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EarthCARE =5

(Earth Clouds, Aerosols and Radiation Explorer) %*A @esa

v Joint Japanese (JAXA)-European (ESA) satellite mission
v Improve the understanding of cloud-aerosol-radiation interactions
v Four sensors:
ATLID (Atmospheric Lidar: 355nm HSRL with dep. Measurement function)
MSI (Multi-spectral imager: 0.66, 0.865, 1.61, 2.2, 8.8, 10.8, 12.0 um)
CPR (Cloud Profiling Radar: 94GHz)
BBR (Broad-band radiometer: SW (0.2-4um), Total (0.2-50um)
=> Observe Global / 3D distribution of Aerosols, Clouds, and Radiation
=> Provide information on Aerosol and Cloud effects on atmospheric radiation

Aerosols
e \ertical / Layer / Columnar Optical/Microphysical/Radiative properties: extinction, depolarization, AOT ....
e Aerosol type: Dust, Smoke, Continental Pollution, Sea-salt ....
e Aerosol component: Sea-salt, Carbonaceous (Light-absorbing), Water soluble, Dust

v' L1 products are generated by each sensor development organization (JAXA for CPR and ESA for others)
v L2 products are generated by different algorithms by JAXA or ESA, respectively.

=> We attempt to summarize the L2 products briefly, contrasting the ESA and JAXA L2 products, here.
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ESA processing chain for all products

JAXA processing chain for Aerosol products

Supplement
(0.311)

ATLID L1b
(0.3)

<] I

Aux

BT B

' ‘ i

-
15
C-HOM
+H

| AT LI D I:Oqa}‘ui L1 calibration pmdl:cls not dﬁg egu

p—

i| Aerosol component

v K
ATLID L1b ATLID L1b
(1) (1%)
QF (channel select)
FM (0.3) FM (1) FM(1%)
(Cloud/others) | | (Cloud/others) | | (Cloud/AerosoliMol) |

[cop(1)| [cop (1) |{AoP (1|

y

}

v Aerosol products are basically created using ATLID L1 and MSI L1.

v There are standalone (ATLID or MSI) and synergy (ATLID-MSI) products.
v There are similar products at ESA and JAXA, as well as unique products at both.
v The aerosol products created lead to atmospheric radiation assessments in the processing chain.

ez (1) | [etm () || aTM (1) |
IAerosolproduct I Aerosol product

:| (Water-soluble, Sea-

salt, Dust, BC)

MSI L1b
(670, 865)
) N
L2B ATLID+MSI L2B MSI
:| Aerosol component AOD, Angstrom
: + mode radius
:| (Water-soluble, Sea-
salt, Dust, BC) :
Research Products
L2A ATLID '

.........

MOP: Molecular optical property, QF: Quality flag,
AOP/COP: Aerosol/Cloud optical property

FM: Feature mask, TM: Target mask,

PBL: Planetary boundary layer

(0.3)(1)(1*): Horizontal resolution [km)]
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Aerosol products (2)

Vertical profiles

Feature mask

Extinction/Backscatter/Lidar ratio/Depolarization

Particle type
Aerosol fraction

Aerosol component

Vertically integrated, Columnar

Extinction/Backscatter/Lidar ratio/Depolarization

Particle type
Layer height
AOT / Angstrom
PBL height

< < < <

< < < < <

Overview of ESA L2 products

Cloud-top, vertically integrated, layerwise

Aerosol
Aerosol layer height/depth and classification
(Optical thickness

Layer-mean extinction-to-backscatter ratio
Layer-mean particle linear depolarisation ratio
lAngstrom exponent

ICloud and precipitation
Cloud-top height, phase and type
Optical thickness

Effective radius

Liquid, ice, rain water path
Surface snow rate

Surface rain rate

Radiation
Radiative fluxes at TOA

ACM-COM

Vertical profiles

Aerosol

Aerosol fraction

Aerosol type

Extinction
Extinction-to-backscatter ratio
Particle linear depolarisation ratio

Cloud and precipitation
Extinction
Extinction-to-backscatter ratio
Effective radius

