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Executive summary 

California’s 2019 Budget Act directed the Secretary for Environmental Protection to engage 
researchers at the University of California to conduct two studies in support of the state’s goal of 
achieving carbon neutrality by 2045. Study 1, to be conducted by the University of California 
Institute of Transportation Studies, is tasked with identifying strategies to significantly reduce in-
state transportation-related fossil fuel demand and emissions. Study 2, to be conducted by the 
University of California, Santa Barbara, is tasked with identifying strategic approaches to inform 
a just and equitable managed decline of in-state production of transportation-related fossil fuel 
supply. A key emphasis for Study 2 is the impact that the crude oil supply sector has across 
California’s communities, currently and in a carbon-neutral future. Study 2 will provide two 
reports: a synthesis report, presented here, and a final report. 

This report details statewide trends in production and consumption of crude oil and its products, 
associated greenhouse gas (GHG) emissions, local air pollution and human health impacts, and 
employment and worker compensation for the transportation-related fossil fuel supply sector 
and across various segments of the sector. The report also reviews the state and local policies 
that have been implemented to date to address various climate-related issues. Throughout the 
report, special attention is paid to equity considerations, particularly how the transportation 
fossil fuel supply sector is distributed across the state according to location and socioeconomic 
status of California residents and how that distribution shapes equity outcomes across the state. 
This empirical foundation will be built upon in the final report, which will analyze the health and 
labor equity consequences of alternative decarbonization strategies for this sector over the 
coming decades. 

In this report, California’s transportation-related fossil fuel supply sector is defined as the 
industries whose activities are primarily and directly related to the extraction, distribution and 
refining of oil for the purpose of producing (supplying) transportation fuels in California. 
Attribution of GHG emissions, criteria pollutants and toxic air contaminants, and labor share to 
this sector follows CARB’s practice of attributing emissions to their sources and not their end use. 
Hence, sectors that supply services and/or inputs to the transportation fossil fuel supply sector 
(e.g., grid electricity) are not included. 

In 2017, the transportation fossil fuels supply sector contributed 0.89% of California's gross 
domestic product (GDP), or $25.24 billion. That same year, the sector emitted 47 million metric 
tons of carbon dioxide equivalent (Mt of CO2e), 11.1% of the state total; 0.05 Mt of criteria air 
pollutants, 23% of the state total from point sources; and 0.002 Mt of toxic air pollutants, 26% of 
the state total from point sources. In 2017, the sector directly employed 38,271 workers, 0.20% 
of the state total.  
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These contributions are part of longer-term trends, driven by both market and regulatory 
conditions. Between 2000 and 2017, the sector's contribution to statewide GDP decreased on 
average by an annual rate of 2.3%. During that same time period, the sector's contribution to 
statewide employment declined slightly by an average of 0.4% annually. Between 2008 and 2017, 
the period in which data is available, total statewide criteria air pollution from the sector declined 
by an average annual rate of 2.1%.  

The transportation fossil fuels supply sector consists of three segments: extraction, refining and 
distribution. In 2017, GHG emissions from oil extraction contributed 17.2 Mt CO2e, 4.1% of the 
state total, and GHG emissions from the refining segment contributed 29.8 Mt CO2e, 7.0% of the 
state total. GHG emissions from extraction and refining have been relatively steady since 2000. 
Because total statewide GHG emissions fell by approximately 13% from 2000 to 2017, the 
transportation fossil fuels supply sector’s share of GHG emissions rose from 10% to 11% over the 
same period. Relatively steady GHG emissions in oil extraction and refining in recent years, 
however, mask important dynamics across the sector.  

California's oil extraction has been declining at an annual rate of 6.9 million barrels since its peak 
at 395 million barrels in 1985, when California was the third largest crude-oil producer in the 
United States. By 2017, California’s crude oil production ranked fourth among U.S. states, at 175 
million barrels, and by 2019 it ranked seventh, at 156 million barrels. While crude oil production 
has been declining rapidly in California, employment levels and GHG emissions from oil extraction 
since 2000 have been mostly flat. Since 2000, local criteria air pollution and toxic air contaminants 
associated with oil extraction have risen slightly, and GHG emissions per barrel of oil extracted 
has risen by 30%. These trends reflect, in part, higher emissions associated with extracting oil 
from depleting oil reservoirs, particularly through enhanced oil recovery methods.   

In contrast to the decline of crude oil production, California’s production of refined oil products 
has been relatively steady over the last two decades. To make up for rapidly falling in-state crude 
extraction, California's refineries have increasingly turned to foreign imports of crude oil. In 2017, 
nearly all crude oil produced within California went to in-state refineries but constituted only 
31% of crude oil consumed by California refineries. In 2017, 13%, or 82 million barrels, of crude 
oil consumed by refineries came from Alaska, and 56%, or 355 million barrels, came from foreign 
imports. California’s crude oil supply sourced from Alaska fell at an average annual rate of 2.9% 
from 1985 to 2017. By contrast, foreign crude oil imports to California rose at an average annual 
rate of 7.0% from 1985 to 2017. Because of steady refinery production, employment, GHG 
emissions and local air pollution emissions in the refinery segment have remained relatively flat 
since 2000.  
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Activity in California's transportation fossil fuels supply sector is highly spatially concentrated. In 
2017, five counties were responsible for 91% of California’s in-state crude oil extraction: Kern, 
Los Angeles, Monterey, Fresno and Ventura. Kern County alone supplied 71% of California’s crude 
production in 2017 and an average share of 71% since 1977. The refining segment is also spatially 
concentrated. All of California's 15 refineries are located in five counties: Los Angeles, Contra 
Costa, Solano, Kern and Santa Barbara — with 97% of refining capacity concentrated in the first 
three counties.  

High spatial concentration in activity from this sector leads to large inequities in how employment 
opportunities and local pollution emissions from this sector are distributed across the state. 
Eighty-eight percent of statewide employment in this sector was located in Kern, Los Angeles, 
Contra Costa, Orange and San Bernardino Counties between 2016 and 2018. Kern and Los 
Angeles Counties alone employ 54% of workers in this sector statewide over this time frame. 
However, within Kern and Los Angeles Counties, this sector provides 2.8% and 0.2% of the 
counties’ total employment respectively. 

The top five emitting counties for criteria pollutants from the transportation fossil fuel supply 
sector --Contra Costa, Los Angeles, Kern, Solano and Santa Barbara-- emitted 95% of statewide 
criteria air pollutants from the transportation fossil fuel supply sector between 2008 and 2017. 
In the case of toxic air contaminants (with Monterey replacing Solano in the top five), 98% of 
emissions in the transportation fossil fuels supply sector originated from the top five counties. 
Within these counties, air pollution emissions from the transportation fossil fuel supply sector 
alone often accounted for more than half of county-wide emissions from all point sources. A large 
share of these counties was composed of disadvantaged communities, as identified by California 
Environmental Protection Agency through CalEnviroScreen, which represent populations 
disproportionately burdened by pollution and particularly vulnerable to its adverse health 
impacts. Indeed, two of the five counties with the highest criteria air pollutant and TACs 
emissions from the transportation fossil fuel supply sector had over 40% of their population living 
in a disadvantaged community census tract.  

Altogether, the publicly-available data analyzed for this synthesis report characterizes a 
transportation fossil fuel supply sector that, despite the long-term decline of California crude oil 
production, contributes 25% of the state’s criteria air pollutants and toxic air contaminants from 
point sources and 11% of the state’s GHG emissions. Moreover, activity from this sector is 
concentrated in a few counties. Because disadvantaged communities tend to constitute a large 
share of these counties, equity considerations, and in particular those related to employment 
opportunities and the health burden of pollution, will play a central role in any decarbonization 
scenario considered for this sector.  
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Introduction 

This Synthesis Report reviews California’s current transportation fossil fuel supply sector, 
including greenhouse gas emissions, labor markets, air pollution and health impacts, and current 
state policies. We focus on features pertinent to the sector’s decarbonization, but with a lens 
towards equity considerations. An equitable transition for the transportation fossil fuel supply 
sector is defined as: promoting equity and justice within California’s communities, especially 
those that currently bear the greatest emissions burdens associated with transportation fuel 
extraction and production; improve and protect public health, especially for those communities 
that currently bear the greatest negative health impacts associated with transportation fuel 
extraction and production; foster industry-driven workforce development for communities that 
are currently dependent on the fossil fuels supply sector; and improve and protect environmental 
quality throughout the state by leveraging reductions in fossil fuel supply. 

Section 1 provides an overview of extraction, refining and distribution segments, as well as 
specific information on California’s crude oil characteristics, transportation fuel consumption, 
renewable fuels, and crude and transportation fuel prices. Section 2 details trends of greenhouse 
gas emissions associated with industry segments, crude oil characteristics and transportation fuel 
sources. Section 3 summarizes the sector’s labor market by detailing recent trends in 
employment, compensation, worker characteristics and various job quality indicators by location 
and industry segment. Section 4 documents both criteria air pollutants and toxic air contaminants 
that are emitted from oil and gas supply facilities, as well as the potential health impacts resulting 
from exposure to these emissions. Importantly, we include the locations and characteristics of 
communities which are disproportionately burdened by emissions from transportation fuel 
production, refining and distribution. To provide a regulatory context for this sector, Section 5 
reviews statewide policies and strategies that impact and address the supply of transportation 
fossil fuels, its greenhouse gas (GHG) emissions, local air pollution and employment.  

By summarizing key characteristics, trends and policies for California’s transportation fossil fuel 
supply sector, this synthesis report establishes a foundation for our final report, which will 
identify and model statewide scenarios for equitably reducing GHG emissions from California’s 
transportation fossil fuel supply sector out to 2045.  
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Section 1: Current market characteristics and trends  

In 2019, California’s transportation sector consumed 15.4 billion gallons (366 million barrels) of 
finished gasoline (including ethanol), 3.7 billion gallons (88 million barrels) of diesel, renewable 
diesel and biodiesel, and 3.7 billion gallons (88 million barrels) of jet fuel (1). The state was ranked 
second among all U.S. states in total petroleum consumption and was the largest consumer of 
jet fuel (2). On the supply side, California was the seventh largest producer of crude oil and had 
the third largest refining capacity among all U.S. states (3). In 2017, the transportation fossil fuel 
supply sector in California contributed $25.24 billion (0.89%) of California’s gross domestic 
product (GDP). From 2000 to 2017, the sector's contribution to statewide GDP decreased on 
average by an annual rate of 2.29%.1  

This section summarizes the market characteristics and trends in the extraction, distribution and 
refining segments of California’s oil sector (see the Executive Summary for a definition of the 
transportation fossil fuel supply sector). The locations where segment activities occur are 
displayed in Figure 1 (4–10). In this section, data are reported across the time frames of available 
data sets, and some key data for 2017 is highlighted, which is the most recent year for which all 
data are available (see Supplementary Information (SI) 1 for full details on data and methods). 
Wherever possible, we exclude natural gas extraction industries from the scope of this study 
because they represent a small percentage (about 1%) of transportation fuel consumption in 
California (1). Table A.3 describes which sections of the report include natural gas extraction 
industries in the definition of the transportation fossil fuel supply sector. Natural gas extraction 
industries are included in some sections because of data limitations (crude oil extraction 
industries are not reported separately from natural gas extraction industries in some of the 
available data).  

 
1 Data from the Bureau of Economic Analysis (BEA), total Gross Domestic Product from the oil and gas extraction, 
petroleum and coal products manufacturing, and pipeline transportation for 2017. According to the BEA, the 
dominant process is petroleum refining that involves the separation of crude petroleum into component products 
through such techniques as cracking and distillation. In addition, this subsector includes establishments that 
primarily further process refined petroleum and coal products and produce products, such as asphalt coatings and 
petroleum lubricating oils. 
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Figure 1. Locations of oil wells (extraction segment), refineries (refining segment) and pipeline distribution 
infrastructure for both crude oil and refined products (distribution segment). Census tracts (yellow) shown are 
identified by the California Environmental Protection Agency’s (CalEPA) CalEnviroScreen as “disadvantaged 
communities” based on the economic, health and environmental burden they face (see Section 4.3b for full 
definition of disadvantaged communities). Top five counties with highest crude oil production in 2019 are outlined 
with a red border. Data sources: EIA All Wells, WellSTAR All Wells, Crude Oil Pipelines, Petroleum Product Pipelines, 
Petroleum Refineries (EIA), California’s Oil Refineries, CalEnviroScreen 3.0 (4–10).  

1.1 Crude oil consumed in California  

In 2019, California refineries received 616 million barrels of crude oil to process into refined 
products (11). In this study, we assume that crude oil received by refineries represents crude oil 
consumption associated with the transportation sector. The state’s crude oil consumption 
peaked in 1989, and by 2019, consumption had decreased by 14% relative to the peak (11). Crude 
oil consumed in California is primarily sourced from three streams: in-state extraction, imports 
from Alaska, and imports from other countries. Other states, such as Wyoming, North Dakota 
and New Mexico, have historically contributed small amounts of crude oil to California (less than 
2% annually from 2009 to 2018 (12). Crude oil from in-state production has declined, while supply 
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from out-of-state sources has increased (Figure 2). In-state-sourced crude decreased by 43.8% 
between 2000 and 2019, and in 2019, 30% of total crude oil supplied to California refineries was 
derived from in-state extraction (31% in 2017). Crude supply to California refineries from all 
sources dropped significantly in April 2020 (24% reduction in monthly crude processing in April 
2020 compared to April 2019), coinciding with the drop of in-state consumption due to the 
COVID-19 pandemic (2,11,13). 

 

Figure 2. Annual crude oil supply to California refineries from out-of-state sources (green), in-state sources (blue) 
and all sources (yellow) from 1982 to 2019. The North cluster (center) includes refineries in Contra Costa County and 
Bakersfield; the South cluster (right) includes refineries in Los Angeles and Santa Barbara County; and California 
includes all California refineries (left). Data source: CEC California Crude Oil Receipts (11).  

In-state crude oil supply 

California has the fifth largest share of crude oil reserves in the country (3), but in-state crude 
production has decreased over time. In 2018 and 2019, California was the seventh ranked state 
in terms of volume of crude oil produced, after being the third ranked state from 1981 to 2016 
and fourth in 2017 (14). Annual in-state production can be estimated from two different data 
sources: California Energy Commission (CEC) data on consumption of crude by California 
refineries (11) (Figure 2), and the California Department of Conservation (DOC) WellSTAR well-
level production database (see Table A.1 for a list of data sources used throughout the study) 
(15). The two data sources are based on different information — the CEC data is aggregated from 
Petroleum Industry Information Reporting Act (PIIRA) information and is based on refinery 
receipts, while the WellSTAR database includes well-level monthly oil production reported by 
well owners as a requirement of Senate Bill 1281. California-sourced oil reported by refineries to 
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the CEC includes small amounts of oil from states other than California and Alaska (see Out-of-
state crude oil supply (Alaska, other domestic and foreign imports) for more information) and 
production from wells designated as “confidential” that do not report to the DOC. This, in 
addition to potential underreporting of crude oil production to the DOC (Gordon Schremp, CEC, 
pers. comm., June 9, 2020), may explain the discrepancy between the two datasets (See SI.1 for 
more details on data).  

In 2019, California produced 156 million barrels of crude oil according to WellSTAR and 183 
million barrels of crude oil according to CEC (Figure 3), which accounts for about 3.5% of all crude 
oil production in the United States. Similarly, in 2017, California produced 175 million barrels of 
crude according to WellSTAR and 193 million barrels of crude according to CEC. Total oil extracted 
in California peaked at 395 million barrels in 1985 (402 million in 1986 according to CEC). Since 
then, it has decreased by 60% in total and by an average of 7.0 million barrels each year (54%, or 
by an average of 6.6 million barrels annually according to CEC). Relative to the year of peak 
production, 2017 production has declined by 6.9 million barrels per year (15). These trends 
highlight the significantly decreasing production of crude oil in California, which are expected to 
continue as the state’s oil fields deplete. In the following sections, we use DOC data to examine 
crude production across the state because it is reported at a finer spatial resolution compared to 
the CEC data. 

 

Figure 3. In-state crude oil production from 1977 to 2019 in million barrels (million bbls). Refinery data on in-state 
crude consumption reported to the CEC differs from the DOC in-state well production data. Data sources: CEC 
California Crude Oil Receipts (11), DOC WellSTAR Monthly Production (15).  
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County-level trends 

Between 2017 and 2019, Kern, Los Angeles, Monterey, Ventura and Fresno Counties were the 
top five counties in terms of amount of crude oil extracted in California (Figure 4) and were 
responsible for 90% to 92% of California’s total crude oil production (see Table A.2 for a list of all 
oil-producing counties in 2019). The majority of crude oil production in California has taken place 
in Kern County, with a 71% share of California’s crude production in 2019 (and 2017) and an 
average share of 71% of total California crude since 1977 (although annual county shares varied 
from year to year) (15). 

Extraction peaked in 1985 in 64%, or 21 of the 33 oil-producing counties in California. All of the 
top 10 counties in terms of 2019 oil production had peaked in 1985. However, some counties 
experienced their highest production more recently, including Yolo County in 2012, Santa Clara 
County in 2012, San Benito County in 2017, and Colusa County in 2018. These counties have 
produced relatively small amounts of crude compared to the top 10 oil-producing counties. 

 

Figure 4. Aggregated county-level crude oil production in California from 1977 to 2019. The top 5 counties in terms 
of 2019 production are displayed individually; the remaining counties’ production is combined and shown as “Other” 
(red). Production from offshore wells in Los Angeles County is accounted for separately from onshore wells and is 
thus included in “Other” (red). The drop in 2018 production likely reflects a lack of reporting from some operators 
during the transition to the WellSTAR database recording system, rather than a drop-in production (David Slayter, 
DOC, pers. comm., May 5, 2020). Annual in-state crude consumption by California refineries reported to CEC (black 
line) differs from DOC WellSTAR crude production data reported by in-state producers. Data sources: CEC California 
Crude Oil Receipts (11), DOC WellSTAR Monthly Production (15).  
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Field-level trends 

Oil fields are areas (land- or sea-based) with deposits of oil. Their boundaries are influenced by 
geology, and thus, can span multiple counties. About half of all crude oil produced in 2019 came 
from five fields: Belridge South (13%), Midway-Sunset (13%), Kern River (11%), Cymric (8%) and 
Wilmington (7%) (Figure 5). The first four of these fields are located in Kern County (Midway-
Sunset straddles both Kern and San Luis Obispo Counties), and Wilmington is located in Los 
Angeles County. 

 

Figure 5. Crude oil production in million barrels by field from 1977 to 2019. Fields that produced over 10 million 
barrels in a single year are displayed individually, and crude oil production in remaining fields is aggregated and 
displayed as “Other” (dark blue). Data source: DOC WellSTAR Monthly Production (15). 

Well-level trends 

According to WellSTAR, there were just over 233,000 wells in California in 2019 (5). These wells 
include oil and gas production wells (about 177,000 wells are classified as Oil and Gas, Cyclic 
Steam Injection and Dry Gas), injection wells for enhanced oil recovery (EOR) (25,000 wells are 
classified as EOR wells), and wells for other purposes including observation, gas storage, pressure 
maintenance and water disposal. Fifty-four percent of all wells were plugged, which represents 
plugged and abandoned wells that are permanently sealed (Figure 6). Twenty-seven percent of 
the wells were considered active and 16% were classified as idle, which indicates wells that have 
not been used for production, injection, EOR or reservoir pressure management for two years 
but are capable of being reactivated (Figure 6) (16).  
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Figure 6. Number of California production and injection wells by well status according to DOC data in 2019. The 
12,368 wells classified as “Canceled,” which indicates they were not drilled, are not shown. Individual wells are 
identified by their 10-digit API number in the DOC WellSTAR database. Although Cyclic Steam Injection wells (dark 
blue) employ EOR, we assume that they are production oil wells. Wells classified as Oil and Gas or Cyclic Steam wells 
produced nearly all of the in-state oil (99%) in 2019 (15). Data source: DOC WellSTAR All Wells (5). 

Wells categorized as Oil and Gas, Cyclic Steam and Dry Gas are considered to be production wells, 
and those categorized as Water Flood, Steam Flood, Injection and Air Injection are considered as 
secondary or tertiary (EOR) recovery wells. Out of the total number of production wells, only 
about 3%, or 5,000 wells, were categorized as Dry Gas production wells. We focus on the 
remaining approximately 172,000 wells associated with crude oil production. Of these wells, 
131,000 wells produced oil at some point between 1977 and 2019 (the timeframe of the 
WellSTAR dataset) (15). Although 34,000 oil and gas wells and 15,000 cyclic steam injection wells 
(a total of 49,000 wells) were considered active in 2019, oil was extracted from only 47,900 wells 
that year (15). In addition to oil, 59% of oil-producing wells in 2019 also produced natural gas 
(known as associated gas) (15). These wells produced 51% of the natural gas produced in that 
year. Total in-state natural gas production was 9.5% of total statewide natural gas consumption 
in 2018, but because natural gas represented only about 1% of transportation fuel consumption 
in California, we do not focus on natural gas production in this study (17,18). 

Total crude oil production in California has decreased over the last few decades, but the total 
number of wells actively producing crude has increased since 1977, reflecting a decline of crude 
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oil production per well. The number of oil-producing wells peaked in 2014 at 54,690 wells, which 
is the only year that surpassed the 54,334 wells that produced oil in 1985, the year of peak crude 
oil production. However, total oil production in 2014 was 48% lower than peak production in 
1985. The increase in oil-producing wells is driven almost entirely by development in Kern 
County, which had 11,825 more wells producing oil in 2019 compared to 1977, and 2,635 more 
wells compared to 1985 (Figure 7). The increase in the number of wells and declining crude oil 
production highlights the depleting state of California’s oil fields. 

 

Figure 7. (A) Aggregated and (B) individual county-level number of wells producing oil/condensate by month in 
California from 1977 to 2019. A well is considered to be “productive” if it produces oil or condensate at least once 
in a given year. The number of producing wells in the top five counties in terms of 2019 production are displayed 
individually, and producing wells in the remaining counties are combined and displayed as “Other” (red). Production 
from offshore wells in Los Angeles County is accounted for separately from onshore wells and is thus included in 
“Other” (red). Data source: DOC WellSTAR Monthly Production (15). 

New oil wells continue to be developed in California every year. Figure 8 plots the annual number 
of new wells, defined by their first year of oil production according to WellSTAR’s crude 
production data, together with benchmark global oil prices. Since around 2007, the number of 
new wells has been positively correlated with West Texas Intermediate (WTI) and Brent 
benchmark prices. This pattern has been previously documented in Texas (19). From 2000 to 
2019, most new wells were developed in well-established fields, including Belridge South, 
Midway-Sunset and Kern River (Figure 9). This likely reflects several key factors influencing oil 
well development: lower exploration costs for existing oil fields, lower extraction costs because 
of geological reasons (i.e., operators are experienced in techniques that enhance oil recovery 
from the diatomite and sandstone formations in these fields), and relative ease of obtaining 
permits for well-developed sites (i.e., regulators have more historical information on existing oil 
fields and are therefore likely to take less time to approve permits). 
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Figure 8. The number of new wells that began production in California each year (gray bars, 1993-2019), and West 
Texas Intermediate (WTI, blue line) and Brent benchmark prices (Brent, yellow line) from 1993 to 2020. Data sources: 
DOC WellSTAR Monthly Production (15), EIA Spot Prices for Crude Oil and Petroleum Products (20), Domestic Crude 
Oil First Purchase Prices for Selected Crude Streams (21). 

 

Figure 9. New wells by oil field in California between 2000 and 2019. All fields with more than 1,000 new wells since 
2000 are displayed individually and the remaining fields are aggregated into the category “Other” (pink). Data 
source: DOC WellSTAR Monthly Production (15). 
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As is typical of oil wells (22), those in California decline in production over time. Figure 10 shows 
the decline in actual oil production by vintage of wells, or the year production started (15). 
Production from wells of newer vintage declined more quickly than wells of older vintage, an 
indication of depleting oil fields in California (a similar trend was reported in CCST 201(23)).  

Not only is production declining faster in newer wells, production also begins at a lower level, 
especially for wells drilled after 1990 (Figure 10). For wells that began producing between 2010 
and 2019, average annual production in the first year was 8,700 barrels, which was 18% and 
(31%) lower than wells that started producing oil from 2000 to 2009 and from 1990 to 1999, 
respectively (15). Average production in the first year for wells drilled before 1990 was lower 
than wells drilled after 1990, likely because of improved technologies deployed in later years.  

 

Figure 10. Average monthly oil production in barrels by vintage and well age. The first date of a well’s production is 
assumed to be the first year-month in which oil production is greater than zero. A well is assigned a production of 
zero if it does not appear in the monthly data after its first date of production to account for well shutdowns. The 
points represent mean monthly values, and the lines are fitted using local regression to highlight the trends in 
monthly production. Data source: DOC WellSTAR Monthly Production (15). 

Secondary and enhanced oil recovery 

Secondary and tertiary (EOR) techniques are generally used to extract oil when the natural 
pressure of the reservoir no longer pushes oil into the wellbore after the primary recovery phase 
(24). These techniques are not only used in older wells but also in fields with highly viscous oil. 
Secondary recovery techniques include injecting water (i.e., waterflood) or natural gas to displace 
and direct oil towards production wells (16). The three main categories of EOR are thermal 
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recovery, gas injection and chemical injection. Thermal recovery uses heat in order to decrease 
oil viscosity and improve its ability to move through the reservoir (24). The two main methods 
for thermal recovery are cyclic steam and steam flooding. In the cyclic steam approach, steam is 
injected into a producing well and allowed to soak the oil before the oil is extracted. In steam 
flooding, steam is injected into the reservoir through a separate well that does not produce oil. 
Similarly, in gas injection EOR, gases, such as natural gas, nitrogen and carbon dioxide (CO2), are 
injected into the reservoir where they expand and push additional oil to a production wellbore 
(15). In addition, gases can improve oil flow rate by lowering the viscosity of the oil (24). Lastly, 
chemical injection, which is relatively uncommon, is used to increase the effectiveness of 
waterflood EOR and lower the surface tension of oil for better flow (24). EOR techniques have 
relatively high costs (24).  

