
TECHNICAL MEMORANDUM  
1360 Redwood Way, Suite C 

Petaluma, CA 94954-1104 
707/665-9900 

FAX 707/665-9800 
www.sonomatech.com 

 
September 7, 2007  STI-905044.14-3219-TM 
 
 
 
To: Cheryl Taylor, California Air Resources Board, Planning and Technical Support Division  
 
From: Steven Brown, Stephen Reid, Katie Wade, Juli Rubin, and Hilary Hafner 
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Ambient Measurements to Emissions Representations for Modeling”) 

EXECUTIVE SUMMARY 

At the direction of the Central California Ozone Study (CCOS) Technical Committee 
(TC), Sonoma Technology, Inc. (STI) evaluated the suitability of ambient air quality data from 
monitoring sites in the CCOS domain for source apportionment analyses.  During a preliminary 
data evaluation, STI grouped these sites into three tiers: Tier 1 sites have data characteristics 
most likely to support meaningful source apportionment analyses and data from Tier 3 sites are 
least likely to support such analyses.  Further data evaluation conducted for this current effort 
resulted in the following findings: 

• Positive matrix factorization (PMF) runs for Tier 1 sites (and some Tier 2 sites) are likely 
to produce meaningful results, but only if data from years other than or in addition to year 
2000 are included.  

• Data resolution and baseline concentrations at both Tier 1 and Tier 2 sites are 
inconsistent.  For example, a sampling method change noticeably influenced baseline 
concentrations of many pollutants between years 2000 and 2001.  Therefore, available 
data must be separated into 1998-2000 and 2001-2003 sampling regimes. 

As a result of these findings, STI recommends proceeding with the original scope of 
work, beginning with PMF and chemical mass balance (CMB) analyses of the data from three 
Tier 1 sites (Sacramento Del Paso, Clovis, and Bakersfield Golden State) using 1998-2000 data 
as part of Phase 1. 

During the preliminary evaluation, STI also identified additional Phase 2 options for 
source apportionment analyses, including performing PMF and CMB analyses on the 2001-2003 
data from Tier 1 sites in addition to the 1998-2000 data.  This approach would help us 
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understand if any biases between data regimes exist, and would also provide analysis of five-year 
(or more) trends of individual tracer species and potential source category contributions. 

The Recommendations section at the end of this document provides further information 
on optional Phase 2 tasks and general cost estimates. 

BACKGROUND 

This memorandum describes analyses performed by STI for the purpose of evaluating the 
suitability of routinely collected Photochemical Assessment Monitoring Stations (PAMS) 
hydrocarbon data for use in source apportionment models, including PMF and CMB.  This 
document summarizes the overall quality and resolution of the ambient data and recommends 
specific source apportionment analyses that are likely to produce meaningful results during 
Phase 2. 

This work is an extension of the “Comparison of Ambient Measurements to Emissions 
Representations for Modeling” project, which is sponsored by the San Joaquin Valley Air 
Pollution Study Agency (SJVAPSA) in support of the CCOS.  During this project, STI 
investigated why preliminary CCOS photochemical modeling results differ from ambient 
observations by comparing emissions and ambient data.  Several techniques were used to make 
comparisons between CCOS emission inventory estimates and ambient data, including a review 
of the total organic gas (TOG) speciation profiles used by the California Air Resources Board 
(ARB) to prepare emission inventories for air quality model runs and a reconciliation of 
emissions data and ambient data by comparing emission inventory- and ambient-derived 
pollutant ratios. 

Overall, the results of these analyses indicate that the methodologies used by ARB and 
California’s local air districts to estimate, spatially and temporally allocate, and chemically 
speciate emissions are resulting in improved emission inventories.  However, as a result of these 
analyses, STI also identified improvements that could be made to the emission inventories and 
further investigations that could be performed to explain discrepancies between emission 
inventory- and ambient-derived data.  For example, STI determined that the agreement between 
emission inventory- and ambient-derived data from Kern County monitoring sites was 
substantially poorer than the agreement observed at monitoring sites in other parts of the CCOS 
domain (such as Sacramento and Fresno).  STI recommended that source apportionment 
techniques be used as a means of further investigating such issues. 

