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Abstract

Volatile organic compounds (VOCs) play a significant role in the production
of ozone in urban atmospheres. In addition, VOCs are of concern because
some of them are toxic, and because the atmospheric oxidation of directly
emitted VOCs can form condensable products which contribute to airborne
particulate matter concentrations. In this study, a general model that relates
pollutant emissions to ambient VOC concentrations is described. Model
performance is evaluated both for ozone and VOCs for the August 27-29,
1987 period in the Los Angeles area using data from the Southern California
Air Quality Study (SCAQS).

Improved chemical composition profiles for major VOC emission sources
are presented, and use of these profiles results in significant changes to pre-
vious emissions estimates for many individual VOCs. Reconciliation of emis-
sion data with speciated ambient VOC concentration data from the Los
Angeles area indicates that there is much more unburned gasoline in the
atmosphere than the emission inventory suggests.

Three photochemical airshed models are presented that predict the am-
bient concentrations of VOCs. The first model predicts concentrations of
lumped VOC classes (e.g. lumped alkanes, monoalkyl benzenes). Satisfac-
tory model performance is obtained only after the VOC emission estimates
prepared by the government are scaled up to match emission rates measured

in the Van Nuys tunnel. An enhanced airshed model with 53 individual
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VOCs represented explicitly also is described and tested. The best perfor-
mance is obtained for aromatic hydrocarbons which are predicted to within
+20% by the model in most cases; concentrations of most other species are
predicted to better than +50%. Finally, a model for gas-phase toxic organic
air pollutants is described and tested for species including aromatics, alde-
hydes, ketones, and 1,3-butadiene among others. Significant contributions to
total ambient concentrations from atmospheric photochemical formation are
found for formaldehyde, acetaldehyde, propionaldehyde, acrolein and methyl
ethyl ketone. Therefore, control programs for some toxic air pollutants must
consider photochemical formation pathways in addition to direct emissions.

The novel aspects of this study include the analysis and improvement
of speciated VOC emission estimates, and the development and testing of

airshed models for lumped and individual VOCs using data from SCAQS.
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1 Introduction.

1.1 Motivation

Volatile organic compounds (VOCs) are an important part of the air pollu-
tion problem, in both urban and regional environments. When combined in
the atmosphere with oxides of nitrogen (NO,), VOCs promote the formation
of ozone, a key ingredient in photochemical smog, and a widespread air pol-
lution problem [1]. Because of the complex non-linear relationship between
ambient ozone concentrations and precursor emissions of VOC and NO,, it
is not immediately obvious whether VOC emissions, NO, emissions, or both
should be controlled to reduce ozone levels [1].

Eulerian photochemical air quality models (airshed models) have been de-
veloped and applied to predict the spatial and temporal distribution of ozone
concentrations in urban and regional atmospheres based on knowledge of at-
mospheric chemistry, meteorology, and pollution emission rates [1]. Airshed
models have played an important role in the design of air quality improve-
ment plans [2], in particular, in the assessment of the effect of VOC and NO,
emission reductions on ozone levels. Given the costs and time required to
implement air quality improvement plans, it is essential that any proposed
emission control program be demonstrably effective.

Comparisons between predicted and observed ozone concentrations have
been reported in numerous studies, as reviewed by Tesche [3]. Results of

such modeling studies have been called into question because of uncertain-



ties in the estimates of pollutant mass emission rates. In particular, it is
likely that VOC emission rates have been significantly underestimated by
the government [1,4,5,6].

While comparisons between predicted and observed ozone concentrations
are presented routinely in photochemical modeling studies, similar analyses
are less common for the key ozone precursors (i.e., VOC and NO,). In the
past, only total VOC concentration predictions have been scrutinized, and
large negative biases have been found in model predictions relative to atmo-
spheric observations in the few studies where comparisons have been made [7].
If VOC concentrations are indeed underestimated in these modeling studies,
this suggests that the apparent good agreement between predicted and ob-
served ozone concentrations that is often reported may be a fortuitous result
involving other errors that compensate for understated VOC emissions. This
would imply that analyses demonstrating the effectiveness of VOC and/or
NOy emission reduction plans might be flawed as well.