Water flooding and thermal recovery techniques are the most commonly employed EOR 
methods in California fields (24,25). While water flooding can increase the recovery factor (i.e. 
the percentage of oil that is technically recoverable) from 10% in primary recovery to 
approximately 20%, steam flooding can increase that factor to approximately 75% (25). Because 
natural gas is the most commonly used energy source for generating steam, the financial 
incentive for steam flooding depends on the oil-to-natural gas price ratio, which has been 
favorable in the United States over the last decade. Steam generation is a major driver of GHG 
emissions in the oil extraction segment (26), which makes it important to understand the trend 
in water injection volumes for steam flooding and cyclic steam wells. Water injection volumes 
have generally been highest for wells classified as water flood wells, followed by steam flood 
wells (Figure 11, based on 2019 well classifications). Water injection volumes for cyclic steam 
wells experienced a slight decline since the 1990s with a sharp increase in 2019. Well 
classifications can change over time because historical well classification data is not available. 
Thus, we rely on the 2019 well classifications, which introduces uncertainty in the data shown in 
Figure 11.  

Between 1977 and 2019, the greatest volume of water was injected in Kern County wells out of 
all California counties (Figure 12), which is expected because Kern County has the largest number 
of wells and produces the most oil (26). When evaluated by the amount of water or steam used 
to produce each barrel of oil, offshore and onshore production from Los Angeles County emerge 
as the highest user (Figure 13). The high water intensity (i.e., barrels of water used per barrel of 
crude oil produced) in Los Angeles County is because water flooding is often utilized in the county 
to extract the relatively low-viscosity oil in the region (27). Overall, the volume of water or steam 
used to produce a barrel of oil has trended upwards in most counties.  
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Figure 11. Water injected (billion barrels) by well type as classified in 2019 from 1977 to 2019. Wells may have been 
classified as different well types in prior years; prior well classifications are not available. Water injection in water 
disposal wells is included, which may not have been used during EOR. The decline in injection volumes in 2018 may 
reflect a lack of reporting by some operators during the transition to the WellSTAR database recording system rather 
than a decline in water injection (David Slayter, DOC, pers. comm., May 5, 2020). Data sources: DOC WellSTAR 
Monthly Injection (26), WellSTAR All Wells (5). 

 

Figure 12. (A) Aggregated and (B) individual county-level monthly water injection in California oil wells from 1977 to 
2019. The top five counties in terms of 2019 injection are displayed; the remaining counties’ water injection is 
combined into the group “Other” (gray). Los Angeles reflects water injected in onshore wells in Los Angeles County; 
water injected in offshore wells in Los Angeles County is included in “Other” (gray). Water injected includes injection 
as part of water flood and steam injection operations. Data source: DOC WellSTAR Monthly Injection (26). 
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Figure 13. Water injection intensity of California crude oil production (barrels of water injected per barrel of crude) 
by county from 1977 to 2019. The top five counties in terms of 2019 oil production are displayed individually; the 
remaining counties are aggregated into the category “Other” (red). Data sources: DOC WellSTAR Monthly Injection 
(26); DOC WellSTAR Monthly Production (15). 

Well stimulation 

Hydraulic fracturing, also known as “fracking,” is a technique that injects a pressurized liquid (a 
mixture of fluids and proppants, sand or sand-like solids) into a reservoir to fracture the bedrock 
formations and create cracks through which oil or natural gas can flow toward a well (28). 
Fracking has been used in California for more than 30 years (28), but state data on well 
stimulation activities are only available from mid-2015, when the DOC began issuing permits after 
the Senate Bill (SB) 4 well stimulation regulations came into effect for three well stimulation 
activities (see Section 5 for information on SB 4). The latest DOC dataset available contains 
permits only up to February 2019. When discussing recent trends, we do not cover the nine 
projects in January and February 2019, and instead focus on data through 2018. Each permit 
issued by DOC is associated with one well stimulation project (also known as a stimulation 
operation). In the available data, 99.8% of wells are each associated with a single stimulation 
project; only two wells are associated with two permits (i.e. they were stimulated twice).  

The number of well stimulation projects dropped dramatically after 2015 (Figure 14), likely 
because SB 4 regulations imposed a more stringent permitting process for operators interested 
in fracking wells (see Section 5 for further information on SB 4). However, well stimulation activity 
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in California increased gradually between 2016 to 2018 (Figure 14, top), possibly in response to 
the rise in global crude oil price during those years.  

From May 2015 to December 2018, all stimulation projects in California were in Kern County, 
except for one project that took place in Orange County (Figure 14, top). Within Kern County, 
most stimulation projects took place in South Belridge Oil Field (Figure 14, bottom). Out of the 
well stimulation projects carried out in the state during this time, 91% were in production wells 
and 9% were in injection wells, indicating that most wells were stimulated to increase crude oil 
production, whereas some injection wells were stimulated to create a pathway for injection fluid. 

 

Figure 14. Number of well stimulation projects by county (A) and by oil field (B) from May 2015 to December 2018. 
“Any Field” refers to locations that are not defined oil fields; the stimulated wells could be wildcat wells. Because 
data is only available until February 2019, this figure does not include the nine projects in January and February 2019 
to display the trend in recent years more clearly. Data source: DOC WellSTAR Well Stimulation Disclosures (29). 

Fracking in California differs from the large-scale, high-fluid-volume fracking that is typically 
combined with drilling long horizontal and directional wells to stimulate production in tight shale 
formations in other states, such as Texas, North Dakota and Pennsylvania. In California, fracked 
rock formations are typically formed from diatomite, which is brittle and has higher initial 
permeability than shale (30). In addition, fracked reservoirs in California tend to be thick and not 
laterally extensive, and as a result, fracks are largely carried out for vertical or near-vertical wells 
at relatively shallow depths between 1,000 and 2,500 feet (Figure 15). The fractures are generally 
less than 100 feet long and between 100 and 200 feet high (Figure 16), which are relatively short 
compared to those in other states (31).  
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Figure 15. Maximum perforation depth (feet) of well stimulation projects in California oil fields from May 2015 to 
December 2018. Data source: DOC WellSTAR Well Stimulation Disclosures (29) 

 

Figure 16. Number of well stimulation project stages by fracture length (left) and fracture height (right) in feet in 
California oil fields from May 2015 to December 2018. Data source: DOC WellSTAR Well Stimulation Disclosures (29). 
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Fracking in California requires much less water because it largely occurs in vertical wells, which 
cover far shorter distances than the long horizontal wells used to extract oil from shale 
formations in other states (31). Stimulation projects in California generally used less than 4,000 
barrels (168,000 gallons) of water in California from May 2015 to December 2018, except for a 
few projects that used more than 20,000 barrels (Figure 17). This distribution is consistent with 
an earlier FracFocus study that used fracking data reported by operators between 2008 and 2013 
(32). The study found that the mean volume of water used per fracking project in California was 
158,000 gallons, less than 10% of the nationwide average of 2.4 million gallons.  

 

Figure 17. Volume of water used in barrels (bbls) per stimulation project in California oil fields from May 2015 to 
December 2018. Data source: DOC WellSTAR Well Stimulation Disclosures (29). 

Out-of-state crude oil supply (Alaska, other domestic and foreign imports) 

Recently, most out-of-state crude supplied to California refineries has come from foreign sources, 
followed by Alaska, and to a much lesser extent, other states. States, including Wyoming, North 
Dakota and New Mexico, contribute small amounts of crude oil to California’s supply (less than 
2% annually in the last 10 years) (12). The supply of crude oil from Alaska, which historically 
supplied the majority of out-of-state oil to California refineries, has declined by more than 78% 
since it peaked in 1989 with 329 million barrels. In 2019, it dropped to 73 million barrels, 
representing 12% of all crude supplied to refineries (82 million barrels, 13% of all crude supplied 
to refineries in 2017) (Figure 18). Supply of crude from Alaska has declined at an annual rate of 
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2.7% between 1985 and 2019 (2.9% from 1985 to 2017)(11), coinciding with a decrease in 
Alaska’s North Slope oil production (14).  

Because California and Alaska’s oil fields are becoming older and depleted (12), and the state 
does not have pipeline infrastructure to import a significant amount of crude oil from other states 
(31), California refineries have been importing more crude oil from foreign sources. Supply of 
crude oil from foreign sources has increased at an annual rate of 7.5% from 1985 to 2019 (7.0% 
from 1985 to 2017). Foreign crude imports experienced a nearly 10-fold increase between 1985 
and 2019, from 35 million barrels to 360 million barrels (Figures 18 and 19 (11)). In 2019, crude 
oil imported from foreign sources contributed 83% of all out-of-state crude to California 
refineries, and 58% of total crude consumed (56% of total crude consumed in 2017 or 355 million 
barrels). Saudi Arabia had the largest share in 2019 (26%), making up 13% of total crude oil supply 
to California’s refineries (33). Counting both in-state (Fig. 4), Alaska and imported oil (Fig. 18), 
California in 2019 used 712,604 millions of barrels of oil, about 15% less than its peak usage of 
616,122 millions of barrels in 1989 (34). 

 

Figure 18. Annual crude oil supply to California refineries (millions of barrels) from all out-of-state sources (yellow), 
Alaska (blue) and foreign imports (green) between 1982 and 2019. The North cluster (center) includes refineries in 
Contra Costa County and Bakersfield; the South cluster (right) includes refineries in Los Angeles and Santa Barbara 
County; and California includes all California refineries (left). Data source: CEC California Crude Oil Receipts (11). 
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Figure 19. Imported crude in million barrels from 2009 to 2019 by country of origin. Data source: EIA Crude Imports (33).  

Crude oil characteristics 

Crude oil prices are influenced by the quality of crude oil, which is measured by the petroleum 
industry using several metrics. The properties that are most widely reported and determine the 
market value of crude oil are specific gravity and sulfur content (35). To measure the specific 
gravity of crude oil, the oil industry adopted the American Petroleum Institute gravity (API 
gravity) scale, which compares the density of oil to that of water. According to industry 
classification, the API gravity index is as follows: light crude oil typically has an API gravity greater 
than 31.1°, medium crude oil has an API gravity between 22.3° and 31.1°, heavy crude oil has an 
API gravity between 10° and 22.3°, and extra heavy crude has an API gravity oil less than 10° (12). 
Light oil (i.e., oil with a higher API gravity) contains greater quantities of hydrocarbons that can 
be converted to gasoline, and hence is preferred to more dense oil. Sulfur content is determined 
by the percentage of sulfur in the crude oil. Crude oil is considered sweet if sulfur content is less 
than 0.5% and sour if sulfur content is more than 0.5%. Crude oil and refined products with a high 
sulfur content are less desirable because their combustion can produce harmful air pollution (e.g. 
SO2) and sulfur’s corrosive nature can be harmful to refineries and pipelines (12).  
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Heavy crude oil is purchased at lower prices on the market compared to light crude oil, which is 
preferred by refineries. For example, Chevron Crude Oil Marketing adjusts the price of heavy 
crude oil with API gravity between 10° and 22° to be $9 to $4.80 lower per barrel compared to a 
light crude oil with API gravity 40° and above (36).  

California mainly produces heavy (Figure 20) and sour crude oil; however, API gravity of oil varies 
across California’s fields and counties. When considering the top five counties in terms of 2019 
production, Ventura County has historically had the highest mean API gravity of oil (Figure 20), 
whereas Monterey County has had the lowest. Between 2010 and 2019, mean API gravity for all 
oil produced in California ranged from 16.5° to 18.8° (Figure 20). California’s refineries, as 
discussed in the next section, are designed to process heavy and sour crude oil and import crude 
oils with different properties to meet their needs, amongst other factors (12). In 2018, these 
refineries imported foreign oil from three major regions: the Middle East, South America, and 
North America. Oil from the Middle East is light and sour, oil from South America is generally 
medium to heavy and sour, and oil from North America (Canada) is heavy and sour (12,37).  

 

Figure 20. Mean API gravity of oil weighted by production (barrels) in California (black) by county in California from 
1977 to 2019. The top five counties in terms of 2019 injection are displayed individually; the remaining counties are 
combined into the group “Other” (red). Average API gravity in offshore production in Los Angeles County is 
accounted for separately from onshore and, thus, is included in “Other” (red). API gravity values less than 5 and 
greater than 50 are excluded from this analysis. Production that is not associated with an API gravity is excluded 
from this analysis. Data source: DOC WellSTAR Monthly Production (15). 
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1.2 Refinery production 

Total oil refining capacity in California is 1.9 million barrels per day across 15 refineries ((9); Figure 
21). These refineries are spatially concentrated in three areas: San Francisco Bay area (828,000 
barrels per day), Los Angeles County area (1,040,000 barrels per day) and Bakersfield area 
(41,000 barrels per day). All of California's refineries are located in five counties: Los Angeles, 
Contra Costa, Solano, Kern and Santa Barbara — with 97% of refining capacity concentrated in 
the first three counties. Refineries produce mainly motor gasoline, distillates, jet fuel and residual 
oil (Figure 22). Because of the limitation in the resolution of available data from the CEC, refinery 
production data are presented here at the level of two clusters — North (Contra Costa and Solano 
Counties, and Bakersfield) and South (Los Angeles and Santa Barbara Counties).  

 

Figure 21. Daily production capacity (barrels per crude oil per day) of California refineries in the North cluster (top) 
and South cluster (bottom) in 2020 (9). Marathon Carson and Wilmington began reporting as one entity in 2019. 
Phillips 66 Rodeo and Santa Maria began reporting as one entity in 2017. Phillips Santa Maria produces only 
petroleum coke and sulfur and ships the rest of the product as feedstock to Phillips 66 Rodeo through a dedicated 
pipeline for processing transportation fuels. Valero Wilmington Asphalt Refinery, Lunday-Thagard South Gate 
Refinery and Greka Energy Santa Maria Refinery do not produce CARB diesel or CARB gasoline. The San Joaquin 
Refining Co. Inc. Bakersfield Refinery produces CARB diesel but not CARB gasoline. The rest of the refineries produce 
both CARB diesel and CARB gasoline. Data source: EIA California's Oil Refineries (9). 
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Most California refineries produce both gasoline and diesel that meet CARB specifications, which 
are more stringent than other parts of the United States to help meet the state’s emissions limits. 
CARB-specified gasoline, called California Reformulated Gasoline, includes 10% ethanol by 
volume, which is added before the final product is distributed to gas stations. These refineries 
also produce other types of gasoline and diesel for export and for end-uses that do not require 
fuels to meet CARB specifications. Jet fuel and residual fuel oil make up the remainder of the 
main refinery products (Figure 22). In 2019, Gasoline had the highest share by volume (58%), 
followed by diesel (21%) and jet fuel (17%) (38). 

 

Figure 22. Annual production of refinery products by refinery cluster from 2014 to 2019. Reformulated motor 
gasoline includes 10% ethanol by volume. Distillates quantities shown exclude almost all of renewable diesel and all 
of biodiesel consumed in the state. Data source: CEC Weekly Fuels Watch Summary and North South Breakout (37). 
Other diesel fuel includes only EPA diesel and renewable diesel (indicated by *). 

California’s refineries are designed to process heavier (i.e., lower API gravity) and more sour (i.e., 
higher sulfur content) crude oil (39), and hence refining in California is more complex and 
expensive compared to the rest of the United States. Processing heavy and sour crude oil requires 
more energy, additional refinery units, including crackers, cokers and hydrotreaters to yield light 
products, and more complex refinery processing to meet low-sulfur fuel specifications (40). In 
2011, it was estimated that California’s refineries emitted 19% to 33% more GHGs per barrel of 
crude refined than refineries in other major refining areas in the United States (41). However, 
the ability to process heavy sour crude oil allows California’s refineries more flexibility in selecting 
crude oil types from the market, potentially increasing profitability (40). In 2018, crude inputs to 
California refineries had an average API gravity of 26.18° and an average sulfur content of 1.64% 
(12).  
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Refinery utilization rates — the amount of gross crude oil inputs to individual refineries compared 
to their operable refining capacities — have been relatively high (80% to 90%) in California over 
the last five years for which data are available. In 2019, the average annual utilization rate for 
California refineries was 86% (37), which is similar to refineries across the rest of the United 
States (42). Because of the decrease in demand for petroleum products due to the COVID-19 
pandemic, California refinery consumption of crude oil in April and May 2020 dropped by 24% 
and 33%, respectively, compared to April and May 2019. As a result, average refinery utilization 
rates in California dropped to 60% and 57% for April and May 2020, respectively, compared to 
79% and 86% in April and May 2019 (13). 

California’s refineries responded to the 2020 drop in petroleum products demand by both 
decreasing production and altering the mix of finished products. The Marathon Martinez 
Refinery, which accounts for 8.5% of California’s refining capacity, went idle in April 2020 (38). 
The largest year-on-year drop in monthly refinery output in response to the COVID-19 pandemic 
was for jet fuel (-55% in April and -72% in May 2020), followed by gasoline (-34% in April and -
30% in May 2020). Monthly diesel production increased by 8% in April 2020 and then decreased 
by 14% in May 2020 compared to April and May 2019, respectively (38).  

Refineries are designed and built for particular types of crude inputs and product outputs, with 
some room for adjustment. California’s refineries are currently built to produce large shares of 
gasoline. In response to the COVID-19 pandemic, these refineries increased their share of diesel 
production at the expense of jet fuel (38). Further, refineries increased their production of non-
CARB gasoline and diesel products for export. These patterns will aid in understanding how 
refineries may respond to changes in demand for petroleum products in California in the future.  

Petroleum products consumed and traded by California 

Figure 23 shows trends in California’s in-state consumption of blended gasoline (which is 
composed of fuel ethanol and California Reformulated Gasoline Blendstock for Oxygenate 
Blending or CARBOB), diesel (including biodiesel and renewable diesel) and jet fuel. California’s 
finished gasoline consumption in 2019 was 15.4 billion gallons (366 million barrels), similar to the 
early 2000s. Consumption dropped between 2008 and 2014, in the post-recession period, then 
climbed back up to the higher levels of 2019. At the same time, the share of ethanol in California 
finished gasoline has increased from approximately 6% by volume in 2005 to 10% by volume in 
2010 (1). California’s finished diesel consumption shows similar trends, remaining at lower levels 
between 2008 and 2014 and increasing to 3.7 billion gallons (88.6 million barrels) in 2019, similar 
to pre-2008 levels. Shares of renewable fuels — biodiesel and renewable diesel — of diesel 
consumption have also increased, especially in the last five years (1). California’s consumption of 
aviation fuel, which mainly comprises jet fuel and less than 1% of aviation gasoline, shows trends 



           

 Page 38 

similar to gasoline and diesel; about 5 billion gallons (121 million barrels) were consumed in the 
state in 2018 (43).  

 

Figure 23. California in-state consumption of petroleum products in million barrels from 2007 to 2019. Data sources: 
Diesel and gasoline data are from CEC’s California Transportation Fuel Consumption Summary (1) and aviation fuel 
(i.e., jet fuel and aviation gasoline) consumption is from the EIA’s State Energy Data System (43). Aviation fuel data 
are available up to 2018. Note that each panel has a different y-axis scale. 

California imports and exports petroleum products, including diesel, gasoline and jet fuel (Figure 
24). For more than a decade, California has been a net exporter of these products (Figure 24). 
Net exports of diesel have remained fairly stable, while net exports of gasoline blendstock appear 
to experience greater fluctuations across time, although the overall trend remains flat. Jet fuel 
has had the lowest volume of net exports among the three categories, although jet fuel exports 
increased from 2016 to 2018.  
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Figure 24. California imports (yellow), exports (green) and net exports (exports less imports, blue) of petroleum 
products in million barrels from 2007 to 2019. Diesel volumes (top) include renewable diesel and biodiesel. Gasoline 
volumes (middle) refer only to blendstock (i.e., without ethanol). Data source: CEC Finished Products Movements 
(44). 

Net exports of all three petroleum products are smaller than the amount consumed in the state, 
but export of diesel occurs in much higher proportion than for gasoline and jet fuel. In 2019, the 
net export of diesel (including renewable diesel and biodiesel) was 1.5 billion gallons (36 million 
barrels), equivalent to 0.41 gallons for each gallon of finished diesel consumed in California. Net 
export of gasoline blendstock was 764 million gallons (18 million barrels) in 2019, equivalent to 
0.055 gallons for each gallon of in-state gasoline blendstock consumption. In 2016, California’s 
net export of jet fuel was 172 million gallons (4 billion barrels), equivalent to 0.042 gallons for 
each gallon of in-state jet fuel consumption (44).  
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In California, all liquid fuels except for distillate fuel oil (i.e., diesel) are almost entirely used in the 
transportation sector (Figure 25). Although the majority of diesel was used in the transportation 
sector in 2018, about 12% and 4% of diesel was used in the industrial and commercial sectors, 
respectively. Small amounts of fuel ethanol and motor gasoline were used in the commercial and 
industrial sectors in 2018. 

 

Figure 25. Liquid fuel consumption in million barrels (A) and percentage (B) by sector in California from 1960 to 2018. 
Data source: EIA State Energy Data System (SEDS) database (43). 
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Renewable fuels 

This section describes the trends for the three main liquid renewable fuels — ethanol, renewable 
diesel and biodiesel — used in California’s transportation sector.  

Ethanol 

Ethanol’s use for blending in gasoline was initially driven by its use as an oxygenate that allows 
fuel to burn completely and thus reduce the formation of carbon monoxide. California’s phase-
out of methyl-tertiary-butyl-ether (MTBE) as an oxygenate due to groundwater contamination 
concerns led to an increase in ethanol blending in the early 2000s. Further, mandated minimum 
volumes of ethanol blending through the Renewable Fuel Standard of the Energy Policy Act 
(2005) and the Energy Independence and Security Act (EISA) (2007) accelerated the growth of 
ethanol as a renewable fuel. The California Phase 3 Reformulated Gasoline (CaRFG3) Regulations 
adopted in 2003 prohibited the sale of MTBE and allowed refiners to add up to 3.5% of oxygenate 
by weight, equivalent to 10% ethanol by volume (45). As a result, by 2010, the share of ethanol 
in California’s gasoline reached 10% by volume (46).  

Although federal mandates could further increase the share of ethanol in gasoline, California 
regulations cap the share at 10%. From 2011 to 2018, the total fuel ethanol consumption in 
California grew by 4%, yet the share of ethanol has remained at about 10% (Figure 26). This upper 
limit on ethanol share, also known as the ethanol “blend wall,” was put in place to protect 
gasoline engines from corrosion and other damage. Because ethanol can easily absorb water and 
dissolve metal ions in higher concentrations, a fuel mix that exceeds 10% of ethanol can corrode 
metallic engines and fuel systems (47). However, most automobile models from 2001 and later 
can reliably accept gasoline with a 15% ethanol blend, also known as E15 (48). At the same time, 
there are seasonal restrictions on sales of E15 during the non-winter months to control 
evaporative emissions (46). 

In 2019, 13% of ethanol consumed in California was produced in-state (49) (Figure 27). In 2016, 
all four California ethanol processing facilities used predominantly corn (starch) as a feedstock 
((46); Figure 27). Ethanol imports mainly come from the Midwest via rail and are predominantly 
from corn feedstocks (46). About 6% of ethanol imports were sugarcane-based and were mainly 
sourced from Brazil.  

While EISA mandates minimum volumes of ethanol in gasoline, the Low Carbon Fuel Standard 
(LCFS) incentivizes the use of ethanol sources with lower life cycle carbon intensities (see Section 
5.1 for more information on LCFS). This may encourage the development of low carbon intensity 
ethanol sources, such as those that employ carbon capture and storage technologies, or increase 
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imports of ethanol sources (e.g., Brazilian sugarcane-based ethanol) that have lower carbon 
intensities compared to U.S. corn-based ethanol (46).  

 

Figure 26. Quantities in billion gallons (A) and percent composition (B) of California finished gasoline produced from 
2003 to 2019. Finished gasoline includes CARBOB (blue) and fuel ethanol (yellow). Data source: CEC California 
Transportation Fuel Consumption Summary (1).  

 

Figure 27. Fuel ethanol produced by feedstock (residue, starch and sugarcane) and source (California, out-of-state) 
from 2011 to 2019. Quantities of fuel ethanol are expressed as gallons (left) and gasoline gallon equivalents (gge, 
right), which normalize volumes by energy content of the fuels. Data source: CARB Data Dashboard (49). 
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Ethanol attracts water, which can cause corrosion of pipelines. Because of these corrosion risks 
and ethanol’s incompatibility with jet fuel, ethanol-blended gasoline is not transported via 
petroleum products pipelines (50). As a result, ethanol is blended with CARBOB at distribution 
terminals across California before being transported to retail gas stations.  

Gasoline blends with 51% to 83% of fuel ethanol called E85 are also consumed in California. These 
blends are used in flexible fuel vehicles that can accommodate high-ethanol fuels because they 
have specialized fuel and control systems. Although consumption of E85 increased by five times 
since 2006, in 2019 its sales were less than 0.3% of total motor gasoline sales by volume (1).  

Renewable diesel and biodiesel 

Renewable diesel and biodiesel are less carbon-intensive alternatives to petroleum-based diesel 
for vehicles with diesel engines (51). Renewable diesel is a hydrocarbon diesel fuel made from 
renewable sources, mainly lipids (e.g., vegetable oils, animal fats, greases, algae) and cellulosic 
biomass (e.g., crop residues, woody biomass, energy crops), whereas biodiesel is made with 
vegetable oils, animal fats or discarded restaurant grease (52,53).  

Although biodiesel and renewable diesel both serve as alternatives to diesel fuels, they have key 
differences (52). Renewable diesel is considered a “drop-in” fuel for conventional petroleum-
based diesel, because its physical and chemical properties enable it to be used directly in 
standard diesel-powered vehicles and distributed through existing pipelines and infrastructure 
(52) . Conversely, biodiesel is a mono-alkyl ester with different fuel properties than hydrocarbon-
based conventional diesel fuel, including an 8% lower energy content compared to diesel. 
Because of this, pure biodiesel is often blended at either 5% or 20% content by volume with 
conventional diesel fuel to be used in standard engines without modifications; fuel systems 
require specialized parts to burn pure biodiesel (54).  

The share of these alternatives in total diesel consumption in California has grown significantly 
since 2011 due to the implementation of multiple policies, including California’s Regulation on 
the Commercialization of Alternative Diesel Fuels (ADF Regulations) and LCFS and federal 
incentives for biodiesel use (55). In 2019, the shares of biodiesel and renewable diesel were 6% 
and 17%, respectively (1) (Figure 28). Renewable diesel, especially, has seen a significant rise in 
demand, growing six-fold in the last five years. Nearly all renewable diesel produced in and 
imported to the U.S. is used in California (52).  
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Figure 28. A. Volume in billion gallons and B. percent composition of total diesel consumption in California by diesel 
fuel type from 2003 to 2019. Diesel types included are renewable diesel (yellow), biodiesel (blue) and CARB diesel 
(green). Data source: CEC California Transportation Fuel Consumption Summary (1).  

