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Introduction
Abstract：
1. Ammonium salts such as ammonium nitrate and ammonium sulfate constitute an important fraction of
the total fine particulate matter (PM2.5) mass.
2. While the conversion of inorganic gases into particulate-phase sulfate, nitrate, and ammonium is now well
understood, there is considerable uncertainty over interactions between gas-phase ammonia and secondary
organic aerosols (SOAs).
3. Recently, chemical uptake coefficients for ammonia onto SOA were reported for the first time by Liu et al.
(2015). Those coefficients were on the order of ~10-3–10-2 for fresh SOA, decreasing significantly to <10-5 after
6 h of reaction.
4. In order to investigate the importance of such reactions, a first-order loss rate for ammonia onto SOA was
implemented into the Community Multiscale Air Quality (CMAQ) model based on the ammonia uptake
coefficients reported in the literature.

Introduction
Three reactions of ammonia in the atmosphere:
1. Neutralization of acids and
bases in the atmosphere：

2. Reacting with free radicals
and ozone in the atmosphere：

3. Atmospheric heterogeneous
reaction：

Introduction
About WRF-CMAQ model:
The Community Multiscale Air Quality (CMAQ) modeling system is being developed and
maintained under the leadership of the EPA National Exposure Research Laboratory in Research
Triangle Park, NC. CMAQ represents over two decades of research in atmospheric modeling and has
been in active development since the early 1990’s.
Under the authority of the Clean Air Act, the U.S. Environmental Protection Agency (EPA) has
established National Ambient Air Quality Standards (NAAQS) (U.S. EPA, 2008). These standards are
designed to protect human health and the environment from high levels of criteria pollutants, such as
ozone and particulate matter. Meeting the NAAQS often requires the use of controls on sources of air
pollutants. The complex nature of air pollution scenarios requires control strategies to be effective for
a variety of air pollutants, geographic regions, and scales. As part of the effort to decrease ambient
concentrations of criteria pollutants, the EPA has approved air quality simulation models for use at
regional, state, and local scales within the United States. The models have been applied to estimate
the ability of various control strategies to improve air quality and ensure cost-effective results.

Introduction
About WRF-CMAQ model:

Introduction
About WRF-CMAQ model:
1. The in-line method (Binkowski et al., 2007) is the preferred method
for calculating photolysis rates in the CCTM program of CMAQ
model system. The method uses aerosol and ozone predicted within a
simulation to calculate the solar radation.

2. CSQY_DATA files are provided for all chemical mechanisms in
a released version of CMAQ. If a user creates a mechanism using
new or additional photolysis rates, they have to create a new
CSQY_DATA file.

Introduction
About WRF-CMAQ model:
Updates affect SOA from anthropogenic
and biogenic sources. According to
CMAQ, Alkane SOA is predicted to be
responsible for ~30% of SOA from
anthropogenic VOCs with the largest
absolute concentrations in summer in
urban (source) areas. Naphthalene (PAH)
oxidation is predicted to produce modest
amounts of SOA (Pye and Pouliot 2012).
Note that PAH SOA in CMAQ v5.1 only
considers naphthalene as the parent
hydrocarbon which is about half of the
PAHs considered as SOA precursors in
Pye and Pouliot (2012).

Introduction
About WRF-CMAQ model:
•SOA species in blue are semivolatile.
•SOA species in green are low volatility
and treated as effectively nonvolatile.
•SOA species in yellow form due to
reactive uptake and are treated as
nonvolatile.
•SOA formed from particle-phase
processing is in purple.

Methods
Hypotheses
1. In this study, all NH3 taken up by SOA carbonyls is assumed to form NOCs, such as secondary
imines and heteroaromatic compounds
2.The difference in molecular weights of two H2O molecules and one NH3 molecule (2×18-17=19 g
mol-1) is small relative to a molecular weight of a typical SOA compound (about 200 g mol-1).
Therefore, for the sake of simplicity, we neglected the loss of the mass of particulate organics mass
directly due to the NH3 uptake in this simulation. This assumption is supported by experimental
observations described by Horne et al. (2018), in which SOA particles exposed to ammonia in a
smog chamber did not change their size distribution but showed clear evidence of incorporation of
organic nitrogen into the particles in online and offline mass spectra.

