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Radiative Closure Experiments for EarthCARE Validation (RACE-ECV): Second

Intensive Measurement Campaign for Spectral Radiation and Aerosol Properties
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RACE-ECV

Radiation closure experiments for EarthCARE validation

University of
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£ Zurich™

urban ¥5%
2.96° E

PMOD/World Radiation /(8% Freave

Center, Switzerland / Elev. 60m 4 1"
EVID 44, Swiss funded / Nt ARISTOTLE
. / > |
project (12.2024, / x Kedek UNIVERSITY
12.2026) / 4 gemi urban W #-57 OF THESSALONIKI
Kedek: 40.57° N, 22.98° E AR s @ o
) 3, SR (S (AT peeeo cloue o

Urban location
Semi urban

Locations at overpass

Objectives
Directly validate EarthCARE products related with total column aerosol and cloud optical thickness and aerosol profiles
Perform radiative closure studies
Provide a high-quality measurement dataset consisting of aerosol optical properties and spectral solar iradiance, for MAXIMILIANS-

UNIVERSITAT

science studies and CERTAINTY project MONCHEN

* Preparatory for the
main campaign 2026

e Permanent site: LAP
+ 2 additional sites

* |nstrumentation: next

slide
+ hand-held photometers
( stars on the map)

e 2 overpasses
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EUROPEAN SPACE AGENCY

Instrumentation e £ Cesa

Spectral Aerosol columnar properties (AERONET)

Broadband solar measurement (SW, total, diffuse, direct)
all-sky camera

Lidar system I helisis (3+2+depol) aerosol protiles

Air quality/ trace gases (Max Doas, FTIR, Pandora)

+hand-held photometers
around the overpass

20 May 2025, 12:41-53 UTC 05548D

Semi Urban (Kedek) SR
Spectral Aerosol columnar properties (PFR-GAW Network) = Sun-photometer

Broadband solar measurement (SW, total, diffuse, direct)

all-sky camera

Rural location (Epanomi)

Broadband solar measurement (SW, total, diffuse, direct)
all-sky camera

4
REDMI NOTE 13 g/
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RACE-ECV 2" campaign 2026 A "y Q@esa

. extendedto 6 months : Febto July 2026 RACE-ECV

B '*‘-?' oy F 4117 “'Slovenia . . P
®Ljon : : 2 Radiation closure experiments for EarthCARE validation

Croatia

S v a Legend :
duration of the second campaign @I
'4

OBelgrade beorpan ucharest Bl Se.
PMOD/World Radiation Center,
Monaco ®Florence

IBaltanas o ‘ Switzerland

ARdora Kosovo

OSarajevo

OpGdgorica floaropuua ‘,"

%\ %L‘ : Noith Macedonia’ 4 ey EVID 44, Swiss funded project (12.2024,

E i : Albm:'lrare X IT h essa | O n l kl \_‘:_'l O.hln »arai ; ’ ’ 12.2026)

Tyrrhenian Sea

®5.ima Greece

jpsach na 3 ;fff » All sites: photometers and broadband solar
Kato Achaiad, SN radiation measurements -> direct validation of
~ Pyrg 0S : , A 9  EarthCARE aerosol and cloud total column optical
i properties and surface radiation products; radiative
s closure studies
|
\

®palermo

' Kivides, Cyprus

~ » Selected sites: additional instrumentation including
among others spectral solar radiation instruments,
all-sky cameras, and lidar systems -> aiming for

More S|tes (6) across I CICEICH RO R N WAV OR (OB .iciation of EarthCARE surface radiation products

\* and high-level synergistic products; radiative closure
— Medlterranean : N\ — — , —— studies at spectral level, 3D cloud reconstruction
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Validation of surface irradiance products

(L2b ACM_RT)

EUROPEAN SPACE AGENCY

1St campaign -1 overpass available — 20/05/2025

1D Global down flux
41.00 _ 1—2:48:27 (BA)

>
Urban® 820
© 4050 800
780
760

40.25

23 233
lon

« good agreement: differences below 5%

« Better agreement with averages (3x3) above stations

2nd campaign - Ongoing

ACM RT(BC) 1D Global down flux
surface, all sky, 21/03/2026

42.2
14:38:50!

