21

Establishing a Reference Modeling

Establishing a Reference Modeling for Source
Apportionment and Effective Strategy-Making for
Suppressing Secondary Air Pollutants
Satoru CHATANI1＊, Kazuyo YAMAJI2, Tatsuya SAKURAI3
and Hiroshi HAYAMI4
＊1

Regional Atmospheric Modeling Section, National Institute for Environmental Studies
16─ 2, Onogawa, Tsukuba, Ibaraki, 305─ 8506, Japan
2
Graduate School of Maritime Sciences, Kobe University
5─ 1─ 1, Fukaeminami-machi, Higashinada-ku, Kobe, Hyogo, 658─ 0022, Japan
3
School of Science and Engineering, Meisei University
2─ 1─ 1, Hodokubo, Hino, Tokyo, 191─ 8506, Japan
4
Environmental Science Research Laboratory, Central Research Institute of Electric Power Industry
1646 Abiko, Abiko, Chiba, 270─ 1194, Japan
＊E-mail : chatani.satoru＠nies.go.jp

Abstract
Regional air quality modeling is a powerful tool for considering effective strategies to suppress ambient
PM2.5 concentrations. It is particularly suited to evaluating source apportionments ─ critical information for
designing effective strategies ─by facilitating consideration of complex photochemical reactions and aerosol
formation in the atmosphere. Its performance at reproducing PM2.5 concentrations, however, needs
improvement. It incorporates various factors that could alter simulated pollutant concentrations. It is not an
easy task for anyone relying on a single model to get a grasp of the uncertainties arising from these factors
overall. The aim of this project, called “Japanʼs Study for Reference Air Quality Modeling”（J-STREAM），
is to promote research in Japan that can provide an assemblage of references on air quality modeling. The
variabilities and uncertainties in pollutant concentrations simulated by currently available models are being
evaluated using model inter-comparisons. The project is also seeking suitable model configurations among
the models participating in these inter-comparisons. Such information could serve as a reference for model
users in Japan. This project has other sub-themes, as well : contributing to improvement of currently
available emission inventories based on the results of model inter-comparisons, solving remaining issues
related to secondary inorganic aerosols through specific measurements, and newly investigating threedimensional structures of ozone concentrations. Various findings have already been obtained through the
model inter-comparison, to which an ample number of models have submitted their results. Detailed model
performance and source apportionments will be evaluated in forthcoming phases of this project.
Key words : air quality modeling, model inter-comparison, secondary air pollutants, source apportionment

1. Introduction
Although ambient concentrations of fine particulate
matter with a diameter of 2.5 µm or less（PM2.5）are
gradually decreasing, they still exceed the Environmental
Quality Standards（EQSs）in some regions of Japan. The
influences of their sources need to be clarified when
considering effective strategies to reduce their
concentrations. PM2.5 consists of primary particles,
which are directly emitted from sources, and secondary
particles, which are formed from gaseous precursors via
photochemical reactions and aerosol formation processes
occurring in the atmosphere. For developing effective
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strategies, it is essential to understand the nonlinear
relationships between the gaseous precursors and
secondary particles produced by these complex
processes.
Regional air quality modeling has been utilized in
simulating spatial and temporal variations of ambient
pollutant concentrations including PM 2.5. Its major
components are emission inventories, regional
meteorological models and regional chemical transport
models. Changes in pollutant concentrations due to
photochemical reactions and secondary aerosol formation
can be represented by regional chemical transport
models. They are promising tools for clarifying the
©2018 AIRIES
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influences of PM2.5 sources considering nonlinear
relationships between gaseous precursors and secondary
particles. Their performance in reproducing PM2.5
concentrations, however, need improvement if reliable
results are to be obtained.
Various factors affect model performance in
regional air quality modeling. There are multiple models,
schemes, modules, parameters and input datasets.
Suitable combinations of these need to be determined to
obtain acceptable performance. That is not an easy task
for users of single models. Model inter-comparison with
a number of participants is an effective way to achieve it,
though, allowing variabilities in pollutant concentrations
simulated by various model configurations to be
evaluated. It may provide valuable information for
determining suitable combinations of influencing factors
and required directions for further improvement of model
performance. That is why a model inter-comparison
project was launched, called “Japanʼs Study for
Reference Air Quality Modeling”（J-STREAM）．
This paper presents an overview of J-STREAM.
Section 2 introduces regional air quality modeling and
major influencing factors included within it. Section 3
introduces a research project that promotes model intercomparison as a part of J-STREAM. An example of an
inter-comparison of PM2.5 concentrations by different
models is described in Section 4. Finally, future
directions are summarized in Section 5.

