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Abstract: Managing the flow of empty containers is a challenge for many commercial ports, especially for those in regional markets experiencing a persistent imbalance in import volumes relative to exports. With the fast growth of international trade and a corresponding capacity shortfall arising in landside goods movement distribution systems, traffic congestion and environmental impacts have combined to form the central challenge for freight and urban transportation systems in many regions. This challenge is amplified in regions where prevailing logistic practices require that empty containers and chassis be returned to marine terminals. In these circumstances, efficiently managing the flow of empty containers along urban commercial corridors has the potential to contribute as a high-leverage aspect of development strategies for port operators and local and regional governments.

This paper proposes a method for managing empty container flows as an integral element in the application of short sea shipping and regional port system operational concepts. As such, this paper finds support for the implementation of short sea shipping on the U.S. West Coast, and argues in favor of the establishment of regional port systems to provide an appropriate institutional framework for the coordination of public and private investments in short sea shipping. Overall the paper finds that short sea shipping represents a viable tactic in the implementation of a regional port system development strategy on the West Coast of the U.S., and should be considered as a possible method for alleviating landside congestion stemming from commercial traffic in major urban corridors. Specific opportunities for the implementation of this method in Southern California are found with the re-directing of empty container flows to secondary ports, as well as with international movements to and from manufacturing regions on the U.S. border with Mexico.
Keywords: Trade imbalance, empty container flow management, short sea shipping, regional port systems.

1.
INTRODUCTION
The imbalance in international trade between nations and a lack of sufficient exports in many regional markets in the U.S. compels ocean carriers to require that all containers be picked up and returned to that carrier’s marine terminal, whether they are loaded or empty. A small number of the empty containers are eventually directed back to inland points to be loaded with local exports, while the vast majority of empty containers will be repositioned to export markets overseas—a business practice that allows ocean carriers to manage their total inventory of containers in accordance with local export needs and the global demand for empty boxes. For port and terminal operators, the storage of empty containers at marine terminals has become problematic as terminal space is limited and demand is increasing with growing trade volumes. In addition, the movement of empty containers at the terminal works to diminish the operating capacity and efficiency of available terminal space and gates capacity. At the same time, local and regional transportation agencies are realizing that the movements of empty containers and chassis, together with ever greater volumes of commercial traffic, are adding to congestion and environmental pressures on landside transportation systems. This is particularly so for the major urban cluster regions, with the ports of Los Angeles and Long Beach and the greater Los Angeles metropolitan area serving here as a case in point. As the problems associated with the movement of empty containers and chassis become more apparent, a rationalization of these movements will gain in strategic importance and be of valuable to all parties involved—from ocean carriers and shippers to intermodal (trucking) companies and local and regional governmental agencies.
In difference with Europe and Asia, where water transportation plays a significant role in commercial freight systems, most gateway ports in the U.S. rely primarily on road and rail transport to service the flow of freight to and form the ports. Containerized cargo activities are concentrated at a number of national and regional gateway ports, with few if any containers transiting local ports. As a consequence of this pattern, secondary container ports have not been developed within a regional system of ports along the West Coast of the U.S., a situation that differs from that found in the container port systems of Asia and Europe. With pressures building on landside distribution systems, this situation appears to create an opportunity for existing general cargo and shallow draft ports to coordinate development and operations with the larger gateway ports to form an efficient regional logistics system for containerized movements. 
Short sea shipping (SSS) is operated in Europe and Asia as an alternative form of freight transportation, utilizing coastal waterways to move commercial freight to and from major ports. In this paper, we propose a method for managing empty container flows in concert with the application of short sea shipping and regional port system operating concepts. The feasibility of this proposed method is gauged in reference to the Southern California region, where the impacts of these management methods and operational concepts on port capacities, as well as on traffic congestion and environmental problems, are evaluated. 
2.
THE MOVEMENT OF EMPTY CONTAINERS