; GHI (W/m2)

; 600

altanas 500

41.9 station 400
300
418 }

o I£8:58

4.3 42
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Sky camera
clouds

421

it

15

lat

Ongoing
analysis
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Statistics with the rest of the
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Validation of surface irradiance products A P

(L2b ACM_RT) in a global scale

Using ground-based observations by BSRN Intercompare with modelled data from CAMS
L radiation service

1807 120"W B0 o BIFE 120°E 1807

MBE =-10.4 Wm™2 (-2.2%)
RMSE =119.2 Wm"2 (25.3%)
BA
1000 4
 aood L
: i
E . = . " :" GHI difference ECA-CAMES (W m“"]
< 600 . -
£ . ¥ ‘At Global inadiance
Iﬁ . ;s 1200
u . % W & . MBEg., = =74 Wm= (-2 1%)
5 400 | . ‘-. L MBE::_::“-H.QWW‘N.S%I BA
7 * 1] AMSEpss =085 Wm (28.2%)
‘, "'s: . A FMSE s = 006 W [ 25.9%) .
201, 0 A - Coudires ACM_RT slight underestimates | M
. M - oudy T . . . ] J
iy LI Broken clouds global horizontal irradiance (GHI) . .
R e ~— - w T
0 200 400 800 800 1000 1200 L *,
GHI BSRN (Wm2) ; . -
A0 4 _. -
See poster P070 e
Gschwind, Papachristopoulou, et al. Gschwind, et al. under preparation 2001 by ¥
(al
o T T T T T
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Science exploitation of ACM_RT

EUROPEAN SPACE AGENCY

e Accurate irradiance estimates are essential to accurately calculate aerosol and cloud radiative effects.

* Example: clear sky aerosol direct radiative effects (DREs) and additional heating rates calculation using ACM_RT product for
the campaign location for 20.05.2025.

ACM-RT Clear sky Aerosol Direct Radiative Effects (DRES)

File date: 2025-05-20 12:41:16 UTC | Pixel 3081: 2025-05-20 12:48:26 UTC
Target location: (40.63°, 22.96°)

(a) (b)
10 -

Clear sky
= Pristine sky
Aerosol effect

Height (km)

AOD355nm=0.12

SW clear sky aerosol DRE (W m™2)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 TOA ATM SRF
SW Heating rates (K day™?)

EarthCARE 2026 Science and Validation Workshop | 8 — 12 June 2026 | Rhodes House | Oxford, UK 7



Radiative closure experiments

esa

EUROPEAN SPACE AGENCY

1St campaign: 20 May 2025 overpass (LAP station 18 km from the EC overpass)

Radiative closure at TOA § op o e _ > f _s_i Fnllla_{e:d_f_l.l_l:;é s_f; ;:;ét_r; q‘,
BBR data VS g™ \_____ E‘”JE“_'E‘EJIJE‘-‘EG‘}
E'n"@ "TG_:J“'H
™y

I
I
l "
i

Radiative closure at BOA

GB measurements VS

om of the atmosphere (BOA)

use spectral solar radiation
observations ->

to assess the aerosol and cloud
products in the EarthCARE (EC)
ACM_COM product :

L2a composite: COM
and
L2b multi-sensor synergy: CAP

(CAP VS COM, baseline comparisons
BA, AC)

EarthCARE 2026 Science and Validation Workshop | 8 — 12 June 2026 | Rhodes House | Oxford, UK
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Radiative closure at TOA "%ao T r “simulated fluxes/s ;_);t_:t_r; ) .

Mostly a clear sky day BBR data VS e L withEc inputed:
. . P L] E ©fe . :_\‘
(light cirrus clouds cover around the overpass) :: RN

Radiative closure at BOA
GB measurements VS

/Ealtl:rn of the atmosphere {(BOA)

and low aerosol load AOD355nm=0.12
(BA baseline VS 0.17 for GB observations)

Available:

- photometer (CIMEL) aerosol products,
- Lidar for aerosol profile

Radiative transfer simulations: libRadtran package

EarthCARE 2026 Science and Validation Workshop | 8 — 12 June 2026 | Rhodes House | Oxford, UK 9



Radiative closure experiments

esa

EUROPEAN SPACE AGENCY

1St campaign: 20 May 2025 overpass (LAP station 18 km from the EC overpass)

AEROSOL INPUT
(ONLY COM-no CAP)

12

10.0
oo
m Dust o
wid Sea Salt 9
(10} 7.5 — Cont. Pol. fee cloud
W R I
8 E 5.0 e Dusty mix _‘é 6
3 AOD355nm=0.12 3
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-— 3 (increased values
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0.0
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Cloud INPUT (COM)

6e-04

Height (km)

Cloud INPUT (CAP)

12

w

COD355nm=0.0178

©

0.000 0.001 0.002

aer. ext. 355nm (km 1)

water content (g/m?)

water content (g.'mS)

AEROSOL INPUT (ONLY COM-no CAP)

Cloud INPUT

lot. AOD AOD_10 é\on_u ASOD_13 - AOD_14 AOD_15
Radiative closure at TOA - - - - - e vty smore - Lo (com) (CAP) |
BBR data VS © 2 WP (o)
© 3- 2 4 2 4 3- - 14
© 1 ‘ s - 12
. (&) g - = S 1nil 1 g - 10
ACM_COM , BA baseline w 2 8
(overpass point with closest distance to () = e S P 21 3 6
the LAP station - 2025-05-20,12:48:26) ™ o o | o [PLre . =9
3 3  f T u K
< - 0
Radiative closure at BOA 00 08 ° ;,o‘ In‘al ° _nfol InlaI I N lol Io,‘s‘ l 00 06 d ;‘,ol ‘o{s‘ ° 0.0 0.6
L =i e s EC 3D scene reconstruction (ACMB_3D)
om of the atmosphere (BOA)

