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" PROBLEMATICS

Combining IR and MW all
po sky data
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WHAT IS NOW ASSIMILATED
in ARPEGE

IR

- All observations irclear-sky only

+
+
COMPLEMENTARITY of
IR & MW observations +

sensitivity

MW

- Observations from MHS,
MWHS2, GMI, AMSR2 in the
ECMWERFall-sky route

- Observations from AMSUA,
ATMS, SSMI/S iolear-sky

Top of clouds, TOA,

2 Cloud fraction ‘
Cloud ice (sutmm) o %k o
MW | Precipitations, ‘.**. .*
Cloud sounding o % o Xk

+

PhD objective : Assimilation of IR data within clouds with a specific focus
+ on synergy between IR and MW data.
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PROBLEMATICS

Consistently assimilate IR observations in addition to MW observations?

DIFFICULTIES

Inconsistencies in RT modelling
between IR and MW

NWP model uncertainties

METHODS

Evaluating the relative importance
of RT inconsistencies compared to
model uncertainties with the

comparison of retrieved profiles in

a simulated 1D framework .
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METHODS -

Building 1D framework with simulated observations
(controlled sources of errors in RTTOGVLD and +RTTOV
SCATT and in NWP parameterisations)
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SPACE MISSIONS

/ MICROWAVE INFRARED
EUMETSAT POLAR SYSTEM (EPS) METEOSAT
SECOND GENERATION THIRD GENERATION
MetOp-SGB (early 2025) MTGI (dec. 2022)
Microwave Imager Flexible Combined Imager
(MWI) (FCI)
18.7 - 183.31GHz 183.31-664 GHz 3.8—-13.3 um
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Forecast considened Forward

@
as truth J model

Retrieved
profiles

ID-Bayesian
retrieval

A

Forecast conside@ Forgard
as first guessJ model

OUIC

6UIC

2UIC

18UIC

24UIC

FRAMEWORK
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NOERR experiment

FGvs OBS

RTTOV v13
RTTOV OPTIONS
GOAL

SAME SETTINGS
between FG and OBS
simulations

FG and OBS

fully simulated with RTTOV

HYDROMETEORS

simulated with the
most realistic settings

ELIMINATE

the sources of
inconsistencies
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* SOURCES OF " e ¢
INCONSISTENCIES/

Radiative Transfer model

Retrieved
profiles

1DBayesia
retrieval

. . rturbati

Particles shape & size [P

distribution \

mRT Forecast considergd Forward\g Simulated
ertmba'(\ons-/ as first guess model First Gues
P

NWP model — +06h

Uncertainties in microphysical _

SCheme 0UTq 6UJC 1RUTC | 18UTC 24UTC >

mMOD !
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ADDING PERTURBATIONS:

MRTexperiment

Default Perturbations in FG

MMODexperiment

Default Perturbations in FG

Geer et al. 2021
PSD & shapes

Geer and Baordo 2014
PSD & shapes

IR Baran 2018 Baum 2011

Replace the default value ir

Default value of operationa .
parameterisations by a

ARPEGE forecast model :
: ) random value in a range
= SRR e defined by ARPEGE
convegtloq ensemble prediction
parameterisations

system
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+
mRT perturbations
(in RTTOV)
+ Which one predominates ? +

Do the differences T the radii;il/e transfer modelling have a signifli»ant impact on retrievals ?
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STATISTICAL STUDY

June 2020
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RESULTS -

Can we build a synergy?
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[
CIW- noERR NoERR experiment:
STD study

STD of OBServationRETrieval

Pressure (hPa)

dddad 2

Significance test between combined
(IR+MW) inversion and single

FCl  (IR) . . .
iInstrument inversion

— ICI (MW)
MwWI (MW)
—— combined

<444

PEBPEE BB BB B BB BB B B B BB B B 555555 DDDERIIPIIIIIIIIIIIN-

A
A
A
A
A
A
A
A
A
A
A
A
A
Y
Yy
;

1000

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 FCI ICI MWwI
std (kg/kqg) le-5 significance of combined
Vs instrument

STD (OBSRET) Levene's test
(significance) 11/20
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PoEkivedmppactiof tiRninhih ver thktitudet sad G MWL

o NoERR experiment:

Rra¥ipithtipgehyliporhedeationimp dore metrets afrl Fhe STD StU dy
anbecdmprarhisgdomhdVWor ? Synergy? Yes

Snow

FCI (IR)
— I mw)
MWI (MW)

—— combined

Pressure (hPa)

Pressure (hPa)

FCI (IR)
— ICI (MW)
MWI(MW)
—— combined B

1000 . ll ‘
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 FCI ICI MwI 0.0 0.5 1.0 1.5 2.0 FCI ICI MWwI

std (kag/kg) le-5 significance of combin std.(kg/kg) le-5 significance of combines
Vs instrument vs instrument

High altitude : improvement of MW
Low altitude : improvement of IR

Improvements of all instruments at all levels
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How do the perturbations
affect the synergistic effect?

