The impact of Aeolus winds in global NWP at ECMWF

15t IWWG workshop (virtual meeting)

by Michael Rennie, Lars Isaksen (ECMWF)
Acknowledgments: Aeolus DISC team and ESA

-5

(K o L | 3

{cesa EIRL BT VLN

European Space Agency

S

1”4 -243 -362 -480 -595 -70.7 -79.7 -79.1 -696 -584 -468 -350 -231 -11.2 08
L 1632 -165.4 -167.9 -170.9 -1748 1794 1680 1350 658 371 264 208 171 142 117 94

..’t. a e o I u S (a) L2B Rayleigh-clear HLOS winds
' 4 iy
w EC MWF T © ECMWF April 1, 2021

0.4 2:1 -243 -36.2 -48.0 97 -79.1 -696 -584 -468 -350 -231 -112 08
L 163 16 -167.9 -170.9 -174.8 1794 1680 lJ 0 6 8 371 264 208 171 142 117 94

-113 -73

-32 8 49 89 130

(b) L2B Mie-cloudy HLOS winds



HLOS wind (m/s)

Long-term L2B HLOS wind quality monitoring Relaxed QC: |0 — B| > 15 m/s rejected

L2B Rayleigh-clear winds; daily, global data, whole profile
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HLOS wind (m/s)

L2B Mie-cloudy; daily, global, whole profile |
QC: |0 — B| > 10 m/s rejected
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Assessment of Aeolus winds NWP impact at ECMWF

» Observing System Experiments (5 periods tested)

1.
2.
3.

—  Will use results today from:
4. Mid-2020 FM-B (second laser) with NRT data: 4 April 2020 to early September 2020
5. Reprocessed early FM-B period: July to December 2019 (still running: up to end-Oct 2019)
— Lowest noise of the mission for this period

« Forecast Sensitivity Observation Impact

— From ECMWEF operations (since 9 Jan 2020) and the reprocessed early FM-B period experiment
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DISC TN on NWP impact at ECMWF v2.0 (delivered 25 Feb 2021) - available on request
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OSE for assessing NWP impact of Aeolus

Experiment assimilated first available reprocessed L2B wind retrievals, and use full observing
system applied by ECMWF operations at the time

— Both Rayleigh-clear and Mie-cloudy winds used

Model horizontal resolution T-5399 (=29 km model grid) for 4D-Var outer loop and forecast

Assigned observation error in data assimilation is a function of L2B product instrument error

estimate (o(&g instr))

— Multiplicative factor and representativeness error to better agree with Desroziers’ diagnostics

G(EO,assign) =

* Rayleigh-clear: a = 1.40; (&g rep) = 0m/s

« Mie-cloudy:

az + 0-2(80,7‘829)

o = 1.25; 0(ggrep) = 2M/s
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Standard deviation of zonal wind analysis differences due to assimilating Aeolus
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Largest changes made to tropical upper troposphere and SH extratropics — in
climatological convergence zones; larger model wind errors in convective outflow?




Short-range forecast fit (O-B) to other observations when assimilating Aeolus
(both Raylelgh -clear and Mie- cloudy) —results of early FM-B reprocessed OSE
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Vector wind root mean square error change due to Aeolus (Rayleigh-clear + Mie-cloudy)

Early FM-B reprocessed OSE Mid-2020 NRT data OSE

T+12 T+24 T+12
g 1 1 . L d 1

oo+4%

* Verification against ECMWF
operational analysis
 Good positive impact in

Pressure, hPa
Pressure, hPa
Pressure, hPa

i y +
L
Pressure, hPa

B

-90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90 -90 -60 -30 0 30

o - e " tropical troposphere and lower
g e o P . e vbe | stratosphere
9 8 ﬁ’ “ﬁ% « Throughout forecast
: ; J : B : £ mol | ki range in LS

