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CONSPECTUS: Liquid water is a dominant and critical tropospheric constituent.
Over polluted land masses low level cumulus clouds interact with boundary layer
aerosol. The planetary boundary layer (PBL) is the lowest atmospheric layer and is
directly influenced by Earth’s surface. Water−aerosol interactions are critical to
processes that govern the fate and transport of trace species in the Earth system and
their impacts on air quality, radiative forcing, and regional hydrological cycling. In the
PBL, air parcels rise adiabatically from the surface, and anthropogenically influenced
hygroscopic aerosols take up water and serve as cloud condensation nuclei (CCN) to
form clouds. Water-soluble gases partition to liquid water in wet aerosols and cloud
droplets and undergo aqueous-phase photochemistry. Most cloud droplets evaporate,
and low volatility material formed during aqueous phase chemistry remains in the
condensed phase and adds to aerosol mass. The resulting cloud-processed aerosol has different physicochemical properties compared to the
original CCN. Organic species that undergo multiphase chemistry in atmospheric liquid water transform gases to highly concentrated, nonideal
ionic aqueous solutions and form secondary organic aerosol (SOA). In recent years, SOA formation modulated by atmospheric waters has
received considerable interest.
Key uncertainties are related to the chemical nature of hygroscopic aerosols that become CCN and their interaction with organic species. Gas-
to-droplet or gas-to-aqueous aerosol partitioning of organic compounds is affected by the intrinsic chemical properties of the organic species in
addition to the pre-existing condensed phase. Environmentally relevant conditions for atmospheric aerosol are nonideal. Salt identity and
concentration, in addition to aerosol phase state, can dramatically affect organic gas miscibility for many compounds, in particular when ionic
strength and salt molality are outside the bounds of limiting laws. For example, Henry’s law and Debye−Hu ckel theory are valid only for dilute
aqueous systems uncharacteristic of real atmospheric conditions. Chemical theory is incomplete, and at ambient conditions, this chemistry plays
a determining role in total aerosol mass and particle size, controlling factors for air quality and climate-relevant aerosol properties.
Accurate predictive skill to understand the impacts of societal choices and policies on air quality and climate requires that models contain
correct chemical mechanisms and appropriate feedbacks. Globally, SOA is a dominant contributor to the atmospheric organic aerosol burden,
and most mass can be traced back to precursor gas-phase volatile organic compounds (VOCs) emitted from the biosphere. However, organic
aerosol concentrations in the Amazon Rainforest, the largest emitter of biogenic VOCs, are generally lower than in U.S. national parks. The
Interagency Monitoring of Protected Visual Environments (IMPROVE) air quality network, with sites located predominantly in national parks,
provides the longest continuous record of organic aerosol measurements in the U.S. Analysis of IMPROVE data provides a useful chemical
climatology of changing air resources in response to environmental rules and shifting economic trends. IMPROVE data provides an excellent
test bed for case studies to assess model skill to accurately predict changes in organic aerosol concentrations in the context of a changing
climate.
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investigate, in part, atmosphere−biosphere interactions that
modulate ambient pollutant concentrations through mecha-
nisms not yet adequately captured in atmospheric models.

• Carlton, A. G.; Pye, H. O. T.; Baker, K. R.; Hennigan, C. J.
Additional Benefits of Federal Air-Quality Rules: Model
Estimates of Controllable Biogenic Secondary Organic
Aerosol. Environ. Sci. Technol. 2018, 52, 9254−9265.2
Revisits the question, “to what extent is biogenic secondary
organic aerosol controllable?” with more explicit and f ield-
evaluated organic chemistry in aerosol liquid water that
showed ancillary benef its of Federal NOx and SO2 rules that
concurrently reduce organic f ine particle mass.

• Carlton, A. G.; Turpin, B. J. Particle Partitioning Potential
of Organic Compounds Is Highest in the Eastern US and
Driven by Anthropogenic Water. Atmos. Chem. Phys.
2013, 13, 10203−10214.3 CMAQ modeling study and
thought experiment that showed SOA formation in the
Eastern U.S. due to chemistry in aerosol liquid water is
substantial and facilitated in humid locations by anthro-
pogenic NOx and SOx emissions.

• Carlton, A. G.; Pinder, R. W.; Bhave, P. V.; Pouliot, G. A.
To What Extent Can Biogenic SOA Be Controlled?
Environ. Sci. Technol. 2010, 44, 3376−3380.4 First
quantitative estimate of the anthropogenic enhancement of
biogenic secondary organic aerosol over the contiguous United
States using EPA’s CMAQ model that found at least half of
biogenic SOA in the Eastern U.S. is controllable.

