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Ghallenges in snow cover mappmg at optl

* The most |deal scenario

— Clear sky and relatively flat surface without dense vegetation Hall et al. (1995)
— Good illumination and sensor viewing conditions

— Snow cover with depth of several centimeters

orks fine..! A

GREEN 2z 10%
NIR>11%
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ver mapplng at optical waﬁyglengths

. Known issues in snow cover retrleval by optical remote sensing
— Mixed-pixel problem over the areas with complex and rough topography

— Patchy snow cover

10t EARSeL Workshop on Remote Sensing of Land Ice & Snow | 6-8 Feb 2023
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Ghallenges in snowr"overmmappmg at optlcalwavele'ngths
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. Known issues in snow cover retrleval by optical remote sensing

— Variations in illumination conditions over rough mountainous terrains

— Slope-casted shadows

10th EARSeL Workshop on Remote Sensing of Land Ice & Snow | 6-8 Feb 2023 3
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. Known issues in snow cover retrleval by optlcal remote sensing

— Snow cover - forest interaction

— Clouds

Photo credits: Niilo Siljamo (FMI)
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. Slope-c;Sted shadows

{ Elovation

4427 m

5°0'0"E 10°0'0"E

Sentinel 2 - T32TLS (15 Jan 2019)
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Challenges in snow cover mapping at optlcal Wé'velengths

* Slope-casted shadows

No Datssification
NO_DATA

SATURATED OR_NEFECTIVE

P 7D SHADOWS

BN CLOUD_SHADOWS

s [VEGETATION.

S horVece e
]

7 | UNCLASSIFED

8 | CLOUD_MEDIUM_PROBABILITY

9 | CLOUD_HIGH_PROBABILITY

10 | THIN_CIRRUS

11 | SNOW

Sentlnel 2 T32TLS (15 Jan 2019) Sen2Cor SCL (v2 11) NDSI-based Binary Snow
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Ghalleng:s in snow/cover map 3ing at ptlcal wavngths
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* Slope-casted shadows

- No Data
- Shadow
- Clear Sky-Land J-~°
- Water
. | cloud
- Snow

Sen2Cor SCL (v2. - NDSI-based Binary Snow
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Lghallenges in snfjW cover mapping at optical wavelengths - | e
* Cloud/snow confusion R
[ Jcouws M shadow

I:l Snow - Clear Sky-Land
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Sentinel 2 — T26XNQ Sentlnel 2 T26XNQ (15 Sep 2020) sgﬂa%@wa
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Ghallehg’es in snovy_fgver mappmg at optlca_l wavelengths
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* Misclassification as cloud at the Iand/snow boundary
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MODO9GA False RGB (15 Jan 2019) MOD10A1_061 fSCA (15 Jan 2019)

10th EARSeL Workshop on Remote Sensing of Land Ice & Snow | 6-8 Feb 2023

fSCA (%)

o0
B 10-20
] 20-30
B =0-40
B 40 - 50
[ s0-60
[ ]s0-70
[ ]|70-80
[ ]|80-90
[ ]90-100
-NoDecisiun



e

S
[

SEARSeL RN o :

- -
TR
-~

Ghallenges in snow cover mappln  at optlcal wavelengths
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. MlscIaSS|f|cat|on as cloud at the Iand/snow boundary

fSCA (%)

B o- 10
B 10-20
] 20-30
B =0 - 40
B 40 - 50
[ 50-60
[ ]e0-70
[ ]70-80
[ ]80-90
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MODO9SGA False RGB MOD10A1_061 fSCA
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* Machine Learning: Random Forests |- by Breiman (2001)
* ensemble of CARTs

TOA vs. Atmo. & Topo. Corr. Reflectances

, : Classification
(i.e, Predictors)
by RF

Decision Tree-1 Decision Tree-2 Decision Tree-N

Result-1 Result-2 AN Training sample size

L»{ Majority Voting / Averaging F—J

Final Result

?7

Clear Sky - Land
Cloud
Show
Water

\

*  Kuter, S., Akyurek, Z., & Weber, G. W. (2018). Retrieval of fractional snow covered area from MODIS data by multivariate adaptive
regression splines. Remote Sensing of Environment, 205, 236-252.

*  Kuter, S. (2021). Completing the machine learning saga in fractional snow cover estimation from MODIS Terra reflectance data:
Random forests versus support vector regression. Remote Sensing of Environment, 255, 112294

Pixel-based
amn Input variable combination >

10th EARSeL Workshop on Remote Sensing of Land Ice & Snow | 6-8 Feb 2023 11



o Dataset

2°0'0"E 9°0'0"E 16°0'0"E 23"0‘0"E 30”0'0"E 37°0'0"E
1

44°0'0"E
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Sentinel 2 Tiles [ ]water