Most renewable diesel and biodiesel have been imported (Figure 29), the majority of which has 
come from Singapore and Louisiana. In 2019, the 28% share of in-state biodiesel was produced 
by seven refineries, and two facilities produced the 3% share of in-state renewable diesel (49).  

According to the LCFS quarterly reports, tallow from animal processing, fish oil, used cooking oil 
and corn oil (with additional feedstock reported as “other”) composed renewable diesel 
feedstock in California from 2011 to 2019. Tallow has consistently made up the largest proportion 
of feedstock and steadily increased from 2011 to 2017 before declining slightly through 2019 
(56). Conversely, used cooking oil made up a small portion of feedstock from 2011 to 2016 and 
saw a dramatic increase in 2019 (56). Renewable diesel is either processed through hydrotreating 
at a biorefinery or co-processed at petroleum refineries, making it a potential alternative to crude 
oil processing for existing crude refineries (57). In August 2020, Phillips 66 announced plans to 
convert the San Francisco Refinery’s Rodeo facility to renewable fuel production (58). 
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Figure 29. Feedstock composition of (A) renewable diesel and (B) biodiesel consumed in California by production 
location (California, out-of-state) from 2011 to 2019. Quantities of biomass feedstocks are expressed as gallons (left) 
and gasoline gallon equivalents (gge, right). Feedstocks include crops (yellow) and residue (blue). Data source: CARB 
Data Dashboard (49). 

Although renewable diesel and biodiesel are less carbon intensive than petroleum-based diesel 
(51), biofuel consumption has important environmental considerations, especially if feedstocks 
come from dedicated energy crops (e.g. soybeans, corn). Natural or grazing lands, when 
converted to agricultural land to grow feedstock crops, result in GHG emissions. Emissions 
depend on multiple factors, including the type of crop, the type of land before conversion, and 
the region where crops are grown. Therefore, certain biofuels may have higher or lower carbon 
intensities when considering indirect emissions in life cycle analyses (59,60). 

Additionally, the combustion of certain biodiesel blends in older heavy-duty vehicle engines 
result in higher nitrogen oxide (NOx) emissions compared to standard petroleum-based diesel 
(61). CARB approved ADF Regulations in 2019, which mandate that California biodiesel 
producers, importers and blenders take mitigation measures, including using certified additives, 
to reduce NOx emissions associated with biodiesel combustion (62,63).  

Hydrogen 
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Hydrogen can be used as a transportation fuel, especially by fuel cell electric vehicles (FCEVs). 
Currently, 95% of hydrogen produced in the United States is produced by industrial-scale steam 
methane reformation (SMR) (64). In this process, natural gas is combined with high-pressured 
steam to split methane molecules into carbon dioxide and hydrogen. Lesser-used methods to 
create hydrogen include renewable liquid reformation, electrolysis, algae reactors, biomass 
gasification and biomass fermentation. 

In the United States, most hydrogen is used to refine petroleum, treat metals, produce fertilizer 
and process foods. Petroleum refineries use hydrogen to lower the sulfur content in diesel fuels, 
and produce hydrogen to meet part of their requirements (65).  

For hydrogen to be considered a renewable fuel, it has to be sourced from renewable feedstocks, 
such as biomass (66) or methane captured from waste facilities (67), or produced via electrolysis 
using renewable electricity (68). Carbon capture and storage may offer a potential pathway for 
refineries to produce low carbon-intensity “blue” hydrogen from natural gas (69). 

1.3 Distribution of crude and transportation fuels 

The United States is split into five regions, or Petroleum Administration for Defense Districts 
(PADDs). Originally implemented to help ration gasoline during World War II, PADDs are still 
recognized today to track the movement of crude oil and petroleum products throughout the 
United States (70). California is a part of the West Coast Petroleum Administration for Defense 
District, or PADD 5, along with Alaska, Hawaii, Arizona, Nevada, Oregon and Washington. 
Significant amounts of crude oil and petroleum products are exchanged among other PADDs (in 
particular, PADDs 1, 2 and 3). In general, PADD 5 sees lower transfers of crude oil and petroleum 
products with other regions. However, some limited cross-PADD exchange exists with PADD 5 
through a limited pipeline network that connects PADD 4 (Rocky Mountain) and PADD 3 
(Midwest) refineries to PADD 5 markets (70).  

PADD 5 can be further segmented into six sub-PADD regions; Southern California and Southern 
Nevada, Northern California and Northern Nevada, Arizona, Pacific Northwest, Alaska, and 
Hawaii. There is little connectivity between sub-PADD regions, due to geographic isolation (as 
with Alaska and Hawaii) and limited pipeline capacity to connect sub-PADD regions. Additionally, 
these regions vary in supply and demand of transportation fuels and distribution schemes. 
Because this report addresses the transportation fossil fuel supply sector in California, we focus 
on the Southern California and Southern Nevada sub-PADD region and Northern California and 
Northern Nevada sub-PADD region. The Southern California and Southern Nevada region 
includes southern counties in California and Los Angeles, as well as Las Vegas, whereas the 
Northern California and Northern Nevada region includes counties north of Kern, San Luis Obispo 
and San Bernardino Counties, as well as Nevada counties north of Las Vegas. The majority of 
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refining capacity in the Northern California and Northern Nevada region is clustered in the San 
Francisco Bay Area, and most refining capacity in the Southern California and Southern Nevada 
region is in the greater Los Angeles area. (71) 

Distribution of crude to refineries 

California refineries receive crude oil from in-state, out-of-state and foreign sources. Most of the 
crude oil extracted within the state is distributed to California refineries through a unidirectional 
pipeline network (Figure 30). Southern California refineries (i.e., refineries in the Greater Los 
Angeles area) receive crude oil produced in the San Joaquin Valley through two pipelines. 
Similarly, refineries in Northern California (i.e., refineries in the Bay Area) access crude oil 
produced in the San Joaquin Valley through three pipelines (46). 

As of April 2020, 98% of California’s foreign and domestic crude oil imports arrive by marine 
vessel (71), where they are then stored in marine terminals to await distribution to refineries 
(46,72). Because Southern California refineries are situated inland, most of them use pipelines to 
access marine terminals that store imported crude oil. The Chevron El Segundo Refinery is the 
exception among Southern California refineries as it uses mooring buoys to directly pump crude 
oil from marine vessels to its own onshore terminal (71). Conversely, Northern California 
refineries situated on or near the coast access marine-transported crude oil imports more directly 
through marine terminals without the use of major pipelines (71). Northern California refineries 
own and operate their own marine terminals, while Southern California refineries access publicly-
owned terminals that are leased to distribution companies (e.g., Kinder Morgan) (71). 

The remaining imported crude oil arrives at refineries by rail (72). Of the crude oil imports 
transported by rail in 2019, 65% originated from Canada, 24% originated from New Mexico and 
the remaining 11% originated from Texas (73). There are no interstate pipelines that distribute 
crude oil from other states to California refineries due to sufficient in-state oil sources and ready 
access to marine ports (46).  

California rarely exports crude oil—for the 60 months from 2013 to 2017, California only exported 
crude oil in nine months, according to data collected by the CEC from the U.S. International Trade 
Commission. Exports are relatively small, constituting less than 1% of annual nationwide exports. 
Further, crude exported from California may not have been produced in California (44). 
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Figure 30. Map of California crude oil (blue) and petroleum products (red) pipelines. Data sources: EIA Layer 
Information for Interactive State Maps, EIA Crude Oil Pipelines, EIA Petroleum Product Pipelines (6,6,7).  

Distribution of refinery products to fueling stations 

The Northern California and Northern Nevada and the Southern California and Southern Nevada 
petroleum products distributional systems have limited connectivity with one another; 
petroleum products can flow between Northern California refineries, Southern California 
refineries, other PADDs and foreign countries through marine deliveries (71). 

Although regional distribution systems in Northern California and Northern Nevada operate 
almost separately from those in Southern California and Southern Nevada, transportation fuels 
are generally distributed in a similar method within both regions. Most diesel and gasoline 
consumed within these regions are transported through a network of unidirectional petroleum 
product pipelines from refineries to distribution terminals. Once at distribution terminals, 
transportation fuels from different refineries are combined by fuel type and stored in communal 
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storage tanks. From there, transportation fuels leave storage tanks at distribution terminals by 
tanker truck. Proprietary and generic additives, as well as renewable fuels, such as ethanol, 
biodiesel and renewable diesel, are added to the petroleum-based fuels at the time of transfer 
from storage tank to tanker truck. Tanker trucks distribute these “finished” fuels to retail stations, 
wholesale facilities and private distribution facilities. This general system applies to gasoline and 
diesel distribution; the majority of jet fuels are distributed through pipelines directly from 
refineries to storage facilities at major airports (46). 

Transportation fuels from Southern California refineries are primarily distributed by pipeline to 
terminals throughout Southern California and Southern Nevada, where they are then dispersed 
regionally by truck. Transportation fuels, and most importantly, gasoline, produced in this region 
are also transported along pipelines to facilities in Arizona. The interstate pipelines from 
Southern California refineries to Southern Nevada and Central Arizona enable Nevada and 
Arizona to receive almost 85% and 45% of their respective statewide transportation fuel supply 
from Southern California refineries (46). 

Northern California refineries supply transportation fuels to Chico, Fresno and the greater Bay 
Area, as well as Reno and Fallon Naval Air Station in Nevada (46). The Northern California and 
Northern Nevada sub-PADD region differs from the Southern California and Southern Nevada 
sub-PADD region in that Northern California refineries produce enough transportation fuels to 
satisfy the nearby regional markets, whereas Southern California refineries often do not produce 
enough to satisfy regional demand, and these markets make up this difference by importing 
products from refineries in other PADD 5 regions and outside of PADD 5 (71). 

Kinder Morgan owns and operates most of the petroleum product pipeline capacity throughout 
both regions in California. Kinder Morgan does not own the distributed transportation fuels, but 
instead, charges a per-barrel fee for distribution. Some refineries also own and operate small 
pipeline networks that distribute proprietary fuels to either one or two proprietary distribution 
terminals. Of these, Chevron operates the largest proprietary pipeline network (46).  

1.4 Prices 

California and global current and projected crude prices 

Price trends of California’s crude streams have mirrored global oil benchmark prices in the past. 
However, California's heavier and more sour crude oils are purchased at lower prices because 
they are lower quality compared to the WTI and the European Brent benchmark crudes with a 
higher API gravity (i.e., lower density) and lower sulfur content (Figure 31). From 1995 (the start 
of the data series from EIA) to 2019, monthly prices for California Kern River and California 
Midway-Sunset crude oil streams have been consistently lower than the Brent spot price, with 
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the exception of two months during that time period (Figure 31). Monthly prices for both the 
California crude streams were lower than the WTI spot price before 2010 and between 2015 and 
2017, but higher during other periods (20,21).  

 

Figure 31. First purchase price (price at first transfer from extractor) by crude stream (dollars per barrel) for California 
Kern River and California Midway-Sunset streams, and WTI and Brent spot prices (USD per barrel, monthly) (left 
panel). The middle and right panels show the difference between first purchase prices for California crude streams 
and WTI benchmark prices and Brent spot prices, respectively. Data sources: EIA Spot Prices for Crude Oil and 
Petroleum Products (20); EIA Domestic Crude Oil First Purchase Prices for Selected Crude Streams (21). FOB indicates 
“Free on Board.” 

Because of the economic slowdown due to the COVID-19 pandemic, U.S. demand for petroleum 
products fell significantly in March and April 2020 (74), which resulted in steep drops in global 
and California oil prices. In April 2020, the WTI benchmark price fell to -$38 per barrel because 
extractors were unable to cut supply and storage facilities were full. Although California’s crude 
oil prices in April did not turn negative, they dropped to approximately $20 per barrel, or one-
third of the crude prices in January 2020 (36).  

According to the EIA’s Short Term Energy Outlook, WTI benchmark prices are likely to stay below 
$50 per barrel through 2021, whereas the NYMEX Futures market suggests prices will stay below 
$40 per barrel during the same timeframe (75). The EIA’s Annual Energy Outlook, issued before 
the COVID-19 pandemic, forecasts a steady growth in real prices of crude oil, surpassing $100 per 



           

 Page 51 

barrel by 2050 (Figure 32, (76)). However, actual price trajectories will depend on global events, 
technological progress in the industry, policy and other factors. Oil prices are historically 
volatile—geopolitical, economic and weather events have affected crude prices by driving prices 
up and down (77). Recently, reduced oil demand as a result of the pandemic resulted in a global 
price drop (WTI crude oil traded at $37 per barrel in April 2020 and equaled $24.50 at the end of 
2020’s 2nd quarter) (77). Agreements between OPEC, U.S. producers and Russia can also affect 
the price of crude. Following the onset of the COVID-19 pandemic in June 2020, BP revised its 
long-term price assumptions to approximately $55 per barrel from 2021 to 2050 for the Brent 
benchmark price, reflecting uncertainties around crude oil price forecast (78).  

 

Figure 32. Projected Brent (yellow) and WTI (blue) crude oil prices in 2019 USD from 2020 to 2050. Data source: EIA 
Annual Energy Outlook 2020 - Table 12. Data Petroleum and Other Liquids Prices (76). 

California and global current and projected gasoline and diesel prices 

Similar to crude oil price forecasts, the EIA forecasts a steady increase in prices for all 
transportation fuel products including renewable fuels (Figure 33, (76)). However, the prices of 
transportation fuels are driven by a number of factors including consumption patterns, financial 
markets, trade and refinery production (77), and prices can change quickly in response to an 
event. Forecasts of transportation fuels prices also have significant uncertainties, similar to crude 
oil price forecasts. 
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Figure 33. Projected prices in 2019 USD of transportation fuels from 2020 to 2050. Data source: EIA Annual Energy 
Outlook 2020 - Table 12. Data source: Petroleum and Other Liquids Prices (76). 

Section 1 gaps and limitations 

1. In this study, we assume that crude oil received by refineries represents crude oil 
consumption associated with the transportation sector; however, approximately 20% of 
the product slate of California refineries is products other than transportation fuels, such 
as asphalt, petroleum coke and lubricants. The oil associated with these products cannot 
be materially or numerically separated from the oil that is extracted and refined for 
transportation fuels. 

2. We did not discuss natural gas extraction or supply because it represents a very small 
percentage (approximately 1%) of transportation fuel consumption in California. In 2017, 
approximately 160 million gallons of diesel-gallon-equivalent of natural gas was used in 
the transportation sector, compared to about 15 billion gallons of gasoline and 3.7 billion 
gallons of diesel consumed by drivers (79). 

3. We did not cover hydrogen and renewable natural gas supply-side trends because these 
fuels form a very small share of California’s transportation fuel consumption. However, 
these fuels have significant potential for reducing GHG emissions and local criteria 
pollutants from the transportation sector. 

4. We did not present a breakdown of retail costs for gasoline, diesel and jet fuel, as this 
analysis is outside of the scope of this report. 
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Section 2: Current GHG emissions characteristics 

This section focuses on GHG emissions associated with the extraction, refining and distribution 
segments of the transportation fossil fuel supply sector within California. Because of their effect 
on health, emissions of criteria pollutants, some of which are GHG precursors (e.g. Volatile 
Organic Compounds and toxic air contaminants) are discussed in Section 4. GHG emissions do 
not have direct regional health impacts, but GHGs emitted in California contribute to global 
climate change, which impacts areas differently throughout the world. Distributional impacts of 
climate change in California, an important aspect of environmental justice, range from local-level 
impacts (e.g., increased risk of health impacts for those exposed to extreme urban heat events 
and associated air pollution hazards) to regional and statewide impacts (e.g., increased risk of 
health and economic impacts for those who live in especially vulnerable areas such as fire-prone 
or coastal regions) (80–83). 

GHG emissions data are presented from two sources: the CARB California GHG Emission 
Inventory Program (84) and the Mandatory Greenhouse Gas Reporting Regulation (MRR) facility-
level emissions data (85). The GHG Emissions Inventory is the basis for the state’s California 
Greenhouse Gas Emissions for 2000 to 2017: Trends of Emissions and Other Indicators report (86). 
CARB’s emission inventory is a top down inventory that attributes emissions to their source and 
not to their end use (87). MRR data are also reported because the facility-level information 
therein allows for spatial disaggregation of emissions associated with the segments examined in 
this study. Total sector emissions from these two data sources do not typically match due to 
different reporting requirements and estimation methodologies, as described in Section 2.1 and 
Section 2.2. 

This section describes GHG emissions from the entire oil and gas extraction and refining segments 
in California. However, approximately 20% of the product slate of California refineries is products 
other than transportation fuels, such as asphalt, petroleum coke and lubricants (88,89). Because 
emissions attributable to the extraction and refining of transportation fuels cannot be separated 
from emissions associated with these other products, GHG emissions described in this section 
are associated with all oil and gas extraction and refinery production in California, regardless of 
the sector where those products are ultimately consumed.  

California’s statewide GHG emissions have generally been declining since 2007 and have declined 
by an average of 0.8% annually since 2000 (84). In 2016 and 2017, total emissions were below 
California’s 2020 GHG emissions goal of 431 Mt CO2e, which was set by California’s Global 
Warming Solutions Act of 2006 (AB 32) (Figure 34). In the GHG Emissions Inventory, emissions 
from the extraction and refining segments are reported under two subcategories within the 
Industrial sector: 1) Oil & Gas: Production and Processing, and 2) Petroleum Refining and 
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Hydrogen Production. The share of combined GHG emissions from these subcategories relative 
to total statewide emissions has increased from 10% to 11% from 2000 to 2017, despite an overall 
decrease in statewide crude oil production over the same time period (90–92). In 2017, 11.1% 
(47 Mt CO2e) of California’s total GHG emissions came from the Refining (7.0%) and Oil & Gas 
subcategories (4.1%) (Figure 35). In 2017, 51% of California’s GHG emissions came from the sum 
of Refining and Oil & Gas subcategories and transportation fuel combustion (40%, reported as 
emissions under the Transportation sector category in the GHG Emissions Inventory) (Figure 35). 

 

Figure 34. California GHG emissions in million metric tons CO2 equivalent (Mt CO2e) per year by sector from 2000 to 
2019. California’s 2020 GHG emissions target of 431 MtCO2e, set by AB 32, is indicated by the horizontal black line. 
Data source: CARB GHG Emissions Inventory (92). 

 

Figure 35. Share of 2017 GHG emissions by sector (transportation, recycling and waste, electric power, commercial 
and residential and agriculture) and relevant emissions categories. Industrial sector emissions are displayed in three 
relevant sub-sector categories: oil and gas extraction (shown as “Oil & Gas”), refining (shown as “Refineries”) and all 
other industrial emissions (shown as “Other Industrial”). Refrigerants and other emissions with high global warming 
potential (GWP) are accounted for in High GWP. Data source: CARB GHG Emissions Inventory (92). 
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Emissions from petroleum are distributed throughout the supply chain. The Oil Climate Index (93) 
estimates the GHG footprints of crude oil from three major fields that accounted for 33% of 
production in 2019 in California: Midway-Sunset, South Belridge and Wilmington Oil Fields (94–
96). Upstream emissions from the extraction segment account for an average of 16%, midstream 
emissions from the refining segment account for an average of 13%, and transportation of 
petroleum products from refineries to end-users and combustion by end-users accounts for the 
remaining 70% (97).  

2.1 GHG emissions from the crude oil extraction segment 

Total emissions from crude oil and natural gas extraction were 17.2 Mt CO2e in 2017 and have 
decreased by -0.7% annually since 2000 ((91); Figure 36, left). In 2017, the extraction segment 
represented 19% of total industrial emissions and 4.1% of total statewide emissions (92). The 
majority (89% or greater since 2000) of GHG emissions from the extraction segment are due to 
CO2, with the remaining emissions largely coming from CH4 ((91); Figure 36, left). The GHG 
emissions per barrel (bbl) of California oil associated with extraction have increased since 2000 
(Figure 37). Emissions associated with natural gas production are included as part of extraction 
emissions, but most (>90%) of the natural gas produced in California is associated gas produced 
at the same wells as crude oil (CARB, pers. comm., 2020), so emissions associated with natural 
gas production are inextricably intertwined with oil production. To estimate GHG emissions 
associated with crude oil extraction only, we remove emissions associated with natural gas 
extraction by using annual shares of energy content in crude oil and natural gas production (NEW 
REF: Natural Gas Summary: California, EIA). Using this approach, production and processing 
emissions for natural gas are estimated as 3.1 Mt CO2e in 2017, or about 18% of total emissions 
from oil & gas production and processing. This in turn produces two estimates of the trend in 
GHG intensity of production per barrel oil since 2000 (Figure 37 left panel, solid and dashed line): 
the unadjusted value, which has increased by 30% since 2000, and, the value adjusted to remove 
emissions associated with natural gas production, which has increased by 39% since 2000 (Figure 
37). The modest decline of GHG emissions associated with extraction during a time period when 
production has markedly declined (Figure 3) indicates an increasing GHG intensity of production 
per barrel (Figure 37). 
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Figure 36. Annual GHG emissions (2000-2017) from oil and gas production and processing (left) and petroleum 
refining and hydrogen production (right) in million metric tons CO2-equivalent (Mt CO2e) per year. Greenhouse gases 
included are methane (CH4, yellow), carbon dioxide (CO2, blue) and nitrous oxide (N2O, green). Emissions from the 
extraction segment (left) include emissions from natural gas extraction (see text). Data source: CARB GHG Emissions 
Inventory (90,91).  

GHG emissions associated with cogeneration are not reported under Oil & Gas: Production & 
Processing in the GHG Emissions Inventory. Based on available data in the GHG Emissions 
Inventory, GHG emissions associated with cogeneration to oil and gas extraction were 3.6 Mt 
CO2e in 2017 (an additional 20.7%). 
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Figure 37. Estimated GHG emissions per barrel (bbl) of crude extracted in the oil and gas extraction segment (left 
panel) and GHG emissions per barrel of crude refined in the refining segment (right panel) in kg CO2e per barrel from 
2000 to 2017. Total emissions from the extraction and refining segments are reported by CARB’s GHG Emissions 
Inventory under Oil & Gas: Production & Processing and Petroleum Refining and Hydrogen Production, respectively. 
Unadjusted GHG emissions for oil and gas extraction assumes that all emissions from the extraction segment are 
attributed to crude oil production. Adjusted GHG emissions exclude emissions associated with natural gas 
production (dashed line) using annual shares of energy content in crude oil and natural gas production. GHG 
emissions associated with hydrogen production are included in the petroleum refining segment because most 
hydrogen in California is produced and consumed by refineries. GHG emissions associated with cogeneration and 
electricity usage in both extraction and refining segments are not included. Data sources: CARB GHG Emission 
Inventory (84) for total GHG emissions for each segment; CEC California Crude Oil Receipts (11) for crude quantities 
refined in California; DOC WellSTAR Monthly Production (15) for crude quantities extracted in California; EIA Annual 
Natural Gas Summary (17) for natural gas extracted in California.  

Lifecycle carbon emissions of crude sources 

According to a lifecycle study of crude oil emissions, upstream (i.e., extraction) GHG emissions 
from California’s three major oil fields— Midwest Sunset, South Belridge and Wilmington— were 
180 kg CO2e per barrel, 103 kg CO2e per barrel and 56 kg CO2e per barrel, respectively, in 2015 
(94–96). Variation in upstream emissions across the three fields was almost entirely due to 
differences in emissions associated with production of crude oil, and in particular, the varied use 
of steam injection (Figure 38). Midway Sunset had production emissions of 174 kg CO2e per barrel 
and a steam-to-oil ratio of 6; South Belridge had production emissions of 78 kg CO2e per barrel 
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and a steam-to-oil ratio of 3; and Wilmington had production emissions of 30 kg CO2e per barrel 
and a steam-to-oil ratio of 0. Other emissions, including those from drilling, venting, flaring and 
fugitive emission sources, were fairly uniform between fields and ranged between 25 kg CO2e 
and 27 kg CO2e per barrel.  

 

Figure 38. GHG emissions (kg CO2e per barrel) associated with upstream oil production activities from three major 
California oil fields: Midway Sunset (Kern County), South Belridge (Kern County) and Wilmington (Los Angeles 
County). These oil fields accounted for 33% of oil production in 2019. Onsite GHG emissions include venting, flaring 
and fugitive emissions (light blue), production (purple), processing (green), miscellaneous (yellow) and drilling (red). 
Offsite GHG emissions (dark blue) include emissions from activities that cross an upstream (or midstream) boundary; 
emission-related activities that enter a site (e.g. natural gas purchases); and activities that send emissions off-site, 
which are shown as negative emissions (e.g. natural gas sales). Data source: Oil-Climate Index (94–96). 

CARB uses the same model (Oil Production Greenhouse gas Emissions Estimator - OPGEE (98)) as 
the Oil-Climate Index to estimate upstream carbon intensities associated with extraction. These 
data show that GHG emissions for extracting a barrel of oil is comparatively high for oil produced 
in California, with a volume-weighted average carbon intensity of 102.3 kg CO2e per barrel, 
compared to 66.3 kg CO2e per barrel for out-of-state extraction (Figure 39). One of the key 
reasons for high emissions associated with production is that steam flooding, which utilizes 
natural gas and is essential for extracting much of California’s heavy oil, is carbon intensive 
(97,99). 
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Figure 39. 2015 carbon intensity per barrel (bbl) of crude oil (upstream emissions) for California in-state (by field) 
and out-of-state (by crude stream) sources (100). Carbon intensities in emissions per MJ were converted to emissions 
per barrel using the conversion factor of 6011 MJ per bbl of crude oil (101). The 2018 volume weighted average 
value for all crude consumed by California refineries (in-state and out-of-state) is 75.6 kg CO2e per barrel(100). 
Horizontal lines indicate volume weighted averages for the two groups: 102 kg CO2e per barrel for California in-state 
extraction and 66.3 kg CO2e per barrel for out-of-state extraction. Data sources: CARB Calculation of 2018 Crude 
Average Carbon Intensity Value (100). 