Radiative transfer simulations: libRadtran package
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Radiative closure experiments

EUROPEAN SPACE AGENCY

1St campaign: 20 May 2025 overpass (LAP station 18 km from the EC overpass)

Radiative closure at TOA:

SW upwards flux ACM—RT
(W/m2) estimates at BA baseline - 4 RT 1D
TOA VS BBR 1oixel 5pixel 21x5 GB inout ACM_COM
(BMA_FLX BA pixe pixels x P BA (COM)
. closest (+/-2) (SCA)
baseline)
MBE (Wm-2) —-4.3 -0.6 4.9 -17.6 -0.2
rMBE (%) 26 0.4 3.0 106 \_ -0

RT 3D \

ACM_COM
BA (COM)

5.8

3.5 )

Radiative closure at TOA ¥ 7. simulated fluxes/spectra |
7! 1

BBR data VS -: oggy o

L vimce gy T
o ‘ Radiative closure at BOA

GB measurements VS

Bottom of the atmosphere (BOA)
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EUROPEAN SPACE AGENCY

1St campaign: 20 May 2025 overpass (LAP station 18 km from the EC overpass)

Radiative closure at BOA:

~
™~
-

Radiative closure at TOA "%p o~ :’ _S_iI:I‘I_l.I_|.;‘t_e_d_f_|.l._,l£e_s_)';[_'.);;l_r; ) |
BBR data VS ". ”’Ea,"'?cg‘}:"“-\ \ with EC input o ,' Downwelling SW diffuse irradiance
/,/ = . i Er@”o;),\ 1.501 [-4.3%(AC) 4.2% 12.5%(AC [1.9%] [2.8%
# i .

e simulations using
EarthCARE aerosol and
cloud products from

o the ACM_COM

RT_sim./Obs.

Radiative closure at BOA

GB measurements VS

reproduce the
measured spectral
diffuse irradiance with

diffuse irradiance (Wn‘mz)
8

accuracy comparable
(or better) to that
achieved using
ground-based inputs.

 Improved results for
BA baseline

500 1000 1500 2000
wavelength (nm)

Shortwave (SW 340-2500nm) diffuse spectral

obs. (spectroradiometer SVC XHR 1024i) f

=== obs. 20250520, 12:48:18 RT sim. EC 1D, aer. + cl. COM (AC) Uncert.

= RT sim. EC 1D, aer. + cl. COM (BA) RT sim. EC 1D, aer. COM + cl. CAP (AC)

~— RTsim. EC 1D, aer. COM + cl. CAP (BA) — RTsim. GB

2500

obs. 20250520, 12:48:18
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Validation of MSI-L.2 aerosol total

esa

column optical properties = '

1St campaign
With high precision CIMEL and PFR

2nd campaign — Ongoing

MSI vs Ground AOT 14 December 2025

008 60 0.02 0.04 0.06 0.08 0.10 32°E 32.5°E 33°E 33.5°E 3M4°E

40.2°N Ground AOT (670nm)

@ Low-Cost Sensors (2025-04-25) 40.1°N
W AERONET Station (2025-04-25)

@ Low-Cost Sensors (2025-05-20)
W AEROMNET Station (2025-05-20) 40°N

- lilline

|
|
|
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(] °
I = 339N Samples: 414 it 0.02
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) ‘ |
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_0.08 ; ~
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Ground AOD (670nm) Savva, et al. .under preparation
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Summary and Future work i Jpxa  Qesa

EUROPEAN SPACE AGENCY

* We found a slight underestimation of surface global horizontal irradiance (GHI) in the ACM_RT BA product.

We demonstrated the value of spectral radiative closure analysis for assessing aerosol and cloud products and
for comparing different baseline datasets.

The use of low-cost photometers represents a trade-off between measurement accuracy (relative to PFR and
CIMEL instruments) and the benefits of increased data availability and spatial coverage for satellite aerosol
optical thickness (AOT) validation activities.

Future Work:

* Analyze all overpass datasets from the second RACE-ECV campaign (spring — summer 2026)

g Project funded by
0 Sch € senschaft
Co
Co

RACE_ECV (C ESA EVID 44,

» ) i Swiss funded project - corsmc s, CLOUD-AEROSOL INTERACTIONS Jniintnss S e
Radiation closure experiments for EarthCARE validation (12.2024, 12.2026) aon, & THEIR IMPACTS IN THE EARTH SYSTEM *Jas e’ AN I
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