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Best Practice Protocols for the Validation. Qf g

Aerosol, Cloud, and Precipitation Profiles (ACPPV) #*A o

Lidar profiling validation challenges:

- Extremely narrow sampling volume B ERAGEICE FROIOCOL
Small correlation length of Target features B o D SO0
Need for in-situ Measurements of microphysical R ANDIERECIELPALION
properties PROFILES (ACPPV

Synergistic validation
Gaps in spaceborne data records

Convergence in Best Practice Protocols for the
Validation of Aerosol, Cloud, and Precipitation
Profiles (ACPPV) (Amiridis et al. 2025)

Consortium of 97 scientists

BEST PRACTICE PROTOCOL

FOR THE VALIDATION OF AEROSOL, &
CLOUD, AND PRECIPITAT!ON Hons i =
PROFILES (ACPPYV) CONSORTIUM

47 Cesa 0 LIXA ° 0 3_ LA

_:4"'?—] 2 BEsm o= JPL CECMWF @ =o=e 8
@ Qo T2 @ R Gtded  @um=
@I‘ il "::@ 0 NP M F o @
TR S
. =;:=E.E;f==.E|I L1l 1] I: .EE.. .EEE'= T— ( 2 |3-€ m. o !
& o e B
Committee on AP R PR o 22 siss U0 @ o= B G5 8
Earth Observation Satellites @ o atee el s is
P H * 2 L e b-20)
https://zenodo.org/records/15025627 57 space agencies, institutes, universities -

EarthCARE 2026 Science and Validation Workshop | 8 — 12 June 2026 | Rhodes House | Oxford, UK



L2 AC-TC classification o 5 Eesa

EUROPEAN SPACE AGENCY

Stratospheric aerosol 3 (smoke)
Stratospheric aerosol 2 (sulphate)
Stratospheric aerosol 1 (ash)

meE EarthCARE AC-TC Baseline BA, BC vs Cloudnet
T 21 Cloudnet Stations, May 2024 — May 2026
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2-year statistics

Percentage (%) within Bin

Percentage (%) within Bin

25

204

154

All Stations - Statistics for Ice, May 2024 - May 2026

Bmm EarthCARE

7 ;54#“ Cesa

EUROPEAN SPACE AGENCY

ICE

=3 Cloudnet

Height [m]

EarthCARE

01

EarthCARE

Aerosol particles

Insects

Melting ice possibly
coexisting with droplets

Ice and supercooled

:00:45

01:00:50

Cloudnet o o

et > Ice clouds:

« @ 0.5-5 km: Good

All Stations - Statistics for Supercooled liquid, May 2024 - May 2026 . All Stations - Statistics for Ice and supercooled, May 2024 - May 2026 statistical agreement
Supercooled Liquid e ICE & Supercooled Liquid S « @ > 5km: more ice clouds
in the EarthCARE dataset
due to Cloudnet
Cloudnet Cloudnet undetections & EarthCARE
aerosol misclassifications
‘LN RREEL L oMl bhkEhLELLY . . . |> MoreSunercooled Liquid &
R R R R R R R R R ICE & Supercooled layers in

Height Bins (km) Height Bins (km)

the EarthCARE dataset
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L2 AC-TC classification — Warm liquid & O

2-year statistics

Percentage (%) within Bin

Percentage (%) within Bin
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EUROPEAN SPACE AGENCY
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EUROPEAN SPACE AGENCY

L2 AC-TC classification — Melting layer ~ s "~ upa @esa

2-year statistics )
All St_ati_ons -_Statistics for Melting ice possibly M e Itl ng La ye r ba Se
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L2 ACM-COM microphysics — IWC & LWE S L . @esa