Liquid, ice, rain water content
Snow rate and median diameter
Rain rate and median drop size
Cloud/precipitation fraction
Cloud/precipitation classification

Radiation
Broadband radiances

ACM-RT
Broadband radiances at TOA

Radiative fluxes

BMA-FLX Heating rates
Overview of ESA L2 products
Overview of JAXA L2 products
ICloud-top, vertically integrated, layerwise CPR_ECO Vertical profiles

CPR_CLP
ATL_CLA
MSI_CLP
CPR_DOP
CPR_RAS
CPR_WWL
ATL_ARL

Aerosol

(Cloud and precipitation

Cloud phase

E.:lz'.ir:.'u th MSI_ICE

11e

Cloud mperature, pr MSLARL

and he AC_CLP

Liguid, ice water path ACM_CLP
ALL_RAD

Sé::hatmn; AC_MRA
. AC_RAS
AC_VVL
AM_ARL
ACM_CDP
ACM_RAS

ACM_VVL

2nd ESA-JAXA EarthCARE In-Orbit Validation Workshop | 17 — 20 March 2025 | ESA-ESRIN | Frascati (Rome), Ttaly

ACM_ICE

Aerosol

Aerc

[
A

Cloud and precipitation
Refractivity
Doppler velocity

Radiation
Radiative heating rate

Wehr et al. AMT, 2023
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Special issue

Articles / Special issues Search

EarthCARE Level 2 algorithms and data products

Editor(s): Ulla Wandinger, Pavlos Kollias, Anthony lllingworth, Hajime Okamoto, and Robin Hogan

The EarthCARE satellite (Earth Cloud, Aerosol and Radiation Explorer) is a joint ESA-JAXA mission due for launch in 2023, carrying a
Doppler cloud profiling radar (CPR), a high spectral-resolution atmospheric lidar (ATLID), a multi-spectral imager (MSl) and a
broadband radiometer (BBR). A large number of cloud, aerosol, precipitation and radiation data products will be produced, some
derived from individual EarthCARE instruments and some from the synergy of multiple instruments. This collection of papers will
document the theoretical basis for the EarthCARE Level 2 algorithms and evaluate their performance. An innovative aspect that
links a number of the papers together is the use of realistic 3D test scenes, 6000 km in length, with cloud, precipitation and aerosol
fields from a high-resolution cloud-resolving model and an aerosol transport model, from which observations by the four Earth
CARE instruments have been simulated using state-of-the-art instrument simulators. This approach has enabled these algorithms
to be evaluated and compared on a common dataset. The special issue is limited to invited papers describing official ESA or JAXA

retrieval algorithms and their evaluation, plus several closely related papers.

Download citations of all papers
= Bibtex

= EndNote

v'Contains all product and algorithm
descriptions

v Note that the algorithms on JAXA
research products are described in the
JAXA ATBD:
https://www.eorc.jaxa.jp/EARTHCARE/do
cument/doc_index_e.html.

v Note that, even if they are similar
parameters, the algorithms for signal
processing (averaging and smoothing),
numerical solution methods, and
thhresholds differ between the two
algorithms (see AMT special issue and
ATBD).
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*A-AER/EBD :Variable spatial resolution (Low/Middle/High)

presented by Donovan et al. on Tuesday

ECA_EXAC_ATL_EBD_2A_20241220T161753Z_20241220T214544Z_03201B.h5
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JAXA

cloud_backscatter_10km + aerosol_backscatter_10km
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Profile number

Log;q(Backscatter [/m/sr])

Log;,(Extinction [/m])

Depolarization ratio (%)

Aerosol product. Note that wavelet analysis is used for denoising
L1 data to improve L2 quality.
ECA_J_ATL_CLA_2AS_20241220T1617_20241220T1629_03201B_vAa



Feature mask

(Example of ESA/JAXA Common pérameter)

