
 
1360 Redwood Way, Suite C 

Petaluma, CA 94954-1169 
707/665-9900 

FAX 707/665-9800 
www.sonomatech.com 

A PROPOSAL FOR 
COMPARISON OF AMBIENT  

MEASUREMENTS TO EMISSIONS 
REPRESENTATIONS FOR MODELING 

 
 

In Response to CCOS RFP dated June 28, 2005 
STI-705060 

 
 

Prepared for: 
California Air Resources Board 

1001 I Street 
Sacramento, CA  95814 

 
 

Submitted by: 
Sonoma Technology, Inc. 

1360 Redwood Way, Suite C 
Petaluma, CA 94954-1169 

 
Technical Contact: Business Contact: 
Stephen B. Reid Lyle R. Chinkin 
Air Quality Analyst Senior Vice President and General 

Manager 
 
_______________________________

 
_______________________________

 
July 15, 2005 



2. TECHNICAL APPROACH 

2.1 SCOPE OF WORK 

The scope of work provided in the RFP calls for the 11 tasks listed below.  Key 
milestones include (1) a project kickoff meeting to present and refine the work plan; 
(2) reviewing available data and analysis approaches and presenting a plan for the TC’s 
consideration at the end of Task 4 and before the bulk of the analyses is conducted; 
(3) depending on the TC’s recommendations, conducting the analyses suggested in Tasks 5 
through 10; and (4) preparing a Final Report and a peer-reviewed journal article.  Each task is 
briefly described in the list below and in more detail in the following sections. 

Task 1. Participate in a project kickoff meeting and submit a detailed draft work plan. 

Task 2. Identify the air quality data that are available to support the analyses, including 1-hr 
and 3-hr speciated VOC data, as well as NOx and carbon monoxide (CO) 
measurements. 

Task 3. Acquire and evaluate ARB’s current speciation database and assess the suitability 
of the ARB speciation profiles. 

Task 4. Review and assess alternative evaluation approaches for the comparison of ambient 
and emissions data.  Organize a one-day workshop at ARB offices in Sacramento to 
further discuss alternative analytical methods, available data, and the likelihood of 
deriving sound assessments of modeled emissions estimates. 

Task 5. Perform VOC source apportionment by applying the selected analysis method to 
each valid CCOS VOC sample and selected CRPAQS samples using appropriate 
source composition profiles or speciation data. 

Task 6. Integrate and synthesize the results from the ongoing CCOS Advanced Data 
Analysis Study and other pertinent studies that reconcile the emission inventory 
with ambient or other data. 

Task 7. Compare and reconcile the spatial and temporal patterns in predicted VOC/NOx and 
CO/NOx ratios as represented by the gridded emission inventory with 
corresponding ratios from PAMS and CCOS supplemental monitoring sites. 

Task 8. Compare and reconcile the spatial and temporal patterns in the predicted levels of 
VOC species with the corresponding ambient data. 

Task 9. Assess the importance of the disparity of spatial scales between point ambient 
measurements and the spatial averaging of emissions used in air quality model 
inputs. 

Task 10. Draw appropriate conclusions regarding potential biases and uncertainties that may 
exist in the CCOS emission inventory or the gridded representation of the inventory 
based on the previous tasks. 

Task 11. Prepare interim and final reports.  Present and discuss the findings of the study at a 
one-day CCOS TC meeting in Sacramento. 
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The work will be carried out in two phases.  Phase 1 will provide information that is 
useful to those involved in SIP modeling activities in time for use in the preparation of the 
2006 SIP updates for central and northern California.  Work on Phase 1 will be documented in an 
interim report to be completed by January 31, 2006.  All remaining analyses will be carried out 
in Phase 2, which will be completed (including the submittal of the final report and the 
manuscript for publication) within one year of initiating the study. 

Task 1—Participate in the Project Kickoff Meeting 

The STI project manager and other key personnel will participate in a one-day project 
kickoff meeting in Sacramento, California, which will take place within three weeks of the 
initiation of the study.  The purposes of the meeting are (a) to collaborate with the CCOS TC and 
ARB staff to formulate plans for the completion of the proposed study and (b) to acquire 
information from ARB Technical Support Division staff about the current status of the CCOS 
emission inventory, including an assessment of source categories for which emission estimates 
are thought to be subject to the greatest uncertainties.  ARB staff will provide information on the 
methods used for preparing the emission inventories for modeling (including the speciation and 
spatial distribution of the inventory) and will provide access to relevant ambient data with 
supporting information. 

