
Morten Lybech Thøgersen (mlt@emd.dk), 
Lasse Svenningsen (ls@emd.dk), Tobias Ahsbahs (ta@emd.dk) & 

Thorkild Guldager Sørensen (tgs@emd.dk)

2024-11-20 
Vindkraftnet @ EMD International A/S, Aalborg 

Will Alpine Snow Depth Updates in ERA5/ERA5T 
Influence Higher Winds Across Europe and Beyond?



Will Alpine Snow Depth Updates in ERA5/ERA5T Influence Higher Winds Across Europe and Beyond?

Setting the Scene (1/3) – ECMWF Announcement in October 2024 

References [1]
Credits: Data: ERA5, Figures: C3S/ECMWF
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Setting the Scene (2/3) – ECMWF Analysis Plots

July surface air 
temperature anomalies

July snow depth

References [1]
Credits: Data: ERA5, Figures: C3S/ECMWF
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x1: E8.2 N46.4
x2: E10.5 N46.7
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Setting the Scene (3/3) – Our actions on this

• Inform users and stakeholders

• Replace all ERA5T samples within the windPRO datasets (when available)
▪ This issue influences July, August, September & October ERA5T (preliminary) data
▪ ERA5 (final) data will be available with a latency of 3 months, 
       i.e. final data is available in 4 batches at months of November 2024 to February 2025

• Re-do our mesoscale pre-run datasets (when final data is available)

• Repeat above x 4 
(November, December, January, February)

• Quantify the (small) differences seen from the use-case of renewables

• (smells like something we have seen before)
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Questionnaire (1/2) – four short questions

https://forms.office.com/e/43yZSS8FaC

1. Will Alpine Snow Depth Updates in ERA5/ERA5T Influence Higher 
Winds Across Europe and Beyond? ….. (Yes/No)

2. My ERA5/ERA5T use-case (or analysis) relies on the accuracy 
of….. (some options)

3. Will the ERA5/ERA5T Snow Depth Issue impact wind speeds in 
mesoscale derived datasets? …. (some options)

4. Any other comments or inputs? 

https://forms.office.com/e/43yZSS8FaC
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Re-visit previous ERA5/ERA5T Event from December 2021 (1/5)

References [1]
Figures: C3S/ECMWF
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Re-visit previous ERA5/ERA5T Event from December 2021 (2/5)

References [1]
Figures: EMD [2]
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Re-visit previous ERA5/ERA5T Event from December 2021 (3/5)

References [1]
Figures: EMD [2]
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Re-visit previous ERA5/ERA5T Event from December 2021 (4/5)

References [1]
Figures: EMD [2]

Parameter: 
100m wind speed fields

 at different time-stamps
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• Situation: 
Assimilation of anomalous snow depths over Asia did trigger a re-run of the 
ERA5/ERA5T models by ECMWF. The two datasets differed for months of 
Sep-Dec 2021. 

• Monthly Averaged Wind Speeds
These differences are below 0.1 m/s for most of the world. The largest 
relative deviations are in the tropics where wind speeds are small.

• Individual Time Step Wind Speeds
Differences between the model runs exceed 10-15 m/s.
These differences are caused by a slight shift in the position of the fronts 
together with small differences in magnitude (North Sea study).

• Overall: 
Wind speed differences between the ERA5T and ERA5 datasets can be very 
large when looking at individual time series samples (>10m/s), but mostly 
average out to acceptable levels on a monthly basis (~0.1m/s).