A key finding in this section is that GHG emissions per barrel associated with California oil 
extraction are increasing over time (Figure 37 left panel, yellow line). From 2000 to 2017, GHG 
emissions per barrel extracted increased by 30% (Figure 37). 

Extraction facility-level emissions 

To explore spatially disaggregated emissions from each segment of the transportation fossil fuel 
supply sector, we rely on the facility-level emissions reported in the MRR dataset filtered by the 
appropriate North American Industry Classification System (NAICS) codes (see Table A.3 and SI.2 
for a description of the NAICS code definition for the transportation fossil fuel supply sector used 
in this study). Note that CARB’s facility definition changed, starting in 2012, from an air district 
stationary source-type “contiguous and adjacent” property definition to including all emissions 
sources in an entire hydrocarbon basin (102). Our data and plots span the timing of this change 
and have not been adjusted to reflect the change. 
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Aggregated GHG emissions from facilities within the extraction segment of the transportation 
fossil fuel supply sector in the MRR dataset are much lower than the total GHG emissions 
reported in the GHG Emissions Inventory for the same segment, Oil & Gas: Production and 
Processing (Figure 40, see SI.3 for more information). The gap is wider for years before 2014. 
Unreported emissions by small producers that did not meet the annual emissions reporting 
threshold of 10,000 t CO2e are likely the primary reason for this gap (103).  

Spatial disaggregation for the oil extraction segment is challenging because data are reported “as 
an aggregate of a company's operations in a geologic basin that typically consists of a very large 
area covering one or more counties” (104). The top three emitting entities in 2018 collectively 
accounted for 54% of the segment’s emissions (Figure 40). These entities are Aera Energy (23%), 
Chevron AAPG 745 (18%) and California Resources Elk Hills LLC (13%) (Figure 40). All three are 
located in the southern San Joaquin Basin. Aera Energy and Chevron have facilities in Kern County 
and Fresno; California Resource Elk Hills LLC’s facilities are allocated in the San Joaquin Valley 
(105).  

 

Figure 40. Upstream GHG emissions in million metric tons CO2 equivalent (Mt CO2e) per year by facility (106). The 
black line represents values from the GHG Emissions Inventory Tool (91). Colored area bars represent emissions by 
facilities classified as Crude Petroleum and Natural Gas Extraction. Emissions from the GHG Emission Inventory, 
which were estimated using GWPs from the Fourth Assessment Report (AR4), were adjusted using GWPs from the 
Second Assessment Report (SAR) to be consistent with the MRR data. Data Sources: CARB GHG Emissions Inventory 
Tool (84), CARB Mandatory GHG Reporting - Reported Emissions (85), CARB GHG Global Warming Potentials (107)  
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Estimates of GHG emissions using field-level carbon intensity values reported by CARB and field-
level oil production data show emissions across fields (Figure 41) and counties in California 
(Figure 42). Field-level carbon intensity values were estimated by CARB for only 2010 and 2015 
(108). Therefore, emissions estimates in Figures 41 and 42 for 2010 through 2014 and 2015 
through 2018 are based on carbon intensity values estimated using field data for 2010 and 2015, 
respectively. Hence, emissions variability within the two time intervals reflects field-level oil 
production differences only. In reality, carbon intensities of crude oil production likely varied 
between years and was mainly dependent on the amount of steam injected as part of thermal 
enhanced oil recovery (108). Further, both the methodology and the scope of emissions in the 
GHG Inventory differ from those for the carbon intensities estimated in CARB’s LCFS life cycle 
accounting (109), which explains the difference between the two estimates in Figures 41 and 42. 
In spite of these differences, the disaggregated emissions estimates using field-level carbon 
intensity values are useful to highlight that GHG emissions from the extraction segment are 
concentrated in a few fields in Kern County. 

 

Figure 41. Aggregated GHG emissions in million metric tons CO2 equivalent (Mt CO2e) per year by oil field. Annual 
emissions per field were calculated using the reported oil production (barrels) and field-level carbon intensity values 
from 2010 to 2018 (2010 values were used for 2011 due to data limitations). The weighted mean carbon intensity 
value for California was applied to production in fields for which a carbon intensity value is not available (< 1% of all 
production for the years displayed in figure). Fields that produced more than 10 million barrels in a single year are 
displayed individually, and the remaining fields are aggregated into the category “Other.” The black line represents 
total emissions reported in the GHG Emissions Inventory Tool for the Oil & Gas: Production & Processing sector (91). 
Data sources: WellSTAR Monthly Production (15); CARB GHG Emissions Inventory Tool (84), CARB staff reports 
documenting carbon intensity values of crude oil (100,110–114). 
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Figure 42. Aggregated GHG emissions in million metric tons CO2 equivalent (Mt CO2e) per year by county. Annual 
emissions per county were calculated using the reported oil production (barrels) and field-level carbon intensity 
values from 2010 to 2018 (2010 values were used for 2011 due to data limitations). Emissions by field were 
aggregated at the county-level. We applied the weighted mean carbon intensity value for California to production 
in fields for which a carbon intensity value is not available (< 1% of all production for the years displayed in figure). 
The top 10 counties in terms of 2019 production are displayed individually and the rest are aggregated into the 
category “Other.” The black line represents total emissions reported in the GHG Emissions Inventory Tool for the Oil 
& Gas: Production & Processing sector (91). Data sources: WellSTAR Monthly Production (15); CARB GHG Emissions 
Inventory Tool (84), CARB staff reports documenting carbon intensity values of crude oil (100,110–114). 

2.2 GHG emissions from distribution: From extraction to refineries  

Crude oil is transported to refineries, and emissions associated with distribution depends on the 
transportation mode (e.g., pipeline, road, marine) and the distance traveled. The grid electricity 
used to power pipeline pump stations is the main source of greenhouse gas emissions for 
distribution of crude oil via pipeline; hence, GHG emissions from pipeline distribution can vary by 
regional electricity portfolios and intensities. When transported by rail, the main source of GHG 
emissions is associated with diesel consumption.  

Regardless of transportation type, distribution of crude oil comprises a small percentage 
(estimated by Rahman et al. as < 1% for gasoline, diesel and jet fuel) of life cycle emissions (115). 
Most of the crude oil extracted in California is transported via pipelines to refineries. According 
to the MRR, emissions associated with distribution equaled 0.014 Mt (Mt CO2e) in 2018. 
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However, these reported GHG emissions likely do not represent all the emissions associated with 
the distribution of crude oil, as they do not include transportation via marine, rail and road 
routes.  

2.3 GHG emissions from the refinery segment 

The refining segment was the largest source of GHG emissions (29.8 Mt CO2e per year) in 
California’s industrial sector in 2017, representing one-third of total industrial emissions (86,90). 
Total GHG emissions from the refining segment have been relatively stable through time, while 
emissions per barrel have increased (Figures 37 and 38, blue line). Nearly all GHG emissions 
associated with the refining segment are CO2 emissions (Figure 36, right panel).  

Refinery facility-level emissions  

This section relies on the facility-level emissions reported in the MRR dataset. Total aggregated 
emissions from refineries are higher than that reported by the GHG Emissions Inventory for the 
state (Figure 44). This difference is driven by the treatment of emissions associated with 
cogeneration. Reported emissions from refineries in the MRR include emissions from 
cogeneration, whereas in the GHG Emissions Inventory, these emissions are reported separately 
under two different sub-sectors within the Industrial and Electricity sectors and are not included 
in the Petroleum Refining and Hydrogen Production sub-sector (116). Based on available data in 
the GHG Emissions Inventory, the contributions of emissions associated with cogeneration to the 
refining segment in 2017 were 2.2 Mt CO2e per year (an additional 7.5%) and those associated 
with wastewater treatment were 0.07 Mt CO2e per year (an additional 0.2%). Including 
cogeneration emissions make the total emissions in the GHG Emissions Inventory similar to total 
emissions reported in the MRR. 

The top four refineries in terms of 2018 emissions accounted for 57% of total refining segment 
emissions: Marathon Petroleum Corp., Carson Refinery (20%); Chevron U.S.A. Inc., Richmond 
Refinery (14%); PBF Energy, Martinez Refinery (12%); and Chevron U.S.A. Inc., El Segundo 
Refinery (11%) (Figure 44). Over half of the refining segment’s total emissions occur in Los 
Angeles County (52% in 2018), followed by Contra Costa County (37% in 2018) (Figure 44). The 
North and South clusters of refineries each account for about half of the segment’s total 
emissions, 47% and 53%, respectively, in 2018 (9,85).  

Since 2016, Paramount Petroleum Corporation (Figure 43, pink) has been included in the MRR as 
a facility that produces “All Other Basic Organic Chemical Manufacturing” as a result of switching 
its production to biodiesel. GHG emissions from this facility equaled 0.03 Mt CO2e (< 0.1 percent 
of 2019 emissions from petroleum refineries in Figure 43). Four facilities producing ethanol have 
reported their emissions in the MRR database, three of which (Aemetis Advanced Fuels Keyes, 
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Inc., Pacific Ethanol Madera LLC and Pacific Ethanol Stockton LLC) reported emissions in 2019. 
Total emissions from all ethanol producing facilities has increased over time from 0.117 Mt CO2e 
in 2011 to 0.181 Mt CO2e in 2018, representing less than 0.4 % of total 2018 emissions from the 
petroleum refining segment. In 2018, 14% of ethanol consumed in California was produced in-
state (Figure 27, (49)). 

 

Figure 43. Annual GHG emissions by refinery from 2008 to 2018 in million metric tons CO2 equivalent (Mt CO2e) per 
year (85). The black line represents values from the CARB GHG Emissions Inventory Tool. Colored area bars represent 
emissions from facilities within the Refinery category and are stacked from bottom to top in order of appearance in 
the legend, starting with Marathon Petroleum Corp, Carson Refinery. Sector emissions reported by the GHG 
Inventory tool are lower than total emissions reported in the MRR data because emissions associated with 
cogeneration are reported separately under two sub-sectors within the Industrial and Electricity sectors in the GHG 
Emissions Inventory (116). GHG emissions from Marathon Petroleum Corp.’s Carson and Wilmington refineries were 
reported together from 2014. Alon Bakersfield refineries are under new ownership — one of the refineries was sold 
to Global Clean Energy Holdings and is planned to be converted to produce renewable diesel fuel with a capacity of 
15,000 barrels per day (117). Emissions from the GHG Emission Inventory, which are estimated using GWPs from the 
AR4, were adjusted using GWPs from the SAR to be consistent with the MRR data (107). Data sources: CARB GHG 
Emissions Inventory Tool (84), CARB Mandatory GHG Reporting - Reported Emissions (85). 
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Figure 44. Annual GHG emissions from the refining segment by county from 2008 to 2018 in million metric tons CO2 
equivalent (Mt CO2e) per year. Data source: CARB Mandatory GHG Reporting - Reported Emissions (85). 

2.4 GHG emissions from distribution: From refineries to use 

When refinery products are transported from refineries to private distribution centers, retail 
outlets and wholesale outlets, emissions associated with distribution are dependent on 
transportation mode (e.g., pipeline, road, marine) and distance traveled. Similar to GHG 
emissions from crude distribution, regional grid electricity that powers pipeline pump stations 
are the main source of emissions associated with distribution of transportation fuels via pipeline. 
Diesel-powered engines in trains and trucks emit the majority of GHGs in rail and tanker truck 
distribution. When transportation fuels are distributed by barge or ocean tanker, combustion of 
residual oil is the main source of GHG emissions during distribution. Similar to crude distribution, 
distribution of transportation fuels represents a small percentage of their respective life cycle 
emissions (approximately 4% to 8%), relative to extraction and refining (94–96,115). GHG 
emissions associated with distribution of refinery products were not available from the GHG 
Emissions Inventory. 
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 Section 2 gaps and limitations 

1. This section describes GHG emissions from the entire oil and gas extraction and refining 
segments in California. However, approximately 20% of the product slate of California 
refineries is products other than transportation fuels, such as asphalt, petroleum coke 
and lubricants. Emissions associated with these other products cannot be materially or 
numerically separated from emissions associated with the extraction and refining of 
transportation fuels. 

2. GHG emissions from natural gas extraction are not available as a separate share of the 
“Oil and Gas: Production and Processing” category in the GHG Emissions Inventory. We 
did not include these emissions because the number of natural gas wells and amount of 
natural gas production is small. Therefore, we assigned all “Oil and Gas” GHG emissions 
to the crude oil extraction segment.  

3. GHG emissions for crude oil distribution from fields to refineries and from refineries to 
terminals are not available in the GHG Emissions Inventory; hence, they are not presented 
in this study. GHG emissions associated with wastewater treatment, electricity and useful 
thermal output cogeneration, and electricity use in the transportation fossil fuel supply 
sector are attributable to their source (e.g. wastewater treatment, electricity generation) 
and not the end user in the GHG Emissions Inventory. Based on available data in the GHG 
Emissions Inventory, we provide estimates of GHG emissions associated with wastewater 
treatment in Refineries and Hydrogen Production and those associated with cogeneration 
in both extraction and refining segments. However, we cannot estimate the emissions 
associated with grid-level electricity use in the transportation fossil fuel supply sector 
because emissions from the electricity sector are not disaggregated by end-use in the 
GHG Emissions Inventory. Future studies could calculate a broader emissions inventory 
by considering all sources of emissions. 

4. GHG emissions associated with transport of transportation fuel products from terminals 
to gas stations are considered a part of downstream emissions and, hence, assumed to 
be covered by Study 1.  

5. We did not discuss GHG sinks that may be associated with transportation fuels in the 
future, such as carbon capture and storage. 
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Section 3: Current employment characteristics and trends  

Section 3 presents statistics and trends on employment, total compensation per worker, worker 
characteristics and job quality indicators for the transportation fossil fuel supply sector in 
California. We follow the operating definition of the transportation fossil fuel supply sector used 
throughout this report as the industries whose activities are primarily and directly related to the 
extraction, distribution, and refining of oil for the purpose of producing (supplying) transportation 
fuels in California. This definition excludes employment in secondary and indirectly related 
industries that supply inputs and services to the primary industries in the transportation fossil 
fuel supply sector (e.g. remedial services). Therefore, our definition of the transportation fossil 
fuel supply sector as the ensemble of primary industries engaged in the extraction, distribution, 
and refining of crude oil products follow CARB’s practice of attributing emissions to their sources 
and not their end use (87). 

We note that the workforce impact section in Study 1, which focuses on the demand or 
consumption of transportation fuels and transportation choices, is based on a broader definition 
of the industries included in transportation fuel demand. For example, it includes industries such 
as pipeline transportation of natural gas that are not included in the Study 2 analysis as well as 
industries such petroleum refineries that are included in the Study 2 analysis. The difference in 
scope of industries in the workforce analyses of Study 1 and Study 2 is explained by the different 
markets each study focuses on (demand in Study 1, supply and Study 2), and also by the different 
policies and scenarios investigated in each study. 

In addition, Study 1 includes employment in gas stations as part of its workforce analysis. In 2019, 
more than 60,000 workers were employed in gas stations in California, a number that in itself is 
larger than the total employment in the transportation fossil fuel supply sector. As a result, the 
total employment counts reported in Study 1 (demand of transportation fuels and transportation 
choices) are necessarily larger than those reported in Study 2 (supply of transportation fuels, this 
Section). Table A.3 in the Appendix presents a detailed analysis of the industries included in Study 
1 and in Study 2. 

The data are presented for the transportation fossil fuel supply sector as a whole, and for the 
three segments of the sector: extraction, distribution and refining. The regional distribution of 
transportation fuel supply employment and compensation per worker is also documented. 

The transportation fossil fuel supply sector is a small component of California’s overall labor 
market (40,000 jobs compared to 20 million total jobs), but it is regionally significant for some 
counties, in particular for Kern and Contra Costa Counties. The transportation fossil fuel supply 
sector in California employs both regular and contract workers. Unfortunately, there is no 
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comprehensive source of data that identifies contract workers in the transportation fossil fuel 
supply sector in California. The estimates we derive below suggest that up to an additional 5,600 
contract workers may be employed in the transportation fossil fuel supply sector annually (in 
addition to the roughly 40,000 regular workers).  

Average total compensation per worker in the transportation fossil fuel supply sector (inclusive 
of some non-wage benefits) is approximately $140,000 annually, which exceeds the statewide 
average in other sectors. The distribution segment contributes the greatest share of employment 
in the transportation fossil fuel supply sector (51% of total employment in the sector), followed 
by refining (29%) and extraction (20%) (118). Workers in the transportation fossil fuel supply 
sector are predominantly white males. The educational attainment distribution is bimodal, with 
about one-third of workers with a high school diploma or less, and one-third with a bachelor’s 
degree or more (119). Union coverage varies across industry segments; workers in the refining 
segment have the highest union coverage rate. Employment-related health insurance coverage 
is 95% in the transportation fossil fuel supply sector (120). 

3.1 California transportation fossil fuel supply sector employment and worker compensation 

To examine employment and total compensation trends in California’s transportation fossil fuel 
supply sector, we analyze publicly available data from the U.S. Bureau of Labor and Statistics 
Quarterly Census on Employment and Wages (QCEW, (118)), which is provided quarterly. 
Because the QCEW is compiled from administrative sources at the state level, it covers more 
workers at a higher temporal frequency than comparable survey data, such as the Current 
Population Survey (CPS, (118,120)). Most importantly for this report, the QCEW provides 
employment and compensation per worker at a finer level of detail for industries than 
comparable administrative sources, such as the Quarterly Workforce Indicators (QWI, (119)). 

In order to identify industries in the transportation fossil fuel supply sector in the QCEW we use 
the definition of the sector based on NAICS codes defined above. 

The QCEW includes employment counts and worker compensation totals for regular, 
“permanent” workers and for some contracted workers with a strong attachment to the sector. 
More specifically, NAICS Code 237120 (“Oil and Gas Pipeline and Related Structures 
Construction”) includes specialty trade contractors if they are engaged in activities primarily 
related to oil and gas pipeline and related structures construction. Therefore, the data reported 
below is inclusive of employment of contract workers, to the extent that the work they perform 
in the transportation fossil fuel supply sector is their primary job in a given time period. 
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The QCEW database does not provide information on occupations; instead, we rely on 
Occupational Employment Statistics (OES) from the Bureau of Labor Statistics. Details and 
limitations of both the QCEW and OES data are discussed in SI.4. 

Total employment across all industries in California has steadily increased since 2000, with a 
notable drop following the Great Recession that started in 2008 (Figure 45, A). Employment in 
the transportation fossil fuel supply sector is a small component of overall employment in 
California, averaging 39,586 workers per year between 2000 and 2018, compared to 19.8 million 
workers for the state as a whole. Between 2000 and 2018, employment in the transportation 
fossil fuel supply sector reached a maximum of 44,944 jobs in 2012 and a minimum of 35,543 in 
2004 (118).  

A relatively small component of California’s labor market is occupied by transportation fossil fuel 
supply sector employment, ranging from 0.2% to 0.3% of total employment (Figure 45, B). The 
transportation fossil fuel supply sector directly employed 38,271 workers in 2017, 0.2% of the 
state’s total. Between 2000 and 2017, the sector’s share of statewide employment declined 
moderately by 0.4% annually. While the transportation fossil fuel supply sector represents a small 
share of total employment in California, it is important in some regions of the state, in particular 
in Kern and Contra Costa counties where it accounts for 2.7% and 1.9% of total employment, 
respectively. 

On average, “petroleum pump system operators, refinery operations and gaugers” was the 
occupation category with the highest number of workers in the transportation fuel supply  sector 
in California from 2016 to 2018 (Table 1). Accountants and auditors, tractor-trailer truck drivers, 
and petroleum engineers represent 1,232, 1,102 and 1,031 workers in the state’s transportation 
fuel supply in the state. 

Table 1. Top ten occupations in the transportation fossil fuel supply sector in California from 2016 to 2018.  

 

Note: The average number of workers reflects a three-year average of full- and part-time workers from 2016 to 
2018. Data Source: Riveles and Nagai, 2019 (121).  
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In addition to the above occupations, skilled construction workers who work on a contract basis 
also comprise part of the transportation fuel supply workforce in California. While the QCEW 
includes in its employment counts some contracted workers, it is not inclusive of all contracted 
employment as explained above. Unfortunately, publicly available data that identifies separate 
counts of employment by contract and permanent status and by industry are not available from 
government agencies such as the U.S. Bureau of Labor Statistics. 

In order to provide complementary information on contracted construction worker employment 
to what is included in the QCEW, we rely on information on construction employment in the 
broader oil and gas sector reported in published industry reports (122). 

Using data on 194 active projects in the oil and gas sector from Industrial Information Resources, 
a report from the Institute for Construction Economic Research (ICERES) states that oil and gas-
related construction projects supported 128.72 million labor hours across 14 different trades in 
California between 2008 and 2018. It should be noted that the oil and gas sector include the 
transportation fossil fuel supply sector and other oil and gas sectors, such as natural gas 
distribution and processing, which are not included in the transportation fossil fuel supply sector. 

Using the California state definition of a 40-hour work week (Cal. Labor Code § 11040) and full-
time equivalent to employment ratios from IMPLAN (123), we estimate there are approximately 
5,600 full-time contract workers on an annual basis in the oil and gas sector between 2008 and 
2018. Nearly half of these labor hours supported by oil and gas construction projects were 
attributable to plumbers and pipefitters, electricians and welders. Of the total oil and gas-related 
construction labor hours, over 94 million were within the refining segment and nearly 21 million 
were within the extraction segment. When including construction projects related to storage 
terminals and oil and gas pipelines, the distribution segment demanded 12 million labor hours 
during the same time period.  

The ICERES report highlights the significance of skilled contracted construction workers in the 
transportation fossil fuel supply sector and reinforces the need for reliable, public data on such 
workers. Taken together with the estimate taken from QCEW, the ICERES-derived estimate 
provides an upper bound for the total employment in the transportation fossil fuel supply sector. 
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Figure 45. A. Employment in the transportation fossil fuel supply sector (“TF,” gray) and total employment across all 
sectors (yellow; left axis) in California from 2000 to 2018. B. Shares of employment in the transportation fossil fuel 
supply sector (gray) and the manufacturing and transportation sectors (yellow and purple, respectively) in California. 
The gap in 2011 is due to some of the transportation fossil fuel supply sector data being suppressed to preserve 
confidentiality in the QCEW. Data source: QCEW (118). 

Average annual total compensation per worker in the transportation fossil fuel supply sector 
fluctuated between $103,962 and $158,571 from 2000 to 2018 (Figure 46). These entries, and all 
other dollar amounts in Section 3, are in inflation-adjusted 2020 dollars (118). 
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Figure 46. Average annual compensation per worker in California’s transportation fossil fuel supply sector (“TF,” 
gray), manufacturing sector (yellow) and transportation sector (purple) from 2000 to 2018. Dollar amounts are in 
inflation-adjusted 2020 dollars. The gap in 2011 is due to some of the transportation fossil fuel supply sector data 
being suppressed to preserve confidentiality in the QCEW. Data source: QCEW (118). 

3.2 Employment and worker compensation by oil and gas supply industry segment 

This section breaks down the employment and worker compensation data by transportation 
fossil fuel supply sector segment: extraction, distribution and refining.  

Examining annual employment by segment reveals three important observations (Figure 47). 
First, the extraction segment is the smallest component of the transportation fossil fuel supply 
sector in terms of employment, with 7,641 to 13,384 workers per year from 2000 to 2018. 
Second, there has been a decline in employment in both the extraction and refining segments. 
Third, the distribution segment was the largest employer in the transportation fossil fuel supply 
sector in 2018 with 20,403 workers (118).  

From 2001 to 2018, total compensation per worker (in real terms) was consistently highest in the 
extraction segment, followed by refining and distribution segments. Additionally, total 
compensation per worker in the extraction and refining segments grew the most from 2000 to 
2018 (Figure 48). However, inflation-adjusted average compensation per worker in extraction 
and refining peaked in 2012 before steadily declining from 2012 to 2018 and from 2012 to 2017, 
respectively. Average total compensation per worker is lowest in the distribution segment and 
has experienced the smallest amount of growth (in real terms) since 2000 (118). 
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Figure 47. Employment in California’s transportation fossil fuel supply sector in the distribution (green), extraction 
(red) and refining (blue) segments from 2000 to 2018. The gap in 2011 for the extraction segment is due to some of 
the data being suppressed to preserve confidentiality in the QCEW. Data source: QCEW (118). 

 

Figure 48. Average annual compensation per worker in California’s transportation fossil fuel supply sector (“All TF” 
gray), distribution segment (green), extraction segment (red) and refining segment (blue) from 2000 to 2018. Dollar 
amounts are in inflation-adjusted 2020 dollars. The gap in 2011 for the extraction segment is due to some of the 
data being suppressed to preserve confidentiality by QCEW. Data source: QCEW (118).  
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3.3 Transportation fuel supply employment and compensation per worker by county 

In this section we analyze heterogeneity in the contribution of employment and compensation 
from the transportation fossil fuel supply sector to regional labor markets.  

Table 2. Top five California counties for transportation fossil fuel supply sector employment and compensation 
between 2016 and 2018. 

 

Notes: Panel A. Top five California counties in terms of workers employed in the transportation fossil fuel supply 
sector. Panel B. Top five California counties in terms of total county worker compensation in the transportation fossil 
fuel supply sector, reported in millions of 2020 constant dollars. The transportation fossil fuel supply sector is 
represented as “TF” in the table. Reported employment and total compensation are based on annual averages from 
2016 to 2018. Dollar amounts are in inflation-adjusted 2019 dollars. Data in QCEW may be suppressed due to the 
U.S. Bureau of Labor Statistics confidentiality policy (124). Data source: QCEW (118). 
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From 2016 to 2018, 88% of all California’s transportation fuel supply employment was located in 
five counties (listed from highest to lowest number of workers in the sector): Los Angeles, Kern, 
Contra Costa, Orange and San Bernardino Counties (Table 2A). Out of these five counties, Kern 
County had the highest share of employment in the transportation fossil fuel supply sector, with 
2.7%. Kern County had 7,372 transportation fuel supply jobs and 262,334 jobs in sectors other 
than transportation fuel supply, for a total employment of 269,706 (118).  

