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Improving Snow Water Equivalent retrievals and our understanding
of terrestrial snow mass in the ESA CCIl+ Snow project
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Reliable information on snow cover across the Northern Hemisphere and Arctic and
sub-Arctic regions is needed for climate monitoring. Warming surface temperatures
during the recent decades have driven a substantial reduction in the extent and
duration of NH snow cover. These changes in snow cover affect Earth’s climate
system via the surface energy budget and influence freshwater resources. In contrast
to snow extent, reliable quantitative knowledge on seasonal snow mass and its trend

have been relatively uncertain until recent years.

The “GlobSnow” / “Snow CCI” SWE retrieval algorithm assimilates radiometer
observations with weather station snow depth observations to produce accurate

SWE estimates. To improve already robust GlobSnow SWE retrieval, spatially and
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Figure 2. Example of Snow CCI v4.0 SWE product for 5 February 2023.
Glaciers and mountains are masked out. The product covers the Northern Hemisphere.

temporally varying snow densities were implemented into the retrieval process.
Efforts to further improve accuracy of the SWE retrievals are on-going in the ESA
SnowCClI+ project. These efforts include moving form 25 km to 12.5 km resolution

and producing bias corrected monthly products.
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Figure 1. Scatter plot of GlobSnow v3.0 & Snow CCI v4.0 products between 1980-2018,
same reference locations used for validating both products. The new Snow CCI product
IS more accurate, especially for moderate snowpacks. The retrieval performance has
improved notable during the ESA Snow CCI development phases.
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Key findings

state-of-the-art satellite-based SWE data records forward!

SnowPEXx-2 results!

(1980-2024)

« Efforts in the ESA Snow CCI+ -project are on-going to improve the
retrieval of SWE records from satellite data. Several key updates
were implemented to the "GlobSnow”™ SWE retrieval methodology

* Further R&D: Dynamic snow density, improved spatial resolution,
updated bias-correction method --> we're still managing to push the

* There has been a significant spread in NH snow mass between the
satellite and model-based records, still evident in the latest ESA

» -> The bias-correction approach significantly decreases the NH
snow mass uncertainty -> Allowing us to improve our estimation of
trends and patterns of the NH snow mass for the satellite era

ESA SNOWPOWER -project

« Utilization of SAR-based SD/SWE estimates for hydropower
optimization (ESA BASS programme) S
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PMW SWE SAR-based mountain SD

* Project investigates the potential to combine PMW & SAR-based snow
retrievals for mountains & to operationalize the methodology (FMI)

« SWE/SD estimates for Alps produced daily in Near-real-time since
01/2024, NRT production for Scandinavia starting for winter 2025/2026

» Several European hydropower operators as customer e.g. ENEL Ltd

* NRT production at FMI-ARC - Sodankyla satellite data centre

o

detect more.
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[1] Lievens et al., Snow depth variability in the Northern Hemisphere mountains observed from space, Nature Communications, 2019.
[2] Lievens et al., Sentinel-1 snow depth retrieval at sub-kilometer resolution over the European Alps, The Cryosphere, 2022. Merged PMW + SAR SWE

A Promising approach to provide global seamless SWE estimates!
Including data for Global mountain ranges!
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mBC) product is also more accurate in April and May.

1980-2022, mainly driven by changes in North America.

Figure 3. Climatological snow mass (excluding mountains) between 1980-2018. Daily
bias correction (CClv3.1 dBC) adds a significant amount of snow, bringing estimates
much closer to model-based products. The updated monthly bias corrected (CCiv3.1

* We observe a slightly decreasing trend for March NH Snow mass for
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