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Abstract of the Thesis 

Analysis of Health Impacts resulting from PM and NOx emissions reductions attained through 

the San Pedro Bay Ports Clean Air Action Plan Programs 

By  

Tammie Kuo 

Master of Science in Civil Engineering 

University of California, Irvine 2018 

Professor Jean-Daniel Saphores, Chair 

 

Various policies have been implemented to deal with the air pollution generated by freight 

operations at the Ports of Los Angeles and Long Beach (also known as the San Pedro Bay Ports, 

or SPBP), including mandating cleaner vehicles and cleaner fuels, shifting container transport from 

trucks to trains for long distance travel, or shifting freight deliveries from peak to off-peak hours. 

The purpose of this thesis is to analyze the co-benefits of some of these policies on the reduction 

of regional pollutants, and on human health. Port-related emissions of nitrogen oxides (NOx) and 

particulate matter (PM2.5) are dispersed throughout the surrounding area using CALPUFF, and the 

resulting pollutant concentrations are compared between milestone years for the policies and a 

baseline year, 2005, using EPA’s BenMAP health analysis model. Results show that within the 

SPBP boundaries, the Clean Trucks program has cut heavy duty vehicle NOx emissions by 65-

80% between 2005 and 2012, and PM2.5 levels have been reduced by over 95%. This has resulted 

in net annual savings related to cardiovascular and respiratory impacts of over $9 million. The Rail 

Line-Haul and Switcher Fleet Modernization program has achieved lower pollutant reductions, 

around 50% for NOx and 45% for PM2.5, but the broader range of this program’s impacts has 
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resulted in even higher net savings of over $100 million between 2005 and 2012. These examples 

indicate that the Clean Air Action Plan has made a positive impact on quality of life for residents 

in the Los Angeles area. 
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CHAPTER 1 INTRODUCTION 

1.1 Introduction 

The San Pedro Bay Ports, which consist of the Port of Los Angeles and the adjacent Port of Long 

Beach in Southern California, collectively handle approximately 40% of containerized trade into 

and from the United States, which makes them by far the most important container ports in the 

country. Their importance to national trade is expected to continue over the long run as the volume 

of containers going through the SPBP is projected to further increase in the coming years. 

To accommodate the millions of containers flowing into the ports each year, fleets of 

tugboats, cargo-handling vehicles, rail cars, and diesel trucks are employed on a nearly daily basis. 

This results in large amounts of pollution emitted at and around the ports. This air pollution not 

only the neighboring cities, but the greater Los Angeles area connected to the ports by the I-110 

and I-710 freeways and the Alameda Corridor rail line, and more generally the regional air basin. 

Emissions of particulate matter (PM2.5) and nitrogen oxides (NOx) from port activities are 

especially problematic because of these pollutants’ adverse impacts on human health. Indeed, PM 

can induce cardiovascular and respiratory problems when inhaled, and NOx contributes to smog 

formation and lung diseases (EPA 2012). 

To mitigate some of the human health impacts associated with port operations, Port 

authorities have implemented various programs under their Clean Air Action Plan starting in 2006. 

A primary motivation for these programs came from the public outcry to the negative 

environmental and health effects that port operations have on much of the Los Angeles basin. For 

example, in 2005 the California Air Resources Board (CARB) found that increased cancer risks 

within 15 miles of the SPBP are linked to diesel pollution coming from the ports (LA Times, 2005). 
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Studies such as CARB’s directly led to programs mandating cleaner fuels in vessels and cargo-

handling equipment starting in 2006 (LA Times, 2005). 

This study focuses on the results of changes to the ports’ drayage truck and rail programs 

with regards to reducing PM2.5 and NOx impacts in the Los Angeles area, taken from the port’s 

Inventories of Air Emissions, to provide a comparison of the health benefits that these programs 

have achieved. Harbor craft and cargo-handling equipment that are used primarily within the ports 

are not considered in this study because of their relatively small impact on local air pollution, while 

ocean-going vessels, which are the largest contributors of pollutants, mainly emit in the waters 

leading to the ports (Port of Los Angeles 2012, Port of Long Beach 2012). My study area is a 60 

km x 60 km (roughly 37 mi x 37 mi) region that includes the ports (outlined by the orange rectangle 

in Figure 1) and portions of Los Angeles County and Orange County that are served by major rail 

lines and thus are likely to be affected by emissions generated from port activities. A close-up of 

the container terminals considered in this study is presented in Figure 2. 

Since 2005 is the year when the ports began compiling an inventory of air emissions on an 

annual basis, it was selected as my baseline year with which to compare changes in NOx and PM2.5 

emissions in subsequent years. The years of interest follow the port programs’ milestones years: 

2007, 2008, 2010, and 2012. The reduction in health impacts in these years compared to 2005 

indicate that the Clean Air Action Plan programs have substantially reduced air pollution 

associated with the ports’ container activities. The success of the San Pedro Bay Ports should 

provide a valuable motivation to other ports across the nation that try to reduce air pollution 

without sacrificing trade.  
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Figure 1. Study Area 

 
Note: Figure 1 presents 60 km x 60 km analysis area. Detail of port facilities in green rectangle shown in Figure 2. 

Source: Google Earth 2015 
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Figure 2. San Pedro Bay Ports Container Terminals 

Source: Port of Los Angeles, Port of Long Beach 
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1.2 Objective 

The purpose of this study is to assess the impact on human health of the reduction in PM2.5 and 

NOx emissions due to two of the San Pedro Bay Ports’ Clean Air Action Plan programs. The main 

tools used to perform my analyses include the CALPUFF model, to disperse pollutant emissions, 

and EPA’s Benefits and Mapping Analysis Program (BenMAP), to analyze illness incidence and 

quantify the value of changes in selected health outcomes relative to my baseline year. 
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CHAPTER 2 BACKGROUND AND LITERATURE REVIEW 

2.1 Background 

Table 1 provides a timeline of the implementation of port programs that have been aimed at 

reducing local pollutants in the San Pedro Bay area. 

Table 1. Clean Air Action Plan Strategies 

Program Description 

Vessel Speed Reduction 

(voluntary) 

(~5,500 vessels in 2005) 

Starting in 2001, vessels need to reduce their speed to 12 knots 

within 40 nautical miles of the ports to cut diesel particulate matter 

and NOx emissions and earn dockage rate reductions. 

