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Abstract
This study compares the potential for emissions reduction from four freight transportation operational strategies in Southern California. Due to the increasing international trade between the U.S. and Asia, the two main ports in the region will face substantial growth in the next decades. The economic benefits of freight activity in the state make it essential to develop strategies that improve capacity and avoid gridlock.  At the same time, it is also evident that the forecast growth in freight movement in Southern California has severe adverse effects, especially in terms of air quality.  Therefore, the Southern California Association of Governments (SCAG) and other agencies are developing major plans for goods movement infrastructure investments and operational strategies that account for environmental performance.  It is of paramount importance that a thorough environmental assessment is carried out to evaluate the sustainability of different options.  Much of the past research has focused on the effectiveness of technological emission control measures, such as use of alternative fuels and accelerated retirement of older equipment.  Very few studies have carefully evaluated different operational strategies.  This study focuses on such operational measures for reducing freight transportation emissions, including two strategies related to an expansion in rail service, a virtual container yard initiative, and an incident management program.  These strategies are compared in terms of air emissions. The methodology used in this study is a life-cycle assessment (LCA), which goes beyond the traditional focus on fuel combustion emissions.  Previous studies have shown that total emissions from freight transportation are significantly underestimated by accounting for just fuel combustion emissions.  Therefore, this study considers vehicle manufacturing, maintenance, and end-of-life; infrastructure construction, maintenance, and end-of-life; as well as fuel refining and fuel distribution.  A hybrid approach is applied to the LCA, including aspects of process-based LCA and input-output LCA.  When compared against technological strategies, operational strategies can sometimes be more effective. Conclusions also point to the advantages of considering life-cycle emissions in the analysis of strategies that improve the environmental performance of transportation systems.
Background

The Southern California economy is dependent on an efficient and reliable goods movement system. The region supports a tremendous amount of domestic manufacturing, warehousing, and retailing activity, all of which relies on the movement of goods. By all accounts, goods movement in the region is expected to grow significantly in the future, straining the system of highways, ports, railroads, intermodal yards, and airports that is, in some locations, already overburdened. SCAG estimates that, over the next 20 years, overall freight volumes in the region will at least double and possibly triple (SCAG 2005).
Any significant deterioration in the performance of the freight system could have serious economic repercussions for the region. Recognizing this, SCAG, Caltrans, the ports, and other agencies are developing major plans for goods movement infrastructure investments and operational strategies. SCAG’s Regional Strategy for Goods Movement identifies $26 billion in needed goods movement projects over the next ten years (SCAG 2005).
Goods movement contributes heavily toward Southern California’s air pollution problems. The California Air Resources Board (CARB 2006) found that freight transportation in the SCAG region is responsible for nearly 40 percent of all nitrogen oxides (NOx) emissions. The Ports of Los Angeles and Long Beach together contribute approximately 21 percent of regional diesel particulate matter (PM) emissions.  While these current percentages are impressive, they are expected to increase at a startling pace over the next two decades. Goods movement is expected to contribute a much larger share of regional emissions in the future due to (1) rapid growth in trade, and (2) relatively more stringent controls on emissions from other sources.
There is currently an unprecedented amount of attention and effort focused on mitigating goods movement emissions in the SCAG region. The Ports of Los Angeles and Long Beach have released a combined Clean Air Action Plan that lays out an aggressive agenda for reducing emissions from all sources at the ports (SPBP 2006). CARB (2006) has recently completed an assessment of emissions and mitigation strategies for international goods movement. CARB’s draft Emission Reduction Plan for Ports and International Goods Movement in California includes an assessment of more than 50 emission reduction strategies. The South Coast Air Quality Management District (SCAQMD 2006) has also just released the draft 2007 Air Quality Management Plan, which proposes a number of new control measures for freight transportation emission sources.
Different strategies to reduce environmental impacts of freight transportation have been proposed and some of them are already being implemented throughout the region. These strategies can be divided in two categories. The first include technological strategies such as alternative fuels, idling reduction initiatives, accelerated retirement of older equipment, improvement of emission standards in newer fleets, and installation of devices to improve aerodynamics and fuel efficiency. Most previous studies have focused on the effectiveness of technological strategies, both in economic and environmental terms.