2. Regional Air Quality Modeling
As mentioned in the introduction, regional chemical
transport models serve a core function in regional air
quality modeling. For input, they need emission
inventories and meteorological fields simulated by
regional meteorological models. The subsections below
provide an overview of each component and influencing
factors producing uncertainties in simulated ambient
pollutant concentrations.
2.1 Regional Chemical Transport Models
A regional chemical transport model can simulate
spatial and temporal variations in ambient pollutant
concentrations arising from various physical and
chemical processes, including advection, diffusion,
deposition, photochemical reactions and aerosol
formation in horizontally and vertically discretized grids
of a specified target domain. Multiple numerical schemes
for each process are embedded in major communitybased regional chemical transport models, including the
Community Multiscale Air Quality（CMAQ）modeling
system（Byun and Schere, 2006）
, which is widely used
in Japan. Choices of models as well as schemes within
any single model can result in differences in simulated
pollutant concentrations.
The key processes in secondary particle formation
are photochemical reactions and aerosol formation.
There are a huge number of gaseous species participating
in reactions in the atmosphere. It is impossible to

represent individual species and reactions explicitly
because computing resources are limited. A chemical
mechanism is a way of lumping species and reactions
together to efficiently treat them in models with
acceptable accuracy. A few major chemical mechanisms
are commonly used in regional chemical transport
models. Gaseous species are partitioned into an aerosol
phase in accordance with their concentrations and related
properties. Partitioning of individual inorganic species is
often represented by equilibrium schemes like
ISORROPIA （Fountoukis and Nenes, 2007）
. It is
challenging to represent the partitioning of organic
species appropriately because their numbers and ranges
of properties are enormous. Issues remain in the
performance of currently available schemes regarding
reproducing concentrations of secondary organic aerosols.
Boundary concentrations, along with meteorological
fields and emissions, which will be described in later
sections, constitute major input data affecting simulated
pollutant concentrations. Knowledge of boundary
concentrations is required when considering transport of
pollutants from outside a target domain. A simple
constant profile is applied with spatially and temporally
variable outputs obtained from global chemical transport
models. Choices of boundary concentration datasets
could affect concentrations of pollutants such as PM2.5
whose lifetimes in the atmosphere are relatively longer.
2.2 Regional Meteorological Model
A regional meteorological model can simulate
spatial and temporal variations in meteorological fields,
including wind, temperature, humidity, precipitation and
atmospheric stability in horizontally and vertically
discretized grids of a specified target domain. Multiple
numerical schemes for various fields in physics,
including microphysics, longwave radiation, shortwave
radiation, surface layer, land surface, planetary boundary
layer and cumulus parameterization, are embedded in
major community-based regional meteorological models,
including the Weather Research and Forecasting（WRF）
Model（Skamarock et al., 2008）, which is widely used
in Japan. Choices of models as well as schemes within
any single model can result in differences in simulated
meteorological fields.
Terrestrial and meteorological objective analysis
data constitute major input data affecting simulated
meteorological fields. Terrestrial data, particularly land
use information, is important for simulating interactions
between the lower atmosphere and the ground, which is
critical for accurately simulating air pollution occurring
near the ground （Chatani et al., 2018a）. Threedimensionally gridded analysis data contain major
meteorological parameters, including observation-based
wind and temperature. They are used in nudging and as
initial and boundary conditions by regional
meteorological models. Nudging is a technique in which
a term is added to physical equations in models, forcing
the simulated values closer to the input values with
timescales specified by the nudging coefficients.