Learnings from December 2021 on raw ERA5/ERA5T data (5/5)
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Analysis: 2024 Jul-Oct Wind Speed and Solar Radiation Differences 
from the ERA5T-ERA5 Alps-Region Snow Depth Issue (1/9)

References [5]

• 3 domains with structured or random time-series samples
• Global (1000 node locations, up to 300km from land)
• Alps (765 node locations)
• Europe (1000 node locations)

• 2 (3) datasets
• EMD-WRF Europe+ mesoscale data
• ERA5 on native (gaussian) grid
• ERA5/ERA5T on interpolated (rectangular grid)

Analysis overview
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Analysis: 2024 Jul-Oct Wind Speed and Solar Radiation Differences 
from the ERA5T-ERA5 Alps-Region Snow Depth Issue (2/9)

References [5]

Relative deviation [%] between ERA5 and ERA5T for monthly average wind speeds at 100m (July 2024).
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Analysis: 2024 Jul-Oct Wind Speed and Solar Radiation Differences 
from the ERA5T-ERA5 Alps-Region Snow Depth Issue (3/9)

References [5]

Sample statistics for 4 different climate variables for ERA5/ERA5T- Alps Region and the Globe (July 2024)
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Analysis: 2024 Jul-Oct Wind Speed and Solar Radiation Differences 
from the ERA5T-ERA5 Alps-Region Snow Depth Issue (4/9)

Sample statistics for 4 different climate variables for EMD-WRF Europe+ Alps Region and the EUR+ Domain (July 2024).
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Analysis: 2024 Jul-Oct Wind Speed and Solar Radiation Differences 
from the ERA5T-ERA5 Alps-Region Snow Depth Issue (7/9)

EMD-WRF Europe+: Map shows absolute difference in percent (%) on monthly average wind speed (July 2024)

Legend(%)
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Analysis: 2024 Jul-Oct Wind Speed and Solar Radiation Differences 
from the ERA5T-ERA5 Alps-Region Snow Depth Issue (8/9)

Distance is minimum to:
x1: E8.2 N46.4; x2:  E10.5 N46.7
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Analysis: 2024 Jul-Oct Wind Speed and Solar Radiation Differences 
from the ERA5T-ERA5 Alps-Region Snow Depth Issue (9/9)

Left: EMD-WRF Europe+ Full Domain Right: EMD-WRF Europe+ Alps Domain

ERA5T vs. ERA5 for August 2024 (EMD-WRF Europe+ Mesoscale Data)

Plot: Standard Matplotlib Box-and-Whiskers, with Quantiles and 1.5xIQR + outliers beyond.
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Summary of findings

Monthly Averaged Wind Speeds

• These differences are below 0.10m/s–0.15m/s for most of the domain, except for the Alps region in a 
range of 100km-200km from the area with the erroneous snow depths .

• The difference is slightly less for raw ERA5/ERA5T and slightly more for EMD-WRF EUR+ mesoscale data
• The largest relative deviations are in the tropics where wind speeds are small.
• Individual locations may exhibit ‘outlier’ behaviour – especially in the affected Alps region where individual 

locations may have 0.5m/s to 2.0m/s difference in monthly average wind speed

Individual Time Step Wind Speeds

• ERA5/ERA5T: Differences between the model runs exceed 10 m/s.
• EMD-WRF Europe+: The difference is about double of that from the raw data, with
    largest differences in the alps region.
• These differences are caused by a slight shift in the position of the fronts together

with small differences in magnitude (from the inner-workings of the reanalysis model).
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Conclusions

Consider your use-case and site-location. 
(Take action – if required)

ECMWF note is correct, mainly surface parameters are affected. 
Differences get bigger the closer you are to the erroneous data area.

Keep data consistency – update your data when ERA5 final data becomes available.
(help your future you)
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Questionnaire (2/2) – Results A – 22 responses
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Questionnaire (2/2) – Results B – 22 responses
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Analysis: 2024 Jul-Oct Wind Speed and Solar Radiation Differences 
from the ERA5T-ERA5 Alps-Region Snow Depth Issue

Distance is minimum to:
x1: E8.2 N46.4; x2:  E10.5 N46.7
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Re-visit previous ERA5/ERA5T Event from December 2021 

References [2]
Figures: EMD [2]
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How are data included in reanalysys?

References [6]

Image credit: 
ECMWF Fact sheet – Reanalysis [6]
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What source data are available for reanalysis?

References [3, 4]

Observations assimilated in MERRA2 (top) and 
MERRA (bottom) datasets for the 
period 01.1980 until 12.2014. 
Units are millions per 6 hours. 
From Bosilovich et al. [4].
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