The second type of strategies includes operational strategies, which improve the efficiency of the transportation system, and generally rely on behavioral changes such as mode shift from trucking to rail, reduction of empty movements, and programs that aim to reduce congestion. Support for operational strategies is generally based either on economic and capacity aspects. For example, the expansion of near-dock rail service is being implemented due to capacity constraints.
However, there has been an increasing interest in operational strategies since some of them improve environmental performance while increasing system capacity and utilization. SCAG is currently investigating both technological and operational strategies to mitigate environmental impacts of freight transportation in Southern California. The Tioga Group (2005) has evaluated operational strategies (e.g., empty container logistics, Inland Rail Shuttle) to assess its potential to reduce emissions. Fischer (2006) has also assessed the environmental benefits of an improvement in rail capacity (on-dock, near-dock, and main rail line to Inland Empire).
Scope of Work
Operational strategies improve the efficiency of the transportation system by maximizing economic output (e.g., goods transported) while minimizing economic input (e.g., transportation equipment, infrastructure, fuel).  They have the potential to reduce emissions in four ways: travel reduction, idling reduction, mode shift, and congestion reduction. Table 1 summarizes the effects of each of the strategies included in this study.

[Table 1]

Four operational strategies are analyzed. The selected strategies account for both rail and trucking-related strategies, and aim to tackle four ways to reduce emissions (travel reduction, idling reduction, mode shift, and congestion reduction). The four strategies are currently being evaluated by SCAG, and have either been tested in other places or partially implemented in Southern California. The study is limited to nitrogen oxides and diesel particulate matters since they are the air pollutants SCAG is mostly concerned about. The analysis covers the time period between 2010 and 2020.
Methodology
Life-cycle Assessment

The traditional approach to quantify environmental effects of transport-related systems is to rely on emission factors that account only for fuel combustion (i.e., tailpipe emissions). However, the provision of transportation also depends on other factors such as transportation infrastructure, vehicle manufacturing, and fuel refining and distribution. These elements need to be accounted for in a complete assessment of environmental effects associated with transportation.

LCA is a methodology that captures these elements. It evaluates and quantifies environmental impacts of a product, process, or service from its design to end of life (SETAC 1991). In the case of transportation, an LCA includes the manufacturing, use, maintenance, and end of life of vehicles (e.g., disposal, recycling), the construction, operation, and end of life of transportation infrastructure, as well as fuel exploration, refining, and distribution.

A process-based LCA (ISO 2006) relies on the decomposition of a product into processes and activities, together with inputs (e.g., energy, water, raw materials), and outputs (e.g., environmental releases, byproducts).  By converting all results to a common functional unit, the total environmental impact associated with a product can be quantified.  For example, if the functional unit is grams of pollutant per ton-mile of freight activity, the emissions associated with the production of a heavy-duty truck need to be divided by the freight activity (measured in ton-miles) associated with a truck. Very detailed analyses can be drawn from a process-based LCA, but the lack or poor quality of data can be substantial barriers to the development of a well-developed analysis. The establishment of system boundaries is also challenging since the inclusion of upstream suppliers will never be complete (i.e., there will always be suppliers who will be left outside the scope of the analysis).

The economic input-output analysis-based LCA (EIO-LCA) (Hendrickson 1998) overcomes some of these problems.  Environmental data is combined with the economic input-output tables to quantify environmental releases associated with the production of one commodity.  Upstream suppliers are accounted for in these results because the model includes the interdependencies among economic sectors. For example, the manufacturing of a heavy-duty truck includes not only the effects associated with truck assembly, but also with the production of auto parts, the manufacturing of steel, and the transportation of raw materials and parts within the supply chain. EIO-LCA models can provide very comprehensive results, but might lack accuracy if a commodity belongs to a sector that is broadly defined.
A hybrid LCA combines the advantages of both methodologies, and is the selected tool for this study. Suh and Huppes (2005) evaluated the advantages of hybrid methodologies through the comparison of six methods for life-cycle inventories.  Whenever accurate data is available, process-based LCA is used. One example is the fuel combustion of heavy-duty trucks and locomotives. In cases when process data are not available, EIO-LCA can include upstream processes and suppliers.  This is the case of manufacturing of vehicles, since there are economic sectors that are narrow enough to provide reasonable estimates of environmental effects associated with vehicle manufacturing. The use of broad economic sectors imposes a problem because values associated with an economic sector are averages across all enterprises falling under that sector. Thus such results are not representative given the significant variation of production technologies and/or business practices within the sector.  This is the case of maintenance of rail tracks, which belong to a general category of miscellaneous maintenance activities.  In these cases, hybrid LCA incorporates process data in the analysis.