Similar to total employment, 92% of statewide worker compensation in the transportation fossil 
fuel supply sector accrued in the same five counties: Los Angeles, Kern, Contra Costa, Orange and 
San Bernardino Counties (Table 2B). Out of the $3.3 billion in annual total worker compensation 
in transportation fossil fuel supply sector jobs, $3.1 billion accrued to workers in these five 
counties. The average total annual worker compensation in the transportation fossil fuel supply 
sector across California counties was $5.1 billion, compared to $1.2 trillion in all other sectors. 
The transportation fossil fuel supply sector contributed an average of 0.4% of annual total worker 
compensation across California counties (118). 

In Los Angeles County, total worker compensation in transportation fuel supply jobs exceeded 
$1.1 billion but only accounted for 0.4% of total worker compensation across all sectors in the 
county (Table 2B). In Kern County, total transportation fuel supply worker compensation was 
$0.7 billion per year and represents 6% of total worker compensation in the county, the largest 
share for the transportation fossil fuel supply sector in the state (Contra Costa County was the 
second largest county by share of total worker compensation from transportation fossil fuel 
supply sector at 4.1%) (118).  

3.4 Demographic characteristics of workers in the transportation fossil fuel supply sector 

Demographic characteristics of workers in the transportation fossil fuel supply sector are 
reviewed using data from the QWI (119) because QCEW does not contain demographic 
information. Worker demographic information includes educational attainment, race and 
ethnicity, age (all in categorical form), and sex. We aggregate the reported race and ethnicity 
categories into five groups: White, Hispanic, African American or Black, Asian and Other. Details 
and limitations of the QWI data are discussed in SI.4. 

Of the age and racial and ethnic groups evaluated, the transportation fossil fuel supply sector 
employed male workers the most, especially in extraction and distribution from 2000 to 2003 
and from 2016 to 2018 (Figure 49). Overall, men made up 79% of the transportation fossil fuel 
supply sector employment. The sex composition of employment in the sector remained relatively 
constant between the early 2000s and late 2010s. 
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Figure 49. Employment shares by sex in California’s transportation fossil fuel supply sector by segment from 2000 to 
2003 and from 2016 to 2018. Segments of the transportation supply sector are reported as distribution (green), 
extraction (red) and refining (blue) segments. Data source: QWI (119).  

In the three segments of the transportation fossil fuel supply sector, the majority of workers were 
25 to 54 years old, but average worker age increased from the early 2000s to the late 2010s 
(Figure 50). This pattern is especially pronounced in the distribution and extraction segments, 
where the share of workers aged 55 and older more than doubled between the early 2000s to 
the late 2010s.  

Average worker educational attainment — the highest amount of education completed — 
declined in the transportation fossil fuel supply sector from the early 2000s to the late 2010s. The 
share of workers with a high school diploma or less increased from 26% between 2000 and 2003 
to 33% between 2016 and 2018 (Figure 51). Similarly, the share of workers with a bachelor’s 
degree or more declined from an average of 36% between 2000 and 2003 to an average of 31% 
between 2016 and 2018 (Figure 51). This is explained in part by the growth in the share of 
workers with a high school diploma or less in the distribution segment and the decline in the 
share of workers with a bachelor’s degree in refining (119).  
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Figure 50. Distribution of worker age in California’s transportation fossil fuel supply sector by segment from 2000 to 
2003 and from 2016 to 2018. Distribution of age is reported in three age categories: 24 years old and younger, 25 to 
54 years old, and 55 years old and older. Segments of the transportation fossil fuel supply sector are reported as 
distribution (green), extraction (red) and refining (blue) segments. Data source: QWI (119).  

 

Figure 51. Average educational attainment of transportation fossil fuel supply sector workers by segment for the 
2000 to 2003 and 2016 to 2018 periods. The three reported categories of educational attainment are: high school 
diploma or less education, some years of college education (but no bachelor’s degree), and a bachelor’s degree or 
more. The three segments of the transportation fossil fuel supply sector are reported as distribution (green), 
extraction (red) and refining (blue). Data source: QWI (119).  



           

 Page 78 

Of the racial and ethnic categories collected by the U. S. Census Bureau, the two largest racial 
and ethnic categories in the transportation fossil fuel supply sector workforce were White and 
Hispanic, which accounted for more than 80% of the workforce (Figure 52). Over time, the 
composition shifted away from White (an average of 67% between 2000 and 2003 to an average 
of 57% between 2016 and 2018) toward Hispanic (an average of 17% between 2000 and 2003 to 
25% between 2016 and 2018). This pattern is also observed in other industrial sectors, such as 
transportation (119). The share of African American or Black and Asian workers in the 
transportation fossil fuel supply sector remained relatively constant at 6% to 9% between the 
early 2000s and late 2010s. 

 

Figure 52. Average annual racial and ethnic composition of workers in the transportation fossil fuel supply sector by 
industry segment from 2000 to 2003 and from 2016 to 2018. Race and ethnicity categories reported to the U.S. 
Census Bureau are aggregated into five categories based on their share of total employment in the transportation 
fossil fuel supply sector. The five race and ethnicity categories include: White, non-Hispanic (“White”); Any race, 
Hispanic (“Hispanic”); African American or Black, non-Hispanic (“African American”); Asian, non-Hispanic (“Asian”); 
and Other. The “Other” category includes workers that identify as non-Hispanic and one of the following races: 
Native American or Alaskan Native, Native Hawaiian or Other Pacific Islander, or Two or More Races. The three 
segments of the transportation fossil fuel supply sector are reported as distribution (green), extraction (red) and 
refining (blue). Data source: QWI (119).  

The QWI data can also be used to contrast total compensation per worker across demographic 
groups. Average total compensation per worker in the transportation fossil fuel supply sector 
was $146,000 between 2016 and 2018 (Table 3). Total compensation for men in the sector is 
$153,484, exceeding that of women by 30%. Total worker compensation increased with age, 
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which could reflect an increase in compensation with experience and advancement of sector-
specific skills. There are notable differences in average total worker compensation by racial and 
ethnic groups—White and Asian workers had the highest average annual compensation and 
Hispanic and African American had the lowest. Average total worker compensation also 
increased with educational attainment (119). 

Table 3. Average total worker compensation in the transportation fossil fuel supply sector from 2016 to 2018. 

 

Note: Dollar amounts are in inflation-adjusted 2020 dollars. Data source: QWI (119).  

3.5 Other indicators of job quality for workers in the transportation fossil fuel supply sector 

We evaluate transportation fossil fuel supply sector workers’ job-related benefits using data from 
the Integrated Public Use Microdata Series Current Population Survey (IPUMS-CPS, (125)) 
because the QCEW and QWI databases do not contain information about benefits and job quality 
indicators (excluding total compensation per worker discussed in Section 3.1). Table A.7 presents 
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the definition of the transportation fossil fuel supply sector using the CPS database. Details and 
limitations of IPUMS-CPS data are discussed in SI.4. 

Union coverage of workers in the transportation fossil fuel supply sector declined from 43% to 
27% between the 2003-2005 and 2016-2018 periods. This trend mostly reflects a sharp drop in 
union coverage in the distribution segment, from 46% between2003 and 2005 to almost no 
coverage between 2016 and 2018 (Figure 53). At the same time, union coverage grew from 67% 
to close to 100% in the refining segment (125). 

 

Figure 53. Share of workers covered by unions in transportation fossil fuel supply sector segments for the 2003 to 
2005 and 2016 to 2018 periods. Union coverage represents workers that are either members of a union or covered 
(but not members) by a union. transportation fossil fuel supply sector segments include distribution (green), 
extraction (red) and refining (blue). Data source: IPUMS-CPS (125).  

The fraction of workers with employment-related health insurance coverage was high in the 
transportation fossil fuel supply sector relative to non-fuel transportation (85%) and 
manufacturing (90%) (Figure 54). For the sector as a whole, the coverage rate of workers is 95% 
and has remained constant over time. At the segment level, coverage increased slightly in refining 
and decreased in extraction (Figure 54, (125)). 
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Figure 54. Share of workers with employment-related health insurance coverage by transportation fossil fuel supply 
sector segments from 2003 to 2005 and from 2016 to 2018. Employment-related health insurance coverage is 
represented as the share of workers who were covered (i.e. policyholder) by a group health insurance plan related 
to a job the worker had during the previous calendar year. transportation fossil fuel supply sector segments include 
distribution (green), extraction (red) and refining (blue). Data source: IPUMS-CPS (125). 

The share of workers in the transportation fossil fuel supply sector covered by employer-
sponsored pension plans declined from 67% to 57% between the early 2000s and late 
2010s(Figure 55). This decline is observed in all segments and was most notable in the 
distribution segment (from more than 87% to almost 67%). The reduction in employer-provided 
pension plan coverage is not unique to the transportation fossil fuel supply sector, and is also 
observed in the non-oil and gas manufacturing and transportation sectors (125). 

 



           

 Page 82 

 

Figure 55. Share of workers with employment-related retirement coverage by transportation fossil fuel supply sector 
segments for the 2003 to 2005 and 2016 to 2018 periods. Employment-related retirement coverage is defined as 
workers included in a union- or employer-provided pension or other retirement plan (excluding retirement support 
from Social Security). This is inclusive of both defined benefit and defined contribution retirement plans. 
transportation fossil fuel supply sector segments include distribution (green), extraction (red) and refining (blue). 
Data source: IPUMS-CPS (125).  

Section 3 gaps and limitations 

There are several limitations and uncertainties associated with the publicly available data on 
employment, compensation, job characteristics and worker characteristics described in this 
section. 

● The QCEW, QWI and IPUMS-CPS data are limited because: 
○ Some industry level employment and compensation data are suppressed to 

maintain confidentiality standards.  
○ The data do not contain information on linkages between jobs in different 

industrial sectors and, thus, jobs indirectly related to the transportation fossil fuel 
supply sector cannot be identified. 

○ The data do not contain separate information on contract versus non-contract 
employment. 
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○ The QCEW data do not contain information on hours of work, or part-time/full-
time status. 

○ Average annual compensation per worker is an imperfect indicator of job quality. 
the indicators of job quality available are qualitative in nature (e.g., share of 
workers covered by a union, share of workers with employer-sponsored 
retirement benefits). Data on non-monetary worker compensation are not 
available. 

○ The data are available at the county level (i.e., not at the community or census-
tract level). 

● Facility-level employment data (e.g., employment in a given refinery or oil field) are not 
available from public sources. 

● Data on training programs or worker retooling programs in the transportation fossil fuel 
supply sector firms are not available. 

● Career-level outcome data (e.g., job tenure, promotions) are not available. 
● Indicators of job accessibility and/or barriers to job access are not available. 
● Information on wage standards or skill certification requirements of firms in the 

transportation fossil fuel supply sector are not available. Available information on 
occupational titles is imputed from a national-level crosswalk between industries and 
occupations. 
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Section 4: Current criteria pollutant and toxic air contaminants 
emissions characteristics and trends and public health impacts  

Section 4 presents trends and analyses of the emissions of criteria air pollutants and toxic air 
contaminants (TACs) from the transportation fossil fuel supply sector in California. Trends and 
characteristics of GHG emissions are presented in Section 2. We review the health risks 
associated with exposure, the spatial distribution of these emissions of criteria air pollutants and 
TACs across the state, including proximity to California’s disadvantaged communities. 

Our analysis of facility-level data between 2008 and 2017 shows that the transportation fossil 
fuel supply sector is a significant contributor of criteria pollutants and TACs emissions from 
industrial facilities in California. In particular, in 2017, the latest year of reporting data, 
transportation fuel supply facilities accounted for 23% of the state total of criteria pollutants from 
point sources and 26% of the state total for toxic air pollutants from all industrial facilities in 
CEIDARS. (see SI.4 for detailed description of data and methods). Exposure to such emissions are 
known to cause significant impacts on human health, including premature mortality. Criteria 
pollutants and TAC emissions have increased over time in the transportation fossil fuel supply 
sector, while they have trended downward in other industrial facilities. Within the transportation 
fossil fuel supply sector, refining and extraction segments are the largest emitters of criteria 
pollutants and TACs. (126) 

TAC and criteria pollutant emissions from the transportation fossil fuel supply sector are 
concentrated in a few counties, and are the highest in Contra Costa, Kern and Los Angeles 
Counties. Together, these three counties account for roughly 85% of the state total emissions 
from the transportation fossil fuel supply sector. Generally, county-level transportation fuel 
supply emissions and disadvantaged community composition have a direct relationship; counties 
with relatively high emissions from the transportation fossil fuel supply sector tend to have 
greater shares of disadvantaged communities (10,126).  

4.1 Trends in emissions of criteria pollutants and toxic air contaminants in California 

This section outlines the trends in emissions of criteria pollutants and TACs for facilities across all 
industrial sectors reporting to CARB’s California Emission Inventory Development and Reporting 
System (CEIDARS). There were 784 facilities reporting emissions in CEIDARS at any point in time 
between 2008 and 2017 (126). The total amount of criteria pollutants emitted across all CEIDARS-
reporting facilities decreased between 2008 and 2017, from a high of 300,888 metric tons in 2008 
to a low of 220,680 metric tons in 2017 (Figure 56). A steady decline in emissions of criteria 
pollutants from 2012 to 2017 is especially notable. 
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Figure 56. Total emissions of criteria pollutants (“CP”) in metric tons per year for all reporting facilities in California 
from 2008 to 2017. Reporting facilities include the 784 stationary facilities in any industrial sector that reported 
emissions to the CEIDARS database at any point between 2008 and 2017. Data source: CEIDARS (126).  

Similar to the trends in criteria pollutant emissions, total TAC emissions from reporting facilities 
in California decreased between 2008 and 2016, from a high of 10,110 metric tons in 2009 to a 
low of 5,961 metric tons in 2016 (Figure 57). Between 2008 and 2017, statewide TAC emissions 
from reporting facilities declined by 27.5% (126). 

 

Figure 57. Toxic air contaminants (TAC) emissions in metric tons per year for all reporting facilities in California from 
2008 to 2017. Reporting facilities include the 784 stationary facilities in any industry sector that reported emissions 
to the CEIDARS database at any point between 2008 and 2017. Data source: CEIDARS (126).  

A different picture emerges for emissions of criteria pollutants and TACs from the transportation 
fossil fuel supply sector (Figures 58 and 59). Although total emissions of criteria pollutants 
decreased between 2008 and 2017, almost all of the decline occurs after 2014. By 2017, total 
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criteria pollutant emissions were 51,738 metric tons, down from 63,690 metric tons in 2008. For 
TACs, the trend is either flat or positive, with the exception of a large decline in 2016. Reporting 
facilities in the transportation fossil fuel supply sector emitted 1,851 metric tons of TACs in 2017, 
representing 26% of statewide emissions of TACs from all CEIDARS-reporting facilities (126). 

 

Figure 58. Total emissions of criteria pollutants (“CP”) in metric tons per year from transportation fuel supply 
facilities in California from 2008 to 2017. Facilities include the 105 transportation fossil fuel supply sector facilities 
that reported emissions to CEIDARS at any point between 2008 and 2017. Data source: CEIDARS (126).  

 

Figure 59. Toxic air contaminants (TAC) in metric tons emitted by transportation fuel supply facilities in California 
between 2008 and 2017. Facilities include the 105 transportation fossil fuel supply sector facilities that reported 
emissions to CEIDARS at any point between 2008 and 2017. Data source: CEIDARS (126).  

A few notable patterns emerge from the comparison of emissions of criteria pollutants and TACs 
from the 105 reporting facilities in the transportation fossil fuel supply sector and the 686 
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reporting facilities from all other sectors (126). Emissions of both criteria pollutants and TACs 
declined between 2008 and 2017 from non-transportation fuel supply reporting facilities. TAC 
emissions from non-transportation fuel supply facilities declined from an average of 8,524 metric 
tons per year between 2008 and 2011 to an average of 5,559 metric tons per year between 2015 
and 2017, corresponding to an annual average decline of 2.1%. Between 2008 and 2017, TAC 
emissions from non-transportation fuel supply facilities decreased by 35% while TAC emissions 
from transportation fuel supply facilities increased by 43% (Figures 59 and 61). Criteria pollutant 
emissions declined by 18% from non-transportation fuel supply facilities and by 5% from 
transportation fuel supply facilities over the same period (126).  

 

Figure 60. Total criteria pollutants (“CP”) in metric tons emitted by transportation fuel supply facilities (gray) and 
facilities outside of the transportation fossil fuel supply sector (“Other Industries,” purple) in California between 
2008 and 2017. Total annual criteria pollutant emissions are averaged annually within three time periods: 2008-
2011, 2012-2014 and 2015-2017. Data source: CEIDARS (126).  
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Figure 61. Toxic air contaminants (TAC) in metric tons emitted by transportation fuel supply facilities (gray) and 
facilities outside of the transportation fossil fuel supply sector (“Other Industries,” purple) in California between 
2008 and 2017. Total annual TAC emissions are averaged annually within three time periods: 2008-2011, 2012-2014 
and 2015-2017. Data source: CEIDARS (126).  

Between 2015 and 2017, transportation fuel supply facilities generated 25% and 22% of all 
facility-emitted criteria pollutants and TACs, respectively (Figure 62). Whereas the share of 
criteria pollutants released by transportation fuel facilities remained fairly constant between 23% 
and 25%, the contribution of transportation fuel facilities to total facility-released TACs almost 
doubled from an annual average of 12% between 2008 and 2011 to an annual average of 22% 
between 2015 and 2017 (126). In 2017, the latest year of reporting data, transportation fuel 
supply facilities accounted for 23% of the state total of criteria pollutants from industrial facilities 
and 26% of the state total for toxic air pollutants from emissions of criteria air pollutants and 
toxic air contaminants. 
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Figure 62. Share of statewide facility emissions of criteria pollutants (blue) and TACs (green) attributed to 
transportation fuel supply facilities between 2008 and 2017. Total annual emissions are averaged annually within 
three time periods: 2008-2011, 2012-2014 and 2015-2017. Data source: CEIDARS (126).  

4.2 Trends in emissions of criteria pollutants and toxic air contaminants (TACs) in 
transportation fuel supply facilities  

This section examines trends in emissions across the three segments of the transportation fossil 
fuel supply sector: extraction, distribution and refining. CEIDARS-reporting facilities are assigned 
to one of these three segments based on their NAICS code (see Table A.3 and SI.2 for a description 
of the NAICS code definition for the transportation fossil fuel supply sector used in this study). 
For further detail of emissions from the refining segment, the California Office of Environmental 
Health Hazard Assessment (OEHHA) has prepared a full analysis of emissions of criteria pollutants 
and TACs from refineries in California (121). 

The majority of transportation fossil fuel supply sector criteria pollutant emissions have occurred 
in the refining segment. Between 2015 and 2017, the refining segment emitted an average of 
42,509 metric tons of criteria pollutants per year, which accounted for 73% of total 
transportation fossil fuel supply sector emissions of criteria pollutants. The extraction segment 
contributed a yearly average of 15,209 metric tons, or 26% of total transportation fossil fuel 
supply sector criteria pollutant emissions. Distribution facilities emitted a yearly average of about 
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1% of total transportation fossil fuel supply sector criteria pollutant emissions. A downward trend 
in criteria pollutant emissions is only observed in the refining segment from 2008 to 2017 when 
emissions declined by 17% (Figure 63). Criteria pollutant emissions from the extraction segment 
trended upward—emissions of criteria pollutants increased from an annual average of 9,722 
metric tons between 2008 and 2011 to an annual average of 16,009 metric tons between 2012 
and 2014 and an annual average of 15,209 metric tons between 2015 and 2017 (126). 

The trends are different for emissions of TACs (Figure 64). In both the extraction and refining 
segments, annual emissions of TACs increased from 2008 to 2017, reaching an annualized 
emission level of 430 metric tons from extraction and 1,159 metric tons from refining between 
2015 and 2017—although these increases were not constant over time. The refining segment 
was the largest contributor to TAC emissions in the transportation fossil fuel supply sector (73% 
of total transportation fossil fuel supply sector emissions) (126). 

 

Figure 63. Total criteria pollutants (“CP”) in metric tons emitted by transportation fuel supply facilities by segment 
between 2008 and 2017. Total annual emissions are averaged annually within three time periods: 2008-2011, 2012-
2014 and 2015-2017. transportation fossil fuel supply sector segments include distribution (green), extraction (red) 
and refining (blue). Data source: CEIDARS (126).  
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Figure 64. Total toxic air contaminants (TAC) in metric tons emitted by transportation fuel supply facilities by industry 
segment between 2008 and 2017. Total annual emissions are averaged annually within three time periods: 2008-
2011, 2012-2014 and 2015-2017. transportation fossil fuel supply sector segments include distribution (green), 
extraction (red) and refining (blue). Data source: CEIDARS (126).  

A few notable patterns emerge from analysis of individual criteria pollutants from 2008 to 2017 
(Figure 65). The refining segment was the largest contributor to emissions of all specific criteria 
pollutants in transportation fossil fuel supply sector facilities, followed by emissions from the 
extraction segment. The highest criteria pollutant emissions by mass from the transportation 
fossil fuel supply sector were nitrogen oxides (NOx), volatile organic compounds (VOCs), sulfur 
oxides (SOx) and carbon monoxide (CO), which all exceeded an annual average of 5,000 metric 
tons.  
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Figure 65. Average annual emissions of individual criteria pollutants (“CP”) in metric tons from transportation fuel 
supply facilities by industry segment between 2008 and 2017. Criteria pollutants included are CO, NOx, particulate 
matter less than 10 micrometers in diameter (PM10), particulate matter less than 2.5 micrometers in diameter 
(PM2.5), SOx and VOCs within three industry segments: distribution (green), extraction (red) and refining (blue). Data 
source: CEIDARS (126).  

Of the more than 100 types of TACs reported in the CEIDARS data, we report quantities released 
in pounds (or hundreds of pounds) for the TACs with the largest toxicity-weighted quantities 
released by the transportation fossil fuel supply sector (see Section 4.4 for a definition of toxicity-
weighted quantities), which include acrolein, benzene, formaldehyde, arsenic, cadmium, 
chromium and nickel (Figure 66) (126).  

TAC emissions vary across segments (Figure 66). The extraction segment emitted the most 
formaldehyde—one of the largest sources of TAC emissions in the transportation fossil fuel 
supply sector. Although some emitted quantities of TACs may appear small (i.e., the 
transportation fossil fuel supply sector emits an average of about 20 lbs of chromium per year), 
these chemicals can cause harmful health impacts at low levels of exposure (see Section 4.4 for 
impacts of TAC exposure).  
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Figure 66. Average annual emissions of individual TACs in transportation fossil fuel supply sector facilities by industry 
segment from 2008 to 2017, reported in hundreds of pounds and pounds. Panel A. shows TAC emissions of acrolein, 
benzene and formaldehyde and Panel B. shows TACs emitted from arsenic, cadmium, chromium and nickel. 
Individual TACs emitted from three industry segments: distribution (green), extraction (red) and refining (blue). Data 
source: CEIDARS (126).  
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4.3 Population exposure to emissions from the transportation fossil fuel supply sector at the 
county and census tract level 

This subsection summarizes how emissions from reporting facilities in the transportation fossil 
fuel supply sector affect population exposure across California counties and census tracts. We 
also consider how exposure differs across census tracts and overlap with disadvantaged 
communities. Identified by OEHHA through CalEnviroScreen, disadvantaged communities include 
populations with high exposure to cumulative pollution and who are particularly vulnerable to 
adverse health impacts (127,128). As such, disadvantaged communities are an important focal 
point of our study that aims to identify inequities caused by transportation fossil fuel supply 
sector pollution. 

4.3a Spatial distribution of transportation fossil fuel supply sector emissions  

Table 4. Average annual emissions of criteria pollutants (metric tons) for transportation fuel supply facilities by 
county from 2008 to 2017, and share of county population in disadvantaged community census tract. 

 

Notes: Top five counties in terms of total CEIDARS facility emissions of criteria pollutants (Panel A) and TACs (Panel 
B) emitted by the transportation fossil fuel supply sector between 2008 and 2017. Emissions are reported as annual 
average total emissions per county unless noted otherwise. Shares of county population within disadvantaged 
community census tracts are shown (right column). Data sources: CEIDARS (126), CalEnviroScreen 3.0 (10). 
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From 2008 to 2017, the five counties with the highest annual emissions of criteria pollutants from 
the transportation fossil fuel supply sector were: Contra Costa, Los Angeles, Kern, Solano and 
Santa Barbara Counties (Table 4A). These counties contributed 95% (58,401 tons of 61,651 total 
tons) of total statewide criteria pollution emissions from the transportation fossil fuel supply 
sector. Across these counties, the origin of criteria pollutant emissions in the transportation fossil 
fuel supply sector varied by segment. The refining segment was the dominant source of criteria 
pollutant emissions in Contra Costa and Los Angeles Counties, whereas the extraction segment 
was the leading source in Kern and Santa Barbara Counties. Contra Costa County experienced the 
highest amount of criteria pollutant emissions from the transportation fossil fuel supply sector, 
with an average of 21,947 metric tons per year, all of which came from the refining segment. 
(126).  

Next we consider the share of total industrial criteria pollutant emissions released by 
transportation fuel supply facilities reporting to CEIDARS. Across the state, 24% of all criteria 
pollutant emissions from facilities came from the transportation fossil fuel supply sector (126). 
These shares are larger in Contra Costa, Los Angeles and Solano Counties, in which 65%, 64% and 
85% of criteria pollutant emissions come from facilities in the transportation fossil fuel supply 
sector, respectively (Table 4A).  

Los Angeles, Contra Costa, Kern, Monterey and Santa Barbara Counties have the highest total 
annual TAC emissions from transportation fuel supply facilities (Table 4B). As with criteria 
pollutants, 98% of total state-wide reported facility emissions of TAC emissions are from the 
transportation fossil fuel supply sector facilities in these five counties (1,283 out of 1,313 total 
metric tons). For each of these counties, emissions of TACs tend to come primarily from one of 
three industry segments (e.g., refining for Los Angeles County, extraction for Kern County).  

4.3b Disadvantaged communities in major emitting counties  

This section first reviews the methodology in which OEHHA identifies disadvantaged 
communities in terms of exposure to environmental hazards and vulnerability to such hazards. 
Then, emissions trends within and outside of these communities are presented. 