ESA

ATL_FM__2A Feature Mask 2024-12-20 16:17:58 - 16:29:43 UTC

16:17:58 16:20:54 16:23:50 16:26:47 16:29:43
30 1 : ' ' '
Thick cloud
Thick aerosol/cloud
2 | ".---' i Thick aerosol/cloud
_. Aerosolfthin cloud
204 Aerosolfthin cloud
t Low altitude aerosols
E- 15 Likely clear sky
) Likely clear sky
% 10 Likely clear sky
Likely clear sky
5 I Clear Sky
-, Attenuated
! No retrievals
9 I Surface
22.32 33N 45.04 56.28 67.31 Lat
142.49 139Il.95 136I.86 132I.61 125,I44 Lon

Feature types:
Cloud (Thick / Thin), Aerosol (Thick / Thin)
Low altitude aerosol
Clear-sky (five levels)
Attenuated, No retrieval, Surface
*Simple classification products are also provided

ECA_EXAC_ATL_FM_2A_20241220T161753Z_20241220T212643Z_03201B

Feature Mask Classification

Altitude [km]

JAXA

20
15
10
5
0 “1' __M_IIII__ .«_._.IH.J_ R T T W T
0 1000 2000 3000 4000 5000
Profile number
0:Invalid ™ 1:Clear " 2: Aerosol = 3:Cloud

I 10: Surface MM 11; Subsurf (1 12: Fully_aft ®=% 13: Unknown

Feature types:
Cloud
Aerosol
Clear-sky
Attenuated, Invalid (No retrieval), Surface, Subsurface

ECA_J_ATL_CLA_2AS_20241220T1617_20241220T1629_03201B_vAa



Particle type =

(Example of ESA/JAXA Common paramefér)

ESA ' JAXA

ATL TC__2A Low Resolution Target Classification 2024-12-20 16:17:44 - 16:29:52 UTC target maSk 10km

16:17:44 16:20:46 16:23:48 16:26:50 16:29:52 20
% Missing Data —_ |
~ Out of param. space £ 15
Strat. Smoke =,
25 Strat. Sulfate B ©
Strat. Ash - - 10
a5 Strat. Ice g 2
1 NAT i =
- sTS § < 5 ]
E Dusty Mix o i
=154 Dusty Smoke o 0 e Al ARE L T . ORI ;
= Smoke e | | | ! | I
] Continental Pollution  § 0 1000 2000 3000 4000 5000
T 10+ ' Sea_salt B ,
B oust 3 Profile number
Ice Cloud g
51 S cooled Cloud z 0: Invalid B 12: 3D-ICE I 25: Pollution
(Warm) Liquid Cloud  §
= e e BN 1: Clear sky B 21: Marine W 26: Pristine
Surface or sub-surface
- Bl 11: Warm-water Wl 22: Smoke 50 19: Unknown_cloud
2162 3335 45.06 56.67 68.03 Lat
- — - e - 12: SC-water I 23: Dust 29: Unknown_aerosol
12: 2D-ICE 24: Dusty mixture

Aerosol types (9 types):
Dust, Dusty mix
Smoke, Dusty smoke

Aerosol types (6 types):
Dust, Dusty mix

) i Smoke
Continental Pollution )
Pollution
Sea salt ..
Pristine
Stratosphere Smoke / Sulfate / Ash .
Marine

ECA_EXAC_ATL_TC_2A_20241220T161753Z_20241220T214544Z_03201B ECA_J_ATL_CLA_2AS_20241220T1617_20241220T1629_03201B_vAa
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Aerosol-type probability

32.0
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Latitude MNigimulation data used (Modified Halifax

24.0 220

JAXA

Aerosol component
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We have briefly summarized the L2 aerosol products provided by ESA JAXA at the present time.

Aerosol products are basically created using ATLID L1 and MSI L1, there are standalone (ATLID or
MSI) and synergy (ATLID-MSI) products.

There are similar products for ESA and JAXA (e.qg, Feature mask,
extinction/backscatter/depolarization, Aerosol type, AOT/Angstrom ...), as well as unique products at
both (e.g., various layer-integrated products for ESA; Aerosol component product for JAXA). It
should be noted even if they are similar parameters, the algorithms for signal processing (averaging
and smoothing), numerical solution methods, and thresholds differ between the two algorithms (see
AMT special issue and ATBD).

ESA/JAXA product (algorithm) cross-comparisons are being carried out, and initial results are
presented in the following (presented by Wandinger et al. )
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