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A B S T R A C T

As a new approach to investigating formation processes of secondary organic aerosol (SOA) in the atmosphere,
ozone-induced potential aerosol formation was measured in summer at a suburban forest site surrounded by
deciduous trees, near Tokyo, Japan. After passage through a reactor containing high concentrations of ozone,
increases in total particle volume (average of 1.4 × 109 nm3/cm3, which corresponds to 17% that of pre-existing
particles) were observed, especially during daytime. The observed aerosol formations were compared with the
results of box model simulations using simultaneously measured concentrations of gaseous and particulate
species. According to the model, the relative contributions of isoprene, monoterpene, and aromatic hydrocarbon
oxidation to SOA formation in the reactor were 24, 21, and 55%, respectively. However, the model could ex-
plain, on average, only ∼40% of the observed particle formation, and large discrepancies between the ob-
servations and model were found, especially around noon and in the afternoon when the concentrations of
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isoprene and oxygenated volatile organic compounds were high. The results suggest a significant contribution of
missing (unaccounted-for) SOA formation processes from identified and/or unidentified volatile organic com-
pounds, especially those emitted during daytime. Further efforts should be made to explore and parameterize
this missing SOA formation to assist in the improvement of atmospheric chemistry and climate models.

1. Introduction

Aerosol particles in the atmosphere are known to have significant
impacts on climate, the atmospheric environment, ecosystems, and
human health (Boucher, 2015; Lelieveld et al., 2015). Secondary or-
ganic aerosol (SOA) particles, which are generated during the oxidation
of volatile organic compounds (VOCs) emitted from both biogenic and
anthropogenic sources, constitute a large fraction of submicron parti-
cles in the atmosphere (Jimenez et al., 2009). However, the formation
processes of SOA in the atmosphere remain largely uncertain (e.g.
Hallquist et al., 2009; Chen et al., 2015; Glasius and Goldstein, 2016).

Formation yields of SOA (defined as the ratio of generated SOA mass
to the amount of reacted VOC) from various VOCs have been de-
termined based on experiments using smog chambers or oxidation flow
reactors (Hallquist et al., 2009; Lambe et al., 2015; Bruns et al., 2015;
and references therein). Although the dependency of the formation
yields on a number of parameters, such as temperature, relative hu-
midity (RH), seed particles, co-existing gases, and species and exposures
of oxidants, has been investigated, it is almost impossible to investigate
all SOA formation processes in the real atmosphere, including the
possible interactions between different oxidation processes and the
various parameters.

A number of observational studies have been conducted to estimate
SOA formation processes in the atmosphere by measuring tracer com-
pounds such as cis-2-methyl-1,3,4-trihydroxy-1-butene, 2-methyl-
threitol, and 2-methylerythritol for isoprene-derived SOA; 3-iso-
propylglutaric acid, cis-pinonic acid, and pinic acid for monoterpene-
derived SOA; and 2,3-dihydroxy-4-oxopentanoic acid for aromatic hy-
drocarbon-derived SOA (e.g. Kleindienst et al., 2007a, 2010; Hu et al.,
2008; Ding et al., 2012). However, there are potentially large un-
certainties in such estimations because the yields of tracer molecules in
the atmosphere may not necessarily be the same as those obtained in
laboratory experiments owing to the complexity of the SOA formation
process and possible chemical transformation of the tracer molecules in
the real atmosphere.

As an alternative approach to obtaining information on SOA for-
mation processes, the monitoring of potential SOA formation after in-
ducing ambient air perturbations may be useful. Very recently, Jimenez
and coworkers reported potential aerosols formation in a Potential
Aerosol Mass (PAM) flow reactor, with perturbations caused by oxidant
additions (Ortega et al., 2016; Palm et al., 2016, 2017). For an urban
area in the Los Angeles region of the USA in late spring, Ortega et al.
(2016) reported that reactor SOA formation under irradiation by ul-
traviolet (UV) light, for which VOCs were estimated to be mainly oxi-
dized by hydroxyl radicals (OH), peaked at night and correlated with
trimethylbenzene concentrations. At a pine forest in Colorado, USA, in
summer, Palm et al. (2016, 2017) also reported greater reactor SOA
formation at night for all cases of UV irradiation, ozone (O3) addition,
and nitrate radical (NO3) addition; this was mainly due to the oxidation
of monoterpenes. Whereas the observed reactor SOA formations for O3

and NO3 additions were consistent with the predicted SOA formations
based on measured monoterpene and sesquiterpene concentrations, the
observed reactor SOA formation under UV irradiation (OH oxidation)
was reported to be 3.4 times larger than that of the model prediction
(Palm et al., 2016, 2017).

