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Abstract

A comprehensive air quality modeling project was carrietitowlsimulate size and com-
position resolved airborne particulate matter conceiomatin northern and central California
using the pollutant concentration and meteorological datigcted during the California Re-
gional PM,o/PM, 5 Air Quality Study (CRPAQS) from December 15, 2000 to Januaai3001.
Measured 24-hr average BM concentrations during this time period exceeded 180n 3
at Bakersfield, making it the most severe PMir quality episode ever recorded in the United
States with a rigorous measurement database to supportingoda this paper, the UCD/CIT
source oriented air quality model is used to predict the entrations of @, NO, NG,, CO,
elemental carbon (EC), organic compounds (OC), nitrateRdvigls; mass concentration over
a 24 day period using a horizontal resolution of 4 krd km to cover all of central California.
This is the first rigorous evaluation of an air quality modetentral California using the fine
spatial resolution appropriate for the mountain-vallgyography of the region combined with
the relatively long multi-week time scales associated withter stagnation events.

Fractional bias (FB) values were calculated at all sitesami elay of the study to quantify
model performance. The CO (FB=-0.5 to +0.3); (¢B=-0.5 to +0.25), NO (FB=-0.9 to -
0.1) and NQ (FB=0 to +0.4) concentrations predicted by the UCD/CIT miade in good
agreement with observations at most monitoring stationsutfhout the Valley. Measured
and predicted maximum {xoncentrations in the northern portion of the domain arg gt
ppb (close to background levels). Measuregdoncentrations in the southern portion of the
domain near Bakersfield are slightly greater ( 50 ppb) butehpdedictions are consistently
lower than this value possibly due to missing VOC emissionhé emission inventory. The
predicted PM 5 concentrations (FB=-0.5 to +0.75) generally agree witleokstions at Bethel
Island, Sacramento, Fresno and Bakersfield spanning tire é&rigth of the model domain.
PM, 5 concentrations are over-predicted at the remote mongaite Angiola in the central
portion of the domain. Part of the over-prediction is duexoess fugitive dust emissions. CO,
NO, EC and OC were all under-predicted at Angiola, indigapessible missing combustion
sources in the emission inventory. The regional nitrate®#E5 to +1.25) formation dynamics
were correctly reproduced by the model simulation but ifg@wind fields cause differences
between the predicted vs. measured spatial distributioitrate during the last several days of
simulation leading to the broader range of fraction biaser@W, the results of the current study
confirm the ability of the air quality model to capture the ordpatures of a severe particulate
air pollution event in northern and central California gding a foundation for future studies
on source apportionment and emissions control.



1 Introduction

California’s central Valley spans a region approximateéd® km long and 250 km wide making it
one of the largest contiguous air basins in the United Statee southern portion of the central
Valley (referred to as the San Joaquin Valley (SJV)) suffers elevated ozone (§p concentra-
tions in the summer and high particulate matter (PM) comeéions in the winter. The central
Valley is enclosed on the west by the coastal mountain ramgehe east by the Sierra Nevada
mountain range, and to the south by the Tehachapi Mounta@es Eigure 1). This topography
makes the central Valley susceptible to the production amdiraulation of airborne pollutants
when temperature stratification produces stable atmosgpt@nditions. The highest PM con-
centrations usually occur in the winter when a high pressyseem (the Great Basin High) reduces
the ventilation in the Valley (Chow et al., 2006).

The California Regional PM/PM; 5 Air Quality Study (CRPAQS) was a 13 month field cam-
paign started in December 1999 that was designed to stughattieulate pollution problem in the
central Valley. Continuous measurements of gaseous CQ a0 Q were made at 100 locations
throughout the Valley during CRPAQS. Four winter Intensiygeration Periods (IOPs) lasting
3-4 days each were carried out between December 2000 andafgl2001 during which time
large amounts of aerosol size distribution and chemicalpmsition data were collected to support
detailed modeling.

The source-oriented UCD/CIT air quality model was appldimulate particulate air quality
using the data collected during CRPAQS in order to furtheteustand the formation processes
of PM, to identify the sources that lead to the elevated PMceatrations, and to design efficient
emission control strategies to reduce PM pollution. Theppse of this paper is to study the
performance of the UCD/CIT air quality model during the CRFAepisode for key gas- and
particle-phase pollutants. The validation of the modalitsswvill provide higher confidence for the
subsequent modeling studies of source apportionment titplate matter, evolution of particle
chemical and size distribution, pollutant formation psxanalysis and emission control strategies.

