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Examples of Aeolus Level-2B
horizontal line-of-sight (HLOS) winds
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A very windy day in north-west Europe (10/3/2019)
o

Photo from my garden near Reading:
apart from low level clouds, sky was clear

What Aeolus observed (Rayleigh + Mie winds) near the low

Polar front jet
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Rayleigh and Mie winds are complimentary

Mie-cloudy L2B HLOS winds Rayleigh-clear L2B HLOS winds
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Aeolus use in NWP at ECMWF
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Aeolus use in global Numerical Weather Prediction at ECMWF

« We have demonstrated positive impact in Observing System Experiments (OSESs) for three
different periods

— However, magnitude of the impact is smaller than hoped for pre-launch, due to:

- Data quality is not as good as expected pre-launch i.e. noisier winds, larger biases than
expected

* Larger noise is an instrumental issue that on ground processing cannot resolve (lower laser
energy than expected and unexpected signal loss in receive path)

 Have developed a bias correction scheme for Aeolus as part of the ECMWF data
assimilation system to allow use in operations — since 20" April 2020 this no longer
needed

* But NWP impact is still good for one instrument on one satellite, compared to other
satellite instruments

« Hence Aeolus Level-2B HLOS wind was operationally assimilated since 9t January 2020

- Other NWP centres, such as DWD, Met Office, Météo-France, US agencies are also
showing positive impact from Aeolus
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L2B HLOS (horizontal line-of-sight) wind data assimilation

« ECMWE Observation operator: HLOS wind operator (point-wind version)
— Interpolation of model wind (u,v) to obs geolocation point
— Calculate HLOS wind from model (u,v)
— Dot product of wind vector with laser pointing unit vector
 Weaknesses:
— HLOS wind assumed to be a “point” observation rather than actual spatial average

 However ECMWF model effective resolution is 4-8 times the grid spacing (~36-72 km
horizontally), so may not matter

« Probably more important to consider the Aeolus’ vertical averaging

— Ignores vertical wind component w (should be close to zero over e.g. 80 km averaging, but
may be important in certain conditions e.g. convection, gravity waves)

— L2B Rayleigh wind retrieval uses a priori knowledge of T, p (a small dependence on ECMWF
model) due to Doppler broadening, but is not important compared to other errors sources

« Assigned observation error is a function of the L2B processor estimated instrument error — now
being refined to include representativeness error for Mie

Vyros = —usin® — vcos®
@=azimuth angle of line-of-sight

< ECMWF



Altitude, wrt geoid (km})

Global HLOS wind O-B departure statistics for L2B Rayleigh-clear, 10
orbits on 21/1/20
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Rayleigh wind error, HLOS (m/s)
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I Global HLOS O-B statistics for L2B Mie-cloudy, 10 orbits on 21/1/20
« Global average bias is reasonable and

R stable with time
i m[OB] 1 |» Global average robust std. dev. (O-B):
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Long term trends in quality of operationally produced Level 2B winds

Rayleigh-clear; global, whole profile Relaxed QC: |0 — B| > 15 m/s rejected
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Mie-cloudy; global, whole profile QC: |0 — B| > 10 m/s rejected
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A major breakthrough in Autumn 2019: explanation was found for dominant
source of Rayleigh wind bias which varies on less than one orbit time-scales

* Investigations showed Rayleigh wind bias, which varies along the orbit, is strongly
correlated with the ALADIN telescope primary mirror temperature variations

« Temperatures vary due to varying Earthshine and the mirror’s thermal control
— Temperature variations correlate with outgoing SW and LW radiation

* Mechanism: thermal variations alter primary mirror shape, causing angular changes
of light onto spectrometer, causing apparent frequency changes

* Bias correction using measured telescope primary mirror temperatures was
demonstrated to work in offline testing and was implemented in operations on 20 April

2020

< ECMWF 16



Rayleigh has large biases which vary with geolocation
Ascending orbit phase e.g. 6/8/2019 to 7/9/2019 Average M1 telescope mirror temperature
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Regression of <O-B> versus M1 temperature function
Best results on 8/8/19 obtained with:

Outer temp. average: AHT-27, TC-20, TC-21

Inner temp. average: AHT-24, AHT-25, AHT-26, TC-18, TC-19
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Example of bias correction

HLOS wind mean(0-B), m/s
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Effect of M1 temp. bias correction (new L2B processor) on Rayleigh data for 5/4/20

Without M1 bias correction With M1 bias correction
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Assessment of Aeolus NWP impact at ECMWF

* Observing System Experiments

« Three periods have been investigated so far
1. September 12! to October 16t 2018 (early FM-A (first laser))
2. April to June 2019 (end of FM-A period)
3. Focus today on: August to December 2019 (FM-B (second laser))

< ECMWF
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NWP impact of Aeolus with FM-B laser — August 2" until 315t December 2019
« Experiments with operational Level-2B data, and full observing system for other data

* Tc0399 (=29 km model grid)

 Test data used does not have M1 bias correction, therefore apply bias correction to ECMWF model
wind as function of “orbit phase angle” and longitude

 Assigned observation errors use L2Bp instrument noise error estimates

— Simple model: multiplicative factor to get more agreement with Desroziers diagnostics

< ECMWF



Bias correction using the ECMWF model as a reference

» Implemented bias correction scheme: <O-B> vs. “orbit’s argument of latitude” and longitude, look-
up table

« Updates to bias correction look-up table done every few days in experiments

* Mie biases stable with time and do not require the longitude dimension
Example of how Rayleigh

biases varied during the FM-B
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Changes in the u-wind analysis at 250 hPa (~10 km) due to assimilating

Aeolus Rayleigh-clear+Mie-cloudy winds (for August to October 2019)
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Mean change in analysis u-wind at 150 hPa (~15 km) due to Aeolus — suggests

Aeolus Is correcting model biases here
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Pressure [hPa]

Background fit to other observations when assimilating Aeolus (Rayleigh-clear +
Mie-cloudy) — results of OSE (for period 2/8/19 to 31/12/19)
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Background fit to other observations when assimilating Aeolus

Important MW and temperature/humidty sensitive data
Global, GPS radio occultation

Global, ATMS (microwave radiances) (bending angles)
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Vector wind root mean square error impact of Aeolus (Rayleigh-clear + Mie-cloudy)
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Another metric: Zonal average view of Aeolus Forecast Sensitivity Observation
Impact (FSOI) — short range forecast impact on global dry energy norm

Results from operational assimilation
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Ground-Based Radar

DRCP Sonde

Abbreviated SHIP

SHIP

Mohile TEMP

DRIBU

EUFR TEMF DROP

NOAA 18 AVHAR IR AMY
COSMIC-6 GPSRO

NOAA 15 AVHER IR AMY
Automatic SHIP

NOAA 19 AVHRR IR AMY
METOP-C AMY

METOP-E AMY

METOP-& AMY

AQUA MODIS AMY

BUFR LAND PILOT

NPP AMY

GOES 15 GEOS Radiances

BUFR SHIP TEMP

Dual-Metop AMYs

TanDEM-X GPSRO

BUFR MOORED BUOYS
METEQSAT 11 &MY

METECSAT 11 GEDS Allsky Radiances
FY-3B MWHS Radiances
Automatic Land SYHOP
TerraSAR-X GPSRO

KOMPSAT-5 GPSRO

AIREP

Land PILOT

FY-3C GPSRO

Automatic METAR

BUFR SHIP SYNOP

METAR

GOES 16 AMY

Manual Land SYNOP

DMSP 18 55MIS Radiances All-sky
METOP-C GPSRO

METEOQSAT 8 GEOS Allsky Radiances
AQUA AMSUA Radiances
METOP-B GPSRO

GOES 16 GEOS Radiances
METOP-A GPSRO

MHS NO&AA 19 MHS Radiances All-sky
Eurppaan Wind Protiler
METECSAT & AMY

NCaA 18 AMSUA Radiances
GOES 17 AMY

MHS METOP-B MHS Radiances All-sky
MHS METOP-A MHS Radiances All-sky
MHS METOP-C MHS Radiances All-sky
Metop-C ASCAT

