Taylor & Francis
- o Taylor & Francis Group
AEROSOL '

SCIENCH

AN TECHNOLOGY Aerosol Science and Technology

ISSN: 0278-6826 (Print) 1521-7388 (Online) Journal homepage: http://www.tandfonline.com/loi/uast20

Evaluation of the Equilibrium, Dynamic, and
Hybrid Aerosol Modeling Approaches

Bonyoung Koo, Timothy M. Gaydos & Spyros N. Pandis

To cite this article: Bonyoung Koo , Timothy M. Gaydos & Spyros N. Pandis (2003) Evaluation
of the Equilibrium, Dynamic, and Hybrid Aerosol Modeling Approaches, Aerosol Science and
Technology, 37:1, 53-64, DOI: 10.1080/02786820300893

To link to this article: http://dx.doi.org/10.1080/02786820300893

@ Published online: 30 Nov 2010.

N
CJ/ Submit your article to this journal &

||I| Article views: 162

A
& View related articles '

@ Citing articles: 16 View citing articles (&

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=uast20

(Download by: [University of North Texas] Date: 05 January 2017, At: 18:20 )



http://www.tandfonline.com/action/journalInformation?journalCode=uast20
http://www.tandfonline.com/loi/uast20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/02786820300893
http://dx.doi.org/10.1080/02786820300893
http://www.tandfonline.com/action/authorSubmission?journalCode=uast20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=uast20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/02786820300893
http://www.tandfonline.com/doi/mlt/10.1080/02786820300893
http://www.tandfonline.com/doi/citedby/10.1080/02786820300893#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/02786820300893#tabModule

Aerosol Science and Technology 37: 53-64 (2003)
© 2003 American Association for Aerosol Research
Published by Taylor and Francis

0278-682603/$12.00+ .00
DOI: 10.1080/02786820390112588

Evaluation of the Equilibrium, Dynamic, and Hybrid Aerosol
Modeling Approaches

Bonyoung Koo} Timothy M. Gaydos,! and Spyros N. Pandi$

!Department of Chemical Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania
2Departments of Chemical Engineering and Engineering and Public Policy, Carnegie Mellon University,
Pittsburgh, Pennsylvania

recognized that these particles have adverse effects on human
The continued development of the dynamic and hybrid ap- health and visibility and play an important role in climate

proaches (Pilinis et al. 2000; Capaldo et al. 2000) for the simulation changes. Understanding the relationship between emission

of atmospheric aerosol dynamics is discussed in this paper. A linear changes and ambient concentrations of atmospheric aerosols is

interpolation method is proposed for the mapping of the moving - . .
aerosol size/composition distribution onto a fixed size grid. The NEC€SSAry for the establishment of effective control strategies to

3 aerosol modules are incorporated into a trajectory model that reduce their adverse impacts.

includes descriptions of gas-phase chemistry, secondary organic Mathematical models are often used to develop such rela-
a_eroso_:_ r:or;)nation, vehrtical dispelrsi?na dry _de?osition, and etm}S- tionships. However, detailed modeling of the aerosol dynamics
sions. € 5 approaches are evaluated against measurements 1ro H H H H
the Southern California Air Quality Study (SCAQS). All 3 models Ms demanding because of the wide aerosol size range spanning
predict the 4-6 h averaged PM;s (particulate matter with diam- diameters from a few nanometers to tens of microns. Because
eter <2.5 microns) and PMy (particulate matter with diameter ~ the mass transfer rate between gas and aerosol phases is strongly
<10 microns) mass concentrations of the major aerosol speciesdependent on aerosol size, the mass transfer rates for the small-
with errors <30%. For the aerosol size/composition distribution, est and the largest particles can be different by several orders

however, the dynamic and hybrid models show better agreement ¢ ja4nitude. The mathematical description of such systems
with measurements than the equilibrium model. The hybrid model . e : .

