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Introduction

In Europe, the majority of the precipitation during winter falls as snow over 1.000 m altitude, and remains stored in the
snowpack until the melting season, when it returns in the hydrological cycle and is partly used for irrigation and power
generation. Snow cover estimation is then one of the main indicators necessary to evaluate water budget and plan water
management, predict possible drought conditions, and drive operational flood prediction.

The use of Earth Observation (EO) for Snow Cover Area (SCA) estimation has been improved during the last decade thanks
to high resolution satellites. Furthermore, diverse processing techniques nowadays mature, are used by the different data
providers to retrieve snow parameters such as SCA, Fractional Snow Cover (FSC), Gap-filled Fractional Show Cover (GFSC)
and snow depth (HS) from EO data.

In the framework of the ESA 4DHydro (hitps://Adhydro.eu/) project, addressed to the assessment of EO capability in
retrieving hydrology-related parameters, the scope of our work is an intercomparison of different medium- to high-resolution
EO-retrieved SCA maps over Europe. The results can be used to correctly interpret the accuracy of the EO datasets as well
as the processing methodologies.

Methodology

EO dataset
Dataset
MODIS Sentinel-2 Landsat-8 Sentinel-2 Sentinel-2 Sentinel-1 Sentinel-1
Product SCA SCA FSC GFSC HS
Source eurac .
research @ KULEUVEN
Notarnicola ) Thelg - Lievens
et al. (2013) Gascoin et al. (2019) Barrou Dumont et al. (2021) et al. (2019)
Spatial 250 m 20m/30m 20m 60 m 500 m
resolution
Temporal 1 day 5 days / 8 days 5 days 1 day 1 day
resolution

Theia SCA products from Sentinel-2 and Landsat-8 datasets have been integrated in a single dataset; diverging SCA values
in the studied time window (a few cases) have been eliminated.

The Round Robin Exercise is performed over the European Alps, in the regions covered by the in situ benchmark dataset,
over the winters 2017/2018 and 2018/2019 (October 1st - April 30th).

Validation

As a benchmark, the dataset of in situ HS values collected by Matiu et al. (2021) integrating different measurements is used.
Under such approach, all the snow variables are translated in binary SCA, i.e., each EO-image pixel as well as each
measurement point in the in situ dataset is turned to a binary value: snow/no snow (Metsamaki et al., 2016, 2017).
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HS stations used for the analysis (from Matiu et al., 2021)

The in situ validation protocol on binary SCA is be based on the following metrics extracted from a confusion matrix:

Snow \. No show \,
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False Negative (FN),
l.e. missed snow

Snow ,i]g True Positive (TP)
a

False Positive (FP),
l i.e. false snow

No snow True Negative (TN)

Confusion matrix

Metric Formula Description
Recall TP /(TP + FN) Ability to identify true snow
Accuracy (TP+TN)/ (TP +TN + FP + FN) Overall classification accuracy

The analysis has been made comparing two pixel selection approaches:

1. Single-pixel: the values of the pixel containing the in-situ station has been chosen;

2. Multi-pixel: an average of neighbor pixels values are made, depending on the position of the in situ data inside the pixel,
as reported in the following figure

Pixel Sub-pixel e In-situ data Selected pixel(s)
]
®
Rule 1 Rule 2 Rule 3
no pixel average two pixels average four pixels average

Pixel merging selection rules for the multi-pixel approach

Results

In order to properly transform FSC and GFSC products in SCA, a proper threshold oh FSC should be considered. The
following figure shows the accuracy in transforming the Sentinel-2 FSC product in SCA as a function of FSC and HS
thresholds considering the single-pixel (left panel) and the multi-pixel (right panel) SCA evaluation approaches.