Rail Switch Engine 

Modernization 

(20 switch engines in 

2005) 

2007: Phase out all non-essential idling and maximize use of Ultra 

Low Sulfur Diesel Fuel. 

2010: All Class 1 locomotives entering the ports must meet 

emissions equivalent to Tier 2 locomotive standards. 

2023: All Class 1 locomotives entering the ports must meet 

emissions equivalent to Tier 3 locomotive standards. 

Cargo-Handling 

Equipment Purchases 

(~3,000 pieces of 

equipment inventoried in 

2005) 

2007: Must purchase cleanest available alternative-fueled or diesel-

fueled engine that reduces diesel particulate matter to 0.01 g/hph-hr, 

otherwise retrofitted with cleanest emission control technology. 

2010: All yard tractors must meet minimum EPA 2007 on-road or 

Tier IV off-road engine standards. 

2012: All equipment with engines < 750 hp must meet minimum 

EPA 2007 on-road or Tier IV off-road engine standards. 

2014: All equipment with engines > 750 hp must meet minimum 

EPA Tier IV engine standards. 

Clean Trucks 

(~35,000 unique trucks 

recorded in 2005) 

2008: Pre-1989 trucks are banned from entering the ports. 

2010: 1989-1993 trucks and 1994-2003 trucks that have not been 

retrofitted are banned from entering the ports. 

2012: All trucks that do not meet 2007 Federal Clean Truck 

Emission Standards are banned from entering the ports. 

Harbor Craft 

(~350 craft inventoried 

in 2005) 

2008: All harbor craft must meet EPA Tier 2 standards or equivalent 

reductions. 

2011: All previously repowered harbor craft must be retrofitted with 

most effective VARB verified NOx and/or PM emissions reduction 

technologies. When Tier 3 engines become available, within 5 years 

all harbor craft must be repowered with Tier 3 engines. 

All tugs will use shore-power while at home fleeting location. 

Source: Clean Air Action Plan 2016 
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2.1 Literature Review 

This chapter gives an overview of relevant papers that have focused on pollutant dispersion and 

health impact analysis. Also reviewed are papers that studied truck or train emissions especially in 

the context of port operations in the Los Angeles area. 

 California Assembly Bill (AB) 2650, which passed in 2002 and went into effect in 2003, 

imposed a fee on trucks idling in the ports to encourage more efficient use of port terminals either 

by increasing operating hours in the evening and on weekends or by implementing a gate 

appointment system for trucks. Giuliano and O’Brien examined queueing and transactions times 

at the Ports of Los Angeles and Long Beach before and after the passage of AB 2650 and 

determined that truck emissions were not reduced as a result of the bill (Giuliano and O’Brien, 

2007). 

A Belgian study by Panis and Beckx (2007) found that shifting truck traffic to nighttime, 

while avoiding congestion and queueing during the day, could increase air pollution and public 

exposure to emissions. The more stable atmospheric conditions at night create a boundary layer 

that allows higher concentrations of pollutants to build up compared to daytime emissions, making 

it necessary to weigh the benefits of reduced congestion with the negative impacts on air quality. 

 You et al. (2009) studied the impact on PM and NOx emissions when container transport 

is shifted from heavy-duty trucks to trains. They compared two modal shift scenarios with a 2005 

baseline, and they found that emissions of both pollutants could be reduced alongside traffic 

congestion when some trucks were taken off the freeways around the SBPB complex and replaced 

by locomotives, which produce lower emissions per ton*mile. Though emissions were quantified 

in this study, there was no tie-in to health impacts on the affected population in the study area. 
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 A study by Lee et al. (2010) provided a more detailed analysis of 2005 emissions, analyzing 

both train and vehicle emissions of PM and NOx. Mortality and chronic bronchitis were the health 

endpoints used to quantify PM exposure effects, and asthma exacerbation was the main indicator 

for NOx. They found that costs from freight operations exceeded $200 million for PM during the 

winter alone, and that heavy-duty trucks were the largest contributor to the emissions of both PM 

and NOx.  

Sangkapichai et al. (2010) used CALPUFF and BenMAP to quantify the health impacts 

that trains emitting PM and NOx caused along the Alameda Corridor under two different scenarios. 

This was the first county-level health impact study using BenMAP to assess train emissions. The 

authors reported that the effects of both PM and NOx emissions vary based on seasonal climate 

differences. Additionally, PM emissions were found to have a greater impact than NOx emissions, 

with up to a fivefold difference.  

 Dallmann et al. (2011) compared PM and NOx emissions from drayage trucks at the Port 

of Oakland before and after similar fleet retrofits and replacements were implemented in 2010. 

They found over a 50% reduction in black carbon as well over a 40% reduction in NOx due to the 

new controls on drayage trucks at the port. 

 Kuwayama et al. (2012) also studied emissions from heavy-duty trucks at the Port of 

Oakland and found a 75% decrease in PM emissions after implementation of the control program. 

They estimated that port truck emissions went from contributing 56% of ambient carbon emissions 

at the port before 2010 to about 23% afterwards. These two analyses at the Port of Oakland are 

evidence of success from replacing or retrofitting older vehicles to reduce pollutant emissions. 

Lee et al. (2012) presented a BenMAP health impact analysis of the Clean Trucks program, 

focusing on the I-710 and I-110 freeways and arterials. This research outlined the decrease in 
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incurred health costs corresponding to each milestone ban of the program, relative to the 2005 

baseline, and suggested that the program was more effective in reducing drayage truck emissions 

than was originally planned. 

Bhagat (2014) and Bhagat et al. (2015) studied how pollutant concentrations changed when 

drayage trucks entering the SPBP complex were shifted from peak hours to off-peak hours as part 

of the ports’ partnership with PierPASS. This research focused on trucks outside the ports on the 

I-110 and I-710 freeways as well as a few major arterials in the area. It compared post-PierPASS 

emissions to the 2005 baseline situation using CALPUFF and BenMAP. The main finding of that 

study is that daytime emissions were reduced after the shift, but nighttime emissions increased to 

more than offset the improvement seen during the day. 