Passed in 2012, SB 535 directed CalEPA to identify disadvantaged communities — communities 
over-burdened by pollution, socioeconomic and health impacts —﹘to inform cap-and-trade 

funding program investments. Pursuant to this mandate, OEHHA, on behalf of CalEPA, developed 
CalEnviroScreen. CalEnviroScreen quantitatively scores census tracts according to environmental 
variables and population characteristics to identify communities that are both disproportionately 
burdened with high pollution and are particularly susceptible to adverse health impacts (129). 
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The CalEnviroScreen scoring system quantifies the relative pollution burden of census tracts by 
comparing levels of exposure to air pollutants (e.g., PM2.5, ozone), water contaminants, certain 
high-hazard pesticides, toxic releases from facilities and traffic density. As such, exposure to 
criteria air pollutants and TACs from the transportation fossil fuel supply sector is not the only 
pollution burden variable included. The pollution burden scores in CalEnviroScreen reflect 
cumulative impacts of pollution via air, water, soil and food, from other large emission sources, 
such as electricity generation or other industrial production. Other environmental variables are 
also included in the scoring process, as well, including the presence of toxic cleanup sites, 
groundwater threats and impaired bodies of water, hazardous waste facilities, and solid waste 
sites. Lastly, the scoring process uses health traits (asthma and heart disease, and low-birth 
weight in infants) and socioeconomic characteristics (poverty, unemployment, linguistic 
isolation, educational attainment, housing-burdened low-income households) to account for 
disproportionate vulnerability to pollution exposure. 

CalEnviroScreen scores are calculated by census tract based on the factors above. A census tract 
is designated disadvantaged when its score exceeds the 75th percentile of statewide scores (i.e., 
the tract is among the top 25% highest scoring tracts). Other very high polluting areas (e.g., areas 
exposed to the top 5% of pollution burden) that lack population characteristics data are also 
categorized as disadvantaged2 (128).  

Emissions from transportation fuel supply industries are concentrated in a few areas in the state, 
and the percentage of disadvantaged communities tends to be higher in the five counties with 
the highest levels of criteria pollutant and TAC emissions from transportation fuel supply 
facilities. For example, Contra Costa and Los Angeles Counties are exposed to a large amount of 
refining emissions, while Kern County experiences a large amount of emissions from extraction 
(Figure 67), and the share of disadvantaged communities in Contra Costa, Los Angeles and Kern 
Counties are 13%, 45% and 48%, respectively (128). Further, almost all transportation fuel supply 
facilities that release criteria pollutants and TAC emissions in Contra Costa, Kern and Los Angeles 
Counties are located in disadvantaged community census tracts.(Figure 68). 

Moreover, the location of criteria pollutant and TAC emissions from the transportation fossil fuel 
supply sector in 2017 generally overlap with disadvantaged communities, as indicated in the 
maps below (Figures 67 and 68). 

 

 
2 According to the SB 535 final designation report, CalEPA also included census tracts that score in the highest 5% of 
Pollution Burden score but do not receive a CalEnviroScreen score due to unreliable public health and socioeconomic 
data. These populations are often sparsely populated and located near census tracts that score in the top 25%. 
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Figure 67. Location of disadvantaged communities (yellow), and location and amount of criteria pollutants (left) and 
TACs (right) emitted by transportation supply segments in 2017 throughout California. transportation fossil fuel 
supply sector segments include distribution (green), extraction (red) and refining (blue). The size of each circle is 
proportional to total emissions in metric tons. Disadvantaged communities shown are those identified by OEHHA, 
on behalf of CalEPA, through CalEnviroScreen 3.0. Data sources: CEIDARS (126); CalEnviroScreen 3.0 (10). 

 

Figure 68. Location of disadvantaged communities (yellow), and location and amount of criteria pollutants (left) and 
TACs (right) emitted by transportation fuel supply segments in 2017 in Contra Costa, Kern and Los Angeles Counties. 
Counties shown reflect the three leading counties in terms of overall transportation fossil fuel supply sector 
emissions. transportation fossil fuel supply sector segments include distribution (green), extraction (red) and refining 
(blue). The size of each circle is proportional to total emissions in metric tons. Disadvantaged communities shown 
are those identified by OEHHA, on behalf of CalEPA, through CalEnviroScreen 3.0. Data sources: CEIDARS (126), 
CalEnviroScreen 3.0 (94). 
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4.4 Health effects associated with emissions from the transportation fuel supply facilities 

Exposure to criteria air pollutants and TACs can have a wide range of harmful effects on human 
health, from minor dizziness to premature mortality. These effects depend on several factors, 
including type of air pollutant, characteristics of the individual exposed, length of exposure and 
local atmospheric conditions (130). 

The transportation fossil fuel supply sector also releases harmful pollutants through waterways 
and soil, which can also affect human health (see Section 4.4c for non-air pollutant impacts). 
However, this study focuses on health impacts associated with exposure to air pollutants because 
CEIDARS only includes data on air emissions of criteria pollutants and TACs. Additionally, both 
short-term exposure (i.e., concentration over a 24-hour period) and long-term exposure (i.e., 
yearly concentration of pollutants) to criteria pollutants and TAC emissions can lead to health 
impacts. However, CEIDARS reports total annual emissions of facilities, and so this analysis 
focuses on impacts from long-term exposure to the pollutants with documentation in peer-
reviewed studies.  

4.4a Health effects from criteria air pollutants 

California Ambient Air Quality Standards (CAAQS) defines the maximum ambient concentration 
for air pollutants, including standards for ozone (O3), particulate matter (PM10 and PM2.5), carbon 
monoxide (CO), nitrogen oxides (NOx), sulfur dioxide (SO2) and lead (131). Chronic exposure to 
criteria pollutants can have significant health impacts — both through direct exposure to the 
airborne pollutants and through the pollutants’ interactions in the atmosphere (132). Because 
criteria pollutant emissions can lead to significant health impacts and are released by facilities in 
the transportation fossil fuel supply sector, they are a focus of this study.  

Crude oil extraction fields and refineries can either release emissions of air pollutants that will 
impact air quality directly, or indirectly by forming other pollutants due to the reaction of 
pollutants in the atmosphere. A pollutant is called a “precursor” when it forms other pollutants 
and is also referred to as “secondary” sources of pollution. Secondary formation of particulate 
matter (PM) is of special importance due to its possible effects on human health. PM includes all 
particulate pollution, and it is referred as PM10, when the diameter of particulates is smaller than 
or equal to 10 micrometers, or PM2.5, when the diameter of particulates is smaller than or equal 
to 2.5 micrometers. PM2.5 poses a greater risk to health.  

Although there are possible health effects from exposure to all criteria pollutants, previous 
analyses have shown that most of the health benefits from air pollution reductions come from 
reductions in exposure to ambient PM2.5 and ozone, according to the U.S. EPA’s Integrated 
Science Assessments reports (133).  
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The current scientific consensus suggests that long-term cumulative exposure to PM2.5 and ozone 
causes more severe health consequences than exposure to other criteria pollutants. For example, 
the U.S. EPA RIA (2010) on SO2 only quantifies three short-term morbidity health endpoints (134). 
The main long-term human health effects from NOx, VOCs and SOx emissions operate through 
their roles as secondary PM2.5 and ozone precursors. Similarly, the U.S. EPA’s 2010 Regulatory 
Impact Analysis (RIA) on NO2 only quantifies the health benefits associated with reductions in 
NO2 that lead to reductions in secondary PM2.5 exposure. Further, almost all the health benefits 
from reducing SO2 emissions are generated through a reduction in exposure to secondary PM2.5. 
(132,134,135) 

In the final report that follows this synthesis report, we will document the health impacts 
associated with changes in emissions of criteria pollutants from the transportation fossil fuel 
supply sector. Our methodology will be consistent with the methodology the U.S. EPA employs 
in RIAs (132). Given the current evidence and the temporal and spatial characteristics from 
CEIDARS, the focus of our analysis for the final report will be to formally quantify the health 
effects from exposure to ambient PM2.5. Therefore, the rest of our discussion of the health 
impacts of criteria pollutants will center on the health function parameters associated with PM2.5.  

Health effects associated with exposure to ambient PM2.5 

Table 5 presents health endpoints and estimated health impact functions associated with 
exposure to ambient PM2.5. The studies listed report the effect of PM2.5 exposure on health 
outcomes, regardless of the toxic precursors that led to the formation of ambient PM2.5. Some 
studies have begun exploring the contribution of PM2.5 precursors and their sources in California, 
and such studies suggest that PM2.5 constituents specifically linked to stationary and mobile fuel 
combustion are particularly associated with premature mortality (136–138). 

For all but one health endpoint, the estimated effect of an increase of 1 microgram per cubic 
meter (ug/m3) in PM2.5 is positive, indicating that exposure to elevated ambient concentrations 
of PM2.5 on average leads to negative health impacts (e.g., increase in premature mortality).  
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Table 5. Leading studies on the effects of exposure to PM2.5 on human health 

Effect 
(Location, demographics) 

Percent increase in effect 
from a 1 ug/m3 increase in 

ambient PM2.5 
Source 

Premature mortality  
(US, age >29) 

0.0058 
(0.0001) 

Krewski et al (2009) 

Infant mortality  
(US, age <1) 

0.0068 
(0.0073) 

Woodruff et al 
(2006) 

Cardiovascular hospitalizations  
(US, age>64) 

0.0008 
(0.0001) 

Bell et al (2008) 

Respiratory hospitalizations  
(US, age>64) 

0.0021 
(0.0004) 

Zanobetti et al 
(2009) 

Respiratory hospitalizations 
(Washington D.C., age <18) 

0.0020 
(0.0042) 

Babin et al (2007) 

Emergency room visits for asthma  
(Spokane, WA, all ages) 

0.0056 
(0.0021) 

Mar et al (2004) 

Emergency room visits for asthma  
(Pittsburgh, PA, all ages, 
Caucasian) 

-0.0025 
(0.0039) 

Glad et al (2012) 

Emergency room visits for asthma  
(Pittsburgh, PA, all ages, African 
American) 

0.0084 
(0.0043) 

Glad et al (2012) 

Emergency room visits for asthma  
(Seattle, WA, age <18) 

0.0165 
(0.0041) 

Norris et al (1999) 

Non-fatal heart attacks  
(US, age >18) 

0.0023 
(0.0006) 

Zanobetti et al 
(2009) 

Work-loss days  
(Los Angeles, CA, age 18-65) 

0.0046 
(0.0004) 

Ostro (1987) 

Restricted activity days  
(Los Angeles, CA, age 18-65) 

0.0074 
(0.0007) 

Ostro and 
Rothschild (1989) 

Notes: The left column lists the key mortality and morbidity health endpoints associated with PM2.5 on an entire 
population or a subset of population by race or age, as indicated by U.S. (132). The middle column presents the 
health impact response in percentage points from a 1 ug/m3 increase in air concentration (standard errors are in 
parentheses). The study from which the estimated parameter was taken is shown in the right column. Health 
endpoints and estimated health impact functions are consistent with those CARB uses in its analysis of human health 
impacts associated with regulations. These data are supplemented with additional health outcomes quantified in 
the U.S. EPA’s Regulatory Impact Analysis (RIA) for the National Ambient Air Quality Standards (NAAQS) for PM (132). 
Wherever possible, health outcomes and dose response parameters used for core benefits in U.S. EPA analyses are 
also shown, which represent parameters based on the strongest scientific consensus. Selected health outcomes 
associated with a diversity of vulnerable populations (e.g., groups by age or race) are also represented.  
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Most of the parameters listed in the table are statistically significant at 5%, with the exception of 
infant mortality, respiratory hospitalizations for children and emergency room visits for white 
individuals. Parameters were taken from studies that were published between 1987 and 2009 
and are the leading studies used by the U.S. EPA RIA (132). They are also used in the recent paper 
by Fann et al. (2018) on the human health effects associated with emissions from the U.S. oil and 
natural gas production sectors (139).  

Because most benefits from reduced exposure to PM2.5 are likely to come from avoided mortality, 
a key metric in Table 5 is the premature mortality effect from the national analysis in Krewski et 
al. (2009) (140). A limitation in using the national average parameter is that it could hide 
significant regional differences. Specifically, Krewski et al. (2009) shows that Los Angeles exhibits 
a greater mortality effect than other regions, therefore increasing the overall estimate. To 
address this limitation, Jerrett et al. (2013) conduct a California-specific follow-up study and 
introduce an improved PM2.5 exposure measure (141). This study’s statewide and Los Angeles-
specific estimates are similar to national-level estimates reported in Krewski et al. (2009). This 
suggests that the PM2.5 composition in Los Angeles is either more toxic or its residents are more 
vulnerable.  

Additionally, exposure to PM2.5 can lead to other health impacts not documented in Table 5. For 
example, PM2.5 exposure can lead to various respiratory morbidity effects on children, such as 
asthma exacerbation among those who are asthmatic, acute bronchitis, and upper and lower 
respiratory symptoms. PM2.5 exposure can lead to increased risk of strokes and other 
cerebrovascular diseases for older individuals, and chronic bronchitis in the general adult 
population. In addition, other health effects from increased PM2.5 exposure can include 
cardiovascular effects, mutagenicity and genotoxic effects (132). Results for birth cohorts show 
preterm birth and low weight as a result of PM2.5 exposure (137,142,143) with different effects 
by socioeconomic background (144).  

Health effects from criteria pollutants other than PM2.5 

Ground-level ozone formation is a nonlinear function of NOx and VOCs, in the presence of 
sunlight (109, 110). Warm summer air temperatures in California promote atmospheric 
inversions, which trap ozone near ground level, leading to a peak in abundance (109). For areas 
with relatively lower NOx emissions, NOx reductions can lead to reduced ozone production (110). 
In areas with higher abundances of NOx, such as urban centers like Los Angeles, reductions in 
VOCs are essential to reducing ozone concentrations (109). 
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In the case of exposure to ground-level ozone, there are causal estimates linking short-term and 
long-term exposure and premature mortality. Similarly, exposure to elevated ozone 
concentrations is also known to lead to increased hospitalization and emergency visits for 
respiratory diseases (145). However, because complex modeling of air quality from yearly 
CEIDARS data and atmospheric chemical interactions is outside of the scope of this project, we 
cannot precisely quantify the health impacts of ozone. 

Further, due to insufficiently conclusive empirical evidence of direct long-term health effect for 
other criteria pollutants, additional possible health effects from exposure to criteria pollutants 
other than PM2.5 will not be precisely quantified in this study.  

4.4b Health effects from toxic air contaminants 

Exposure to individual TACs released by transportation fuel supply facilities can lead to health 
effects, as well. Because health impacts of TAC emissions are less systematically studied and 
often derived from clinical studies on animals or on cells, there is typically less certainty on the 
magnitude of the effects (146). Although health impacts from exposure to TACs can differ, they 
are broadly categorized by both the U.S. EPA and OEHHA as cancer and noncancer effects. 
Noncancer effects are defined based on minimum ambient concentration levels over which 
humans can experience noncancerous effects, such as nausea, respiratory effects or neurological 
effects. Reference exposure levels (RELs) are defined for one-hour exposure, repeated eight-hour 
exposure, and continuous or chronic exposure (121,147). Due to the long-term horizon 
considered in this report and the availability of annual data (i.e. data at a daily level are not 
available) in CEIDARS, we only discuss continuous or chronic exposure RELs.  

While beyond the scope of the data available for this analysis, it is important to mention that the 
transportation fossil fuel supply sector can lead to health damaging acute exposure from short 
term releases of TACs. This can be the result of leaks, accidents (e.g., fires at refineries, blowouts 
of wells, pipeline leaks), or production procedures (e.g., flaring events) (121,148,149). For 
example, accidental refinery fires in Contra Costa County have been linked to increases in 
emergency department visits and diseases (150) 

Potential cancerous effects from exposure to TACs are defined on the basis of inhalation unit risk 
(IUR). IURs represent the lifetime probability of developing cancer from a continuous 1 ug/m3 
exposure to a specific chemical. Using both RELs and IURs, the U.S. EPA defines toxicity weights, 
which allow the comparison of the non-cancer and cancer risks posed by exposure to chemicals 
(151). The toxicity weights are based on human health effects associated with long-term 
exposure to chemicals and are not adjusted for severity of the effect, or for multiple effects. Each 
weight expresses the relative toxicity per pound of a chemical, which varies from 0.02 for a pound 
of sulfuric acid to 1,400,000,000 for a pound of dioxin. 
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By multiplying the quantity of TACs released in emissions by the highest cancer or noncancer 
weight, one can compare the toxic component of different chemicals. Table 6 ranks the releases 
of TACs in CEIDARS by toxicity for TACs which match the EPAs toxicity database. This approach 
parallels the ranking of chemical releases by California refineries for air monitoring prioritization 
by OEHHA (121). 

Table 6. Top TACs releases from California transportation fuel supply facilities by annual average toxicity-weighted 
quantity (2008-2017) 

TAC 
Toxicity-weighted 

quantity Quantity (lbs) Cancer weight 
Non-cancer 

weight 

Formaldehyde 7,207,058,670 156,675 46000 360 
Asbestos 1,675,283,785 10 170000000 NA 
Benzene 1,288,176,369 46,006 28000 120 
Nickel 1,246,521,457 1,340 930000 39000 
Arsenic 1,128,563,508 75 15000000 230000 
Cadmium 1,064,101,161 166 6400000 350000 
Chromium 896,771,076 21 43000000 35000 
Acrolein 669,924,344 3,722 NA 180000 
PAH 666,282,893 938 710000 NA 
1,3-Butadiene 313,130,999 2,847 110000 1800 

Notes: The toxicity-weighted quantity is obtained by multiplying the quantity released by the highest weight cancer 
or non-cancer weight. TAC = Toxic air contaminant. PAHs = Polycyclic aromatic hydrocarbons. NA = not available. 
Data sources: CEIDARS (126); US EPA RSEI (151); authors’ calculations. 

All TACs are harmful, but their toxicities vary dramatically. In Table 6, the cancer toxicity of 
asbestos is more than 6,000 times the cancer toxicity of benzene. For all chemicals reported in 
Table 6 with both cancer and non-cancer weights, their cancer weight is higher, and is therefore 
used for weighting the quantity released. Only for acrolein is the noncancer weight used. 

The ranking of Table 6 highlights the importance of considering toxicity when determining the 
main contributors of TACs to health effects. The top 10 releases, when considering toxicity-
weighted quantity, include highly toxic chemicals with releases of less than 100 pounds annually 
which would otherwise be missed in quantity-based ranking. For the transportation fuel supply 
sector, this includes asbestos, arsenic and chromium, which have relatively low annual emissions 
but exhibit high toxicity. 

There are known specific health effects from chronic exposure to the TACs shown in Table 6 (121). 
For example, long-term exposure to formaldehyde can cause mental health problems, such as 
mood changes, insomnia, attention deficit and depression. Chronic exposure to benzene is linked 
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to damages to the immune system and decreases in blood cell counts. Chronic exposure to 1,3-
Butadiene can exacerbate respiratory tract diseases and infections, and lead to cardiovascular 
diseases and damage to the female reproductive organs. 

The available data can only account for changes in chronic exposure, it is important to mention 
that acute or short-term exposure to any of these TACs could also lead to serious health issues 
(96). Formaldehyde has acute health effects such as pneumonia, bronchitis and organ irritation. 
Acute exposure to benzene is related to problems in the central nervous system and increased 
risk of death from respiratory failure. Acute exposure effects from 1,3-Butadiene include 
irritation of the respiratory organs, unconsciousness and central nervous system depression. 

4.4c Other human health effects from transportation fossil fuel supply sector activities 

Other activities associated with the transportation fossil fuel supply sector, such as underground 
gas storage and hydraulic fracking, also have potential health impacts on nearby communities. 
These activities can result in exposure to TACs, large loss-of-containment events, and possible 
emergencies (e.g., fires and explosions), which have significant health risks (152). For example, 
California’s underground gas storage facilities emit formaldehyde, which is a potential concern 
for workers and nearby communities. Loss-of-containment events, like the Aliso Canyon incident 
in 2015, where a major natural gas leak occurred, might also have health implications for nearby 
communities. 

More generally, studies on the health impacts of underground gas storage and fracking for 
California are scarce (152). One exception is the recent study by Tran et al. (2020), which 
examines the association between oil extraction and adverse birth outcomes between 2006 to 
2015 in California’s oil and gas extraction sites in the Sacramento Valley, San Joaquin Valley, 
South Central Coast and the South Coast (153). The authors focused on parents living within 1 
kilometer from wells and found that the oil extraction is associated with low birth weight and 
decreased term birth weight. These were mainly present in rural areas. These results are 
consistent with a larger literature examining in-utero effects of exposure to fracking sites, mainly 
on the East Coast of the U.S. For example, studies in Pennsylvania have suggested that incidence 
of low-birth weight among infants born near hydraulic fracking sites could be due to in utero 
exposure to toxic releases from unconventional oil and gas extraction in surface and groundwater 
(99,100). 

Other studies that have focused in other areas of the US, such as Texas, have found the existence 
of chemicals in groundwater deposits located near active wells. However, analyzing the impacts 
of groundwater contamination on health is outside of the scope of this analysis. 
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Section 4 gaps and limitations 

There are several limitations and uncertainties associated with the available CEIDARS data on 
emissions from transportation fuel supply facilities and related health impacts.  

● Limitations on the CEIDARS database: 
○ CEIDARS only reports air-released emissions. There is no information on releases 

of pollutants through water and soil, and on fugitive emissions. Therefore, the 
health effects of water-released, land-released and fugitive emissions from 
transportation fuel supply facilities cannot be quantified. Further, health impacts 
due to contamination of drinking water sources by transportation fuel supply 
facilities cannot be quantified. 

○ The emission data in CEIDARS are reported annually (i.e., total emissions per year), 
and does not capture daily variation in emissions. This limits the scope of exposure 
measures that can be constructed with the data; therefore, this will preclude 
formally quantifying health impacts for certain pollutants. 

○ For both criteria pollutants and TACs data reported in CEIDARS, local air quality 
districts can adjust reporting methodologies, including which pollutants they 
report and reporting thresholds and frequencies. As such, statistics derived from 
CEIDARS data should not be interpreted as fully capturing all emissions released 
by the transportation fossil fuel supply sector.  

○ Emissions of criteria pollutants and TACs may be misreported or measured with 
error in the CEIDARS database.  

○ Because air quality reporting requirements for criteria pollutants have existed for 
a longer period of time than for TACs reporting requirements, engineering-based 
estimates of emissions tend to be more accurate for criteria pollutants than for 
TACs. Nevertheless, studies have found that even with established engineering 
estimation methods, criteria pollutants can be misreported, as is the case with the 
systematic underreporting of Volatile Organic Compounds (VOCs) in the 
petroleum industry (93). 

● Limitations on health impact functions (i.e., dose-response parameters) that link pollutant 
exposure and health endpoints: 

○ The parameters taken from the scientific literature are estimated from samples 
that may not be representative of the population of California. 

○ Because CEIDARS data report in total emissions per year, the final impacts analysis 
will focus on the health impacts of annual changes in the average daily 
concentrations of air pollutants. As such, the analysis will not include health 
effects from acute, daily and short-term exposure.  
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○ The availability of dose-response parameter estimates for specific sub-groups, 
including racial and ethnic groups, age groups, economically disadvantaged 
groups, and vulnerable populations is limited. 

○ For some health endpoints linked to exposure to criteria pollutants, the available 
scientific evidence is not sufficiently conclusive to allow for a health impact 
analysis. 

○ For criteria pollutants, only the health impact of changes in exposure to PM2.5 will 
be formally quantified. This quantification will include the health impacts 
associated with exposure to secondary PM2.5 that results from NO2 and SO2 

emissions.  
○ Health impact analysis of all TACs and criteria pollutants other than PM2.5 (e.g., 

CO, ozone) will be qualitatively described in the final report. 
● Other limitations: 

○ Emissions and pollution from many other aspects of activity in the transportation 
fossil fuel supply sector cannot be quantified due to lack of comprehensive data. 
These include health effects related to pipeline and storage tank leaks, fires, and 
other similar events.  
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Section 5: Current relevant state and local government 
policies  

This section reviews the current state policies and strategies that impact the supply of 
transportation fuels, together with policies that mitigate the health impacts and manage the 
employment effects from the decline of in-state production of transportation fuels. To be 
consistent with the carbon neutrality objective of this study, attention is restricted primarily to 
current state policies and strategies with an explicit climate focus.  

Section 5.1 primarily focuses on California’s LCFS, which was explicitly enacted to reduce GHG 
emissions associated with the supply of transportation fuels. Section 5.2 reviews land use and 
permitting policies and practices that impact the development and location of extraction and 
refining facilities. Section 5.3 briefly reviews important considerations with respect to managing 
the employment effects of transitioning to a carbon neutral economy. Section 5.4 discusses local 
air pollution policies, including policies that promote equitable access to air quality by focusing 
on communities that are heavily polluted and especially vulnerable to the health impacts of air 
pollution. Finally, Section 5.5 reviews policies that support low-income and minority 
communities.  

5.1 Policies impacting the supply of transportation fuels 

A critical piece of California’s regulatory oversight of transportation fuels is the LCFS (108). The 
LCFS is one of a broad set of actions implemented by CARB to meet the GHG emissions reductions 
goals established by AB 32. The LCFS was enacted by Governor Schwarzenegger’s Executive Order 
S-01-07 in January 2007 and approved by CARB in 2009. It was then implemented in 2010 and 
compliance began in 2011. The program intends to reduce the carbon intensity of transportation 
fuels by setting annual declining carbon intensity standards, with an initial target of reducing 
carbon intensity by 10% compared to 2010 levels by 2020.  

Since the initial adoption of the program, the LCFS has subsequently been amended and 
strengthened. In 2015, CARB approved the re-adoption of the LCFS, effective in January 2016. In 
2018, CARB added alternative jet fuel and carbon capture and sequestration as LCFS crediting 
opportunities, along with several other refinements, which went into effect in January 2019. The 
most recent amendments in 2018 set a target of a 20% reduction in carbon intensity compared 
to 2010 levels in 2030. These amendments also extended these standards to all subsequent years 
after 2030 (115). 

The LCFS regulates transportation fuel providers in California, including importers, refiners and 
wholesalers of petroleum and alternative fuels. The regulation requires that the fuel supplied by 
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these entities achieves annual carbon intensity standards set by the regulation. Providers of 
petroleum fuel (i.e., high carbon fuel) generate deficits in the program (with an exemption for 
exported products), whereas alternative fuel (i.e., low carbon fuels) providers generate credits. 
The deficit-generating entities can meet the standard by reducing carbon intensity of their fuel, 
increasing the share of alternative fuel in their supply, and/or by purchasing credits from other 
alternative fuel providers. Certain energy sources, such as electricity and hydrogen, are currently 
opt-in, which means providers of these fuels can participate to generate LCFS credits. When 
transportation fuels are imported, refined or sold in California by regulated entities, the 
transaction must be reported to CARB’s LCFS Reporting Tool, which monitors LCFS compliance 
(108). 

