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Introduction - New Particle Formation
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Aerosols: Why do we care?

Change in effective radiative forcing from 1750 to 2019
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= Definition: gas-phase molecules undergo

E o . . . .
E B T chemical and microphysical transformations to
2 - c
20 = form new aerosol particles through nucleation
8 (m)
3 . 0 8 and subsequent growth.
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- - = — 10° = Signature: “Banana curve” is commonly
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Local time (UTC-6) recognized as a signature of a new particle

formation event.
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Wang, M.; et.al . Nature. 2020. Curtius, J.: Nucleation of atmospheric particles, EPJ Web of Conferences, 2009.



New Particle Formation Classification: Al & Machine

Learning
Image Based Classification 0'E
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Image credit: Su et al, 2022



New Particle Formation Classification: Al & Machine

Learning

Image Based Classification

- Convoluted Neural
Networks (Su et al, 2022)

Feature Based Classification

- Random Forest Model
(Hao et al, 2026)

(a)

Data collection

Input features: Particle
concentration at sizes (4.8 to
22.5 nm), NPF start time.

Targeted features: NPF
occurrence (Dor 1)

(b)

Data collection

Input features: 7, RH, SRI,
Wsp, Wdir, BLH,
Organics, Sulfate, Nitrate,
S, @and TKE,

Targeted features: NPF
occurrence (Oor 1)

—t

Model development

Random Forest
Total data set, n=82068 data points
Data normalization
70% training data 30% test data
10-fold cross-validation
Leave-One-Out cross-validation

Model evaluation

Model development

Random Forest
Total data sct, n=82068 data points
Data normalization
70% training data 30% test data
10-fold cross-validation
Leave-One-Out cross-validation

Model evaluation

Model interpretation

—= | Features importance

Model interpretation

Features importance
Partial dependence plots

Image credit: Hao et. al., 2026



Methodology - Instrumentation and ML
Framework




Instrumentation and Datastreams

Location: Southern Great Plains Site, Lamont, OK

Time Range : January 1st 2023 - December 31st
2023
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Instruments:

- Scanning Mobility Particle Sizer (SMPS)
- Aerosol size distribution (10 - 500 nm)
- sgpaossmpsE13.b1
- NanoSMPS
- Aerosol size distribution (2 - 150 nm)
- sgpaosnanosmpsE13.b1
- Condensation Particle Counter (CPCf)
- Total Aerosol Concentration (10 - 3000 nm)
- sgpaoscpcfE13.b1
- Ultrafine Condensation Particle Counter

(CPCuf)
ARM - Total Aerosol Concentration (3 - 3000 nm)

- sgpaoscpcufE13.b1
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Visual Classification of New Particle Formation Events

Vlsual ClaSSIflcathn for NPF eventS SMPS size distribution, local day 2023-05-20 (UTC-6)

consists of the following characteristics (Dal
Maso et al., 2005) : B
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Visual Classification of New Particle Formation Events
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Example Framework: Random Forest Model to Detect New Particle Formation
Objective: Classify time periods as NPF event (1) or non-event (0) using CPC and SMPS observations

1. Data Input B4 2. Feature Engineering g 3. Random Forest Model Ed 4. Prediction Output [EZ4 5. Interpretation

Input Data Sources Engineered Features Random Forest Classifier Model Output
Feature Importance
Ultrafine CPC Training Data Probability of NPF event (Example)
(UCPC) AN (cm) (Features + Labels) P(NPF) = 0.82

AN
(UCPC - FCPC)

o ] P ;
~ % .t - Difference in aerosol * * * 05
u 0,0 concentration between Tree 1 Tree 2 Tree N
ultrafine and fine CPCs D
Particle concentration
(€.g., D, =(3 - 3000 nm)) AN = Nycpc = Necee /
o ] Dy smps

Fine CPC
(FCPC) Predicted Class 0 025 050 0.75 1.00

Eredictionit Prediction2 Prediction N NPF event (1) Importance (relative

I <__— /1) (/1) ©n) . )

l .o,
) ) Dg,SMPS (nm) Majority YOte
Particle concentration 4 (Averaging)
(e.g., D; = (10 - 3000 nm)) Geometric mean
diameter from SMPS
SMPS (e.g., 10-500 nm) Final Prediction
(0 = Non-event, 1 = NPF event) Time Series Example N
P(NPF) Applications
1.0
Model Training v/ Real-time NPF detection
. ke « Bootstrap sampling G5 S
Size distribution Features computed for each ¢ /Random featire seléction atieach spiit 05 v/ Event statistics & climatology
.g., 10-500 i i 3 .
L i) time window (e.g., 1 hour) « Hyperparameter tuning (e.g., n_estimators, ! Modallevaltation
max_depth, min_samples_leaf) 0.0
. Time +/ Process understanding

Cross-validation for robust performance
Detected NPF event

Workflow Summary ‘a'
——— ) —— ALY
AI u VI mm‘ Collect data from _ Coa| Compute features s ﬁ Train Random Forest _, Predict NPF probability _ -()- Interpret results &
| 0

—
CPCs and SMPS sl (aN, Dg smps) model for new data “Ef* make decisions ;w&



SMPS size distribution, local day 2023-05-20 (UTC-6)
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Mobility diameter (nm)
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Preliminary Results
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Geometric Mean Diameter - False Positive 2023-12-19
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The 25th percentile is 1.13 nm farther from the mean
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Using Nano SMPS to
Check Model Failures

- False positive:
Model says yes event
Data says no event

- Increase in the GMD,
IQR in lower 25th



Geometric Mean Diameter - False Positive 2023-12-19
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Geometric Mean Diameter - False Negative 2023-08-21
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https://www.spc.noaa.gov/exper/surfaceMaps/

Summary

Built a lightweight model for
automatic daily NPF event
classification.

*Used a simple dataset and limited
labeled data. Achieved not bad
results

*The method can be applied to
long-term datasets.

Since it relies on commonly
available SMPS/CPC data, it
repeatable at other sites.

Future Directions

*Explore better predictive features
from size-distribution data.

sImprove event/non-event
classification with more labeled days.

Combine labeled NPF results with
chemical measurements.

*Investigate how chemical species
and atmospheric conditions affect
NPF occurrence.
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