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Abstract: In order to evaluate the performance of air duathodels for long-term simulations, the Community
Multiscale Air Quality model (CMAQ) version 5.0.1 éithe Comprehensive Air quality Model with extension
(CAMX) version 6.00 were driven with the Weather Resk and Forecasting model (WRF) version 3.5.1 fAqmil
2010 to March 2011 in the Kinki region of JapaneTvo air quality models used common input metemichl
fields, emissions and boundary concentrations denisig the effect of long-range transport from &sgan continent.
Although CAMx-simulated surface concentrations ofpaillutants tended to be higher than CMAQ-simulateldies
except for G, which is strongly affected by titration with MOtemporal variation patterns simulated by the two
models were quite similar to each other. As a testtistical comparisons indicated that the didomg-term
performances of CMAQ and CAMx were also similar toreather. The both model approximately captureddted
PMz.s mass concentrations except for underestimatearmmer. However, the models clearly underestimatéd O
which was compensated by overestimates of dustsgmted from the Asian continent and anthropogenic
unspeciated Pbt. Although CMAQ and CAMXx similarly well simulated Igrterm day-to-day variations of Pl
concentrations, they need to be revised for betfmesentation of individual PAd components.
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INTRODUCTION

Particulate matter (PM) with aerodynamic diameg¢ssithan 2..am (PM.s) is an atmospheric pollutant
that mainly consists of several major componentshss sulfate, nitrate, ammonium, elemental carbon
(EC) and organic aerosol (OA). BMhas been of increasing concern because of itsreshedfects on
human health. The Ministry of the Environment opaa (MOE) introduced an air quality standard
(AQS) for PMys concentration (35ug n1® for daily mean and 1mg nt® for annual mean) in 2009.
Although PM s concentrations have decreased in recent yeaepianJ the PMs AQS is attained only at
about 30% of ambient air quality monitoring stasioifo design effective PM control strategies, it is
essential to use air quality models (AQMs) thatrespnt detailed physical and chemical process#in
atmosphere. However, current AQMs cannot adequaigiylate PM s concentrations in Japan.

The urban air quality model inter-comparison stirdyapan (UMICS) was conducted in order to improve
AQM performance (Chatani et al., 2014; Shimaderal.e2014a). In UMICS, the major components of
PMzs in the Greater Tokyo Area are focused; commonsadsa including meteorological, emission and
boundary data, are provided to participating mgdmsticipants conduct sensitivity runs in thegldis of
expertise. It is important to understand long-tgserformance of AQMs because the RMAQS is
evaluated on the basis of a single year. Howeverh performance was not evaluated in UMICS. In
addition, almost all of AQMs participating in UMIG&ere the Community Multiscale Air Quality model
(CMAQ) (Byun and Ching, 1999) with different configtions. Therefore, UMICS is an intra-
comparison study for CMAQ rather than an inter-cangon study for AQMs.

This study conducted one-year air quality simutaio the Kinki region of Japan. In addition to CIQA
the Comprehensive Air quality Model with extensiqi@AMx) (ENVIRON, 2013) was used for the
simulations. The CMAQ and CAMx performances fordaerm PMs and other air pollutants were
evaluated and difference and similarity betweenmtlemodels were discussed.



Elevation (m)
3000

1500

1000

700

500 Observation site
300 ® Surface meteorology
O Ambient air pollution

100 Q PMz.5 component

-
3 T3 -
k3 | D1
1N e -
120°E 130°E 140°E 150°E 134°E 135°E 136°E 137°E

Figure 1. Modeling domains for air quality simulations anddtions of observation sites

METHODOLOGY

This study utilized the Weather Research and Fstexpmodel (WRF) (Skamarock et al., 2009) version
3.5.1 to produce meteorological fields, and CMAQ@sien 5.0.1 and CAMx version 6.00 for air quality
simulations. The numerical models were run for ARA10 to March 2011 (Japanese fiscal year 2010:
JFY2010) with an initial spin-up period of 22-31 ih 2010. Figure 1 shows modeling domains for air
quality simulations and locations of observatidesiused for model evaluations. The horizontal dosna
consist of three domains: domain 1 (D1) coveringde area of Northeast Asia, domain 2 (D2) covering
the main land of Japan, domain 3 (D3) coveringhefKinki region, in which there are some megacities
such as Osaka, Kyoto and Kobe. The horizontal uéisol and the number of grid cells are 64, 164nd
km, and 76 x 76, 64 x 64 and 68 x 72 for D1, D2 BBd respectively. The vertical layers consist 0f 3
sigma-pressure coordinated layers from the surace00 hPa with the middle height of the first laye
being approximately 28 m. The WRF performance waduated with observation data at meteorological
observatories in D3 by the Japan Meteorologicalntge(JMA). The CMAQ and CAMx performances
were evaluated with concentration data observexdrdiient air pollution monitoring stations condugtin
PM; s observations in JFY2010 and national monitorirgtiehs in D3, which were derived from the
Environmental Numerical Databases by the Nationatitute for Environmental Studies of Japan. The
performances for major PN components were evaluated with concentration dhtained from 24-h
filter sampling at Sakai and Kobe sites by MOE.