2 Model Description

The UCD/CIT model used in the current study has been applisdveral previous studies in the
South Coast Air Basin (S0CAB) and the SJV in California (Kb and Cass, 2001; Ying et al.,
2004; Ying and Kleeman, 2006). A detailed description ofgberce-oriented UCD/CIT model is
provided by Ying et al. (2004), Mysliwiec and Kleeman (20@25 Kleeman et al. (1997) so only
a brief description of the model along with recent updatessammarized below.

The UCD/CIT model is a source-oriented air quality modeltfoe direct source apportion-
ment of both primary and secondary particulate matter. TABRBC90 gas phase mechanism
(Carter, 1990) is modified to independently track the forarabf precursors of secondary particu-
late matter from different sources. The particle represgéont is expanded to allow gas-to-particle
partitioning of the precursor gases from different sourteshis way, the sources that lead to the
formation of secondary particulate matter can be direatgmined. To allow direct source appor-
tionment of primary particulate matter, tlseurce-oriented externally mixed aerosol approach is
employed whereby particles from different sources are&kgdseparately in the model simulation
of emission, transport, gas-to-particle partitioning degosition so that the particle source infor-



mation is retained. When necessary, the UCD/CIT model camlad configured to use an internal
mixture particle representation, in which the particlestesd from different sources are lumped
together before entering into the model simulation. In daisfiguration, the source apportionment
capabilities for secondary particulate matter are untdgtbdout primary source apportionment is
accomplished using internal tracers. An on-line UV radiatalculation module, which considers
the effect of aerosol loading, is used to directly deterntiveephotolysis rates at each model time
step (Ying and Kleeman, 2003). The particle coagulatiogss is simulated in the model using
the method described in Herner et al. (2006). Since the ustady is mainly focused on particle
mass concentrations, formation of new particles due toeaticn is not considered in the model
simulation.

The vertical turbulent diffusion coefficienfs(,.) in the model surface layer has a minimum
value enforced based on landuse in each grid cell. The deffdihis formation can be found in the
Supplementary Materials section.

3 Model Application

In this study, the UCD/CIT model is applied to simulate thecpiality in the central Valley from
December 15, 2000 to January 7, 2001. Figure 1 shows thecsuefavation of the CRPAQS
modeling domain. The model domain is divided horizontaitpi4dkm x 4 km grid cells, with 190
grid cells in each direction. The model domain is divide@ih® layers in the vertical with a total
height of 5 km. The thickness of each layer starting from tméase layer is 35, 105, 140, 330,
390, 500, 500, 1000, 1000 and 1000 meters. The active cotigrutidomain, where the actual
gas and particle simulations are carried out, is outlinedheydark lines. The UCD/CIT model
was initially configured to use the internal mixture pagiotpresentation and the fog module was
not fully activated in the base-case simulation. Partialese allowed to activate into fog droplets
during periods when relative humidity exceeded 100%, btdilbel oxidation chemistry was not
enabled. The comparison of the results predicted by theniakenixture and external mixture
is examined in (Ying et al., 2007). The effect of fog procegson the predicted particle size
distribution will be discussed in a separate manuscripthérfollowing sections, the methods used
to create the meteorology, emission and boundary condiiom described in detail.

3.1 Meteorological Fields

The meteorological fields (3D temperature, humidity anddythat drive the UCD/CIT model are
generated using the objective analysis method describ&ddoyglin et al. (1979, 1980). Hourly
vertical wind and virtual temperature profiles were cokelcat 20 stations during the entire mod-
eling episode. Balloon soundings of relative humidity wereasured at Oakland, Fresno and
Bakersfield four times a day at 0500, 1000, 1600 and 2000 P&tdndard Time (PST) during the
three modeled IOPs (December 15-18, 2000; December 260P8, danuary 4-7, 2001). These
humidity measurements were linearly interpolated in timgenerate hourly humidity inputs for
the objective analysis program. For the days without hutpitieasurement, the nearest IOP day
was taken as a surrogate day for the 3D humidity fields. Thealitemperature measurements



from the profilers were corrected to ambient temperaturk aguation 1:

RH - e, (T)

T=T, (1.0 - X 0.378> (1)

where T is the ambient temperature in K, i$ the virtual temperature in K is the atmospheric
pressuree, (T) is the saturation vapor pressure at ambient temperatunedTR# is the relative
humidity.