Congestion and Emissions

Many operational strategies affect roadway congestion. The environmental impacts of these strategies depend heavily on the relationship between truck emissions and traffic flow characteristics, which is a subject of substantial uncertainty. In general, it can be assumed that vehicle per-mile emissions are higher in congested roadway conditions than in free flow traffic. Vehicles traveling in congested conditions experience more frequent short bursts of acceleration, when per-mile emission rates are higher than at free flow speeds. In heavy congestion, vehicles may idle, emitting pollutants without any travel. 

Models that are based on micro-simulation theories can provide more accurate predictions of congested roadway states. This is due to the fact that emissions are calculated on a second by second basis, and account for acceleration and deceleration at any given speed. Researchers at West Virginia University have developed a predictive tool for emissions from heavy-duty diesel vehicles that produces reliable results when compared to actual measurements from chassis dynamometer tests (Clark 2003). The tool includes emission factors for NOx, PM, HC, CO, and CO2 (in grams per second) from different models of heavy trucks.  Emission factors are categorized in acceleration, deceleration, and cruise modes, and are each associated with speed bins (ranges). This model predicts that emissions are indeed reduced with less congestion, and one operational strategy included in this study (Incident Management Program) relies on this model to calculate congestion-related emissions.

Emission Factors
Fuel combustion emission factors from trucks (in grams/mile) and locomotives (in grams/bhp-hr) were developed based on data from EMFAC2007 and the U.S. EPA, respectively. Locomotive fuel efficiency (Facanha 2006) was used to convert locomotive emission factors to grams per mile. Both emission factors already take into account a fleet age distribution for different years. In line with the South Coast Air Quality Management Plan control measure M-14, all locomotives in use along the considered system are assumed to be Tier II by 2010. Note that the U.S. EPA has announced its intention to adopt much more stringent emission standards for locomotives (so-called Tier III standards). However, it is difficult to speculate about the level of these standards and their timing, so the implementation of Tier III emissions standards is not included in this analysis.
Emission factors associated with the remaining life-cycle phases were obtained from Facanha (2006), who developed a comprehensive analysis of life-cycle emissions associated with goods movement by truck and rail, accounting for all life-cycle phases of vehicles, infrastructure, and fuel. Since the analysis did not account for forecast data, it is assumed that emission factors for phases other than fuel combustion remain constant over time.

Table 2 and Table 3 include the emission factors used in all four strategies. In the case of NOx emissions, fuel combustion is responsible for the vast majority of life-cycle emissions. However, because emission factors associated with fuel combustion from trucks improve over time, the relative share of other life-cycle phases increase.

[Table 2]
[Table 3]

Expansion of on-dock rail service

This strategy considers an increase in capacity and utilization of on-dock rail ramps at the San Pedro Bay ports, as well as a shift from off-dock to on-dock rail. Operational improvements to support the continuous increase in on-dock rail usage are taken into account.  Specific elements of this strategy include increased availability of intermodal equipment and rail crew, improved productivity in loading and unloading of rail cars, use of “block swap” (i.e., sorting rail cars by blocks of cars instead of individual cars), and prevention of container storage at on-dock terminals.  In the long-run, additional on-dock terminals, rail tracks, and improved signaling and control systems are necessary to satisfy the increasing demand for on-dock rail terminals. The Port of Los Angeles is planning to add an on-dock rail facility in the TraPac terminal, which is the only terminal currently without on-dock rail accessibility.  This new facility, whose completion is scheduled for 2009, is expected to eliminate more than 200,000 truck trips per year.
Even though approximately 50% of freight from and to the ports is intermodal, only 21% is loaded directly to/from the rail docks (Fischer 2006).  The remaining cargo utilizes off-dock rail terminals, and requires the use of drayage trucks for transportation from the terminals to the intermodal ramps.  Drayage trips can be reduced by increasing the usage of on-dock rail facilities, which creates environmental benefits since drayage trucks tend to be older and have higher emission rates.

On-dock rail capacity is modeled according to results included in the Portwide Rail Synopsis study (Jones & Stokes 2004), which consider both operational and physical improvements of rail capacity to meet future demand for rail transportation for the ports of Los Angeles and Long Beach.
This analysis assumes that on-dock rail improvements will result in a shift from off-dock rail to on-dock rail. Even though volume could also be transferred from trucking to on-dock rail, a shift is more likely from cargo that is already moving by rail. Since additional on-dock traffic is assumed to come from off-dock rail, emissions are reduced due to the elimination of drayage truck trips from port terminals to off-dock rail yards. This analysis does not account for the environmental benefits (e.g., reduced idling) from reduced congestion on highways.