Meteorological fields were produced using WRF cgumfed with the same physics options as those used
by Shimadera et al. (2014b). Sea surface temperatas derived from the high-resolution, real time,
global analysis data developed at the U.S. Nati@eaiters for Environmental Prediction (NCEP). hiiti
and lateral boundary conditions for WRF were detifrem the mesoscale model grid point value data by
JMA and the final analysis data by NCEP. Grid nadgusing these analysis data was applied to
horizontal wind components, temperature and hugniditb1l and D2 with nudging coefficient of 3.0 x
10* s and horizontal wind components in D3 with nudgaougfficient of 7.5 x 10 s? for the entire
simulation period. The WRF simulation was conductéth on-line one-way nesting in the three domains.

Emission data for the air quality simulations wpreduced in a similar way to Shimadera et al. (2014
with the following differences. Anthropogenic eniiss in Japan other than from vehicles were derived
from EAGrid2000-JAPAN. Ship emissions were derifeaim an emission inventory developed by the
Ocean Policy Research Foundation. Emissions froendpomass burning were derived from the fire
inventory from the U.S. National Center for Atmosph Research version 1.0. Initial and boundary
concentrations for D1 were obtained from the MddelOzone and Related Chemical Tracers version 4.

Table 1 summarizes CMAQ and CAMXx configurationse TMAQ simulation was conducted with off-
line one-way nesting in the three domains. The CAdifwulation in D3 was conducted with boundary
concentrations derived from results of the CMAQudation in D2. Fine particles are represented by tw
lognormal distributions called the Aitken and accletion modes in CMAQ and by a static fine mode in
CAMXx. The total mass of particles except waterhi@ two modes in CMAQ and that in the fine mode in
CAMx were used as approximations of PMThe total mass except water in all modes was ased
approximations of suspended particulate matter (Siroximately equivalent to PM



Table 1. Configurations of CMAQ and CAMx

CMAQVv5.0.1 CAMX v6.00
Meteorology-chemistry interface MCIP v4.1 WRFCAMx 4.
Domain D1, D2, D3 D3
Horizontal/vertical advection Yamartino/ WRF-baseHesne PPM/PPM
Horizontal/vertical diffusion Multiscale/ ACM2 Smagiesky/ACM2
Photolysis rate on-line photolysis method TUV v4.8
Gas phase chemistry (solver) SAPRC99 (EBI) SAPRC99 (EBI)
Aerosol process (size distribution) AEROS (two fine/one coarse modes) CF (static fingsmanodes)
SIA partitioning ISORROPIA ISORROPIA
SOA partitioning SORGAM SOAP
Aqueous process RADM/ACM convective cloud RADM/Seidfahd Pandis
Dry deposition M3Dry Pleim model Wesely

RESULTSAND DISCUSSION

M odel performance for meteor ology

Figure 2 shows observed and WRF-simulated monttdyearological variables at the meteorological
observatories in D3 in JFY2010. For temperature, P/¢Rnulated values fairly well agreed with
observed values, including diurnal and day-to-dayations, at every meteorological observatory 81 D
For wind speed, WRF well simulated day-to-day \taia patterns, but tended to overestimate the
strength. Because the overestimate was remarkabktrbng wind at observatories along coastlineor
small basin, the model may underestimate the efiésurface drag in such regions. For precipitation
WRF approximately captured seasonal and spatialati@rs except that the model tended to
underestimate the amount in rainy season causedpaysistent stationary front over the study regmon
June to early July. Overall, the results indicai the meteorological fields produced by WRF galher
captured synoptic weather patterns that controf #idhaviours in the atmosphere.

M odel performance for ambient air pollution

Table 2 summarizes statistical values for the CMa@ CAMXx performances of daily concentrations of
O3, SO, NO,, NO, CO, non-methane hydrocarbon (NMHC), SPM aht} £at the ambient air pollution
monitoring stations in D3. The statistical measunetude the Pearson's correlation coefficiant the
mean absolute error (MAE), the root mean squa@ ¢RMSE), and the index of agreement (I1A). The
values for G, NO,, CO and PMs were relatively high in the both models, indicgtthat the models well
simulated temporal and spatial variation patterhghese pollutants. The CAMx-simulated surface
concentrations were generally higher than the CMsh@Qulated values except forsQuhich is strongly
affected by titration with N As a result, the CAMx-simulated mean concentretiof the pollutants
except for S@ were closer to the observed values than the CMifx@ated values while the both
models clearly underestimated CO and NMHC. The mmimh vertical eddy diffusivity in CMAQ that is
higher in urban areas than other areas is partiyorgsible for the difference between the resultthef
two models. In spite of the differences betweentie models, their overall performances were simila

Figure 3 shows observed, CMAQ- and CAMXx-simulatednthly concentrations at the ambient air
pollution monitoring stations in D3 in JFY2010. Tiwe model simulated quite similar seasonal vaoiati
patterns. While seasonal variation patterns ob ld@d CO were well simulated, overestimates ¢firO
summer and S£in winter, consistent underestimate of CO, andevestimates of NMHC and SPM in
summer caused discrepancies between the obserwkdiamulated mean concentrations. The O
overestimate and NMHC underestimate may indicatrastimate of photochemical activity in summer.
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Figure 2. Comparisons of observed and simulated monthly melegical variables: monthly mean temperature (a)
and wind speed (b), and monthly precipitation ft¢an value of all the meteorological observatoine®3 and
range of 25-75th percentile rank of monthly valaémdividual observatories are provided



Table 2. Statistical comparisons between observed and atedidaily concentrations at ambient air pollution
monitoring stations in D3 in Japanese fiscal y&Hr?