aerosol size distribution predictions are similar to the dynamic results '_n a set of e)_(tremely stiff differential equations. o
model results. The hybrid approach in this case combines accu-  1he first generation of aerosol models employed equilibrium

racy with computational efficiency. The dynamic approach is the approaches (Pilinis et al. 1987; Russell et al. 1988; Binkowski
most accurate, but at a higher computational cost. Daily average and Shankar 1995; Lurmann etal. 1997). These studies assumed
PM_.5 aerosol species predicted by the aerosol models with 16, 8,in5tantaneous mass transfer between the gas and aerosol phases

and 4 size sections all give reasonable agreement with the measure- ith th iti fthe latter det ined by th d .
ments. All 3 aerosol models show consistent sensitivities of nitrate, W/t tN€ COMPOsItion of the latler determined by thermodynamic

sulfate, and total PM,s to the changes of NQ, VOCs, NH,, and  €quilibrium. The major advantages of the equilibrium methods
primary sulfate emissions. are their speed, simplicity, and stability. It has been shown, how-
ever, that under certain conditions, equilibrium cannot be estab-
Keywords  air quality model, aerosol dynamics, linear interpolatiorjshed over the atmospheric relevant timescales of minutes to a
PM,s, PMyo few hours (Wexler and Seinfeld 1990; Meng and Seinfeld 1996).

To address this problem, dynamic methods have been developed
(Meng and Seinfeld 1996; Meng etal. 1998; Jacobson etal. 1996;
INTRODUCTI,ON ) ) Jacobson 1997a, b; Sun and Wexler 1998a, b) to better simulate

Atmospheric aerosols are multicomponent mixtures of Sls5ss transfer between the gas and aerosol phases. However, the
fate, nitrate, chloride, ammonium, sodium, trace metals, Ccessive computational cost required by these dynamic models
bonaceous material, crustal elements, and water. It iS NRWs |ed these investigators to employ certain restrictive simplifi-
_ cations, such as electroneutrality constraints on the species flux
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54 B. KOO ET AL.

air-quality models by their computational cost. To combine thietermined by a fundamental flux equation (Seinfeld and Pandis
accuracy of dynamic methods with the efficiency of equilibt998), and then constrained by limiting the acidity flux propor-
rium methods, a hybrid approach was proposed (Capaldo ettalnally to the aerosol hydrogen ion concentration. Finally, the
2000). In the hybrid method, the condensation/evaporation lofbrid model developed by Capaldo et al. (2000) was incorpo-
aerosol particles with diameters less than a threshold diametged into the trajectory model. In the original hybrid model, the
(around 1um) are simulated using the equilibrium method, andynamic calculation step followed the equilibrium step. In this
the dynamic approach is used for the larger particles. This Istudy, the primary gas emissions are coupled with the gas-phase
brid method has been used only in a box model, however, attftemistry/diffusion operator. To assure that the coarse particles
has not been evaluated against ambient data. These 2 modelsiidexposed to some of the sulfuric acid vapor, we applied first
not include descriptions of coagulation and nucleation. the dynamic step and then the equilibrium step.

The moving sectional method (Gelbard 1990; Kim and Mathematical descriptions of nucleation and coagulation
Seinfeld 1990), where the boundaries of each aerosol size deave been added to all 3 approaches. The nucleation rate para-
tion move with time in accordance with the growth or shrinkagmetrization proposed by Russell et al. (1994) is employed in the
of aerosol particles at those boundaries, has been used in a nomodel. The nucleation model used here assumes a linear sul-
ber of aerosol models (Lurmann et al. 1997; Pilinis et al. 200fyric acid vapor concentration variation for the given timestep
Capaldo et al. 2000). An interpolation scheme is necessary &drthe aerosol module based on the initially available sulfuric
the implementation of this method in a multibox model becauseid and also assigns all the nucleated mass to the first section
the aerosol distribution needs to be remapped onto a fixed sifehe distribution. The coagulation rate of the aerosol parti-
grid before it is exchanged between different boxes. Lurmagtes was modeled according to Seinfeld and Pandis (1998). A
et al. (1997) used a spline interpolation scheme in their thrd@gh-resolution distribution is used for the coagulation calcu-
dimensional model. lations by subdividing each section of the original distribution

