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WALES lidar and HALO PERCUSION campaigh -~ -/ 4 @esa

EUROPEAN SPACE AGENCY

» Airborne lidar is an essential tool for the ATLID validation particularly for cloud profiles because ground-based
lidars are difficult to observe the same clouds frequently and to retrieve optical properties near the cloud top

» This study validate JAXA ATLID L2a (ATL_CLA) aerosol and cloud products using the WALES lidar onboard
the HALO research aircraft during the PERCUSION campaign

EarthCARE-like payload on HALO : HALO PERCUSION campaign
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. . 8 August — 6 September 2024 6 — 29 September 2024 5-19 Novemt;er 2024
Scientific Instruments = 10 EC underflights = 11 EC underflights = 12 EC underflights
HSRL-Lidar (WALES 532 nm - Wirth et al 2009) = Coordination with = Coordination with = Coordination with
’ ’ * Mindelo ground station * BCO ground station * ACTRIS ground stations
Cloud Doppler Radar (MIRA, 35 GHz — Ewald et al. 2019)

* ATR and King Air (in-situ) * RV METEOR * BAe (FAAM)
\ * RV METEOR / \ j \ /

(quoted from Grol} et al., EarthCARE workshop in 2025)

Broadband Aircraft Radiometer (BACARDI — Ehrlich et al. 2023)
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Selection of aerosol and cloud layers Cesa

for intercomparison analysis
Aerosols (10 cases) Ice clouds (12 cases)
| Date | orbit & frame | Heightrange | Scene [  Date | orbit & frame | Height range
2024-08-13 1193E 1.1 — 4 km dust 2024-08-29 1442E 11 = 12.5 km
2024-08-22 1333E 0.5—4 km dust, sea salt 2024-09-03 1520E 10.5 — 12 km
2024-08-25 1380E 3 — 5 km dust 2024-09-07 1583E 11 = 12.5 km
2024-08-27 1411E 0.5— 3.5 km dust, sea salt 2024-09-09 1614E 12.1 = 13 km
2024-08-31 1473E 1.5 - 2.8 km dust 2024-09-19 1770E 11 = 12.5 km
2024-09-21 1801E 0.2 — 0.8 km dust 2024-09-23 1832E 11 — 12 km
2024-09-28 1910E 0.5—2 km sea salt 2024-11-05 2499D 9 — 10 km
L e 16-2km I;cgicr;ﬁciu(s)tc oo 2024-11-07 2530D 4.5—4.9 km
2024-11-12  2608C/D 5—9 km
2024-11-07 2531D 0.7 — 1.2 km sea salt R T
2024-11-19 2716D 0.2 — 1 km s el 2024-11-16  2670C/D 6 — 9 km

(mixed with dust?)

_ _ 2024-11-16 2671C/D 7 —9 km
*Dust listed above is Saharan dust except for 2024-11-05
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Altitude [km]

Comparison between ATL_CLA and WALES

(2024.08.22, 1333E, Saharan dust and sea salt)

ATLID

Particle backscatter at 355 nm [/m]

15.0
12.5 | Ty
10.0 |
7.5 i
¥ T | -
5.0 - S A . 3 =
s A - ¥ ; oy AT .};--‘-\,-‘_3,,_ - s
2.5 LN o, e 4 s
0.0 r T T : :‘ T T
15:42:22  15:42:02 15:41:42 15:41:22 15:41:02 15:40:42 15:40:22
Time [UTC]
Particle extinction at 355 nm [/m/sr]
15 = —
. =m Y 4 H
" A | '
€ 10 M‘ Y i
g i
Q . HE
E W TP B | ‘ «
S 51 \ - v | | )
< Gaghe (11 VMTPE IO I» M s
‘4"“ SR - =';«: ~ = »‘"‘ ' o
0 el mg: \. M ‘ .
15:42:22  15:42:02 15:41:42 15:41:22 15:41:02 15:40:42 15:40:22
Time [UTC]
Particle depolarization at 355 nm
15 1B
-« G \t. s :
=1 3 | .
R 7% - 3
= 10 ¥ HE
-‘__E‘ 10 L T )
g " e ili
2 \ A o
< : B L Thgond A\RUCRIA B Er APl
o Sy S0 L & ;“E ’§ ’aill‘r‘;i twk.'
v r =T = v, v > gl B -
0 - -\ _k ¢ 2‘ - 2 . B T
15:42:22 15:42:02 15:41:42 15:41:22 15:41:02 15:40:42 15:40:22

