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Introduction - New Particle Formation



Aerosols: Why do we care?





New Particle Formation Classification: AI & Machine 
Learning 
Image Based Classification

- Convoluted Neural 
Networks (Su et al, 2022)

Image credit: Su et al, 2022



New Particle Formation Classification: AI & Machine 
Learning
Image Based Classification

- Convoluted Neural 
Networks (Su et al, 2022)

Feature Based Classification

- Random Forest Model 
(Hao et al, 2026)

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

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)

- Total Aerosol Concentration (3 - 3000 nm)
- sgpaoscpcufE13.b1



Visual Classification of New Particle Formation Events

Visual Classification for NPF events 
consists of the following characteristics (Dal 
Maso et al., 2005) :

- A new mode of particles must appear 
in the size distribution.

- The mode must start in the nucleation 
mode size range

- The mode must persist over a time 
span of hours and show signs of 
growth

Usually classified into the following 
categories:

- Class I
- Class II
- Undefined
- Non-Event
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Preliminary Results
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- False positive:
Model says yes event
Data says no event

- Increase in the GMD, 
IQR in lower 25th 

Using Nano SMPS to 
Check Model Failures

The 25th percentile is 1.13 nm farther from the mean 
than the 75th percentile



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

- Increase in the GMD, 
IQR in lower 25th 

- Size distribution reveals 
a low concentration

Using Nano SMPS to 
Check Model Failures

(UTC)



Examining Surface Weather

Local Noon, 
Dec. 19, 2023

False Positive

Archived Surface Maps - NOAA SPC

https://www.spc.noaa.gov/exper/surfaceMaps/


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

- Increase in the GMD, 
equidistant IQR 

Using Nano SMPS to 
Check Model Failures

The 25th percentile is 0.04 nm farther from the mean 
than the 75th percentile



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

- Increase in the GMD, 
equidistant IQR 

- Size distribution reveals 
a clear NPF event

Using Nano SMPS to 
Check Model Failures

(UTC)



Examining Surface Weather

Local Noon, 
Aug. 21, 2023

False Negative

Archived Surface Maps - NOAA SPC

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.

•Improve 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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Extra: 
False Positive

Difference b/w 75th 
percentile and mean: 
= 3.17 nm

Difference b/w 25th 
percentile and mean: 
= 2.52 nm

Total difference:
= 0.65 nm



Extra: 
False Negative

Difference b/w 75th 
percentile and mean: 
= 5.25 nm

Difference b/w 25th 
percentile and mean: 
= 5.09 nm

Total difference:
= 0.16 nm