In this paper, a one-dimensional Lagrangian trajectory modeto 3 sections.
that employs the equilibrium, dynamic, and hybrid aerosol ap- Since all 3 aerosol models internally use the moving sec-
proaches is presented. The trajectory model is applied to anta@nal method, which allows the size sections to move in the
pollution episode of 27—28 August 1987 in southern Californisize coordinate, a linear interpolation scheme was used to re-
during the Southern California Air Quality Study (SCAQS), andize the aerosol particles between different computational cells
the results are compared to size-resolved aerosol measureménytmapping the moving distribution onto a fixed size grid. While
Model predictions using different size resolutions are examindtie spline interpolation method, which is currently used in
To investigate the model response to emission changeg, NO
VOCs, NH;, and primary sulfate emissions are increased or d=- N
creased by 50% and P nitrate, PM sulfate, and total Piyk
predicted by 3 aerosol models are compared.
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MODEL DESCRIPTION
The host trajectory model used in this work is the seconda
organic aerosol model (SOAM), which contains interacting mot
ules describing gas-phase chemistry, equilibrium partitionir :
of the condensable organic gases between the gas and aer T
phases, vertical dispersion of gas and aerosol species, emis! //////%’;%
of primary gaseous and aerosol pollutants, and dry depositi ?//// //////%
(Pandis et al. 1992). - _ 2
Three aerosol modules were added to this one-dimensiol /f/,//é’//%%f%
framework to simulate condensation and evaporation of inc fi fiv
ganic aerosol species. The equilibrium model employed in this
work has been described by Capaldo et al. (2000). The amoBigure 1. Schematic of the linear interpolation schemg;is
of each species transferred between gas and aerosol phastwibbgarithm of moving sectional diametebsjs the logarithm
determined by bulk aerosol thermodynamics using ISORROP&A boundaries of moving sections (the boundary diameter of a
(Nenes et al. 1998) and is distributed over the aerosol size diseving bin is calculated as the logarithmic mean of the 2 adja-
tribution by using a weighting factor based on the surface areent moving-bin center diameterb) = (m; + m;1)/2; fj isthe
of each size section (Pandis et al. 1993; Lurmann et al. 199I8garithm of fixed sectional diameteng;is the mass of aerosol
The multicomponent aerosol dynamic model (MADM) develspecies in a moving section; aids the mass of aerosol species
oped by Pilinis et al. (2000) is the dynamic model used here. Thmea fixed section)Y; =vyi(b — fi)/(bi — bi_1) + Viz1(fiz1 —
mass transfer rates of aerosol species for each size sectionbgy&b; 11 — by;).
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Figure 2. Aerosol size distributions predicted by a box model with and without the linear interpolation method. The initial
distribution is the same as that of Pilinis et al. (2000).
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Figure 3. Trajectory of the air parcel arriving at Claremont on 28 August 1987 at 14:00 PST.
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three-dimensional air quality models like UAM-AERO, worksi0 sections to cover', orders of magnitude are modest for
efficiently with equilibrium aerosol models (Lurmann et al.sulfate and ammonium but more pronounced for nitrate. The
1997), it can cause problems in the dynamic approach becagigribution peaks are still at the right locations, and the method
the method cannot conserve some important aerosol propertigsarly outperforms approaches like the quasi-stationary method
such as the charge balance established from the previous $obson 1997b). The numerical diffusion error can be reduced
of the aerosol model. The linear interpolation scheme used h@igher by use of additional sections.

distributes the aerosol mass of moving sections (in logarithmic The host model includes all 3 aerosol modules, and the user
size space) onto fixed size bins proportionally to the width @&n select which approach is used for the simulation.

the moving section overlapping the corresponding fixed section

(Figure 1). Mass is conserved while the number concentration

is recalculated after interpolation at each time step based on M®DEL APPLICATION

interpolated mass and center diameter of the fixed size sectionThe one-dimensional trajectory model described above was
Between interpolations, the particle diameters grow in exactlged to simulate the dynamics of the aerosol size/composition
the same way as in a full moving-section method. In this scheme,