Based on the discussions and information gathered at the kickoff meeting, STI will 
prepare a detailed Work Plan that specifies the analyses to be performed during Phases 1 and 2 
of the proposed project.  (Phase 1 includes completion of an Interim Report.)  Analysis methods 
will be selected on the bases of their suitability for meeting the purpose and goals of the project, 
their technical merit, and the timeliness with which they may be completed. 

STI will prepare a draft version of the Work Plan for the TC’s review and comment.  In 
consideration of reviewers’ feedback, STI will also prepare and submit a final work plan. 

Task 2—Identify Available Air Quality Data 

The objective of Task 2 is to identify locations with valid 1-hr or 3-hr speciated VOC, 
NOx, CO, and meteorological data collected during the CCOS (summer 2000) and CRPAQS 
(winter 2000-2001) periods that will be used in later tasks.  Proper evaluation of data availability, 
quality, and representativeness is vital for effective emission inventory reconciliation and source 
apportionment. 

STI’s approach will rely on its previous and current work conducting extensive validation 
of data in the CCOS database, and validating and evaluating PAMS VOC data collected in the 
SJV.  Our familiarity with the data will make this task efficient and effective in determining the 
best sites for later analysis.  We will determine what sites have sufficient data during the selected 
period, assess the validity of the data, and assess the likely sources affecting, and characteristics 
of (i.e., downwind, fresh urban, etc), the sites.  Preliminary work has already been documented in 
communications with the CCOS TC and will be used in this task (see, for example, Figure 2-1).  
We will rely on our experience with emission inventory reconciliation, source apportionment, 
and VOC data analysis to help guide our selection of sites (Lurmann and Main, 1992; Main et 
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al., 1995, 1996; Chinkin et al., 1998; Main and Chinkin, 1998; Main et al., 1999a; Main et al., 
1999b; Main, 2000; Chinkin et al., 2000; Main, 2001a, b; Brown and Hafner, 2002; Hafner and 
Roberts, 2002; Brown and Hafner, 2003c; Brown et al., 2004; Brown and Hafner, 2004; Zhao et 
al., 2004; Brown et al., 2005c; Kim et al., 2005).   

Many considerations will be used in site selection: 

• Objective of analysis (e.g., requiring a large data set for PMF or a data set with sufficient 
samples from all wind quadrants for emission inventory reconciliation). 

• Monitoring objectives of a site (e.g., urban, rural, source-oriented, etc.). 

• Ambient concentration levels well above instrument detection limits.   

• Ambient concentration levels above a meaningful threshold, such as the following 
approximate thresholds which are often used as benchmarks:  NOx > 10 ppb;  
VOC > 50 ppbC, and CO > 150 ppb. 

• Spatial distribution of sites (e.g., whether interest is focused on urban sites only or both 
urban and rural). 

• Temporal distribution of the data (e.g., 1-hr or 3-hr data are needed for effective source 
apportionment and emission inventory reconciliation). 

The deliverable for this task will be a technical memorandum describing the process to 
determine potential sites, and our recommendations on which sites will produce the most useful 
data for later analysis.  We will include details of the number of samples available plus likely 
sources and characteristics affecting the sites.  STI will prepare a draft version for the TC’s 
review and comment.  STI staff will review and discuss the memorandum with the CCOS TC 
through a conference call or face-to-face meeting.  In consideration of reviewers’ feedback, STI 
will revise the memorandum and deliver a final version. 

Task 3—Review Chemical Speciation Profiles 

The ARB maintains a database of organic gas and particulate matter (PM) speciation 
profiles, as well as a cross-reference table that indicates which total organic gas (TOG) or PM 
profile should be assigned to a given source category.  Speciation profiles are also available from 
the EPA’s Speciate 3.2 database, DRI, and other sources.  STI recently reviewed ARB and EPA 
speciation databases for use in an emission inventory development study for the San Francisco 
Bay area.  For Task 3, we will verify that we have the ARB’s and EPA’s most up-to-date 
libraries of speciation profiles.  We will review the ARB’s speciation profiles, profile-to-source 
category assignments, and available supporting literature and documentation.  STI will perform a 
literature search to identify information more recent than the sources cited for the ARB’s 
speciation profiles.   
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Figure 2-1.  Map of sites with available air quality data. 
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In assessing the suitability of ARB’s speciation profiles, STI will rank the importance of 
the profiles based on the mass of emissions associated with source categories assigned to each 
profile, as well as the reactivity of the individual compounds in each profile.  In addition, a 
secondary ranking will be performed based on the age of the profile.  Supporting references cited 
for the ARB’s and EPA’s speciation profile databases, such as those listed in Section 1.3.4, 
include some publications dating back to the 1970s and 1980s.  Speciation profiles based on 
these older literature sources should receive special attention for a literature review to determine 
whether more complete or superior measurements are available. 