2.1
Port Operations and Empty Containers
As a result of an imbalance between import and export volumes at many ports, empty containers often comprise as much as 65 to 70 percent of all containers loaded onto outbound vessels. There are basically two sources of empty containers—(1) import containers that are unloaded locally for local markets or for trans-loading to larger 53’ domestic containers destined for inland markets, and (2) empty intermodal containers arriving by train from non-local points of origin. As demonstrated in Figure 1, when empties are generated after local delivery and trans-loading, or arrive from inland markets at intermodal rail yards, they are moved to either marine terminals or empty container storage yards in the region. From these facilities, some will then be transported back inland to a manufacturer and loaded with export cargo, while the rest will be sent back to Asia empty. Depending on freight rates and the demand for containers in overseas export markets, in-terminal and local storage of empties can be for extended periods of time.
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Figure 1—Maritime Empty Container Movements

2.2
The Logistics of Empty Containers 

Empty container logistics deal with the movement and distribution of empty containers. As a segment of the whole container logistics cycle, empty container logistics commence where a container is emptied, such as at a consignee’s warehouse, and conclude at the point a container is positioned for reloading. Once emptied, a container may be moved either directly to its next loading point, or to any of a number of intermediate locations. Possible intermediate stops include a carrier’s container yard, often located at a marine terminal, but also at inland depots; shipper (exporter) warehouses; container leasing company depots; intermodal facilities including trans-loading facilities; and trucking company depots or container rail yards. Each of these locations represents an alternative flow pattern in the movement of an empty container, and each currently necessitates a different logistics management approach.
In the U.S., the movement of empty containers occurs for a number of reasons. These include the relative locations between marine terminals and other freight facilities, with over-the-road chassis being provided by the ocean carriers as a condition of business agreements between shippers/consignees and the ocean carriers (who are generally the owner or supplier of shipping containers). These business conditions also typically require that all containers be picked-up and returned to container yards (CY) at the carrier’s terminal, regardless of whether they are loaded or empty. Basically, for inbound cargo, loaded containers (with an appropriate matching ocean carrier’s chassis) are picked up by trucking companies from the carrier’s terminal and are delivered to the local consignee for unloading. They are then returned to the carrier’s terminal with chassis, usually by the same trucking company. The same practice is in place for outbound cargo. Trucking companies pick-up empty containers (together with a matching ocean carrier’s chassis) from a carrier’s terminal and delivers these empty containers to the exporter for loading. After a container has been loaded, a trucking company will transport the loaded container to the carrier’s terminal where it will be stacked at the pier prior to loading on to a container ship. 
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Figure 2: Typical Empty Container Trip Patterns 
Empty containers generated after the unloading of cargo at a consignee’s warehouse can also be delivered to local or regional empty container storage yards. These yards function as an intermediate facility for empty containers before they are either sent back to marine terminals or dispatched for local exports. This logistics practice is more common in European and Asian markets, where the relative location of inland freight facilities, such as local warehouses and intermodal rail yards, are often further inland from the port. In these circumstances, the use of remote empty container storage yards makes more sense logistically. In the U.S. context, however, and particularly so for the ports of Los Angles and Long Beach, most of these transitional freight facilities are located near enough to the marine terminals that the delivery of empty containers directly back to the marine terminal makes more economic and logistical sense than staging at an inland empty storage yard. As demonstrated in Figure 2, in a complete cycle of container handling, at least two-thirds of the required truck trips involve empty movements of containers or chassis being either picked-up or returned.
The regulatory and market circumstances that give rise to the current imbalance in international trade and the number of empty container movements are rather complex and, accordingly, are not likely to be resolved through a single or simple solution. Previous studies find some promise in several nascent internet-based container information sharing ventures. The hope is that, given sufficient real-time information on the location and type of empty containers available, the number of empty container trips in the Southern California region could be reduced through the use of more “street turns”—the direct reuse of import containers for local export loads without an empty return to the marine terminals. The potential usefulness of these information systems in enhancing the management of empty container movements is appealing; however, the ultimate viability of this solution for rationalizing empty container movements depends heavily on the market circumstances of international trade. 
All of this suggests there may be public policy options available that, by encouraging or discouraging certain behaviors, could modify the set of market choices and institutional arrangements controlling the present physical movements of empty containers. In this, SSS operations, within a developed regional port system coordinating the operations of regional gateway and local ports, represent such a policy option. This option is explored further below, drawing on the West Coast ports and Southern California Port System as a case in point.
3.
MANAGING EMPTY CONTAINER FLOWS USING SHORT SEA SHIPPING  IN THE CONTEXT OF REGIONAL PORT SYSTEMS
3.1
The Proposed Concepts 

