Modeling the Emissions and Regional Climate Impacts of Newly Discovered Particles
Caused by Breaking Waves on the Great Lakes
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1. Introduction
In contrast to the wellstudied links between
sea salt aerosol and
ocean waves, there has
been little work on the
emissions of particles
from freshwater
sources, since
freshwater emissions
were thought to be
insignificant.
Breaking Waves on the Great Lakes2
Nonetheless, a field campaign in the summer of 2009 discovered
elevated ultrafine particle concentrations over the Great Lakes.
The particle concentrations generally decreased with altitude
and increased exponentially with wind speed, suggesting that
the particles originated from breaking waves at the surface of
the Great Lakes.1 In this project, we modeled the potential
impacts of these newly discovered particles, since they could
affect aerosol size distributions and cloud properties downwind
of the Great Lakes in unforeseen ways. The model results are
presented below, as well as conclusions about the possible
impacts of the observed breaking wave emissions.

2. Objectives
• Estimate breaking wave aerosol emissions from the
Great Lakes
• Evaluate the regional impact of emissions on aerosol
number concentrations

3. Methods
A) General Approach
Our goal was to determine how large an impact the lake-derived aerosol could
have on the region, so our general approach was to use WRF-Chem (Weather
Research and Forecasting with Chemistry; www.wrf-model.org) simulations
allowing for the lake-derived emissions. We then analyzed aerosol flux and
number concentration output. WRF-Chem is a state-of-the-art weather and
air quality model. We used the MOSAIC aerosol model option with 8 sectional
size bins covering dry diameters from 40 nm to 10 mm.

3. Methods, Continued

4. Results, Continued

C) Aerosol Flux
• Aerosol flux (106 m-2 s-1) is the emission of aerosol particles into the
atmosphere
• We used an equation for flux as a function of mean wind speed developed
by Geever, et al (2005) in his paper “Submicron Sea Spray Fluxes” 3

• Significant positive differences seen here
• Percent differences increase throughout July 14 as winds pick up, significant
differences (> 10 %) observed over Lake Superior by end of day

• Geever et al (2005) used data
collected during a field campaign to
generate log-linear plots of net aerosol
flux F versus mean wind speed U.
• Results from Mace Head Research
Station on the west coast of Ireland.
Sampling height: 22 meters.
• We used his source flux equation for
ultrafine particles (10 nm < diameter <
100 nm): Log(F)=0.099U-0.73
Figure 3 of Geever et al (2005): net flux of
ultrafine particles4

E) Aerosol Column Plots: First Six Model Layers, Base Case

D) Ran Three Different WRF-Chem Simulations for July 12-16, 2004
Default Case: In this case, the original WRF-Chem simulations assume all bodies of
water are oceans by default; thus, this case accounts for non-existent sea salt
particles.
Base Case: This case excludes the incorrect sea salt emissions from the lakes; we
compared all other cases to this case.
Lake Emissions Case: This case includes the observed ultrafine particles emitted
by the lakes.

• First six layers approximate height of atmospheric boundary layer
• Results exhibit similar temporal patterns to aerosol number concentration
Before Wind Event
During Moderate Winds
During High Winds

4. Results
A) Windy Days
Correlate to Higher
Aerosol Fluxes
(Expected Result)

Calm Day (July 16)

Windy Day (July 14)

F) Column Percent Differences: Lake Emissions Case vs. Base Case
• Clear positive differences develop over the lakes throughout the day
• Differences increase as the winds pick up, significant differences observed over
Lake Superior later in day

• Significant differences in
aerosol flux values on
calm day (July 16) vs.
windy day (July 14), since
flux depends on wind
speed

B) Aerosol Number Concentration, (#/cm3): Base Case, First Model
Layer
• July 14 (windy day): Number concentrations decrease throughout day,
suggesting high winds clear out particles from the atmosphere; there may be a
link between high winds and increased dry deposition of particles
Before Wind Event

During Moderate Winds

During High Winds

B) Wind Speed and Rainwater Data Analysis
To determine ideal
emission conditions, we
analyzed meteorological
data from default WRFChem simulations for July
14-30, 2004. We looked
for windy days with little
rain, when breaking wave
emissions would be most
likely.

D) Percent Differences in Aerosol Number Concentration: Lake
Emissions Case vs. Base Case, First Model Layer

C) Percent Differences in Aerosol Number Concentration: Default
Case vs. Base Case, First Model Layer
• Observed frequent negative percent differences, which were unexpected
• Negative differences could be related to dry deposition of sea salt particles

5. Conclusions and Future Work
• Percent difference plots show that aerosol number
concentrations are considerably higher for the
simulations including lake emissions
• The increased concentrations extend over land,
suggesting the particles have impacts downwind
• Future work: Refine the parameterization in the model
to better account for the lake emissions; determine the
impact of the breaking wave emissions on cloud
formation; investigate the observed negative percent
differences in aerosol number concentration between
the default case and the base case
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