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Data and Methods

Our validation approach



PERCUSION - A campaign with a focus on validation sxa  Qesa

Persistent EarthCARE underflight studies of the ITCZ and organized convection Eomehn race b

Campaign period i e - 4
09 Aug — 19 Nov 2024 it ES N
Campaign locations - QQ,?‘CUS/O;\

» Cape Verde / Sal: ITCZ, Aerosol

» Barbados: ITCZ, Convective organization

» Germany: Dedicated validation flights

DRCESTRA

Campaign duration — 9 weeks
> 296 flight hours (incl. transfer and certification)
» 28 Scientific flights: 11 (Sal), 10 (Barbados), 7 (Germany)
» 33 EarthCARE / 4 PACE underpasses
» Embedded within the ORCESTRA campaign: -

» MAESTRO BOW-TIE / PICCOLO
Max-Planck-Institut

@ fur Meteorologie SAFIRE ATR-42

RV METEOR / SEA-Pol
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The platform — the High Altitude and long Range Aircraft x4 @esa

The HALO remote sensing payload — a unique validation asset Bimcrtan srcs ey

SpecMACS RGB specMACS

— G550, max. alt 15 km / max. range: 8000 km
— In operation since 2012
— operated by DLR

Attenuated Backscatter coefficient 32 - WALES, 532 nm [m 'sr ']

14k "WALES:

/ Microwave » ~ | Dropsondes
Radiometer i:spe‘cMﬂAéét
ETSs
idar Radar reflectivity Z - HAMP MIRA, 35 GHz [dBZ]
ol _ | r | ' ~__MIRA:
E12 3
Scientific Instruments {é‘ 125
HSRL-Lidar (WALES, 532 nm — Wirth et al. 2009) S o
Cloud Radar (HAMP MIRA, 35 GHz — Ewald et al. 2019) s,
0
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The retrieval — the VarCloud framework

— eSa
The precursor ice cloud retrieval for ACM-CAP on A-Train @“
dapted from H t. al.
Basis of VarCloud (HALO/ATR-42) and DARDAR (A-Train) oo aPzed oM 709N €.
Optimal estimate approach (Delanoé 2008, Cazenave, 2019) 2|
£ of
State vector x E
A priori profile of o, S, N 2 A

< ]
¢ 2| ——— Observed
i Modelled
0 -

Forward modeling of measurements

fo? 10 w7 40° 10° 10t 107 107
Lidar signal Radar signal <+ Lidar backscatter (m™ sr™')
incl. multiple scattering LUT based reflectivities - ' - _ ]
—— Z [dBZ]
8t $
Comparison with measurements E o= AV
WALES RB,.and MIRA Z = L =
converged?
[ . + " + [ " 2 [ - - }
Microphysical properties Gaqss-Newton iteration /f
Calculate IWC and reff Derive new state vector x 0 : - .
-30 -20 -10 0 10 20

Radar reflectivity factor (dBZ)
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The model — the ice crystal model of VarCloud sxa  Qoesa

EUROPEAN SPACE AGENCY

The mass-size relationship of soft spheroids and explicit ice crystal shapes

1000 .
ACM-CAP ] 1) Soft spheroid approach, e.g. Hogan et. al. 2011

VarCloud ] - ACM-CAP: Shannon et al (2023)
. Brown and Francis (1995)

% M(D) = 0.0185 D19

=

§ - VarCloud Varpy-mix: Aubry et al. (2019)

3 Heymesfield et al (2010) “composite mixture”
= . M(D) = 0.176 D22

100 .

- M =0.0185D"9
B Brown and Francis (1995)

| —¥%—Yang et al. (2013), Aggregate
= o -Yang et al. (2013), Plate

M =0.176D??
Cazenave et al. (2019)

2) Explicit habit approach, e.g. Yang et. al. 2013
100 1000

Dmax [um] % %

following Delanoe et. al. 2014
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The closure — a check for plausibility sxa  Qesa

Does the retrieved ice cloud produce the correct solar reflectance? ' Eomehn race b

WALES MIRA SMART
532 nm 8.57 mm 560 nm
@ Radiative

% closure?

AN

[ VarCloud M IWC, reff M libRadtran ]]]
< > <

Retrievals
S
Yoneinuns v L

https://doi.org/10.5194/amt-2020-448 Atmospheric
(© Author(s) 2021. CC-BY 4.0 License. Measurement
Techniques

Discussions

Why we need radar, lidar, and solar radiance observations to
constrain ice cloud microphysics

Florian Ewald', Silke GroB', Martin Wirth!, Julien Delano#?, Stuart Fox?, and Bernhard Mayer*
'Deutsches Zentrum fiir Luft und Raumfahrt, Institut fiir Physik der Atmosphire, Oberpfaffenhofen, Germany !
DLR

LATMOS/UVSQ/TPSL/CNRS, Guyancourt, France
EarthCARE 2026 Science and Validat] Met Office, FitzRoy Road, Exeter, EX1 3PB, UK
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Retrieval Comparison
VarCloud vs ACM-CAP