In the present study, potential aerosol formation with the addition
of O3 was investigated by comparing total particle volumes with and
without passing the particles through an oxidation flow reactor. The
study was carried out in summer at a suburban forest site surrounded by

deciduous trees, near Tokyo, Japan. By comparing the observed SOA
formation in the reactor with that predicted by the model using the
reported SOA formation yields from chamber experiments, the con-
tribution of unidentified SOA formation processes is highlighted.
Because small forests with deciduous trees are ubiquitous in urban,
suburban, and rural areas across the world, the results obtained in the
present study will be widely applicable to regions having similar en-
vironments, where both biogenic and anthropogenic emissions are ex-
pected to influence SOA formation. This study aimed to demonstrate
that observing potential aerosol formation to reveal unidentified SOA
formation processes is useful in improving model predictions for eval-
uating impact of aerosol particles.

2. Material and methods

2.1. Observations

Observations were conducted from July 31 to August 8, 2015 as part
of the AQUAS-TAMA (Air Quality Study at FM Tama) 2015 field cam-
paign at the Field Museum Tama Hill (FM-Tama, 35.6385°N,
139.3781°E) measurement station of Tokyo University of Agriculture
and Technology (Matsuda et al., 2015). This station is located in a
suburban forest (∼0.115 km2) and is surrounded by a residential area
∼30 km west of the center of Tokyo (Fig. S1). The dominant tree
species in the forest are Quercus serrata (Japanese konara oak), Quercus
acutissima (sawtooths oak), and Cryptomeria japonica (Japanese cedar).

A schematic diagram of the experimental apparatus used to measure
aerosol formation potential is shown in Fig. S2. Aerosol particles were
sampled through an inlet placed 4.6 m above the ground surface. The
size distributions of particles between 17.5 and 982.2 nm, which were
either passed or not passed through the reactor, were simultaneously
measured every 5 min using two scanning mobility particle sizers
(SMPSs) (TSI, model 3936L72), SMPS-1 and SMPS-2, the sampling and
sheath flow rates of which were fixed at 0.2 and 2.0 L per minute (lpm),
respectively. These size distributions were measured under dry condi-
tions by passing the particles through diffusion dryers with silica gel
before introduction to the SMPSs. A 33L stainless steel cylindrical cell
was used as the flow reactor. The O3 was generated by irradiating fil-
tered oxygen gas (Japan Fine Products,> 99.999%) with ultraviolet
light at 184.9 nm from two mercury (Hg) lamps (Hamamatsu, L937-
02). The O3 was continuously added to the reactor at a flow rate of
0.020 lpm. Note that no particle formation was observed when O3 was
added after passing ambient air thorough an activated carbon denuder,
suggesting that the contribution of impurities in the oxygen cylinder to
aerosol formation in the reactor was negligible. The concentration of O3

in the reactor was monitored using a UV absorption analyzer (Thermo
Scientific, model 49ij). The total flow rate and average residence time
in the reactor were 0.6 lpm and 55 min, respectively. The total particle
volume generated in the reactor was obtained by subtracting the total
particle volume of aerosol that was passed through the reactor from
that measured without passage through the reactor, after taking ac-
count of the delay and dull effects of residence time in the reactor. The
effects of particle loss and differences in the sensitivity of the two
SMPSs were corrected using the particle size distributions obtained
during periods when the Hg lamps were turned off (July 31, August 3-4,
and August 8). Size dependent particle dry deposition was used for the
corrections. Typical particle losses were between 28% and 48% for
particles with diameters between 100 nm and 500 nm.