As a first step, STI responded to a request by the CCOS TC to preliminarily review 
available ambient data to identify monitoring sites in the CCOS domain that have data 
characteristics most suitable for PMF and CMB analyses.  During this preliminary data 
evaluation, STI grouped sites into three tiers: 

Tier 1 – Sites with data characteristics most likely to support meaningful PMF and CMB 
analyses.  This group includes Sacramento Del Paso Manor (SDP), Bakersfield Golden 
State (BGS), and Clovis (CLO). 
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Tier 2 – Sites with sufficient hydrocarbon samples for PMF, but lacking the data 
resolution to meet “Tier 1” status.  This group includes three sites in the Sacramento area 
(Elk Grove [ELK], Folsom [FLN], and Natomas [NAT]), three sites in the Fresno area 
(Madera [M29], Fresno First Street [FSF], and Parlier [PLR]), and two sites in the 
Bakersfield area (Shafter [SHA] and Arvin [ARV]). 

Tier 3 – Sites for which analyses may be possible, but the results are not likely to be as 
meaningful as those from Tier 1 or Tier 2 sites.  This group includes two sites in the San 
Francisco Bay Area:  Sunol (SUN) and San Jose (SJ4). 

Based on these preliminary findings, the CCOS TC approved funds for an additional 
source apportionment task, composed of two phases, to be added to the project.  In Phase 1, 
further investigations were made into the suitability of ambient air quality data for source 
apportionment analyses, and this document presents the results of those analyses.  In Phase 2, 
PMF or CMB will be applied to ambient data collected from selected monitoring sites at the 
direction of the TC. 

SCOPE OF WORK 

During Phase 1 of this task, STI performed the following sub-tasks: 

1. Participated in a kick-off phone call with the CCOS TC to discuss the details of 
Phase 1 work. 

2. Evaluated non-detects (data sampling that is below the detectable limit of the 
monitoring equipment) in the data for the three Tier 1 sites to determine whether the 
non-detects will compromise the validity of the PMF analyses. 

3. Identified sources or profiles that were found to be common at different Tier 1 sites 
and identified contributions or species that seemed to be unique to specific areas. 

4. Evaluate data from the eight Tier 2 sites for suitability for PMF or CMB analyses. 

5. Evaluated data from Tier 2 sites near and upwind of the Tier 1 sites as a preliminary 
step for possible Tier 1 analyses, with a view toward identifying or confirming 
potential source “area of influence” factors to support the analyses. 

6. Performed limited data evaluation on data from Tier 3 sites to determine if CMB or 
PMF runs would be likely to yield useful results. 

7. Documented the assumptions, analyses, findings, and recommendations derived from 
work conducted during Phase 1 (this document). 

TECHNICAL APPROACH AND FINDINGS 

Hydrocarbon data from the 13 Tier 1, Tier 2, and Tier 3 sites were evaluated for 
suitability in source apportionment models, including PMF and CMB.  Analyses were restricted 
to samples collected during the summer months (July-September).  Data characteristics 
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examined for each site included the number of available samples, the fraction of the data above 
instrument detection limits, data resolution, and data variability. 

Data Availability 

Though summer 2000 is of primary interest in this study, several years of data may be 
needed to build a large enough data set to support PMF, which requires many samples (usually 
100 or more) at a given site to achieve robust results.  Therefore, data collected between 1998 
and 2002 were evaluated for use in source apportionment analyses.  Table 1 provides a summary 
of data collected at Tier 1 and Tier 2 sites during those years.  This table shows that none of the 
sites evaluated has a sufficient number of year 2000 samples to support meaningful PMF.  Also, 
concentrations for many pollutants were statistically significantly higher in 2000 than in other 
years, implying the samples collected in summer 2000 may not be representative of the entire 
season (see Figure 1).  Because of these issues, it will be important to include data from other 
years in the source apportionment analyses. 

Table 1.  Summary of data available by site, 1998-2000.  Sample counts for 
summer months (July-September) are shown. 

 Site Name Abbreviation Tier 1998 1999 2000 2001 2002 

Bakersfield Golden State BGS 1 118 111 27 123 131 

Arvin ARV 2 100 118 23 116 133 

B
ak

er
sf
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ld

 

Shafter SHA 2 120 121 23 8 12 

Fresno First Street FSF 2 133 132 58 56 0 

Parlier PLR 2 112 117 27 126 128 

Clovis CLO 1 114 96 22 112 130 

Fr
es

no
 

Madera, Rd 29 M29 2 110 102 27 8 12 

Sacramento Del Paso SDP 1 126 126 32 110 121 

Elk Grove ELK 2 121 126 20 16 8 

Folsom, Natoma Street FLN 2 127 127 37 56 59 Sa
cr

am
en

to
 

Sacramento, Airport Road NAT 2 124 126 39 0 0 
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Figure 1.  Concentrations of propane by year, BGS site.  Non-overlapping notches 
indicate a statistically significant difference in median concentration. 

