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Observational challenges in the Arctic
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Number of observations available and assimilated
in the ECMWF forecasting system (2019)

The nature of the problem
• The Arctic is data-sparse in conventional

observations but data-rich in satellite observations
• A lot of observations are either not used, underused, 

or misused in current numerical prediction systems
(NPS; including NWP and climate models)

• Polar prediction skill is limited in NPS

Hypotheses
• Better uptake of observations in NPS could lead to 

increased predictive skill
• In turn, use of NPS could inform on optimal 

observing system usage and design

Objectives
Derive recommendations for the design of 
the future observing systems in the Arctic



Progress, achievements 
and Key Exploitable Results



Importance of Arctic observations 
for mid-latitude weather prediction
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Relative increase in RMSE of Z500 forecast at 96 hours, 
after denying in-situ observations in the ECMWF forecast

system from the data assimilation

Dependency on the strength of the Scandinavian blocking

https://doi.org/10.1002/qj.3673


Progress, achievements 
and Key Exploitable Results

An enhanced use of microwave
sounding observations would
further improve weather
forecasts in the Arctic, and 
sometimes, even beyond
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The knowledge of sea ice thickness at a handful of discrete
locations can reconstruct sea ice volume anomalies 
(according to numerical models)

https://doi.org/10.5194/tc-14-2409-2020


Arctic sea ice volume variability
can be reconstructed and 
monitored from in-situ sea ice
thickness measurements at 
strategic sampling sites



Positive impact of assimilating observed sea ice
thickness on seasonal sea ice predictions
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Sea ice thickness assimilated to
initialize seasonal predictions

No sea ice thickness
assimilation

https://doi.org/10.5194/tc-12-3419-2018


Assimilation of sea ice thickness
(in addition to concentration 
and ocean information) leads to 
significant increases in seasonal
prediction skill



Key recommendations

11

Concrete recommendations for the 
future of Arctic observing system

Ensure continuity in sea ice thickness and 
concentration satellite products throughout

the 2020s

Provide back-extensions of satellite sea ice
thickness

Improve spatial coverage of snow-on-land 
observations

Deliver satellites products at different levels
of processing (L1-L4). State uncertainties.

Enhance the use of microwave sounding
observations; maintain and extend the 

conventional network

Sample sea ice thickness at selected
locations

Sandu, Massonnet et al., in prep.



Take-home messages
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✹The future of the Arctic observing system is not necessarily about 
observing more facets of the Arctic, but instead:
(1) Making better and smarter use of existing observational resources
(2) Ensuring that the current network is sustainable, to avoid critical data gaps that 

would be highly detrimental to polar prediction skill 
(3) Ensuring that available observations meet usability and timeliness requirements

of NPS (hours for NWP, days for climate predictions)

✹Investment in observing systems must be carried out synergistically with 
the investment in all components of numerical prediction systems 
(modelling, data assimilation, ensemble techniques and use of 
observations)



Thank you
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https://rmets.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1
477-870X.observing-system-experiments-in-the-arctic-region

https://applicate-h2020.eu/

https://www.ecmwf.int/en/about/media-centre/science-
blog/2021/new-insights-polar-observing-systems-using-
numerical-models
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