Investigating the Snow Dynamics over Mountainous
Terrains from
EUMETSAT HSAF Snow Cover Product-H10
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Snow Cover Area in the north hemisphere shows a decreasing trend.
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Motivation

* In the hydrological year 2021-2022 northern Italy has experienced a very dry period,
in terms of both liquid and solid precipitation, and also 2021 was a moderately dry

years.

* 2022 was a snow rich vear in Turkev.
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Motivation

Snow Covered Days from ERAS Land for 1970-2022
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Data

e HSAF H10 Snow Mask product
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 ERAS Land Temperature product (2011-

Land Celgjius

* ERAS5 Land Snow Depth (>5cm) product
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Projection: EPSG / WGS 84
Spatial Res.: 0.1° x 0.1° (~ 9 km)
Format: NetCDF
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EUMETSAT H10 Snow Product

H10 Snow detection (snow mask) by VIS/IR radiometry 20230129 B i
H34 Snow detection (snow mask) by VIS/IR radiometry 20230129
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* Cycle: Daily
* Coverage: Europe, Northern Africa, Middle East Grid/Projection: Part of Meteosat/SEVIRI 0° fulldisk, GEOS
projection

* Resolution: Variable from 3 km to 10 km, depending on distance from sub-satellite point
* Available since December 2008

* Validation with ground observations and Sentinel data continues

* It will be superseded by H34

* Formats: HDF5, PNG quicklook

* Operational status: H10 Operational, H34 Pre-operational



EUMETSAT H10 Snow Product

Continuous Validation
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Methodology

* Cloud Filtering

* Anomaly Calculation
In Snow cover days (2022 January, February, March, 2011-2022 long term))
In Temperature
In Runoff and Discharge
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e Statistical Metrics

Confusion matrix for remote sensing image vs. in situ observations. I b
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Overall Accuracy & Snow Accuracy under all-sky conditions



Cloud Filtering

Cloud Cover Days (%) (mean monthly values for 2012-2021)
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Temporal moving window is applied. | Gething, P. W. (2014). An effective approach for gap-filling
continental scale remotely sensed time-series. ISPRS Journal of

Photogrammetry and Remote Sensing, 98, 106-118.




Cloud Filtering

Overall Accuracy 2018-2019 Snow Accuracy Under All-Sky
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Cloud Filtering

6 days moving window is applied.

EUMETSAT

H10 Snow detection (snow mask) by VIS/IR radiometry 20210101 H10 Snow detection (snow mask) by VIS/IR radiometry 20210101 G H SAF
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EUMETSAT

Anomaly Calculation
@ HSAF
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Anomaly Calculation

EUMETSAT

Snow Cover Anomaly - March 2022 Near Surface Air Temperature Anomaly - March 2022 e HSAF
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Snow Covered Day and Runoff Anomaly

Snow Anomaly




Runoff Anomaly

April 2022 May 2022

* Runoff values from ERA5 Land product is the summation of sub-surface and

surface runoff in cm.
» Subsurface water fluxes are determined by Darcy’s law. The surface runoff is

obtained by the Hortonian runoff formulation.



Discharge Anomalies at basin scale
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Discharge Anomalies at basin scale

Snow Cover Area (H10) Anomalies
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Discharge Anomalies at basin scale

Snow Cover Area (H10) Anomalies
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Discharge Anomalies at basin scale

Snow Cover Area (H10) Anomalies
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Discharge Anomalies at basin scale

Snow Cover Area (H10) Anomalies
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Discharge Anomalies at basin scale

Snow Cover Area (H10) Anomalies
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Discharge Anomalies at basin scale

Snow Cover Area (H10) Anomalies
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Discussions

HSAF H10 Snow Mask by VIS/IR radiometry product presents the snow
anomalies well.

6 days moving window gives the highest overall accuracy for 2019-2021
compared to the ground observations.

Positive Snow Covered Day anomalies did not cause positive anomaly in
discharge in many of the basins.

The ERA5 Land Runoff anomalies are consistent with the snow covered day
anomalies.

No direct access to river discharges, however LISFLOOD can be utilized for
this purpose (Mufoz-Sabater et al, 2021).

Satellite snow products and Reanalysis products are good to understand the
Snow Dynamics over Mountainous Terrains.
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