■ MULTIPHASE TROPOSPHERIC CHEMISTRY:
BIOSPHERE-ATMOSPHERE INTERACTIONS AND
REACTIVE CARBON

Atmospheric fine particulate matter with an aerodynamic
diameter (assumes unit density) that is roughly 2.5 μm or
smaller (PM2.5) is associated with a variety of adverse health end
points even at daily concentrations below World Health
Organization (WHO) guidelines, and small increases induce
substantial economic costs for society.5 Anthropogenic
emissions at the surface form hygroscopic fine aerosols that
alter climate-scale cloud radiative properties,6 affect mesoscale
convective systems, and change precipitation patterns.7 The
majority of atmospheric fine aerosol, or PM2.5, forms in the
atmosphere from precursor gases. It is chemically complex and
contains mixtures of inorganic and organic material including
aerosol liquid water (ALW)8 and exhibits variable phase and
mixing states.9 The organic fraction is ubiquitous and often
abundant.
Gas-phase oxidation of volatile organic compounds (VOCs)

produces semivolatile or water-soluble compounds that can
create new particles or partition to a pre-existing aerosol matrix
to form secondary organic aerosol (SOA) through semivolatile
partitioning and multiphase chemistry involving ALW.10,11

Globally, SOA is a dominant contributor to aerosol mass, and
the majority of precursor VOCs that form SOA derive from the
biosphere. Traditionally SOA is described as “biogenic” or
“anthropogenic” based on the source of the VOC precursor.
While emissions of biogenic VOCs are natural, subsequent
formation of aerosol usually is not, and this naming convention
can falsely imply that biogenic SOA is a natural part of
background air. “Biogenic” SOA mass concentrations can be
largely reduced through control of emissions from human
activity4 even in pristine environments such as the Amazon
Rainforest.12 For example, anthropogenic emissions alter radical

budgets, change oxidation pathways, and increase aerosol
hygroscopicity to facilitate SOA formation through multiphase
chemistry in both summer3 and winter.13 When ALW pathways
are considered in atmospheric models, estimates of biogenic
SOA controllability across the United States increase and
anthropogenic source sector importance changes.2

Atmospheric organic gases are more likely to encounter high
ionic strength ALW as an available partitioning medium than
particulate organic carbon under most ambient conditions in
humid locations.3,8 Inorganic salts promote ALW, which can
serve as a medium to partition polar, water-soluble gas phase
organic species to the condensed phase, facilitating aqueous
SOA formation (aqSOA). In continental locations, ALW is
driven by particulate ammonium sulfate and ammonium
nitrate,3,14 derived from anthropogenic emissions of the
precursor gases, NH3, SO2, and NOx. Modeling and field
experiments suggest that organic chemistry in ALW is a
dominant SOA formation pathway in the eastern U.S.1−3,15−18

and imparts a determining impact in western arid regions of the
U.S. as well.19 An aqSOA mechanism makes it possible for
sulfate and nitrate containing particles to grow in organic mass
under conditions of elevated relative humidity (RH). Inorganic
salts can react directly to form S- and N-containing species20,21

or alter the partitioning and volatility of organic compounds at
atmospherically relevant conditions.17,22 In response to environ-
mental regulations, emissions of SO2 and NOx have dramatically
reduced over the past decades, as have mass concentrations of
the corresponding hygroscopic inorganic salts, sulfate and
nitrate, and ALW.23,24 Decadal reductions in particulate total
organic carbon (TOC) are also noted with links to ALW-
influenced chemistry.19,23,25,26 Air quality modeling over the
contiguous United States (CONUS) that includes aqSOA is
able to qualitatively reproduce geospatial and temporal trends in
particulate organic carbon in response to changing energy sector
SO2 and NOx emissions.2,24−26 This represents improvement
over simulations that do not include aqSOA (e.g., ref 27) though
other factors, such as concurrent decreases in POA emissions,
are also proposed as an explanation for the connection between
inorganic and organic aerosol components.28

Low-level cumulus clouds interact with boundary layer SOA,
which can contribute to cloud condensation nuclei (CCN) and
form droplets that modulate aerosol physicochemical proper-
ties.29 Clouds are primary drivers of Earth’s albedo and vertical
transport in the troposphere. Partitioning of water-soluble gases
to cloud droplets and the subsequent oxidative chemistry in
liquid water transfer species from the polluted boundary layer
and generate particle mass aloft, such as sulfate and water-
soluble organic carbon (WSOCp),

