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EarthCARE

(Earth Clouds, Aerosols and Radiation. Explorer) = @esa

e EarthCARE was successfully launched in last year; calibrated data (L1) and geophysical data (L2) are already
publicly available.

e Joint Japanese (JAXA)-European (ESA) satellite mission to Improve the understanding of cloud-aerosol-radiation
interactions

e 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 clouds and aerosols and Radiation
=> Provide information on Cloud and Aerosol effects on atmospheric radiation

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

(Standard+Research) s

ATL_CLA products Algorithm flow (v2.1)

Parameter Resolution
Feature mask [FM] AZ =0.1km Supplement ATLID L1 msI L1
Aerosol/Cloud/Clear-sky/Surface/Sub-surface/Fully-attenuated/Unknown AH = 0.3km/1km/1km* (0.311) (0.3) (670nm/865nm)
Aerosol target mask [ATM] AZ =0.1km ) . | )
S MOP Signal smoothing
Marine/Smoke/Dust/Dusty-mixture/Pollution/Pristine/Unknown AH = 1km*
ATLID Cloud target mask [CTM] AZ =0.1km
L2 Warm-water/Super-cooled-water/3D-ice/2D-plate/Unknown AH = 1km/1km* T (! R 3
(Standard) Asrosol optical property [AOP] AasHidm ATLID L1 ATLID L1 i [ ATLD+MSI |
(Extinction, Backscatter, Depolarization, Lidar ratio) AH = 1km* )] (1% I Hid AC(1%)
Cloud optical property [COP] AZ =0.1km T T i
(Extinction, Backscatter, Depolarization, Lidar ratio) AH = 1km/1km* Qc Qc Qc :
PBL height [PBLH] AH = 1km/1km* _ :  Research
> ! products
ATLID - :
L2 Ext'nctlon Of ael’osol Components [AC] AZ=0.1km R "................................. .........................." ............................. ...‘ H
: - i ' [moal] N R R
(Research) (Dust, Sea-salt, Water-soluble. Light-absorbing) AH = 1km FM (0.3) | FM|(1) | | | FM (1%) . — _ L2AAT1.ID
ATLID-MS! Extinction of aerosol components [AC] AZ=0.1km [cop()] [cop () ][aor (1] L AC)
(Dust, Sea-salt, Water-soluble. Light-absorbing) AH = 1km* ! Standard : K
L2 : - T oducts [em@y] [ctmay |[atm s ][ PBLH (1) |:
(Research) Mode radii (Fine and Coarse) [AC] , proau
(Columnarmean) | | s
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JAXA ATL_CLA products

, esa
(Standard & Research) | Eesa

AH=0.3km AH=1km AH=10km AH=10km

feature_mask_03km feature_mask_1km . feature_mask_10km Extinction coefficient of Water-soluble particle [1/km]
20
10°
£ £ Wat lubl
£ 2 == vvater-soljubie
3 g 10 i 1071
2 £ @ 104
E Zs H
< g | E PR YU PP PPOR /TR ST WO O B T 107
g, § 0 u < 57 W R T —
0975 1000 1025 1050 1075 1400 1125 1000 2000 2000 A LT AR, gt B
Profile number Profile number 01 1073

Time [hour, UTC]
0:lnvalid W 2: Clear/Aerosol 3: Cloud
W 10: Surface WEM 11: Subsurf [ 12: Fully_att 13: Unknown

2 3 5 2 1000 2000 3000 4000
‘ 0: Invalid W 2: Clear/Aerosol 3: Cloud ‘ 0:Invalid W 1: Clear 2: Aerosol 3: Cloud ‘ Profile Number

~ & i pa— . - 5 % -_— 5
W 10: Surfaco M 11: Subsurf C—J 12: Fully_att % 13: Unknown W 10: Surface W 11: Subsurt T 12: Fully_att 13- Unkriown Extinction coefficient of Light-absorbing particle [1/km]

target_mask_10km

= | S ~ | .»| Light-absorbing i

a 8

Altitude [km!

e P

[ 1000 2000 3000 4000 5000

Altitude [km]
Altitude [km]