Surface measurements of hourly wind (120 stations), humn(diB2 stations) and ambient tem-
perature (192 stations) were taken throughout the porfidtmeanodeling domain over land. These
surface data were used by the objective analysis programrergte the meteorological fields for
the first model layer to provide better regional details. rEhsere no available observations of
wind, temperature and humidity profiles over the Pacific @cékhe results from a MM5 simu-
lation performed by staff at the California Air ResourcesaBb(CARB) were used as surrogate
observations at 17 virtual stations outside the valley twjole the best possible estimate of mete-
orological conditions when direct measurements were reitabe. Previous studies have demon-
strated that hybrid meteorology fields generated using dogkervations and MM5 predictions give
better ozone air quality model performance for centralfGalia than MM5 fields alone (Jackson
et al., 2006). The hourly mixing height fields used in the entistudy were generated by a surface
energy balance scheme (Planton and Noilhan, 1988) thatcts¢ke surface energy fluxes and the
equations described by Garratt (1994) to predict the grafithe mixing height as a function of
time.

3.2 Initial and Boundary Conditions

Surface concentrations of gas and PM pollutants were measirover 80 locations during the
study period. The measurements of surface pollutant corat&m were interpolated in time to
generate continuous series of hourly concentration vallies hourly pollutant concentration data
was then interpolated spatially to generate air qualitglfid¢br the entire model domain using the
objective analysis method described in Goodin et al. (1928jails about the field measurements
are described by Chow et al. (2006) and are not repeated Gereentrations of HN@Qand NH;
were only available for five locations (Bodega Bay (BODB)¢ci@mento (SDP), Modesto (M14),
Angiola (ANGI) and Bakersfield (BAC)). The details of the H)l@nhd NH, measurement are
discussed by Herner et al. (2005). Non-methane hydrocgiehtiC) concentrations were mea-
sured at 5 stations during the three IOPs (Bodega Bay (BOB&el Island (BTI), Fresno (FSF),
Angiola (ANGI) and Sierra Nevada Foot Hill (SNFH)). Contous PM 5 mass and nitrate mea-
surements were taken at Bethel Island, Sacramento, Frasgmla and Bakrsfield sites through-
out the entire wintertime CRPAQS episode. Filter based areasents of bulk particle mass and
chemical composition were made by the Desert ResearchuitestSize- and chemically-resolved
PM measurements were taken during the IOPs, as describedrgiet al. (2005, 2006). These
size resolved measurements, together with the real timgsPMeasurements, were used to inter-
polate the air quality fields for PM. Details about the praged that were used to generated the
PM fields are provided by Held et al. (2004) and are not repidagee. Oneig m 3 of sulfate with
the size distribution measured at the Sequoia (SEQU) si@ (aeters above sea level) was used
to represent the approximate amount of background sulfiatiee California atmosphere during



the winter season. The surface concentrations were scglagét of empirical vertical factors to
specify the pollutant concentrations in the upper layeise doncentrations of elemental carbon
(EC) and organic compounds (OC) are set to be high near tii@cewvhile much lower in the
upper layers. The concentrations of secondary pollutaatset be to equal to the surface value up
to 1000 meters and then linearly decreased to zero at the thp smmodel domain.

The boundary conditions for gas phase species are mainkp s& fixed values during the
model calculation. In particular, the ozone concentrati@s set to a typical winter background
concentration of 30 ppb at all four boundaries based on thesarements made by Brown et al.
(2006). NO and N@ concentrations were set to be 1 ppb based on the NO measuseaien
the remote Angiola site 90 m above the surface. The PM boyrdarditions were determined
from the interpolated surface PM fields. The empirical waitscaling factors used for the initial
conditions are also used to set the PM boundary conditiarfts al

3.3 Emissions

The hourly emissions inventory with 4 km spatial resolutionthe entire modeling episode was
generated by CARB. Emissions of N(50Q,, CO, NH;, VOC, and PM from major point, area and
mobile sources were transformed to model-ready inputgukmVOC and PM profiles measured
during source tests (Kleeman et al., 1999, 2000; Schaué¢r, 2082a,b, 2001; Schauer and Cass,
2000; Schauer et al., 1999a,b). Weekday and weekend wausatift emissions are roughly repre-
sented in the emission inventory. A summary of the emissigaritory can be found in a separate
manuscript (Ying et al., 2008) for particle source appanti@nt and is not repeated here.