By simulating additional eastbound trains, the number of reduced truck trips and vehicle miles traveled (VMT) was calculated, accounting for trips to and from the port, as well as trips within the port (e.g., bobtail and chassis moves). Two rail studies (Jones & Stokes 2004, Parsons 2004) were used to determine the forecasted capacity of on-dock rail terminals at the ports of LA and Long Beach. The most conservative estimate was taken (Jones & Stokes 2004), and the number of additional daily trains (in comparison with 2005 volumes) was determined (Table 4).
A study by the Tioga group (2005) estimated that the addition of one rail car eliminates 28 truck trips, accounting for trips to off-dock terminals (60%) and trips within terminals (40%). It was also assumed that each train holds 25 rail cars. It was then possible to estimate the number of truck trips reduced to and from the port based on a number of additional trains per weekday (Table 4).

[Table 4]
By assuming an average distance for truck trips to off-dock rail terminals (14 miles) and trips within terminals (1.5 miles), it was possible to calculate VMT reduced for the two types of trips (Table 5). Total emissions are proportional to VMTs, and are calculated by multiplying VMTs by emission factors.
[Table 5]
Expansion of near-dock rail service

This strategy considers an expansion of near-dock rail service by taking into consideration the construction of a proposed near-dock intermodal facility – the Southern California International Gateway (SCIG). The emissions reduction of NOx and PM10 due to a diversion of trips from the Hobart intermodal terminal in downtown LA to SCIG is quantified.
BNSF has proposed a new near-dock intermodal facility - the Southern California International Gateway (SCIG) - to handle containers moving through the Ports of Los Angeles and Long Beach.  The facility would be located north of Pacific Coast Highway, south of Sepulveda Boulevard, and west of SR-103, with easy access to the Alameda Corridor. The facility is expected to eliminate one million drayage trucks from the I-710 per year when completed in 2009.  This strategy also brings economic advantages, since near-dock terminals are currently operating near capacity.
This analysis does not account for the environmental benefits from reduced congestion on highways.  In other words, it does not account for the benefits of reduced idling or smoother speeds along highways.

Fischer (2006) estimated the reduction in NOx emissions due to an increased in near-dock capacity when the SCIG terminal is in operation. The analysis included baseline number of truck trips and VMT. It was assumed that all trips involving the new SCIG terminal are diverted trips from Hobart intermodal terminal in downtown Los Angeles. Since the use of a near-dock terminal also requires a drayage move, the number of truck trips remained unaltered on the near-dock scenario. VMT however, was reduced due to the shorter distance from the ports to the SCIG terminal (3 miles), versus the distance to the Hobart terminal (20 miles). Table 6 summarizes the number of truck trips and VMTs for both scenarios.

[Table 6]
A reduction in VMT is possible due to the addition of trains between the SCIG and Hobart terminals. The number of truck trips affected was calculated by dividing the VMT reduced by the distance between the two terminals. A study by the Tioga group (2005) estimated that the addition of one rail car eliminates 28 truck trips. However, since it included trips within ports (e.g., bobtail and chassis moves), it is necessary to deduct those. Given that trips within ports accounted for 40% of all trips reduced, it was assumed that one rail car eliminates roughly 17 truck trips. It was also assumed that each train holds 25 rail cars. It was then possible to estimate the number of added daily trains between the SCIG and Hobart terminals (Table 7).
[Table 7]

Total emissions are proportional to VMTs, and are calculated by multiplying VMTs by emission factors.
Virtual Container Yard

This analysis evaluates the environmental benefits from an internet-based system (virtual container yard) that facilitates the coordination between shippers and receivers, so that containers can be filled with export cargo before returning empty to the ports. A virtual container yard can result in emissions reduction because it improves the number of street turns (i.e., when empty containers are reloaded for export before returning to marine terminals). By reducing the number of empty truck trips, it is possible to eliminate the emissions associated with these trips. The current rate of container matching is around 2% (Tioga 2002), and this strategy assumes an increase to 10%.