[Standard products] - ===

Profile number

Profile number Profile Number
0: Invalid 12:SC-water W 19: Unknown-cloud 0: Invalid 12:3D-ICE . 25: Pollution Extinction coefficient of dust particle [1/km]
- 1: Cloar sky 18: 2D00E == 1: Cloar sky = 21: Marine 26: Pristine 20 100
20 24/09/02 1 495 B B 11: Warm-water 14: 3D-ICE N 11: Warm-water W 22: Smoke B 19: Unknown_cloud _
12: SC-water N 23: Dust 29: Unknown_aerosol é 1071
12: 2D-ICE 24; Dusty mixture g
£ ‘ . "
- cloud_extinction 1km . 0 cloud_extinction_10km + aerosol_extinction_10km = < ! 'WWWWMM O . *
- - 2= i . A <
— = = . : i 1073
g 153 EXtI nCtIOn (CIOUd) -3 .g. s EXtI nCtI on (CIOUd -Ii- Aeroso') -2 0 1000 2000 3000 4000 5000
FRLE Wi CEETY O R, 4 ﬁ 10 ! g ! P T A -4 Profile Number
% 53 ) o . 9 E g~ 54‘% - . e . Extinction coefficient of Sea-salt particle [1/km]
) I— g E . T 10°
0 T T T T = -6 3 0 T T -6
1000 2000 3000 4000 1000 2000 151 S L It
Profile number Profile number E ea-sa 101
20 cloud_backscatter_1km 20 cloud_backscatter_10km + aerosol_backscatter_10km g 107
=4 Backscatter (Cloud = s Backscatter (Cloud + Aerosol) “3| = o o
zs1 Backscatter (Cloud) g 154 . g it
ERPE . ol oy ¥ . ERUE oy . . ol I gt 108
s ] ' O LU -, = " " . ! - o~ 0 1000 2000 3000 4000 5000
= : ) 3 R i; E = ::. SRS [ TN e . s *; 3 Profile Number
0 1 UIUD ZOIUU BUIUO 4DIOU - 1 0'00 20'00 30’00 4dOO
Profile number Profile number
. cloud_idar_ratio_1km w0 a.cloud idar ratio_10km + aerosol_idar ratio_1Okm " [ Research p roducts ]
£ =4Lidar ratio gCIoud) »3 ¢4lLidar ratio (Cloud + Aer sz
g 104 ‘ 'PW’,’ : ‘“J‘;"' U w0 E B 0] Wk, U ng
£ " . i . - 5 2 | =
= 5 - AR . " 205 I s 20 |5
0 T T T U o 0 1 ]
0 1000 2000 3000 4000 2000 3
Profile number Profile number
20 cloud_depc on_tkm 50 F 20_Cloud_depolarization_10km + aerosol_depolarization_10km w
= 153 . ( ) a0 L E
£+iDep. (Cloud) e ©€ £ Dep. (Cloud +Aerosol) w
3 103 R g s _= 1 e A Pt ; 30
2 2 | \ 208 —8 10 ey "R AJ PRRUE " O :
Wy ... s g =S ¥ ‘. oy ! o, wE 2 . ‘ o 20 |
N N . - - g = ) y ¥ : 10
EarthCARE 2026 Science and Validation Workshop | 8 =12 4% o o o s 0 . L B - W ol B 4
Profile number X 3000 4000
Profile number B




EarthC

;gja\fA esa

EUROPEAN SPACE AGENCY

Asian dust (High dep.) & Mixture of Korean Smoke (Low dep.)? Around Japan (26 March 2025, 04695B)

ECA_J_ATL_CLA_2AS_20250326T1637_20250326T1649_046958_vBa.h5
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€ Good agreement for aerosol products
€ Validation of cloud products with airborne lidar data : Talked by Jin (T221) in this evening

Particle backscatter [/m/sr] Particle extinction [/m] Particle dep. ratio [%]
10_45 L L L L ": - L L L 50 ' | ! | ' | !
3 1 103} 5 a0l -
10°F E : . ; _
© : R 1 i . il ) «
S : o 1 9 ) iAo & 30 ' 7
9 10_6 E % M.l: = 9 0 § . epy | S ) o é 9 B e ¥
l:l E ,, g, 3 |:| F "'..'i'- " LA . l—_l 20 i ¢ *- "i:f-'-"_ -
< [ A 1 < F o < i R
e 105 AT - DA
107F N-649 ] 0 =682 f 10f-F8 X T e o
Error = 9.4% ] [ Error = 11.1% ] S Error = 32.1% -
ol ol : Ll Ll L 0 Sy r . | . | . |