acidity and other relevant properties calculated from interpolated

- .. ~ (a) 35 -
aerosol mass stay within the upper and lower limits of the oric X PM, 5 sulfate L
nal moving sectional aerosol distribution. For example, consic 3040 PM,snitrate g-
the ratio of strong acids to bases (a measure of acidity) in sect o5 ] & PM.sammonium o
i,a, which is defined as + PMjo sodium .t .-
Z'—anionsyi i 20 4 X PMyg sulfate L e
4= 15 4 B
Zk:cationsyi,k . R .-
10 4 o -
wherey; ; isthe mass of aerosol specieis the moving section i - Equilibsi
After interpolation of the same ratio in the corresponding fixe 51 - B% quiiibrium
size sectionA is 0 ' . '
_ 0 5 10 15 20 25 30 35
A — Zj:anionsYi’J' _ c Zj:anionsyi,i + C/Zj=anionsyi+1,i (b) g ® .
= — ) @) P
Zk:cationsYisk C 2:k=cationsyi,k +C Z:k=cationsyi +1k 2 301 L
w .
C:*bl_fl C/=7f|+l_bl 8 25- ;”‘ D
b —bi1 b1 — by ?EJ 20 et
D ‘ .-
whereY; ; is the mass of aerosol species the fixed sectiom; S 151 e o.
b; is the logarithm of the upper boundary of the moving sectic & 10 - K ’ -7
i; and f; is the logarithm of the lower boundary of the fixec E Ok - Hybrid
sectioni. Then it can be easily shown that % 51 BX
[«
. = 0
. . < . < . . D_ i ¥ T T T T
min@, a+1) < A < max@., ai+1). 0 5 10 15 20 25 a0 35
. o . o (c) 35 -
Thatis, the acidity of each interpolated section is always betwe
the acidities of the 2 adjoining moving sections. Restriction « 301 o
the ratio of the interpolated sections within those limits from tt 25 4 L ‘o
original moving sectionsis reasonable because acidities from 2 .’ .
real aerosol size distribution would be smooth and continuor ’ L ’
One problem with this type of linear interpolation method i 15 L -7
numerical diffusion, which can be significantin the case of rap 10 4 o K-
growth (Jacobson 1997a). Methods that avoid this problem d ) e Dvnamic
ing the solution of condensation/evaporation (e.g., full movini 54 y
section method and moving-center method) usually introduct 0 . i : . i .
similar error when particles are moved between adjacent co 0 5 10 15 20 o5 30 a5

putational cells in the atmospheric advection/dispersion calc

lations. Figure 2 shows the size distributions for the aerosol

Measured aerosol mass [ug/m?]

species after a 2-day simulation by a box model based orFigure 4. Predicted versus measured PMand PM, for
scenario from Pilinis et al. (2000) with and without the lineaaerosol species; solid lines are 1:1 correspondence lines and
interpolation method. The effects of numerical diffusion usindotted lines represent an error of 30%.
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distribution along 24 trajectories during the SCAQS episode tfbution was divided into 8 size sections equally spaced in a
27-28 August 1987. The air parcel trajectories start over thlmgarithmic scale, where the lowest and largest size boundaries
ocean at midnight (trajectories 1-16) or in the morning (trajeafe 0.04 and 10 microns, respectively. In this grid, the bound-
tories 17—24) on August 27 and arrive at Claremont, CA at eaaly between the 6th and 7th sections corresponds to 2.5 mi-
hour of the day on August 28. Simulations were initiated 24 ¢rons. The threshold diameter used in the hybrid model is
before the beginning of the actual SCAQS episode in order@®625 microns, which corresponds to 4 sections simulated with
reduce the effect of the initial conditions on the results. FiguretBe equilibrium and 4 with the dynamic approach. The time in-
shows one of the 24 trajectories that arrives at Claremonttatval at which the equilibrium and dynamic step of the hybrid
14:00 PST on 28 August 1987. model take turns in the hybrid model is set to 2 min, which
The one-dimensional modeling domain consists of 5 veris large enough to achieve equilibrium in the fine mode but
cal cells with a height of 120 m each. The particle size dismall enough to avoid errors from the decoupling of the fine and
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Figure 5. Predicted and measured aerosol distributions for the sampling period between 9:00 and 13:00 PST on 28 August
1987.
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coarse particles. A timestep of 10 min was used for the aerosblthe coarse mode in the equilibrium method are due to the
operator. “bulk aerosol treatment” and the weighting scheme, which as-
For the evaluation of the model predictions, measuremesijns more condensates to smaller size sections. For the sulfate
data collected by a filter-based sampler (Fitz et al. 1989) aadd ammonium distribution, all 3 models fail to predict the peak
a 9 stage Berner impactor (John et al. 1990) were used for #reund 1 micron. One of the sources of this discrepancy is the
PM,s and PMg aerosol species and aerosol size/compositi@gueous-phase chemical reactions (Pandis and Seinfeld 1989),
distribution, respectively. Filter samples were collected duringhich have not been included in the model used in this study.
5 sampling periods (0:00-5:00, 5:00-9:00, 9:00-13:00, 13:0@¢hen clouds or fogs existin the modeling domain, the liquid wa-
17:00, and 17:00-24:00 PST), and impactor samples were delcontent significantly increases and agqueous-phase chemistry
lected during 4 sampling periods (5:00-9:00, 9:00-13:0plays a major role. Another potential error source is the numeri-
13:00-17:00, and 17:00-24:00 PST). cal diffusion caused by the interpolation step between the mov-
ing and fixed sections. Interpolating the sectionally-represented

