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A Consolidated Assessment of the Impact of
Aeolus Winds in NWP at ECMWF

By Michael Rennie (ECMWF and ESA Aeolus DISC)
16t" International Winds Workshop, 11 May 2023

Thanks to: DISC colleagues, Giovanna De Chiara (ECMWEF) for tropical
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Outline

* Overview of L2B HLOS wind data quality during the mission

* Some recent NWP impact results:

* Observing System Experiments:
* Reprocessed early FM-A laser period (2018/19)
* Recent FM-A laser NRT period (2022/2023)

* FSOI since July 2019

* Consolidated assessment of impact during mission and predictions for better
data quality
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Aeolus Level-2B HLOS (honzontal I|ne of—5|ght) wind data quality

Mie-cloudy

* Noise quite stable and
small compared to

Rayleigh-clear

' ¢+ But data count variable | §

with signal levels/aerosol| S

load

Rayleigh-clear

» Large variability of random
errors (variable signal levels)

 Recent NRT FM-A laser good
(best processing, reduced
readout noise, reasonable
signal)
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NWP impact
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Early FM-A laser OSE (reprocessed): 4/9/18 to 13/1/19 & 14/2/19 to 4/6/19
Vector wind RMSE (+5%) Temperature RIVISE (£5%)

1 (0] T+48 2 days T+72
Ti2 (2 days) Lz Z500 RMSE improved by 1-2% at ei2days) .
© P . © 10 : ] © ©
a 4 a : . - o o
o RPN day 4-5 ¢ g
2 HHy H 3 400 : q g s Z:SH-90°10 -20°, 500nPa - Z: NH 20° to 90°, 500hPa 2 : 2
e ; } —— X —— ° o
t%’ iF é_") 700 i o FHH & oo
HH : i oo g 004 0.04F HE "
90 60 -30 0 30 60 90 -9 -60 -30 0 30 60 90 5 (g 0.02 90 60 30 0 30 60 90 -9 60 30 0 30 60 90
Latitude Latitude e ’ Latitude Latitude
©
1 T+96 1 T+120(5days)  § OOFR LT [T oo 1 T+96 T+120 (5 days)
S e 5 v M
+ e -0.02 .
s 10 s 1 © 5 « 10F § ©
%_ 100 a,“t P % Z 004 —0.04F % 100f t,i'( I‘:;%&HL ¢ o % 100 Q. +1+ﬁ + +
g - T et B et | K “izveh B B r
8 : 4 8 ~ 8
a 700 ’:é_ : P a Forecast day Forecast day a  700p *l " b ‘ o 700
1000 E : 1000 L= AN e 1000
-90 -60 -30 3 60 90 -9 -60 -30 0 30 60 90 -90 -60 30 0 30 60 90 -90 -60 -30 p 3 60 90
Latltude Latitude Latitude Latitude
1 T144 168 Mie-cloudy winds cause 1 TH144 1 T+168
1 . . 1
10 ] 10} » 10 y
g o e o g W, _ degradation in stratosphere — £ ol , A £ o, ol 1
o | o s 1 ’ & 1
g ‘ g _r . ) _
g 400 o 1 erhaps overfitting in troposphere g 0 :
2 2 £ ‘ £ 700
a 700 4{ o . . a - o 4
1000 1 | (generating gravity waves) . 0 o0l |
-90 60 -30 0 30 30 0 30 60 90 . . 90 60 -30 0 30 60 90 -9 60 30 0 30 60 90
i i Latitud Latitud
Lauce Latuce New tighter first-guess check QC e wluoe
T+192 T+216 (9 days) . h | - 1 T+192 1 T+216 (9 days)
! o 1 IS helping. & [ o ‘
s 10 s 10 - . s 10} . R T
£ 100} e £ 100} ' T+24 T+24 £ 100} ' £ 100§
s s 1 == 1 — g g t
5 5 t + _"}»‘-r . [ : 5 5 f
@ 400fF % 400F s 10':ﬁ:‘; A -H{ py & < 10} i § 400-‘ t § 400F
5] ¢ %2 a —~ o rut hat
& 700 & 700p < 100 L > : < 100} . i & 700} & 700}
1000 1000 2 aoof & ‘ 2 400-' WY oF 1000 1000 ' )
-0 60 -30 0 30 60 90 -9 60 30 0 30 60 90 3 !fu 2 S -9 60 -30 0 30 60 90 -9 60 -30 0 30 60 90
Latitude Latitude a 700} E- a 700} Latitude Latitude
L 1000L_2% § 100004 "
: > g 3 2 90 60 30 0 30 60 90 %0 60 30 0 30 60 90 i H i
5% ° <= +5% Lathue e Verification against