The carbon intensities of fuels are defined by LCFS and are intended to reflect the life-cycle 
emissions of the fuel, including emissions from production, refining and end use. That is, carbon 
intensities include both direct emissions from combustion of the fuel, as well as the indirect 
emissions from the extraction, refining and distribution of the fuel. 

To achieve these standards, the LCFS establishes a system of credits and deficits. Each year, 
regulated firms must generate enough credits to meet annual intensity targets, and net credits 
can be traded or banked through future years. The LCFS provides for flexible carbon mitigation 
strategies by allowing LCFS credits to be generated from a range of carbon mitigation approaches. 
For example, the policy includes project-based opportunities for generating credits, such as the 
use of renewable resources for on-site power needs. Carbon capture and storage (CCS) projects 
can also be used by fuel and alternative fuel suppliers to generate eligible credits for the program, 
accrued to the capture facility (108).  

To incentivize electrification in the transportation sector, the LCFS includes multiple 
opportunities for LCFS credit generation from various applications of electrification in transit, 
including from electric vehicles and trucks, electric transit systems, electric forklifts, electric 
cargo-handling equipment, electric transportation refrigeration units and shore power to ocean-
going vessels at-berth. In addition, to support the adoption of electric vehicle (EV) ownership, 
Electrical Distribution Utilities (EDU) can earn LCFS credits for residential charging of EVs. 
Although EDUs are not required to meet the carbon intensity standards of fuel suppliers, EDUs 
can earn and sell LCFS credits, with the revenue intended to be used for the promotion of 
transportation electrification and for the benefit of EV owners. Finally, to further encourage 
transportation powered by zero-carbon electricity, the 2018 amendments allow renewable 
power generated off-site to be used for EV charging and hydrogen production by electrolysis, 
with the goal of utilizing renewable electricity that might otherwise not be used (154). 
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In addition to the LCFS, since 2015, transportation fuel suppliers have been regulated by 
California’s GHG Cap-and-Trade Program, developed under AB 32. Fuel suppliers of gasoline, 
diesel and natural gas are required to surrender allowances to cover GHG emissions from the 
end-use combustion of their supplied fuels. The GHG Cap-and-Trade Program also directly 
regulates GHG emissions from refineries and oil and gas extraction facilities that produce annual 
GHG emissions that exceed 25,000 Mt CO2e (155).  

5.2 Land use policies 

Introduction 

The major oil producing counties in California in 2019, in rank order, were: Kern, Los Angeles, 
Monterey, Ventura, Fresno, Santa Barbara and Orange County (Table A.2). Each county has its 
own land use codes/laws related to oil and gas development. Cities and counties are the land use 
authorities for making discretionary decisions on site locations, zoning, general plans, conditional 
use permits, rights of way, and local ordinances. The state has regulatory authority on several 
items, notably subsurface wells and activities, associated facilities, and oil and gas production 
pipelines. 

In addition, each city with oil operations in their local jurisdictions also has their own municipal 
oil codes and CEQA approaches (lead agency or responsible agency or neither). Major oil-
producing cities include: City of Long Beach, Los Angeles, Signal Hill, Huntington Beach, Newport 
Beach, Santa Fe Springs and Whittier. 

Local land use regulations  

In California, cities and counties have the primary authority to make land use decisions on siting 
locations, zoning, conditional use permits, rights of way, and local ordinances. Of particular 
importance to local land use decision making are localities’ general plans. General plans include 
a locality’s long-term vision for the future and also provide the legal foundation for local land use 
decisions to achieve this vision. These land use decisions include those about present-day and 
future oil and gas development (156).  

Although each locality’s general plan contains values, goals, challenges and themes unique to 
that community, the state legislature sets mandatory and optional elements, or topics, for 
inclusion in each general plan (Cal. Gov. Code § 65040.2), and the Office of Planning and Research 
(OPR) issues guidance to help local jurisdictions meet these legal requirements. Per Cal. Gov. 
Code § 65302, all jurisdictions must address land use, circulation, housing, conservation, open 
space, noise and safety in their general plans. Because of known air quality issues, cities and 
counties in the San Joaquin Air Pollution Control District are also required to address air quality 
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in their general plans. Additionally, cities and counties that contain disadvantaged communities 
must also address environmental justice in their general plans, including air quality (157).  

Several key areas of local jurisdiction General Plans have significant impacts on localities’ carbon 
neutrality efforts and, specifically, a transition in oil and gas development. In 2020, OPR issued 
an update to the Environmental Justice Element Section in the General Plan Guidelines, which 
contains guidance on environmental justice planning that may impact local land use decisions 
regarding oil and gas development (Cal. Gov. Code § 65302(h)). Environmental justice is defined 
in state planning law as the “fair treatment of people of all races, cultures, and incomes with 
respect to the development, adoption, implementation, and enforcement of environmental laws, 
regulations, and policies” (Cal. Gov. Code § 65040.12(e)). The 2020 update provides new 
guidance to aid localities in developing environmental justice goals, policies and programs in their 
general plans. This includes guidance on whether or not localities need to include an 
environmental justice element in general plans by identifying disadvantaged communities within 
their jurisdictions and weighing their environmental burdens, health risks and needs. Adding an 
environmental justice element to general planning encourages localities to prioritize addressing 
their unique and compounded health risks in disadvantaged communities and prioritize 
improvements and programs that address unique health risks and that meet the needs of 
disadvantaged communities. This is of particular significance when planning for a managed 
decline of the transportation fossil fuel supply sector, as air pollution emitted from extraction 
and refining facilities has disproportionate effects on disadvantaged communities (158). 

Per an Cal. Gov. Code § 65302(g)(4) local jurisdictions also must address climate adaptation and 
resiliency strategies applicable to the city or county into the safety element of their general plans. 
To aid in these planning efforts, the state provides resources and tools that help evaluate local 
governments' unique climate vulnerability in the future, reduce GHG emissions at a community 
scale, and develop adaptation policy (159). 

Each locality’s local land use codes and processes should be implemented systematically to 
further the goals established in general plans. One example of this is the establishment of 
California Environmental Quality Act (CEQA) implementing procedures. CEQA requires that 
agencies study the environmental impacts of development - inclusive of oil and gas development 
- and prepare environmental impact reports (EIRs) for development that could have significant 
environmental impacts (Cal. Pub. Resources Code § 21000, et seq.). Although localities need to 
work within the structure of the state’s CEQA requirements, each locality has the ability to set its 
own process for implementing CEQA, including environmental proposal processing, designation 
of permit types (e.g. minstrel, categorical exemptions) and public review time periods (see below 
for intersection of local and state authority in CEQA implementation) (160). 
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Because of local-level differences in general plans, land use allowances, CEQA processes and 
zoning measures, localities vary in level of restriction on oil and gas industry development within 
their jurisdictions (Ntuk Uduak, CA DOC, pers. comm., 2020). For example, in some counties, local 
governments have completely restricted oil and gas extraction: Santa Cruz County prohibits oil 
and gas extraction within unincorporated areas (161). In other cases, county-level regulations 
have been under scrutiny for lack of stringency. For example, a 2015 amendment to Kern 
County’s zoning code allowed operators to file well permits under a blanket EIR, thereby 
bypassing individual environmental assessments of proposed oil and gas wells as required by 
CEQA. This permitting program was brought to trial for inadequate environmental assessment of 
drilling operations, and in 2020, a state appeals court upheld the decision to repeal the 
amendment and require operators to obtain EIRs for individual oil projects (131).  

The extent to which local-level authorities can exercise bans on operations has recently been 
called into question. For example, in 2016 Monterey County voters approved Measure Z to ban 
Well Stimulation Treatment (WST) such as hydraulic fracturing and acid well stimulation, phase 
out wastewater injection, and prohibit new oil and gas drilling from occurring in the county. 
However, this measure was challenged by several plaintiffs, including entities that own oil and 
gas facilities, who argued that the State’s authority over oil and gas operations supersedes local 
authority over land use. The Monterey County Supreme Court ultimately reached a settlement, 
which maintained the local ban on hydraulic fracturing and other WST, but ruled against a phase-
out of wastewater injection and the prohibition on new oil and gas development. Subsequently, 
Protect Monterey County, an environmental NGO, filed an appeal of the court’s settlement 
decision, and the appeal is currently awaiting a decision (162,163).  

Intersection of local and state decision-making 

City and county land use authority intersects with state authority in CEQA implementation 
processes. Specifically, if the local city or county decides not to be the “lead agency” for the CEQA 
implementation process, CalGEM, whose roles are discussed further below, becomes the agency 
for oil well permitting, oil and gas injection projects, and/or well abandonments. The lead agency 
is responsible for seeing that environmental reviews are prepared as necessary and in accordance 
with CEQA. Also, the lead agency has principal responsibility for issuing permits to a project 
and/or for carrying out the project (Cal. Public Res. Code § 21067). As lead agency, it may prepare 
the environmental analysis itself or it may contract for the work to be done under its direction. 
If a local jurisdiction decides to be the lead agency, then CalGEM is the “responsible agency.” For 
CEQA purposes, responsible agencies include all public agencies other than the lead agency which 
have discretionary approval power over a project (Cal. Public Res. § 15051 Code; Ntuk Uduak, CA 
DOC, pers. comm., 2020). 
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Regulatory rules and oversight are distinct for oil field wells, oil field processing equipment (e.g., 
water processing plants and power plants), oilfield pipelines, interstate hazardous liquid 
pipelines, petroleum refineries and marine oil terminals. All of these areas overlap with multiple 
regulatory agencies, and each has separate land use requirements by a variety of local, state and 
federal agencies (Ntuk Uduak, CA DOC, pers. comm., 2020).  

State regulatory oversight of oil and gas activity 

The Division of Oil, Gas, and Geothermal Resources (DOGGR) was established by the state 
legislature in 1915 to protect the state’s oil and gas resources. In the 1970s, the DOGGR’s 
regulatory responsibilities were expanded to include preventing damage to health, natural 
resources, and property (161). In 2019, Governor Newsom signed AB 1057, which renamed the 
DOGGR as the Geologic Energy Management Division (CalGEM). The renaming came with a shift 
in the agency’s mandate, expanding the agency’s responsibilities to explicitly include the 
protection of “public health and safety and environmental quality, including reduction and 
mitigation of greenhouse gas emissions associated with the development of hydrocarbon and 
geothermal resources in a manner that meets the energy needs of the state” (164). 

CalGEM is the main state regulatory authority for in-state oil and gas drilling and production, 
overseeing operations and issuing permits for the drilling of new wells. After obtaining the 
required local land use permits, an operator seeking to develop a new well is required to submit 
a Notice of Intent (NOI) to CalGEM, which includes well characteristics and technical details (e.g. 
well type and depth, casing details, cement usage), environmental information (e.g. groundwater 
characteristics, nearby environmentally sensitive areas), and safety measures (e.g. prevention 
equipment, treatment and disposal of waste). NOIs must also demonstrate how operators will 
comply with CEQA, which provides a public report of the environmental impacts of operations 
and the plans to mitigate these impacts (161). A completed NOI to CalGEM also requires that the 
operators have any necessary approvals and permits from local jurisdictions (161). Starting on 
July 1, 2022, operators will also need to include the cost estimate to plug and abandon wells to 
comply with SB 551 (165). 

CalGEM is required to respond to NOIs within 10 days or the NOI is automatically approved. 
Therefore, typically issues the majority of permit approvals for completed NOIs within a week. 
CalGEM approved about 87% of all NOIs received during the latter half of 2019 (161).  

Recent changes in state regulatory oversight of oil and gas activity 

Recent state legislation was passed that augments the state permitting process for oil and gas 
development. Passed in October 2019, AB 936 addresses the risk of oil spills posed by trucks and 
trains that transport oil throughout the state. These trucks and trains pose a particular risk to 
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communities, and marine and freshwater resources, when shuttling heavy “nonfloating” crude, 
which, when spilled, sinks and damages aquatic environments (166). AB 936 improves the state’s 
ability to respond to spills of nonfloating oil by defining and adding the term “nonfloating oils” to 
California state laws. It also increases transparency and expedites spill cleanup responses by 
creating a state-run system that allows state and local regulators and first responders to acquire 
characteristics of all oil entering California by tanker or rail car. In addition, AB 936 establishes a 
nonfloating oil certification for oil spill response organizations, and requires operators 
transporting nonfloating oils to contract with these organizations for spill response services 
(167).  

In addition to addressing direct environmental risks, recent state legislation has also sought to 
address state liability for oil operations. In July 2019, Governor Newsom signed AB 585, which 
adds criteria for the State Lands Commission to evaluate oil and gas lease transfers on state land, 
effective January 2020. AB 585 adds new criteria for transfers of oil and gas leases, including a 
review of the applicant's experience with oil and gas production, financial considerations that 
could impact the applicant’s ability to comply with the lease, and the applicant’s record of 
contract noncompliance with government entities. Further, AB 585 authorizes the California 
State Lands Commission to require future oil and gas leases and permit holders to be liable for 
plugging and abandoning wells and decommissioning production facilities and infrastructure 
(168).  

Oil and gas development on federal lands 

Whereas oil operations on state, local and private land within California are managed by state 
and local authorities, oil and gas leases on federal lands within California are managed and 
distributed by the U.S. Bureau of Land Management (BLM). There were 516 active oil and gas 
leases on federal lands in FY 2018, ranking California 11th in the country in terms of active federal 
lease count. Although the federal government holds about half of all mineral rights in California, 
leases sold for oil and gas development have been trending downward since 2009, and no new 
leases on federal lands in California have been sold since 2013 (169).  

Governor Newsom has opposed President Trump’s effort to expand oil and gas extraction on 
federal lands in California. Governor Newsom, CARB, California Fish and Wildlife and the 
California Department of Water Resources filed a lawsuit against the BLM over its plan to open 
more than 1 million acres of public land for oil and gas drilling, which includes hydraulic 
fracturing. The lawsuit states that the BLM’s plan threatens California’s communities with 
increased pollution and earthquakes. It also states that the BLM is violating the National 
Environmental Policy Act (NEPA) and the Administrative Procedure Act (APA) by disregarding the 
impact of fracking and ignoring the danger of oil and gas wells to nearby populations (170).  
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AB 342, signed in 2019, prohibits any state entity from participating in land transactions or leases 
that would support oil and gas extraction on federally protected lands (171). By prohibiting 
leasing of state lands for new pipelines and other infrastructure, the bill limits distribution of oil 
from federal lands to its final destination and discourages new oil and gas projects from occurring 
on federal land within California (172).  

Offshore oil and gas development 

With respect to offshore development, California has rights to oil and gas deposits in submerged 
lands in state waters within three nautical miles (about 3.45 miles) of the coastline. In 1921, the 
state legislature established an offshore leasing program to be managed by the State Lands 
Commissions. In 1969, a federally leased oil platform off the coast of Santa Barbara blew-out and 
leaked 3 million gallons of oil into nearby waters and shores. This spill was the largest oil spill in 
U.S. waters at the time and spurred a moratorium on all new offshore drilling in state waters, 
including drilling in existing leases (173).  

Today, there are four oil platforms--one of which, Platform Holly, is being decommissioned--; five 
oil islands--one of which, Rincon Island, is being decommissioned--; and 19 offshore oil and gas 
leases in state waters (174). All present-day leases were issued before the 1969 moratorium. 
Although the state officially banned new offshore oil and gas leases in 1994 with the passage of 
AB 2444, drilling of new wells is allowable on previously-allocated leases (175).  

The Federal claim extends between three nautical miles offshore and the edge of the Outer 
Continental Shelf (176). No new offshore oil and gas leases have been sold in auction in federal 
waters along the Pacific Coast over the past 36 years (177), partially due to a federal moratorium 
on federal offshore oil lease sales that lasted from 1982 to 2008. Although the moratorium on 
new offshore oil leasing in Pacific federal waters was lifted in FY 2009, there has been general 
opposition to new lease sales by governors of California, Oregon and Washington. (178)  

In 2018, the U.S. Department of Interior (DOI) proposed the 2019-2024 National Oil and Gas 
Leasing Draft Proposed Program, which would have opened 98% of Federal waters to oil and gas 
leasing (179). The California State Lands Commission, along with other state agencies, opposed 
the proposal and formally requested that Federal waters off the California Coast be excluded 
from the plan (174).  

In response to the 2018 DOI proposal, SB 834 was passed to block the lease of submerged state 
lands for pipelines and other infrastructure supporting oil extraction in federal waters. Because 
state waters are situated between federal waters and the coastline, SB 834 made it less 
economically feasible to bring oil and gas extracted in Federal waters to shore. The 2018 proposal 
to open Federal waters for new oil and gas leasing has not advanced since its introduction (180). 
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Setback policies 

Active and idle conventional and unconventional oil wells release toxic air pollutants that can 
pose significant impacts to nearby communities. Setback policies, or policies that mandate a 
minimum distance between emitting facilities (e.g., oil wells) and sensitive sites can be 
implemented to mitigate health effects caused by pollution exposure. Studies show that oil and 
gas wells emit toxic air contaminants, such as benzene, aliphatic hydrocarbons, and hydrogen 
sulfide, which create elevated health risks in surrounding communities (153,181). A recent 
California-specific study indicated that exposure to active oil and gas development was 
associated with adverse birth outcomes in rural areas only (153). 

While some localities in California have implemented setback policies, there is currently no 
statewide setback policy, or a policy that requires a minimum distance between oil wells and 
sensitive areas. Though, under AB 1057 CalGEM is mandated to take steps to update rules for 
public health and safety standards near oil and gas extraction facilities. The final report in this 
study will review the employment and health impacts associated with using a setback policy to 
meet GHG emissions reductions targets. 

Well stimulation and cyclic steam injection 

Additional permitting is required for wells that use Well Stimulation Treatment (WST), or 
processes that increase production of wells. In California, CalGEM oversees WST permitting and 
processes, which includes hydraulic fracturing, acid fracturing and acid matrix. These three types 
of WST are complex processes, and they often use large quantities of water and hazardous 
chemicals and therefore carry additional risks to surface and subsurface freshwater resources, 
air quality and public safety (182).  

Before 2013, DOGGR (now CalGEM) did not keep detailed records on where and how much 
hydraulic fracturing was occurring in the state, as well as the chemicals used during WST. 
Additionally, DOGGR listed WST as a CEQA exemption and did not require additional 
environmental review for WST during oil and gas permit processes (183).  

In 2013, SB 4 was passed to set the main regulatory framework for WST in California. It requires 
CalGEM to implement a new permitting process for WST operations, set WST regulations in 
consultation with other state agencies, and collect information on the quantities and types of 
hydraulic fracturing and acidizing chemicals used during drilling from operators. Additionally, SB 
4 mandates that the state undergo an independent review of WST practices to determine the 
associated environmental and safety risks. Overall, SB 4 addresses gaps in industry transparency, 
lack of data collection and disclosure, and weak regulatory oversight of WST. Under SB 4, CalGEM 
underwent one programmatic EIR in pursuant with CEQA for all future WST practices that could 
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occur with existing or future oil and gas wells across the state. Because EIRs typically coincide 
with a single project or a set of similar projects, this statutorily mandated programmatic EIR on 
all potential statewide WST practices is an unusual application of CEQA (181,183,184). 

Following the passage of AB 1057 in 2019, CalGEM undertook several new actions in line with 
their revised mission to protect public health and the environment, including requesting an 
independent audit by the Department of Finance Office of Audits and Evaluation to determine if 
CalGEM’s WST permitting processes are compliant with state policies. CalGEM also established a 
moratorium on new extraction from wells that use high-pressure cyclic steaming processes 
(164,185). During the moratorium, Lawrence Livermore National Laboratory (LLNL), an 
independent research group, reviews and provides recommendations on all WST applications 
that CalGEM must consider when making decisions about issuing WST permits. CalGEM maintains 
ultimate permit-issuing authority and approves WST applications individually, informed by the 
LLNL review, while the moratorium is in place. Of the nearly 300 permit applications filed for 
WST, CalGEM approved 36 WST permit applications in Kern County as of May 2020, based on 
LLNL’s review (186,187).  

Cyclic steam injection, an enhanced oil recovery method that uses high-pressured steam, is 
particularly attractive for oil production in California, because it allows extraction of heavy oil, 
which characterizes most of California’s remaining oil reserves. However, the cyclic steam 
injection process consumes a substantial amount of energy, and wells in California that recover 
oil using this technique have resulted in a high number of both major and minor blowouts and 
leakages, which pose significant threats to public safety and environmental health (188). In 2011 
a Chevron engineer died in a sinkhole that arose at the site of a steam-injected well in the 
Midway-Sunset Oil Field, and in 2019, a cyclic steam-injected well in the Cymric Oil Field in Kern 
County exploded and released 1.3 million gallons of oil and brine (189,190). In light of the safety 
and environmental risks posed by cyclic steam injection, as well as the Cymric Oil Field incident, 
experts are currently undertaking research to determine if cyclic steam injection can be carried 
out safely (185,191).  

Abandoned wells 

As part of the permitting process, oil and gas operators are required to file indemnity bonds with 
the State Oil and Gas Supervisor when drilling, redrilling, deepening or altering the casing of oil, 
gas, geothermal and service wells in California. These funds offer financial protection to the State, 
as the State is responsible for remediating, plugging and decommissioning wells if operators 
become insolvent (192). In fact, CalGEM has spent $29.5 million to plug about 1,400 wells since 
1977. Although the State can access bond funds to cover costs associated with decommissioning 
“orphaned” wells, a recent California Council on Science and Technology study shows that the 
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net costs to plug and abandon the 5,540 idle wells currently at risk of becoming orphaned exceed 
current indemnity bond funds by at least a factor of 10 (23). 

The issue of decommissioning wells was recently brought to light through the decommissioning 
of two non-producing oil facilities located off the Central Coast of California in Santa Barbara and 
Ventura County, respectively: Platform Holly and Rincon Island. Both facilities’ operators 
declared bankruptcy under SB 44, and facility ownership was transferred to The State Lands 
Commission, along with the responsibility and cost to decommission the facilities. Although the 
Commission had access to the $32 million in total bonds that had been posted for 
decommissioning both facilities, the actual decommissioning cost is estimated to exceed $100 
million, in addition to the expense of maintaining the facilities before decommissioning (23).  

In total, the cost to plug and abandon California’s 106,687 active and idle oil and gas wells is 
estimated at about $9.1 billion. As California’s oil fields continue to age and in-state oil 
production trends downward, end-of-life well costs could pose a substantial financial risk to the 
State (23).  

Because of these financial risks to California and the substantial costs to decommission Platform 
Holly and Rincon Island, SB 551 was passed in 2019. SB 551 requires that CalGEM creates a 
process to determine the costs of decommissioning California’s oil and gas facilities. It also 
requires that oil and gas operators provide estimates of total costs to plug and abandon wells 
and decommission attendant oil and gas facilities, including site remediation, every five years, or 
more frequently (165). 

Additional recent legislation has sought to address the issue of idle and abandoned wells. AB 
1057 also provides CalGEM the authority to require additional bonding to cover well-related 
operations (164). Passed in 2017, AB 1328 requires that independent experts evaluate fugitive 
emissions on idle, idle-deserted and abandoned wells in the state. AB 1328 also mandates that 
these data are made publicly available on the CalGEM website (193). AB 2729, passed in 2016, 
redefines “idle” and “long-term idle” wells, updates fees posed on idle wells, revises the plan to 
manage and eliminate long-term idle wells, and requires CalGEM to review and update idle-well 
regulations (16).  

5.3 Workforce policies 

An equitable transition to a carbon neutral economy requires a careful consideration of 
employment impacts to affected industries, facilities, and occupations. Section 3 of this synthesis 
report highlights the industries and regions most likely to be affected, although important 
features of the impact (e.g., timing and scale or level of job loss) cannot be determined through 
this study. The final report will compare labor market impacts across alternative carbon neutrality 
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scenarios and identify an essential suite of policy responses that supports workers and 
communities through the transition, which could help inform planning efforts that occur outside 
the scope of this study at the facility, local or regional level. 

5.4 Local air pollution policies  

The federal Clean Air Act Amendments of 1970 instructed the U.S. EPA to set NAAQS to limit 
exposure to six harmful criteria pollutants: particulate matter, ozone, nitrogen oxides, sulfur 
oxides, carbon dioxide and lead. In addition to NAAQS, CARB sets standards for non-criteria 
pollutants such as visibility-reducing particles, sulfates, hydrogen sulfide and vinyl chloride. The 
CAAQS can also differ from the NAAQS in the maximum air quality thresholds. CAAQS are usually 
stricter than the NAAQS. This is the case for pollutants like PM10, CO, NO2 and SO2 (194). 

In addition to meeting the NAAQS and CAAQS, regional-level air quality in California must also 
meet local requirements stipulated by each of the 35 local Air Quality Management Districts 
(AQMD) and Air Pollution Control Districts (APCD). Each AQMD and APCD is responsible for 
setting regional regulations regarding stationary sources (e.g. power plants, refineries) of 
airborne pollutants, and CARB is responsible for monitoring the compliance of rules. AQMD and 
APCD also set regional-level air pollution control rules to meet air quality standards. The majority 
of the regional-level regulations are technology standards, whereby the AQMD and APCD require 
polluting facilities to adopt specific pollution abatement equipment. Operating permits are 
predicated on adoption of these technologies. In some air districts, facilities may be subject to an 
additional fee if emissions exceed particular thresholds, and facilities may be able to receive 
credits for future use if emissions fall below designated thresholds. For several AQMD and APCD, 
these technology standards also limit the release of toxic emissions. One notable exception to 
the widespread use of technology standards is the Regional Clean Air Incentives Market 
(RECLAIM), a cap-and-trade program for NOx and SOx emissions used by the South Coast Air 
Quality Management District (195).  

Enacted in 1987, the Air Toxics “Hot Spots” Act, AB 2588 requires CARB to identify the facilities 
with high toxic releases, maintain a list of all released toxic materials, and make this information 
available to the public. Identified facilities are required to reduce toxic emissions through risk 
reduction assessments within six months of being listed as a toxic facility. Moreover, AB 2588 
requires air quality districts to rank facilities according to the cancer risk posed to nearby 
populations (196). 