4 Results

The purpose of the current manuscript is to evaluate the @CDModel performance for the
prediction of gas and particle phase pollutant concewtnatio verify the accuracy of input data and
the model formulation. This study provides a solid founalafor future source apportionment and
emissions control exercises. In the following sectionsdmted gas- and particle-phase pollutant
concentrations are compared with measured values usiegdmes analysis and x-y scatter plots.
The model performance statistics are discussed in therfltpsection.

One of the characteristics of winter stagnation episodeemtral California is that the wind
speeds are usually low and the wind direction varies fretiyjemaking the accurate prediction
of pollutant fields difficult. The stagnant wind conditiorls@create high pollutant concentration
gradients near the major emission sources. Therefore,tter mvaluate the model performance
under these stagnant conditions, we not only compare thesihprddictions at the exact grid
cell where the measurement was made but also search witloircgits around the air quality
monitoring station to find the predicted concentration thestt agrees with the observation.

4.1 GasPhase Pollutants

Figure 2 shows the measured and predicted CO concentratifime stations: Sacramento (SDP),
Modesto (M14), Fresno (FSF), Visalia (VCS) and Bakersfi@ldQ). Visalia is a rural site while
other locations are urban. The five stations are all locate¢la central Valley, generally arranged



from north to south. The observed concentrations are shevgolal lines, the model predictions
at the exact grid cell where the monitor was located are slasndashed lines, and the crosses (x)
indicate the best model results within a 10 km (2.5 grid ¢aésarch radius. CO reacts relatively
slowly under typical atmospheric conditions. The highe&t €éncentrations occur around mid-
night each day because fresh combustion emissions aretapghe shallow nighttime stagnation
layer. The model successfully predicted the observed diwariation of the CO concentrations at
all the urban sites. The peak concentrations at night arergbyunder-predicted, but better agree-
ment can be found within a 10 km search radius. This indidatesthe spatial distribution of CO
concentrations might be slightly inaccurate due to uncdrés in the wind fields. At Visalia, the
predicted concentrations show little diurnal variatiordogse local sources are not present in the
emissions inventory but the observed concentrations sleay diurnal variations. This is likely
caused by some missing combustion sources that were leff the emission inventory.

Figure 3 shows the measured and predictgdc@ncentrations at six stations from north to
south in the central Valley. Peak ozone concentrations generally less than 50 ppb during the
cold winter stagnation episode. In urban locations, ozameentrations are even lower due to the
titration reaction with NO. The diurnal variation of the @pged ozone concentration in the Valley
is a combination of local removal of ozone due to dry deposiéind chemical reactions, and a net
gradient transport of background ozone from the upper gtivere to the surface. The predicted
ozone concentrations agree with observations at Sacranidotdesto (M14), Visalia (VCS) and
Angiola (ANGI) at most times during the 24 day episode. Inshe the predicted ozone peak
concentrations are slightly lower than the observed valugspredicted concentrations that are in
good agreement with measured values can usually be foulihviite 10 km search radius. At
Bakersfield the model systematically under-predicts tt@ezconcentrations everywhere within
10 km search radius surrounding the observation site. $Shecpredicted CO and NO concentra-
tions (see Figure 2 and 4) at Bakersfield match observaitdesikely that some VOC sources are
missing from the emissions inventory that leads to the Iactigity of the atmosphere.

Figure 4 shows the measured and predicted NO concentraititims same six stations shownin
Figure 3. The model generally captures the diurnal vamatiothe NO concentrations at most lo-
cations. The model prediction agrees with observationdtdstesno (FSF). In Sacramento (SDP)
and Modesto (M14) the predicted peak concentrations at aigtslightly lower than the observed
values. At Bakersfield (BAC), the predicted NO concentragiare slightly higher than the ob-
served values. Concentrations that better match the adigamcan typically be found within the
10 km search radius at all sites except Visalia (VCS) and dlagiANGI). Sharp nighttime peaks
in the measured NO concentrations at these remote locatiensot predicted by the model be-
cause the emissions inventory does not include local NCceswaround the measurement stations.
The mechanism that produces the high nighttime conceotrgtdf NO at Angiola is currently
unknown.