In considering which years to include in further analyses, it is important to note that our 
evaluation of these data indicated that a change in sampling method occurred at most sites 
(including all Tier 1 sites) in 2001.  This method change noticeably influenced baseline 
concentrations of many pollutants that are necessary for source identification (see Figure 2).  
Because of this change in methodology, data should be stratified into two sampling regimes:  
1998-2000 and 2001-2003 (i.e., before and after the method change).  Therefore, if year 2000 
data are to be included in the source apportionment analyses, the timeframe of 1998-2000 should 
be used for PMF runs.  However, applying PMF to data from both sampling regimes at one or 
more sites may also be a valuable analysis technique.  This would not only provide analysis of 
six-year (or more) trends of individual tracer species, but potentially of source category 
contributions.  Also, by conducting analysis on data sets from both regimes, we can determine if 
biases in the sampling or chemical analysis impacts the solution, i.e., we would expect 
contributions from 1998-2000 and 2001-2003 by source category to be somewhat similar, but if 
large differences are seen, it may indicate issues with the data rather than changes in emissions.  
This will give us additional confidence in the source apportionment analyses and data behind 
them.   

Also, though CMB does not require multiple samples, it is important to use samples that 
are highly certain and have good measurements of tracer species.  CMB results from the two 
sampling regimes may not be comparable, so a skilled analyst would need to carefully evaluate 
which sampling regime should be used.  Additionally, running CMB analysis on data from both 
regimes will help determine if there are any biases in the data, either before or after 2000 that 
could impact the source apportionment, air quality modeling, and emission inventory 
reconciliation.   
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Figure 2. Time series of 3-methylheptane at CLO, illustrating a baseline shift in 2001. 

Evaluation of Non-detects 

For a species to be useful in source apportionment, it needs to have a strong signal-to-
noise ratio, with at least 50% of data above the instrument detection limit.  The percent below 
detection for each species for all Tier 1 and Tier 2 sites from 1998-2000 is presented in Table 2; 
important tracer species with low reactivity are listed in bold.  (CMB makes the assumption that 
species do not react away quickly in the atmosphere; therefore, it is important to choose species 
with low reactivity for CMB analyses.) 

It is also important in source apportionment that the data set has enough species to allow 
for meaningful identification of factors based on known source profiles.  The number of useful 
species for PMF (i.e., species with <50% of samples below detection) for each site is included in 
the last row of Table 2.  We recommend that only sites with 20 or more useful species be 
considered for PMF, which includes Sacramento Del Paso (SDP), Bakersfield Golden State 
(BGS), Clovis (CLO), Fresno First Street (FSF), Shafter (SHA), and Sacramento, Airport Road 
(NAT).  Parlier (PLR) could also be considered for PMF because it has 19 species, including 
most important tracers, available.  Isoprene is the only available biogenic tracer, and it is highly 
reactive, so biogenic estimates should be viewed as a minimal estimate.   



September 7, 2007 
Page 7 
 
 

Table 2.  Percent of samples below detection by species for all Tier 1 and Tier 2 
sites, 1998-2000.  Red=>75% below detection; orange = 50-75% below detection; 
yellow=25-50% below detection.  Bold species are considered useful tracers for 
CMB analysis. 