The flow imbalance on the transpacific market generates excessive demand for containers in Asia and excessive supply in North America. Since the ports of Los Angeles and Long Beach are responsible for a significant share of this market, empty container logistics impose a strain on infrastructure without gains in productivity.  Not only do port truck movements make up a considerable share of all port movements, but container reuse does not match its potential. A study (Tioga 2002) indicated that of the 1.1 million import containers that are emptied in Southern California, almost all return empty to the ports of Los Angeles and Long Beach. The study also estimates that 500,000 empty containers are trucked from the port terminals to be loaded with export cargo.
The most comprehensive study regarding the logistics of empty containers in Southern California was developed by the Tioga Group (2002).  It mapped empty container flows and concentrated on how these flows could be improved to minimize the number of empty moves.  A virtual container yard was one of the strategies proposed by this study.
A virtual container yard is key in improving the number of street turns, since it provides container information (e.g., location, type), facilitates communication between parties, and allows equipment interchange without the need to move the empty container to the marine terminal.

A baseline scenario assumes 2% of container reuse, while the adjusted scenario takes into consideration a reuse rate of 10%. For each scenario, empty moves are divided into several types (e.g., local moves for export loading, repositioning of off-hired containers from depots to ports), and the number of trips for each type is estimated (Fischer 2006).  This is what differentiates the adjusted scenario from the baseline. Each move type is associated with an average distance, which do not change across scenarios.  It is then possible to calculate total VMT associated with empty moves in each scenario.

In this analysis, emissions are proportional to VMT.  It could be argued that a reduction in empty moves could alleviate congestion along local roads and highways, and that emissions from personal automobiles and trucks could decrease due to smoother traffic flows.  However, this point is debatable, given that changes will be gradual, and an availability of road capacity would likely induce additional demand that would eventually bring traffic levels to its original values.  For this reason, emissions reduction from alleviated traffic congestion is not taken into account in this analysis.

Incident Management Program for Trucks
This analysis evaluates the environmental benefits from an expanded incident management program that addresses incidents involving heavy-duty trucks along the I-710 corridor between the San Pedro Bay ports and downtown Los Angeles. Since conventional tow trucks are not capable of clearing accidents involving heavy-duty trucks, this strategy relies on an incident management program that is able to detect and clear such incidents.  A case study involving traffic on the I-710 is evaluated, and emissions reduction of NOx and PM10 due to smoother traffic flows and lower congestion are quantified.

Incident management programs seek to detect and clear roadway incidents quickly and effectively, thereby minimizing the congestion impacts of the incident. An incident management program can be applied region-wide or can be focused on a specific corridor. Incident management programs can have a significant effect on traffic speeds and emissions. If fewer incidents occur or are cleared away more quickly, vehicles idle less and travel at higher speeds. Incident management projects also minimize drivers’ need to seek alternate routes to avoid congestion due to incidents.  The alternate routes can frequently be longer than the original route and the increased VMT would result in greater emissions.

Freeway service patrol (FSP) is an incident management program that detects and removes incidents from congested freeway segments.  In Caltrans District 7, trucks make up 45-60% of total traffic and about a third of the collisions involves a truck. This prompted a 2-year demonstration program to extend FSP service to heavy-duty trucks along the I-710. Mauch (2005) has examined the operational benefits of such program, including a reduction in response time, traffic delay, as well as its cost effectiveness. The selected segment (18.3 miles long) runs from Ocean Boulevard in Long Beach to the I-5 interchange near downtown Los Angeles.  This segment was chosen due to its high average daily traffic, as well as to its high volume of truck traffic. Data on incidents and traffic volumes was collected for the months of April and May in 2005, before the demonstration project.  Incident data was complemented with information from the CHP Los Angeles Communication Center and the Metro FSP Program.  During the study period, there were 69 lane blocking incidents involving heavy-duty trucks, and the response time (i.e., time from when incident is called in to when it is cleared) was 58 minutes, with traffic delays estimated at 1,050 vehicle-hours.  With the introduction of two heavy-duty tow trucks, response time can be reduced to 28 minutes, with a corresponding drop in traffic delay.

Truck and passenger traffic forecasts are based on data from SCAG, accounting for the time period from 6AM-6PM.  Traffic demand can be calculated based on current vehicle flows extracted from PeMS data.  Truck share can be predicted based on truck and passenger forecast traffic volumes.  Freeway capacity is predominantly determined by the number of lanes, but our analysis also assume that freeway capacity is improved at a rate of 1% every 5 years due to the implementation of intelligent transportation systems, and better incident management programs.
The analysis is limited to lane blocking incidents.  When a lane blocking incident occurs, one lane is blocked for a given amount of time, reducing freeway capacity temporarily.  If traffic flows are close to capacity, the system will likely enter a congestion state, backing up traffic and causing delay to automobiles and trucks.