NOAA-21/VIIRS
HALO-20241110a (Bands M3-13-M11)

Cirrus embedded within occluded front over Greece 12:01 UTC

EarthCARE




NOAA-21/VIIRS
HALO-20241110a (Bands M3-13-M11)

Cirrus embedded within occluded front over Greece 12:01 UTC

EarthCARE




HALO-20241110a — HALO measurement

,54;\% eéSa
Observed radar reflectivity (MIRA) and attenuated parallel backscatter (WALES) ' @M

12 Effective reflectivity Z, - HAMP MIRA, 35 GHz [dBZ]
— F% N
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S ef il{-10y  MIRA
< 4E 205, Radar
c C . -30 ..
%, ok S a0 reflectivity
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e e . . . 20
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HALO-2024111Qq — EarthCARE measurement x4 @esa
Observed radar reflectivity (CPR) and attenuated parallel backscatter (ATLID) ,

EUROPEAN SPACE AGENCY
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HALO-20241110a — EarthCARE measurement

,54;\% eSda
Observed false color composite (MSI) and radar reflectivity (MIRA) , @

EUROPEAN SPACE AGENCY

frame 02576D

M-RGR VIS-SWIR1-SWIR2 false colour image
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Retrieval comparison — Captivate retrieval (ACM-CAP-2B-BA) xa  Qesa

Using ice model from Shannon et al (2023), Brown and Francis m(D) Py e i

Retrieved total effective radius - ACM-CAP-2B-BA [um]
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o “F ~a Wi - ]
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Retrieval comparison — Captivate retrieval (ACM-CAP-2B-BD) xa  Qesa

Using ice model from Shannon et al (2023), Brown and Francis m(D) Py e i

Retrieved total effective radius - ACM-CAP-2B-BD [um]

12p .
‘S 10F - 3
= s ]
- 8F" -
® sF ]
= : BA - BD
5 oF S E + NIR/SWIR
L 0:_ - i E included
+ Improved rain
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Retrieval comparison — VarCloud retrieval (HALO) xa  Qesa

Using ice model from Aubry et al (2024), Heymsfield Composite (varpy-mix-ca) P waczadlice
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Retrieval comparison — VarCloud retrieval (HALO) xa  Qesa

Using ice model from Yang et al (2013), Aggregates (varpy-mix-aggregates) P waczadlice
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Retrieval comparison — VarCloud retrieval (HALO) xa  Qesa

Using ice model from Yang et al (2013), Plates (varpy-mix-plates) Eomehn race b

12 Retrieved total effective radius - HALO-VAR-PLATES [um]
I 2 ;
- S E
(é) 6k 3 REFF
< 4F | . E Ice effective
- - - - - L0
12 Retrieved Total Water Content - HALO-VAR-PLATES [gm—3] (00 %
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Retrieval comparison — VarCloud (HALO) and ACM-CAP-2B-BA Jxa  @esa

Using ice model from Aubry et al (2024), Heymsfield Composite (varpy-mix-ca) ' Py e i
Effective radius Avg. Effective radius Avg. Ice water content
1 OO L g = ¥ L L] T T 1 2 ™rrrrmree T e e T T 1 2
. l10 - l10
e !
=
© {102 18 18
& 5 E E
N ] 2 lg < lg =
Q ; = < <
S l 8 =) K =)
5 10! 5 4T T
S A = +5% ~ATHE = +4%
i’g i 1 2 & b 2
—— halo-var-ca —— halo-var-ca
acm-cap-2b-ba 10 acm-cap-2b-ba 10
okl_E— : : : 10° ; . \—4 3 5 !
0 20 40 60 80 100 0 50 100 150 I0~% 10~° 102 10" 10Q°
ro - halo-var-ca [pum] Fese [LM] IWC [gm~°]
— VarCloud with slighly larger r — +5% difference in rs to ACM-CAP-2B-BA
— VarCloud slighty larger IWC — +4% difference in IWC to ACM-CAP-2B-BA
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Retrieval comparison — VarCloud (HALO) and ACM-CAP-2B-BD LA

esa

EUROPEAN SPACE AGENCY

Using ice model from Aubry et al (2024), Heymsfield Composite (varpy-mix-ca)

Avg. Ice water content

Effective radius Avg. Effective radius

IWC [gm~2]

r 12 e —r—rrr——rrr 1 2
% 110 110
E
= 2
- 110 \ ls ls
o ' \ € 5
ﬁ 2 6 = 6 =
L C l — 1 —
% g E c /{ <
(&) Koy e
1 O (¢b) (0b)
5 10° 5 * T |- 1+ T
@ Al = +6% m ~15%
3 ~— 12 —— e 12
—— halo-var-ca — halo-var-ca
acm-cap-2b-bd 10 acm-cap-2b-bd 10
0
i i Wﬂn
60 80 10010 0 50 100 150 10~ 10 10—< 10 100

fof - halo-var-ca [pm] Fogr [UM]

