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The Moderate-Resolution Imaging Spectroradiometer

(MODIS)

- 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)
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Binary vs Fractional snow product
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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)

R —R
NDSI — SWIR VIS
Rswir*Ryis

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

SCE, = —0.001 + 1.45NDSI,



Products used in this study:

MOD10A1

-> Based on NDSI linear regression

- Input data : MODO2 (Top of the atmosphere

reflectance)

Linear regression from

- 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 = [e4, ...,e,] , €; € R? the spectral signature of endmembers in g spectral
bands

The Linear Mixing Model of the spectrum 7 of pixel p:
m

r, = z eiqbi,p +n,

i=1
Where ¢, = [¢1p ¢mp] are fractional per pixel abundances and n is noise

m
ry — z el¢lp

i=1

Py

¢, = arg m1n
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Products used in this study:

- Input data : MODO9GA (atmospherically

corrected reflectance)
« MODSCAG _
- Variable set of Endmembers (with a

-> .
Based on SU maximum of one snow endmember)

- SU on 500 m bands (5 bands)

- Post processing : SCF < 0.15 =0



Products used in this study:

MODIMLAB

-> 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 (r, < 0.11o0rr, < 0.10)



Products used in this study:

Additional products : - Fusion step (250m product)

. Ee - Atmospheric and topographic correction in

complex terrain
-> Based on SU

- 8 constant endmembers (initially designed

for New-Zealand)

- Final products at 250 m
e pixelwit



Products used in this study:

Additional product : - Fusion step (250m product)

+ NDSI ATOPCOR - Atmospheric and topographic correction in

complex terrain

-> Based on NDSI linear regression

Linear regression from

- Final products at 250 m

NDSI Products SU Products

MOD210A1 v5 MODImMLAB
MOD210A1 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 and the Let-it-Snow operational chain from CESBIO

-> Binary snow product from NDSI thresholding
(l.e., snow or not snow in a pixel)




Comparison methodology

250m
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Studied Areas
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SCF

0.1

A global view of SCF estimation diff

MODSCAG Threshold

“Salomonson and Apg
‘(2006) -
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Blue point : SCF at 250 m
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Evaluation metrics

Binary
TP : True Positive
TN : True Negative

FP : False Positive Probability that a pixel where snow is detected
FN : False Negative (SCF>0) indeed contain snow.
L TP
Precision = TP + FP Probability of a detection of a snow-
covered pixel
Recall = i
AT TPy FEN

F score penalizes both missing snow and

P _ 2TP - falsely positive detection of snow without
SCOTe = I P¥FP+FN dependency of the total snow-free area.




Evaluation metrics

Fractional

N

N
RMSE = \/szl(SCFRp ~SCR)?
b

-> over all pixels : RMSE

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



Results

Binary

Alps

MODI10A1vS MOD10Alve NDSI_ATOPCOR  MODSCAG MODImLAB Ee

Precision 0,80752826 0,75880244
Precision min 0,3433414 0,33564307 0,29519674
Precision max 0,99992273 0,99995324 0,99995125 0,999957385




Results

Binary

Precision
Precision min
Precision max

Recall
Recall min
Recall max

MODI10A1vS

0,99992279
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MOD10Alve NDSI_ATOPCOR  MODSCAG MODImLAB

0,80752826
0,3433414
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0, 75039559
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0,99735678
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Results

Binary

F_score
F_score min
F_score max

Precision
Precision min
Precision max

Recall
Recall min
Recall max

MODI10A1vS

0,99992279

0,99057863

0,37372758
0,98870166

0,80752826
0,3433414
0,99995324

0, 75039559
0,22980873
0,99735678

Alps

MOD10Alve NDSI_ATOPCOR

0,36115813
0,98848396

0,33564307

0,99995125

0,70455445
0,22040619

MODSCAG
0,67068721

0,27643147

0,99625762 | 0,97323717 0,99839065

MODImLAB

0,75880244
0,29519674
0,99995785

0,82959556
0,25434305




Results

Binary

Alps Pyrennes

MOD10ALvS MOD10AIve NDSI_ATOPCOR  MODSCAG MODImLAB MOD10AIvS MODI10ALVE

F_score 0,67068721 F_score 0,64864598 0,67808564
F_score min 0,37372758 0,36119818 F_score min _ 0,10697234