RESULTS AND DISCUSSION

The model predictions for the major aerosol species are coi (2) 15 O Eauilbriom] PM R
pared to the available measurement data for the ground level quri ' i Z‘ts . .
Figure 4. The filter measurements of Rjitrate and ammo- 12 1 @ Hybrid sutate . P
nium did not include the volatilized amount and so were nc ¢ % Dynamic ¢ e T
compared to the model predictions. All 3 methods reproduc 16 sections At )
all the 4-6 h averaged PM and PM, aerosol mass within o ] Y PM, s nitrate
30% except for the Pl nitrate concentration predicted by the
equilibrium model (one of the points had an error of 36%). Th 3 .
average relative errors are 19.4, 19.0, and 18.9% for the equil ’PM ammonium
rium, hybrid, and dynamic methods, respectively. 0 . 25 . , .

Predicted aerosol size distributions show a distinct differenc 0 3 6 9 12 15
among the 3 aerosol modgls (F_igure 5). The equilibrium mod(b) e 15 =
fails to predict the ammonium nitrate coarse mode and overpl ?g .
dicts the fine mode for the nitrate and ammonium. The hybri =12 PM, s sulfate ,-° LT
and dynamic models show better agreement with the obsen % L L -
tions. The overprediction of the fine mode and underpredictic & 94 y.. . T

3 8sections - 0" PM, 4 nitrate

100 5 e 6 - f

3 Hybrid with threshold I et
diameter of 0.625 um o 3 2 ?
° & o )
f * 2 PM, s ammonium
= 10 Dynamic ® W o O j j j j
8 * o 0 3 6 9 12 15
e Hybrid with threshold © s g
é diameter of 1.25 um 10 PM, . sulfate x .’ o .
S '3 g o
9 4 & v T
Equilibrium —p @ 4sections 7.7 pM, nitrate
6 4 . g
0.01 0.1 1 10 3 >
Threshold diameter [um] ; < PM, 5 ammonium
Figure 6. Average CPU time per simulation hour per computa 0 3 6 g 12 15
tional cell versus equilibrium threshold diameter (on a 733 MH Measured aerosol mass [ug/m®]

Pentium 11l PC); an equilibrium threshold diameter equal to the

lower boundary of the smallest size section corresponds to frigure 7. Predicted versus measured 24 h average £idr
dynamic method by definition. Similarly, the threshold diametererosol species; the size resolutions used for the aerosol models
equal to the upper boundary of the largest size section corege 4, 8, and 16 sections; solid lines are 1:1 correspondence lines
sponds to the equilibrium method. and dotted lines represent an error of 15%.
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size distribution tends to diffuse aerosol mass more or less alayfghe 8 size bins of the emission data was evenly distributed
with diameter changes. Using a small number of sections timthe corresponding 2 sections of the finer size distribution. In
the sectional approximation required by the computational effhe case of the coarser aerosol distribution, the amount from
ciency of three-dimensional models can make this error signiéiach pair of the adjoining emission bins was added into the cor-
cant. The organic aerosol predictions are the same as in Paméiponding section of the 4 section aerosol distribution. Daily
et al. (1992) and will not be discussed here. average PMs sulfate, nitrate, and ammonium predicted by all
Although the hybrid method is about 2—3 times faster than tleaerosol models agreed with the measurement within 15% in
dynamic method, itis still more demanding than the equilibriumll 3 resolutions except for the P\ ammonium by the hybrid
method. Figure 6 shows the average CPU time per simulatiordel using 4 sections whose relative error is 18% (Figure 7).
hour per computational cell of the hybrid method according ths the equilibrium model employs a weighting factor based on
the equilibrium threshold diameter. the surface area, the model is the least sensitive to size reso-
lution. The hybrid model is more sensitive than the dynamic
model because in the former the aerosol distribution is divided
SENSITIVITY TO SIZE RESOLUTION into 2 subdistributions: the equilibrium and dynamic sections.
In this work, 8 size sections have been used to facilitate thi@e subdistribution has fewer sections than the original one and
one to one comparison with the measurements. To examine $loeis more sensitive to the resolution. Although using 16 or
effects of the number of sections on the aerosol distributiod sections gives slightly better agreement with the observations,
we have repeated the simulations using 4 and 16 sectionscémsidering the computational efficiency and measurement er-
the case of 16 aerosol size sections, the amount emitted in aoly 4 size sections can also be viewed as acceptable at least