Biogenic hydrocarbons such as isoprene and terpenes are of concern be-
cause they represent background sources of VOC emissions to the atmosphere
that are not subject to emission controls. The wisdom of ozone control pro-
grams that rely on VOC emission reductions has been questioned in several
studies [1,8,9] because biogenic emissions may continue to supply enough
VOCs to compromise the effectiveness of the control program, even if an-
thropogenic VOC emissions were to be eliminated.

In the chemical mechanisms typically incorporated into airshed models
designed to predict ozone formation, emissions of the many individual VOCs
are consolidated into a small number of groupings (on the order of 10 groups is

typical) [10,11,12]. While this lumping does not significantly affect the ability



to predict ozone concentrations, it does mean that much of the chemical
detail in the representation of VOCs is lost. This means that one also loses
the opportunity to use a detailed analysis of VOC concentration predictions
to diagnose problems with the model or its associated emissions input data.

Looking beyond the role that VOCs play in promoting ozone formation,
there are added reasons why it is desirable to develop models that do treat
individual VOCs explicitly. Recent amendments to the Clean Air Act (1990)
in the United States require control of 189 individual organic and inorganic
species that have been declared to be toxic air pollutants. To verify our over-
all understanding of the emissions and atmospheric chemistry of individual
toxic air pollutants, it is helpful to be able to predict ambient concentrations
of these species directly from e?nissions data using an air quality model.
In addition, because some toxic pollutants are formed in the atmosphere
as oxidation products of other VOCs, control programs that consider only
direct emissions may fail for these cases. It is essential that the relative con-
tributions of direct emissions and atmospheric photochemical formation be
understood. Otherwise, programs that seek to reduce toxic pollutants in the
atmosphere by mandating emission controls may not produce the expected
result.

Even in cases where an individual VOC is not of concern as a toxic air
pollutant, it is still useful to track some of these species explicitly in air
quality models (instead of lumping them together with other species). For
example, combinations of tracers unique to particular emissions sources may
be used to diagnose the contributions of these sources to the total region-wide
pollutant emission inventory.

Airborne particulate matter constitutes another part of the air pollu-



tion problem. In addition to direct emissions of particulate organic carbon
from sources, the gas-phase oxidation of some VOCs can produce low va-
por pressure reaction products that condense to form additional secondary
aerosol [13,14,15]. If the importance of this secondary organic aerosol is to
be assessed, an understanding of the precursor VOC species concentrations

is required.

1.2 Research objectives

The major objective of the present research is to develop and test general
models for the prediction of VOC concentrations in the atmosphere. Within
the scope of this research are assessments of airshed model performance in
predicting ozone, VOC, and NO, species concentrations. Diagnosis and im-
provement of the pollutant emission inventory procedures used by the gov-
ernment form a necessary part of this work.

Accomplishment of these objectives will contribute to the understand-
ing of VOC emissions, their atmospheric concentrations, and their role in
promoting ozone formation. In addition, other elements of the air pollution
problem will be addressed including prediction of the concentrations of spe-
cific toxic air pollutants and prediction of the concentrations of important

secondary organic aerosol precursors.

1.3 Southern California Air Quality Study

An obstacle to more detailed consideration of VOCs in the past has been the
scarcity of speciated ambient VOC concentration measurements. In response
to this problem, and to improve the understanding of many other aspects of

the air pollution problem, a major field study was conducted in the Los



Angeles, California area during the summer and fall of 1987 [16]. This study,
referred to as the Southern California Air Quality Study, or SCAQS, provides
data that are critical to the development and testing of airshed models that
predict ozone and VOC concentrations. Further details of the measurements
made during SCAQS have been presented elsewhere [16].