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Simulated values in each grid are nudged to values which
are spatially and temporally interpolated from analysis
data of the corresponding grid. If the spatial and temporal
resolution of the analysis data is rough compared with
that of the target domains, nudging to these interpolated
values may not give better results. It is necessary to judge
appropriate nudging coefficients the necessity of nudging
itself, considering spatial and temporal resolutions as
well as the quality of the analysis data.
2.3 Emission Inventory
An emission inventory is a database that compiles
emission amounts. Data on emissions of all species
related to primary pollutants and precursors of secondary
pollutants are required in regional chemical transport
models. Typical species used by models include sulfur
oxides（SOX）, nitrogen oxides（NOX）, carbon monoxide
（CO）, non-methane volatile organic compound
（NMVOC）
, ammonia （NH3） and particulate matter
（PM）. SOX, NOX, CO, and PM are major emissions from
various anthropogenic sources involved in energy
combustion, including power plants, industrial facilities
and vehicles. Non-combustion sources, including VOCs
evaporated from solvent use, fuel use and other industrial
processes, and NH3 emitted by agricultural activities, are
also important. Not only anthropogenic but also natural
sources, including SOX emitted from volcanoes, VOCs
emitted from vegetation, natural dust, sea salt and
wildfires, need to be considered.
Emissions are often estimated by multiplying
activities and emission factors that correspond to
emission amounts per unit activity. In the case of energy
combustion, data on energy consumption available in
statistics are used for these activities. It is critical to
prepare appropriate emission factors representing the
characteristics of respective emission sources. Estimated
emissions are allocated into prefectures, cities and finer
meshes to be used in regional air quality modeling.
Various surrogate information, including population,
number of employees and land use information, which is
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available in finer mesh statistics, is utilized to allocate
emissions into finer scales. Emissions from some sources
are often estimated according to highly detailed
methodologies. For example, vehicle emissions in each
finer mesh are estimated considering their dependency
on various factors, including kilometers traveled,
temperature, humidity, speed and deterioration, all of
which are defined in each respective mesh. VOC
emissions from vegetation are estimated from detailed
information of vegetation and emission factors specified
for major individual vegetation types（Chatani et al.,
2018a）, which can vary depending on meteorological
conditions. Many of the data used in estimating
emissions produce uncertainties in emission amounts and
the resulting pollutant concentrations.
VOC and PM emissions need to be speciated into
lumped species groups and aerosol components, used in
chemical mechanisms and aerosol schemes, respectively,
for use in regional chemical transport models. Speciation
profiles containing fractions of lumped species groups or
aerosol components in total VOC and PM emissions need
to be prepared. SPECIATE is a useful database containing
VOC and PM speciation profiles of various emission
sources（Simon et al., 2010）
, though their profiles may
not reflect characteristics of sources specific to Japan. If
anything is to be recommended, it would be to prepare
speciation profiles representing emission sources in Japan.

3．Project Framework
Progress on J-STREAM has been accomplished
through the research project titled “Establishing a
Reference Modeling for Source Apportionment and
Effective StrategyMaking for Suppressing Secondary Air
Pollutants,” which started in 2016. The objective of this
project is to establish an assemblage of references on
modeling that model users in Japan can refer to based on
model inter-comparisons and newly developed schemes
for regional chemical transport models. This project
comprises four sub-themes, shown in Fig. 1, each of

Fig. 1 Project framework.
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Fig. 2 Horizontal distributions of mean PM2.5 concentrations simulated by the five models for the
target period in domains d03（major city clusters in western Japan）and d04（the Tokyo
metropolitan area）
. Those simulated by model M4 in d02（most of Japan）are also shown.