Accuracy Accuracy
- 088 088 088 088 088 088 088 088 088 088 0.87

- 09 09 09 09 09 09 09 09 09 089 0.915
GiEEH 19" : ; 0.9 089
: 091 0.89 0.910

-0.885 0.89

0.9
- 0.880

0.91 0.89

-0.875

GR-h O B C) S N0.918 0.9 09 09 09 089 - 0.895
- 09 09 09 09 09 09 09 09 09 09 089

HS (m)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| o
HS (m)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|

- 0.88 0.88 0.88 0.88 0.88 0.87
- 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.87 -0.870 - 09 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.89 -0.890
- 0.87 087 087 0.87 0.87 0.87 0.87 0.88 0.88 0.87 0.87 - 089 089 0.89 0.89 089 0.89 0.89 0.89 0.89 089 0.88

- 087 087 087 08 087 087 087 087 087 087 086 | igi - 089 089 089 08 089 08 089 089 089 089 | Uil B

I 0.860

0.855 3

0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
FSC (%) FSC (%)

- 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87

Accuracy in SCA evaluation from FSC as a function of FSC and HS thresholds for the single-pixel (left panel) and the
multi-pixel (right panel) SCA evaluation approaches

Considering the results shown in the figure, the following considerations can be taken:

A threshold value <15% is found from the analysis, for both the single- and the multi-pixel approaches

The same value has been obtained comparing Theia Sentinel-2 SCA and Copernicus Sentinel-2 FSC/GFSC maps
Such value is in line with what reported in the literature (Rittger et al., 2013; Metsamaki et al., 2016, 2017)

The multi-pixel approach provides an enhancement in the accuracy with respect to the single-pixel approach

Using a 15% threshold to discriminate between snow-covered and snow-free pixels in FSC/GFSC products, the accuracy and
recall of all the EO-retrieved SCA values is reported in the following figure as a function of the threshold on HS.
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Accuracy (upper panels) and recall (lower panels) for the retrieved SCA products as a function of HS threshold for
the single-pixel (left panels) and the multi-pixel (right panels) SCA evaluation

Considering the results shown in the figure, the following considerations can be taken:

The peak accuracy depends on the resolution of the product (as already reported in literature)

Best accuracies are around HS thresholds of 2 cm and 3-5 cm for high- and medium- resolution products, respectively
Similar thresholds are found for the single- and the multiple-pixel approaches

Similar threshold values have been reported in the literature (Gascoin et al., 2015, 2019)

GFSC product shows better performances with respect to the FSC

Sentinel-1 HS product seems to be unbalanced towards the identification of snow on the ground

The multi-pixel approach provides an enhancement in the accuracy with respect to the single-pixel approach

Conclusions

From the intercomparison exercise, we can summarise the following conclusions:

e All products, having a spatial resolution between 20 and 500 m, show comparable performances

e Higher-resolution products usually perform better, with the only exception of the MODIS SCA product showing
performances comparable to the high-resolution Theia SCA product

e Sentinel-1 HS product seems to be unbalanced towards the identification of snow on the ground, making it an potential
choice for peculiar purposes

e The multi-pixel approach shows better results indicating that, at the studied resolutions, a neighbours pixel average
should be used

Acknowledgements
We acknowledge the ESA-funded 4DHydro project, contract number ESA AO/1-11298/22/1-EF.

References
Barrou Dumont Z. et al. (2021) The Cryosphere, 15(10), 4975-4980.

Gascoin S. et al. (2015). Hydrology and Earth System Sciences, 19(5), 2337-2351.
Gascoin S. et al. (2019). Earth System Science Data, 11(2), 493-514.

Lievens H. et al. (2019). Nature communications, 10(1), 4629.

Matiu M. et al. (2021). The Cryosphere, 15(3), 1343-1382.

Metsamaki S. et al. (2016, July), IEEE IGARSS (pp. 5280-5283).

Metsamaki S. et al. (2017, July), IEEE IGARSS (pp. 4246-4249).

Notarnicola C. et al. (2013). Remote Sensing, 5(1), 110-126.

Rittger K. et al. (2013). Advances in Water Resources, 51, 367-380.



http://www.waterjade.com
https://4dhydro.eu/