The first step in achieving the research objectives outlined above was to
acquire and analyze the meteorolgical and ambient air quality data available
from SCAQS. This constitutes an enormous and complex data base assem-
bled from the results reported by numerous investigators. Having gained an
understanding of the data available and the prevailing meteorological con-
ditions and air quality, a particular summertime episode from SCAQS was
selected for photochemical modeling purposes. This episode, August 27-29,
included the highest observed ozone concentrations for any of the SCAQS in-
tensive monitoring periods. A peak one-hour average ozone concentration of
290 parts per billion was measured at the Glendora air monitoring site located
35 kilometers to the east (inland) of downtown Los Angeles, a concentration
far above the National Ambient Air Quality Standard for ozone of 120 parts
per billion. An additional reason for selecting the August SCAQS episode
was that day-specific pollutant emission estimates were available from the

government.

1.4 Approach

The purpose of this section is to provide an overview of the remaining chap-
ters of this study. In Chapter 2, improvements to an existing Eulerian pho-
tochemical air quality model and application of the model to the prediction

of air quality during the August 1987 SCAQS episode are described. Model



performance for ozone and ozone precursors is assessed, and the sensitiv-
ity of model predictions to increased on-road vehicle exhaust emissions is
investigated.

The chemical composition of VOC emissions from major emission sources
is considered in Chapter 3. A set of revised chemical speciation profiles is
developed that describes the detailed molecular composition of organic gas
emissions from individual source types, and comparisons are made with the
official emission inventory and with speciated ambient concentration data
acquired in the Los Angeles area. While much current attention is focussed
on overall VOC mass emission rates, little attention has been paid in the
past to the chemical composition of VOC emissions. The main motivation
for the research described in Chapter 3 is to enable further work that requires
improved chemical resolution of VOC emission estimates.

In Chapter 4, a detailed comparison of predicted and observed concentra-
tions is reported for each of the lumped VOC species employed in the LCC at-
mospheric chemical reaction mechanism (Lurmann, Carter and Coyner [11]).
Several different emission inventories are used in this analysis: the baseline
VOC mass emission estimates prepared by the government, an alternative
inventory with increased on-road vehicle exhaust emissions, and the official
versus revised (as per Chapter 3) VOC emissions composition profiles.

An airshed model with much more detailed representation of VOCs is de-
scribed in Chapter 5. This detailed model allows for flexible disaggregation
of VOCs from lumped species classes typically used to represent the atmo-
spheric chemistry of VOCs. An evaluation of model performance for each of
nearly 50 individual VOCs measured during SCAQS is presented as a means
of thoroughly testing the detailed model.



A derivative of this detailed model for individual VOCs is used to in-
vestigate the relationships between emissions and air quality for a variety of
gas-phase toxic organic air pollutants that are expected to be pervasive in
urban environments. The model and its application to the August SCAQS
episode are described in Chapter 6. Assessments of the relative contributions
of direct emission sources and atmospheric photochemical production to the
total concentrations of various toxic organic air pollutants are reported.

Finally, in Chapter 7, the key accomplishments and important results of
this research program are summarized. Areas of remaining uncertainty are

identified, together with recommendations for future research.



2 Ozone modeling

2.1 Introduction

Concentrations of ozone in the boundary layer of urban and rural atmo-
spheres continue to exceed standards designed to protect human health, de-
spite more than 25 years of effort and billions of dollars of investment in
technology to control the emissions of ozone precursors [1]. Mathematical
models have been developed that describe the formation and transport of
ozone and other components of photochemical smog based on knowledge
of atmospheric chemistry, meteorology, and pollutant emissions to the at-
mosphere [1,17]. In this chapter we describe improvements to an existing
Eulerian photochemical air quality model [18,19,20], referred to as the CIT
‘airshed model. Earlier versions of this model have been used to study pho-
tochemical smog formation in the Los Angeles area [19,20], formation and
control of nitrogen-containing pollutants [20,21], spatial patterns in pollutant
responses to emission controls [22], the effects of methanol fuel use in motor

vehicles [23], and deposition of nitrogen-containing air pollutants [24].

Reference: Harley, R. A.; Russell, A. G.; McRae, G. J.; Cass, G. R.; Seinfeld, J. H.
Photochemical modeling of the Southern California Air Quality Study. Environ.