which is introduced in the subsections that follow.
3.1 Sub-theme 2 : Development of an Overall
Methodology for Evaluating Source
Apportionments Based on Model Intercomparison
Under Sub-theme 2, the J-STREAM model intercomparison is proceeding. This subsection presents a
brief overview, but for technical details see Chatani et al.,
（2018b）. The first phase in the first year focused on the
variabilities and uncertainties in PM2.5 and ozone
concentrations simulated by the participating models.
The second phase in the second year focused on model
performance during the specific measurements conducted
under Sub-themes 3 and 4, introduced in later
subsections. The third phase in the third year has focused
on uncertainties in source apportionments and
sensitivities derived by the models.
Uncertainties
originating
from
various
configurations of regional chemical transport models are
the main focus of J-STREAM, which provides its
participants with common model inputs for emissions
and meteorological fields, and boundary concentrations
for common domains. It also encourages investigation
into uncertainties caused by other factors, as described in
Section 2. Four nested domains were specified as the
common target domains. Domains d01, d02, d03 and d04
cover the countries in East and Southeast Asia, most of
Japan, major city clusters in western Japan and the Tokyo
metropolitan area, respectively. Figure 2 shows maps of
d02, d03 and d04. The common meteorological fields
were prepared using WRF-Advanced Research WRF
（ARW）version 3.7.1（Skamarock et al., 2008）, which
utilizes U. S. Geological Survey（USGS）terrestrial data,
the National Centers for Environmental Prediction
（NCEP） Final （FNL） Operational Model Global
Tropospheric Analyses（ds083.2）（National Centers for
Environmental Prediction/National Weather Service/
NOAA/U.S. Department of Commerce, 2000），and
real-time global sea surface temperature （RTG_SST_
HR） analysis datasets （Gemmill et al., 2007）. The
common boundary concentrations were derived from
output of the CHASER global chemical transport model
（Sudo et al., 2002）.

