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The Moderate-Resolution Imaging Spectroradiometer
(MODIS)

Painter et al, 2009

- On Terra and Aqua satellites

- 7 bands in VIS and NIR/SWIR (2 at 

250 m, 5 at 500 m)

- <1 day revisit time

- Provides unique time series of snow 

cover (in orbit for more than 16 

years)



Binary vs Fractional snow product

Binary product (0 or 1) Fractional product (0 ≤ 𝑆𝐶𝐹 ≤ 1)

MODIS 24/05/13 MODIS 24/05/13



Snow Cover Fraction, two main approaches and 
multiple methods

• Normalized Difference Snow Index (NDSI) approach

• Spectral Unmixing approach

-> Several products with different characteristics

-> Necessity of an accuracy assessment 



Snow Cover Fraction, two main approaches and 
multiple methods

1)  Based on the Normalize Difference Snow Index (NDSI)

NDSI =
𝑅𝑆𝑊𝐼𝑅−𝑅𝑉𝐼𝑆

𝑅𝑆𝑊𝐼𝑅+𝑅𝑉𝐼𝑆

For a pixel 𝑝, the Snow Cover Fraction (SCF) is defined by

𝑆𝐶𝐹𝑝 = −0.001 + 1.45𝑁𝐷𝑆𝐼𝑝

(Dozier et al, 1989)

(Salomonson and Appel, 2004, 2006)



Products used in this study:

• MOD10A1 (from the National Snow and Ice

Data Center)

-> Based on NDSI linear regression

- Input data : MOD02 (Top of the atmosphere 

reflectance)

- Linear regression from Salomonson and 

Appel, 2006

- Final products at 500 m

- Former v5

- New v6 with calibration improvement and 

more accurate cloud mask



Snow Cover Fraction, two main approaches and 
multiple methods

2)  Based on Spectral Unmixing (SU)

Considering 𝑬 = [𝒆1, … , 𝒆𝑚] , 𝒆𝑖 ∈ ℝ𝑞 the spectral signature of endmembers in 𝑞 spectral 

bands

The Linear Mixing Model of the spectrum 𝒓 of pixel 𝑝:

𝒓𝑝 =  

𝑖=1

𝑚

𝒆𝑖𝜙𝑖,𝑝 + 𝒏𝑝

Where 𝝓𝑝 = [𝜙1𝑝
, … , 𝜙𝑚𝑝

] are fractional per pixel abundances and 𝒏 is noise

 𝜙𝑝 = argmin
𝜙𝑝

𝒓𝑝 −  

𝑖=1

𝑚

𝒆𝑖𝜙𝑖,𝑝

2
(Bioucas-Dias et al, 2012)



Surface 

reflectances

Abundances



Products used in this study:

• MODSCAG (Painter et al, 2009)

-> Based on SU

- Input data : MOD09GA (atmospherically 

corrected reflectance)

- Variable set of Endmembers (with a 

maximum of one snow endmember)

- SU on 500 m bands (5 bands)

- Post processing : 𝑆𝐶𝐹 < 0.15 = 0

(products courtesy of K. Rittger)



Products used in this study:

• MODImLAB (Sirguey et al, 2009)

-> Based on SU

- Fusion step (250m product)

- Atmospheric and topographic correction in 

complex terrain 

- 8 constant endmembers (initially designed 

for New-Zealand)

- Final products at 250 m

- Pre processing : pixel with 𝑁𝐷𝑆𝐼 <

− 0.2 are not estimated, same for dark 

pixels (𝑟4 < 0.11 or 𝑟2 < 0.10)



Products used in this study:

Additional products :

• Ee

-> Based on SU

- Fusion step (250m product)

- Atmospheric and topographic correction in 

complex terrain 

- 8 constant endmembers (initially designed 

for New-Zealand)

- Final products at 250 m

- Pre processing : pixel with 𝑁𝐷𝑆𝐼 <

− 0.2 are not estimated, same for dark 

pixels (𝑟4 < 0.11 or 𝑟2 < 0.10)



Products used in this study:

Additional product :

• NDSI_ATOPCOR

-> Based on NDSI linear regression

- Fusion step (250m product)

- Atmospheric and topographic correction in 

complex terrain 

- Linear regression from Salomonson and 

Appel, 2006

- Final products at 250 m

NDSI Products SU Products

MOD10A1 v5 MODImLAB

MOD10A1 v6 MODSCAG

NDSI_ATOPCOR Ee



Reference snow maps

• Take-5 experiment (SPOT 4 and SPOT 5 with a 5 day return time and a spatial resolution 
of 20 and 10 m respectively)

• Landsat-8 (spatial resolution of 30 m)

Snow products from Dedieu et al, (2016) and the Let-it-Snow operational chain from CESBIO 
(Gascoin et al, 2016)

-> Binary snow product from NDSI thresholding 

(i.e., snow or not snow in a pixel)



Comparison methodology

A common cloud mask of all products 
and the reference is created:

- MODIS: if pixel is cloudy (from cloud 
product):

-> cloud pixel = NaN

- Reference: If more than 10% of 
aggregated pixels are cloudy:

-> cloud pixel = NaN

Downscale

Downscale



Studied Areas

Alps and Pyrenees :

Corine Land Cover 

library (Feranec et al, 

2016)

Morocco :

Channan et al, 2014



A global view of SCF estimation difficulties

Blue point : SCF at 250 m 

(from the Reference) 

function of the NDSI (from 

MODIS)



Evaluation metrics

Binary

TP : True Positive

TN : True Negative

FP : False Positive

FN : False Negative

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁

𝐹 𝑠𝑐𝑜𝑟𝑒 =
2𝑇𝑃

2𝑇𝑃+𝐹𝑃+𝐹𝑁

Probability that a pixel where snow is detected 

(SCF>0) indeed contain snow.

Probability of a detection of a snow-

covered pixel

F score penalizes both missing snow and 

falsely positive detection of snow without 

dependency of the total snow-free area.



Evaluation metrics

Fractional

𝑅𝑀𝑆𝐸 =
 

𝑝=1

𝑁𝑝 (𝑆𝐶𝐹𝑅𝑝
− 𝑆𝐶𝐹𝑝)

2

𝑁𝑝

-> over all pixels : RMSE

-> over snow pixel (on reference or product) : RMSE_snow



Results

Binary
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Binary
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Results

RMSE over all pixels in the Alps



Results

RMSE in the Alps

Correlation RMSE/SCA :

R=0.75



Results

RMSE over snow in the Alps

Correlation 

RMSE_snow/SCA :

R<0.2



Limitations of the reference



Conclusions and perspectives

• Large improvement between MOD10A1 v5 and v6

• Accurate topographic/atmospheric correction largely improved the results obtained with 
NDSI based methods 

• Spectral unmixing :

- Good results, especially in SCF estimation

- Limitation : False positive, more complex implementation

• Reference maps:

- The best that we have actually, but uncertainties in mixed areas

- Investigation of the use of very high definition satellite (like PLEIADE)

- Influence of the methodology used to produce the reference maps (NDSI or SU)





RMSE at 500 m



RMSE_snow at 500 m



MOD10A1v5 ref at 2500 m



MODImLAB ref at 2500 m



Evaluation metrics

Feature-based

Average symmetric surface distance (ASSD) : calculate the distance between the snow 

line of the reference and the snow line of the product (snow line at a SCF of 50%)



Results

ASSD over snow Alps



Results

Binary