Sci. Technol., 27, in press, 1993.



This chapter describes the application of the CIT airshed model to the
August 27-29, 1987 period in the Los Angeles, California area. This 3-day
interval was one of the intensive monitoring periods of the Southern Cali-
fornia Air Quality Study (SCAQS; for an overview, see reference [16]) which
took place during the summer and fall of 1987. As part of SCAQS, a variety
of special meteorological and air quality measurements were carried out to
supplement the routine measurements made in the Los Angeles area, thus
providing a very detailed ambient data set expressly designed for supporting
and testing photochemical airshed models. Data collected during SCAQS
will form the basis for many air pollution control decisions in the Los Ange-
les area over the next decade. In addition, the decisions made in Los Angeles
will influence air pollution control policies elsewhere. Several recent studies
have questioned the accuracy of the official emission inventory for organic
gases and carbon monoxide in the Los Angeles area [1,4,5,6]. If the emis-
sions of organic gases are in fact understated in the official inventory, the
air pollution control problem in Los Angeles may be more difficult than was
previously thought. It is therefore important that the relationship between
emissions and ambient air quality be explored thoroughly for the SCAQS
experiment.

In the course of the present study, revisions to the CIT photochemical
airshed model have been made. In particular, an extended version of the
chemical mechanism of Lurmann et al. [11], and an improved dry deposition
module [24] have been incorporated into the model. Further changes have
been made to allow for representation of the observed spatial variations in the
total and ultraviolet component of the solar radiation flux. These changes

are described in greater detail later in the text.
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2.2 Model description

Photochemical models such as the CIT airshed model are based on the nu-
merical solution of the atmospheric diffusion equation, which is written re-

peatedly for each chemical species of interest:

%+v-(m~) =V (KVC)+ R + Q;, (2.1)

where C; is the ensemble mean concentration of species ¢, @ is the mean wind
velocity, K is the eddy diffusivity tensor (here assumed to be diagonal),
R; is the rate of generation of species ¢ by chemical reactions, and Q); is a
source term for elevated point sources of species i. Boundary and initial
conditions, along with meteorological data and emissions fields, complete
the specification of the problem. The surface boundary condition sets the
upward flux of each pollutant to be equal to direct emissions minus the dry

deposition flux:
o,
0z

where K, is the vertical eddy diffusivity, z is the elevation above ground

- Kzz = E,' - ‘U;C;, (22)

level, E; is the ground-level emission flux, and v; is the dry deposition ve-
locity for species i. A no-flux boundary condition is applied at the top
of the modeling region. Lateral boundary conditions and initial conditions
throughout the modeling region are established using measured pollutant
concentration data.

The details of the mathematical model and numerical solution techniques
that are used in this study have been described previously [18,20,25]. A
number of improvements have been made to an earlier version of this model
[20], as described in the following sections. A detailed description of the

model, recent enhancements, and performance evaluation is also presented
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in reference [25]. A three-volume user’s manual for the CIT airshed model
has been prepared. These volumes describe installation and operation of the
model [26], data preparation and formats [27], and the computer source code

[28].

2.2.1 Chemical mechanism

The condensed version of the LCC chemical mechanism (Lurmann, Carter
and Coyner [11]) has been incorporated into the CIT airshed model. The
published mechanism includes 26 differential and 9 steady-state chemical
species.

In addition to the 8 lumped organic classes specified by Lurmann et al.
[11], the chemical mechanism has been expanded to include, explicitly, the
chemistry of methane, methanol, ethanol, methyl tert-butyl ether (MTBE),
isoprene, hydrogen peroxide, and sulfur dioxide. The complete list of chemi-
cal species defined in the extended chemical mechanism is shown in Table 2.1.
All of the reactions beyond those listed in the published version of the LCC
mechanism are shown in Table 2.2. Methane is not followed dynamically in
the model, but instead a constant background concentration of 2.2 ppm is
applied. Isoprene is used as a surrogate for all biogenic hydrocarbon emis-
sions in the present model. The oxygenated species (methanol, ethanol and
MTBE) are of interest as ingredients in alternative or reformulated motor
vehicle fuels [23]. The introduction of reformulated motor vehicle fuels con-
taining MTBE did not occur in the Los Angeles area until after the 1987
SCAQS experiment, so therefore there are no emissions of MTBE for the

calculations described in the present study.
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Table 2.1: List of species defined in the chemical mechanism