Short Sea Shipping (SSS) is the movement of containers or other shipments, by sea, between ports along the same coast line. SSS can provide service between major ports, or between a major port and other secondary or tertiary ports. The nature of SSS services on the U.S. West Coast, should they be introduced, would likely be similar to intra-Asia or intra-Europe ‘feeder’ services. One key difference in the U.S. market, however, is that SSS can only be provided by domestic carriers, as opposed to either international or domestic carriers as in the intra-Asia and intra-Europe markets. In addition, the scheduling of SSS services here would not need to be coordinated precisely with the schedules of deep sea liner services, as is often the case with Asian or European feeder services. SSS along the West Coast could operate independently of ocean carriers and be flexible with respect to scheduling and the frequency of services provided. The flexibility of SSS operations extends as well to its physical location at a port, where it can be arranged in a number of configurations and facility types. Technically, SSS facilities can be located at any existing port, at a newly developed port (i.e. green field port), or at areas of a port redeveloped specifically to handle SSS. In any of these circumstances, SSS facilities could be developed as a separate terminal, or at a designated area within an existing terminal already serving ocean-going vessels. With the current high demand for container terminal space, however, it is most likely that separate SSS facilities would be located at a redeveloped area of an existing port. 
The autonomous structuring of ports along the U.S. West Coast differs from the hierarchical ordering of ports, by size and function, found in Asia. Regional Port Systems (RPS) found overseas comprise primary, secondary, and sometimes tertiary ports that are functionally differentiated by cargo volume and geographic service areas. The U.S. West Coast port structure consists of three primary port clusters—the Pacific North West (PNW), Northern California (NC), and Southern California (SC) port clusters. These port clusters are located from 400 to 700 nautical miles from each other and compete across a similar range of market segments. As shown in Figure 3, these major port clusters and their proximate smaller ports could constitute a regional port system for each respective region. At present, rather than being differentiated by size and function as part of coordinated containerization system, the smaller ports here have tended to specialize in handling unique commodities or serving niche markets, such as construction equipment or agricultural products and automobiles. These smaller, shallow draft ports, however, also have the capacity to develop facilities to handle containerized cargo. Owing to the particular transportation system geography and economic profile of each region, the proximity of these smaller ports to the gateway ports could establish a combined infrastructure capacity and port system for each region. In the case of empty containers management, the development of regional port systems would represent both an economical and an environmental benefit to each region. 
In particular, SSS and the introduction of a regional port system promise to lessen congestion and reduce the diesel emissions along primary urban corridors in gateway regions. By rationalizing the land-side movements necessary to manage the handling of empty containers, for example, a regionally coordinated port system would remove unnecessary truck trips from congested urban commercial corridors and reduce emissions. Similarly, SSS would remove trips from impacted urban corridors and have a positive effect on overall emissions.
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3.2
Overall System Operations
With the conceptual development of regional port systems, an opportunity emerges to re-direct the current flows of empty containers, as well as those of local and regional export containers, through the smaller ports in the system. An example of these new flows would be that instead of using urban roadways, empty containers could be shipped by SSS from the smaller ports to the gateways port for repositioning to overseas export markets. 
To carry this example further, the port of San Diego, located 90 nautical miles south of the gateway ports of Los Angeles and Long Beach, will be used to demonstrate how the proposed concepts for managing empty container flows in a regional port system via SSS might be implemented. In order to fully utilize the economic implication of the SSS operations, local and regional export and import shipments destined for the Mexican border manufacturing zone, will also be identified as SSS shipment opportunities in this exercise. 
Import cargo offloaded at the ports of Los Angeles and Long Beach and destined for the Mexican border manufacturing zones could be shipped via SSS to terminals at the port of San Diego. At the port of San Diego, these boxes could then be trucked across the Mexican border to their destinations. The return flow of empty boxes from these border shipments as well as other regional empty and export containers could be first collected at the port of San Diego and then will be shipped via SSS to the ports of Los Angeles and Long Beach. In this arrangement as demonstrated in Figure 5, for SSS operations serving these market segments, the northbound SSS movement (San Diego to Los Angeles/Long Beach) would carry empty containers and obtainable local export boxes, the southbound movement (from Los Angeles/Long Beach to San Diego) would ship import cargo for the Mexican border manufacturing zone. As regional and urban transportation benefits, the returning of local and regional empty containers and the collection of local export cargo at the port of San Diego, instead of at Los Angeles and Long Beach, facilitates the rerouting of empty container flow to less congested urban center and thus removes truck trips from the most congested commercial corridors in the region, relying instead on SSS to move these boxes to the ports of Los Angeles and Long Beach just in time for repositioning and shipping to Asia.
A survey of the terminal facilities available at the port of San Diego and the ports of Los Angeles and Long Beach, and a consideration of the various types of SSS operations, suggests that a coastwise service using Container-Roll-on-Roll-off (RO-RO) vessels, with containers on chassis as detailed in Table 1, would be the most suitable operational technology for quickly initiating SSS operations. A further investigation of regional economics and terminal capacities may show that additional shipping technologies could be used for SSS. However, in this study we consider RO-RO initially because it requires less capital investment in wharf and terminal facilities, is more flexible for modifying future operations, and involves lower labor and handling costs.  