Figure 5 shows the measured and predicted Bl@hcentrations at the same six stations shown
in Figures 3 and 4. N©is mainly produced in the atmosphere by the oxidation of NO by
ozone. The averaged N@oncentrations during the study period vary from approxaiya30%
of the NO, concentration in Bakersfield (BAC) where NO emissions aghhto 90% in An-
giola (ANGI) where no significant NQsources exist. The predicted N@oncentrations agree
with observation well at Modesto (M14), Fresno (FSF) andWas(VCS). Predicted daytime NO
concentrations are lower than nighttime values due to tlegehemical dissociation reaction:
NOy, + hv — NO + O. The nighttime NQ concentrations are generally over-predicted at



Sacramento (SDP), Angiola (ANGI) and Bakersfield (BAC). Theasured N®concentrations
typically decline before midnight, while the predicted NGboncentrations keep increasing for a
few more hours and then starts to decrease. The begt&dlts found within 10km radius of the
observation site were usually very close to the measurectsal

4.2 Particulate Pollutants

Figure 6 shows the measured and predicted Pkbncentrations at Bethel Island (BTI), Sacra-
mento (SDP), Fresno (FSF), Angiola (ANGI) and Bakersfield@B The hourly PM 5 mass
concentrations were measured by Sonoma Technology, letal(fma, CA) using Beta Attenua-
tion Monitors (BAMs). Very high PM; concentrations were observed during the episode. The
predicted concentrations at BTI (panel a), located abom &€k east of San Francisco, agree quite
well with observations. The long term increase of 2Mhroughout the entire model episode is
correctly predicted although the diurnal variation is reggnoduced very accurately in the last 12
days of the modeled episode.

Predicted and observed Bl concentrations are in good agreement at the Sacramentg (SDP
site (panel b). The diurnal variation of the RMbehaves similarly to CO and NO in that the
concentrations increase at night and decrease during yh& ke diurnal variation is mainly driven
by the decrease of vertical mixing and increased emissiangat vs. enhanced vertical mixing
during the day.

The diurnal variation of PM; mass concentrations at Fresno (FSF) (panel c) are similar to
those at Sacramento (SDP). Higher concentrations usuedlyraduring the evening hours and
decrease during the day. Excellent agreement is found ketiye predicted and observed con-
centrations in both diurnal and day-to-day variations. §reelual increase of PM concentrations
in the 24-day model episode is also correctly predicted.

Predicted and measured concentrations of P8t the rural Angiola (ANGI) site are lower than
at the urban locations in the study domain. Moncentrations are significantly over-predicted,
especially at nighttime, in the first 14 days of simulatiamthe last 10 days of the simulation, the
PM, 5 concentrations are under-predicted at Angiola (ANGI).geafluctuations in the measured
PM, 5 concentrations were observed, with daytime concentrag@merally higher than nighttime
concentrations. The concentrations predicted by modallations were lower during the day and
higher at night. Further analysis of the model results riekthat a large fraction of the predicted
PM, 5 is composed of particles from fugitive dust sources. A re€&RB document indicates
that the PM 5 fraction in the dust profiles are significantly over estindat&affney, 2006). Part
of the fugitive dust emission (wind blown dust) should atifube wind speed dependent but the
current CARB emission estimation of wind blown dust doesinciude a wind speed dependence
or any diurnal variation. Thus, the current PMemission inventory for dust particles might be
over-predicted during evening hours and under-predictechd the day.

The observed diurnal variation of BM concentrations at Bakersfield (BAC) is similar to
that at Sacramento (SDP) and Fresno (FSF) with higher ctra¢iems measured at night and
lower concentrations measured during the day. The diurr@htion is correctly predicted by the
UCD/CIT model calculations. The concentrations predi@tethe grid point containing the Bak-
ersfield (BAC) monitoring site are slightly higher than theserved values, but good agreement
with measured values is generally found within the 10 kmdeeadius. This shows that the BM
concentration gradient is quite significant near the Bdladds(BAC) observation site. The com-



plex topography at the southern end of the Central Valleyasakdifficult to generate accurate
wind fields around Bakersfield (BAC).