This research includes some differences in emissions estimation compared to previous 

studies. Unlike Lee (2012) and Bhagat (2014), emissions on freeways and arterials were not 

considered in this study; rather, truck emissions were focused on container terminals within the 

ports where trucks may often be found idling. Some of the rail sources studied by Sangapichai et 

al. (2010) were excluded in this study because I focus here on rail yards that the ports have 

jurisdiction over, which are those that lie within the port boundaries shown in Figure 2 as well as 

the Intermodal Containers Transfer Facility just outside the ports as indicated in Figure 1. Line-

haul sources include the Alameda Corridor, which was taken to be the main rail line between the 

ports and downtown Los Angeles, and segments of Burlington Northern Santa Fe Railroad 

Company (BNSF) and Union Pacific Railroad (UP) heading inland from the downtown area that 

are used specifically for transporting port cargo.  
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CHAPTER 3 DATA AND METHODOLOGY 

This chapter first motivates the selection of pollutants I focus on and the sources used to quantify 

emissions of those pollutants in the study area. It also details the two major software programs 

used to analyze emissions to assess health impacts. Figure 3 presents an overview of my 

methodology. Since CO2eq (CO2eq describes how much a given type and amount of greenhouse 

gas may contribute to global climate change using the functionally equivalent amount of carbon 

dioxide (CO2) as reference) is a global pollutant, it is considered separately from PM2.5 and NOx. 

Figure 3. Methodology Flowchart 

 

 

    

          

 

 

 

 

1: Pollutant Selection 

2: Emissions from Inventory of 

Air Emissions: 

a. PM2.5, NOx     b. CO2eq 

b. b 

3: CALPUFF dispersion of PM2.5 

and NOx 

Result: Percentage change in 

CO2eq emissions 

4: CALPUFF output 

concentrations compared 

between 

years in BenMAP 

Result: Incidences of mortality 

or illness due to pollutant 

exposure, and associated 

costs 



11 

 

3.1 Pollutant Emission 

3.1.1 Types of Pollutants 

The pollutants of interest in this study include particulate matter (PM2.5) and nitrogen oxides 

(NOx). These are two of the six criteria pollutants that have been identified as posing an especially 

widespread threat to human health by the United States Environmental Protection Agency. A brief 

description of each pollutant and its associated health impacts follows. 

1. Particulate Matter (PM2.5): Particulate matter (PM) is a mixture of tiny dust and soil 

particles, metals, chemicals, and sulfate and nitrate acid droplets. These inhalable particles 

can penetrate deep into the lungs and make their way into the bloodstream, increasing the 

risk of heart and lung disease. PM2.5 (PMx denotes particulate matter with a diameter under 

x micrometers) particles result from atmospheric reactions when nitrogen oxides and sulfur 

dioxides are released from sources such as operating motor vehicles. The Los Angeles area 

is currently in nonattainment for the limits set on PM2.5 concentrations through the National 

Ambient Air Quality Standards (U.S. EPA 2015). 

2. Nitrogen Oxides (NOx): Nitrogen oxides are one type of combustion byproduct and can 

chain-react with free radicals in the atmosphere to produce ozone. NOx may also contribute 

to particulate matter formation when it reacts with other compounds in the air. Both 

tropospheric ozone and particulate matter may cause or worsen respiratory disease and 

aggravate asthma symptoms. The current standards for NOx are being complied with, 

although the Los Angeles area is still deemed a maintenance area because the standards 

were exceeded in previous years (U.S. EPA 2015). 

3. Carbon Dioxide Equivalent (CO2eq): Carbon dioxide equivalent refers to a measure of the 

global warming potential of a greenhouse gas, normalized to that of CO2. This allows the 
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environmental effects of various greenhouse gases to be aggregated to a single number 

(U.S. EPA Glossary 2015). As many nations pledge to take steps towards mitigating 

climate change during the recent 2015 United Nations Climate Change Conference, this is 

a relevant metric that may allow policymakers to understand the scale of emissions that 

need to be dealt with. 

3.1.2 Port Inventory of Air Emissions  

The data for pollutant emissions from the trucks entering and leaving the ports were drawn from 

the annual Inventory of Air Emissions released by each port. The Clean Trucks program 

implemented bans within port boundaries on pre-1989 model year trucks in 2008, 1989-1993 

model year trucks and 1994-2003 trucks without appropriate retrofits in 2010, and all trucks that 

did not meet the 2007 Federal Clean Truck Emissions Standards in 2012. As a result of this 

progressive ban, NOx and PM2.5 emissions from trucks steadily decreased within the port 

boundaries so that PM2.5 emissions were almost eliminated by 2012, and NOx emissions were cut 

by 65% to 80%. Table 2 shows the annual emissions from trucks operating in container terminals 

in both ports. The numbers are updated from what was originally published in each year’s 

inventory by scaling to match the proportional increase in total truck emissions when new 

estimation methods were used in the 2012 report. 

Table 2. Heavy Duty Truck Emissions within SPBP Container Terminals 

  PM2.5 (metric tons/year) NOx (metric tons/year) 

Year Port of LA Port of LB Port of LA Port of LB 

2005 21.4 14.0 387.2 424.3 

2007 12.2 10.5 325.4 336.2 

2008 11.4 8.0 297.1 260.3 

2010 1.7 0.9 177.3 178.1 

2012 0.5 0.1 131.7 85.3 

Source: Port of Los Angeles 2012, Port of Long Beach 2012 
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Rail emissions were also taken from the Inventory of Air Emissions and separated into 

emissions from switching within rail yards and line-haul emissions. Within the port boundaries, 

emissions from railyards at West Basin Container Terminal, APL Terminal, APM Terminal, 

International Transportation Service Terminal, Hanjin Terminal, Long Beach Container Terminal, 

Pacific Container Terminal, Stevedoring Services of America Terminal, and Terminal Island 

Container Transfer Facility are captured in Table 2. Union Pacific’s Intermodal Containers 

Transfer Facility (ICTF) is the only rail yard outside the ports to be considered. Switching within 

the ports is largely done by the Pacific Harbor Line (PHL) railroad. Burlington Northern Santa Fe 

Railroad Company (BNSF) and Union Pacific Railroad (UP) are the primary railroads that serve 

the ports through line-haul, and their port-related emissions to the boundary of the South Coast Air 

Basin are used in this study; however, for modeling purposes I assume that all emissions from 

port-related trips occur within the study area on the rail segments shown in Figure 1, including the 

20-mile long Alameda Corridor rail line connecting the ports to downtown Los Angeles where 

BNSF and UP begin their line-haul operations. 

