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II. Impact of Aeolus observations on forecast skill
based on data denial experiments using the ICON model of DWD

I. Validation of Aeolus winds using radiosonde observations and 
NWP model equivalents (from ECMWF IFS and DWD ICON model)

• time period: July 2020

• Rayleigh clear and Mie cloudy winds are used

• bias correction as function of latitude for five different height levels

First evaluations show overall positive impact 
of Aeolus observations​

Largest reduction in RMSE occur in polar 
regions (mainly on NH) and tropical 
stratosphere



Aeolus L2B wind observations: Rayleigh clear winds Mie cloudy winds

Radiosonde observations from GOS between 23.5°N and 65°N

Model equivalents ECMWF IFS (O-B)

Model equivalents DWD ICON (O-B)

I. Validation of Aeolus winds using radiosonde observations and NWP model equivalents: reference data sets

Δt < 90 min

Δx < 120 km

Δz < 500 m

Collocation criteria:

using nearest O-B value per radiosonde collocation
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with a L2Bp error threshold of 8 ms⁻1 for Rayleigh and 6 ms⁻1 for Mie sufficient data can be used, while having no inconsistencies in data quality​
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I. Validation of Aeolus winds using radiosonde observations and NWP model equivalents:
validation results for Rayleigh ascending

Rayleigh ascending : FM-A (09/2018 - 06/2019)

syst. di fference sca led MAD​​
Aeolus wind 
ins trumental 

error

RS Val ​​ 2.3​​ ms-1 5.6 ms-1 4.6 ms-1

ECMWF​​ 2.2​​ ms-1 4.9​​ ms-1 4.5​​ ms-1

DWD​​ 2.3​​ ms-1 5.1​​ ms-1

ECMWF (global)​​ 2.1​ ms-1 4.8​​ ms-1 4.5 ms-1

Rayleigh ascending : 
FM-B period after mirror telescope bias correction 

syst. di fference sca led MAD​​
Aeolus wind 
instrumental 

error

RS Va l ​​ 0.4 ms-1 6.4 ms-1 5.8 ms-1

ECMWF​​ 0.3​​ ms-1 5.9​​ ms-1 5.7​​ ms-1

DWD​​ 0.3​​ ms-1 6.0​​ ms-1

ECMWF (global)​​ 0.2 ms-1 5.8​​ ms-1 5.6 ms-1

to achieve an estimate for the Aeolus instrumental 
error, the representativeness errors for the 
comparisons are determined using COSMO-DE 

analysis and high resolution ICON LEM simulations.

For more details, see:

https://doi.org/10.5194/amt-14-2167-2021

https://doi.org/10.5194/amt-14-2167-2021


4

• model: deterministic version of ICON based on R3B07 grid (∆x≈13 km), ensemble version ICON-EPS based on R2B6 grid (∆x≈40 km)

• time period: July 2020

• Rayleigh clear and Mie cloudy winds are used

• Rayleigh winds with L2Bp error larger than 8 ms-1 are discarded

• Mie winds with L2Bp error larger than 6 ms-1 are discarded

• HLOS winds lower than 1000 m are rejected

• bias correction as function of latitude for five different height levels

• forecast experiment:

• control run without Aeolus observations (CTRL)

• experiment with Rayleigh clear and Mie cloudy wind observations

II. Impact of Aeolus observations on forecast skill based on data denial experiments using the ICON model of DWD
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• bias correction as function of latitude for five different height levels is able to reduce height dependent bias of Rayleigh winds

BIAS Aeolus (Rayleigh)
without bias correction

BIAS Aeolus (Rayleigh)
with bias correction
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BIAS Aeolus (Rayleigh)
without bias correction

BIAS Aeolus (Rayleigh)
with bias correction

TROPICS SH midlatitudes

II. Impact of Aeolus observations on forecast skill based on data denial experiments using the ICON model of DWD



II. Impact of Aeolus observations on forecast skill based on data denial experiments using the ICON model of DWD

Differences in forecast error of wind speed are largest

in polar regions in the upper troposphere and in the tropics in the lower stratosphere



II. Impact of Aeolus observations on forecast skill based on data denial experiments using the ICON model of DWD

RMSE with lead time of zonal wind component, separately for different climate zones:



II. Impact of Aeolus observations on forecast skill based on data denial experiments using the ICON model of DWD

Relative difference in RMSE of wind speed, zonal wind, geopotential, temperature and relative humidity for different climate zones

largest reduction in RMSE in polar regions (mainly on NH) and in the tropical stratosphere



II. Impact of Aeolus observations on forecast skill based on data denial experiments using the ICON model of DWD

Differences occur, when verifying with analysis of CTRL (----) instead of analysis of Aeolus experiment ( __ )

especially for wind speed and wind components in the tropics and polar region of SH



SUMMARY AND OUTLOOK

I. Validation

• Comparisons of Aeolus winds with radiosonde observations on NH show good agreement with O-B statistics around 

collocation points using the global ECMWF IFS model and DWD ICON model

• Aeolus instrumental error is estimated by determining the representativeness errors of the comparisons using high 

resolution analysis data

II. Data denial experiments

• First evaluations show overall positive impact of Aeolus observations

• Largest reduction in RMSE occur in polar regions (mainly on NH) and tropical stratosphere

• More accurate verification method should be found –> radiosonde observations, reanalysis datasets from ECMWF

• Experiments are planned to be extended until September 2020

• A further experiment is running without bias correction to investigate the effect of the height dependent Rayleigh bias 

on the forecast skill