Page 1 of 2 
 Tier 1 Tier 2 

Parameter SDP BGS CLO M29 FSF PLR SHA ARV ELK FLN NAT
1,2,3-Trimethylbenzene 76 52 76 93 74 85 44 92 95 91 79
1,2,4-Trimethylbenzene 39 2 40 71 26 49 26 75 77 63 44
1,3,5-Trimethylbenzene 81 57 80 98 79 98 52 100 94 90 83
1-Butene 88 95 95 100 71 100 56 100 94 94 92
1-Pentene 77 80 79 94 56 82 56 90 91 92 79
2,2,4-Trimethylpentane 39 7 41 74 11 48 27 92 74 54 18
2,2-Dimethylbutane 77 77 81 98 74 91 53 99 93 91 81
2,3,4-Trimethylpentane 75 55 75 97 68 89 48 100 92 87 66
2,3-Dimethylbutane 69 38 71 96 60 81 44 97 92 87 70
2,3-Dimethylpentane 74 52 74 97 65 87 44 98 94 87 70
2,4-Dimethylpentane 80 62 79 98 76 93 52 99 93 90 79
2-Methylheptane 81 57 75 99 79 99 50 100 93 91 86
2-Methylhexane 64 37 62 92 45 73 44 95 90 81 70
2-Methylpentane 11 0 13 53 3 25 7 29 58 22 22
3-Methylheptane 84 61 75 99 77 97 51 99 98 96 88
3-Methylhexane 47 17 47 76 22 56 23 79 85 69 57
3-Methylpentane 37 5 38 72 18 49 22 68 80 55 45
Acetaldehyde 3 0 0   0           7
Acetone 0 0 0   0           0
Acetylene 22 4 22 53 10 20 17 51 66 32 37
Benzene 27 5 25 61 18 29 21 60 65 40 40
Cis-2-Butene 92 100 100 100 99 100 55 100 98 97 96
Cis-2-Pentene 91 99 100 100 99 99 55 100 98 97 94
Cyclohexane 60 42 66 93 55 80 42 88 89 82 66
Cyclopentane 79 46 82 100 80 99 45 95 94 91 85
Ethane 0 0 0 0 0 0 0 0 0 0 0
Ethylbenzene 59 23 55 86 46 66 38 96 88 74 65
Ethylene 13 2 19 44 0 24 16 62 50 22 27
Formaldehyde 0 0 0   0           0
Isobutane 40 17 37 57 22 42 16 10 51 60 54
Isopentane 0 0 0 9 0 0 0 1 4 0 0
Isoprene 40 59 41 98 47 99 43 83 83 30 75
Isopropylbenzene 97 98 99 100 100 100 55 100 97 98 98
M/P Xylene 4 0 4 46 2 32 3 39 55 14 19
M-Diethylbenzene 95 92 97 99 98 98 57 98 98 97 97
Methylcyclohexane 56 34 55 92 52 73 35 83 77 82 64
Methylcyclopentane 31 2 39 71 19 49 19 49 76 55 44
M-Ethyltoluene 65 39 66 91 57 74 38 97 92 83 68
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Table 2.  Percent of samples below detection by species for all Tier 1 and Tier 2 
sites, 1998-2000.  Red=>75% below detection; orange = 50-75% below detection; 
yellow=25-50% below detection.  Bold species are considered useful tracers for 
CMB analysis. 

Page 2 of 2 
 Tier 1 Tier 2 

Parameter SDP BGS CLO M29 FSF PLR SHA ARV ELK FLN NAT
N-Butane 13 0 16 54 5 20 2 2 36 18 18
N-Decane 60 30 45 78 56 74 38 74 81 80 64
N-Heptane 62 29 55 90 44 75 36 87 87 64 71
N-Hexane 44 2 45 78 24 54 16 59 82 66 53
N-Nonane 83 66 90 98 87 99 51 98 94 92 88
N-Octane 79 52 69 97 73 97 48 96 94 88 84
N-Pentane 10 0 12 51 2 21 1 4 49 21 19
N-Propylbenzene 85 70 88 99 86 99 56 99 94 92 88
N-Undecane 89 65 81 91 87 86 48 85 97 94 88
O-Ethyltoluene 67 55 70 84 67 83 53 95 80 80 73
O-Xylene 44 7 43 77 29 53 30 93 84 65 52
P-Diethylbenzene 97 95 98 100 98 99 58 99 98 98 97
P-Ethyltoluene 81 65 82 98 79 97 53 100 94 90 82
Propane 5 0 0 1 0 0 1 0 8 1 9
Propylene 35 22 50 62 3 48 34 94 62 47 49
Styrene 91 72 95 94 96 100 58 99 98 97 94
Sum Of Pams 0 0 0 0 0 0 0 0 0 0 0
Toluene 0 0 0 20 0 4 1 6 19 0 0
Total Nmoc 23 0 0 0 0 0 0 0 8 13 11
Trans-2-Butene 91 99 98 100 99 100 58 99 97 97 94
Trans-2-Pentene 85 100 94 100 90 100 55 100 95 96 88
             