Two scenarios are modeled: a baseline scenario assumes no additional heavy-duty tow trucks, while the adjusted scenario takes into consideration the introduction of two heavy-duty tow trucks.  Traffic flows (including truck share), freeway capacity, and incident response time remain constant for both scenarios, while traffic delay is differentiated (Table 8).  Response times remain constant throughout time since tow trucks utilize shoulder lanes if freeways are congested.  Delay is assumed to increase proportionally to the fraction of traffic demand and freeway capacity.  No increase in the number of incidents is assumed.  Both scenarios quantify the emissions resulted from congestion associated with a heavy-duty truck incident. Based on the number of annual incidents involving heavy-duty trucks, it was possible to estimate total annual emissions reduction.
[Table 8]
Results
Emissions were estimated for both baseline and adjusted scenarios associated with each of the four strategies considered in this study. The emissions reduction generated from capacity and operational improvements is included in Table 9 and Table 10. 
[Table 9]
[Table 10]

The analysis of results is divided in three parts. The first is a comparison of strategies in terms of emissions reduction, while the second part focuses on the impact of accounting for life-cycle emissions instead of limiting the analysis to fuel combustion emissions. The third part compares the emissions reduction from operational strategies with selected technological strategies whose emissions reductions were estimated in previous studies.
Part 1: Comparison of Operational Strategies

In terms of NOx emissions, rail-based strategies have an environmental advantage over strategies that rely on either the reduction of VMT from road transportation (Virtual Container Yard), or on the reduction of congestion (Incident Management Program). The introduction of cleaner truck fleets is not enough to compensate for the environmental advantage that rail carries in comparison with trucking. If tier III locomotives were taken into account, the gap would be wider.

In 2010, all four strategies provide similar PM10 emissions reduction. Over time, emissions reductions do not change substantially with the exception of on-dock rail due to a significant projected increase in on-dock rail capacity and utilization, as well as a mode shift from the elimination of drayage movements (Figure 1).

The expansion of on-dock rail service provides the greatest emissions reduction despite the fact that it takes a conservative approach and assumes a shift from off-dock rail, thus relying only on the mode shift along the section between the on-dock rail ramp and the off-dock rail terminal. The near-dock rail strategy also takes a conservative approach, and assumes that a shift occurs from a rail terminal downtown to a rail terminal that is closer to the ports. Therefore, emissions reduction is due to a shorter drayage move. The virtual container yard strategy relies on the reduction of VMT due to the elimination of empty moves. The Incident Management Program strategy reduces emissions due to less congestion and smoother flows. It’s also conservative because it does not account for benefits due to lower emissions from personal automobiles. 
[Figure 1]
Part 2: Life-cycle Perspective
Fuel combustion is responsible for the majority of NOx life-cycle emissions (70-90% for trucking, and 95% for rail). In terms of PM10 emissions, the remaining life-cycle phases (e.g., infrastructure construction, vehicle manufacturing, fuel distribution) represent a larger share of life-cycle emissions, being responsible for about 90% of trucking emissions and 40% of rail emissions.
Figure 2 illustrates how substantial the PM10 emissions reduction associated with life-cycle phases other than fuel combustion are. Out of total emissions reduction, such phases are responsible for about 80% of total emissions reduction. In the long-run, fewer vehicle miles and train miles traveled will reduce the demand for vehicles, infrastructure, and fuels, and a reduction in these elements need to be accounted for.
Some life-cycle emissions will not occur within the Southern California region. For example, emissions associated with vehicle manufacturing will likely occur elsewhere, and will not result in local health impacts. However, most PM10 life-cycle emissions result from road construction, whose impacts are indeed local.