Figure 7 compares the observed vs. predicted EC, OC anden{f¥V)) concentrations at
Fresno (FSF), Angiola (ANGI) and Bakersfield (BAC). Filteeasurements were taken at these
locations 4 times each day during the IOPs. The open cirejgesent the comparison between
the measured concentration and the predicted concemtriatithe grid cell containing the mea-
surement site. The solid circles compare the measured t@lire best prediction within the 10
km search radius around the measurement site. The soliglthe 1:1 line, while the two dashed
lines represents-#20% deviation from the 1:1 line. The EC and OC measurements arelyzed
using a thermal-optical technique following the IMPROVBfarcol (Chow et al., 2004b) while the
EC and OC fractions used to generate the speciated emisgaesmeasured using the NOISH
protocol (Schauer et al., 2003). These two protocols userdiit temperature ramps and thus yield
slightly different results. It has been shown that EC deteeah using the IMPROVE protocol is
approximately a factor of two higher than EC determinedgiiie NIOSH protocol while the total
carbon (EC+OC) concentrations are close to each other (@@, 2001). Previous modeling
studies in the SJV have therefore converted 50% of the measMPROVE EC to OC before
comparison to NIOSH predictions of EC and OC (Held et al.,£00his same approach is used
in the current study to bring EC and OC measured using diftdexhniques to a common basis
for model evaluation.

At Fresno (FSF), the model slightly under-predicts EC, Q@ d(V) concentrations at the grid
cellwhere measurements were made. Agreement betweenmaeéasul predicted values increases
greatly when the best prediction within 10km of the obseovasite is used. The majority of the
OC and N(V) values are within 20% of the measured conceatrati this case, with slight under
predictions of EC still observed.

The UCD/CIT model significantly under-predicts EC and OCamorirations at Angiola (ANGI),
matching the trends observed for CO and NO and further stipgdhe hypothesis that the emis-
sions inventory around the Angiola monitoring site is ingdete. Nitrate concentrations were
over predicted at Angiola (ANGI) during the first two IOPs antter predicted by a factor of two
during the third IOP (January 4-7, 2001).

EC concentrations are over-predicted when observed ctiatiens are low and under-predicted
when the observed concentrations are high at Bakersfielccab€entrations are slightly over pre-
dicted at Bakersfield. Reasonable agreement between edsand predicted concentrations was
generally found within the 10 km search radius. The diffeeebetween the predicted concentra-
tions within the 10 km search radius reflects the sharp @oiluitoncentration gradients around
Bakersfield (BAC). Nitrate is significantly under-predittat Bakersfield (BAC) during the latter
portion of the episode when the observed concentratiorgis. Alihese high nitrate concentrations
coincide with significant ozone production at Bakersfield.

An analysis of regional concentration fields shows that tiedigted high nitrate concentrations
in the model domain are transported to the north of Bakedséatlier and faster than the observed
pattern, leading to the under-prediction of nitrate. FegB8rshows the calculated domain-wide
maximum 24-hour average nitrate concentration as a fumcfitime together with the maximum
24-hour average nitrate concentrations from continuouasfiter-nased measurements at Fresno
(FSF), Angiola (ANGI) and Bakersfield (BAC). It has been shotlat the continuous nitrate
method yields lower concentrations than the filter-baseasmeements when nitrate concentrations
are high due to the difference between the ambient temperand the sampling temperature



of the real-time nitrate instrument (Chow et al., 2004a)shbuld be noted that the maximum
nitrate concentrations measured at these three obsergdts does not represent the true domain-
wide maximum nitrate concentrations but the change inteitcancentrations at these locations
should be proportional to the change in the domain-wide mari since nitrate production is a
regional process. The model successfully predicted the&se of nitrate concentrations during
the IOP2 (December 26 - December 28, 2000) and the subségekvated nitrate concentration
in the early part of January 2001. This strong agreementdmtvhe measured and predicted
trends suggests that the model correctly captures the dgaarhthe gas phase nitrate precursor
production and the thermodynamics for secondary aerosoidtion. The under-prediction of
nitrate at Bakersfield (BAC) and Angiola (ANGI) is more ligadue to a distortion of the nitrate
spatial distribution induced by the imperfect wind fieldssénsitivity analysis of the response of
simulated nitrate concentrations around Bakersfield takeglel parameters is presented by (Ying
et al., 2008).

4.3 Mode Performance

In this study, fractional bias (FB) (Equation 2) is used attitical measure for the model perfor-
mance.C,; andC,; are the predicted and observed concentrations foitthdata point, respec-
tively. N is the number of total data points used in the FB wialton.