Number of useful species 26 34 26 8 29 19 37 12 8 15 21

 

Data Resolution 

Although all the Tier 1 sites have a sufficient number of species/samples for PMF, data 
resolution at these sites is poor for certain years.  BGS and CLO reported only integer values for 
1998-2000 and SDP reported only integer values for 1999.  Because PMF relies on variability in 
the data to reach a solution, the lack of precision in these data for these years could lead to 
inaccurate or uninformative PMF results.  Also, because the precision in SDP data changed 
during the time period of interest, it will be necessary to reduce the precision of the 1998 and 
2000 data to match that of 1999.  While this will decrease the precision of the data, and therefore 
the solution, including more data years will lead to a more robust solution overall, thus giving 
lower uncertainties and more confidence in the results. 
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Investigation of Tier 2 and Tier 3 Sites 

Three Tier 2 sites have data sets with enough samples/species to support PMF:  NAT and 
FSF in the Fresno area and SHA in the Bakersfield area.  However, the Tier 2 sites have the 
same data resolution issues as the Tier 1 sites.  NAT had a reporting change in 2000, SHA 
reported only integer values in 1999 and 2000, and FSF reported integer values for the entire 
time frame.  To avoid complications from changes in reporting, we recommend that only FSF 
and SHA be considered for PMF analysis.  For SHA, it may be desirable to include 1998 data 
that has been rounded off to match the precision of the 1999 and 2000 data.  STI acquired data 
from AQS for the same sites and time periods to determine if data with better precision were 
available.  While at some point the data must have had better precision, data currently in the 
EPA’s AQS, in the CCOS database, and data provided by ARB all have the same lower 
resolution. 

For CMB, the availability of low-reactivity tracer species is the single most important 
factor when deciding if a data set is suitable for analysis.  Therefore, we recommend that CMB 
only be performed for sites that have more than 50% of data above the detection limit for most of 
the tracer species (see Table 2).  Among Tier 2 sites, this would include only FSF and SHA. 

 We assigned the two San Francisco Bay Area sites (Sunol and San Jose) as Tier 3.  At 
Sunol, large changes in the data appear to be related to analytical methods rather than day-to-day 
real world changes.  For this reason, the Sunol site would not be appropriate for PMF analysis, 
but it would be possible to run CMB analysis stratified by the apparent lab changes.  The San 
Jose site has limited (only about 17) VOC species measurements made for air toxics.  While 
some species overlap with ozone precursors, this would be a much-reduced dataset compared 
with using the entire PAMS suite of pollutants.  Therefore, no analyses are recommended for the 
San Jose site. 

Identification of Common Profiles 

Prior to conducting source apportionment, the main sources of reactive organic gas 
(ROG) emissions must be identified at each of the 11 Tier 1 and Tier 2 sites.  Vehicle-related 
emissions including tailpipe exhaust, evaporative emissions and liquid fuel are ubiquitous in 
urban areas and should be included in the source apportionment analyses (Watson et al., 2001).  
Emission inventories can be used to identify other sources that are potential contributors to 
ambient concentrations.  Previously, the latest CCOS modeling emission inventory was used to 
identify the contribution of broad emission source types (i.e., area, point, on-road, non-road, and 
biogenic sources) most likely to impact each monitoring site (Chinkin and Reid, 2006).  
Emission inventory total ROG data for “grid analysis zones” surrounding each site were 
extracted from the gridded CCOS inventories, with these zones defined according to 
predominant morning hour (0500-1000 PDT) wind speeds at each site.  This analysis showed 
that source contributions varied considerably by site (see Figure 3).  Area sources contributed 
the highest percentage of ROG at all sites except SHA, but that percentage ranged from 33% (at 
ELK) to 89% (at PLR). 



September 7, 2007 
Page 10 
 
 

As preparation for potential source apportionment analyses, further investigations were 
made into ROG emissions data to identify similarities and differences across the 11 sites of 
interest.  Emissions data within broad source categories (area, point and non-road mobile) were 
examined to identify key source profiles.  (Because on-road mobile source emissions had already 
been broken down by light-duty and heavy-duty vehicles, as shown in Figure 3, the on-road 
mobile source inventory was subjected to further analysis.) 
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Figure 3.  TNMOC emissions by source type at Tier 1 and Tier 2 sites. 