During the campaign, ambient concentrations of gaseous nitrogen
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oxides (NO and NO2), carbon monoxide (CO), and O3 were monitored
using commercial instruments. The concentrations of VOCs, such as
isoprene, monoterpenes, methylvinylketone (MVK) + methacrolein
(MACR), benzene, toluene, C8 aromatics, and C9 aromatics, were
monitored using a proton-transfer-reaction mass spectrometer (PTR-
MS, IONICON). Although 2-methyl-3-butene-2-ol (MBO), which is
emitted from a few specific species of pines (Goldan et al., 1993; Baker
et al., 1999), has the same molecular weight as isoprene, all signals at
m/z = 69 were assumed to be from isoprene in this study (considering
the tree species around the observation site). The concentrations of
sulfur dioxide (SO2) were estimated by averaging data from the At-
mospheric Environmental Regional Observation System of the Ministry
of the Environment of Japan (http://soramame.taiki.go.jp/) at four
observatories in Katakura, Tachi, Atago, and Hashimoto, which are
within ∼9 km of the FM-Tama site (Fig. S1). In addition, ambient fine
particles with aerodynamic diameters of less than 0.95 μm were sam-
pled using a high volume aerosol sampler for chemical analyses. Ty-
pically, this was done every 3 h during daytime and for 15 h during
nighttime. Major aerosol components, including elementary carbon
(EC), organic carbon (OC), sulfate, nitrate, and ammonium, in these
samples were quantified. Detailed descriptions of the measurement of
gaseous and aerosol compositions are given in the Supplementary
Material (S1). Meteorological data including temperature, RH, and
photosynthetically active radiation were monitored at the top of an
observation tower (30 m above ground surface) located 150 m from the
inlet.

2.2. Box model simulation

Box model calculations to simulate chemical reactions and aerosol
formation in the reactor were conducted every 1 h using the SAPRC-99
chemical mechanism (Carter, 2000) and AERO5 aerosol module
(Carlton et al., 2010) after the modifications described below. Although
no photochemical reactions should occur in the reactor, OH radicals can
be generated through the ozonolysis of unsaturated hydrocarbons, and
NO3 radicals can be generated through the reaction of NO2 with O3.
Therefore, VOCs can be oxidized by OH, O3, or NO3 in the reactor. The
original AERO5 aerosol module gives the SOA formation yield for OH
oxidation (Henze and Seinfeld, 2006) for all oxidation processes of
isoprene. In the present study, the module was modified to give the
formation yields for NO3 and O3 oxidations of isoprene. The organic-
mass-loading-dependent formation yield reported by Ng et al. (2008)
was used for the NO3 oxidation of isoprene, whereas yields reported by
Sato et al. (2013) and Ren et al. (2017) were used for the O3 oxidation
of isoprene. The organic-mass-loading-dependent formation yields and
their fitting parameters for isoprene-SOA, as used in the present study,
are shown in the Supplementary Material (Fig. S3 and Table S1). Three
runs were conducted using different SOA formation yield curves for the
O3 oxidation of isoprene. In run-1, the yields reported by Sato et al.
(2013) for SOA generated under comparable initial concentrations
([O3]ini/[isoprene]ini of 1.0–2.5) in the presence of OH scavenger (CO)
were used. In run-2, the yields reported by Ren et al. (2017) for the SOA
generated under excess O3 conditions ([O3]ini/[isoprene]ini of

Fig. 1. Hourly temporal variations in mixing ra-
tios of (a) O3, CO, NO, NO2, and SO2 (b) isoprene
(Iso), methylvinylketone (MVK) + methacrolein
(MACR), and monoterpenes (Terp), and (c) aro-
matic hydrocarbons with carbon atoms of 6 and 7
(ARO(C6–C7)) and 8 and 9 (ARO(C8–C9)). (d)
Mixing ratio of O3 downstream of the reactor and
mass concentration of organic aerosol (OA) and
sulfate, and (e) temperature, relative humidity
(RH), and photosynthetically active radiation
(PAR).
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10.7–11.5) in the presence of OH scavenger (cyclohexane) were used.
In run-3, the yields reported by Ren et al. (2017) for the SOA generated
under excess isoprene conditions ([O3]ini/[isoprene]ini of 0.08–0.21) in
the absence of OH scavenger were used.

Observed ambient concentrations of NO, NO2, CO, SO2, water vapor
(estimated from temperature and RH), and VOCs, as well as O3 con-
centration measured downstream of the reactor, were used as initial
conditions in the model. The benzene and toluene were categorized as
″ARO(C6–C7)″, whereas C8-aromatics and C9-aromatics were categor-
ized as ″ARO(C8–C9)″ in the model. The sum of the concentrations of
individual compounds was used as the initial concentration for each of
these categories. Half of the mass concentration, corresponding to m/
z = 71 (MVK + MACR), was used as the initial concentrations of MVK
and MACR. Hourly initial mass concentrations of organic aerosol (OA),
sulfate, nitrate, and ammonium were calculated by multiplying the
total volume of ambient particles measured with SMPS-1 by the fraction
of each composition obtained from filter samples, as described in the
Supplementary Material (S2).