Methods
In this study, the AERO6 module in CMAQ was updated to simulate the heterogeneous
uptake of NH3 by SOA.
In the AERO6 modal approach, three integral properties of the size distribution are
followed for mode j : the total particle number concentration Nj , the total wet
surface area concentration Sj , and the total mass concentration mij of each
individual chemical component i. In order to calculate the total uptake of NH3 by
SOA, one must know the representative wet surface area concentration of SOA
(SSOA) (SOA hygroscopic growth is not considered in the model), which can be
calculated as follows (assuming a uniform density across different chemical
components):
where γ is the reactive uptake coefficient for ammonia and vNH3 is the average speed
of NH3 molecules (609ms-1at 298 K). The above calculations were performed
separately for each grid cell at every time step to obtain the effective first-order rate
constant for each individual cell at each time step. The first-order rate constant of
NH3 uptake was then multiplied by the gas-phase NH3 concentration to determine
the loss rate of NH3 in each cell at each time step.

Methods
Data information
1. base case simulation results of PM2:5, PM10, and O3 are compared with the observations from the US
Environmental Protection Agency’s Air Quality System (AQS)
2. The meteorological fields were derived from NCEP FNL (Final) Operational Global Analysis data
(NCEP, 2000) using the Weather Research and Forecasting Model (WRF, version 3.7) (Skamarock et
al., 2008), with the MODIS land use database (Friedl et al., 2010) and the the Yonsei University (YSU)
parametrization (Hong et al., 2006) for the planetary boundary layer.
3.Emissions were generated based on the 2014 National Emissions Inventory (NEI) (US EPA, 2017a)
and processed by the Sparse Matrix Operator Kernel Emission (SMOKE , version 4.5) processor (US
EPA, 2017b).
4. Biogenic emissions were obtained from the Biogenic Emission Inventory System (BEIS) (Pierce
and Waldruff , 1991), and emissions from cars, trucks, and motorcycles were calculated with
MOBILE6 (US EPA, 2003).

Methods
Modeling method

Test method

1. In this study, eight simulations were conducted using
the latest 2017 release of CMAQ (version 5.2),
including one base case simulation for the winter (Jan.1
- Feb.27, 2011), one base case simulation for the
summer (1 July–30 August 2011), and three different
NH3 uptake scenarios for each period.

1.four simulations were performed for each period to
investigate the sensitivity of NH3 removal to changes in
the uptake coefficient: (a) base case with no NH3 uptake,
(b) NH3 uptake with γ=10-3, (c) NH3 uptake with γ=10-4,
and (d) NH3 uptake with γ=10-5.

2. The modeling domain used in this study covers the
contiguous US using a 12 km12 km horizontal-grid
resolution (resulting in 396 (x)×246 (y)=97 416 grid cells)
and a 29-layer logarithmic vertical structure (set on a
terrain following sigma coordinate, from the surface to 50
hPa) with the depth of the first layer around 26 m.

2. Results of the first 7 days of each simulations were
discarded as a model spin-up period to minimize the
effect of initial conditions and allow sufficient time for
the NH3 removal process to occur.

Results
Model validation
The statistical parameters used in
this study are the mean normalized
gross bias (MNGB), mean
normalized gross error (MNGE),
mean fractional bias (MFB), and
mean fractional error (MFE).

(|MNGB|≤15% and MNGE≤30%)
(MFE ≤ 75% and |MFB| ≤ 60%)

Results
Model validation(O3)
shows good model performance for O3, as the
statistics meet the recommended performance
criteria(|MNGB|≤15% and MNGE≤30%)

Results
Model validation(PM2.5)
For the winter, increasing the NH3 uptake coefficient
leads to a decrease in the total PM2:5 and a slightly
better model performance when compared to the
observations.

Results
Model validation(NH3)
the model overestimates the NH3 concentration for the
summer, especially over the southeast and the Central Valley
regions of California. On the contrary, the simulated NH3
concentration is underestimated for the winter. The impacts
of different NH3 uptake coefficients on NH3 concentrations are
consistent between the winter and the summer; the NH3
concentration decreases as the uptake coefficient increases.