30 including organosulfur
compounds20 and brown carbon.31 While the fundamental
chemistry is the same, the fate, long-range transport, air quality,
and radiative influences of aloft SOA are dramatically different
from near-surface mass. Radiative impacts in the free tropo-
sphere are substantial, in particular when located above clouds
where aerosols scatter and absorb both incoming solar radiation
and diffuse back scatter from clouds. Aerosol−cloud interactions
remain highly uncertain in models, and accurate prediction
remains elusive across scales, in part because the controlling
chemical mechanisms that govern interaction among inorganic
and organic species are not well characterized.
Despite the abundance, importance, and decades of study,

understanding of SOA chemistry remains incomplete, and
application of formation processes in most routinely applied
atmospheric models is simplified. Critical open questions
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regarding the chemistry of organic compounds in highly
concentrated inorganic salt solutions persist, impairing
quantitative estimation of the fate and transport of SOA and
its subsequent impacts. Unless models accurately employ the
underlying fundamental chemical mechanisms and their feed-
backs, misrepresentation of the anthropogenic perturbations on
air quality and climate arise.32 This hinders development of
effective strategies to safeguard human health and the
environment.

■ INORGANIC SALTS AND HIGH IONIC STRENGTH
PARTITIONING OF ORGANIC COMPOUNDS

The U.S. EPA’s Community Multiscale Air Quality (CMAQ)
model predicts summertime aerosol molality of three individual
salts, ammonium nitrate, ammonium sulfate, and sodium
chloride, in ALW over the CONUS to be >1 mol kg−1 in nearly
all locations (Figure 1). Observational estimates at surface
locations in the Eastern U.S. as part of the IMPROVE air quality
network are consistent with CMAQ predictions (Figure 2).
Despite reduction in sulfate mass in the Eastern U.S. during the
last 15 years, aerosol acidity is not reduced.33,34 Sulfate molality
in particulate matter is estimated to be >3mol kg−1 in all seasons
and rising due to decreasing ALW mass concentrations.
Increasing temperatures cause an associated reduction in
relative humidity; however the Eastern U.S. is sufficiently
humid that sulfate mass tends to be more limiting for ALW
formation than gas-phase water vapor mixing ratios. Ammonium
nitrate is more volatile, and molality is higher in winter than
summer.
The presence of inorganic salts can alter the effective

partitioning coefficient (Henry’s law constant, KH) by more
than an order of magnitude, depending on the organic species,
salt identity, and concentration.36 Henry’s law and Debye−
Hu ckel theory are valid only for dilute aqueous systems (ionic
strength, z < 1, and electrolyte concentration, <10−3 mol L−1,
respectively). Most extensions to these formulations and
estimates of activity coefficients to describe uptake are empirical
in nature, and extrapolation does not properly apply to the
highly concentrated salt solutions (Figure 1) typical of
atmospheric aerosol. There are large uncertainties in the
effective solubility, and thus gas-to-particle partitioning, of
many organic gases. Inorganic salts can shift the partitioning
equilibrium of organics in favor of the condensed or vapor phase,
which can enhance or inhibit aqSOA formation (“salting in” and
“salting out”, respectively). For example, salts enhance particle-
phase partitioning of glyoxal (salting in) and reduce the particle
phase partitioning of methylglyoxal and butenedial (salting
out).37−39 Implementation of salt-based Setschenow coefficients
for KH from these experiments in CMAQ for glyoxal and
methylglyoxal dramatically impact partitioning and thus the

subsequent fate and transport of reactive carbon.17 For example,
particle phase glyoxal increases by a factor of 3, with
corresponding decreases in the gas phase mixing ratio. Model
results underscore the importance of accounting for the salting
effect in predicting the magnitude, spatial distribution, and
ultimately the fate of reactive carbon. Further, the most common
and best predictors of dissolved organic carbon (DOC) in
ecological studies of wet deposition find that inorganic salt
concentrations are the most common significant predictors of
DOC concentrations in precipitation (i.e., aqueous droplets)
across ecosystems.40 Detailed chemical analysis of continental
and marine precipitation suggests DOC in rainwater predom-
inantly derives from the same atmospherically processed organic
species found in aqSOA.41,42