The SPBP’s Clean Air Action Plan includes line-haul and switcher fleet modernization by 

reducing idling in 2007 and replacing old engines with those that use the cleanest fuels by 2010. 

The noticeable reduction in emissions after those milestone years can be seen in Table 3 and Figure 

4. As with trucks, the following numbers are updated to reflect the new methodology used by the 

ports to calculate PM2.5 and NOx emissions from trains. 
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Table 3. Port-related Rail Emissions 

  PM2.5 (metric tons/year) NOx (metric tons/year) 

 Port of LA Port of LB Port of LA Port of LB 

Year Switching Line Haul Switching Line Haul Switching Line Haul Switching Line Haul 

2005 6.8 41.3 3.6 32.7 319.9 1233.2 169.3 985.7 

2007 5.9 45.9 3.4 38.9 279.0 1373.0 155.4 1162.7 

2008 2.8 36.2 1.6 29.9 92.8 1037.5 52.7 859.6 

2010 1.6 22.9 0.9 17.2 71.3 832.3 37.6 623.5 

2012 0.4 26.8 0.3 19.6 45.1 750.5 23.6 548.1 

Source: Port of Los Angeles 2012, Port of Long Beach 2012 

Figure 4. Rail Emissions 
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Table 4 presents the CO2eq emissions from both heavy-duty trucks and rail operations 

during the baseline and milestone years. Due to limited information on carbon dioxide equivalent 

emissions in the Port Inventories, heavy-duty truck emissions include all port-related truck 

activity. The overall reduction in CO2eq emissions after 2007 is consistent with the PM and NOx 

trends seen in Tables 2 and 3, although as seen in Figure 5, they are not as dramatic as the orders 

of magnitude reduction for the local pollutants considered. 

Table 4. CO2eq Emissions from Heavy-Duty Trucks and Rail (metric tons) 

  Heavy-Duty Trucks Rail Switching and Line Haul 

Year Port of LA Port of LB Port of LA Port of LB 

2005 470,053 388,532 82,372 60,704 

2007 429,175 386,513 83,428 67,668 

2008 455,824 357,511 75,102 63,163 

2010 344,557 310,171 58,863 47,741 

2012 352,715 291,109 64,871 55,240 

Source: Port of Los Angeles 2012, Port of Long Beach 2012 

Figure 5. CO2eq Emissions 
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3.2 Air Dispersion Modeling 

The selected pollutants from both ports were dispersed throughout the study area using the EPA-

approved version of CALPUFF, a non-steady-state puff dispersion model. CALPUFF combines 

emission rate inputs with meteorological records to simulate pollution movement throughout the 

study area. I used meteorological data from the 2005 baseline year for each simulation to ensure 

that annual variations in wind patterns would not influence the dispersion and resulting health 

analysis. 

Before the port-related emissions in Tables 2 and 3 could be entered into CALPUFF, 

annual emissions were normalized to the volume of containers processed by the ports in the 

baseline year in order to eliminate fluctuations due to the relative state of the economy. These 

scaled emissions were then converted to an average daily emission rate of kilograms per square 

meter for each mode. Since the total area of terminals that process containers was used to calculate 

the average rates, each terminal ended up with the same emission rate so that difference in size 

between terminals was taken to be the main contributor for differences in the amount of pollutants 

emitted by each source. The same assumption was used for the rail yards analyzed. Since the 

detailed logistics of port operations are confidential, this simplifying factor was intended to reflect 

larger terminals and yards experiencing more activity than smaller ones. 

For the truck scenarios, I used the port activity distributions in Figure 6 to generate hourly 

emission rates as proportions of the daily rate. During the 2005 baseline year, trucks operated in 

the ports only from 8 AM to 5 PM on weekdays so emissions from 5 PM to 8 AM were set to zero. 

Starting in 2007, off-peak shifts were added that expanded hours of operation from 7 AM to 3 AM 

Monday through Friday, as well as a normal 8AM to 5PM shift on Saturdays (PierPASS). Since 

the emissions had been scaled by containers processed in a previous step, the increase in operating 
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hours should not be considered a source of bias for the emissions in later years. For simplicity, I 

assumed that truck emissions occurred for eight hours five days a week in 2005, then from 7AM 

on Monday through 5PM on Saturday in all later years, according to the distributions in Figure 6 

(Port of Long Beach 2014). I generated hourly emission factors for input to CALPUFF by dividing 

each hourly emission rate by the average hourly rate. An emission factor of 1 indicates that 

emissions during that hour were equal to the average hourly rate. 

Since the difference in emissions between years is the subject of interest and the schedule 

of rail operations did not change significantly between 2005 and 2012, I assumed uniform rail 

emission patterns with all hourly emission factors equal to 1 within each year. 
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Figure 6. Hourly Distribution of Heavy Duty Trucks Entering or Exiting SPBP 

 
Source: Adapted from information provided by Port of Long Beach representative Shashank 

Patil through personal communication on August 22, 2014  
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Running each year’s PM and NOx emission factors through CALPUFF produced a 

pollutant concentration file for every hour of the simulation, for each sample point of the 37 x 37 

grid that the study area was divided into. Since operation times for port trucks increased from five 

to six days a week after 2005, comparing milestone years to the baseline should include a way to 

capture the difference in emissions. To achieve this, a concentration file was generated for all 

weekdays (excluding holidays) in 2005, and for Mondays through Saturdays in subsequent years. 

In the case of the rail program, there was no major change in operating hours between years so all 

365 days of the year were included in the simulations. 

 

3.3 Health Impact Estimation 

The Benefits and Mapping Analysis Program (BenMAP) was used to compare the baseline year 

pollutant concentrations to those from milestone years and to assess the human health changes that 

resulted from an increase or decrease in air quality. The first step requires pollutant concentrations 

generated from CALPUFF; the difference in concentration relative to the baseline year affects 

specified health impact functions to calculate health effects on the exposed population, which was 

taken to be the population of Los Angeles County in 2010. The number of cases of a health effect 

such as mortality was multiplied by the value of a statistical life to find the corresponding economic 

valuation of the health effect, and other health impacts were valued using medical costs and 

earnings losses incurred due to the illness as in Bhagat (2014). Asthma exacerbation due to 

particulate matter specifically used a willingness-to-pay function derived from Dickie and Ulery 

(2002). 