With input from the CCOS TC, STI will develop a set of criteria for evaluating individual 
speciation profiles, including the vintage of the profile and its underlying source tests, the 
number of tests conducted, the number of chemicals measured, and applicability of the profile to 
California. 

Based on this analysis, STI will prepare a technical memorandum summarizing and 
recommending speciation profiles that should be applied for photochemical modeling and for 
receptor-based data analyses (e.g., source apportionment).  In addition, the memorandum will 
provide recommendations for updating or improving the available speciation profiles.  A draft 
version of the memorandum will be prepared for the TC’s review and comment.  STI will revise 
the memorandum based on feedback from the CCOS TC. 

Task 4—Evaluate Alternative Data Analysis Methods 

The purpose of Task 4 is to solidify the technical approaches and analyses to be 
conducted throughout the remainder of the project.  In consultation with the CCOS TC, STI will 
establish a list of technical questions and issues of concern.  STI staff members will apply their 
data analyses expertise, as well as their familiarity with air quality and meteorological conditions 
in the SJV to consider alternative analytical approaches that would be best suited to address each 
technical question.  STI will ascertain the suitability of available data to support possible 
approaches and will consider relevant studies that have been previously completed or are 
currently underway.   

STI will organize a one-day workshop in Sacramento to discuss the technical questions of 
concern, present the merits and disadvantages and details of the likely technical approaches to 
proposed data analyses, and solicit input and feedback from ARB staff members, the CCOS TC, 
and other interested parties.  For the purposes of estimating costs, we have assumed that the 
workshop will be held at ARB’s facilities in Sacramento, which will be made available at no cost 
to the project. 

STI will document the foundations of the CCOS gridded emission inventories, such as 
emissions modeling version numbers of OFFROAD, EMFAC, CEIDARS, and CEFS, and/or 
supplemental information (such as the methods used, if any, to incorporate day-specific 
emissions data). 

STI will prepare a technical memorandum that documents the workshop proceedings and 
summarizes the merits and disadvantages of suggested alternative data analysis methods.  The 
memorandum will describe the specific analyses proposed to be performed for the remainder of 
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the study and highlight the analyses that will be completed by January 31, 2006.  Software, 
databases, and/or input and output files to be used or produced during the study will be 
documented (all of which will be delivered at the conclusion of the study). STI will prepare a 
draft version for the TC’s review and comment.  In consideration of reviewers’ feedback, STI 
will revise the memorandum and deliver a final version. 

Task 5—Perform VOC Source Apportionment 

The objective of Task 5 is to apply source apportionment tools (often called receptor 
models) to ambient data collected during CCOS (summer 2000) and CRPAQS (winter 2000-
2001) to (1) evaluate source profiles and (2) determine relative source contributions to total VOC 
mass.  These results will then be compared to the emission inventory to aid in improving source 
profiles and identify important source types.  Analysis of results will include evaluation of the 
differences in results for episodes and cleanout/rainout periods, as well as the effect of local 
meteorology and carryover of emissions on source apportionment.  Results will also be put into 
context with the extent of reaction and photochemical age of the ambient VOCs.   Results from 
this task will help the CCOS TC understand (1) if there are gross biases between source profiles 
observed in the ambient data and those used in the emission inventory, (2) differences between 
source allocations from source apportionment in the ambient data and the distribution in the 
emission inventory, and (3) the degree of photochemistry seen in the ambient data and 
implications of these findings to photochemical model performance evaluation. 

For example, STI recently conducted source apportionment analyses of ambient 
monitoring data at two sites in California’s South Coast Air Basin (SoCAB) and compared the 
results with emission inventories provided by the South Coast Air Quality Management District.  
The TNMOC composition at a selected site from the emission inventory is shown in Figure 2-2, 
and the composition determined by source apportionment analysis is shown in Figure 2-3.  The 
results show that reasonable agreement exists between the relative contribution by source type 
derived from ambient data and the emission inventory, but that on-road mobile sources may be 
somewhat underestimated in the emission inventory. 

