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Separate the contributions from the
Rayleigh and Mie channels of the
AEOLUS HLOS winds in the Météo
France global NWP model.
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Outline

Current global NWP system and observation usage
Overview of AEOLUS HLOS wind assimilation in operations

Distinct contributions of Rayleigh and Mie channels of the
first reprocessed dataset in NWP impacts

Conclusion / future activities
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Global model ARPEGE (high resolution)

ARPEGE resolution T1798 C2.2

(deg) Min=5.05 Max=24.5 Moy=14.8 Ect=5.99 Rcm=15.9

Spectral model with
. | variable resolution:
» | T,1798c2.2L105

« | # AX from 5 to 25 km
* | # 105 vertical levels
from 10 m to 0.1 hPa

160.
lon (deg)

Incremental 4D-Var assimilation (6-h window and 30 min time-slots) :
« 2 loops of minimization: T 224c1L105 (40 iterations) + T,499c1L105 (40 iterations)

* Background error variances and correlation lengths from an EDA system (4D-Var at
lower resolution: T,499/T 224 ) with 50 members (AEARP)

Forecasts (cut-off and ranges): Since
00 UTC (1h10/54h), 00 UTC (2h15/102h),

06 UTC (3h/72h), 12 UTC (1h50/114h), 18 UTC (3heon) ~ 07/2019 @
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Cumul mensuel du nombre d'observations

Observation evolution in ARPEGE

Evolution des cumuls mensuels de nombre d'observations utilisées par type d'observation

14 1e9 analyses cut-off long ARPEGE métropole - observations conventionnelles et satellites
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Monitoring: June 2020 - November 2021

HLOS winds bias corrected from M1 temperature gradient

Slow increase of SD(OmB) from ~6.5 m/s
to ~7.5 m/s especially since this summer

AEOLUS - Mie/nuageux - ARPEGE oper du 30-MAY-2020 au 30-NOV-2021 - cut-off long

HLOS@m/s)
-

HLOS(m/s)

AEOLUS - Rayleigh/clair - ARPEGE oper du 30-MAY-2020 au 30-NOV-2021 - cut-off long

Observations

sssss

Stable signals for Mie
Negative bias till July 2021

but with decreasing data counts

Blue : SD(OmB)

Red : SD(OmA)
Green : mean(OmB)
Pink : mean(OmA)
Orange : obs number
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FSOi

June 2020 - October 2021

HLOS winds bias corrected from M1 temperature gradient

Time series of F50i per obs. group (24h ARPEGE forecast error)
Period: from 2020/06/01 to 2021/10/31 / 7-day roll. average of daily values
Metric: dry (Jr #1) / Adjoint: dry / Formulze: third order / XPID = G5W5
Independant groups of ohservations in ARPEGE 4D-Var

-0.1 4

—0.2

=0.3 4

FSOi per assim cycle ()/kg)
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Date/time
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Conv.

Sat. Wind

Aeolus (Mie+Ray)
Scaftt.

Gnss-Ro

Geo. Rad.

Pol. Rad. IR

Pol. Rad. MW T
Pol. Rad. MW H
Pol. Rad. MW T+H

Slow decrease of the relative
positive impact especially for
Rayleigh (5% to 4% of the total
FSOi over the period).

Aeolus still have one of the
best positive impact in terms of
FSOi per datum.

© Météo-France DESA/CNAM/GMAR & DirDP/COMPAS
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Experiments with reprocessed unbiased HLOSW

Test period: 4 July 2019 - 31 October 2019 (FM-B laser) with first
reprocessed dataset

OSE1: Assimilation of Rayleigh + Mie channels

OSE2: Assimilation of Rayleigh channel

OSE3: Assimilation of Mie channel

o, Scaled as a function of prescribed HLOS L2B errors (based on one
year of operational assimilation dataset)

Quality controls:

HLOS winds restricted to Rayleigh/clear and Mie/cloudy
Rayleigh/clear above 850 hPa

« Rayleigh winds kept when 2 m/s < 6, < 8 m/s

« Mie winds kept when 0.5 m/s < 6, < 3 m/s

« Background check to reject winds too far from model (50)
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Reminder : first experiments with unbiased

HLOSW

Test period: 1 July 2019 - 31 August 2019 (FM-B laser) according to the
guidance for AEOLUS NWP impact XP

OSE1 bis: Météo-France bias correction based on temporal and spatial
statistical comparison between good quality Mie/cloudy and

Rayleigh/cloudy to bias correct Rayleigh/clear data (Rayleigh products
share similar systematic error properties / small biases for Mie/cloudy)

OSE1 ter: ECMWF bias correction (OmB) running mean

o, Scaled as a function of latitude (R/C) using prescribed HLOS L2B errors
(with statistics over the test period)

Quality controls (adapted from ECMWF guidelines):
HLOS winds restricted to Rayleigh/clear and Mie/cloudy
Mie integration length > 5 km
* Rayleigh/clear above 850 hPa
« Rayleigh winds kept when 2 m/s < 6, < 8 m/s
« Mie winds kept when 0.5 m/s < 6, < 3 m/s ¢

Background check to reject winds too far from model (5c) FRANCE
Page 8




OSEs HLOS wind (OmB) statistics

7 | W ‘ sk e - ‘
@ wmn .
g W\W\wwv‘.mﬂw nm,lwﬂ"\r‘m{‘v"‘I\IV!M""{"W"F"V‘IV".J"A“M')“y'lv\""’ﬂf fqﬂ'""l“f WA M Ie
E .
@ X OSE?2: Rayleigh
(not shown)
: - Mie
OSE3:
3 (not shown)
?
: Rayleigh
e | - OSE1lbis; =/
£ Mie
Q
S
. OSElter:
me:.,i%‘_% ORI BESTE ] @9 OSE2 OSES3 * Rayleigh clear HLOSW SD(OmB) very close for all
OSE
Rayleigh 501m/is  4.93mls  507m/s  5.07 m/s * Mie cloudy HLOSW SD(OmB) slightly higher for
Clear 04ms -005mis -005mis -0.05mis OSE1 and OSE3 (cf. OSE1 bis and ter QC)
Mi EECT T e Mie cloudy HLOSW mean(OmB) slightly negative
cloudy 005mis 015  _o14mis Sezms  for OSE 1 and 3