00 10-7 “os 105 10+ %0 105 104 109

Ground-based lidar Ground-based lidar Ground based Ildar

0
Feature Aerosol Aerosol Aerosol Target PBL Cloud Cloud Cloud dep.
mask backscatter | extinction | dep. ratio mask height backscatter | extinction ratio

Estimated
error

~12% ~10% ~11% ~32% ~110m

@ Direct comparison with ground-based HSRL and Raman lidars
¥ Average ATLID data within a 50 km radius of ground-based lidar site
@®Period: 2024.09 — 2025.08 (1-year)
* Validation analysis covering an extended period is currently underway
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Ground validation studies have identified the following issues for the algorithms, and we are proceeding with
these improvements sequentially.

JAXA L2 Algorithm improvements (1)

Issue 1) Surface detection failure
(This leads to misdetection of cloud layer)
Issue 2) Fluctuation in depolarization ratio and lidar ratio.

Issue 3) Aloud/aerosol misclassification
Issue 4) Refining the handling of unknown layers
Issue 5) Misclassification between pristine and marine aerosols

Issue 1) Surface detection failures Issue 2 ) Fluctuation in dep. and lidar ratio

Before (v1.0)

no
S

After (v2.1: current version)

g 15 20 20 20 20
i —— Aerosol — Aerosol — Aerosol — Aerosol
g1 —— Cloud —— Cloud ~— Cloud ~—— Cloud
< 5 15~ 15 1 15 1 15 1
0 Lidar ratio Dep. Improved | Lidar ratio Dep.
E E £ £
. = = =
v 101 o 101 v 10 - 2 101
ved z 2 2 2
< < < E
20 ‘
51 31 51 5 1
g 15
5 10
é 04 0~ 0 0
6_:5 T T T T T LU L B B B B R B LLJLE A B L B R BN R B
0 20 40 60 80 100 0 10 20 30 40 50 0 20 40 60 80 100 0 10 20 30 40 50
0 500 Particle Lidar ratio [sr] Particle Depolarization Ratio [%] I Particle Lidar ratio [sr] Particle Depolarization Ratio [%]

ome nal1De
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Count

Count

JAXA L2 Algorithm improvement (2)

Count number of feature mask

-- Feature mask --

for one month (Mar. 2025)

Backscatter (0-20 km) [Logl0]
Misclassify aerosols

3]
(=]

(Mar. 1, 2025 (04295F))

feature_mask_ km
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Example of clouds being misclassified as aerosols

-We are currently working on
improvements, and these will

S for clouds == Femeo T 151 be m_cluded in the next
WA e | @40 version.
108 “; | —e— Total b5 'g _:

= nknown 195000088 = 5 _ .

3 etz | <07 olia - Exercise caution when
104 o . 4 i 1 . .

3 sclassify clou 0 . | calculating AOT using data
10° 0 1000 2228 3000 4000 :
. for aerosols Profile Tiumber from the current version
100 4 0: Invalid W 1: Clear 2 Aerosol 3: Cloud (high aerosol extinction

0F 107 106 105 104 100 102 BN 10: Surface WM 11: Subsurf ] 12: Fully_att&@® 13: Unknown should be excluded).

Backscatter [/my/sr]
Extinetion (0-20 km) fLegadl Aerosol backscatter coefficient [/m/sr]

w1 = ’ : ~
—e— Unknown !

107 =8= Clear = T T DR ol W T Sgadquzdssikadssannsannnnnsannnnnnnnnnn | R I Y
- —s— Total E 2 : —

N E%i::w:“iggi:ggj % _:.“:.I.p ?I“...H:;—.iﬁ.l...l . ;;.il.:.l.cjl_.lg” ................. »+ saglf-F 1 "...L.T'" .I:.. 5
Totalissuoaies | 3 4 |4 LB f N o ' ,','I -6

, = il | l’ | A1

10% < - : | | o | H
0 Mr (MW &, g EaiE | LB w LR -7
101 -
T T T T T T _8
T T T T T T T T 1500 1600 1700 1800 1900 2000 2100 2200

10-% 107% 1077 10°% 107° 10°* 107% 10°? 107!