 Available epidemiological data for health effects differed for the two pollutants. In the case 

of PM2.5, mortality, chronic bronchitis, asthma exacerbation, and hospital admissions due to 

cardiovascular and respiratory problems were analyzed. In all cases except asthma exacerbation, 
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the cost of an adult being afflicted by one of those illnesses was used in the valuation of health 

effects. Asthma exacerbation, on the other hand, focused on the cost for a person under 18 years 

of age. For the NOx health analysis, asthma leading to hospital admission was the only effect that 

was valuated, though the estimated cost of each incidence differed depending on age (Bhagat 

2014). 
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Chapter 4 RESULTS 

This chapter first presents the changes in CO2eq emissions due to the Clean Truck and Rail 

Modernization programs. Prior to discussing health impacts, the average PM2.5 and NOx 

concentrations resulting from CALPUFF simulations for each of the truck and rail scenarios 

considered are summarized. Finally, the health analysis of the programs is presented in tables that 

show the number of incidences for various health impacts and the corresponding monetary 

valuations of those impacts compared to the baseline year. 

4.1 CO2eq Emissions Reductions 

Together, total truck and rail operations contribute nearly half of all CO2eq emissions in the San 

Pedro Bay Ports. Between 2005 and 2012, CO2eq emissions from trucks were cut by 1/5 at the Port 

of Los Angeles and 1/3 at the Port of Long Beach following the progressive bans of outdated 

trucks. Reductions from rail-related programs were slightly smaller, ranging from 15% to 18%. 

However, since the milestones were not specifically targeted at reducing CO2eq, apparent 

inconsistencies arise. For example, truck emissions from the Port of Los Angeles rose slightly in 

2008 over baseline levels, which is not so surprising since the first CAAP milestone for trucks was 

not approved until October 2008. The slight increase in rail emissions in 2007 over 2005 can be 

explained by the fact that the first milestone for rail operations was a gradual phase-out rather than 

an immediate ban. A more surprising result is that in the Port of Los Angeles, emissions from total 

truck and rail operations were actually lower in 2010 than in the final milestone year, 2012, after 

accounting for differences in container volumes processed, and rail CO2eq emissions from the Port 

of Long Beach also increased between 2010 and 2012. The Ports emissions inventories attributed 

this reversal to an improvement in estimation methodology compared to prior years. Figure 7 

depicts the annual changes in CO2eq emissions from both ports. 
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Figure 7. CO2eq Emissions Changes 

 

 

4.2 Pollutant Concentrations (CALPUFF) 

For each year and pollutant, hourly concentrations outputted from CALPUFF were aggregated into 

a single file for each season using a MATLAB script. This resulted in a seasonal average hourly 
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concentration for each pollutant in each of the 1369 squares of the study area grid. In total, there 

were forty such files for each Clean Air Action Plan program, as each of the two pollutants was 

analyzed for each season in the baseline scenario and four milestone year scenarios. These files 

served as inputs for the next step of the analysis, and a summary of the annual average hourly 

concentrations is shown in Table 5. The ambient concentration levels are also listed to give a sense 

of how the results of truck and rail emissions compare to background concentrations in the study 

area. As seen below, the ambient concentrations of PM and NOx are orders of magnitude higher 

than the Calpuff-generated concentrations, and the relatively large changes in ambient levels year 

to year would mask any impact resulting from the Clean Air Action Plan initiatives. In order to 

focus on the changes from the Port initiatives while not neglecting the effect of ambient pollutant 

levels on the analysis, only the 2005 baseline background concentrations were added to each 

BenMAP input file. It should be noted that the overall trend of decreasing concentrations from 

2005 to 2012 is consistent with the observed ambient data, as shown in Figure 8. 

Table 5. Average Hourly PM and NOx Concentrations 

  PM2.5 (μg/m3)  NOx (μg/m3) 

Year 

Heavy Duty 

Vehicles Rail Ambient 

Heavy Duty 

Vehicles Rail Ambient 

2005 0.014 0.108 15.987 0.312 2.425 43.534 

2007 0.016 0.114 15.016 0.325 2.490 43.268 

2008 0.015 0.086 14.115 0.297 1.758 41.286 

2010 0.002 0.051 11.192 0.195 1.321 35.095 

2012 0.001 0.057 11.260 0.114 1.157 32.389 

Source: CALPUFF, EPA 
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Figure 8. Change in Average Hourly Concentration 

 

 

The differences in average seasonal concentration can be observed in Figure 9. 

Concentrations of both pollutants were highest in the winter and fall. The large decrease in truck 

PM concentrations after the implementation of the 2008 milestone can be clearly seen. The effects 
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of the increase in rail emissions of PM2.5 in 2012 over 2010, resulting from updated locomotive 

fleet data in the latest year’s emissions estimates, are also captured in the change in average hourly 

concentration. 

Figure 9. Seasonal Average Hourly Concentrations 

 

Figures 10 and 11 show the hourly concentrations for PM2.5 and NOx on a day in winter 

resulting from the baseline simulation using 2005 emission inputs. Since the wind field, 

represented by the colored arrows, is identical in both cases, the extent of the affected area is about 

the same for both pollutants; however, average concentrations of NOx are significantly higher than 

for PM2.5, as expected from both the raw emission data and ambient emissions showing higher 

levels of NOx emissions. 
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Figure 10. CALPUFF Baseline PM2.5 Simulation 

   
Source: CALPUFF View Version 7.5.1 

Figure 11. CALPUFF Baseline NOx Simulation 

   
Source: CALPUFF View Version 7.5.1 
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4.3 Health Impacts (BenMAP) 

To estimate the health impacts associated with changes in pollutant concentrations of PM2.5 and 

NOx, I entered into BenMAP the seasonal concentrations for each milestone year and compared 

them against the values for the baseline year. The output of the analysis was counts of 

hospitalizations or deaths due to various pollutant-induced illnesses, and the monetary cost 

associated with those incidences. Tables 6 to 13 show a breakdown of the incidences and 

valuations by health endpoint for the different programs. 

 

4.3.1 Clean Trucks Program 

Tables 6 to 9 show a steady increase in avoided hospitalizations or deaths as well as the associated 

cost savings over the baseline year. Negative numbers indicate extra incidences over the baseline. 