Statewide monitoring of air pollutants is important to controlling pollution at a local level. As an 
example, the Community Air Protection Program (CAPP), established in 2017 by AB 617, is a 
statewide initiative to create a standardized emissions monitoring system. The main objectives 
of AB 617 are to lower criteria air pollutants and TACs from stationary sources and reduce the 



           

 Page 119 

vulnerability of communities disproportionately impacted by air pollution. The key components 
of AB 617 are to increase penalties for polluters, establish community-level air quality 
monitoring, enhance emissions reporting, mandate a state strategy for community-level 
pollution reductions, and accelerate technology retrofits on stationary polluting facilities (197).  

Other air quality programs involve improving monitoring in high polluted areas. These programs 
have been implemented by CARB directly or by the AQMD and APCD. Examples of these programs 
are the Study of the Neighborhood Air near Petroleum Sources (SNAPS), implemented by CARB, 
and independent projects performed by the South Coast AQMD to improve monitoring of 
emissions from large refineries using remote sensing. The SNAPS program is further described in 
Section 5.5 (198). 

5.5 Policies that support low-income workers and residents  

SB 535, passed in 2012, uses revenue from the auction of permits from California’s GHG Cap-and-
Trade Program for the benefit of disadvantaged communities across the state identified through 
CalEnviroScreen (see Section 4.3b for full description of disadvantaged communities). 
Specifically, SB 535 requires that 25% of revenues from the GHG permit auctions be spent on 
projects that benefit disadvantaged communities. Further, SB 535 requires that 10% of these 
proceeds are to be spent on projects directly located in disadvantaged communities. These 
funding requirements were amended by AB 1550 in 2016. AB 1550 requires that at least 25% of 
funds go to projects in disadvantaged communities. Further, at least 5% of funds are to go to 
projects that benefit low-income households and communities and 5% are to go to projects that 
benefit low-income communities within 0.5 miles of disadvantaged communities (199).  

To allocate this spending to communities, SB 535 mandated that CalEPA identify disadvantaged 
communities. As a result, OEHHA, on behalf of CalEPA, created CalEnviroScreen, a scoring system 
based on indicators to identify communities that are exposed to a disproportionate amount of 
cumulative pollution and have population characteristics that make them more vulnerable to 
pollution-related health effects (127). Additionally, OEHHA also considers extremely heavily-
polluted communities to be disadvantaged, even if they lack information on population 
characteristics to be able to calculate a formal CalEnviroScreen score (see Section 4.3b for full 
description of CalEnviroScreen methodology) (10). 

A large share of the AB 32 proceeds intended for disadvantaged communities are used to invest 
in air quality monitoring and improvement projects. These projects involve community air quality 
grants and funds, as well as other programs to monitor emissions and support affected workers. 
These air quality grants go directly to community-based organizations and CARB, AQMD and 
APCD make decisions on allocations (200).  
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Other statewide air quality monitoring programs are also intended to benefit disadvantaged 
communities. For example, the ongoing Study of Neighborhood Air near Petroleum Sources 
(SNAPS) program aims to better characterize the local air quality impact of oil and gas extraction 
in nearby communities. The first communities identified for the program were communities such 
as Lost Hills and Baldwin Hills with the aim of understanding the community exposure from 
cumulative pollution sources, including oil and gas infrastructure, mobile sources, consumer 
products, residential activities and waste management. CARB placed one air monitoring trailer in 
Lost Hills in 2019 and are expected to locate multiple monitoring stations in Baldwin Hills in 2020. 
Monitoring trailers with state-of-the-art monitoring equipment are placed at sites for about six 
months. Real-time data is posted online and finalized emissions data are to be synthesized in 
reports for each monitoring site (161).  

Other examples of programs supporting vulnerable communities include the Community Air 
Protection Program and the monitoring efforts under AB 617, described in Section 5.3.  
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Section 6: Next Steps 

The final report will focus on a series of modeled scenarios designed to enable California to 
equitably achieve carbon neutrality in the transportation fossil fuel supply sector by 2045. By 
synthesizing the characteristics of California’s transportation fossil fuel supply sector, this report 
provides the foundation for the analysis conducted in the final report. For example, current and 
past oil markets characteristics will inform our projections of future crude oil extraction and 
refining across California. Current labor and health conditions, especially for communities 
disproportionately impacted by the transportation fossil fuel supply sector, will inform our 
analysis of future labor and health outcomes under alternative scenarios.  

The next step in this project is to develop a model of crude oil extraction and refining production 
which can be used to simulate market outcomes in these industries under alternative future 
scenarios. The outputs of this model, including quantity and revenue value of crude oil extracted 
and refined under alternative scenarios, will serve as inputs to labor and health outcomes and 
their distribution across the state. Our spatially explicit modeling will provide an assessment of 
how employment and health outcomes vary across locations and across future scenarios.  

Another important step for the final report is to develop a set of scenarios to be evaluated. The 
set of scenarios to be considered will combine various plausible future macroeconomic 
conditions with a set of potential transportation fossil fuel supply policies. These policies are 
chosen based on existing and proposed policies to reduce greenhouse gas emissions from the 
transportation fossil fuel supply sector. A key contribution of the final report will be to analyze 
how these scenarios differ according to GHG emissions and equity considerations.  
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Appendix 

This section includes supplementary information related to the data and detailed descriptions of 
definitions and methods used in this study. A list of data sources used throughout the study, 
including the source and a brief description, is included in Table A.1. Supplementary Information 
(SI) 1 documents detailed descriptions of specific datasets used in Section 1 to estimate in-state 
crude production and provides an explanation for the definition of a well. Table A.2 documents 
2019 oil production by county. SI.2 and Tables A.3 through A.7 provide a detailed description of 
this study’s definition of the transportation fossil fuel supply sector and the methodology used 
to arrive at this definition. SI.3 and Figures A.1 and A.2 provide detailed information related to 
the data sources and methodologies used in Section 2 to estimate greenhouse gas emissions 
from the extraction and refining segments. SI.4 provides data and methods related to 
demographics data and job quality indicators used in the workforce analysis in Section 3. Lastly, 
SI.5 provides supplementary descriptions of the data used in the pollution analysis in Section 4, 
with a focus on CEIDARS. 

Table A.1: List of data sources used throughout the study. 
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SI.1 Section 1 data and methods 

California in-state crude production 

There are two data sources that we use to determine in-state crude oil production: 1) CEC data 
on the consumption of crude by California refineries, which is based on EIA810 monthly data and 
the PIIRA database, and 2) DOC well-level production data from the WellSTAR database. The CEC 
data contains annual consumption of California-produced crude for two regionally defined North 
and South refinery clusters. We sum crude consumption for the two clusters to calculate total in-
state crude consumption by California refineries for each year. WellSTAR production data reports 
monthly crude oil production at the well-level. We sum crude oil production by year to calculate 
total barrels extracted from California wells.  

Although the general in-state production trend is the same between the two datasets, annual 
production amounts differ (Figure 3). On average, total annual crude production based on CEC 
data is 12% higher than production reported in WellSTAR, although the relative difference ranges 
from 3% lower and 43% higher. Although the DOC data may underrepresent total in-state crude 
extraction, we use it when spatially disaggregating production, as this is not possible with CEC 
data. 

Definition of a well 

Wells in the United States are assigned a unique, permanent identification number called an API 
number. This is one of the many standards set by the American Petroleum Institute, which is the 
nation’s largest trade association for the oil and natural gas industry. WellSTAR currently tracks 
wells by the 12-digit API number. The first 10 digits indicate the 10-digit well API number, which 
represents a surface-level hole in the ground. Wells typically start with a single wellbore, but 
additional wellbores can be drilled. The last two digits of the 12-digit API number represent 
distinct wellbores or producing zones below the surface. In this report, we present information 
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for wells at the 10-digit API number. Only 3% of productive wells (which we define as any 10-digit 
API number well that has produced oil between 1977 and 2019) are associated with multiple 
distinct wellbores. Between 1977 and 2019, 131,380 wells with distinct 10-digit API numbers 
produced oil at some point, compared to 135,530 wellbores with distinct 12-digit API numbers.  

Table A.2: Oil production by county in 2019 according to DOC WellSTAR production data. 

County 2019 Production (bbls) 2019 Production (%) 

Kern  110,563,157.9 70.8% 

Los Angeles 11,716,552.6 7.5% 

Monterey 8,324,732.1 5.3% 

Ventura 6,324,979.7 4.0% 

Fresno 6,087,339.2 3.9% 

Los Angeles Offshore 5,853,365.3 3.7% 

Santa Barbara 2,918,601.7 1.9% 

Orange 2,555,681.8 1.6% 

Orange Offshore  1,023,540.8 0.7% 

San Luis Obispo  516,142.5 0.3% 

Contra Costa 127,077.9 0.1% 

Kings 116,485.7 0.1% 

Tulare 35,380.3 0.0% 

Santa Clara 19,040.0 0.0% 

San Benito 14,543.1 0.0% 

San Bernardino 8,791.0 0.0% 

Sacramento 8,746.0 0.0% 

Alameda  7,471.3 0.0% 

Solano 1,748.0 0.0% 

Ventura Offshore 1,057.0 0.0% 

San Mateo 46.2 0.0% 
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SI.2 Transportation fossil fuel supply sector definition  

This section presents the definition of the transportation fossil fuel supply sector used by this 
study. The definition is based on the industry codes included in the North American Industry 
Classification System (NAICS) to ensure comparability of the data across the different sections of 
this study. Since different databases feature different levels of aggregation of NAICS codes, we 
propose a definition at the three-digit to the six-digit level. These definitions are not nested, since 
we refine the definition as we move towards more disaggregated industry codes. Wherever 
possible, we use the most disaggregated NAICS codes available. 

We define the transportation fossil fuel supply sector as the collection of industries whose 
activities are primarily and directly related to the extraction, distribution, and refining of oil for 
the purpose of producing (supplying) transportation fuels in California. (e.g., gasoline, diesel, jet 
fuel and ethanol). Therefore, our definition of the transportation fossil fuel supply sector as the 
ensemble of primary industries engaged in the extraction, distribution, and refining of crude oil 
products follow CARB’s practice of attributing emissions to their sources and not their end 
use(87). Our definition was also informed by discussions with the CalGEM staff and by examining 
oil and gas industry reports. 

It is important to emphasize that our definition excludes secondary and indirectly related 
industries that supply inputs and services to the primary industries in the transportation fossil 
fuel supply sector (for example remedial services). Wherever possible, industries associated with 
the extraction and processing of natural gas are also excluded as natural gas is not primarily used 
for transportation.  

Table A.3 presents the nine industries included in our definition of the transportation fossil fuel 
supply sector at the six-digit level—or highest level —industry disaggregation. The last four 
columns reflect whether these industries are observed in the main data for each relevant section 
in the study. In addition, we also include a breakdown of the overlap and differences in the 
industry coverage in Study 1 (demand for transportation fuels) and Study 2 (supply of 
transportation fuels). This comparison is especially useful when comparing the workforce 
impacts in each study. Notably, the Study 1 scope of industries is broader than Study 2. As Table 
A.3 shows, the labor and health sections of this report include natural gas extraction in the scope 
of industries in the transportation fossil fuel supply sector, while the production section excludes 
natural gas extraction. This mismatch reflects differences in the underlying data used in the 
different sections of the report. Specifically, the labor market, health and greenhouse gas 
emissions data used in this report combined natural gas and crude oil extraction together until 
2017, preventing separation of these two sectors.  
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Table A.3: Six-digit NAICS code definition for the transportation fossil fuel supply sector 
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Table A.4: Changes in six-digit NAICS code definition for the transportation fossil fuel supply sector from 2012 to 
2017 

Notes: The U.S. Office of Management and Budget updates NAICS codes every 5 years to reflect changes in economic 
activity over time (201). Table A.4 documents how revisions in classification impact the nine industries included in 
our definition of the transportation fossil fuel supply sector. Only industry code 211111, Crude Petroleum and 
Natural Gas Extraction, was altered during the latest revisions in 2017. Starting in 2017, there is a separate NAICS 
code for Crude Petroleum extraction (211120) and Natural Gas Extraction (211130). Since this report incorporates 
data tabulated prior to the 2017 NAICS update, we include both crude petroleum and natural gas extraction in our 
definition of the transportation fossil fuel supply sector.  

Not all databases used in the study include NAICS codes at the six-digit level, and therefore, we 
must also rely on more aggregated versions of the definition of the transportation fossil fuel 
supply sector. Table A.5 shows the most aggregated version of the transportation fossil fuel 
supply sector definition. Not all three-digit industry codes from Table A.5 are present in Table 
A.3, as this would include industries beyond the study’s scope. For example, NAICS Code 325 
includes all chemical manufacturing, and NAICS Code 213 includes all support activities for 
mining. However, it is important to note that the three-digit industries in Table A.3 include nested 
industries which can’t be removed, such as NAICS Code 486990, which includes “All other 
pipeline transportation,” and NAICS Code 324122, which includes “Asphalt manufacturing” (202). 
Because the CPS (Current Population Survey) database utilized in Section 3 reports some 
information at the three-digit NAICS level and some at the four-digit level, Table A.8 presents the 
transportation fossil fuel sector that is specific to the CPS.  
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Table A.4: Three-digit NAICS transportation fossil fuel supply sector definition  

Three-digit code Industry Description Segment 

211 Oil and Gas Extraction Extraction 

486 Pipeline Transportation Distribution 

324 Petroleum and Coal Products Manufacturing Refining 
 

Using a similar procedure as the aggregation for Table A.5, Table A.6 and Table A.7 present the 
sector definition at the four-digit and five-digit level aggregation, respectively.  

Table A.6: Four-digit NAICS transportation fossil fuel supply sector definition  

Four-digit code Industry Description Segment 

2111 Oil and Gas Extraction Extraction 

4247 Petroleum and Petroleum Products Merchant Wholesalers Distribution 

4861 Pipeline Transportation of Crude Oil Distribution 

3241 Petroleum and Coal Products Manufacturing Refining 
 

Table A.7: Five-digit NAICS transportation fossil fuel supply sector definition  

Five-digit code Industry Description Segment 

21111 Crude Petroleum Extraction Extraction 

23712 Oil and Gas Pipeline and Related Structures Construction Distribution 

42471 Petroleum Bulk Stations and Terminals Distribution 

42472 Petroleum and Petroleum Products Merchant Wholesalers Distribution 

48611 Pipeline Transportation of Crude Oil Distribution 

48691 Pipeline Transportation of Refined Petroleum Products Distribution 

32411 Petroleum Refineries Refining 
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Table A.8: CPS transportation fossil fuel supply sector industry definition 

NAICS Code Industry Description Segment  

211 Oil and Gas Extraction Extraction 

213 Support Activities for Mining and O&G Extraction Extraction 

486 Pipeline Transportation Distribution 

4247 Petroleum and Petroleum Products Merchant Wholesalers Distribution 

324 Petroleum and Coal Products Manufacturing Refining 

SI.3 Section 2 data and methods 

Facility-level GHG emissions from the MRR database 

We use the following method for determining facility-level GHG emissions for the upstream (i.e., 
oil extraction) segment. First, we combine all available MRR datasets resulting in facility-level 
emissions from 2011 to 2018. We filter this for NAICS codes described in Table A.3 to extract all 
facilities related to crude oil extraction. The MRR includes emissions information associated with 
crude petroleum and natural gas extraction (i.e., NAICS Codes 211, 21111 and 21111), but does 
not include emissions associated with drilling wells (NAICS Code 213111). Aggregated total 
emissions from these facilities is lower than what is reported in the GHG Emission Inventory. The 
gap between the emissions reported under MRR and the GHG Emission Inventory for this 
segment reduced from 2014 onward, when more facilities were required to report under MRR 
(Figure A.1). In 2017 the difference between the two sources was 1 Mt CO2e (Figure A.1). Possible 
explanations for the gap between 2014 and 2017 include unreported emissions by small 
producers that do not meet the annual emissions reporting threshold of 10,000 t CO2e. Following 
the guidance of representatives from CARB (pers. comm., 2020), we recalculate total CO2e 
emissions using the facility-level emissions reported under MRR by excluding “Fuel Supplier” and 
“Electricity Importer” categories of emissions, which are considered part of the transportation 
demand and electricity sectors, respectively, and not the transportation fossil fuel supply sector. 
This results in a larger gap (3 Mt CO2e in 2017) between the total emissions reported for the Oil 
production sector by the GHG Emissions Inventory and the sum of facility-emissions from the 
MRR database (Figure A.1). We follow the guidance of CARB and use the adjusted emissions in 
the main text of the report. 
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Figure A.1. Comparison of GHG emissions from CARB GHG Emissions Inventory tool (black) and aggregated emissions 
from the facilities in the MRR in the extraction segment. Data sources: CARB GHG Emissions Query Tool and MRR 
(84,85). 

We repeat a similar process to determine facility-level emissions for the refining segment. We 
filter the annual MRR emissions by facility data discussed previously for NAICS codes associated 
with petroleum refineries (i.e., 32411, 324110, see Table A.3). Aggregated total emissions from 
these facilities is much higher than that reported by the GHG Emissions Inventory for the state 
(Figure A.2). Following the guidance of representatives from CARB (pers. comm. 2020), we 
recalculate total CO2e emissions at the facility level by excluding “Fuel Supplier” and “Electricity 
Importer” emissions. This results in annual emissions that are much closer to those reported in 
the GHG Emissions Inventory tool (difference of 2 Mt CO2e in 2017) (Figure A.2).  
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Figure A.2. Comparison of GHG emissions from CARB GHG Emissions Inventory tool (black) and aggregate emissions 
from all facilities in the MRR in the petroleum refining segment, colored by industry description. Data sources: CARB 
GHG Emissions Query Tool and MRR (84,85).  

SI.4 Section 3 data and methods 

Rather than reporting only earned wages, QCEW reports total quarterly compensation, which is 
defined by California’s Employment Development Department (EDD) as earned wages, bonuses, 
stock options, the cash value of meals and lodging, tips and other gratuities, and some employer 
contributions to deferred compensation plans, such as 401(k) plans (203). We divide total 
compensation by total employment in an industry to obtain a measure of total compensation per 
worker. This measure of total compensation per worker paints a more complete picture of the 
non-wage pecuniary benefits associated with a job than hourly wage rates.  

There are some notable limitations in the QCEW database. First, the employment data does not 
differentiate by hours worked; full-time and part-time employment are combined in a single 
measure. As a result, employment reported in this report cannot be interpreted as full-time 
equivalent employment. Further, the derived measure of total compensation per worker is not 
adjusted for differences in hours of work (118). 



           

 Page 148 

In accordance with the U.S. Bureau of Labor Statistics (BLS) policy (204), the data reported by 
employers under a promise of confidentiality are published in a way that protects the identifiable 
information of respondents. In the public QCEW data, BLS withholds employment and wage data 
when necessary to protect the identity of employers. As a result, BLS typically suppresses detailed 
industry employment and wage information reported for each county in the QCEW. Because 
individual employers are more difficult to identify from state-level information, reported 
statewide employment and wage totals include the undisclosed data, suppressed at the county 
level (124). 

Therefore, we use the reported state-level employment and total compensation per worker data 
by detailed industry categories to document state-level trends in the analysis below (Figures 46, 
47, 48 and 49). For the county-level analysis of transportation fossil fuel supply sector 
employment, we use QCEW data, but note that some of the employment or total compensation 
data is occasionally suppressed due to the relatively small size of the transportation fossil fuel 
supply sector in some counties of California.  

We convert quarterly employment and total worker compensation into annual employment and 
average annual total compensation per worker. The QCEW database provides employment and 
total compensation data by county and NAICS codes. (NAICS codes are occasionally updated over 
time; the database uses the 2017 NAICS codes.) The QCEW database does not provide any 
information about occupations; instead, we rely on Occupational Employment Statistics (OES) 
from BLS. The OES reports detailed information about the occupations most commonly present 
in the transportation fossil fuel supply sector. Because OES tabulations of occupational 
employment by industry are only available at the national level, we cannot report actual 
occupational employment for the transportation fossil fuel supply sector in California. However, 
we use the national data to construct an estimate of state-level occupational employment in the 
transportation fossil fuel supply sector. First, we use the national data to construct the share of 
employment in an occupation that is attributable to the transportation fossil fuel supply sector. 
Then, we multiply this share by the level of reported statewide employment for each occupation 
in California. As a result, we have an estimate of occupational employment in California’s 
transportation fossil fuel supply sector. 

Another limitation of QCEW is that it does not include data on contract or temporary 
employment by industry. Therefore, we cannot report information on employment and total 
compensation per worker for contract workers in the transportation fossil fuel supply sector. 
Industry provides limited information on employment of self-employed independent contractors 
and/or temporary workers in the transportation fossil fuel supply sector. 
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Demographic data and methods 

These demographic data were collected through surveys such as the Current Population Survey 
or administrative social security forms and matched to firm information from the QCEW by the 
Census Bureau. 

Because the QWI reports data at the four-digit NAICS code level, we cannot exactly match the 
NAICS codes used to define the transportation fossil fuel supply sector to those in the QCEW (see 
Sections 3.1 to 3.3). When QCEW relies on a NAICS code more detailed than the four-digit level, 
we use the corresponding four-digit NAICS code for the QWI analysis. As a result, our analysis of 
the demographic characteristics of workers uses a broader definition of the transportation fossil 
fuel supply sector. QWI is a quarterly report of worker-firm linked labor market information 
compiled by the U.S. Census Bureau. The U.S. Census Bureau constructs the QWI data by linking 
QCEW firm employment information with worker demographic data that the Bureau collects at 
the state level from mandatory unemployment insurance forms collected at the state level (205). 
Firm employment information includes data on employment and total compensation per worker 
at the county-level for each quarter of the year, aggregated to the four-digit NAICS code level (as 
opposed to six digits in QCEW).  

Data and methods for job quality indicators 

The IPUMS-CPS provides a publicly available dataset based on a monthly U.S. household survey 
conducted by the U.S. Census Bureau and the BLS. The monthly survey is designed to provide 
information about the workforce and employment and is based on a sample of over 65,000 
households in the United States. Unlike the QCEW, which is intended to cover the universe of 
employees, IPUMS-CPS provides information regarding attributes of the civilian population 
(including those in the workforce). In order to maintain confidentiality of the underlying data, 
some identifying information is withdrawn or reduced. For example, industry codes are only 
available at the three-digit NAICS level and county of residence is only available for larger 
counties. In particular, the IPUMS-CPS data identifies 34 of California’s 58 counties. As a result, 
the data reported in this section are only representative of the 34 largest counties in the state. 
Further, due to data limitations on the NAICS codes in the IPUMS-CPS, there is imperfect overlap 
in the IPUMS-CPS and QCEW definitions of the extraction, distribution and refining segments of 
the transportation fossil fuel supply sector (see Table A.7 for the NAICS definition of the 
transportation fossil fuel supply sector that applies to the CPS). Finally, it is important to note 
that the CPS is a random survey designed to be representative of the U.S. population and not a 
complete enumeration like QCEW. As such, the estimates reported inherently reflect sampling 
variability. 
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Important for this report are the IPUMS-CPS data on employer contributions to worker health 
insurance and health insurance coverage, union coverage, and pension plan coverage for a 
sample of California workers. The California EDD does not include pension coverage and 
employer contributions to healthcare in the measure of total compensation reported in the 
QCEW and QWI; the IPUMS-CPS survey provides further information regarding job quality. 

SI.5 Section 4 data and methods 

To conduct this analysis, we use data of air-released emissions for stationary facilities reporting 
to the California Emission Inventory Development and Reporting (CEIDARS) database, the 
statewide criteria and toxic air emission inventory system for California. The data in CEIDARS is 
available from 2008 to 2017 and were provided to the project team by CARB (126).  

For criteria pollutants, facilities emitting more than 10 tons per year are required to annually 
report their emissions to local air districts. Smaller facilities are required to report every three 
years. For TACs, facilities are required to report emissions every four years, and the reporting 
cycles can vary by facility (206). Local air districts may also require more frequent reporting for 
facilities that meet specific toxicity criteria or exempt facilities that do not pose significant threat 
(206). 

Before presenting these data, it is important to detail how facility-level emissions data are 
typically acquired. Emission reporting approaches, requirements and frequency vary for criteria 
pollutants and TACs included in CEIDARS. Criteria pollutant emissions are collected by facilities 
under both state and federal air quality mandates, whereas TAC emissions are collected under 
Assembly Bill (AB) 2588 (see Section 5.3 for information on air quality policies) (207). Both facility-
level emissions of criteria pollutants and TACs are reported to local air districts, who report them 
to CARB. Methodologies for determining emissions may be prescribed and vary by air districts. 
Emissions data may come from direct measurements or from engineering estimates that either 
apply emission factors to specific production processes or estimate chemical mass balances 
(Gabriel Ruiz, CARB, pers. comm., May 14, 2020).  

For both criteria pollutants and TACs, local air quality districts have the flexibility to adjust 
reporting methodologies, pollutant choices, reporting thresholds and frequencies. As such, 
Section 4 of this synthesis report summarizes emissions that are currently being monitored by 
the state and reported through CEIDARS. The statistics based on these data should not be 
interpreted as capturing all emissions produced in California. Notably, many facilities report 
missing values for emissions in years where they are operating and presumably releasing 
emissions. In some cases, local air districts also assign the previous years’ emissions for missing 
years until an updated number is provided (Gabriel Ruiz, CARB, pers. comms., May 15, 2020). 
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When applicable, the CEIDARS data are supplemented with data from the CARB Pollution 
Mapping Tool (CPMT) (104) and the California Office of Health Hazard Assessment (OEHHA) 
CalEnviroScreen 3.0 database (10). Facilities in the transportation fossil fuel supply sector are 
identified based on the NAICS codes included in the CPMT database (104). Although facility 
identifiers are similar between CEIDARS and CPMT for the refining and distribution segment 
facilities, it is important to note that they differ for oil extraction facilities. In CEIDARS, oil 
extraction emissions are reported at the sub-facility level, which can be a single source or a 
collection of smaller sources. In CPMT, emissions from oil extraction facilities are aggregated by 
a company’s operations in a geological basin, which could be an area bigger than a county. 
Because this analysis requires CPMT for not only industry identifiers but also geolocation of 
facilities, CEIDARS oil extraction facilities are aggregated to the CPMT facility definition. As a 
result, the spatial distribution of emissions from oil extraction facilities may not be as reliable as 
it is for facilities in the other segments. 

 

 

 