All common model inputs in formats compatible
with CMAQ and WRF-Chem, which is an onlinecoupled regional model that can simulate interactions
between meteorology and ambient pollutants（Grell et
al., 2005）, are stored on data servers. Participants can
download them and upload their results. The common
model inputs and results can be also transferred by hard
disk for participants without access to the data servers.
The participantsʼ model configurations are not restricted
to the common model inputs ; they can use their own
model configurations, particularly for WRF-Chem,
which simultaneously simulates meteorological fields
and pollutant concentrations. The results they submit are
analyzed and discussed at meetings in which interested
model users can participate. Possible improvements to
the common model inputs are being explored in
subsequent phases of J-STREAM.
3.2 Sub-theme 1 : Development of an Emission
Inventory for Better Model Performance and
Strategy Evaluation
Under Sub-theme 1, attempts are being made to
improve currently available emission inventories based
on results of model inter-comparisons. The following
currently available emission inventories were compiled
as common model inputs for the first phase of
J-STREAM : Hemispheric Transport of Air Pollution
（HTAP） version 2.2 for anthropogenic sources
（Janssens-Maenhout et al., 2015）
, Global Fire Emissions
Database（GFED）version 4.1 for open biomass burning
（van der Werf et al., 2017）, biogenic VOC emissions
estimated by Model of Emissions of Gases and Aerosols
from Nature（MEGAN）version 2.1（Guenther et al.,
2012）, and Aerosol Comparisons between Observations
and Models（AeroCom）for volcanic emissions（Diehl
et al., 2012）. These were combined as common emission
input for Asian countries, except Japan. Vehicle
emissions estimated by the Japan Auto-Oil Program
（JATOP）emission inventory-vehicle emission estimation
model（JEI-VEM）（Chatani et al., 2011），the Japan
Auto-Oil Program emission inventory database（JEI-DB）
for other anthropogenic sources, ship emissions provided
by the Sasakawa Peace Foundation （SPF）
, biogenic
VOC emissions estimated by MEGAN version 2.1, and
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volcanic emissions derived by the Japan Meteorological
Agency （http://www.data.jma.go.jp/svd/vois/data/tokyo/
volcano.html） were combined as common emission
inputs for Japan. Improvements have been already made
in them for some sources, including biogenic VOC
emissions in Japan（Chatani et al., 2018a）
, which can be
estimated from detailed databases on the vegetation and
emission factors specific to Japan. Speciation profiles of
particulate matter emissions have been updated to
improve representations of Fe and Mn, which play
important roles in secondary aerosol formation through
aqueous reactions （Itahashi et al., 2018）. Further
improvements are being explored based on the results of
the model inter-comparison. Useful tools and required
data for converting emissions to model input are also
being developed.
3.3 Sub-theme 3 : Detailed Measurements and
Modeling of Surface Flux of PM2.5 and Related
Gaseous Species
Current air quality models have difficulties in
predicting
PM 2.5
component
concentrations ;
overestimating nitrates, underestimating wintertime
sulfates and underestimating organic species（Morino et
al., 2010）
. Many efforts to improve organic aerosol
predictions have been made through emission modeling,
chemical modeling, field monitoring and laboratory
experiments（e.g., Morino et al.（2015））. Therefore, we
have focused on inorganic ionic species, nitrates and
sulfates in this project. There are three missions under
this sub-theme : 1）modeling and observational research
on dry deposition of nitrates, 2）evaluating the effects of
heterogeneous chemistry on wintertime sulfates, and 3）
monitoring diurnal variations in PM 2.5 chemical
components.
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establish an equilibrium, so as a result 3）particulate
nitrates decrease through dry deposition plus evaporation,
and finally, 4）gaseous HNO3 from particulate nitrates is
deposited on the ground. This mechanism apparently
accelerates dry deposition velocities of particulate
nitrates.
To confirm this mechanism through observation, we
used denuded filter-pack samplers to measure gaseous
and particulate nitrate concentrations at two heights, say
1.5 m and 5.5 m above the ground. This sampler
consisted of a denuder, the inside walls of which were
coated with Na2CO3 to capture HNO3, followed by
another denuder, the inside walls of which were coated
with citric acid. One filter pack consisted of a
polytetrafluoroethylene filter, nylon filter and quartzfiber filter impregnated with citric acid. In the first year
of the project, we built a tower in a rice paddy in
Tsukuba, Ibaraki Prefecture, in cooperation with the
Institute for Agro-Environmental Sciences. Gaseous and
particulate species were sampled every twelve hours for
three to four days most weeks from late August to late
November. Based on this experience, we built another
tower in a field in Yokosuka, Kanagawa Prefecture in the
second year of the project. These observations are
expected to continue until the winter of the third year.
The measurements from the towers are being used
to develop a one-dimensional model that accounts for
vertical diffusion, dry deposition and thermodynamic
transfer between gas and particulate phases.