— VarCloud with slighly larger r
— VarCloud slighty lower IWC

— +6% difference in rqs to ACM-CAP-2B-BD
— -15% difference in IWC to ACM-CAP-2B-BD
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Retrieval comparison — VarCloud (EarthCARE) and ACM-CAP-ZB-BD%\,A Cesa

Using ice model from Aubry et al (2024), Heymsfield Composite (varpy-mix-ca)

EUROPEAN SPACE AGENCY

Effective radius

Avg. Effective radius

Avg. Ice water content

100 12 12
. , 110 {110
.g 80} - o .’
= 1 R
B . i'_!.:_?: J _é; , . {18 {8
; LI b, AT = =
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3 P i £ /( £
g 401 'I.L-r s :;1:':: !'.1:.,“:- : .e e 14 T - 14 T
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. e i ] {12 {2
S 20} '.I?'na!u_u 21 .l‘.,_"_'...-“. } ;
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e L . : : L = = i
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ro - halo-var-ca [pum] Fetr [LM] IWC [gm 3]

— +10% difference in r.s to ACM-CAP-2B-BD
— -30% difference in IWC to ACM-CAP-2B-BD

— VarCloud with slighly larger r
— VarCloud lower IWC at cloud base
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Retrieval comparison — VarCloud (HALO) and ACM-CAP-2B-BD Jxa  @esa

Using ice model from Yang et al (2013), Aggregates P waczadlice
Effective radius Avg. Effective radius Avg. Ice water content
r r . 12 | 12
" l10 ‘R 110
€
= \
= 18 \ 18
o € 5
& £ le = 6 =
= = < <
; 3 > > J %
£ <,/ 14 T ) i 14 T
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3 = —
58 - 12 S 12
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A A Wﬂn
0 50 100 150 10~ 10 10—< 10 100
roe - halo-var-aggregates [um] Fotr [LM] IWC [gm~°]
— VarCloud with clearly lower r 4 — -11% difference in r4 to ACM-CAP-2B-BD
— VarCloud clearly lower IWC — -27% difference in IWC to ACM-CAP-2B-BD
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Retrieval comparison — VarCloud (HALO) and ACM-CAP-2B-BD LA

Using ice model from Yang et al (2013), Plates

Effective radius Avg. Effective radius
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Solar radiative closure
VarCloud vs CAPTIVATE



Solar radiative closure — MSI (670nm) vs SMART (560 nm)

,543\64 eéSa
Cloud albedo difference between both instruments , @

EUROPEAN SPACE AGENCY

M-RGR VIS-SWIR1-SWIR2 false colour image 3 frame 02576D
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Solar radiative closure — ACM-CAP-2B-BD Liquid x4 Qesa

Using ACM-CAP liquid as stand-in for the missing liquid from Varcloud EumortAN SACE seB
19 Retrieved Liquid Water Content - ACM-CAP-2B-BD [g m 9]
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Solar radiative closure — VarCloud retrieval sxa Qesa

Using ice model from Yang et al (2013), Plates (pristine) Py e i
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Solar radiative closure — VarCloud retrieval sxa Qesa

Using ice model from Yang et al (2013), Plates (rough) Py e i
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Solar radiative closure — VarCloud retrieval
Using ice model from Yang et al (2013), Aggregates
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Solar radiative closure — ACM-CAP-2B-BA retrieval x4 @esa

Using ice model from Shannon et al (2023), Brown and Francis m(D) Py e i

Retrieved total effective radius - ACM-CAP-2B-BA [um]
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Solar radiative closure — ACM-CAP-2B-BD retrieval x4 @esa
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Discussion — Different bulk optical properties
Impact of crystal habit on asymmetry parameter and radar reflectivity

v i

esa

EUROPEAN SPACE AGENCY
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following Ewald et. al. (2021), AMT.
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— Reflectivity: For the same IWC / reflectivity, Plates have smaller r

— AsyParam: 1) Less forward scattering for more complex crystals
2) No strong connection with r ¢ for more complex crystals

=% Yang et al. (2013), Aggregate
-0 =Yang et al. (2013), Plate
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Summary — Overall findings during our retrieval comparison J4xA Cesa

... what we found so far and where to continue

EUROPEAN SPACE AGENCY

1) ACM-CAP-2A-BD ice properties very similar to Varcloud (DARDAR-V3.10)

— “Used m(D) relationships are still very similar, larger differences
when observed when explicit ice crystal shapes were used”

2) Surface roughness partly more important than m(D) for radiative closure

S Z& — “Large influence of asymmetry parameter on radiation, so
are we still underdetermined at cloud top when radar is missing?”

3) Long term goal: Ice retrieval with variable but explicit ice particle
shapes with consistent m(D), A(D) and scattering properties

— “Can lidar depolarization or BBR multi-angle measurements help to
constrain the ice particle shape?”
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