Bakersfield Sites 

The breakdown of area source ROG emissions for the three Bakersfield area sites is 
shown in Figure 4.  All three sites have a large contribution from solvent evaporation, which is 
mainly composed of emissions from pesticides/fertilizers, consumer products, and architectural 
coatings.  Asphalt paving and roofing is also important at Bakersfield station (BGS) and Shafter 
station (SHA).  In addition, petroleum production emissions are important at all three sites, with 
a larger contribution at the two outer urban core sites: SHA and Arvin station (ARV).  Petroleum 
production emissions at all three sites are dominated by oil and gas production.  Cleaning and 
surface coating emissions are mainly from degreasing operations, and miscellaneous processes 
are dominated by farming operations and residential fuel combustion.  Industrial processes are 
the most significant source of ROG emissions at ARV and mainly include processes from the 
food and agriculture industries.  Area source fuel combustion and natural sources are negligible 
at all three sites.  
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Figure 4.  Area source ROG emissions for three monitoring sites in the Bakersfield area. 

The breakdown of point source ROG emissions at the three Bakersfield sites is shown in 
Figure 5.  Virtually all point source emissions in the vicinity of these three sites fall into the 
industrial processes and petroleum and solvent evaporation categories.  Industrial process 
emissions at Shafter (SHA) and Arvin (ARV) are from oil and gas production, while at 
Bakersfield Golden State (BGS), these emissions are from the petroleum industry and chemical 
manufacturing.  Evaporative emissions at SHA and ARV come primarily from surface coating 
operations, while at BGS, evaporative emissions come predominantly from petroleum storage at 
refineries. 
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Figure 5.  Point source ROG emissions for three monitoring sites in the Bakersfield area. 

Non-road ROG emissions for the three Bakersfield sites are shown in Figure 6.  The 
sources of non-road mobile emissions vary significantly across the three sites.  At Arvin (ARV), 
off-road and farming equipment are most important while at Shafter (SHA), aircraft, off-road 
and farm equipment are most important.  Bakersfield Golden State (BGS), the central 
Bakersfield site, is dominated by off-road equipment.    
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Figure 6.  Non-road ROG emissions for three monitoring sites in the Bakersfield area. 

Fresno Sites 

ROG emissions by emission inventory category are shown in Figure 7 for four 
monitoring sites in the Fresno area.  Solvent evaporation is an important ROG source at all four 
sites.  Cleaning and surface coatings also contribute to ROG emissions at all four sites, but are 
more important at Fresno Station (FSF) and Clovis Station (CLO).  Farming operations are the 
largest source of ROG emissions in the miscellaneous category, while food and agriculture are 
the largest source of ROG emissions in the industrial processes category at all sites. 
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Figure 7.  Area source ROG emissions for four monitoring sites in the Fresno area. 

Point source ROG emissions by emission category are shown in Figure 8.  Industrial 
processes and petroleum and solvent evaporation account for almost all ROG emissions, similar 
to the sites in Bakersfield.  Surface coating operations account for most emissions in the 
petroleum and solvent evaporation category while chemical manufacturing accounts for most 
emissions in the industrial processes category. 
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Figure 8.  Point source ROG emissions for four monitoring sites in the Fresno area. 

Non-road mobile source ROG emissions are shown for Fresno area monitoring sites in 
Figure 9.  Non-road emissions are more consistent across sites than was seen in Bakersfield, 
with Clovis (CLO) and Fresno First Street (FSF) having similar contributions across all non-road 
categories.  Parlier (PLR) has off-road equipment and fuel storage and handling contributions 
that are similar to FSF and CLO, but a much larger ROG contribution from farm equipment.  
The non-road inventory is different at M29 with farm equipment as the largest source. 
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Figure 9.  Non-road ROG emissions for four monitoring sites in the Fresno area. 

Sacramento Sites 

Area source ROG emissions by emission category for the four Sacramento monitoring 
sites are shown in Figure 10.  Area source ROG emissions at the three sites in the Sacramento 
urban core (Natoma Station [NAT], Sacramento Station [SDP] and Folsom Station [FLN]) are 
mostly comprised of solvent evaporation and cleaning and surface coating emissions.  These two 
categories include emissions from consumer products, architectural coatings, degreasing, and 
related process solvents.  ROG emissions at Elk Grove Station (ELK) are mostly from petroleum 
production (oil and gas production).  Other important sources at the Sacramento sites are 
residential fuel combustion and farming operations that fall into the miscellaneous category. 
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Figure 10.  Area source ROG emissions for four monitoring sites in the Sacramento area. 