3. Results and discussion

As shown in Fig. 1e, the sky was mostly clear during the observation
period and clear diurnal patterns were observed in temperature, RH,
and solar irradiance. No precipitation was recorded during the period.
Fig. 1a shows temporal variations in ambient mixing ratios of O3, CO,
NO, and NO2. Relatively high concentrations of anthropogenic gases
such as CO and nitrogen oxides (NOx = NO + NO2) were observed
during nighttime, likely due to their accumulation in the shallow noc-
turnal boundary layer. In contrast, concentrations of O3 reached their
maxima during daytime due to photochemical formation.

Fig. 1b and c shows temporal variations in the ambient mixing ra-
tios of isoprene, monoterpenes, ARO(C6–C7), and ARO(C8–C9). High
concentrations of isoprene were observed during daytime, especially
between 8:00 and 14:00, likely due to strong emissions from broad leaf
plants in the canopy of the forest around the FM-Tama site under high
solar irradiance and leaf temperature conditions (Fig. 1e). Suzuki et al.

(2012) also reported large canopy emissions of isoprene during day-
time. In contrast, the highest concentrations of monoterpenes and
aromatic hydrocarbons were observed in early morning, especially
between 0:00 and 9:00, likely due to (i) continuous emissions
throughout the day, (ii) a greater oxidation rate during daytime, and
(iii) accumulation in the shallow nocturnal boundary layer during
nighttime. Very slow reaction rates of aromatic hydrocarbons with NO3

and O3 would also contribute to high concentrations during nighttime.
As shown in Fig. 1d, the concentrations of O3 in the reactor

were>102 times higher than those of SOA precursors throughout the
period and were expected to correspond to 2–4 equivalent days of ex-
posure (assuming ambient O3 concentration of 50 ppbv). OA and sulfate
were dominant ambient aerosol components, with average (± 1σ)
fractions of 58% (±12%) and 28% (±11%), respectively, of total
mass concentrations quantified in the present study.

Fig. 2a and b shows temporal variations in the volume-based size
distributions of ambient particles (measure by SMPS-1) and those
downstream of the reactor (measured by SMPS-2 and corrected for
particle losses in the reactor), respectively. During the campaign, the
average (± 1σ) volume-based mean diameter for ambient particles
measured by SMPS-1 was 342 (± 45) nm. Temporal variations in the
total volume of particles are shown in Fig. 2c. Compared with SMPS-1,
larger total particle volumes were measured by SMPS-2 during most of
the observation period, indicating particle formation in the reactor. On
average, the total particle volume increased by 1.4 × 109 nm3/cm3,
which was 17% that of pre-existing particles. A greater formation of
particles up to 6–7 × 109 nm3/cm3 (∼80% that of pre-existing parti-
cles) was observed during daytime on both August 2 and 7. Note that
during the daytime (10:00-15:00) on August 2 and 7, the average
mixing ratios of isoprene (6.2 and 15.2 ppbv) were higher than the
other days (2.4–6.0 ppbv), whereas the average mixing ratios of NOx

(1.8 and 2.4 ppbv) were lower than the other days (2.5–4.7 ppbv).
Assuming a particle density of 1.4 g/cm3 (Kuwata et al., 2012; Nakao
et al., 2013), the average and maximum formations of aerosol in the
reactor are estimated to be 2.0 and 10.2 μg/m3, respectively.

Fig. 3a shows simulated temporal variations in the loss rates (units

Fig. 2. Temporal variations in volume-based size
distributions of particles (a) in ambient air and (b)
downstream of the reactor. (c) Total volumes of
particles, which were calculated from the size
distributions measured by SMPS-1 and SMPS-2.
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of ppbv/hour) of isoprene and monoterpenes in the reactor due to
oxidation by OH, O3, and NO3, as well as ARO(C6–C7) and ARO
(C8–C9) due to oxidation by OH. The loss rates obtained in run-1 of the
box model are shown in Fig. 3a (those in run-2 and run-3 were almost
identical). Isoprene is expected to be oxidized by OH, O3, and NO3 with
contributions of 12, 45, and 43%, respectively. The results of the si-
mulation suggest that loss rates for the NO3 oxidation of isoprene were
high, especially in the early morning (6:00–11:00) owing to the rela-
tively high concentrations of NOx during this period. In contrast, loss
rates for OH and O3 oxidation of isoprene were high between 8:00 and
14:00, when the concentrations of isoprene peaked. The loss rates of
monoterpene and aromatic hydrocarbons were high between 0:00 and
9:00, when their concentrations were also high. Monoterpenes were
mainly oxidized by NO3 in the reactor, whereas aromatic hydrocarbons
were oxidized by OH. Although the concentrations of ARO(C6–C7) and
ARO(C8–C9) were comparable (Fig. 1c), the loss rate of the latter is
considered to be higher than that of the former because of greater re-
action rates with OH (Calvert et al., 2002).