Our approach is to use the strengths of two prominent and complementary receptor 
models supported by EPA—CMB and PMF—to both evaluate the source profiles in the context 
of the ambient data and attempt to reconcile the source profiles with the ambient data.  CMB will 
be applied with source profiles used in photochemical modeling to evaluate how these source 
profiles fit the ambient data.  The expectation is that the VOC mass associated with secondary 
formation will not be well fit by the model, and that some sources may not be clearly identified 
or their profiles may not be accurate.  To complement CMB source apportionment, we propose 
to use PMF and ambient data only (i.e., no explicit source profiles) to obtain a set of profiles, 
likely including a measure of secondary and “carryover” mass.  PMF output will assist us in 
identifying any additional sources and their profiles that account for a significant part of the 
mass.  Using this dual-model approach, we will gain a better understanding of the source 
profiles, their effectiveness in representing the ambient data, and what changes can be made to 
the profiles to improve photochemical model performance. 
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Figure 2-2.  TNMOC composition at the Hawthorne site, 0500-1000 PST, by 
emission inventory source category (kg/hr). 
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Figure 2-3.  TNMOC composition at the Hawthorne site, 0500-1000 PST, by 
source apportionment factor. 

The deliverables from this task will be a better understanding of the sources of VOC 
ozone precursors, how well the source profiles account for the ambient VOC mass, our relative 
confidence in the source profiles, the degree of secondary formation and air mass age of the 
VOC samples, and an understanding of the representativeness of the sites.  We will include 
recommendations that can be directly used in photochemical modeling and in the reconciliation 
of the emission inventory tasks. 
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Assumptions and Biases in the Receptor Models 

The CMB and PMF models both have underlying assumptions and biases that have been 
well-documented and discussed in the literature (Paatero and Tapper, 1994; Fujita et al., 1995; 
Watson et al., 2001; Watson et al., 2002; Yarwood et al., 2005).  These assumptions and biases 
are important to understand in the context of SIP modeling.   

A strength of CMB is that it can be applied to a single sample, but one of the key 
assumptions of CMB is that all significant sources have been identified and their profiles are 
well-characterized.  By using source profiles that are used in the photochemical model in CMB 
application, we can better understand how these profiles fit the ambient data.   However, CMB 
will not be able to identify additional sources or account for secondary formation effectively.   

PMF has many assumptions similar to those in CMB, and while it requires a large data 
matrix (i.e., at least 100 samples of speciated VOC data), it does not need an a priori assumption 
of sources and their profiles, since it uses only the ambient data to create the optimal 
combination of profiles and their contributions to total mass.  However, it is possible to 
incorporate known profiles into a PMF analysis and thus, identify those others for which there 
may not be good a priori knowledge.  This enables the identification of additional sources that 
may not be well-characterized by CMB, because they are not included or have incorrect profiles.  
Additionally, PMF results often include a “secondary” component, which can be used to 
effectively quantify the contribution of secondary VOC to the total mass.  In the context of CMB 
results, PMF results can be used to evaluate the effectiveness of the source profiles, and whether 
additional sources need to be considered.  PMF results can also be used with various estimates of 
air mass age to better quantify the affect of photochemical processing on total VOC mass.   

Both CMB and PMF results will be analyzed by wind direction, for episode-versus-
nonepisode differences, on cleanout or rain days, and by time of day.  We will use non-
parametric regression (Henry et al., 2002) and conditional probability function (CPF) with wind 
direction data to help identify the location of nearby sources of air pollution and quantitatively 
explore the relationship between apportioned sources and wind direction (Henry et al., 2002; 
Kim and Hopke, 2004a, b, c).  Because 24-hr VOC data are too averaged to compare to 
meteorological parameters and do not capture the important diurnal trends of VOC sources, 3-hr 
data will be used in this source apportionment effort.  Using such data in the non-parametric 
regression will permit the sub-apportionment of the source contributions to different wind 
directions and potentially to more specific sources. 

How biases and assumptions are addressed differs between the models.  By using both 
receptor models, CCOS will not have to rely on results from only one approach, and can be more 
confident in the results assessing the source profiles, the degree of secondary formation, and the 
representativeness of the sites.  These results will also help explain discrepancies that may be 
evident from the emission inventory reconciliation in separate tasks. 

Extent of Reaction and Photochemical Age of the Air Mass 

Data analysis in addition to source apportionment will be needed to understand the 
photochemical age of the ambient hydrocarbons.  Extensive work identifying the extent of 
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reaction using Mapper software has been recently conducted by Charles Blanchard for CCOS, 
and we will build on available results.  We will use multiple ratios of ambient hydrocarbons to 
assess the extent of reaction of selected ambient air samples (described below), and combine 
these ratios with their ozone formation reactivities (Carter, 1994; Carter and Lurmann, 1991) to 
evaluate what the profiles may have been without photochemical reactions.  We may stratify data 
by time of day to obtain several classes of reactivity regimes that can then be modeled 
separately, depending on time and budget (Kim et al., 2005).  We will then compare the extent of 
reaction and air mass age results to source apportionment results to understand the effectiveness 
of the receptor models to quantify the age of the air mass.  Findings will be used to understand 
the implications for the possible modification of source profiles and to identify candidate sites 
for model evaluation.   

