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Introduction

 Glacier albedo is complex and difficult to model
 Arctic snow albedo does not follow temperate data
We use 3 satellite datasets to cover the last 33 years
 AVHRR: 1982-1999
MODIS: 2000-2020
 OLCI: 2021 onwards

We allow the model (HARMONIE-AROME cy43h) to
increase the albedo when fresh snow falls

Figure 1 (left):
Operational IFS 
albedos for the 
Northern Atlantic
(www.ecmwf.int). 

Figure 2 (right): 
SICE albedo for 
Greenland on 2024-
08-15 derived from 
Sentinel-3 OLCI and 
SLSTR images.
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Satellite-derived data
The current data and data from the recent years are 
available from:

https://dataverse.geus.dk/dataverse/sice

These are the SICE albedo and snow grain (optical) 
size data derived from the OLCI and SLSTR 
instruments on the Sentinel-3 satellite. An example 
of these is shown in Figure 3.

Discussion and 
Concluding remarks

• Tests of the data against standard 
snow algorithms such as the explicit 
snow and Crocus albedo algorithms 
as used in the HARMONIE-AROME 
model show much lower albedos for 
exposed glacier surfaces.

• This is not surprising as these 
algorithms assumes glacier surfaces 
to be permanent snow.

• Tests for the snow-covered areas 
show a more surprising result with 
much higher albedos for the 
satellite-derived data.

• This is likely due to combined effects 
of less impurity darkening in the 
Arctic and snow hoar creating fresh 
highly reflecting snow crystals – also 
in cases with no precipitation.

• We have shown the importance of 
satellite-derived snow albedo as an 
auxiliary dataset.

Figure 4: MODIS MOD10A1 C6 gap-filled snow 
albedo data for the day 2017-07-21.

Figure 5: MOD10A1 C6 albedo time series for five
locations on the Greenland ice sheet – specifically:
(77°N, 33°W), (66.5°N, 43.5°W), (66.5°N, 49°W),
(67°N, 49°W) and (68°N, 50°W). The last three of
these points are within the large “dark band” region
of glacier ice that is exposed during summer in
Southwestern Greenland.

Figure 6. MODIS (MOD10A1 C6) albedo profile on 
2017-07-08 along the 45°W meridian.

AVHRR data

Figure 3 - Left: Broadband albedo output (land 
areas only) from the SICE product for 2023-08-10. 
The grayscale in the plot represents the actual 
albedo. Right: The snow grain optical diameter (land 
areas only) for the same day and region. Here, the 
grayscale goes from 0 mm (black) to 1 mm (white) 
optical snow grain size. Note that this size is 
inversely proportional to the snow grain surface 
specific area.

The optical snow grain size is useful for computing
the snow spectral albedo. Here, this is important for 
the infrared part of the solar spectrum. Snow
impurities, on the other hand, are important for the 
visible part of the snow albedo. The data resolutions 
in both Figures 3 and 4 are 500 m.
Mikael Hasu and Patrick Samuelsson 

implemented these data for use in SURFEX.

In Figure 5 the day-by-day time evolution of the
MOD10A1 C6 albedo product can be seen. At times
when it is cloudy, the MODIS instrument cannot see
the surface and the albedo product not be updated.
The flat lines in the curves represent longer periods
during which the snow albedo product is not updated
due to cloud cover.

It can also be seen that the albedo product has
albedos > 0.9 early and late in the year, and at the
northenmost location. It is possible that the satellite
albedo needs correction as a function of the solar
zenith angle. To test this further, plots of the albedo
as a function of latitude have been made along the
45°W meridian for the period 2000-2017. A
representative example is shown in Figure 6.

Due to the near infrared absorption bands of water, it
seems unlikely that the broad band albedo of snow
should go above 0.9 in clear sky conditions. The
increase in albedo with increasing latitude suggests
that this is an effect of lower solar zenith angles.
When using it in the weather model we correct this.

Satellite data quality check

Figure 7: Here, an example of the AVHRR albedo is
shown from 1982-07-14. These data have coarser
resolution (5 km) and have more visible noise than
newer data from the MODIS and OLCI instruments.
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