I

1- T32TPS |:|Pra|r|e Snow

46°0'0"N 2 T34UCV -Maritirne Snow
‘ :’Ephemeral Snow
slanls -Alpine Snow

42°0'0"N—

r

54°0'0"N

-50°0'0"N

-46°0'0"N
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) X
34700 250 500 1,000 km"¥ .38
L — | 1 ] & g 7
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Snow cover types (Sturm et al., 1995)

m Tile Number Date of Acquisition

1- Alpine Region

2- Tatra Mountains

3- Kagkar Mountains
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T32TPS

T34UCV

T37TFE

5 December 2018
24 January 2019
13 June 2019

29 November 2018
23 January 2020

8 April 2019

19 December 2019
19 March 2018

8 April 2018
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* Preprocessing
5 Dec 2018 - Alps

~ ol

ra

» s
o4 8

8 Apr 2019 - Tat

0.430-0.458 ym 60 m
0.447 —0.545 10
0.538 - 0.582 10
0.645-0.683 10
0.694-0.714 20
0.731-0.749 20
0.768 — 0.796 20
Elevation ¥, Elevation Elevation Band 8a Vi =0 2
s | ian S Band 8 0.763 —0.907 10
0.932-0.958 60
Band 10 1.336-1.412 60
Soi 180m &zm Band 11 1.542 - 1.686 20
2.081-2.323 20

————| 10 m resampled to 20 m by Sen2Cor
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* Preprocessing

Reflectance values (20 m):
* TOA
* Atmo. & Topo. Corr. by Sen2Cor

Input Combinations:

Training sample size:
* 300 per class (i.e., n =30p)
e 1000 per class (i.e., n =~ 3 x 30p)

TOA: Bands 2-7, 8a, 11, 12 + NDSI, NDVI, NDWI

Atmo. & Topo. Corr.: Bands 2-7, 8a, 11, 12 + NDSI, NDVI, NDWI

DEM: Bands 2-7, 8a, 11, 12 + NDSI, NDVI, NDWI, Elevation

PCA: The first 3 PC bands of 9-band Sentinel 2 stack + NDSI, NDVI, NDWI

10th EARSeL Workshop on Remote Sensing of Land Ice & Snow | 6-8 Feb 2023 14
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8 Apr 2018 — Kagkar T37TFE

False RGB Sen2Cor SCL

- Snow - Clear Sky-Land

DBaR160M
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. 24 Jan 2019 - AIpsT32TPS |

False RGB Sen2Cor SCL

- Snow - Clear Sky-Land
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- 29 Nov 2019 Tatra T34UCV

False RGB

|:| Snow - Clear Sky-Land
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- Water - Mo Data
[ Jcioud [ Shadow
I:I Snow - Clear Sky-Land

PCA_1000 HR-S&I FSCOG

Copernicus High Resolution Snow and Ice Monitoring

False RGB

https://land.copernicus.eu/pan-european/biophysical-parameters/high-resolution-snow-and-ice-monitoring
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RIS T e S R
. HR S&I FSC: 8 Apr 2018 Kagkar T37TFE -wmer -No Data
[ Jcioud [HEM Shadow Cloud/Cloud Shadow by
[ snow [ Clear Sky-Land MAJA Processor

FalseRGBE BEA_1000 SsenZoonell HHRERIGS68G
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- Water - Mo Data

l:l Cloud - Shadow

- Snow - Clear Sky-Land
T sy B

False RGB Sen2Cor v2.11 PCA_1000
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- Water - Mo Data
[ Jcioud [ Shadow
- Snow - Clear Sky—Land

False RGB Sen2Cor v2.11 PCA _1000
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- Water - Mo Data
[ Jcioud [ shadow
- Clear Sky-Land

False RGB Sen2Cor v2.11 PCA_1000
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. Improvements W|th RF:
— Atmo./Topo. corrected spectral bands
— PCA with increased number of training samples
— Snow classification over cloud/slope-casted shadows

— Cloud labeled pixels at land/snow boundary

* Points need clarification/improvement:

0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50

5 December 2018 24 January 2019 13 June 2019 29 November 2018 23 January 2020 8 April 2019 19 December 2019 19 March 2018 8 April 2018

Alps Tatra Mountains

— Tatra case with PC bands ChatGPT: Optimizing

Language Models
for Dialogue

— RF on other snow cover types

— Underestimation of snow over forested areas ‘

10t EARSeL Workshop on Remote Sensing of Land Ice & Snow | 6-8 Feb 2023

https://openéi.com/blog/cﬁai_gﬁ/

Kagkar Mountains

EORA
VAT

JiSAT to explore new

~

artificial intelligence
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Conclusuons & Future Dlrectlons

EUMETSAT H SAF H35 Effective Snow Cover Product
— Improvement over Forested Mountainous Regions by Al/DL

— H SAF AS/VS Activity

* Status: Temporary

* Anticipated Start Date: 1 Aug 2023

* Anticipated End Date: 29 Feb 2024
 Salary: The net amount will be set by EU

H35 Effective show cover by VIS/IR radiometry 20230127

120°E

* Contact: zakyurek@metu.edu.tr

Kuter, S., Bolat, K., & Akyurek, Z. (2022). A machine learning-based accuracy enhancement on EUMETSAT H-SAF H35 effective
snow-covered area product. Remote Sensing of Environment, 272, 112947

EUMETSAT

H SAF

SUPPORT TO OPERATIONAL
HYDROLOGY AND WATER
MANAGEMENT

10t EARSeL Workshop on Remote Sensing of Land Ice & Snow | 6-8 Feb 2023
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Thank You...

semihkuter@karatekin.edu.tr
aksucansu@yahoo.com
zakyurek@metu.edu.tr
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Challenges in snow cover mapping at optical waveleng
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