METOP-A AMSUA Radiances
GLOM-WL AMSR-2 Radiances All-sky
Hirmawari 8§ GEOS radiances

GPM GMI Radiances All-sky
METOP-4 ASCAT

METOP-B ASCAT

Land TEMP

NOAA 19 AMSUA Radiances
METOP-E AMSUA Radiances
FY-3C MWHS2 Radiances All-sky
FY-3D MWHS2 Radiances All-sky
NCAA 20 ATMS Radiances
AMDAR

ELUFR LAND SYNOP

Hirnawari B AMY

NPP CRIS Radiances

METOP-C AMSUA Radiances
NCaA 15 AMSUA Radiances
NOAA 20 CRIS Radiances

EUFR LAND TEMP

DMSP 17 S55MIS Radiances All-sky
BUFR DRIFTING BUOYS

AGQUA AIRS Radiances

AEOLUS HLOS Wind Level 2B
METOP-C 1AS] Radiances
METOP-B IAS| Radiances

MPP ATMS Radiances

WIGDS AMDAR

B  :colus in operations (0001)

Global relative FSOI
split by instrument

types

Aeolus does

<+« well

8403
3084
12376
18135

56324
69441
75356
48094
140855
59744
112785
102696
112681
36374
164323
105415
142307
102054
35583
36364
42516
196445
214231
412034
483223
435689
52953
48250
114622
1131795
221272
156519
1491352
I06EI4T
189594
9728
1252233
88131
2564271
2593908
432117

[
Relative FSOI [%)

el in A aratione (NODTY

Ohservations per Fusla in &

R e——

Microwave WV

9-Jan-2020 to 22-Jan-2020

Other

Pilot
Profiler
Buoy

Wind lidar
GPSRO
Scatterometer
Sonde
Synop

AMV
Infrared WV
Infrared T
Aircraft

Microwave T

I Acolus in operations (0001) |
Global relative FSO

split by observatior
groups

Good for one

satellite

Aircraft obs

10
FSOI [%]

Relative
-0.8
EEN 0001_2020011000-2020013112
_'U.? 4
= —0.6 1
=3
‘gwﬁ— |
2 Global FSOI
w
=]
Q
g -0.3 - per I
3 observation

[ B U T AV R RV T B o Y- Y VoL obeh>>rg}k oo
OEEijIIEWEWOtOmiomﬂooodoxg
£ UnkE E =Ea Y IEZ By EQ =23 DF 20N

s < nE =Zgp¥YsErFo<d<zpoola @



Recent results — Mie impact can be increased with improved assignment of
observation error (including representativeness error)

Mie-only impact on vector wind for 2 August to 26 December 2019 0w +4%
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Summary of Aeolus NWP impact assessment at ECMWF (so far!)

» Aeolus impact assessment
— OSEs have shown statistically significant positive impact in tropics and at poles

— FSOI from operations shows Aeolus is a useful contribution to Global Observing System
« Shows benefit of direct winds

— Aeolus is only <1% by number of obs assimilated (more wind profilers needed)

— Rayleigh winds are providing most of the tropical impact (OSE and FSOI agree), but Mie impact
Is improved by more realistic observation error modelling

— Early FM-B (with more signal) shows larger impact than in late FM-A period
« Smaller wind errors hence more weight in data assimilation

 Suggests if we could somehow get back some of the missing factor 2-3 of photon counts,
Impact would be much greater, especially when solar background noise is large

« (Good impact had relied on bias correction using the model as a reference (particularly for
Rayleigh channel)

* However upcoming operational processor (telescope temperature dependent bias correction)
reduces the model reliance

— There is still plenty of scope to improve the impact, both in processing the observations
and in the assimilation methods



