dorigo et al. 2012)
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Blue-
sky

Global LSA
 Extratropical effects on precipitation due to deforestation in tropics

(Lawrence & Vandecar 2104)

Blue-
sky

Global LSA
 Southeast Australia’s droughts

(Ummenhoferet al. 2009)
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Blue-
sky

Global LSA
 Floods and Drafts in Eastern Africa

http://rslab.gr

Albedo Web‐service
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Albedo Web‐service

 Urbanization: Las Vegas 2000

Albedo Web‐service
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 Urbanization: Las Vegas 2015

Albedo Web‐service

 Urbanization: Las Vegas Albedo Trend

Albedo Web‐service
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 Drainage: Colorado River 2000

Albedo Web‐service

 Drainage: Colorado River 2015

Albedo Web‐service
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 Drainage: Colorado River Albedo Trend

Albedo Web‐service

 Forest fires: Athens 2000

Albedo Web‐service
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 Forest fires: Athens 2007

Albedo Web‐service

 Forest fires: Athens 2015

Albedo Web‐service
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 Forest fires: Athens Albedo Trend

Albedo Web‐service

(Benas & Chrysoulakis 2015)

Albedo Web‐service
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(Benas & Chrysoulakis 2015)

Albedo Web‐service

Evergreen needleleaf forest → Woody savanna

Savanna → Evergreen needleleaf forest

Croplands → Closed shrublands

Croplands → Barren land

Barren land → Open shrublands Barren land → Croplands

(Benas & Chrysoulakis 2015)

Albedo Web‐service
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Decreasing LSA not caused by LC changes
(Benas & Chrysoulakis 2015)

Albedo Web‐service

 LSA trends are consistent with SM trends, as well as with

previous studies found that snow cover in the Northern

Hemisphere has decreased.

 The strong spatial consistency of LSA and SM trends suggests

that decreasing SM supply in the Southern Hemisphere is the

main mechanism contributing to increase in LSA trend.

 LULC change has an important role locally, but is apparently

too geographically confined to govern the global LSA.

Concluding  Remarks
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 Whether the changing in global radiation balance, as a result

of the change in LSA, is representative of natural climate

variability, or reflects a more permanent characteristic of the

land surface is a key question for Earth System Science.

 It is therefore obvious the importance of the use of

disaggregated LSA datasets as inputs in Earth System Science

models for regional and global scale simulations of the

behaviour of the climate system.

Concluding  Remarks

Thank you!

Nektarios Chrysoulakis

FORTH/IACM 

N. Plastira 100, Vassilika Vouton, 
70013, Heraklion 

zedd2@iacm.forth.gr 

http://rslab.gr


