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Background

We are interested in formation and growth of atmospheric particles because:
» Ultrafine particles (D, < 100 nm) may pose a risk for human health.
« If they grow large enough they may act as Cloud Condensation Nuclei (CCN) and

affect meteorological systems.

New Particle Formation (NPF):
Traditionally, NPF is assumed to arise from stabilization of sulfuric acid vapors (H,SO,)
with water and perhaps ammonia (NH;; see next box). Recent work shows that many
other compounds play a role in NPF processes (Passonen et al., 2010; Almeida et al.,
2013; Riccobono et al., 2014, Glasoe et al., 2015; Kirkby et al., 2016). These compounds
Include amines and extremely low-volatility organic compounds (ELVOCSs).

Particle Growth:
It has been suggested that particle growth processes modulate the number of newly
formed particles that can become CCN (Kerminen et al., 2012; Lupascu et al., 2015).
Organic compounds likely play a significant role in this process (Paasonen et al., 2010).

Chemical Transport Modeling:
We implement new schemes for NPF and growth by organic compounds in a research
version of the Community Multiscale Air Quality (CMAQ-NPF) model. The results are
evaluated with data obtained in May and June 2010 during the California Research at
the Nexus of Air Quality and Climate Change (CalNex; Ryerson et al., 2013) field
study and the Carbonaceous Aerosol and Radiative Effects Study (CARES; Zaveri et
al., 2012).

Particle Growth Updates

Growth of ultrafine particles:

 Inorganic and Organic aerosol partitioning to nucleation, Aitken, and accumulation

modes (see schematic in previous box)

* New calculation of condensation sink for each mode takes into account Brownian
diffusion of sub-10 nm particles and collision cross-section of condensing vapors.
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Traditional CMAQ Aerosol Scheme

The current CMAQvV5.2 Release Model contains:
* One new particle formation pathway via binary sulfuric acid nucleation
* No dedicated “nucleation” mode
« SOA condenses only to the Accumulation mode
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(See talk by B. Murphy 1:20 pm Tuesday.)
« Organic aerosol (OA) performance is dramatically enhanced in CMAQvV5.2 with

svPOA and potential combustion SOA (pcSOA).
« The pcSOA mechanism contributes heavily to the total OA mass predictions at

each site
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Number Concentration Evaluation

* Updated model successfully captures afternoon peak in particles with D, > 10 nm (N,).
« Looking across all four sites, the model tends to overpredict the smallest particles and
underpredict the larger particles.

Diurnal Timeseries at Pasadena during CalNex
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Particle Formation Rates

« Spatial distribution of new particle formation pathways (median for daylight hours 14 May —

30 June):

* NPF pathway present in CMAQV5.2 does not contribute any particles to the surface

concentrations
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Particle Formation Updates

Updated model includes:
« Seven NPF pathways
« Adistinct nucleation mode
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NPF and Growth Events
« CMAQ-NPF is capable of representing new particle formation events that are much more
consistent with observations. The magnitude of particle formation appears overestimated.

« CMAQV5.2 misses NPF and growth events completely.

Evolution of Particle Size Distribution on June 8™, 2010 at Sacramento (CARES):
8 S 5 5 2 £
5 ] p— 1 Z
s -4 RS 5

T T T T T T T T 1 ' ' 0
04 08 12 16 20 0 04 08 12 16 20 0l 04 08 12 16 20 00

Local Time

Local Time

Local Time

Site (Total Days)

Pasadena (30 d) Bakersfield (47 d) Sacramento (27 d) Cool (22 d)

ED FPE FNE ED FPE FNE ED FPE FNE ED FPE FNE ED - EventDays
. FPE — False Positive
Observations 23 38 18 15 Events
FNE — False Negative
CMAQ-NPF 26 3 0 43 6 1 24 6 0 21 6 Events

Summary and Ongoing Research

« CMAQ-NPF treats new particle formation and growth explicitly and is consistent with NPF
event observations during CalNex and CARES.

* The model predicts H,SO,-Amine interactions to be the dominant NPF pathway in California in
the San Joaquin Valley (SJV). Amine emissions are very uncertain. ELVOC vapors are the
biggest contributor to NPF outside SJV.

« The smallest particles are overestimated at some but not all sites. At these locations, either
NPF rates are overestimated or growth processes are underestimated. This is likely not
because of missing vapor sources as the mass concentration performance is reasonable.

 The numerical approaches for growth in CMAQ will be further investigated. Specifically, the
method of passing particles between modes as they grow and shrink will be evaluated.
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