3.3.2 Heterogeneous Chemistry of Sulfates
To address the underestimation of wintertime
sulfates by current air quality models applied in East
Asia, we initiated processes to review sulfate production,
although there were other issues like uncertainties
regarding emissions of condensed particles containing
sulfur. The pathways of atmospheric sulfate production
3.3.1 Dry Deposition of Particulate Nitrates and
are known. Gas-phase reactions of SO2 and OH, which
Gaseous HNO3
are quite slow in general, have already been introduced
In our previous study, we conducted a broad set of
in current air quality models. Liquid phase reactions of
sensitivity analyses using CMAQ to explore factors key
to altering modeled PM2.5 nitrate concentrations
dissolved SO2 in water, like clouds or rain droplets, are a
（Shimadera et al., 2014）. From this study, we found that
major sulfate production pathway, and are also accounted
PM2.5 nitrate predictions were considerably improved by
for in air quality models. These liquid-phase reactions
are catalyzed by Mn and Fe. In CMAQ version 5.0 or
making dry deposition velocities of ammonia（NH3）and
later, concentrations of Fe and Mn are predicted. We
nitric acid （HNO3） five-times larger than CMAQʼs
examined CMAQ for the catalytic effects of Mn and Fe
originally calculated velocities. The decision to make
on sulfate production in East Asia and found some degree
such a large amplification of dry deposition velocities
was based on very high HNO3 dry deposition velocities
of improvement in winter（Itahashi et al., 2018）.
It has been observed in laboratory experiments that
estimated by Neuman et al. （2004） from aerial
SO2 is converted to sulfates on crustal aerosol surfaces
measurements inside power-plant plumes. To our
knowledge, such high dry deposition velocities of HNO3 （e.g. Zhao et al., 2018）. This reaction depends on the
surface concentration of crustal aerosol. The surface
have not been reported from near-ground measurements.
concentration of crustal aerosol is usually low, except in
As is well known, particulate nitrates are
the case of dust storms. Thus, this heterogeneous reaction
approximately in equilibrium with gaseous HNO3, and
dry deposition velocities of gaseous HNO3 are much
is not considered in general air quality models. We are
also considering liquid-phase reactions taking place in
higher than those of particulate nitrates. Based on those
characteristics, it is possible to assume a mechanism : 1） water-bounding aerosol surfaces.
gaseous HNO3 is rapidly deposited on the ground
surface, then 2）particulate nitrates evaporate to
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3.3.3 Diurnal Variations in PM2.5 and its Components
Air quality models calculate hourly concentrations
of PM2.5 and its components. It is possible to validate
modeled hourly PM 2.5 mass concentrations with
measurements. For PM 2.5 components, however,
validation is carried out for daily averages to ensure
sample amounts sufficient for chemical analysis.
Recently, automatic continuous monitors have become
commercially available for PM2.5 ionic and carbonaceous
species. In the current project, we introduced
carbonaceous monitors（Kimoto Electric Co. Ltd., APC710）at about 10 and 320 m AGL in central Tokyo in
2017. We also set a PM2.5 mass monitor（Kimoto Electric
CO. Ltd., PM-712）at each of the same places. PM-712
monitors use tape filters to collect hourly samples. The
filters used by the PM-712 monitors are analyzed for
ionic species in a laboratory so that hourly concentrations
of PM2.5 ionic species can be obtained. These hourly
datasets are being used to validate modeled
concentrations in the current project.

in summer around the Tokyo metropolitan area, it is
important to evaluate quantitatively the inflow of Ox into
the inland surface area via the sea breeze and the
development of the mixing layer in addition to local
photochemical formation. In this context, efforts under
Sub-theme 4 aim to observe（i）the vertical profile of Ox
concentration using Ozone zonde, and（ii）transport of
Ox passing over the sea surface toward the coastal part of
the Tokyo metropolitan area. Ozone zonde monitoring
was conducted in July of 2016 and May and July of
2017. In total, twenty balloons with zonde have been
launched on six days so far. In July 2016 and 2017,
hourly concentrations of O3 were also monitored for two
weeks at Niijima, which is located about 150 km south of
the center of Tokyo, to observe the transport of Ox on the
sea surface. The observational data obtained on O3
concentrations and meteorology have been utilized in
model validation to analyze uncertainties.