Species Species

Code Species Name Code Species Name
Differential species: Steady-state species:

NO Nitric oxide 0SD Oxygen - singlet D
NO2 Nitrogen dioxide (0] Atomic oxygen

03 Ozone OH Hydroxyl radical

HONO Nitrous acid RO2R.  General RO, #1

HNO3 Nitric acid R202  General RO, #2

HNO4  Pernitric acid RO2N  Alkyl nitrate RO,
N205  Dinitrogen pentoxide RO2P  Phenol RO,

NO3 Nitrogen trioxide BZN2  Benzaldehyde N-RO,
HO2 Hydroperoxy radical BZO Phenoxy radical

CO Carbon monoxide ,
HCHO Formaldehyde Newly added species (this study):
ALD2  Acetaldehyde H202  Hydrogen peroxide
MEK Methyl ethyl ketone = MEOH Methanol

MGLY Methyl glyoxal ETOH Ethanol

PAN Peroxyacetyl nitrate = MTBE Methyl tert-butyl ether
RO2 Total RO, radicals ISOP Isoprene

MCO3 CH3CO3 radical NH3 Ammonia
ALKN  Alkyl nitrate NIT Aerosol nitrate
ALKA Cf alkanes(®?) S02 Sulfur dioxide
ETHE Ethene S03 Sulfur trioxide
ALKE C7 alkenes CH4 Methane

TOLU  Toluene

AROM Higher aromatics
DIAL  Unknown dicarbonyls
CRES  Cresol

NPHE Nitrophenols

(2)50% of propane emissions also are assigned to the lumped alkane class; the
remaining propane emissions are treated as unreactive, as per Lurmann et al. [11].
)30% of benzene emissions also are assigned to the lumped alkane class, as per
Lurmann et al. [11].
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2.2.2 Dry deposition
Because dry deposition fluxes influence atmospheric pollutant concentrations
and may adversely affect vegetation and building materials, air quality mod-
els should include a thorough calculation of dry deposition velocities. Earlier
versions of the CIT airshed model [18,20] calculated a fluid-mechanically de-
termined upper limit value for the dry deposition velocity based on local
surface roughness and meteorological conditions, and then applied species-
specific linear attenuation factors to estimate the actual deposition velocities
for species that are removed by dry deposition at less than the diffusion-
limited rate.

A new dry deposition scheme described by Russell et al. [24] has been
incorporated into the present version of the model. As before [18], a maxi-
mum deposition velocity (v, max) is calculated for each grid squére assuming
that the surface acts as a perfect sink for the depositing pollutant:

_ k*u(z,)
T D EIREDT + I () E]

where k is von Karman’s constant, u(z,) is the wind speed at the reference el-

(2.3)

evation z,, zq is the surface roughness length, L is the Monin-Obukhov length,
Sc is the Schmidt number, and Pr is the Prandtl number. The functions ¢,
and ¢, are based on the momentum and heat flux-profile relationships of
Businger et al. [34].

The dry deposition velocity v; for each species is calculated as a function
of Uy max and a surface resistance term that depends on the surface type (i.e.,

land use) and the solar radiation flux:

. 1
P = - 2.4
% = [y ) 170 24)
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where 7! is the surface resistance term for chemical species i. Separate values
of ri are specified for each chemical species and each of 32 land use types,

based on the advice of Sheih et al. [35] and engineering judgement [24].

2.2.3 Solar radiation fields

Rate constants for photolysis reactions are usually estimated using a model
that predicts the actinic flux at various wavelengths given the solar zenith an-
gle [36], and from published values of the absorption cross sections and quan-
tum yields for those species that undergo photolysis. The actual photolysis
rates may differ from predicted values due to seasonal and local va,riétions in
pollutant concentrations and cloud cover. There can also be a pronounced
increase in radiation intensity in the vertical direction above ground level
[36].