<+

STD differences DIFF, gxp = STDC pvp — STD: -0

+ > 0 ifcombined inv. less goothan sing-inst.inv.
< 0 ifcombined inv. bettethan single inst. inl/’>
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Pressure (hPa)

200

300

400

500

600

700

800

200

1000

N
Not much

differences
introduced

A
u — FCl (IR)

— MWI (MW)

-3

-2

“ — ICI (MW sub-mm)
0 1

-1 2
abs error (kg/kqg) le-6

Perturbations
impacts

Coloured areas superposition gives
information on the amount of
differences introduced by the
perturbations




Pressure (hPa)

200

300

400

500

600

700

800

200

1000

N
More differences
introduced
— FCI (IR)
— Il (MW sub-mm)
ﬁ — MWI (MW)

-2 -1 o 1 2
abs error (kg/kqg) le-6

Perturbations
impacts

Coloured areas superposition gives
information on the amount of
differences introduced by the
perturbations
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Conclusions

mMOD has more impact than mRT PERTU RBATIONS IM PACTS

on CIW.

200 CIW / mTR CIW / mALL

."1

Clw / mMOD

300

400

500

600

Pressure (hPa)
Pressure (hPa)
Pressure (hPa)

700

800

900

1000

-3 -2 -1 0 1 2 -3 -2 -1 0 1 2 -3 -2 -1 (1] 1 2
abs error (kg/kg) le-6 abs error (kg/kg) le-6 abs error (kg/kg) le-6
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Conclusions

mMOD has more impact than mRT

+

on Snow.

Pressure (hPa)

+

200 Snow / mTR Snow / mMOD Snow / mALL
1 T
— FCI (IR)
300 ICI (MW sub-mm)
— MWI MW)
400 ——(
500 = =
o o
= =
600 g g
0 a
[1h] a
700 a a
mMOD
@
900 - NoERR mRT
1000! ' / -
-3.0-2.5-2.0-1.5-1.0-0.5 0.0 0.5 -3.0-2.5-2.0-1.5-1.0-0.5 0.0 0.5 -3.0-2.5-2.0-1.5-1.0-0.5 0.0 0.5
abs error (kg/kg) le-6 abs error (kg/kg) le-6 abs error (kg/kg) le-6
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+ Article submitted to AMT
+ Synergistic approach of hydrometeor retrievals. considerations on radi
transfer and model uncertainties in a simulated framewo

Conclusions E. VILLENEUVE, P. CHAMBON and N. FOURRIE

Combination IR+MW Adding perturbations Adding both perturbations

_ : . i L Inconsistencies in RT leads to a more moderated
=> gathering of benefits => combination of .
: : modelling do not prevent response. One of the
leading to a better IR+MW still leads to a : :
) : IR and MW synergy perturbations is
retrieval better retrieval

predominant on the other.

MEXP synergy

I ol

+ 4’1»8/20
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FUTURE WORKS



+

Implementing all-sky IR
GOES16/ABI
raw radiances

in 4D-Var assimilation
system

Starting point: code brahch that
Alan Geer shared with us and
used in his paper on IASI all-sky
assimilation (2019)

+

+
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+ Article submitted to AMT
+ Synergistic approach of hydrometeor retrievals. considerations on radi
transfer and model uncertainties in a simulated framewo

Any g uestions? E. VILLENEUVE, P. CHAMBON and N. FOURRIE

Adding both perturbations

Combination IR+MW Adding perturbations . e
_ : . i L Inconsistencies in RT leads to a more moderated
=> gathering of benefits => combination of .
: : modelling do not prevent response. One of the
leading to a better IR+MW still leads to a : :
) : IR and MW synergy perturbations is
retrieval better retrieval

predominant on the other.