The simulated temporal variation of OA generated in the reactor
(ΔOA) for run-1 of the box model is shown in Fig. 3b, along with the
observed ΔOA, which was calculated assuming a particle density of
1.4 g/cm3. The colors in Fig. 3b represent the ΔOA for each oxidation
process. Note that the formation of inorganic aerosols such as sulfate
and nitrate is simulated as being negligible (< 0.2 μg/m3). On average,
38% of the observed increase in the mass concentrations of aerosol can
be explained by the sum of model-simulated ΔOA. The relative con-
tributions of the oxidation of isoprene, monoterpenes, and aromatic
hydrocarbons to the ΔOA are estimated to be 24, 21, and 55%, re-
spectively. For aromatic hydrocarbons, the relative contribution of ARO
(C8–C9) (38%) is approximately twice that of ARO(C6–C7) (17%),
mainly due to the difference in loss rate (Fig. 3a).

Fig. 4a shows diurnal patterns of simulated ΔOA for run-1, along
with observed ΔOA. The simulated ΔOA from the oxidation of mono-
terpenes and aromatic hydrocarbons was high from midnight to early
morning (0:00–9:00). The NO3 oxidation is considered to contribute
dominantly to the ΔOA from isoprene due to the high SOA formation
yields (Fig. S3). The simulated ΔOA from the NO3 oxidation of isoprene
was high from early morning to noon (6:00–11:00). In contrast to the
small differences in ΔOA between the simulated and observed values
from midnight to early morning, larger differences were observed

around noon and in the afternoon in run-1.
The ratio of NOx to HOx possibly contributes to SOA yield. This

effect was included in our model simulations for SOA generated from
aromatic hydrocarbon, but not for SOA generated from monoterpenes
and isoprene (Carlton et al., 2010). Because monoterpenes were ex-
pected to be dominantly oxidized by NO3 throughout the observation

Fig. 3. Simulated temporal variations in (a) loss
rates of VOCs and (b) modeled ΔOA for each
oxidation process in run-1 of the box model. The
temporal variation of ΔOA estimated based on the
observed size distribution data, assuming a den-
sity of 1.4 g/cm3, is also plotted in panel (b) for
comparison. Note that the range of the vertical
axis for simulated ΔOA is half of that for observed
ΔOA;.

Fig. 4. Diurnal variations in simulated mass concentrations of organic aerosols (ΔOA)
generated in the reactor for each oxidation process in (a) run-1, (b) run-2, and (c) run-3 of
the box model. The diurnal variation in ΔOA, estimated based on the observed size dis-
tribution data assuming a density of 1.4 g/cm3, is also plotted in each panel for com-
parison.
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period (Fig. 3a), contribution of NOx level to the SOA yields for the
oxidations of monoterpenes should be minimal. The SOA yields for OH
oxidation of isoprene under high NOx condition were reported to be one
order of magnitude lower than those under low NOx conditions (Carlton
et al., 2009). In the present study, greater ΔOA values were observed
under low NOx and high isoprene conditions (Fig. S4). Although this
result qualitatively agrees with the reported NOx dependence of the
SOA yields for OH oxidation of isoprene, the discrepancy in the ΔOA
between observation and model cannot be explained only by this effect
because relatively high SOA yields for low NOx conditions (Henze and
Seinfeld, 2006) were used in the model for OH oxidation of isoprene
(Fig. S3).

Very recently, Ren et al. (2017) reported higher SOA yields for the
O3 oxidation of isoprene than those reported in previous studies (Sato
et al., 2013; Kleindienst et al., 2007b). If the SOA yield curve based on
the values of Ren et al. (2017) for SOA generated under excess O3

conditions in the presence of OH scavenger is applied in the simulation
(run-2), the difference between the simulation and observation be-
comes slightly smaller (Fig. 4b); as such, the simulation accounts for
40% (on average) of the observation. To test the sensitivity of the SOA
yield for the ozonolysis of isoprene to ΔOA, the SOA yield curve based
on the values of Ren et al. (2017) for SOA generated under excess
isoprene conditions in the absence of OH scavenger was applied in run-
3 (even though their experimental conditions were not comparable to
ours). In this case, the simulation accounts for 45% (on average) of the
observation. However, even in this case, large differences remain
around noon and in the afternoon (Fig. 4c). These results suggest the
existence of other factors that contribute to the difference in ΔOA be-
tween the simulation and observations.