2 Cpi— Co
FB= 2 x Y Zpi— “oi 2
N Xzopﬁco,i @

Figure 9 shows the calculated FB for CO;,O, NO, and PM 5 for all available stations
within the model domain between December 15, 2000 and Jafrar2001 using a box-and-
whisker plot (Tukey, 1977). Upper and lower bounds of the t@present 75% and 25% quartiles,
respectively. Dark central bars represent median FB valnd,upper and lower whiskers show
the maximum and minimum FB values among all the availablgosts. No attempt was made to
identify the outliers as all the observation data used iratieysis passed quality control checks.
Approximately 70 stations were used in the EB calculations while 40 stations were used for
CO, NO and NQ calculations. The five stations shown in Figure 6 were usedliculate the FB
for PM, 5 mass concentrations. Only observed concentrations aboeshiold values were used
in the FB calculation. The threshold for gas species was 5amobfor PM 5 it was 1 g m=3.
Panel (9a) shows that FB values for CO are generally within5 and mostly less than zero,
indicating slight under-predictions. The FB fog (panel (9b)) spans a wider range, from -2 to 1.
This partially reflects the inclusion of very lows@oncentrations in the FB calculation. Typical
threshold concentrations fos®&B calculations during actual photochemical smog episadesd
be 50 ppb (greater than the maximum observe@@hcentration during the current episode). The
middle 50% FB values are withitt0.5 for most of the days. Panel (9¢) shows that FB values
for NO have wide distributions among all the stations. Thedmted concentrations are lower
than observations most of the time, which leads to negatd/gdtues. However, as can be seen
from figure 5, predictions at major emission areas are in ggpdement with observations. Most
of the under-predictions occur at rural areas where ther@arsignificant NO emission sources.
The peak NO concentrations at most stations are also umddreped, contributing to negative FB
values. Panel (9d) shows that NEB values are generally within the range [-0.5,0.5] with raed
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values slightly higher than 0. Since only 5 stations weralusecalculate PM; FB box-and-
whisker plots, FB values for these 5 stations are shown ttirecpanel (9e). The FB values for
PM, ;s mass varies within [-1,1] at all times and within [-0.5,008] most days. Generally speaking,
PM, 5 values are over-predicted during the first half of the simoiteand under-predicted during
the second half of the stagnation period.

Figure 10 shows the calculated FB for nitrate, EC and OC foGANBAC and FSF during the
three IOPs. Threshold values for nitrate, EC and OC weretibdbe 1ug m 3. Panel (10a) shows
that for nitrate, predicted concentrations at FSF agrel @bservation very well, with FB values
within [-0.5,0.5] for most days during all IOPs. The nitratncentrations at BAC also agrees with
observation quite well, with FB values within [-0.6,0.6]rthg IOP1 and IOP2. During IOP3, the
FB values for Bakersfield are in the range of [-1.2,-1.5]jéating a significant under-prediction of
nitrate. Nitrate concentrations at ANGI are slightly opeedicted during IOP1 and IOP2 but agree
well with observation during the last two days of IOP3. P4t&6b) shows that EC concentrations
at FSF and BAC agree with observation during most of the IQRB daith FB values within [-0.6,
0.6]. Panel (10c) shows that at Fresno and Bakersfield, OCetrations also agree well with
observation, with FB values within [-0.5,0.5] for most oktHays. EC and OC concentrations at
ANGI are significantly under-predicted, with large negatitB values.

5 Conclusions

The source-oriented UCD/CIT model was applied to study eethweek long winter stagnant air
pollution episode in central California. The model suctissreproduced the major features of
the air pollution episode including the high organic carlboncentrations near urban centers, the
elevated nitrate concentrations in rural areas in the gont8JV and the near-background ozone
concentrations throughout the Valley. Slow wind speed arsgilaady wind direction is a common
meteorological feature in the SJV during stagnant periddss makes it difficult to accurately
characterize the hourly-averaged wind field and thus theadhstribution of the pollutants has
inherent uncertainty. However, the close agreement bettreepredicted and observed concen-
trations at multiple locations for multiple pollutants lis confidence that the major chemical,
physical and transport processes are reasonably repedseynthe model simulation so that the
results are suitable for further size distribution simiglat source contribution analysis and control
strategies evaluations.
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Figure 7: Predicted and observed particulate EC, OC anatai(N(V)) concentrations at Fresno,
Angiola and Bakersfield between December 15, 2000 and Jai@ud001. Predictions within the

grid cell with the monitor are shown as open circles whilelibst prediction within a 10 km radius
around the monitor are shown as closed circles.
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