A number of hydrocarbons are used as indicators of ozone formation potential and tracers 
of various urban emissions.  Assuming that the ratio of these species of interest in the emission 
inventory are relatively constant throughout the day, the relative abundance of the more reactive 
species (olefins and reactive aromatics such as xylenes) should decrease with time during the 
daylight hours, as they are reacted away via photochemistry.  The relative abundance of less 
reactive species such as paraffins and less reactive aromatics (such as benzene) will, therefore, 
appear to increase.  The ratios of more reactive species concentrations to less reactive species 
concentrations can, therefore, be used as indicators of the relative changes in air mass 
composition and age.  Analysis of such ratios on an hourly basis shows the diurnal variations in 
air mass age.  This analysis may also be used to investigate the presence of fresh emissions or the 
presence of unique regional sources of particular hydrocarbons.  Commonly used ratios include 
xylenes to benzene (X/B), toluene to benzene (T/B), and acetylene to ethene (A/E) (Nelson and 
Quigley, 1983; Main, 2001a; Chan et al., 2002; Roberts et al., 2002; Brown and Hafner, 2004).  
Age of air mass in hours can also be estimated and used in this analysis. 

Data 

We propose to perform PMF and CMB on ambient 1-hr or 3-hr data from up to two sites, 
though the scope and budget may change given the results of Tasks 1 through 4.  We will work 
with CCOS to choose appropriate sites for this and other tasks, such as an urban site impacted by 
fresh emissions and a downwind site that has maximum ozone concentrations (and aged VOCs).  
Collocated NOx, ozone, and surface meteorology data will also be required. We will focus on 
summer 2000, particularly the various intensive operational period (IOP) days, though we will 
incorporate non-episode periods to isolate characteristics of fresh emissions.  We may also 
perform CMB analysis on selected samples taken during CRAPQS if sufficient data are available 
and the results would further the understanding of emission sources.  STI is currently performing 
validation of the CCOS database, is familiar with the data, and will require minimal time to 
evaluate the data for source apportionment.  We will also build on our analyses of PAMS data 
for the SJV, and may utilize the STI-validated data from these sites for our analysis. 

Task 6—Integrate the Results of Previous Research 

Agreement of ambient- and emission inventory-derived ratios of hydrocarbons to NOx for 
the SJV have generally been within a factor of 2 since the early 1990s.  For example, Magliano 
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et al. (1993) and Haste et al. (1998) calculated ambient- and emission inventory-derived ratios of 
hydrocarbons to NOx for Fresno, California.  Magliano et al. and Haste et al. found ambient-
derived ratios to be roughly 2 times greater than emission inventory-derived ratios.  (Magliano et 
al. analyzed an SJV inventory acquired from the ARB between 1990 and 1993, while Haste et al. 
analyzed an analogous inventory acquired in 1997.)  Since the time that the Magliano et al. and 
Haste et al. analyses were completed, the ARB has incorporated extensive improvements and 
revisions to its emission inventory for the SJV.  STI is currently evaluating the ARB’s most up-
to-date inventory for the SJV (acquired in 2005).  Preliminary results of comparisons of ambient- 
and emission-derived ratios for Fresno show a marked improvement (e.g., ambient 
hydrocarbons-to-NOx are only 1.5 times greater than emission inventory-derived ratios). 

While no reports from the CCOS Advanced Data Analysis study (I-8) have yet been 
issued that are relevant to this study, STI will keep in contact with contractors involved in the 
ongoing study and acquire results if they become available within the period of performance for 
this study.  In addition, STI will acquire the results of other pertinent studies (e.g., CCOS 
modeling studies and CRPAQS emission reconciliation and SCAQMD reconciliation studies) 
that reconcile the emission inventory with ambient or other data.  These results will be evaluated 
and integrated into the findings from the proposed study.   