ECMWEF oper. analysis

5-0 FG-check ~3.5-0 FG-check

w ECMWI EUROPEAN CENTFe+orrcoromwrrawvocvverre? FORECAS!<




Aeolus improves tropical cyclone intensity (central pressure) by a small amount
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A good sample of Mie winds from Hunga Tonga-Hunga Ha‘apai eruption plume was produced
31Janto 1 Feb 2022 -
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Recent FM-A period OSE (1 Dec 2022 to 30 Apr 2023). Better impact than end of FM-B

period due to improved signal levels
Vector wind RMSE Temperature RMSE (£5%)
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Rayleigh-cloudy winds (recently improved with low bias) improve short-range humidity
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Short-range forecast impact by Forecast Sensitivity to Observation (FSO) time-series

-FSOI (107°Jkg1)

Aeolus absolute FSOI, global
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Impact with recent FM-A laser increased by ~60%
compared to end of FM-B — thanks to better signal
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ECMWEF recent operational relative FSOI (1 Jan to 30 April 2023)

Data counts by group
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Smaller (better) Rayleigh-clear random errors increases the FSOIl impact

Rayleigh-clear FSOI vs noise stats  patacount ° FSOI improves with smaller Rayleigh-clear
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Consolidating Aeolus impact over many OSEs
Smaller (better) Rayleigh-clear random errors increases the OSE impact

Global NWP impact metrics at day 4: 37 (FM-A); 2" reprocessing (FM-B); and NRT-processing until Feb
2023 (FM-B and FM-A)

Day-4 forecast RMS error reduction from long OSE split into periods of several-months Day-4 forecast RMS error reduction versus Rayleigh-clear noise
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impact could more than double with random

P errors ~2 m/s
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Summary

= Data quality varied during the mission due to varying signal levels and ground processor versions
= Reprocessed early FM-A laser data (2018/2019) also shows a good NWP impact for one
satellite instrument:
= Positive impact on wind, temperature and humidity
= Largest impact in tropics and polar regions; into medium range
= FM-A showed 1-2% improvement in 500 hPa Z at day 4-5
= Highlights continuing need for more wind profiles

= Provided useful NWP impact until last available operational data
= A small additional benefit for humidity with Rayleigh-cloudy winds
= Several methods agree that ~2 m/s 1-¢ random error for Rayleigh-clear HLOS winds (rather
than more typical 6 m/s for Aeolus) should at least double impact

= This level of noise is aimed at with the ESA/EUMETSAT operational follow-on mission
(Aeolus-2/EPS-Aeolus)
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Thanks for listening, any questions?
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NRT HLOS wind quality gradually improved, e.g. recent processing algorithm

update ....
P L2B Mie-cloudy O-B (ECMWEF) statistics, global, versus altitude
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* 0p_p was improved by ~25% and smaller biases with B16 vs B15

e Data counts reduced by 13% due to improved QC in L2Bp — better detection of gross-
errors

* Expect more improvements in future reprocessing (despite end of operational data)




L2B Rayleigh-clear O-B statistics, global, versus altitude
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Stdev(O-B) is improved by 4% with B16 vs B15

* L2B product estimated error (used in assimilation) increased by ~8% which is a more realistic error estimate
* More data (+4.5%) due to L1B fix for range-bin 15 (fake hot-pixel issue)

* B16 will be used in fourth reprocessing campaign (in preparation), covering the whole mission




First part of 39 reprocessing (FM-A laser): 4 Sept 2018 to 13 Jan 2019

Vector wind RMSE
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Second part of 3" reprocessing (FM-A): 14 Feb to 4 Jun 2019

Lower stratosphere better —
range-bins more suited to NWP

Vector wind RMSE Temperature RMSE (+5%)
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Comparison reprocessed data OSEs for different periods

(+4% scale)

nd reprocessing, FM-B, B11, 29/6/19 - 9/10/20
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Strangely, best tropical cyclone position error result from low signal period

OSE for Dec 2021 to Sept 2022
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Other reprocessed periods show
neutral impact

~5% improvement at day 3-4
Seems robust due to large
sample of tropical cyclones
(149 to 215)



Comparison of vector wind RMSE different periods (+5% scale)
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Similar patterns of positive impact (to day 6) — but stronger for 2019 FM-B (best SNR)




Even some positive impact with large Rayleigh noise at end of FM-B period OSE (Dec 2021-

Sep 2022)
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Short-range forecast impact by Forecast Sensitivity to Observation (FSO) over mission

Time-series of Aeolus absolute FSOI, global

Aeolus FSOI per area (Jan 2020 to June 2022)

-FSOI (10~5/kg~1)
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ECMWEF FSOI statistics: _2nd_reproc_and_oper_global_20190701_20230430
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