Time [UTC]

107

1073

10°°

1077

1078

1072

1073

1074

10°°

10-°

WALES

Altitude [km]

1

1

1

Altitude [km]

Altitude [km]

5.0

2.5

0.0 A ‘

1.5+
5.0 A

254

0.0 4

Particle backscatter at 532 nm [/m]

15:40  15:50  16:00  16:10

Time [UTC]

1520  15:30

Particle extinction at 532 nm [/m/sr]

15

=
o
!

w
1

15:50  16:00  16:10

15:40
Time [UTC]

15220 15:30

Particle depolarization at 532 nm

15

iy
o
1

15:40 15550  16:00  16:10

Time [UTC]

1520 153

1074

1073

107

1077

1078

1072

103

1074

10-3°

10-°

0.5
0.4
0.3
0.2
0.1

0.0

Altitude [km]

Altitude [km]

Altitude [km]

esa

EUROPEAN SPACE AGENCY

g —| vBa
.| Backscatter

10-# 10-7 10-% 10-5 104 10-3
Particle backscatter [/m/sr]

" Extinction

107 10°¢ 105 1074 10°? 107
Particle extinction [/m]

Dep. ratio

—— WALES lidar

o - ATLD N
0.0 01 02 03 0.4 05 0.6

Particle depolarization 4



7

Comparison between ATL_CLA and WALES .« "

% esa
(2024.08.22, 1333E, Saharan dust and sea salt) H @

» Clearly capture the boundary between dust and sea salt by both lidars
» Good agreement in the depolarization ratio for dust
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Comparison between ATL_CLA and WALES . A Cesa

(2024.11.14, 2640C/D, ice cloud case) |
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Comparison between ATL_CLA and WALES .«

£ esa
(2024.11.14, 2640CID, ice cloud case) O

» Extinction profiles have a good agreement after the multiple scattering correction for WALES lidar

—— WALES lidar (w/o ms cor.)
—— WALES lidar (w ms cor.)
— ATLID

14
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e e B B A — (simple MS correction with n = 0.6 is
1077 1078 1070 107 1073 1072 employed in the ATL_CLA algorithm)

Particle extinction [/m]
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» Excellent agreement for aerosol extinction and backscatter is spite of different wavelengths

» Depolarization ratio for the regime of low depolarization ratio should improve in vCa

Aerosol extinction [fm] (ATLID)

Aerosol lidar ratio (ATLID)
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Evaluation of ATL_CLA cloud products~

» Extinction and lidar ratio well matched after the multiple scattering correction for WALES lidar
» Depolarization ratio for cirrus clouds is underestimated by ~15%
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Conclusions and future tasks ~uxa Qesa
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» ATL_CLA products have excellent agreements with WALES lidar data despite different wavelengths
O After the multiple scattering correction for WALES lidar, cloud extinction well matched with ATL_CLA
O Errors in all optical properties passed the JAXA target accuracy

| oo | Buresor | LRucocor | Bacromor | Goious | Boious | LRoous | Boious

Estimated error 9.2% -11.9% 13.3% 42 .8% 5.9% -13.3% 17.2% -15.3%

Target accuracy

(JAXA plan) +20% *+50% *£100% £70% *+15% *+50% *+65% *=100%

» Future tasks
O Validation of ATL _CLA cloud feature mask product using the WALES lidar
O Comparison analysis using the latest baseline (CA) and ESA L2a products

EarthCARE 2026 Science and Validation Workshop | 8 — 12 June 2026 | Rhodes House | Oxford, UK 10



Validation of ATL_CLA feature mask ~* z Lxa  oesa

EUROPEAN SPACE AGENCY

» WALES lidar data can be used for the evaluation of ATL_CLA feature mask product, showing misclassification
of cloud and aerosol where signal attenuation is significant

Particle backscatter at 532 nm [/m]
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Wavelength dependence of & and LR e Y QCesa

between 355 and 532 nm '

» Depolarization ratio for dust and sea salt is slightly lower for 355 nm than 532 nm from the previous studies

» Lidar ratio for dust and sea salt is almost the same at 355 nm and 532 nm
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15.0 Cloud contamination in WALES lidar
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