Solar radiometers are available that measure the broadband ultraviolet
component (295-385 nm) of the incoming radiation. Data from such instru-
ments can be used to estimate directly the NO, photolysis rate [37,38]. This
issue will be discussed later in the text with reference to SCAQS.

The CIT airshed model has been modified to accept a spatially and tem-
porally resolved ground level photolysis scaling factor field, plus a single
region-wide correction factor that can be applied at the upper boundary of
the modeling region. Linear interpolation of the photolysis scaling factors
between ground level and the top of the modeling region is used to esti-
mate the vertical variation of photolysis rate constants, creating in effect a
three-dimensional ultraviolet radiation field.

The total (as opposed to ultraviolet) solar flux can also exhibit significant

variations from predictions that assume clear sky conditions. Within the
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model, the total solar radiation flux is first computed as a function of the solar
zenith angle assuming clear sky conditions [39]. Then these clear sky solar
radiation values are corrected to account for the spatial distribution of cloud
cover. Direct measurements of the total radiation flux are the preferable
means for computing solar flux scaling factors, but scaling factors can also
be estimated based on the fraction of sky covered by clouds using formulas of
the form 1+ b, - N*2 where N is the fraction of sky obscured by clouds, and b,
and b, are empirical constants [39]. The CIT airshed model has been further
modified to accept a temporally and spatially resolved total solar radiation

scaling factor field.

2.3 Model application to August SCAQS

In this section, the application of the CIT airshed model is described for a
3-day period during summer 1987 in the Los Angeles, California area. The
particular days selected encompass one of the intensive monitoring periods
of SCAQS: the episode being simulated begins on Thursday, August 27 and
continues through Saturday, August 29. The highest measured ozone con-
centration for this period was observed at Glendora on August 28, with a
peak 1-hour average value of 29 pphm reported.

The geographical region under consideration is shown in Figure 2.1. For
the purposes of the present air quality modeling calculations, a regular 5 by 5
kilometer square grid system was superimposed on the region, and emissions
and meteorological data were specified at each grid square as described later
in the text. The modeling region extended to a height of 1100 meters above
ground level, with the vertical dimension subdivided into five computational

layers. The thicknesses of these five layers, beginning at ground level, were
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38, 116, 154, 363, and 429 meters.

2.3.1 Emission inventory

Detailed pollutant emissions data are required for the application of photo-
chemical models. The emission inventory must be both spatially and tempo-
rally resolved. A special emission inventory development program for SCAQS
has been undertaken [40]. This effort resulted in a set of day-specific data
files that specify the emissions of carbon monoxide, oxides of nitrogen, total
organic gases, oxides of sulfur, and particulate matter at a spatial resolution
of 5 km. The temporal resolution is hourly, although in some cases only
daily emissions totals are specified, in which case a source-specific diurnal
variation profile is applied to obtain hourly emissions.

The emission inventory used in this study was received from the Califor-
nia Air Resources Board [41]. Mobile source emission estimates were based
on a travel demand model and the EMFAC 7E emissions factor model [42].
Stationary source emissions estimates were prepared by the South Coast Air
Quality Management District. These estimates include day-specific power
plant, aircraft, and refinery emissions. A highly aggregated summary of the
emission inventory for August 27 is presented in Table 2.3. The detailed
inventory includes emissions from more than 800 source types, with the or-
ganic gas emissions broken down into 280 detailed chemical species. The
inventory region includes the South Coast Air Basin plus parts of the South-
east Desert Air Basin (to the north and east of the mountains surrounding

the Los Angeles area) and parts of Ventura County (to the northwest).