10°

Extinction Ceefficient [f/m]
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Aerosol component

(JAXA L2 Research Product) =

Retrieved parameters
- Extinction for Water-soluble (WS), Sea-salt (SS), Dust (DS), Light-absorbing (LA) aerosols [ ATLID /ATLID-MSI ]

- Columnar-mean fine-mode and coarse-mode radii [ ATLID-MSI ]

Algorithm flow Retrieval procedure
— (Step 1): The extinction coefficients of clouds and aerosols are retrieved
T neton cotient from the Rayleigh signals.
l l (Step 2): The extinction coefficients of four components are retrieved from

BLidar squation Forward model y(x) Constraints y,(x)

mRoylighsignal  exinclion cosfiionts all the ATLID L1 data.

L | ossevatony Assumption of aerosol components
d L Cm{gm mrevleigh signa! - Aerosols consist of four components (WS, LA, DS, and SS).
- — b => External mixture of four components.
e e ter _F_mmgﬁ%mn - Different sizes and light absorbing characteristics (Table).
Lo Optical models for aerosol components used in the algorithms

Step 2 EET e o vertical prefies of Component Water soluble Light absorbing Dust Sea salt
W Extinction coefficients wnequalt i o) In(a(z)) (ws) (LA) (DS) (SS)
RINCUCCAChents () = =l = 70 /1) External mixture of sulfate, Internal mixture of non- Desert dust Sea salt
l l nitrate, organics, etc. spherical soot and WS
Forward model y(x) Constraints y,(x) (Hess 1998) particles
ATLID W Smoothness of vertical profile of four

mRayleigh signal extinction coefficients . = o =

Dl e ae) 2 minequality AOD(LA) < AOD(WS) Particle shape Sphere Voronoi model Voronoi model (Ishi ﬁ Sphere

W Total cross-pol signal (Ishimoto 2019) o 2010)

\ ‘ Observation ybs Median radius ~01um ~0.1um ~2.0um ~20um

athod { ATLID P

e search Loy Cost function ——— BRayleigh signal Depolarization 0% 3% 47% 0%

2016) l EMie co-pol signal Lidar ratio 61.4 sr 156 sr 68.4 sr 12.2 st

A WA WA WA

Xo1=z+ad — Convergence = Total cross-pol signal Single-scattering 0.97 0.45 0.76 0.99

. albedo
e it e e e 5°'“T°” x 1@ =g - yw) = (ym - yw) Asymmetry factor 0.62 0.63 0.78 0.73
o + s yalx) (WL yax)
surfac j“-“‘ab ] d Output Refractive index Depend on relative Soot : Chang 1990 Asian dust Depend on relative
e mExtinction coefficients of humidity (Hess 1998) WS : Depend on relative (Aoki 2005) humidity
mLidar equation four components JAXA ATBD idi
Earth [ ] bs House | Oxfore humidity (Hess 1998) (Hess 1998)



JAXA ATL_CLA products

, esa
(Standard | @

AH=0.3km AH=1km AH=10km AH=10km

feature_mask_03km feature_mask_1km . feature_mask_10km Extinction coefficient of Water-soluble particle [1/km]
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JAXA L2 ATLID products

(Standard & Research products) o

Aerosols over Africa ~ Europe ~ North Sea (Dust & Pollution) (2024/09/02 01495B )N'umber concentrations

Aerosol component (Extinction) for each aerosol component &
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Summary

® \We have evaluated and improved aerosol and cloud retrieval algorithms using ATLID and MSI
data (ATL_CLA), producing JAXA L2 standard and research products.

B Algorithm improvements (especially, feature mask) are underway, and a reduction in product
uncertainty can be expected going forward.

B Aerosol component retrieval algorithms have been developed and its application to ATLID-
MSI data is currently underway. The following aerosol studies will be conducted using aerosol
component product (Research product)
- Evaluation of aerosol direct radiative effect (ADRE) for each component and total aerosols.
- Cloud-aerosol Interactions using aerosol microphysical properties (number concentration..)
from ATLID and cloud microphysical properties from CPR
- Long-term trend of aerosol optical properties from CALIOP to EarthCARE.
- Data assimilation experiments
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