Preliminary results from more recent studies (Raffuse and Chinkin, 2005; Chinkin et al., 
2005) indicate that while overall emission estimates seem to be improving, issues still remain 
with emission speciation profiles and spatial and temporal allocation factors.  In another 
example, an evaluation of modeling performance for a September 16-20, 2000, ozone episode 
(Tesche et al., 2004) showed that diagnostic sensitivity runs focused on increased VOC 
emissions (anthropogenic and/or biogenic) yielded significant improvement in predicted ozone 
concentrations at the ground and aloft across the CCOS region, thus possibly indicating that 
there are likely to be uncertainties in either the VOC mass or speciation in the existing emission 
inventory.  In the early stages of our study, these results will be evaluated and used to guide and 
focus our analyses.  In the later stages of our proposed study, these results will be summarized 
and integrated into the findings. 

Task 7—Perform Emission Inventory Reconciliation with Pollutant Ratios 

In cooperation with the CCOS TC, STI will select the ambient air quality monitoring 
sites that will be included in the inventory reconciliation analyses.  Considerations will include 
geographic locations, likelihood of influence by nearby emissions sources, or the quantity of 
ambient data above defined concentration thresholds (which tend to be caused by fresh 
emissions).  STI will process ambient air quality and meteorological data into formats required 
by the analyses.  In addition, STI will prepare seasonal wind rose plots to determine the potential 
influences of meteorology (e.g., diurnal variations in wind speed and direction) on the analyses.   

STI will process and prepare the CCOS emission inventories for use (which we will have 
in-house for the related CCOS Model Aloft Improvement study led by Mr. Neil Wheeler) and 
will verify that they meet the following specifications: 

 2-10



• The inventory should be spatially, temporally, and chemically resolved to the finest level 
of detail possible (i.e., gridded, weekly, hourly, and speciated emissions). 

• The inventory should encompass the selected ambient monitoring sites. 

• The inventory should include emissions estimates for VOC, CO, NOx, and individual 
chemical species (i.e., not carbon-bond or isomer groups).  The ability to accurately 
match chemical species from the inventory to ambient air quality measurements is 
critical.  Inventoried chemical species are often grouped into carbon-bond or isomer 
groups, which render individual species comparisons impossible.  The most appropriate 
inventory for this analysis should include individual chemical species.   

STI will calculate and compare emission inventory- and ambient-derived ratios of 
VOC/NOx, CO/NOx, and individual chemical species and will prepare the ratios for days and 
hours when the ambient data meet specified selection criteria.  We will refine our comparisons 
by calculating emission inventory-based ratios for grid quadrants corresponding to the prevailing 
upwind direction.  In addition, we will evaluate the effects of elevated point sources by 
comparing ambient- and emission inventory-derived ratios with and without contributions from 
elevated point sources. 

STI recently performed this type of ratio analysis for four ambient site locations in the 
SoCAB using ambient data collected from 2000 to 2002.  Summaries of PAMS site- and 
emission inventory-derived weekday HC/NOx and CO/NOx ratios for the full grid analysis zone 
and by wind quadrant are shown in Figures 2-4 and 2-5.  The ratio comparisons for the full grid 
analysis zone indicates that the ambient weekday PAMS HC/NOx ratio was a factor of 1.2 higher 
than the emission inventory-derived ratio, while the ambient weekday CO/NOx ratio was a factor 
of 1.3 higher than the emission inventory-derived ratio. 

2.8
2.3

5-7

11.8

9.0

5-7

CO/NOxPAMSHC/NOx
Time Period (PST)

Po
llu

ta
nt

 R
at

io

Ambient
Inventory

Legend2.8
2.3

5-7

11.8

9.0

5-7

CO/NOxPAMSHC/NOx
Time Period (PST)

Po
llu

ta
nt

 R
at

io

Ambient
Inventory

Legend

Time Period (PST)

Po
llu

ta
nt

 R
at

io

Ambient
Inventory

Legend

 

Figure 2-4.  Los Angeles North Main ambient- and emission inventory-derived 
PAMS HC/NOx and CO/NOx ratios for the full analysis zone extent from 0500-
0700 PST for 2001.  
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Figure 2-5.  Los Angeles North Main ambient- and emission inventory-derived 
weekday PAMS HC/NOx and CO/NOx ratios by wind quadrant from 
0500-0700 PST for 2001.  Values in the ambient ratio column indicate number of 
samples. 

In addition, STI will compare model-derived VOC-to-NOx and CO-to-NOx ratios with 
both ambient- and inventory-derived ratios.  STI proposed to perform model-to-ambient 
comparisons of these ratios under the Model Aloft Improvement project, so there is likely to be 
some overlap between these two studies that results in increased efficiencies. As comparisons are 
performed, significant discrepancies between modeled and measured values will be documented, 
and inventory-derived values will be analyzed to determine whether these discrepancies are more 
likely to result from biases in the emission inventory or problems with other model inputs or 
mechanisms.  This analysis may point to possible modeling issues that can be addressed in the 
parallel Model Aloft Improvement study. 