[Figure 2]
Part 3: Comparison between operational strategies and technological strategies

The San Pedro Bay Ports Clean Air Action Plan (2006) and the No Net Increase Task Force Report (2005) included the emissions reduction associated with technological strategies that pertain to goods movement by road and rail transport. This section compares emissions reductions from some of these strategies in 2010 with the four strategies included in this study (Table 11). Because previous analyses only accounted for fuel combustion emissions, only the reduction from fuel combustion emissions is considered.
This comparison shows that operational strategies can be as effective as and sometimes more effective than technological strategies. The replacement and retrofit of port truck fleet rank higher than all operational strategies, and have the potential to achieve higher emissions reduction if funding is available to expand the program to all port trucks in the region. New truck engine standards also rank higher than all considered operational strategies since it covers a wide base of emissions. The expansion in rail service (on-dock and near-dock) is more effective in terms of emissions reduction than many rail-related strategies (e.g., modernization of PHL rail switch engines, idling controls, cleaner fuels). This is an important finding given the current emphasis on technological improvements.
[Table 11]

Conclusions

Two main conclusions can be drawn from this study. The first relates to the effectiveness of operational strategies, which points to the need of more research and investment in this area. The second is the need to account for life-cycle emissions.

The results demonstrate that operational strategies can sometimes be as effective as or more effective than technological strategies. Because it was impossible to determine exactly which assumptions were made to calculate the emissions reduction from technological strategies, this conclusion is subject to some uncertainty. Additionally, the comparison does not take into account the costs associated with the implementation and operation of these strategies. This issue could be resolved with a comparison of cost effectiveness, but cost data was not always available. The biggest lessons taken from a comparison between selected operational and technological strategies is that it challenges the general assumption that technological strategies are far superior to operational strategies in terms of emissions reduction. Further research is necessary to compare operational and technological strategies under the same framework, while also taking cost effectiveness under consideration.
The second conclusion points to the advantages of including life-cycle considerations in the analysis of transportation strategies that improve the environmental performance of a transportation system. Transportation provision depends not only on fuel use but on vehicles, transportation infrastructure, and upstream fuel processes. In the long-run, more transportation generates more demand for all these elements. Although some impacts will occur outside Southern California (e.g., vehicle manufacturing), other impacts will be local (e.g., road construction). As fuel combustion emissions are reduced due to stricter environmental standards, other phases will become more prominent if not properly addressed. Additionally, by limiting regulations to fuel combustion emissions, modes whose emissions fall under categories other than fuel combustion benefit due to less stringent standards. For example, PM10 emissions that are not associated with fuel combustion make up about 15% of life-cycle emissions in the case of rail transportation, and 80% in the case of road transportation. Therefore, an analysis that is limited to fuel combustion emission factors gives an unfair advantage to road transportation, whose emissions are more seriously underestimated than emissions from rail transportation. 
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Tables

Table 1: Summary of Operational Strategy Effects

	
	Travel reduction
	Idling reduction
	Mode shift
	Congestion reduction

	Expansion of on-dock rail
	-
	-
	(
	(

	Expansion of near-dock rail
	-
	-
	(
	(

	Virtual Container Yard
	(
	-
	-
	-

	Incident Management Programs
	-
	(
	-
	(

	(
	Generally yes

	(
	Depends on implementation

	-
	Generally no


Table 2: Truck Emission Factors

	
	NOx Emission Factors (grams/mile)
	PM10 Emission Factors (grams/mile)

	
	Fuel Combustion
	Other Phases
	Total
	Fuel Combustion Share (%)
	Fuel Combustion
	Other Phases
	Total
	Fuel Combustion Share (%)

	2010
	16.4
	2.5
	18.8
	87%
	0.8
	3.6
	4.4
	17%

	2015
	9.1
	2.5
	11.6
	79%
	0.4
	3.6
	4.1
	10%

	2020
	5.5
	2.5
	8.0
	69%
	0.2
	3.6
	3.9
	6%

	2025
	4.1
	2.5
	6.6
	62%
	0.2
	3.6
	3.8
	4%

	2030
	3.6
	2.5
	6.1
	59%
	0.1
	3.6
	3.8
	3%

	2035
	3.4
	2.5
	5.9
	58%
	0.1
	3.6
	3.8
	3%


Table 3: Locomotive Emission Factors

	
	NOx Emission Factors (grams/mile)
	PM10 Emission Factors (grams/mile)

	
	Fuel Combustion
	Other Phases
	Total
	Fuel Combustion Share (%)
	Fuel Combustion
	Other Phases
	Total
	Fuel Combustion Share (%)