Thousands of individual organic gases are present in the
atmosphere, and aqueous aerosols are highly concentrated
electrolyte solutions. While KH values have been measured for a
diverse array of atmospheric organic gases, the gas−aqueous
partitioning behavior under high ionic strength conditions has
only been studied experimentally for a much smaller group of
polar organic compounds.43 Computational approaches based
on structure−activity relationships can be used to predict KH;
however, theoretical predictions of KH systematically worsen as
molecules become more oxygenated and thus more water-
soluble. In a series of laboratory experiments, Kampf et al.38

estimate Setschenow coefficients for glyoxal uptake by
ammonium sulfate particles. Initial fast uptake of glyoxal was
followed by a slower increase in effective Henry’s Law constants

Figure 1. June 2013 average molality ([salt]/[ALW]) for three common atmospheric salts. Sulfate mass concentrations are highest in the eastern U.S.;
however, molality is highest in the arid west where [ALW] is low. NOTE: light purple is negligible molality; bright white areas are molality >12.

Figure 2. Salt molality (salt/[ALW]), ALW mass concentrations,
relative humidity (RH), and temperature for IMPROVE sites in the
eastern U.S. in 2005−2016. Whiskers represent standard error in the
distribution of measurements. ALW is estimated using the thermody-
namic model ISORROPIA35 with inputs of IMPROVE inorganic
aerosol measurements and meteorology from the North American
Reanalysis data product of NOAA’s National Centers for Environ-
mental Information.
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over several hours. Deviation from predicted Setschenow salting
coefficients occurred at an ammonium sulfate concentration of
12 mol kg−1 or ionic strength of 36 mol kg−1.44 These electrolyte
concentrations are typical of predicted atmospheric aerosol
values over the CONUS (Figure 1). The transition in uptake
rates suggests kinetic limitations above a threshold value that
may be due to phase separation or the formation of glassy
aerosol.
A polar solvent such as water favors the partitioning of polar

organic compounds, and water can act as a plasticizer. The glass
transition temperature of organic material is heavily influenced
by the oxygen/carbon (O/C) ratio,45 and the salting effect is
most dramatic for the most water-soluble organic species, which
generally have polar moieties and higher O/C ratios. Phase state
can impart kinetic limitations to affect aerosol hygroscopic
growth, CCN, and ice nucleating particle (INP) activation.46

Some organic substances tend to form semisolid or amorphous
solid (glassy) phases as humidity decreases or induce liquid−
liquid phase separation (LLPS) in mixed organic/inorganic
particles. The salting effects on LLPS have been studied more
extensively than salting impacts on effective Henry’s Law
partitioning to ALW for atmospheric systems.43 Yet, testing of
theoretical, laboratory, and modeling experiments that identify
interactions among inorganic and organic species and their
impacts on partitioning remains to be evaluated in field samples.

■ LIQUID WATER AND THE CHANGING NATURE OF
ORGANIC AEROSOL

Chemical regimes for ozone production change over spatial and
temporal scales. For example, ozone production in urban
airsheds versus rural ones is vastly different, and regimes change
over time in response to environmental rules, such as the U.S.
EPA’s “NOx SIP Call”. The overall photochemistry that oxidizes
gas-phase organic species to produce ozone, also produces
organic precursors for SOA. This suggests that the chemical
nature of SOA also changes spatially and temporally and is
consistent with routine network measurements of total organic
carbon (TOC). Organic aerosol collected at IMPROVE sites
often contains highly oxidized functional groups, such as
alcohols, carboxylic acids, and organosulfur moieties that
contribute noncarbonaceous organic mass. The ratio of
functionalized organic matter-to-organic carbon (OM/OC)
measured at surface sites across the U.S. in the IMPROVE
network is lowest in urban locations in winter and highest in
rural areas in summer.47 OM/OC ratios are increasing across the
CONUS at rates that vary by location,47 and aqSOA generally
has higher oxygen-to-carbon (O/C) ratios.48 While reduction in
mass concentrations of TOC are noted for the CONUS, in
particular in the east,23,25,26,28 organic aerosol mass concen-
trations do not decline at the same rate. Across the CONUS,
TOC mass concentrations decrease at IMPROVE sites at a rate
of−3.4% yr−1.When site- and time-dependentOM/OC ratios19

are applied to TOCmeasurements, total organic matter (TOM)
decreases −2.4% yr−1 (Figure 3).
Thermal optical techniques, such as the “OC/EC” (organic