To perform these comparisons, STI will calculate inventory-derived VOC-to-NOx and 
CO-to-NOx ratios for comparison with CMAQ/CAMx model-derived ratios.  The emission 
inventory-derived ratios will be calculated across the entire gridded CCOS modeling domain.  
Ground-level and elevated sources will be treated separately.  The model-derived ratios will be 
calculated as the average modeled concentrations for the three-dimensional grid cells at ground-
level or at elevation.  (Grid cells at elevation will be selected according to the stack heights and 
plume rises of nearby elevated emissions sources.)  These analyses will require extensive use of 
GIS-enabled spatial analysis techniques (see Section 1.3.3) and will help ensure that model 
results are adequately representing pollutant ratios predicted by the gridded emission inventory. 

We understand that gridded emission files are available for each day of an ozone episode 
that occurred between July 29 and August 4, 2000, but that gridded emission estimates for an 
ozone episode that occurred in September 2000 may need to be updated and new gridded 
emission files may need to be prepared for other days during summer 2000.  STI has extensive 
experience in preparing gridded, model-ready emission files using emissions modeling systems 
such as SMOKE and EPS2.0, having recently prepared model-ready emission files for the large 
geographic regions such as Gulf Coast of the United States, a nine-state region in the Midwestern 
United States, and an industrial city in the State of Qatar. 
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We will prepare summaries and graphical illustrations of findings.  Specific areas of the 
inventory warranting further investigation and specific recommendations for inventory 
improvements will be identified. 

Task 8—Perform Emission Inventory Reconciliation with Speciated VOCs 

Further investigation of the CCOS emission inventory will be conducted by comparing 
the relative amounts of individual hydrocarbons in the ambient data and in the emission 
inventory, including comparisons of spatial and temporal patterns in the predicted levels of VOC 
species with the corresponding ambient data. 

For example, in the emission inventory reconciliation study STI recently performed for 
the SoCAB, individual species ratios were computed for a select number of chemical compounds 
(or compound groups):  acetylene/benzene, ethylene/acetylene, benzene/xylenes, 
benzene/toluene, CO/benzene, total aromatics/PAMS HC, and total biogenic species (isoprene)/ 
PAMS HC.  These species were selected as markers of gasoline exhaust (acetylene, ethylene, 
aromatic hydrocarbons) and biogenic emissions (isoprene).  Comparisons were made for the full 
extent grid analysis zone surrounding each monitoring site and for each individual wind quadrant 
within the analysis zone.  For the ambient data, average and median ratios were calculated.  For 
the emission inventory data, average and inverse distance weighted (IDW) average ratios were 
calculated, which weight the emissions less as the distance away from the ambient monitor 
increases.  Table 2-1 shows the ambient- and emission inventory-derived chemical species ratios 
for one ambient site in 2001. 

In addition to comparison of individual species ratios, a comparison of ambient- and 
emission inventory-derived compositions of total non-methane organic carbon (TNMOC) can 
also be undertaken.   In a recent emission inventory reconciliation study for the Houston-
Galveston area of Texas, STI compared the ambient- and emission inventory-derived relative 
compositions of 26 individual species that were detected and identified by the ambient 
measurement system.  This analysis was conducted by hour of day and by wind quadrant 
(because of the known differences between quadrants dominated by mobile sources and those 
dominated by industrial sources), and these comparisons enabled STI to evaluate how 
representative the speciation of the emission inventory was of the TNMOC composition detected 
by the ambient monitoring sites. 

Figure 2-6 shows comparisons of ambient- and emission inventory-derived TNMOC 
compositions by wind quadrant at a selected monitoring site in the Houston-Galveston area.  
Note that the emission inventory-derived compositions of benzene were significantly higher than 
the ambient-derived compositions when the winds were from the east (Quadrants 1 and 2).  
Examination of the gridded emission inventory indicated that the sources of these emissions 
were chemical manufacturing operations, raising the possibility that the chemical speciation 
profiles used to speciate the point source inventory were over-representing the relative amount of 
benzene.
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Table 2-1.  Los Angeles North Main emission inventory (EI)/ambient species ratios comparison for weekdays in 2001. 
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      Acetylene/Benzene Ethylene/Acetylene Benzene/Xylene Benzene/Toluene CO/Benzene Isoprene/PAMSHC Total 
Aromatics/PAMSHC 