ROG point source emissions by emission category are shown in Figure 11 for the four 
Sacramento monitoring sites.  As shown with the area emission inventory, the breakdown of 
point source ROG emissions at the three sites in Sacramento’s urban core is similar.  However, 
surface coating operations and chemical manufacturing account for the majority of ROG 
emissions at all four sites. 
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Figure 11.  Point source ROG emissions for four monitoring sites in the Sacramento area. 

Non-road ROG sources in Sacramento (Figure 12) are consistent for the three urban core 
sites with off-road equipment, off-road vehicles, and fuel storage being important sources.  The 
main difference is at Folsom station, which has a larger fraction of ROG attributed to 
recreational boats.  Elk Grove station has a larger ROG contribution from farm equipment than 
the other three sites.  
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Figure 12.  Non-road ROG emissions for four monitoring sites in the Sacramento area. 

Across City Comparison 

ROG emissions from area, point, and non-road sources are compared in Figure 13 across 
monitoring sites in Bakersfield, Fresno, and Sacramento.  Major differences across the cities 
include a larger contribution from petroleum production in Bakersfield, miscellaneous processes 
in Fresno, and non-road mobile sources in Sacramento. 
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Figure 13.  Contributions of various sources to ROG emissions (area, point, and 
non-road) at 11 monitoring sites in the Bakersfield, Fresno, and Sacramento areas.  

Relevance to Source Apportionment Analysis 

Emission inventories provide guidance for selection of source profiles in source 
apportionment analysis.  Based on the examination of the ROG emission inventory between 
monitoring sites and across cities, the important source profiles that should be included in the 
source apportionment analysis are solvent evaporation (commercial and industrial), emissions 
associated with the oil and gas industry (fuel production, storage), emissions from the farming 
industry (pesticides and fertilizers, food production, farming operations, farm equipment) and 
emissions from non-road mobile sources (off-road equipment, recreational boats, off-road 
recreational vehicles).  Additionally, on-road emissions for gasoline and diesel vehicles 
including tailpipe exhaust, evaporative emissions, and liquid fuel should be included based on 
previous source apportionment work.  It is expected that source apportionment results will reflect 
the similarities and differences in emission inventories between sites. 

Zones of Influence 

Data from an upwind site can be used to support source apportionment analyses at a 
given site.  When wind is from the direction of one site, relative to another site, the VOC 
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fingerprints can be calculated at each site and compared.  Similar fingerprints would indicate a 
shared source upwind of both sites.  To determine if there is suitable data available in this dataset 
to support this type of analysis, data from all sites were segregated by wind direction, and “areas 
of influence” were defined as directions that corresponded with locations of other monitoring 
sites.  Figures 14-16 show sites within each city and the wind directions (black wedges) that 
correspond with the direction of other sites.  If a site is between two or more other sites, the wind 
directions associated with each site are noted with numbers.  For example, in Figure 14, BGS has 
one area of influence to the northwest, in the direction of SHA, which is noted with a 1 in the 
figure and referred to as BGS_1 in Table 3.  BGS has another area of influence to the southeast, 
in the direction of ARV, which is noted as a 2 in the figure and BGS_2 in Table 3.  If a sufficient 
number of samples are taken when the wind direction is from the area of influence, data from 
sites in that area can be used to corroborate source apportionment results at the original site.  If 
not, the analysis may still be useful, but not as robust as analyses with more data.  In Table 3, 
sites/areas with sufficient data are bold. 

 

Table 3.  Percent of all wind direction data (summer months only) that is from the 
area of influence.  When more than one area of influence is defined for a site, the 
areas are given numbers that correspond to the numbers in Figures 14-16. 

