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Introduction

The key challenge in using satellite snow products in numerical weather pre-
diction (NWP) has been the assimilation of satellite snow data into weather
models. Satellite observations, particularly in autumn and spring, could en-
hance the Snow Water Equivalent (SWE) field in NWP models. The snow
field is generated in the analysis by statistical interpolation of satellite data,
SYNOP observations (weather stations), and model background.

The H SAF portfolio includes several operational snow extent products.

* H31 (MSG/SEVIRI) snow extent, SEVIRI disk, operational since 2008

* H32 (Metop/AVHRR) snow extent, global lat-lon, operational since 2015.

* H43 (MTG/FCI) snow extent, FCI disk, three variant (flatland, mountain,
merged), operational since 2025

These products are suitable for hydrological and meteorological applica-
tions, including NWP.

Most of satellite snow data is challenging to assimilate into weather mod-
els. Our innovative solution "snow barrels,” are pseudo-observations gener-
ated from the H SAF H32 intermediate (single image) snow extent product.
MetCoOp is a collaboration between FMI, Met Norway, SMHI, ESTEA, and
LEGMC, with the goal of jointly operating a limited-area NWP model for
the Nordic region. FMI has provided snow barrel data to MetCoOp servers
since 2022. The snow barrels were integrated into MetCoOp’s operational
production in the spring 2024.

Snow barrels

Snow barrels condense snow extent data from multiple (10x10) satellite
pixels into a single classification distribution. Each “barrel” contains the
observation time, average location, and number of classifications (snow,
no snow, partial snow) in the selected 100-pixel area. Finally, this data is
converted into a format suitable for weather model assimilation.

Snow barrel
10x10 pixels
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In file (example):
20191024 1107 66.9386 174.6436 0 19 0 29 44 8

Figure 1: What are "snow barrels”? They are classification distributions based on satellite-
derived snow data from 10x 10 pixel areas.

Since snow barrels do not directly provide SWE data, a fixed snow
depth range of 0—10 cm is assumed, corresponding to SWE values of
0-31 kg/m? depending on snow density. Snow density is estimated us-
ing typical monthly climatological values, ranging from 140 to 310 kg/m?.
The fraction of "snow” pixels is multiplied by the maximum SWE value for a
10 cm snow depth.

For example, in spring, when the average snow density is approximately
250 kg/m? a fully snow covered “"barrel” will produce a 25 kg/m? pseudo-
observation. If only half the pixels are classified as snow, the pseudo-
observation is 12.5 kg/m?.

Barrels are used mainly when they conflict with the model’s background
field. Using satellite data indiscriminately could cause the model to under-
estimate snow, since barrels indicate a maximum SWE of only 14—-31 kg/m?.
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Results

Satellite image (May 15, 2024) Collected snow barrel observations
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Figure 2: Comparison shows all snow barrel observations (middle panel) and the subset
of observations used for analysis (right panel) on May 16, 2024. The satellite image (left
panel), where snow is seen as bright red, was taken on May 15, 2024, since the barrels
were collected the day before.

Operational use of snow barrels has been shown to improve snow cover
analysis, particularly in areas with thin or patchy snow. This enables the
model to better track rapid changes — especially during melt periods, near
coasts, or following fresh snowfall. Early results suggest improved snow
analysis metrics, including reduced RMSE and bias. However, the impact
on other model variables, such as temperature, over the full season remains
to be determined.
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Figure 3: An example of how snow barrels influence the NWP model’'s SWE field. The left
panel displays the snow analysis with barrels included, while the middle panel shows the
analysis without them. The right panel illustrates the difference between the two.

Snow barrel observations are limited during the darkest months (Novem-
ber—January), when insufficient daylight prevents data collection at high lat-
itudes. As a result, their impact is minimal before February. However, this
is not a critical limitation, as the barrels detect only the presence of snow —
not its depth — and offer limited benefit during midwinter, when snow cover
is typically extensive and stable.
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Figure 4: MEPS 09 UTC SWE analysis statistics light-based observations can
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analysis without snow barrels (blue).

Future plans

Our NWP model cycle is expected to be updated next year, which will

change the way snow barrel data are assimilated. Currently, snow obser-
vations are processed in kg/m?, but the new model will use centimetres
instead. Preliminary results from the updated system with snow barrel data
have shown performance comparable to the current system.
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