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Air Quality Simulation
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Abstract

A plume model or a puff model is traditionally used
when investigating the influence of exhaust from a
chimney, being the core of assessment today. As for
the predictions of the influence on the atmospheric
environment by pollutants emitted from motor vehicles
and the whole city, for example, various kinds of
numerical simulation models have been recently
developed for this purpose.

For understanding the atmospheric influence due to
vehicle emission, the diffusion of exhaust gases along
a roadside and photochemical reactions (especially
ozone formation) over a broad area are important
phenomena. A calculation result using an air quality
model for the South Coast Air Basin (SCAB) in
California and measurments have predicted the ozone
concentration. There is a plan (SIP) enforcing exhaust
reduction by 2010 for atmosphere improvement in the

Keywords

SCAB. The current ozone concentration was
calculated using the certification model UAM from US
EPA, and the ability of UAM was confirmed. The,
0zone concentration after emission regulation of SIP
was then predicted. As a result of the simulation under
SIP conditions, it became clear that the ozone
concentration was satisfied in the environmental
standard. The relationships between the highest ozone
concentration in the SCAB and amounts of NOx and
HC emissions were found and it became clear that the
reduction of HC was effective in this area.

The use of an electric vehicle was examined for the
SIP achievement. It became clear that
countermeasures for replacing the so-called high-
emitter or old vehicles with new ones was effective as
a result of the mobile exhaust prediction.

Simulation, Ozone, NO,, Hydrocarbon, Vehicle emission, Exhaust reduction
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EKAM: Empirical Kinetics Modeling Approach (Cater)

CALGRID:

Californiaair resources board model (Y amartino)

UAM: Urban Airshed Model (Morris)

CIT: Carnegie/Cdlifornia I nstitute of Technology model (Russell)
RADM: Regional Acid Deposition Model (Chang)

GCM: Global Circulation Model

Fig. 1 Listsof models of air quality study concerned, and their grid scales and major uses.
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of South Coast Air Basin (SCAB).
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Table 1 Characteristic comparison of air quality simulation model.

CARB!

EPA"2

J.Scire, R.Yamartino

Gregory J. Mcrae (MIT)

Systems Applications

(Sigma Research Armistead G. Russell International
Corporation, MA) (Carnegie Mellon
G. Carmichael, Y. Chang University)
(University of lowa) Robert A. Harley
(University of California)
15 (1992yr) 3.01 (1993yr) 4 (1991yr)
2 175 (involving modified
linesin TCRD*g) 11819 15453
114 (involving modified 13
routinesin TCRD'9) 4 76
5000 (m) 1100 (m) 2000 (m)

10 Layers (Thicknessis
Variable with time)

6 Layers (Fixed layer)

5Layers (2 mixed layers,
3 free convection layers)

The lower layer isthin (o [Goordinate
system which considered ups and

The lower layer isthin (the parallel
atmosphere which does not consider

Thicknessis changed in proportion to
diffusion-break height

downs of topography) the topography)
SAPRC LCC CBM-1V
8hr 8hr 2hr

*1 CaliforniaAir Resources Board
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*2 Environmental Protection Agency, U.SA.
*3 Toyota Central R&D labs.,Inc.
*4 Silicon Graphics, Inc.

EMFACT7F Model ] I Mobile Source
Emission Factors
[(M obile Source Emissions) (g/mile or g/hour) \ DTIM2 Model
(Direct Traffic Impact
Transportation Model Vehicle Activity Data
(TRANPLAN) (vehicle population,
miles per trip, etc.)
Hourly gridded
Mobile source emissions data
Hourly gridded Hourly Gridded
Sationary source emissions data Ozone

Concentrations
for
Los Angeles 2010

Hourly gridded
Meteorological data
Geographical data

Fig. 5 Air quality simulation of Los AngelessSCAB 2010. Block diagram of data set using in the UAM air quality
simulation especially waited on making vehicle emission which are changeable between space time.
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Fig. 6 Estimated results of ground level ozone concentrations for
(a) base case (upper) and (b) the SIP 2010yr case (lower).
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Fig. 7

Maximum ozone concentrations which depended on a discharge of NO, and HC in SCAB. Point A isa

base condition in 1987. Point B is estimated value of maximum ozone concentration in 2010 with present
LEV and stationary source regulations. Point C is maximum ozone concentration in 2010 with SIP
regulations. Point D is maximum ozone concentration in 2010 with SIP HC regulations but non-NO,

reduction.
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HC Emissions for Light Duty Autos

3571 391 (EMFAC7F)
3.0
é 25 |:| Running Loss
5 % Evaporative
g 20
Exhaust
%]
% 15 Temp: 75deg.F
6 CARB/SIP Speed: 20 mph
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0.5
o L I NN DN NN | G | e
1990 2010 2010 2010 2010 2010
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Regulation Scrap Scrap Scrap
Program Program Program
Pre-LEV 100% 36% 36% 100% 75% 0
LEV 0 51% 51% 100% 75% 0
ULEV 0 13% 8% 0 25% 100%
ZEV 0 0 5%
Scrap No No No

**Scrap Program = Remove vehicle after 10 years old.

Fig. 10 Comparison of exhaust HC for light duty vehicles on the basis of several regulation programs.
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