Results
Model validation(NH4+)

the NH4 is slightly overestimated in the base case for the
summer period;however, the addition of NH3 uptake leads to a
lower modeled NH4 concentration and reduced level of
overestimation. Such improvements happen over most of the
eastern US as well as the Central Valley of California. Similarto
NH3, the γ=10-4 case shows better model performance
improvement than the γ=10-3 case in the summer.For the winter,
the NH4 concentration is slightly underestimatedin the base case,
so the decrease in the NH4 concentration caused by the increase
in the NH3 uptake coefficient leads to an even larger
underestimation.

Results
Model validation(NO3-)
the modeled NO3- is overestimated over the southeast
region for both periods and also overestimated along the
Central Valley of California during the summer period.

Results
Air quality impacts(gas-phase NH3)
In general, the NH3 concentration is reduced after the
introduction of the SOA-based NH3 uptake process. The
magnitude of the reduction is increased as the uptake
coefficient increases. For the winter, the spatiotemporally
averaged (averaged over entire period and the simulation
domain) NH3 concentration for the base case is 0.44 ppb,
while the value decreases to 0.43 ppb (-2.3 %) for the
γ=10-5 case, 0.41 ppb (-6.8 %) for the γ=10-4 case, and
0.31 ppb (-29.5 %) for γ=10-3 case. For the summer, the
spatiotemporally averaged NH3 concentration for the base
case is 2.30 ppb, while the value decreases to 2.10 ppb (8.7 %) for γ=10-5 case, 1.58 ppb (-31.3 %) for the γ=10-4
case, and 0.76 ppb (-67.0 %) for the γ=10-3 case.

Results
Air quality impacts(gas-phase NH3)

Results
Air quality impacts(gas-phase HNO3)

Results
Air quality impacts(inorganic PM)

Results
Air quality impacts(organic PM)

Results
Air quality impacts(total PM)

1. both the pattern and level of impact caused by the
NH3 uptake mechanism is similar for PM2:5 and PM10,
which indicates that most of the mass change due to
this process occurs on fine particles.
2. the level of impact on both PM2:5 and PM10 is much
more significant over the summer than the winter,
which is consistent with previous analysis of
individual species.
3. Opposite impact patterns are found between the
winter and summer. The inclusion of the NH3 uptake
mechanism leads to a decrease in the total PM mass
for the winter, which is caused by the reduction of
inorganic NH4+ and NO3- due to the decreaseing the
NH3 concentration. On the contrary, PM
concentrations during the summer increase after
adding the NH3 uptake mechanism.

Discussion
Conclusions
1.the simulation results for the two base case simulations are compared with observation data from different
monitoring networks, and statistics show an overall good model performance for most of the criteria.
2. The comparison between different uptake coefficient scenarios and the base case allows a more detailed
understanding of the impact of this mechanism on both gas-phase and particle-phase species.
2.1 Simulation results indicate a significant reduction in gas-phase NH3 due to conversion of NH3 into
NOCs, and such reduction increases dramatically as the uptake coefficient increases
2.2 As the NH3 concentration drops because it is being converted into NOCs, less HNO3 is neutralized
by NH3, resulting in an overall increase in HNO3 concentration.
3.PM concentrations are found to decrease during the winter period, largely due to the reduction in
ammonium nitrate formation caused by the decrease in gas-phase ammonia.

Results
Conclusions
4. PM concentrations are found to increase during the summer due to the increase in biogenic SOA production
resulting from the enhanced acid-catalyzed ring-opening reactions.
5. Geographically, the biggest reduction in NH3 happens in the Central Valley of California during both
seasons, the same location as the biggest increase in HNO3 in the winter. While for the summer, HNO3
increases more dramatically over the South Coast Air Basin of California and the northeast region of the
country.

Results
Inspirations and further work
1.Using related data of China for verification
2.Refine the SOA category and then simulate it and compare it
3.The same approach is used to simulate the response of SOA and other inorganic gases

Results
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