(a) 80 (@ 20
60 15 J
40 A 10 4
20 4

04
-20 4

40 4

% changes predicted

by the hybrid model

% changes predicted

by the hybrid model
(e

-60 4 .15 4
-80 T T T T T T v -20 r T T v T v T
.80  -60 40  -20 0 20 40 80 80 20 15 10 -5 0 5 10 15 20
(b) 80 (b) 20
5 601 5 151
ool (3 oo
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5 E T E
5 i © i
o § 2 o E °
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S 2 40 § 2 -0
LT S
° 2 604 ©F 154
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% changes predicted by the dynamic mode! % changes predicted by the dynamic model

Figure 8. Percentchanges of PMnitrate concentrations pre-Figure 9. Percent changes of Plyisulfate concentrations pre-
dicted by the dynamic model versus the hybrid model and thécted by the dynamic model versus the hybrid model and the
dynamic model versus the equilibrium model for the selectelynamic model versus the equilibrium model for the selected
emission changes: 50% decream i NOx emissions; 50% emission changes: 50% decream i6h NOx emissions; 50%
decreased) and increased) in Volatile Organic Compound decreased) and increased) in VOC emissions; 50% decrease
(VOC) emissions; 50% decreas#)(and increasec) in NH;  (#) and increasec) in NH3z emissions; 50% decreas&) @nd
emissions; 50% decrease) @nd increasex) in sulfate emis- increase £) in sulfate emissions; solid lines are 1:1 correspon-
sions; solid lines are 1:1 correspondence lines. dence lines.
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for this case in predicting daily average Pdconcentrations. NHs than NG (Lurmann et al. 1997). Decreasing VOC emis-
The higher resolution does not improve the equilibrium modsions leads to decreases in both RMitrate and total PMs
predictions for the aerosol size distribution and makes onlybg reducing oxidant levels, which results in slower oxidation
small difference for the hybrid and dynamic models, while thef NO, to HNO; (Lurmann et al. 1997). PM sulfate is little
lower resolution, as expected, hides the main features of the sifiected by changes in NOVOC, and ammonia emissions,
distribution. while changes in primary sulfate emissions directly affects the
predicted concentration of Phsulfate. The effects of primary
sulfate emission changes on RPdnitrate and total PMs are
EFFICIENCY OF EMISSION CONTROLS < £3%. The predicted responses by all 3 models are consistent
The predicted response to domain-wide emission changggy|| cases. In general, the hybrid model response shows better
was examined by changing NO/OCs, NH, and primary sul-  agreement with the dynamic model than the equilibrium model
fate emissions by 50%. The responses of predictegiftilrate, goes. However, the responses by both hybrid and equilibrium

PMyo sulfate, and total Pl to emission changes for the tramodels agreed with those by the dynamic model within a few
jectory arriving at 11:00 PST, where maximum Riitrate is  percent.

predicted, are shown in Figures 8-10. A decrease iR &lfis-

sions for this case causes predictedRMitrate, and thus total

PM s, to decrease by about 30 and 10%, respectively. Howe\ﬁF,)MPARBON IN A THREE-DIMENSIONAL AIR

a reduction in NH emissions results in about a 70 and 300 UALITY MODEL

reduction of PM5 nitrate and total PMs, respectively. It has ~ The comprehensive air quality model with extensions

been reported that PM nitrate in this area is more sensitive(f¢AMX) was used as a host to compare the aerosol models in a
three-dimensional framework (ENVIRON 2000). The equilib-

(a) 40 rium, hybrid, and dynamic aerosol modules were incorporated
in CAMx to simulate the air pollution episode of 17 October
1995 in the Southern California air basin.