4．Results and Discussion

3.4 Sub-theme 4 : Observation-based Research for
This section introduces an example of interSpatial Structures of Oxidant Pollution and
comparison of the five participating models, designated
Uncertainties in their Modeling
M1 through M5 as shown in Table 1, in the first phase of
Under Sub-theme 4 photochemical oxidants（Ox）,
J-STREAM. All of them were CMAQ models, but M1
employed version 5.1. Models M2, M3, M4 and M5 all
another important secondary pollutant, are being studied.
used the same version, 5.0.2, but different chemical
The EQS achievement rate for Ox has remained at almost
mechanisms : CB05 （Whitten et al., 2010）, RACM2
0％ nationwide for the past few decades. During the
current decade, Ox warnings have been issued for the （Stockwell et al., 1990）, SAPRC07（Carter, 2010）, and
first time in several Japanese prefectures（e.g., Nagasaki
SAPRC99（Carter, 2000）, respectively, within the same
and Kumamoto in 2006, Niigata and Oita in 2007,
version. Only M5 used a different aerosol scheme, aero5,
Nagano and Saga in 2008, Yamagata and Kagoshima in
whereas the other models used aero6. There were several
2009, and Kochi in 2011）
differences between these aerosol schemes, including
. This suggests that Ox
which inorganic aerosol components were considered in
pollution has been increasing rapidly. The expansion of
phase equilibriums. Formation of secondary organic
Ox pollution all across Japan seems to be resulting from
aerosols was simulated by Carlton et al.（2010）in both
transboundary air pollution from the continent, which
occurs during spring. Air masses containing relatively
schemes. The same configuration as M4 was used to
high concentrations of O3 are transported easily from the
prepare the common boundary concentrations for
domains d03 and d04 from the results in d01 and d02.
continent when low-pressure systems move across
Each model performed simulations for a target period
western Japan toward the east, or the seasonal rain front
from July 12 to August 10, 2013 for target domains d03
lies around the southern part of the Japanese archipelago.
and d04 using common input emissions, boundary
On the other hand, urban areas including the Tokyo
concentrations and meteorological fields.
metropolitan area also have severe Ox pollution in
Figure 2 shows horizontal distributions of mean
summer. Since the Pacific high covers the Japanese
Islands in a typical summer, transboundary air pollution
PM2.5 concentrations simulated by the five models for the
from the continent cannot be the cause of the severe Ox
target period in domains d03 and d04. Those simulated
pollution during summer. Some previous studies have
by model M4 in d02 are also shown. While the prevailing
pointed out that this severe Ox pollution originates in the
wind direction is southerly in summer, high
concentrations expanding from Korean Peninsula to the
accumulation of precursors（NOx and VOCs）which are
carried by the sea breeze from the south toward the
inland part of the Tokyo metropolitan area （e.g.,
Table 1 Configurations of the five participating models.
Yoshikado（2015）. If the sea breeze contains lots of Ox,
its concentration inland is likely to be boosted. Moreover,
Chemical
Aerosol
Model
Version
mechanism
module
it has been suggested that inclusion of high Ox
concentrations created the previous day in upper
M1
CMAQ
5.1
SAPRC07
aero6
atmospheric layers in the mixing layer is the cause of the
M2
CMAQ
5.0.2
CB05
aero6
M3
CMAQ
5.0.2
RACM2
aero6
increased Ox background concentration at the surface
M4
CMAQ
5.0.2
SAPRC07
aero6
during the daytime（Uno et al., 1984）
.
M5
CMAQ
5.0.2
SAPRC99
aero5
In order to identify the mechanism of Ox pollution
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Fig. 3 Comparisons of observed and simulated daily concentrations of PM2.5 and its components
at two monitoring stations located in（a）Kobe City of Hyogo Prefecture in d03 and（b）
Adachi Ward, Tokyo in d04.

east over the Sea of Japan indicate that transport from the
continent by westerly winds caused relatively higher
concentrations in western Japan during the summer in
question. Coastal urban areas and the nearby inland sea
showed higher concentrations in domains d03 and d04.
Figure 3 shows comparisons of observed and
simulated daily concentrations of PM2.5 and its
components at two monitoring stations, one in Kobe

City, Hyogo Prefecture in d03 and the other in Adachi
Ward, Tokyo in d04. The simulated concentrations are
shown by ranges between the minimum and maximum
values obtained by any of the five models. PM2.5
concentrations were higher in Kobe than Adachi,
reflecting a larger influence of transport from the
continent during the target period. Their absolute values
were slightly underestimated by all the participating
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Fig. 4 Comparisons of observed and simulated concentrations of PM2.5 and its components
averaged over the target period at two monitoring stations located in（a）Kobe City of
Hyogo Prefecture in domain d03 and in（b）Adachi Ward, Tokyo in domain d04.