F_score max 0,98870166 0,98848396 F_score max 0,95301975 0,95598514 0,94848288

MNDSI_ATOPCOR MODSCAG

MODImLAB Ee

0,11754733

Precision 0,80752826 0,75880244 Precision 0,64340656
Precision min 0,3438414 0,55564807 0,29519674 Precision min 0,16136919
Precision max 0,99992279 0,99995324 0,99995125 0,99995785 Precision max 0,96033845 0,95636169

Recall 0,75039999  0,70459445 | 0,58255524  0,82959556 Recall 0,76610977  0,71361565
Recall min 0,22980873 022040619  0,27649147 0,25494305 Recall min 0,07066223 0,06813417
Recall max 0,99057863  0,99735678  0,99625762 || 0,97823717 | 0,99839065 Recall max 0,96507937

Morocco
MOD10AIvS MOD10ALIvE MND5I MODImLAB
F_score
F_score min
F_score max
Precision

Precision min
Precision max

Recall 0,43221786
Recall min 0,01236688
Recall max 0,90177328



F_score
F_score min
F_score max

Precision
Precision min
Precision max

Recall
Recall min
Recall max

Results

Binarv

MOD10ALvS MOD10ALve

0,37372758
0,98870166
0,80752826
0,3438414
0,99992279 0,99995324
0,75039999
0,22980873
0,99057863 0,99735678

Alps

MNDSI_ATOPCOR

0,36119818
0,98848396

0,70459445
0,22040019
0,99625762

MODSCAG
0,67068721

MODImLAB Ee

0,75880244
0,29519674
0,99995785

F_score
F_score min
F_score max

Precision
Precision min
Precision max

Pyrennes
MODI10ALIvS MODI10ALVE NDSI_ATOPCOR MODSCAG MODImLAB Ee
0,64864598 0,67308564
0,10697284 0,11754733
0,95501975 0,95598514 0,94848288

0,64340656 0,64045441
0,16136919 0,12893666
0,96033845 0,95636169 0,960226093

Recall 0,76610977 0,71361565
0,27649147 0,25494305 Recall min 0,07066223 0,06813417
0,99339065 Recall max 0,96507937
Marocco
MOD10A1vVS MOD10A1vE NDSI MODImLAB E_test

F_score
F_score min
F_score max

Precision
Precision min
Precision max

Recall
Recall min
Recall max

0,90123457

0,43221736
0,01236688
0,90177328




Results

RMSE over all pixels in the Alps
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Results

RMSE in the Alps
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Results

RMSE over snow in the Alps
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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
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RMSE snow at 500 m
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MOD10A1v5 ref at 2500 m
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MODIMLAB ref at 2500 m
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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%)
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Results

ASSD over snow Alps
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Results

Binary

Alps Pyrennes
MODI10A1vS MOD10AIve MNDSI_ATOPCOR  MODSCAG MODImLAB MOD10A1vS MODI10A1vE NDSI_ATOPCOR MODSCAG MODImLAB Ee
F_score 0,67068721 F_score 0,64864598 0,67808564
F_score min 0,37372758 0,36119818 F_score min _ 0,10697234 0,11754733

F_score max 0,98870166 0,98848396 F_score max 0,95301975 0,95598514

Frecision 0,80752826 0,75880244 Precision 0,643406856 0,64045441
Precision min 0,3438414 0,55564807 0,29519674 Precision min 0,16136919 0,12893666
Precision max 0,99992279 0,99995324 0,99995125 0,99995785 Precision max 0,96033845 0,95636169 0,960226093

Recall 0,75039999  0,70459445 | 0,58255524  0,82959556 Recall 0,76610977  0,71361565
Recall min 0,22980873 022040619  0,27649147 0,25494305 Recall min 0,07066223 0,06813417
Recall max 0,99057863  0,99735678  0,99625762 || 0,97823717 | 0,99839065 Recall max 0,96507937

Morocco
MOD10AIvS MOD10ALIvE MND5I MODImLAB
F_score
F_score min
F_score max
Precision

Precision min
Precision max

Recall 0,43221786
Recall min 0,01236688
Recall max 0,90177328