EUROPEAN SPACE AGENCY

2-year statistics Contoured Frequency by Altitude Diagrams (CFADs) - "
EarthCARE - Lindenberg Cloudnet - Lindenberg S -0 15 —s0 s Fra(i’c“n s ,:5‘,) — Med:, 100 50°N v P't :. FFFF
Cloudnet - IWC | —ax ' A
} 0 ——~ EC Cloud Fraction 30°N
. ~
10°N
g 10°s
: 20°s ~
20°W 0° 20°E 40°E 60°E

Height [km]

H
2
Frequency of Occurre:

® Bulk comparison of all collocated cases

¢ In-cloud median, 25th &75th percentiles of

R R RO A SR e e Ice Water Content and Liquid Water
Content are consistent between the 2
datasets

¢ Differences in ~0-2 km range

Cloudnet

Lindenberg

EarthCARE
See Tsikoudi et al., PO65
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EUROPEAN SPACE AGENCY

L2 A-ALD aerosol layer height e ,gam esa

- EarthCARE aerosol layer heights (ATL_ALD_2A; Baseline BA, BB)

« Collocated ACTRIS/EARLINET ground-based lidar measurements
in £ 2hrs, £ 50 km

« EARLINET Layer height: derived using the LTOOL module
(Siomos et al., 2018; Voudouri et al., 2022)

ATLID A-EBD Extinction coefficient

=
Gy

Findings:

. Several undetected layers,

usually marine or multiple
layers
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Comparison of ACM-CAP in Radiative Closures ,gjam Eesa

Radiative Closures during ORCESTRA/PERCUSION with BBR effective fluxes at TOA under cloud-sky conditions

AC-TC Target Classification (BA Baseline)
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1 1 I 1
Case A ! CaseB ! I CaseC CaseD |
35 - | | : : i
| | | i
[} I I 1
30 - . ! ' | |
| | : ! Ice cloud
| i 1 Broken ice clouds i (~10 km) and
_%r ! I } (=15 km)and broken ! broken liquid
é i E E liquid clouds (~1 km) E clouds (~4 km)
E20 - | l i : L
.dg; o 1 Broken ' ' !
T Liquid water | liquid water 1 | :
45 cloud layer 1| cloud | I :
at~5km  lat~1km |
1 1
10 : : |
1 1 |
| 1
— . I
" 1
| I
! " ~ - e ﬂ
J \ A b8 !
Lat: 7.80 | Lon: -47.63 Lat: -0.01 | Lon: -49.09 Lat: -7.82 | Lon: -50.55

Along-track

Kouklaki et al., T313
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EUROPEAN SPACE AGENCY

_DRCESTRA

EarthCARE L2b ACM-CAP product
Comparison of closures with Baselines BC and BD

140

120 Case A Case B Case C Case D

a0 -
40

60 -

2
) 12.24 Wim? 11.20 W/m
20 1.11 Wim 10.55% 7.34%

o7 ] -

0 —
[ | -1.61 W/m?

2
20 .13.38 Wim? 1.39% -6.56 Wim
-9.34% -4.30%

8.25 W/m?
-21.83%

2
100 -84.23 Wim
-38.11%

120+ ° BC baseline
- BD baseline

» Overall good agreement (close to =10 W m™ mission target)
» One exception (Case D) - large deviations for both baselines
» No systematic difference between BC and BD was found

« BD generally led to higher TOA fluxes than BC
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ATLID vs ACDL classification mtercomparls

over PANGEA/ACTRIS site s aatien

Results from the Classification intercomparison:
* Both instruments detect the stratospheric layers, correctly
classified as aerosols in EarthCARE
EarthCARE « More clouds in ATLID A-EBD & A-AER classification
" products vs the ACDL classification products
« Upcoming product of subtyping for ACDL is expected with
the public release of the data