models except for some peak values, while their daily
variations were mostly reproduced. It is obvious that OC
and NO3－ concentrations were underestimated and
overestimated, respectively, by all the models. Their
opposite deviations canceled each other in the PM2.5
concentrations. The smaller variabilities of EC
concentrations imply that differences among the five
model configurations have little influence on the inert
components. On the other hand, the larger variabilities of
OC and NO3－ concentrations indicate that secondary
components are quite affected by different model
configurations. The larger variabilities of SO42－ in d04
than d03 imply that SO42－ formation within d04 is
strongly affected by different model configurations,
whereas SO42－ in d03 is mainly present due to transport
from outside, which is represented in the boundary
concentrations used in common by all the models. NH4＋
reflects the characteristics of SO42－ and NO3－ as their
counter cation.
Figure 4 shows comparisons of observed and
simulated concentrations of PM2.5 and its components
averaged over the target period at the two monitoring
stations. Larger differences among the models are seen in
the OC and NO3－ concentrations. Deviations of the
simulated OC and NO3－ concentrations from the
observed values are largest for model M5. That indicates
the older chemical mechanism SAPRC99 and aerosol
module aero5 have inferior performance to the newer
ones. Differences among models M2, M3 and M4
correspond to influences of different chemical
mechanisms. The NO3－ concentrations simulated by

CB05 of M2 and SAPRC07 of M4 tend to be lower than
those simulated by RACM2 of M3. Differences between
M1 and M4 correspond to the influences of different
versions of CMAQ with the same chemical mechanism,
SAPRC07. The newer version 5.1 tends to give lower
and higher NO3－ concentrations in Kobe and Adachi,
respectively. Reasons for the opposite influences in these
two locations have not been clarified, as various parts
have been updated in version 5.1. Higher OC
concentrations simulated by model M1 are possibly
caused by updated isoprene chemistry（Xie et al., 2013）,
which has been incorporated in version 5.1.
Although there were certain differences in the
concentrations simulated by the five participating
models, their variabilities were relatively smaller than the
deviations of simulated concentrations from the observed
values. That means further improvements beyond these
five participating models will be required for better
model performance. These five models are not the only
ones participating in the first phase of J-STREAM.
Results have been submitted for models other than
CMAQ as well as CMAQ with wider varieties of model
configurations. More analyses will be necessary to
evaluate the variabilities of currently available model
configurations and possible directions of further
improvements based on the submitted model results.

5．Future Directions
While the comprehensive analyses in the first phase
of J-STREAM have not been completed, the preliminary

Establishing a Reference Modeling

analyses, as introduced in Section 4, indicate the
effectiveness of model inter-comparison in elucidating
the variabilities and limitations of simulated
concentrations and finding suitable model configurations
for better performance. One possible reason for the
relatively small differences among the models is that the
model results were constrained by the common model
inputs for limited spatial scales. Therefore, subsequent
phases will expand the target uncertainties to wider
spatial scales by requesting participants to conduct
simulations for domains d01 and d02 as well as for d03
and d04. In addition, participants are being requested to
conduct their simulations of meteorological fields by
themselves, which could also give rise to uncertainties in
simulated pollutant concentrations. Moreover, the second
and third phases of J-STREAM are expected to give
unprecedented findings on model performance in
comparison with specific measurements conducted under
Sub-themes 3 and 4, as well as source apportionments
and sensitivities evaluated by multiple participating
models, which have not been mutually compared in
previous studies in Japan. These outcomes should
contribute to the establishment of an assemblage of
references on air quality modeling that can be applied in
considering effective strategies to improve air quality in
Japan.
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