 Site Area of Influence 01-03 98-00 
NAT_1 SDP, FLN 4% 5%
NAT_2 ELK 40% 38%
SDP_1 FLN 2% 2%
SDP_2 ELK 23% 18%
SDP_3 NAT 6% 6%
FLN NAT, SDP 11% 13%

Sa
cr
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en

to
 

ELK NAT, SDP, FLN 2% 4%
M29 FSF, CLO 1% 2%
FSF_1 M29 54% 54%
FSF_2 CLO 1% 2%
FSF_3 PLR 5% 6%
CLO_1 M29 45% 41%
CLO_2 FSF 8% 10%
CLO_3 OLR 6% 7%

Fr
es

no
 

PLR FSF, CLO 40% 37%
ARV BGS 7% 7%
BGS_1 SHA 41% 38%
BGS_2 ARV 12% 13%

B
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SHA BGS 6% 8%
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Figure 14.  Areas of influence for the Bakersfield area sites.  When more than one 
area of influence is defined for a site, the areas are given numbers that correspond 
to the numbers in the ‘Site’ column of Table 3. 
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Figure 15.  Areas of influence for the Sacramento area sites.  When more than one 
area of influence is defined for a site, the areas are given numbers that correspond 
to the numbers in the ‘Site’ column of Table 3. 
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Figure 16.  Areas of influence for the Fresno area sites.  When more than one area 
of influence is defined for a site, the areas are given numbers that correspond to 
the numbers in the ‘Site’ column of Table 3. 

RECOMMENDATIONS 

These analyses indicate that PMF runs for Tier 1 sites (and some Tier 2 sites) are likely to 
produce meaningful results only if data from years other than, or in addition to, 2000 are 
included.  Therefore, we recommend proceeding with the Phase 2 analyses from the original 
scope of work, beginning with PMF on Tier 1 sites, but conducting these analyses on data from 
1998-2000. 

Also, these analyses show that issues exist with data resolution and baseline 
concentrations at both Tier 1 and Tier 2 sites, with a sampling method change noticeably 
influencing baseline concentrations of many pollutants.  Therefore, an optional approach would 
be to conduct separate analyses for the 1998-2000 and 2001-2003 time period at Tier 1 sites.  
This will allow analysis of trends in source factor contributions by year, provide sufficient data 
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for weekday-weekend analyses of source factor contributions, and allow a comparison between 
the two data resolution regimes to understand if any biases in the 2000 data are throwing off the 
comparison with the emission inventory. 

Finally, data from Tier 2 sites can also be leveraged by conducting basic wind direction 
analyses of the ambient concentrations.  Any combination of these analyses will enhance our 
understanding of sources of VOCs in the selected air basins. 

Table 4 details optional Phase 2 tasks and general cost estimates.  The original scope of 
work is listed first, followed by STI’s alternative approach of performing source apportionment 
on both data regimes (1998-2000 and 2001-2003) at the Tier 1 sites.  We have also listed a 
number of other optional analyses that could be performed to further investigate the mix of 
sources at various sites.  Note that these analyses are outside the original scope of work and 
would be performed in addition to the recommended analyses. 
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Table 4.  Optional Phase 2 tasks and cost estimates. 

Option Tasks Details Estimated Cost
Recommended Approach 

Proceed with 
original statement 
of work  

Source apportionment of 
1998-2000 data at three 
Tier 1 sites 

• Perform PMF analysis on all data and CMB analysis on 
selected morning 1998-2000 data at Sacramento Del Paso, 
Clovis, and Bakersfield Golden State 

• Compare CMB and PMF analyses in terms of average 
apportionment by year during the morning, and to initial 
CMB analysis by DRI 

$51,000 

Recommended Additional Analyses (outside original scope) 
Analyze data 
from later 
sampling regimes 

CMB and PMF on 2001-
2003 data at three Tier 1 
sites 

• Perform PMF analysis on all data and CMB analysis on 
selected morning 2001-2003 data at the same sites 

• Compare results from each data regime; determine if data are 
sufficient for trends and uncertainty in solutions 

$51,000 

Further Investigations that Could be Performed (outside original scope) 
Additional Task 
Option 3 

CMB analysis on 2000 
Sunol data • Perform CMB analysis on morning samples during 2000; 

note that two different data regimes exist at this site during 
2000 and may yield conflicting results 

$8,500 

Additional Task 
Option 4 

Ambient VOC profile by 
wind direction analysis • Within a city (Bakersfield, Fresno, and Sacramento), 

compare average profiles (in morning only if sufficient data) 
by wind direction at each Tier 1 and Tier 2 site; determine if 
there are common distributions of ambient species among 
sites within a city and thus that source apportionment results 
at a given site within a city are applicable to all or most of 
the city 

$8,500 
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