ATLID A-EBD Backscatter coefficient frame 050118 ) ATLID A-AER Backscatter coefficient frame 050118 ACDL Backscatter coefficient 532nm

frame like
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ATLID A-EBD Lin. Depolarization Ratio frame 050118 . ATLID A-AER Lin. Depolarization Ratio frame 050118 A_(DL Lin. Dep_nlarlzat\on Ratio 532nm . . frame like
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ATLID A-EBD simple classification frame 050118 ATLID A-AER simple classification frame 050118 ACDL scene classification frame like
2 2 2 : : e S
.20 .20 e 20— -
£ E E 1 -
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. 42 Cloud
0 0 T T [}
00:0 5 30 {UTC 00:0 5 30 {UTC
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Evaluation of the satellite products vs suborbital measurements
« Depolarization: ATLID depolarization is ~2x higher than the suborbital reference in the aerosol layer; ACDL underestimates by a comparable factor
«  Angstrom exponent: Good ATLID retrieval at 355 nm; cross-instrument ATLID/ACDL ratio shows larger variability
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L2 A-EBD aerosol layers height

EUROPEAN SPACE AGENCY

vs PACE/SPEXone ALH - pa Eesa

Use of EarthCARE A-EBD products to evaluate PACE/SPEXone
Aerosol layer height products

« Time Period: 2025

« Domain: Mediterranean

» Collection critica: £ 2hrs, £ 50 km

 A-EBD ALH retrieved using Kim et al. (2025) method in backscatter &
extinction profiles

« Evaluation of SpexONE remoTAP & FastMAPOL algorithms

Latitude [°]

Findings:
« FastMAPOL algorithm in better agreement with A-EBD ALH (R =0.5)
 Higher agreement in dust and smoke layers (typically higher AODs) 2025 statistics

ATLID-SPEXone Aerosol Layer Height

Case study

Case study — Dusty Smoke / Dusty mix
26-7-2025: smoke ~2.5-3km, overpass diff time ~2h
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Voudouri et al.,
under preparation
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Future activities: Mediterranean CoSense-lEU‘c{‘.

&

4 @esa

Campaign — Summer-Autumn 2027

W Legend
4 Aircraft
<« EarthCARE 17 Aug 2027

Mediterranean CoSense-EU campaign

&+ EarthCARE 19 Aug 2027
PN e EarthCARE 21 Aug 2027
7 J» EarthCARE 23 Aug 2027
& Gaia Blu Track

e Ground-based and Airborne platforms for aerosol, clouds, and radiation i . . ~< . [
measurements e R N N SR OS] - -

L SHP

v 3 ACTRIS Aerosol remote sensing facilities in Greece + ESA’s eVe lidar /7 e e T
in EC cross-point (Evoia) ~ 4

uuuuuu

v 1 ACTRIS Cloud remote sensing facility (Evoia)
v Longwave and Shortwave radiometers

v Airborne aerosol in-situ (Cyl) Example of suborbital instrumentation

Campaign Objectives PANGEA observatory

. . . . Background conditions
e Adaptation of EarthCARE ML-based NASA retrievals in the Mediterranean  representative for the

) ) ) ) ) ) Mediterranean
e multiple scattering studies using eVe’s dual-field-of-view measurements
e Fire smoke & mixtures properties

e Test EarthCARE for Air Quality applications

~

-
- - 5

pmod ' Wrc fS: _
_Pyranometer
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Future work

e Finalize ACROSS validation studies for the EarthCARE special issue (including A-TC vs
EARLINET, A-EBD vs Pangeq, AC-TC vs Cloudnet)

e Investigate differences in liquid cloud layers

e Evaluate more parameters from ACM-COM product

e Continuous suborbital measurements with Antikythera & Thessaloniki lidars

e Participation in the 2027 Mediterranean campaign

e Expand the intercomparison of EarthCARE and DQI products

e Use of EarthCARE products for Sentinel 4 & 5 validation (aerosol layer height)

e Cal/Val working group under WG3 of EARLICOST cost action (2025-2029) »

or https://earlicost.eu/ EARLICOST

~. earth

% are "o ERTAI NTY

CLOUD-AEROSOL INTERACTIONS <, Ay
I S c & THEIR IMPACTS IN THE EARTH SYSTEM

Thank youl!
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