Our results contrast with those of Palm et al. (2017), who reported a
greater ΔOA during nighttime and a consistency between observed and
simulated ΔOA during O3 addition to ambient air at a pine forest in
Colorado, USA. The average ΔOA observed in the present study was 2–3
times larger than that reported by Palm et al. (2017) for similar
equivalent O3 exposure days. Whereas Palm et al. (2017) suggested that
the ozonolysis of monoterpene dominantly contributed to the observed
ΔOA, high concentrations of isoprene and related oxidation products
(MVK and MACR) were observed during daytime in the present study.
The NO2 concentrations during their campaign at a pine forest in Col-
orado (Fry et al., 2013) were ∼5 times lower than those in the present
study at the FM-Tama, where a strong influence of anthropogenic
emissions from the Tokyo metropolitan area was apparent. These dif-
ferences may contribute to the observed differences in the character-
istics of ΔOA.

Several potential factors may contribute to the missing ΔOA around
noon and in the afternoon. First, VOCs that were not included in our
model may generate SOA through oxidation in the reactor. Previous
studies on OH reactivity in forest environments suggest a significant
contribution of oxygenated and unmeasured VOCs to total OH re-
activity (e.g. Di Carlo et al., 2004; Kaiser et al., 2016; Ramasamy et al.,
2016). For example, MACR, which is expected to be mainly generated
during the oxidation of isoprene, is considered to generate SOA effec-
tively (Brégonzio-Rozier et al., 2015). Although SOA formation from
isoprene via MACR in the reactor was taken into account in the model,
SOA formation from pre-existing MACR was not. SOA formation from
sesquiterpenes, which are emitted from leaves, might also have a non-
negligible contribution (Hoyle et al., 2011; and references therein).
Second, the formation yields of SOA via OH oxidation of isoprene under
ambient conditions might be larger than the values used in the model.
Recently, laboratory and observational studies have reported possible
enhancement of SOA formation from isoprene in the presence of acidic
and/or sulfate particles, especially under low NOx conditions (e.g.
Surratt et al., 2010; Shilling et al., 2013; Budisulistiorini et al., 2015;
Beardsley and Jang, 2016; Rattanavaraha et al., 2016). Although
aerosol acidity was not directly measured in the present study, sulfate
concentrations (4.3 μg/m3 on average) were significantly high

throughout the observation period and NOx concentrations were rela-
tively low when large ΔOA were observed (as mentioned above)
(Fig. 1a and d). Third, SOA formation through aqueous phase reactions,
which were not included in the model, may also contribute to SOA
formation in the reactor. For example, SOA formation through aqueous
phase reactions of glyoxal and methylglyoxal has been proposed (Altieri
et al., 2006; Herrmann et al., 2015, and references therein). Since ozone
was added under ambient RH conditions in the present study, these
aqueous phase reactions potentially contributed to SOA formation in
the reactor. Forth, SOA yield for each oxidation process of precursor
gases may be changed by co-existing gases in the flow reactor though
the change in subsequent peroxy radical and nitrate radical reactions.

4. Conclusion

In the present study, potential aerosol formation with ozone addi-
tion to ambient air was measured in summer at a suburban forest site
surrounded by deciduous trees near Tokyo, Japan. Aerosol formation in
the reactor, with an average value of 1.4 × 109 nm3/cm3 (corre-
sponding to 2.0 μg/m3), was observed, especially during daytime. Box
model simulations, which were based on the SAPRC-99 chemical me-
chanism and AERO5 aerosol module with modifications that applied
oxidant-resolved SOA formation yields for isoprene, suggested that 24,
21, and 55% of the SOA was formed in the reactor through the oxida-
tion of isoprene, monoterpenes, and aromatic hydrocarbons, respec-
tively. However, the model could explain only ∼40% of the observed
ΔOA in the reactor, and a relatively large difference between the ob-
served and predicted ΔOA was found around noon and in the afternoon.
These results suggest that for a suburban forest environment where the
influence of both biogenic and anthropogenic emissions is apparent,
there exists a significant contribution of missing SOA formation pro-
cesses from identified and/or unidentified VOCs, especially during the
daytime. This study demonstrates that potential aerosol formation can
provide useful information on missing SOA formation processes and
their relation to anthropogenic and biogenic activities. Further ob-
servational studies should be made in various environments to explore
and parameterize the missing SOA formation processes. This may help
to improve atmospheric chemistry and climate models.
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