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INTRODUCTION

The simultaneous availablility of EarthCARE and the Flexible Combined Imager (FCI) on the Meteosat Third
Generation (MTG) satellite presents an opportunity to enhance cloud products by combining observations
both active and passive sensors. We highlight the complementary nature of EarthCARE and FCI cloud
observations over Europe and Africa (extendable to other areas using analogous GEO sensors):

d On the one hand, EarthCARE cloud profiling and optimized measurements of droplet and ice crystal sizes
offer valuable data for validating passive imager cloud products and improve the cloud model assumed In
their retrievals.

d On the other hand, EarthCARE provides snapshots of atmospheric conditions with limited spatial and
temporal coverage, and numerous potential applications (e.g. 3D cloud reconstruction) would benefit from
simultaneous cloud retrievals from GEO imagers to enable broader analysis of the temporal evolution and
life cycle of clouds and their radiative impacts.

I 2 . . ‘ Example of FCI clout top height (CTH) retrieval on 1st June 2025 at 13:20 UTC, extracted from the
10 12 Optimal Cloud Analysis (OCA) products [1]. The co-located EarthCARE track is overplotted.
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Bridging Satellites and Ground Truth: Validation of FCl| OCA products using EarthCARE and ACTRIS-CLOUDNET

4 Example of the validation of FCI-OCA upper layer CTH helght and 4 Example of FCI-OCA B e = Juelich 2025/06/07 ® FCI-OCA SL Wat ||® FCI-OCA SL Ice ||4 ACTRIS CBH
phase vs. active space measurements from EarthCARE in early  Validation vs. active ground- g "™ D Ferocazuwet | |orcrocAtkce [ e cen
June 2025 (AC_TC 2B products distrusted by ESA, https://lec-  based measurements fromthe z,,,| . ) ol
pdgs-discovery.eo.esa.int/socat/EarthCAREL2Validated/). ACTRIS-COUDNET network = 78 g = 250 ey - B

A distributed by FMI " e e st sl ot s 8 e e
WORK IN (https://cloudnet.fmi.fi). The i € k 2 ¥ A R S A W A e Al

25 e |1 e (ROOES top panel shows all FCI-OCA  §°’["  Munich 2025/06/07
SRR B P | a “??W 10min repeat cycles on the 7 %8.24 D T — = R
fel of June 2025 over the stations s 5% W“ N ;%ﬁ “"f"e‘

| e of Munich and Juelich. The = t%[Sigteg e o So7e % lfe W RiNw

. gr};'ﬁr;;‘gf,?gwd.(‘:) lower panels show the s 2 4 6 8 10 _ 12 14 e T,
B accumulated validation # Titae (H1E)
=2 statistics over 8 days from 18" c& W ke ot

21.69 26.98 32.25 37.50 42.75 48.03 53.25 58.44 63.61 68.71

-21.12 -20.00 -18.81 -17.52 -16.09 -14.44 -12.52 -10.16 -7:11 -2.91 to 2 5th M arC h 2 O 2 5 fo r ‘ I H
Latitude (deg)
Longitude (deg)
Synergetic Target Classification (EarthCARE AC_TC_L2B) - 20250601 WORK IN an d LWI /IWI .
1 1 IWP-day Single-Layer-Ice o IWP-day 2-Layers/Top-Ice
Time (HHMM:SS) PROGRESS " L :
01:56:20 01:57:41 01:59:02 02:00:24 02:01:45 02:03:07 02:04:29 02:05:50 02:07:12 02:08:33 I )
1 1 1 1 1 1 1 1 3 J 0 | ’,’ ax o
23 F stratosBRerlc sn'f?ke &« w s ¥
e FCI OCA Top Layer CTH - Ice - stratospneric sulfate = '~ i
3 stratosr,ﬁhenc ash T 10-1] T 10-1 c £ 1071 - 3x10°
e FCI OCA Top Layer CTH - Water ,—gust 1X =3 10 E 1o s 10 = o
- dusty smoke g g £ H o
- smoke ‘ - %
'-contlnfntal pollution £ 2107 S 102 S107fa -."a' §
-%%gtsat 2 = é s . Heili-hali 210t
- o = [»] S .
F insects i3 2 103 2 10 g 103 »
:NAT?PSCT el;) g 6 5 S S
-StTSt PSC Be_ | S = 7 e
stratospheric ice . 2 a4 ] o)
. ettt K ol o-
£ Eice cf%ué%gdolssmje |q&%5 £ e 7 _— _ - il ,
o E Show and supercooled Ii%Tid o 10° 104 107 102 10% 10° 100 10° 10¢ 100 107 10 10° 100 10 10 102 102 10 10° 10!
° - r|meg sSnow gnd sxiﬁerco gd liquid ACTRIS LWP [kg/m2] ACTRIS IWP [kg/m2] ACTRIS IWP [kg/m2]
2 - rimed snow (possible liquid)
= Fsnow (no liquid). . r 7 g 7 , B ;
< -snolw goss%lle iquid) : H i Bias (Mean): 0.07 : M: ---- Bias (Mean): 0.16 ' ‘[l ---- Bias (Mean): -0.02
:rc%?dtlpamsnow o 2001 ; i === Bias (Median): 0.02 400 ; i ---- Bias (Median): 0.04 70 { ‘|| ---- Bias (Median): 0.01
- warl f'ali] ) : i ---- 5D:0.21 : i --—-- SD:0.84 i ‘11 ---- SD:0.09
,—?rlzrzjlnp |gmd cloud ! { ! ! t 60 1 : i
- liquid clouc . o b -
- no rain or IC(? (Rossmle II%UIdl_ ‘ 300 50
- ea\\; Ir;g}xe -phase precipitation g "
- possible cloud (clutter)) 200 ‘ 5 40 , ,
i - OSS'Ble snow (cIutte)r S 1001 G2 8 | '
- _-Bossu e rain (clutter = : :
ik - clear d ; '
: roun : !
: -:8n?<nown 50 { 100 { 20 ; '
21.69 26.94 32.21 37.48 42.73 48.02 68.86 10 ;
-2.64 -3.75 -4.95 -6.25 -7.70 9.37 -16. -21.42 ' | !
Latitude (deg) 9556 04 =02 00 02 0.4 0.6 0 -2 o0 0 1 2 ‘ 083 02 o1 0.0 01 02
Longitude (deq) FCI/OCA LWP [kg/m2] - ACTRIS LWP [kg/m2) FCI/OCA IWP [kg/m2] - ACTRIS IWP [kg/m2] FCI/OCA IWP [kg/m2] - ACTRIS IWP [kg/m2]

Highlights of Ongoing developments and Future Perspectives:

d Extension of the validation to the coming EarthCARE synergistic lidar/radar products (ACM-CAP, ACM-COP, ACM-3D, M-COP), in collaboration with LOA/ICARE

d Accessible Validation Results: All updated OCA validation results are publicly available via the METS-Cloud web interface [3], ensuring transparency and ease of access for the
scientific community.

d Integrating Al/ML capability to enhance the OCA product (day-night microphysics homogeneity & vertical profiling in collaboration with LOA/Hygeos)

A Exploring the possiblility to use FCI-OCA products in combination with EarthCARE products for reconstructing 3D cloud maps within the ESA project “Creating 3D Cloud Maps

from 2D Satellite Imagery using Machine Learning” (led by Anna Jungbluth)
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