O3 SO2 NO2 NO CO NMHC SPM PM2s
(ppb) (ppb) (ppb) (ppb) (ppb)  (ppbC)  (pgm?®) (g m)
n 4306 4314 4297 4297 1454 2819 4648 3820
Obs. Mean 43.7 2.9 14.4 4.2 369 159 21.8 16.4
CMAQ Mean 51.2 35 12.0 2.8 220 96 17.2 135
r 0.77 0.44 0.82 0.59 0.79 0.60 0.60 0.76
MB 7.5 0.6 -2.3 -1.4 -149 -64 -4.5 -2.9
RMSE 134 3.0 5.6 5.0 169 106 11.8 7.6
1A 0.83 0.64 0.88 0.74 0.63 0.70 0.75 0.85
CAMx Mean 49.2 3.7 13.2 4.1 248 118 19.2 16.4
r 0.74 0.43 0.83 0.56 0.75 0.58 0.57 0.76
MB 5.5 0.8 -1.2 -0.1 -120 -41 -2.6 0.0
RMSE 12.6 3.0 5.4 7.5 149 122 11.9 7.7
1A 0.83 0.63 0.89 0.66 0.72 0.69 0.75 0.87
Note: Daily concentrations are daily mean valueepkfor Q being daily maximum 8-h value.
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Figure 3. Comparisons of observed and simulated monthly cdret@ns of air pollutants: monthly mean daily

maximum 8-h concentration of:Qa), and monthly mean concentrations ot @6), NG (c), NO (d), CO (e), NMHC

(f), SPM (g) and PMs (h). Mean value of all the ambient air pollutiommitoring stations in D3 and range of 25-
75th percentile rank of monthly values of indivitietations are provided

apanese fiscal year 2010

Model performancefor PM2s

Figure 4 shows observed and simulated seasonal cwgeentrations of Pl components at Sakai and
Kobe sites in JFY2010. While the CAMx-simulatedues were higher by 10-20% than the CMAQ-
simulated values, component ratios by the two n®da&re quite similar to each other at the botlssite
The models approximately reproduced the totab PMass concentrations except for underestimates in
summer. However, the models clearly and consigtantterestimated OA, which was compensated by
overestimates of components other than the fiv@n@mponents. The other Bdis dominated by dust
transported from the Asian continent and anthropimgerimary unspeciated PMemissions. Therefore,
the contribution of dust from the continent wassiloly overestimated. In addition to underestimates
secondary OA productions, uncertainties in spemiatprofiles of PMs emissions may be partly
responsible for the OA underestimates. The modetsldd to overestimate nitrate, which may be
associated with an artefact in the observed datause of the volatilisation. The model tended to
underestimate sulfate, particularly in winter. Thisderestimate and the overestimate of 80Owinter
may indicate that the models underestimate theativid of SQ under cold condition.

Figure 5 shows observed and simulated daily meansPdncentrations at ambient air pollution
monitoring stations neighboring Sakai and Kobessilédne difference in values between the two sites is
mainly due to lack of observation data in wintetha station neighboring Kobe rather than diffeeent
model performance at the two sites. Overall, CMA@d &AMx similarly well simulated long-term day-
to-day variations of Pk concentrations.
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Figure 4. Comparisons of observed and simulated seasonal coeaentrations of major PM components at Sakai
(a) and Kobe (b) sites. Spring: 14-27 May 2010, Sem 26 July-11 August 2010, Autumn: 5-18 Noven@t0,
Winter: 26 January-10 February 2011
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Figure 5. Time series comparisons of observed and simula#g miean PMs concentrations at ambient air
pollution monitoring stations neighboring Sakaidayp Kobe (b) sites

CONCLUSION

In order to evaluate the performance of CMAQ andM@Aor long-term simulations, the two models
were driven in JFY2010 with common input meteoralaf fields, emissions and boundary
concentrations considering the effect of long-rartgensport. Although CAMx-simulated surface
concentrations of air pollutants tended to be highan CMAQ-simulated values except fog, @hich is
strongly affected by titration with NQ the overall long-term performances of the two eisdwvere
similar to each other. While the both model apprately captured the total Pl¥Mimass concentrations,
the simulated component ratios did not agreed wite observations. This is due to moderate
underestimate of sulfate, moderate overestimatenitvhte, substantial underestimate of OA and
substantial overestimate of components other thamtajor components. Overall, although CMAQ and
CAMXx similarly well simulated long-term day-to-dawriations of PMs concentrations, they need to be
revised for better representation of individual RMomponents.
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