90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90

 Good positive impact in

Difference in RMS error normalised by RMS error of control

Latitude Latitude Latitude Latitude
T+96 T+120 T+96 T+120 000
=3 1 ' 1 . polar troposphere
& (ME" i 1 g 1 E 2 1 ¢ "“lg= ’ 1 ¢ “rotEas I
5 |5 orgiaet BN 15 of « Upto 3-4 day range
2 h { 3 40 i r 2 400} FoT {1 3 400} Bl .. .
¢ o | i £ o} i £ ot : « Similar patterns of impact for
| ] 1000 1000 £ =5 1000 ; : T
90 60 30 0 30 60 90 90 60 30 0 30 60 90 -90 -60 -30 0 30 60 90 -0 60 30 0 30 60 90 temperature and hum|d|ty
Latitude Latitude Latitude Latitude
=002
1 T4 T+168 _ - _Teiae 1 T+168 q forecasts (not ShOWﬂ)
g OE @ et o whl o oo @ - PERL SN : Better
S ool L 1 = toof = 100 ! .
] [+ bt =
il oA L | with
8 ' 4 © ©
&£ 700 ] ) & & 700} & 700 h ;
1000 JL% i 'l 1000 1000 2 AeOIUS
90 -60 -30 O 30 60 90 90 -60 -30 O 30 60 90 -90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90
Latitude Latitude Latitude Latitude 0
T+192 T+216 T+192 T4+216 =490
1 T
*
10 e - 3 © 10 1 o
£ - £ 100, B ed = 10 ) | . | =
g g o A g £
2 3 400 { g 400 1 2
g g & 8
a & 700 ! ) ! £ 700f & o
1000 L2 1000 L—
-90 -60 -30 O 30 60 90 90 -0 -30 O 30 B0 90 -80 -60 -30 O 30 60 90 -90 -60 -30 O 30 60 90

Latitude Latitude Latitude Latitude



Largest impact from Aeolus found in tropical UTLS

Reprocessed early FM-B OSE shows positive impact in tropical tropopause and lower

stratosphere
 Today 10 (!) forecast-range at 50 hPa (~20 km)
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FSOI for reprocessed L2B data period (3 July to 27 Sept 2019)
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Summary of Aeolus NWP impact assessment at ECMWF
* OSEs show Aeolus winds provide statistically significant and good magnitude positive impact in
the tropics and polar regions

— Well into medium range in tropical LS (10 days), which is a strong performance compared to
other satellite wind data shown in ECMWF OSEs

* Aeolus <1% by number of data assimilated; good OSE impact demonstrates the benefit of
satellite winds with good vertical resolution

« FSOI confirms the OSE positive impact

« Other NWP centres corroborate the positive impact e.g. DWD, Méteo-France, Met Office, NOAA,
Indian NCMRWF, HARMONIE consortium

» Aeolus is still very new and the winds have been considerably noisier than pre-launch expectations

— Still potential to boost impact: by mitigating radiometric performance issues, continuing
ground processing improvements and data assimilation method improvements

— The potential EUMETSAT Aeolus follow-on operational mission should resolve the radiometric
Issues (misalignment) and hence increase Rayleigh-clear wind impact

< ECMWF



Thanks for listening. Any questions?
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What is Aeolus?

- Earth observation satellite. 5" satellite launched (22 Aug 2018) in ESA's Earth
Explorer programme — a technology demonstration

« Scientific payload: UV Doppler wind lidar measuring profiles of line-of-sight
wind information (06/18 hour local solar time)

— Also provides profiles of aerosol and cloud backscatter and extinction

« Main goal is to improve weather forecasts by partially filling the gap in wind
profiles (as stated by WMO RRR 2018) and improve understanding of the
atmospheric dynamics

 Operationally assimilated at ECMWF since 9 January 2020 — also at DWD and
Metéo-France since summer 2020

< ECMWF




Aeolus L2B Rayleigh-clear and Mie-cloudy HLOS wind retrievals (1 orbit)
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“Wiggles” in Mie-cloudy bias, shifting with time
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Plot by J. de Kloe (KNMI)

Likely due to errors in applied Mie
Response Calibration
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Likely a temperature dependent
bias due to imperfect Rayleigh-
Brillouin calibration file