carbon/elemental carbon) measurements at sites in the
IMPROVE network classify TOC by thermal volatility. The
IMPROVE temperature protocol defines four OC volatility
fractions, OC1 (most volatile), OC2, OC3, and OC4 (least
volatile), at temperatures ranging from 140 to 580 °C, the
temperature ramp applied routinely since 2005. Organic species
tend to pyrolyze above 300 °C, and pyrolysis is monitored and
corrected via transmittance. Charred or pyrolyzed carbon (PC)

mass is also a reported fraction. Thermal separation provides
some insight but not precise chemical detail. Since 2005, the
overall decrease in TOC is driven primarily by OC2 (organic

carbon that volatilizes at 280 °C) and PC.19 The change in
contribution of different thermal fractions to total TOC suggests
change in the volatility and viscosity49 of organic aerosol. Both
OC2 and PC may be linked to multiphase chemistry of
biogenically derived isoprene oxidation products in ALW.
Water-soluble organic carbon, which includes aqSOA, is
particularly susceptible to pyrolysis during analysis.50 Carboxylic
acids, which are formed during aqueous-phase chemistry of
isoprene oxidation products,51,52 are observed as part of OC2.53

The largest absolute mass decreases in OC2 and PC occur in
humid eastern locations of the U.S. where isoprene emissions
and ALW concentrations are high.19 When the atmospheric
model GEOS-Chem is applied to the CONUS from 2005 to
2015 and includes aqSOA, the predicted model species
“ISOAAQ”, which represents isoprene oxidation products that
form via liquid water chemistry, correlates significantly with
IMPROVE-measured OC2.19

In a given year, the largest seasonal increase in mass
concentrations of TOC occurs during the transition from spring
into summer in two separate and contrasting areas of the
CONUS, IMPROVE’s “East Coast” (humid) and “Southern
California” (arid)25 (Figure 4) regions. The change in fractional
contribution by volatility bins is also largest during this seasonal
transition. The pattern is observed and more pronounced when
noncarbonaceous mass is considered, which indicates a greater
presence of functionalized organic matter during summer. There
are large uncertainties in chemical assessment of organic carbon
volatility measurements; however existing data sets provide a
useful index. Further, while the assessment here focuses on the
CONUS, ALW-mediated chemistry is demonstrated to play an
important role in other regions of the globe, such as the Po
Valley of Italy14 and the North China Plain.54

■ CONNECTING PHYSICAL AND CHEMICAL
AEROSOL MEASUREMENTS THROUGH LIQUID
WATER

Consideration of multiphase chemistry that includes ALW
provides a plausible explanation to reconcile physical and
chemical aerosol measurements across platforms. Satellites
record substantial summertime enhancement of aerosol optical
depth (AOD), an index of the atmospheric aerosol burden, in
the southeast U.S. However, surface PM2.5 mass measurements

Figure 3. Decadal trend in TOM and TOC at IMPROVE monitoring
sites across the CONUS for 2005−2015 (corresponding to consistent
thermal protocols and hardware). Decadal decrease in [TOC] is−3.4%
yr−1 and [TOM] is −2.4% yr−1. Whiskers represent standard error in
the distribution of measurements.
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in the area do not exhibit seasonality.55,56 Interestingly, ALW
estimated from surface-basedmeasurements of particle chemical
composition demonstrate a similar pattern to satellite
observations. ALW effectively scatters radiation in the visible
part of the spectrum where satellite measurements are made.
Satellites observe aerosol in situ and unperturbed from ambient
conditions,57 and remotely sensed aerosol radiative properties
are strongly affected by ALW. Filter-based PM2.5 measurements
lose water57 and aqSOA58 mass relative to ambient conditions
during transport and equilibration to laboratory conditions. On
average, over the CONUS the strongest satellite AOD is
observed over the east,59,60 where ALWmass concentrations are
highest. In the southeast U.S., optical particle extinction
estimates to quantitatively describe visibility at IMPROVE
sites that include contribution from ALW are positively
associated with AOD measurements from the CALIPSO
satellite and surface instruments.60,61 Decadal trends in the
southeast of particle inorganic chemical constituents that
control ALW are positively associated with changes in surface
visibility and can be linked to climate-relevant particle radiative
properties that impact regional climate.62−64 Particle size is the
dominant factor that determines aerosol scattering, and
chemical composition, in partiuclar speciation that promotes
increased water uptake, has a determining effect on size.
Preliminary analysis of colocated physical and chemical

aerosol measurements provides a plausible mechanism to
connect ALW to satellite AOD. NASA’s ground-based AErosol
RObotic NETwork (AERONET)65 station colocated with an
IMPROVE network monitoring site in Bondville, IL, provides
observations of aerosol size distributions and chemical
composition. AERONET measures AOD and Ångstro m
exponents (α) at wavelengths λ = 440 and 870 nm. In eq 1, τ
is the optical depth at a given wavelength (λ). Ångstro m
exponents are inversely proportional to size for the fine mode
particles66 measured at IMPROVE sites.