	2010
	647
	36
	684
	95%
	21
	15
	36
	59%

	2015
	647
	36
	684
	95%
	21
	15
	36
	59%

	2020
	647
	36
	684
	95%
	21
	15
	36
	59%

	2025
	647
	36
	684
	95%
	21
	15
	36
	59%

	2030
	647
	36
	684
	95%
	21
	15
	36
	59%

	2035
	647
	36
	684
	95%
	21
	15
	36
	59%


Table 4: Reduced Weekday Truck Trips

	
	2010
	2015
	2020

	Number of added trains
	13
	45
	72

	Number of railcars per train
	25
	25
	25

	Number of necessary railcars
	325 
	1,125 
	1,800 

	Trips eliminated per railcar
	28
	28
	28

	Reduced Trips - To/From Port
	5,460 
	18,900 
	30,240 

	Reduced Trips - Within Port
	3,640 
	12,600 
	20,160 


Table 5: Reduced Weekday VMT

	
	2010
	2015
	2020

	To/From Port
	76,440 
	264,600 
	423,360 

	Within Port
	5,460 
	18,900 
	30,240 


Table 6: Weekday Truck Trips and VMT

	
	2010
	2015
	2020

	Truck Trips - Baseline
	 78,638 
	 100,917 
	 123,195 

	Truck Trips - Near-dock
	 78,638 
	 100,917 
	 123,195 

	Reduced Truck Trips
	-
	-
	-

	
	
	
	

	VMT - Baseline
	1,205,617 
	1,547,177 
	1,888,736 

	VMT - Near-dock
	1,147,665 
	1,468,312 
	1,788,959 

	Reduced VMT
	 57,952 
	 78,865 
	 99,777 


Table 7: Calculation of Number of Added Weekday Trains

	
	2010
	2015
	2020

	Number of truck trips affected
	 3,409 
	 4,639 
	 5,869 

	Trips eliminated per railcar
	16.8
	16.8
	16.8

	Number of necessary railcars  
	203
	276
	349

	Number of railcars per train
	25
	25
	25

	Number of added trains between SCIG and Hobart
	8.1
	11.0
	14.0


Table 8: Response Times and Traffic Delay

	
	
	2010
	2015
	2020

	Baseline
	Response Time (min)
	58 
	58 
	58 

	
	Delay (veh-hours)
	1,300 
	1,610 
	1,993 

	FSP
	Response Time (min)
	28 
	28 
	28 

	
	Delay (veh-hours)
	628 
	777 
	962 


Table 9: NOx Emissions Reduction (tons/year)
	
	Rail-based Strategies
	Road-based Strategies

	
	Expansion of on-dock rail
	Expansion of near-dock rail
	Virtual Container Yard
	Incident Management Program

	2010
	369
	259
	110
	77

	2015
	744
	205
	100
	57

	2020
	766
	166
	128
	36


Table 10: PM10 Emissions Reduction (tons/year)
	
	Rail-based Strategies
	Road-based Strategies

	
	Expansion of on-dock rail
	Expansion of near-dock rail
	Virtual Container Yard
	Incident Management Program

	2010
	92
	65
	26
	76

	2015
	293
	81
	35
	85

	2020
	447
	98
	62
	74


Table 11: Comparison of Operational and Technological Strategies

	Strategy Description
	Source
	Strategy Type
	Emissions Reduction (tons/year)

	
	
	
	NOx
	PM10

	Replacement/retrofit of port truck fleet
	SPBP 2006
	T
	436-823
	80-238

	New engine standards for 2004 and 2007 on-road heavy-duty diesel vehicles
	NNI 2005
	T
	549
	22

	Expansion of on-dock rail service
	
	O
	468
	22

	Expansion of near-dock rail service
	
	O
	223
	11

	PHL rail switch engine modernization
	SPBP 2006
	T
	163
	3

	Virtual container yard
	
	O
	95
	4

	Use of ARB diesel in Class 1 railroad locomotives
	NNI 2005
	T
	86
	11

	Incident management programs
	
	O
	67
	13

	Ultra low emission for Class I switcher and line haul locomotives
	NNI 2005
	T
	43
	30

	Idling controls for switcher and line haul locomotives
	
	T
	22
	2

	PM emissions controls with ARB-certified engines
	
	T
	-
	13


Captions to Illustrations
Figure 1: Emissions Reduction based on Life-cycle Emission Factors
Figure 2: Life-cycle Emissions Reduction
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[image: image2.emf]0

20

40

60

80

100

120

On-dock Near-dock VCY Incident

2010 PM10 Emissions Reduction (tons/year)

Other Life-cycle Phases

Fuel Combustion


Illustrations (each on a separate page containing no text)
