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Motivation: Understanding changes of aerosol large scale pattern !
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a) Global surface temperature change relative to 1850-1900
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Scientific questions

= How to derive aerosol regimes based on
different aerosol properties?

= How aerosol clusters develop through times?

= How emissions drive the evolution in clusters?
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: : Considered aerosol properties
Methods: Global aerosol simulations Climatological (Multiyear mean A#y
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Mass concentration (5 species):
Model : EMAC-MADE3 BC, Mineral dust, POM, sea salt,

« ECHAM/MESSYy (Jockel et al., 2010, 2016) and SAN (sum of sulfate, nitrate and

» Equipped with the aerosol microphysical sub- module MADE3 ammonium)
(Kaiser et al., 2014, 2019) Number concentration (2 modes):
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(Righi et al. 2023)

* Resolution: T42L41

* Emission data: CMIP®6 for
different time slices

* Nudging data: ERA-Interim
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Methods: Machine learning technics A#y
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K-means (MacQueen 1967):.
— an unsupervised machine learning clustering algorithm

— partitions a sample set X into a predefined number of clusters (k) using minimization
within cluster variances.

Random Forest Simplified

Random Forest (Ho, 1995): ]
—a supervised machine learning clustering algorithm =

—1s an ensemble learning method for classification. It {{m mg dm

builds decision trees on different samples and takes their Tree- Treen
majority vote for classification. cle | ClasB cnaT-B
Majority-Voting |

Analyses procedures:
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Results: Aerosol regime characteristics (primary scale) A#y
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Results: Regime developments through time (primary scale)
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Regions in focus
« Biogenic/Biomass burning cluster: Cluster 6 1 5 3 4 &
« Most polluted continental cluster: Cluster 2 Cluster Index (Lower Troposphere)
* Most clean continental cluster: Cluster 1
» Marine cluster: Cluster 4

Li et al. In Prep.



Results: Clean cluster sub-classification (secondary scale) A#y
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 REF-2015 show difference between Northern and Southern Hemisphere.
* Pre-industrial marine clusters include mostly low aerosols loads typical of present-day pristine marine regions

of the Southern Hemisphere.




Summary A#y
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 The investigation of aerosol regime developments through time are realized by using a
combination of K-means classification and Random Forest, and based on global aerosol
simulations using EMAC-MADES.

» Aerosol classifications are conducted on two scales: a primary classification which captures the
large scale pattern of global aerosol distributions, and a secondary classification (sub-
classification) which identifies fine cluster structures within the primary clusters.

« Lower tropospheric primary aerosol regimes during pre-industrial times are dominated by clean
clusters (background, marine and the cleanest continental cluster).

« The lower tropospheric aerosol regimes in 2050 differ from the present-day case mainly in the
extent of the clusters representing polluted regions

* The secondary classification demonstrates that pre-industrial marine clusters show no clear
difference between Northern and Southern Hemisphere, as it is the case in the present-day.

 These results are further supported by direct comparisons of aerosol emissions from different
time slices and scenarios for selected regions, and additional information of the respective
contributions of the emissions from different sectors.
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Results: Discussion on specific regions: Emissions changes dy
through time T LR
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