Site EI Ambient EI Ambient EI Ambient EI Ambient EI Ambient EI Ambient EI Ambient 
All               0.97 1.50 2.12 1.53 0.34 0.36 0.25 0.26 174.8 185.4 0.0011 0.0021 0.217 0.182

WDa 1 1.00              1.55 2.08 1.57 0.34 0.36 0.26 0.27 182.5 185.0 0.0011 0.0019 0.217 0.191

WDa 2 0.92              1.48 2.14 1.57 0.35 0.36 0.24 0.25 170.3 185.4 0.0010 0.0022 0.221 0.182

WDa 3 0.99              1.67 2.13 1.43 0.34 0.35 0.25 0.26 169.4 180.0 0.0011 0.0021 0.216 0.180

WDa 4 1.00              1.38 2.07 1.64 0.34 0.36 0.27 0.30 180.7 220.8 0.0011 0.0025 0.211 0.196
a  WD = wind direction 
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Figure 2-6.  Comparison of the 0500 to 0900 CST ambient- and emission inventory-derived relative compositions of 
individual species by wind quadrant for the Houston, Texas, area Haden Rd. site in 2001. 

 

 



Task 9—Assess Sources of Uncertainty or Bias 

As a component of each data analysis, STI will characterize the potential sources of 
uncertainty or bias and the degree to which each analysis is likely to be impacted by these 
effects.  For example, the difference in the spatial scales of the gridded emission inventory 
(2 km × 2 km) and ambient measurements (collected at a single point) can complicate 
intercomparison of estimated emissions with ambient air quality data in Tasks 7 and 8.  The zone 
of influence on an air quality monitoring site varies with time depending on wind direction, 
atmospheric mixing, and carryover of aged pollutants.  STI ordinarily considers meteorological 
conditions when selecting the specific inventory grid cells and elevated point sources to be 
included in the analysis.  In addition, STI normally selects ambient and emission inventory data 
that represent time periods when emission rates are high and chemical reaction rates are low, 
such as the morning hours.  These approaches tend to improve the comparability of the emission 
inventory to ambient data.  The proper use of these strategies will be documented and their 
apparent effectiveness at strengthening the Tasks 7 and 8 analyses will be characterized. 

A number of underlying assumptions in source apportionment have the potential to make 
results more uncertain.  By using both the PMF and CMB receptor models, CCOS will not have 
to rely on results from only one approach and can be more confident in the results assessing the 
source profiles, the degree of secondary formation, and the representativeness of the sites.  We 
will highlight and discuss any evident biases and assess the results’ uncertainties. 

Task 10—Identify Potential Biases and Uncertainties in the CCOS Emission Inventory 

The objective of Task 10 is to integrate and synthesize the findings of the individual 
analyses performed during this project in order to present a coherent, corroborative set of 
conclusions; to place them in the context of independently completed studies (whether published 
or concurrent with the proposed work); and to explain apparent inconsistencies (if any) in the 
findings produced by different analytical approaches.   

Our technical approach relies on the completion of all preceding tasks.  The Task 10 
Leader and project Principal Investigator will meet with the Task Leaders of each preceding task 
to discuss and review results.  They will draw together the results to formulate the overarching 
conclusions and conceptual models of the reasons why preliminary CCOS photochemical 
modeling results appear to greatly differ from ambient observations.   The themes to be covered 
in this synthesis and integration will focus in particular on potential problems with the emission 
inventories, including chemical speciations, temporal patterns, or other aspects.  A synthesis 
discussion will be prepared for inclusion in the Interim or Final Reports discussing the apparent 
strengths and weaknesses of the CCOS emission inventories.   

Task 11—Prepare Interim and Final Reports 

By January 31, 2006, STI will prepare an interim report documenting the initial findings 
of this study.  This report will summarize the findings tentatively established as interim products, 
including the level of correlation that should be expected between emissions estimates and 
ambient concentrations based on current methods, the extent to which ambient measurements 
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can be used to identify and evaluate divergences from emissions estimates, and which, if any, 
emissions estimates may be subject to significant biases based on comparison with ambient 
measurements. 

When the technical analyses are completed, STI will prepare a draft final report 
documenting the technical approach, findings, and conclusions of the study, as well as a draft 
manuscript suitable for publication in a peer-reviewed journal summarizing the results of the 
study.  The study findings will also be presented at a one-day CCOS TC meeting in Sacramento, 
California.  Based on comments provided by the TC, STI will prepare and submit a final report 
and prepare a final version of the manuscript that will be submitted to an appropriate journal for 
review and publication.  The manuscript will be prepared in the style required by the selected 
journal and focus on the most important findings of the study and their implications. 
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