Performances of the 3 aerosol models for totabRMPM 5
10 1 nitrate, and PMs ammonium are compared in Figures 11-13,

0 4

30 4

20 4

Table 1
Twenty-four hour average concentrations averaged over
8 monitoring sites on 17 October 1995

210 4

-20 A

% changes predicted
by the hybrid model

-30 4

0 24 h average concentrationsg/m®)

" 40‘40 % 20 106 0 10 20 30 40 Species Dynamic Hybrid Equilibrium
— Total PMyo 44.6 44.3(0.43) 44.9 (0.62)
58 ] PMy sulfate 17 1.7(0.01)  1.7(0.01)
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Figure 10. Percent changes of total BMlconcentrations pre-  “The numbers in parentheses are mean errors defined as follows:
dicted by the dynamic model versus the hybrid model and the 1N

dynamic model versus the equilibrium model for the selected Mean error= N Z |Ci - Cid"

emission changes: 50% decream® ih NOx emissions; 50% _ =t S
decreased) and increased) in VOC emissions; 50% decreaseWhereCi is the 24 h average concentration at tttemonitoring site

. . . . predicted by the hybrid or equilibrium modef is the 24 h average
(#) and increased) in NH; emissions; 50% decrease) @nd concentration at thiegh monitoring site predicted by the dynamic model;

increase £) in sulfate emissions; solid lines are 1:1 correspoRmdN is the number of monitoring sites (Anaheim, Azusa, Burbank,
dence lines. Claremont, Hawthorne, Long Beach, Central LA, and Riverside).
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Figure 11. Predicted 24 h average total Byconcentrations(g/m?) by dynamic, hybrid, and equilibrium models on 17 October
1995 in the Southern California air basin.

respectively. The 24 h average total PMind PM, s ammonium the equilibrium model is more significant for B¥land PM
reach their maximum near Long Beach on that day. The pesfiecies, as expected. The hybrid model tends to underpredict in
PM,s nitrate concentration is predicted around the Riversidee fine mode because the dynamic part (coarse mode) of the
area. All 3 models show nearly identical spatial patterns overodel interacts with the gas-phase species before the equilib-
land. The equilibrium aerosol model tends to predict higher amum part (fine mode) does. In general, the predictions by the
monium nitrate concentrations over the ocean because of bybrid model show slightly better agreement with those by the
artificial mixing of the fine and coarse particles during the equitynamic model.
librium calculation (Capaldo et al. 2000).

A statistical comparison of predictions by the 3 aerosol mod-
els is presented in Table 1. All 3 aerosol models are in go€@NCLUSIONS
agreement. It should be noted that the mean errors fqr(p&t- In this work, 3 aerosol modules are incorporated into a one-
ticulate matter with diametex1 microns) species are higherdimensional Lagrangian trajectory model to compare their abil-
than those for Plyp and PM 5 species. The overprediction inity to predict the size/composition distribution as well as M
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Figure 12. Predicted 24 h average BM nitrate concentrationsu@/m?) by dynamic, hybrid, and equilibrium models on
17 October 1995 in the Southern California air basin.

and PM concentrations of the major inorganic aerosol specidateracting between gas and aerosol phases, which results in
The model simulates gas and aerosol phases along the air pat@@0 differential equations. Although the computational effi-
trajectories arriving at Claremont on 28 August 1987. ciency of the hybrid model depends on the choice of the thresh-
Although the predictions of Ph and PM aerosol species old diameter, the equilibrium model has a great advantage in its
from all 3 aerosol models agreed reasonably well with the mespeed and stability.
surement data, the hybrid and dynamic models generally giveTo investigate model sensitivity to size resolution, the base
better performance than the equilibrium model in predicting thease simulation was repeated with the resolution doubled or
aerosol size distribution. The comparison of aerosol models inegduced by half. Even in the lowest resolution, 24 h average
three-dimensional framework also shows consistent results withncentrations of Pl aerosol species predicted by all 3 mod-
the one-dimensional model. els agreed with the observations in the measurement error range.
Computational efficiency is an important factor in the moddihe responses of P} nitrate, PMg sulfate, and total Pl to
applicability to a large-scale air quality model. The onehe changes in NQ VOCs, and primary sulfate emissions are
dimensional model used for the base case has 5 vertical callsmpared to evaluate the model’s response to emission changes.
8 aerosol size sections, and 25 organic and inorganic spedds3 models show consistent predictions. The equilibrium
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Figure 13. Predicted 24 h average RMammonium concentrationg.¢/m?) by dynamic, hybrid, and equilibrium models on
17 October 1995 in the Southern California air basin.
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