Physically Based Cloud Gap Filling Of Satellite Snow Products
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Daily regional to global snow extent products from medium optical resolution sensors are essential input to many applications in water management, hydrology,
meteorology and climate monitoring. The snow extent products are based on mature algorithms for estimating fractional snow extent and for detection of cloud covered
areas. However, clouds have always been considered as one of the major drawbacks of optical sensors for snow monitoring.

Here, we present a physically based approach to fill cloud gaps by assimilating satellite snow products with a snow-pack model running for each pixel individually. In
this approach, a one-layer snow-pack model driven by high resolution, numerical meteorological data (temperature, precipitation) interpolated to the grid of the snow
product has been applied. It has been successfully demonstrated and validated for the Alps and the Pan-European domain using gridded meteorological data from the
Copernicus Atmosphere Monitoring Service (CAMS).

Concept of the cloud gap filling approach

Quality assessment of cloud gap filled snow products
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Difference maps of observed and cloud gap filled fractional snow cover maps resulting from a multi-
day artificial cloud experiment (B). An artificial cloud mask over a test site in Russia/Ukraine was
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46{1[1 .
w”!__
8°E 10°E 12°E 14°E 16°E a°E 10°E 12°E 14°E 16°E
Terra MODIS cloud gap filled |

48N 48°N 1o

467N 46°N |

e

44°N :
8°F 10°E 12°E 14°E 16°E 8°F 10°E 12°E 14°E 16°E O e T e f . 5 o
FSC| _10%‘ ‘20%.30%.40%.50%\_‘60%-70%-80%-90%-100%-C|0Ud8 -Snowfree-Water FSC| .10%}‘ ‘20‘%-30%-400/6-50"%\_‘60016-700/6-80%-90%-100%
Examples of standard (left) and cloud gap filled (right) snow cover fraction maps from Sentinel-3A SLSTR Fractional snow cover for the Pan-European domain of 04/04/2018. Comparison of (A) cloud gap filled
and Terra MODIS data over the Alpine domain of 08/12/2017. product (~500 m) from Sentinel-3A SLSTR data with (B) ERA-5 Fractional Snow Cover product (~10 km).

Conclusions and Outlook

* Physically based cloud gap filling approach was successfully demonstrated for different spatial coverages and with snow products from different optical satellite sensors
* No systematic over- or underestimation of snow is introduced by the cloud gap filling method

* Multi-day experiment shows persistent differences, indicating a stable algorithm for cloud filling.

* Approach has the potential to be used for the generation of near real-time, cloud gap filled, snow cover maps from optical satellite data tailored to user needs.
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