MEXP synergy

Ik o)

+ t0/20
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DesroziersdiagnostiC oeoersta 09

To determine observation errors

Dz = -\/(BTOBS — BTpg) X (BTOBS = BTRET)

Several iterations

Simulate BTs withNEdTas

observation error

Compute D1 for each channel

Simulate BTs with D1 as ‘ UseDnas observation
observation error error in the experiments
Compute D2 for each channel

Stop whenDnand D+ 1 do not
differ anymore +

+






+ STARTING POINT

Microwave

- Infrared
T-sounding low- high-freq. Sub-mm :

Cloud ice Cloud fraction,

cloud top
height, multiple
ce particle size, IEyrens
shape,
Vertically alESiase —~ : Verticall I I 2 and MW
resolved ' A SRIBZEIR - ¢ reso\vedy
articles,
she .. particle size
C . and shape

Size of water

cloud partices MW : Precipitations, cloud sounding ;

g Lo MW sub-mm : cloud ice

Cloud
liquid
water

IR : Top of clouds, TOA, cloud fraction
+

Microphysical closuRecent progress irskil radiance assimilation,
Geer A. et al. 2019 (modified)

+ . .+
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ADDING PERTURBATIONS:

Shapes in FG ' PSD in FG
[ 1 MRT experiment [ 1
noERR mRT
MW S et 6 Geer and Baordo MW noERR mRT
2014
Large Column .. = U=
CIW Aggregate E"f‘\% - Mie Sphere Ice water A = 1.10% A = 2.0510°
(ARTS) parameters Y V-1
Sector .
Graupel Column (ARTS (l Snowflake -* Psgarr:r(:]cilfled I'(z) oc z*. exp(—Az?)
) :
R distribution
Large plate _ Sector

Snow aggregate &%,  Snowflake
(ARTS) %@_ (ARTS) K
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c—— ADDING PERTURBATIONS:
[ina;e(\;me erisation } mRT experlment
|R noERR mRT

Ice water

. Baran 2018 Baum + Wyser (2011, 1998
parameterisation
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ADDING PERTURBATIONS:
mMOD experiment

Parameters

noERR Default value (operational model ARPEGE)

Random value in a range defined within the ARPEGES (ensemble prediction system)
(Descamps et al. 2014)

mMOD Microphysical scheme:
sedimentation velocity(cloud ice, cloud water, snow, raim)to-conversion(cloud
ice into snow, cloud water into rain, minimum ice content, maximum ice content,
critical water content)coefficients(accretion, stratification and ice aggregate,
aggregation, calculation of water/ice partitioning, calculation of relative humidity,
calculation of cloud liquid water into rain conversions, maximum evaporation rate)

Convection scheme:

downdraft mass flux, entrainment
rate, detrainment rate
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Ca*lusion*?

Positive impact of IR in higher altitude and of MW

in lower altitude.

Precipitating hydrometeors: improvement of IR

and compromise for MW

CIw

(1]
200
©
% 400
g
>
@
Y 600
a
FCl (IR)
800 — 1 (MW)
MWI (MW) %
—— combined
1000 L
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 FCI ICI MWwI
std (kg/kg) le-5 significance of combin

vs instrument

High altitude : improvement of MW
Low altitude : improvement of IR

Synergy?

(1]
FCl (IR) I
— ICl (MW)
200 MWI (Mw)
—— combined
& a00
=
e
3
wn
0
v 600
a
800
1000 I i
0.0 0.5 2.0 FCl ICI MW

1.0 1.5
std (kg/kg) le-5 significance of combine:

Vs instrument

Improvements of all instruments at
all levels

[
NoERR experiment:

STD study

[
FCl (IR)
I (MW)
200 MWI (VW)
—— combined
g 400
o
3
2
o 600
o
800
1000 i
0.0 0.2 0.8 1.0 FCl Il MwI

0.4 0.6
std (kg/kg)

FCI : great errors (x2)

le—4 significance of combine:
vs instrument

Combined inversion sticks to MW
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mRT has more impact than mMOD

on Graupel. PERTURBATIONS IMPACTS

=> reduce negative effects of mMOD

200 Graupel / mTR Graupel / mMOD . Graupel / mALL

300

400

mMOD

mALL
500

600

noERR mRT

Pressure (hPa)
Pressure (hPa)
Pressure (hPa)

700

:

800 mALL

— FCI (IR)
— Il (MW sub-mm)
— MWI (MVV)

—
-3-2-10 1 2 3 4 5 6 7 8
abs error (kg/kg) le-6

900 noERR mRT

|

-3-2-101 2 3 4 5 6 7 8 -3-2-101 2 3 4 5 6 7 8
abs error (ka/kg) le-6 abs error (kg/kg) le-6

1000
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Geer et al. 202%u/k hydrometeor optical Pe rtu rb atl o n S

properties for microwave and soni/imetre

radiative transfer in RTTQZATT vi3-0 - m t

figure 9.a (modified) I pac S
Impact of hydrometeors shape modifications
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