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Until recently the main products delivered by Aeolus L2B processing were Rayleigh winds in clear air atmospheric conditions 

and Mie winds in cloudy and dense aerosol conditions. Potentially, also Rayleigh winds can be obtained in cloudy conditions 

which provide an independent data source for use, e.g., in data assimilation. In fact it was shown in [1] that Rayleigh winds 

are expected to be less sensitive to height assignment errors than Mie winds. 

 

1. Introduction 

The main challenge for Rayleigh wind retrieval in cloudy conditions 

is the Mie contribution to the Rayleigh channel signal (cross-talk), 

bearing in mind that Aeolus processing of Rayleigh channel data 

assumes that the data are measured in clear air conditions. 

 

Figure A. Measured signals on Rayleigh channels A and B in the presence of a cloud. 

 

2. Rayleigh channel wind processing 

The Rayleigh Response is defined as 𝑅𝑅 = (𝐴 − 𝐵) (𝐴 + 𝐵)⁄ , with A 

and B the measured signals on the respective Rayleigh channels, 

see Figure A. The Rayleigh Response in clear air conditions is a 

function of temperature (T), pressure (P) and the Doppler shifted 

frequency (Δf) induced by atmospheric scattering of molecules 

which move with the ambient wind: RR(P,T,Δf), see Figure B. The 

(H)LOS wind component is obtained through LOS =  −Δ𝑓/2, HLOS =

LOS/ sin 𝜃, with  the laser wavelength of 355nm and θ the laser 

beam local incidence angle. 

  

Figure B. Left, Rayleigh Response calibration curves. Each curve corresponds to a (T,P) 

combination, i.e., a total of 17x11 = 187 curves. T and P are obtained from an NWP model 

forecast. The inset in the top right corner is the correction discussed in section 3. Right, the 

Rayleigh Response correction, as a function of scattering ratio. 

To account for Mie contribution a Rayleigh Response correction is 

needed, which was empirically determined as a function of the 

scattering ratio, : Δ𝑅𝑅 = 𝑎(1 − 𝑒−𝑏(𝜌−1)) [2], see the right panel of 

Figure B. The Rayleigh-cloudy wind statistics in the left panel of 

Figure D show an overall very small bias. 

 

3. Altitude varying bias 

Rayleigh winds have shown an altitude varying bias during most of 

the Aeolus mission, see Figure C and the left panel of Figure D. 

Currently, strategies are being investigated to correct for this bias 

through shifting the calibration curves to the left or right based on 

NWP calibration (see inset in the left panel of Figure B) or shifting 

the curves up or down as part of the existing calibration suite. The 

result is in the right panel of Figure D. The tool for correcting the 

altitude varying bias is under development and will be part of the 

5th reprocessing activity, which will start later in 2025. 

Figure C. Altitude varying bias (m/s)/km for Rayleigh-clear winds during the complete 

mission period. Blue lines denote the change of the on-board flight model (FM), green lines 

the change to new calibration files. 

Figure D. Rayleigh-cloudy wind statistics before (left) and after (right) correcting for the 

altitude varying bias (magenta/blue curves). Statistics are for a one month period. 

4. Conclusions 
(1) In preparation of Aeolus-2 (EPS-Aeolus) a better 

understanding is needed on the relation (differences) between the 

signals measured by the instrument internal and atmospheric 

paths to generate calibration tables resulting in bias-free Rayleigh 

winds. (2) The addition of a 4th dimension (scattering ratio) to the 

Rayleigh Response calibration table may be considered to better 

account for Mie contribution in Rayleigh channel data: 

RR(P,T,Δf,). (3) Further research is needed to demonstrate the 

smaller height assignment error in Rayleigh-cloudy winds 

compared to Mie winds. This is a challenge given the relatively low 

SNR of Aeolus data, which is expected to be better for Aeolus-2. 
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