The mobile source emission inventories provided for use in this study are

all based on identical weekday traffic flow patterns, even though the last day
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Table 2.3: Region-wide(®) emissions summary for August 27, 1987

Base Case Emissions

(10° kg/day)

Source type NMOG® NO, CO
On-road vehicle gasoline engines:
cold exhaust 150 (© ()
hot exhaust 206 (o) ()

Evaporative emissions:

running losses 51 — —

hot soak 98 — —

diurnal 24 — —
On-road diesel engine exhaust 26 © ()
Subtotal on-road vehicles 645 678 4743
Other mobile sources 61 124 418
Stationary source fuel combustion 29 259 204

Organic solvent emissions:

surface coatings 363 — —
domestic products 97 — —
degreasing & cleaning 109 — —
pesticides 31 — —
Biogenic emissions 117 — —
All other sources 410 77 259
Grand Totals 1745 1138 5624

(@) The inventory region covers most of the area shown in Figure 2.1 which includes
portions of the Southeast Desert Air Basin, and portions of Ventura County in
addition to the entire South Coast Air Basin

(®)Non-methane organic gases

(9)On-troad vehicle NO, and CO exhaust emissions were not broken down into
subcategories in the official inventory
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of the modeling period falls on a Saturday. The mobile source inventories
are only “day specific” in that they are corrected for spatial and diurnal
variations in temperature. Separate stationary source emissions estimates
for weekdays and weekends were prepared and were used in this study as
appropriate. As a sensitivity test, an alternate emission inventory using in-
creased mobile source exhaust emission factors was prepared. This was done
in an attempt to explore the higher on-road vehicle emission rates suggested
by a 1987 study of emissions measured within the Van Nuys roadway tunnel
in the Los Angeles area [4]. The on-road vehicle hot exhaust emissions of
carbon monoxide and organic gases were increased to three times the EM-
FAC TE values. Although this exhaust emissions increase is substantial for
the particular source categories affected, it is not large in the context of the
total organic gas emissions inventory (before being scaled up, the on-road
vehicle hot exhaust emissions represented 17% of the total baseline organic
gas emissions from all sources combined, as shown in Table 2.3). There are
also uncertainties associated with the estimates for mobile source cold start
and evaporative emissions, for stationary source emissions, and for biogenic
emissions. However, for the purposes of the present hot exhaust emissions
sensitivity analysis, emissions from other source categories were not changed.

In addition to the anthropogenic emissions discussed above, there are
emissions of isoprene and terpenes from natural and urban vegetation. A
study by Winer et al. [43] measured organic gas emission factors for many
different plant species found in Southern California, including various urban
ornamental plants. A later study investigated organic gas emissions from
crops [44]. Based on a new gridded inventory of leaf biomass in the Los

Angeles area [45], and temperature and solar radiation data for August 27
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and 28, new day-specific biogenic emission inventories were prepared [46].
Because no day-specific biogenic inventory for August 29 was available, the
biogenic inventory for August 28 was used for both August 28 and 29.

An ammonia emission inventory also is included in these calculations. The
inventory used in this study is the 1982 South Coast Air Basin inventory of
Gharib and Cass [47]. The basin-wide emissions of ammonia were estimated
to be 164 tons/day, with over half of the emissions coming from livestock
waste. A revised ammonia emission inventory is being prepared as part of
the SCAQS research effort [48], but was not available for use in this study.

Organic gas speciation profiles have been assigned to each source type
and were used to compute detailed emissions of individual organic species
from the total organic gas emissions. Speciation of both organic gas emis-
sions and emissions of NO, and SO, was based on data supplied with the
official emission inventory [41]. The detailed organics (resolved to the level
of individual chemical species or isomers of a particular compound) were
recombined into a smaller number of lumped organic classes. In this study,
assignment of individual organic species to lumped organic classes is extended
from Lurmann et al. [11]. In general, compounds with similar chemical prop-
erties are lumped together and the chemistry of all compounds assigned to a
lumped species group is represented using one or more surrogate species. For
example, toluene, ethylbenzene, and other monoalkyl benzenes are lumped
together and toluene is used as the surrogate species. The lumping proce-
dure has been revised to account for extensions to the chemical mechanism,
so that alcohols are lumped separately from the alkanes, and biogenic alkenes
are lumped separately f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>