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Atmospheric Dynamics Mission - Aeolus 
Atmospheric Laser Doppler Instrument

- Launch: 22 August 2018
- Sun-synchronous orbit
- Mean altitude ~320km
- Local time 18:00 ascending node
- Inclination: 96.97deg
- Repeat cycle 7 days / 111 orbits
- Orbits per day ~16
- UV Doppler wind LIdar at 355 nm
- Two receiver channels:

Mie receiver: aerosol and 
cloud backscatter
Rayleigh receiver: molecular 
backscatter

The Line-of-Sight points:
- 35 deg from nadir to derive horizontal wind 

components
- orthogonally to the ground orbital track 

velocity vector to avoid contribution form 
satellite velocity

NWP models use Level 2B product - pressure and 
temperature corrected HLOS wind profile product,
starting 9 Jan 2020 at ECMWF   
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Figures from ESA and Mike Rennie



UNDERSTANDING THE AEOLUS DATA
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Aeolus Observation Errors = f(HLOS Error Estimate)

MetOffice
OE_Mie=0.7*HLOSEE+2.9 -> OE_Mie=1.4*HLOSEE+1.7
OE_Pay=2.0*HLOSEE+1.4

AOML/NCEP adopted ECMWF’s OE (as of 2019)
OE_Mie=2*HLOSEE 
OE_Ray=1.4*HLOSEE

IR AMVs Observation Errors - NCEP, NRL, MetOfficeAOML/NCEP GFS/GSI EXPERIMENTAL SETUP

● August-October 2019
● Control - low-res experiment with NCEP’s full DA 

observing system , C384 (~25 km)/ C192 (~50 
km) , 127 levels ( up to 80 km)

● Experiment 1 - add Aeolus ( focus on TC Lorena)
● Experiment 2 - add Aeolus + Var QC (VQC)
● Compare O-B RMS, bias, counts
● Compare forecast to TC Track, Surface Pressure, 

and Wind

Hurricane Lorena
near  Baja California
September 20, 2019
Credit NASA



● Focus on improving TC analysis and forecast in NOAA operational FV3GFS and HWRF
● Complex synoptic features in TC  with regions of strong gradients in fields near the TC environment -

motivates advanced DA strategies

Aeolus HLOS
Mie-cloudy+Ray-clear

TC Lorena
GOES-W IR

with ECMWF recommended static QC and HLOS OE + Static BC

FV3GFS Analysis : AEOLUS_DA–CNTL - TC Lorena: Sep. 17-22, 2019



FV3GFS: verification against National Hurricane Center best TC - Track, Surface Pressure, and Wind

● Initial degradation on track followed by improvement
● Error reduction in Pressure forecast
● Composite wind speed for 3 storms: Aeolus closer to NHC actual wind
● but… High case-to-case variability in FM-A/FM-B TC assessment

Outliers or good quality data near the TC?
Suboptimal observational weight assignment prior to minimization: Rejecting good/assimilating bad obs near the TC where 
they have a better chance at impacting the synoptic environment! 

Red: Control
Green: Aeolus

Black: NHC Best



Assimilate what you can, reject what you must!
Power of Assimilation: St. John Henry Newman

● Even good quality data show significant departures from the pure Gaussian form 
● Current Gaussian-based operational data assimilation may not be sufficient 
● New VarQC scheme in NOAA/NCEP GFS was extended to the Aeolus DW observation operator 
● Var QC is based on Chevron-family or Huber probability density functions
● Suited for unimodal and leptokurtic distributions (taller peaks and broader tails than a pure Gaussian)
● Requires Variational Quality Control (VarQC) parameter tuning

● We hope that by assigning adaptive weights to AEOLUS observations near the TC inner and outer cores, 
minimization can achieve synergy between HLOSEE based OE, observational weights, the background, 
and the analysis

Variational Quality Control



O-B PDF’s after static QC+BC
Aeolus Rayleigh-clear
Valid: 2019080318

Aeolus Mie-cloudy
Valid: 2019080518

● Developed i) accurate probability model for the Aeolus observations from O-B values ii) Bias Correction (“M1” 
principal mirror temperature bias correction, ECMWF) coefficients (weekly, applied the following week)

● Statistical assessment on Mie-cloudy and Rayleigh-clear innovations statistics indicate departures from the 
pure Gaussian form - unimodal and leptokurtic distributions, with some asymmetry

● Aeolus assimilation may benefit from advanced Var QC by assigning adaptive weights to observation outliers, 
depending on the observation increment and probability of gross error

● Purser, et. al. 2019 Var QC (implemented in GFS, 2021) was adopted for Aeolus



CONTROL

Polar IR AMVs
GEO IR AMVs



AEOLUS AEOLUS+VQC



Improvement
Degradation

TC Forecast metrics scorecards for track, wind speed, MSLP, various radii of 
storm intensity winds in FV3GFS with AEOLUS and Aeolus+VarQC wrt to 

CONTROL



CONCLUSIONS

● FV3 GFS forecasts of Tropical Cyclones, when using ECMWF static QC showed positive 
impact from assimilating Aeolus winds profiles

● Utilizing Variational Quality Control with assimilating Aeolus winds profiles and keeping more 
observations appears to be beneficial to short term FC of TC

● Nominal Aeolus mission operations concluded on 30 April 2023. Aeolus wind profiles were 
not assimilated operationally in the  NCEP GFS DA system because of the mission lifetime 
(3 years), however Aeolus’ longevity and this work laid the foundation for operational use of 
Aeolus-2 (Fingers crossed!)
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