We see that these reductions were prevalent in the 2007 and 2008 scenarios, with the impacts of 

PM2.5 already approximately cut in half in the latter case. Bhagat (2014) suggested that the extra 

incidences were due to shifting some truck traffic to nighttime after 2005, which resulted in emitted 

pollutants being trapped by a boundary layer that increased concentrations during the night. 

Despite this phenomenon, after two of the program’s milestone truck bans had taken effect in 2010 

a large improvement is evident through the positive values for all PM2.5 and NOx effects in Table 

8.  Mortality results show that at least one life was expected to have been saved in 2012 due to 

reductions in PM2.5 and NOx emissions compared to the baseline year, accounting for the bulk of 

the $9 million cost savings. The most common avoided health effect was asthma exacerbation due 

to PM2.5 exposure, with approximately 48 cases averted in 2012 compared to the baseline 

conditions. 

For each of the four cases considered, most of the savings took place in fall or winter. In 
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fact, even the earliest scenario showed improvement in the winter when comparing 2007 PM 

effects to the 2005 baseline conditions. Since truck emissions were modeled to be identical every 

week through the year, seasonal variation may be explained by prevailing winds originating from 

inland more consistently during colder months, leading to pollutant dispersal that lowered 

concentrations in inland residential areas (Western Regional Climate Center 2015).  

Table 6. Health Impact Difference due to Clean Trucks Program, 2005 vs. 2007 

Health Endpoints Measure Winter Spring Summer Fall Year 

Mortality 

(ages 30 - 99) 

Incidence 2.8E-02 -0.1 -4.1E-02 -0.2 -0.3 

Valuation $193,212 -$437,216 -$282,573 -$1,185,687 -$1,712,264 

Chronic Bronchitis 

(ages 27- 99) 

Incidence 2.5E-02 -0.1 -3.7E-02 -0.2 -0.3 

Valuation $496 -$1,092 -$716 -$3,150 -$4,462 

Asthma Exacerbation 

(ages 6 – 18) 

Incidence 1.1 -2.6 -1.6 -7.8 -10.9 

Valuation $220 -$514 -$325 -$1,541 -$2,161 

HA Cardiovascular 

(ages 18 – 99) 

Incidence 4.5E-03 -9.9E-03 -6.4E-03 -2.8E-02 -4.0E-02 

Valuation $177 -$388 -$250 -$1,114 -$1,574 

HA Respiratory 

(ages 18 – 99) 

Incidence 1.6E-03 -3.8E-03 -2.4E-03 -1.0E-02 -1.5E-02 

Valuation $34 -$77 -$50 -$210 -$302 

HA Asthma 

(ages 0 - 29) 

Incidence -0.1 -3.6E-02 -3.1E-02 -0.1 -0.3 

Valuation -$1,253 -$594 -$525 -$1,253 -$3,625 

HA Asthma 

(ages 30 - 99) 

Incidence -0.1 -3.6E-02 -3.1E-02 -0.1 -0.3 

Valuation -$1,214 -$607 -$512 -$1,214 -$3,547 
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Table 7. Health Impact Difference due to Clean Trucks Program, 2005 vs. 2008 

Health Endpoints Measure Winter Spring Summer Fall Year 

Mortality 

(ages 30 - 99) 

Incidence 4.6E-02 -4.6E-02 -2.1E-02 -0.1 -0.1 

Valuation $322,489 -$319,654 -$163,132 -$888,318 -$1,049,615 

Chronic Bronchitis 

(ages 27- 99) 

Incidence 4.3E-02 -4.0E-02 -1.9E-02 -0.1 -0.1 

Valuation $837 -$784 -$403 -$2,368 -$2,718 

Asthma Exacerbation 

(ages 6 – 18) 

Incidence 1.8 -1.9 -9.2E-01 -6.1 -7.1 

Valuation $363 -$385 -$187 -$1,205 -$1,413 

HA Cardiovascular 

(ages 18 – 99) 

Incidence 7.6E-03 -8.1E-03 -3.7E-03 -2.1E-02 -2.5E-02 

Valuation $296 -$317 -$146 -$837 -$1,004 

HA Respiratory 

(ages 18 – 99) 

Incidence 2.7E-03 -2.7E-03 -1.2E-03 -7.5E-03 -8.7E-03 

Valuation $57 -$56 -$26 -$158 -$183 

HA Asthma 

(ages 0 - 29) 

Incidence -8.2E-03 -3.6E-02 -2.1E-02 -0.1 -0.2 

Valuation -$137 -$457 -$358 -$978 -$1,930 

HA Asthma 

(ages 30 - 99) 

Incidence -8.6E-03 -3.6E-02 -1.9E-02 -0.1 -0.2 

Valuation -$144 -$455 -$325 -$916 -$1,840 

 

Table 8. Health Impact Difference due to Clean Trucks Program, 2005 vs. 2010 

Health Endpoints Measure Winter Spring Summer Fall Year 

Mortality 

(ages 30 - 99) 

Incidence 0.3 0.2 0.2 0.4 1.1 

Valuation $2,070,564 $1,194,056 $1,668,555 $3,024,071 $7,957,227 

Chronic Bronchitis 

(ages 27- 99) 

Incidence 0.3 0.2 0.2 0.4 1.1 

Valuation $5,308 $3,125 $4,361 $7,654 $20,448 

Asthma Exacerbation 

(ages 6 – 18) 

Incidence 11.3 6.4 9.0 15.8 42.5 

Valuation $2,236 $1,272 $1,777 $3,116 $8,401 

HA Cardiovascular 

(ages 18 – 99) 

Incidence 4.8E-02 2.8E-02 4.0E-02 7.0E-02 0.2 

Valuation $1,890 $1,108 $1,547 $2,744 $7,288 

HA Respiratory 

(ages 18 – 99) 

Incidence 1.7E-02 1.0E-02 1.4E-02 2.5E-02 6.6E-02 

Valuation $364 $211 $295 $530 $1,400 

HA Asthma 

(ages 0 - 29) 

Incidence 3.1E-02 8.3E-03 2.1E-02 1.8E-02 7.8E-02 

Valuation $520 $139 $351 $308 $1,318 

HA Asthma 

(ages 30 - 99) 