1 Jul 2019
31 Oct 2019

e HLOSW mean(OmB) for OSE1lbis and OSE1lter
noisier than OSE1, OSE2 and OSE3.
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RS u wind (OmB) statistics for OSE1, OSE2 and
OSE3

OSE1 (R+M) OSE2 (R) OSE3 (M) | Sooms) -spoms)
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(OmB) statistics between OSE1, OSE2 and OSE3

* Like in earlier OSEs: Aeolus improves wind,
temperature and humidity background fits
against other observing system (except for polar
and tropical AMVs)

* As expected, AEOLUS impacts are the largest in
tropical UTLS

* Rayleigh clear data have much more positive
Impacts on short range forecasts than Mie
cloudy (main positive impacts in troposphere, in
Antarctic)
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July-October

Forecast scores (winds)

2019

| osEL (R+M) |

OSE2 (R)

Normalized RMS(O-F)
Differences REF — EXP
REF : ARPEGE oper

O : ECMWEF analyses
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Forecast scores vertical Normalized RMS(O-F)

Ml Means (winds) ot et e
2019

O : ECMWEF analyses
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Conclusions and future activities

Operational monitoring in ARPEGE since January 2020
Operational assimilation since June 2020

Operational FSOI shows that Aeolus still provides positive impact till
october this year (even with the slow increase of Rayleigh winds
observation error)

Assimilation of the first reprocessed dataset leads to positive impacts
statistically significant and of good magnitude on wind, temperature and
humidity forecasts especially in tropical UTLS and in polar region (up to
4 days).

Similar to previous OSEs (July-August 2019 using NRT data with two
different unbiasing methods) — but with larger positive impact on forecats
scores (0.5-1%)

Much larger positive impacts of Rayleigh channel on ARPEGE forecast
up to 4 days compared to the Mie channel (limited to troposhere, poles
and first ranges - 36 % max in mean of the R+M XP scores for wind over
North Pole)

Planned activities : consolidate statistics over the period of the whole )

METEO

fiPrst 1r4eprocessed dataset, statistical and case studies (tropical storms) Kk
age
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Thank you for your attention !
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levels (hPa)

B o o e L T T T T 1
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P> 500 hPa
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- Rayleigh mean(OmB),

EE E =

\\\\\\\\\

1 Jul 2019
OSE1 profiles of HLOS wind (OmB) statistics  ESGEIE

MIE and RAYLEIGH HLOSW OmB QUARTILES, mean and standard deviation by level

Mie cloudy HLOSW
mean(OmB) increasing with
altitude (negative to slightly
positive bias)

Rayleigh clear HLOSW
mean(OmB) sligthly negative in
low levels and widespread
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AMV u wind (OmB) statistics for OSE1, OSE2 and
OSE3
Relative (%)

| OSE1 (R+M) | OSE2 (R) OSE3 (M) | spoms). -spome)
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FSO - since June 2020
HLOS winds bias corrected from M1 temperature gradient

Time series of FSOi per obs. group (24h ARPEGE forecast error)
Period: from 2020/06/01 to 2021/10/31 / 7-day roll. average of daily values
Metric: dry (Jr #1) / Adjoint: dry / Formulae: third order / XPID = G5W5
Independant groups of observations in ARPEGE 4D-Var

- Conw.
Sat Wind
Aeolus Mie
Aeolus Ray
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Normalized RMS(O-F)

Forecast scores (Temperature) Differences REF — EXP
REF : ARPEGE oper

O : ECMWEF analyses

| osE1 | OSE3 significant
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Forecast scores (winds) over poles

Normalized RMS(O-F)

July-October

North Pole

South Pole

| osE1 |

8
7
J
NE*.
£
Tvﬂ<

L -~
rrrrrirrrrrrrrtr

0 6 1218 24 30 36 42 48 54 60 66 72 78 B4 90 96102

Page 22

significant © B

OSE2

g
50 4+
100 {055
200

300 -
500 -
850 |
LSt o o o o s e e e

0 6 1218 24 30 36 42 48 54 60 66 72 78 B4 90 96102

20
50 4 -
100
200
300
500
850
1000

0 6 1218 24 30 36 42 48 54 60 66 72 78 B4 90 96102

Differences REF — EXP
REF : ARPEGE oper

O : ECMWEF analyses

OSE3

|
20: £
50 -

=05

100 fo:

200 i~
300 o+

500 {*
850
1000

Ll Ll

."_‘_.."- R I_'I:'_E_ 0.5 ",

. 5
rrrrrrrirrrrrril

0 6 1218 24 30 36 42 48 54 60 66 72 78 B4 90 96102

T

0 6 1218 24 30 36 42 48 54 60 66 72 78 84 90 96102

(9

METEO
FRANCE



Normalized RMS(O-F)
Differences REF — EXP
REF : ARPEGE oper

Forecast scores (winds)

July-August

2019

0.5 - 1 % improvement
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Forecast scores (winds) — Pre oper XP (B9) vs OSE1

2019 -, 2020 After 10 months ~1 % of positive impact lost

Rayleigh obs error 4.3 m/s — 6 mi/s
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