1 1

τ
τ

λ
λ

=λ

λ

α−i
k
jjjjj

y
{
zzzzz (1)

Cloud flags fromAqua andTerra satellites’Moderate Resolution
Imaging Spectroradiometer (MODIS) are paired in space and
time for the site at Bondville, IL,67 from January 2010 to August
2014. Surface estimates of ALW and measurements of α are
binned as “cloudy” or “clear sky” based on the MODIS cloud
flags. ALW mass concentrations are significantly higher on
cloudy days than clear sky ones, and Ångstro m exponents are
significantly smaller (Figure 5). This is consistent with cloudy
conditions being favored by increased abundance of hygroscopic
aerosols that efficiently take up water and can serve as CCN and
are physically larger than aerosol on clear sky days when there is
less ALW. Note that in Figure 5 we present quality assured, but
not cloud-screened, data from the AERONET Level 1 data
product (https://aeronet.gsfc.nasa.gov/).68

There are large uncertainties in this preliminary analysis. The
presence of organic compounds can affect water uptake.
Detailed thermodynamic modeling in the southeast U.S. at the
Great Smoky Mountains demonstrated that in situ ALW
measurements at ambient conditions differed from thermody-
namic estimates calculated from inorganic species only (e.g., the
method employed here). Discrepancies were positively
associated with the organic mass fraction.69 During the Southern
Oxidant and Aerosol Study (SOAS)1 at certain times of day
(∼7−11 AM) when the organic fraction (not mass) was highest,
aerosol volume grew to larger than ambient values when the
aerosol was dried to remove ALW and then rehumidified back
up to ambient RH.18 There are large uncertainties, but this is
suggestive that drying aerosol also removes semivolatile organic
species that affect water uptake under certain conditions. This
also suggests that particle growth factors commonly calculated
from dried aerosol rehumidified to instrument-defined, and not
ambient, RH values may not accurately describe ALW-related

Figure 4. Seasonal patterns in organic aerosol thermal fractions, sulfate, nitrate, and ALW for two IMPROVE chemical climatology regions, “Southern
California” (left) and “East Coast” (right), in 2016, a typical year in the record. Summertime enhancement in noncarbonaceous organic mass [TOM] is
more pronounced than for organic carbon mass concentrations [TOC].
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extinction at ambient conditions when applied in models.
Additional cases must be evaluated. Analysis of long-term data
derived from diverse platforms and instrumentation and
interaction among atmospheric chemists and physicists is
imperative to resolve long-standing model inadequacies, such
as aerosol−cloud interactions.

■ CONCLUSION AND OUTLOOK
Important problems of broad global significance will not be
solved in isolation. Aerosol−cloud interactions in models
remain a dominant uncertainty in projections of future climate.
Models useful to protect human health and environment require
chemical and physical fidelity. The atmosphere is connected
globally, and the governing principles behind atmospheric
processes are consistent across scales and fields of study.
Current critical open questions, areas, and tools to improve

understanding of atmospheric multiphase chemistry involving
tropospheric water include the following:

1. Lack of direct measurements to test model predictions of
aqSOA are a key deficiency.

2. What are the underlying fundamental chemical mecha-
nisms that control organic compound partitioning to high
inorganic salt molality solutions?

3. How does organic chemistry in high molality salt
solutions affect the fate and transport of reactive species?
This Account focuses on carbon; however organic matter
contains other species such as reactive nitrogen with
largely uncertain budgets.

4. What is the relative importance of aqSOA in dilute
(clouds) versus concentrated aqueous aerosols?

5. Holistic assessment of aerosol measurements is possible
with the plethora of publicly available, yet underutilized
chemical and physical atmospheric data from existing
routine networks. How can that work be encouraged
across research communities?

6. Application of sophisticated statistical approaches such as
machine learning techniques may elucidate organic
chemical composition more precisely from routine
network data.
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