Incidence 3.7E-02 1.3E-02 2.8E-02 3.0E-02 1.1E-01 

Valuation $614 $210 $475 $499 $1,798 
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Table 9. Health Impact Difference due to Clean Trucks Program, 2005 vs. 2012 

Health Endpoints Measure Winter Spring Summer Fall Year 

Mortality 

(ages 30 - 99) 

Incidence 0.3 0.2 0.3 0.5 1.3 

Valuation $2,282,288 $1,377,093 $1,888,691 $3,497,386 $9,045,457 

Chronic Bronchitis 

(ages 27- 99) 

Incidence 0.3 0.2 0.3 0.5 1.3 

Valuation $5,848 $3,597 $4,933 $8,863 $23,241 

Asthma Exacerbation 

(ages 6 – 18) 

Incidence 12.4 7.4 10.2 18.4 48.4 

Valuation $2,462 $1,473 $2,014 $3,638 $9,587 

HA Cardiovascular 

(ages 18 – 99) 

Incidence 5.3E-02 3.3E-02 4.5E-02 8.1E-02 0.2 

Valuation $2,083 $1,276 $1,751 $3,176 $8,285 

HA Respiratory 

(ages 18 – 99) 

Incidence 1.9E-02 1.2E-02 1.6E-02 2.9E-02 7.6E-02 

Valuation $401 $243 $334 $614 $1,591 

HA Asthma 

(ages 0 - 29) 

Incidence 5.7E-02 3.4E-02 5.1E-02 7.0E-02 0.2 

Valuation $950 $559 $858 $1,174 $3,541 

HA Asthma 

(ages 30 - 99) 

Incidence 6.6E-02 4.1E-02 6.3E-02 8.7E-02 0.3 

Valuation $1,105 $677 $1,045 $1,444 $4,272 

 

4.3.2 Rail Modernization Program 

Tables 10 to 13 cover health impact differences due to the Rail Modernization program. As with 

the truck emission impacts above, 2007 resulted in more cases of illness than in the baseline year 

for both pollutants’ health endpoints. After 2007, a great improvement can be seen for both PM 

and NOx endpoints, and they show an overall larger benefit than that achieved through the Clean 

Trucks program, with savings over $100 million when comparing 2012 to the baseline. However, 

it should be noted that the PM health endpoints all had decreased improvement when comparing 

2005 vs. 2012 and 2005 vs. 2010, due to the change in the Ports’ emission estimation methods 

between 2010 and 2012. As a result, savings from PM were roughly $12.7 million less in the 2012 

analysis. NOx-induced asthma health endpoints continued to increase in savings, however.  
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As for the Clean Trucks program, savings due to rail modernization tend to materialize 

more in the fall and winter than during the warmer seasons. The prevented incidences of Mortality 

and chronic bronchitis were closely correlated in each scenario, and asthma exacerbation due to 

PM2.5 exposure contributed the highest number of avoided incidences, totaling over 700 avoided 

cases between 2005 and 2012. Unlike for trucks, hospital admissions for asthma endpoints due to 

NOx exposure were impacted more by the rail program milestones than asthma exacerbation from 

PM exposure, contributing more to the total cost savings. The greater benefits from reduced 

exposure for rail than for trucks may be a result of the larger area that the rail sources cover, since 

the rail lines extend into downtown and residential communities compared to the truck analysis 

which was contained within the Ports. 

Table 10. Health Impact Difference due to Rail Modernization, 2005 vs. 2007 

Health Endpoints Measure Winter Spring Summer Fall Year 

Mortality 

(ages 30 - 99) 

Incidence -0.6 -0.3 -0.3 -0.7 -1.9 

Valuation -$4,055,208 -$2,203,120 -$2,312,196 -$4,563,326 -$13,133,849 

Chronic Bronchitis 

(ages 27- 99) 

Incidence -0.6 -0.3 -0.3 -0.6 -1.8 

Valuation -$11,225 -$6,075 -$6,286 -$12,699 -$36,284 

Asthma Exacerbation 

(ages 6 – 18) 

Incidence -31.9 -17.1 -17.3 -36.0 -102.3 

Valuation -$6,319 -$3,379 -$3,429 -$7,115 -$20,242 

HA Cardiovascular 

(ages 18 – 99) 

Incidence -0.1 -5.4E-02 -5.6E-02 -0.1 -0.3 

Valuation -$3,907 -$2,117 -$2,184 -$4,407 -$12,615 

HA Respiratory 

(ages 18 – 99) 

Incidence -3.5E-02 -1.9E-02 -2.0E-02 -3.9E-02 -0.1 

Valuation -$727 -$395 -$413 -$819 -$2,354 

HA Asthma 

(ages 0 - 29) 

Incidence -0.4 -0.2 -0.2 -0.4 -1.2 

Valuation -$6,479 -$3,801 -$3,811 -$6,716 -$20,807 

HA Asthma 

(ages 30 - 99) 

Incidence -0.3 -0.2 -0.2 -0.3 -1.0 

Valuation -$4,938 -$2,915 -$2,939 -$4,963 -$15,754 

Note: Negative values indicate additional incidences and costs over the 2005 baseline year 
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Table 11. Health Impact Difference due to Rail Modernization, 2005 vs. 2008 

Health Endpoints Measure Winter Spring Summer Fall Year 

Mortality 

(ages 30 - 99) 

Incidence 1.7 1.0 1.1 2.2 6.0 

Valuation $12,029,243 $6,768,096 $7,474,767 $15,486,371 $41,758,475 

Chronic Bronchitis 

(ages 27- 99) 

Incidence 1.6 0.9 1.0 2.1 5.6 

Valuation $31,811 $17,857 $19,521 $40,671 $109,860 

Asthma Exacerbation 

(ages 6 – 18) 

Incidence 86.9 47.9 51.2 109.0 295.0 

Valuation $17,193 $9,481 $10,136 $21,552 $58,363 

HA Cardiovascular 

(ages 18 – 99) 

Incidence 0.3 0.2 0.2 0.4 1.1 

Valuation $11,186 $6,283 $6,868 $14,365 $38,702 

HA Respiratory 

(ages 18 – 99) 

Incidence 0.1 0.1 0.1 0.1 0.4 

Valuation $2,137 $1,201 $1,325 $2,747 $7,409 

HA Asthma 

(ages 0 - 29) 

