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I/' simulation of ML retrievals: CCN for EarthCARE/ATLID observables (1B + 1ot + 16 )
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Global maps of CCN and ABS using ML models applied to ATLID
September 2024 - August 2025
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Rel. Unc. of CCN (%)

In-situ surface data from ARM SGP, BNF, CRG &
ENA:

» Hourly averaged CCN
ATLID retrievals:

» ATLID BA version profiles below 500m
Collocation criteria:

» Temporal < 30 mins
» Spatial < 50 km
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Relatively clean PBL in the
Southern Hemisphere
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Global vertical
distributions of CCN
and ABS from ATLID

Data: low-res. ATLID BA data
Time range: first 12 months
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Spatial averaging: S8 Bia

» Horizontal: 1 degree

» Vertical: 500 m from 0-10 km
Retrieval criteria:

» Positive ATLID EBD value

» Quality assurance flagged as good

» Target classification identified as aerosol

» Uncertainty thresholds:

« EXT & BSC <100% & DEPOL < 50%

Additional data quality control:

» Exclude grids with number of samples less

than 100

Altitude (km)

80°S 60°S

40°S 20°S 0° 20°N  \40°N 60°N 80°N
Latitude (O)
Latitudinal binned ABS profile (ALL)

__ B |

C

1000

800

600

400

CCN @ 0.4% (#m™)

200

ABS @ 532 nm (km ™)

40°S 20°S 0° 20°N 40°N 60°N 80°N

Latitude (°)



Global Seasonal Distributions of CCN

Jun —Jul - Aug

e ——

African sources dominate
in NH summer and fall
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Global Seasonal Vertical Distributions of CC
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_ Important application of ML-CCN: cloud susceptibility
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Global Seasonal Vertical Distributions of CC
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What about this

high CCN feature

in the Southern

Ocean???

1) It exists in all
seasons

2) Itis related to
high BSC and
EXT, but only
moderate
DEPOL (~0.1)
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What about this

high CCN feature

in the Southern

Ocean???

1) It exists in all
seasons

2) Itis related to
high BSC and
EXT, but only
moderate
DEPOL (~0.1)

3) It is classified
as mostly
Dusty Mix

Global Seasonal Vertical Distributions of BSC/EXT/DEPOL & CCN
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What about this

high CCN feature

in the Southern

Ocean???

1) It exists in all
seasons

2) Itis related to
high BSC and
EXT, but only
moderate
DEPOL (~0.1)

3) It is classified
as mostly
Dusty Mix

4) The pdf of BSC
shows second
mode which is
not likely
aerosol

ey

Global Seasonal Vertical Distributions of BSC/EXT/DEPOL & CCN
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Science Applications for Higher-level Aerosol Property Retrievals from ATLID obs :

~ Conclusions

1.The complete first year of ATLID observations have been used to
predict global, vertically-resolved CCN @ 0.4% SS and ABS at 532 nm

. 2.Validation against in situ measurements indicates mean relative errors |
in CCN of less than 30% for CCN>100/cm3
3.Global CCN data can be made available upon request - great potential | -

to constrain ESMs

4.Possible target misclassifications and sampling issues: Elevated CCN
~ in the Southern Oceans is primarily due to consistent occurrence of
“dusty mix” aerosol type, which is likely due to cloud contamination

5.We need a science & cal/val campaign in the Southern Ocean
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Profiles for the season SON (No retrieval/uncertainty screening).

Latitudinal binned EXT profile (SON
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Validation of ATLID-CCN retrievals against near surface in situ data from ARM

In-situ surface data from ARM SGP, BNF, CRG & ENA:

» Hourly averaged CCN
ATLID retrievals:

» ATLID BA version profiles below 500m

Collocation criteria:
» Temporal < 30 mins

» Spatial <50 km
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Flowchart of the WALES CCN retrieval
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Excluding samples with higher ATLID uncertainty improves the consistency between ATLID and WALES.
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e Gt CCN and ABS retrievals from
) 9 € EarthCARE-ATLID observations

Objectives

_ € Remote marine

Ove ra rCh i ng g ] ¢ Remote continental

 Global, vertically resolved CCN and ABS from
EarthCARE-ATLID using a novel Machine
Learning (ML) algorithm (Redemann and Gao, § o003
2024) ]

1 @ Polluted continental

Detailed Objectives for today:

1. Comparison of ATLID observations and ML- | 1 “m=osr |
retrieved CCN and ABS to airborne lidar O R oo
(WALES) in ORCESTRA Campaign Rosenfeld, et al. Science 2008 i

o~

2. Preliminary global distribution of ATLID- ~ _ \ sl /
REVIEW ARTICLE Global observations of aerosol-cloud-precipitation-

based CCN and ABS based on 6 monthsof . climate interactions ) »

ATLI D data (Aug. 2024 - Ja n. 2025) ’:"{"“": Ralph Kahn®, Stefan Kinne”, Niku Kivekss*®, Markku Kulmata®, Willam Lau®, K. Sebastian Schmidt®,

Yanja Suni’, Thomas Wagner'®, Martin Wikd'', and Johannes Quaas'*
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Validation of ATLID CCN and ABS ML-retrievals against in situ data -
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CéWn of retrieved CCN
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Comparison of lidar GVs between WALES and ATLID
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Comparison of NASA HSRL-2 lidar spectral observables

All aerosol
types
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Distributions of ATLID observables uncertainty (BA)
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Relative difference of CCN between ATLID and WALES as a function of DEPOL uncertainty
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Distributions of ATLID DEPOL uncertainty as a function of BSC value
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Higher DEPOL uncertainty is likely associated with lower BSC (lower SNR).

Removing high-uncertainty DEPOL samples is likely to eliminate observations in clean regions.
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Excluding higher uncertainty samples for all three lidar GVs
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Excluding samples with higher ATLID uncertainty improves the consistency between ATLID and WALES.
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Excluding higher uncertainty samples for ATLID DEPOL 355 nm
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Excluding samples with higher ATLID DEPOL uncertainty improves the consistency between ATLID and WALES.
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Global maps of CCN and ABS from ATLID
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e Data: low-res. ATLID BA data 0° /
* Time range: first 6 months ey ‘_‘ |
» Aug 01, 2024 — Jan 30, 2025 .
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Global vertical distributions of CCN and ABS
from ATLID

8

* Data: low-res. ATLID BA data E,
* Time range: first 6 months §
<

» Aug 01, 2024 — Jan 30, 2025

N

Spatial averaging:

» Horizontal: 1 degree
» Vertical: 500 m from 0-10 km

Additional data quality control:

» Exclude grids with number of samples
less than 200
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Number of valid samples:

Valid data criteria:

* EBD are simultaneously available & >0

EBD relative errors < 100%

TC classification indicates aerosol

EBD values meet the retrieval criteria
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EBD and TC data pass QA filtering (QA = 0)
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