Incidence 1.6 0.9 1.0 1.9 5.4 

Valuation $26,284 $15,782 $16,923 $31,340 $90,329 

HA Asthma 

(ages 30 - 99) 

Incidence 1.4 0.8 0.9 1.7 4.8 

Valuation $22,732 $13,746 $14,977 $27,561 $79,016 

 

 

Table 12. Health Impact Difference due to Rail Modernization, 2005 vs. 2010 

Health Endpoints Measure Winter Spring Summer Fall Year 

Mortality 

(ages 30 - 99) 

Incidence 4.8 2.7 2.9 5.9 14.7 

Valuation $33,164,522 $18,494,155 $20,158,359 $41,242,622 $113,059,632 

Chronic Bronchitis 

(ages 27- 99) 

Incidence 4.5 2.5 2.7 5.6 13.8 

Valuation $88,618 $49,297 $53,102 $109,610 $300,627 

Asthma Exacerbation 

(ages 6 – 18) 

Incidence 245.6 134.3 141.5 298.9 737.2 

Valuation $48,592 $26,566 $27,997 $59,134 $162,288 

HA Cardiovascular 

(ages 18 – 99) 

Incidence 0.8 0.4 0.5 1.0 2.5 

Valuation $31,198 $17,267 $18,714 $38,532 $105,711 

HA Respiratory 

(ages 18 – 99) 

Incidence 0.3 0.2 0.2 0.4 1.0 

Valuation $5,911 $3,291 $3,577 $7,343 $20,121 

HA Asthma 

(ages 0 - 29) 

Incidence 2.9 1.7 1.8 3.3 9.7 

Valuation $47,662 $28,566 $30,285 $55,473 $161,985 

HA Asthma 

(ages 30 - 99) 

Incidence 2.4 1.5 1.6 2.9 8.4 

Valuation $40,542 $24,463 $26,369 $47,842 $139,217 
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Table 13. Health Impact Difference due to Rail Modernization, 2005 vs. 2012 

Health Endpoints Measure Winter Spring Summer Fall Year 

Mortality 

(ages 30 - 99) 

Incidence 4.2 2.4 2.6 5.3 14.5 

Valuation $29,239,591 $16,356,332 $17,909,226 $36,796,195 $100,301,343 

Chronic Bronchitis 

(ages 27- 99) 

Incidence 4.0 2.2 2.4 5.0 13.6 

Valuation $77,833 $43,437 $47,027 $97,354 $265,650 

Asthma Exacerbation 

(ages 6 – 18) 

Incidence 214.8 117.8 124.7 264.0 721.3 

Valuation $42,486 $23,295 $24,669 $52,225 $142,676 

HA Cardiovascular 

(ages 18 – 99) 

Incidence 0.7 0.4 0.4 0.9 2.4 

Valuation $27,308 $15,242 $16,599 $34,298 $93,446 

HA Respiratory 

(ages 18 – 99) 

Incidence 0.2 0.1 0.2 0.3 0.8 

Valuation $5,206 $2,907 $3,182 $6,544 $17,839 

HA Asthma 

(ages 0 - 29) 

Incidence 3.3 2.0 2.1 3.8 11.2 

Valuation $55,175 $33,075 $35,017 $64,035 $187,303 

HA Asthma 

(ages 30 - 99) 

Incidence 2.8 1.7 1.8 3.3 9.6 

Valuation $46,906 $28,303 $30,473 $55,192 $160,873 
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Chapter 5 CONCLUSIONS 

This thesis aimed to quantify how changes in emissions from heavy duty truck and rail operations 

(both switching and line-haul) prompted by the Clean Air Action Plan undertaken by the SPBP 

affected human health in the Los Angeles area. Specifically, four scenarios based on these policies’ 

milestone years were analyzed for each program. Emissions in 2007, 2008, 2010, and 2012 were 

compared to the 2005 baseline year to determine health effects, with changes in container traffic 

accounted for by normalizing emissions with the baseline year. The focus for the truck emissions 

was on port terminals while rail sources included the Alameda Corridor in addition to rail yards 

that the Ports have jurisdiction over. 

 Annual emissions data of PM and NOx from the ports’ air inventories were dispersed using 

CALPUFF to obtain concentrations for each sample point in the study area. Hourly concentrations 

were averaged for each season for each point using MATLAB. Baseline concentrations were 

entered into BenMAP with each milestone year’s concentrations. Health endpoints that have been 

linked to PM2.5 and NOx emissions were selected to obtain counts of either extra (negative) or 

averted (positive) incidences, along with the medical and work-related costs that would be incurred 

for the incidences of each endpoint. 

 Results show that both the Clean Trucks program and the Rail Modernization program 

ultimately reduced incidences of adverse health effects due to pollutant emissions. Though the 

Clean Trucks scenarios showed a more steady improvement year after year, the broader scope of 

the rail lines’ impact allowed it to successfully prevent an estimated 14 mortality cases due to 

reduced PM exposure between 2012 and 2005. Both of these CAAP programs achieved significant 

costs savings, totaling over $9 million for the Clean Trucks program within the Port boundaries 

and $100 million for the Rail Modernization program. 
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 Limitations of this thesis included differences in the Ports’ emission estimation 

methodologies from year to year, which resulted in an unintuitive increase in emissions between 

2010 and 2012. The areas over which emissions were considered for the truck and rail programs 

were also not consistent with each other, so the full extent of the CAAP strategies outside the 

container terminals could not be directly compared. Applying updated methodologies to emissions 

data from prior years would result in a more accurate statement of the impact that the truck and 

rail initiatives had on improving health impacts for the population near the Ports. 

Further work could incorporate an analysis of heavy duty truck emissions from freeways 

and arterials connecting the downtown area to the ports, since port trucks are a significant 

contributor of PM and NOx pollution in that area (Bhagat 2014). As this thesis focused on trucks 

within the port terminals, it does not capture the bulk of the health impacts resulting from the Ports’ 

truck bans. A deeper look into the differences between daytime and nighttime emissions could 

uncover valuable information about the effects of Port activities on smog formation. This would 

provide policymakers with a more comprehensive picture of how the two programs have 

contributed to health improvement in the Los Angeles area, and a clearer sense of the next steps 

that would be required to mitigate the emissions that can be expected to accompany growth in Port 

operations. 
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