Table 1—SSS System Characteristics

	Characteristics
	Service: Local Exports and International Empty Boxes

	Operation
	Roll On-Roll Off

	Equipment
	Chassis Tractor/Trailer

	Service Area
	Within Regional Port System

	Customer Base
	Ocean Carriers and Exporters

	Infrastructure Requirements
	Loading/Unloading Ramp


A detailed discussion of the terminal design and capacity requirements at each participated port in the proposed integrated SSS service is not included in this paper. Rather, we focus on the system operations associated with the proposed integrated SSS service and regional port system. 

Figures 4 depict a conceptual flow for SSS operations between the port of San Diego and the ports of Los Angeles and Long Beach serving outbound empty and export cargo. Starting from the port of San Diego, major operational processes are:

1. Inland move: Export and empty boxes are drayed by truck from local destinations to the port of San Diego.

2. Gate Processing: Export cargo and empty box return documentation are processed at the gate of SSS terminal at the port of San Diego.

[image: image2.emf]empty/export

boxes from 

local destination A

empty/export

boxes from 

local destination B

Roll on-Roll off

Terminal

to CY

Mixed CY area

Tractors/trailers are driven 

from CY area onto vessel

(Roll on-Roll off)

Not to Scale

SSS Terminal at the Port of San Diego

Gate

1

2

4

3

SD Landside 

empty/export

boxes from 

local destination A

empty/export

boxes from 

local destination B

Roll on-Roll off

Terminal

to CY

Mixed CY area

Tractors/trailers are driven 

from CY area onto vessel

(Roll on-Roll off)

Not to Scale

SSS Terminal at the Port of San Diego

Gate

1

2

4

3

SD Landside 


[image: image3.emf]SSS Terminal at the Port of  LA/LB

Tractors/trailers are

driven off ship

(Roll on-Roll off)

empty box

area

export

box area

Terminal A

empty box

area

export box

area

Terminal B

Roll on-Roll off

Terminal

Ocean-going 

Vessels

move to berth area

for loading by

terminal tractors

6

8

10

Gate

Gate

9

7

Gate

CY Area

Delivery 

empty/export 

to respective 

terminals

SSS Terminal at the Port of  LA/LB

Tractors/trailers are

driven off ship

(Roll on-Roll off)

empty box

area

export

box area

Terminal A

empty box

area

export box

area

Terminal B

Roll on-Roll off

Terminal

Ocean-going 

Vessels

move to berth area

for loading by

terminal tractors

6

8

10

Gate

Gate

9

7

Gate

CY Area

Delivery 

empty/export 

to respective 

terminals

Tractors/trailers are

driven off ship

(Roll on-Roll off)

empty box

area

export

box area

Terminal A

empty box

area

export box

area

Terminal B

Roll on-Roll off

Terminal

Ocean-going 

Vessels

move to berth area

for loading by

terminal tractors

6

8

10

Gate

Gate

9

7

Gate

CY Area

Delivery 

empty/export 

to respective 

terminals


Figure 4—An Example of Managing Empty Container Flows with SSS using 

RO-RO Operations

3. Storage: Export cargo and empty containers are received, consolidated, sorted in a mixed container yard (CY). Repairs of empty boxes can be provided, if necessary.

4. Loading: Terminal tractors load containers from the mixed-CY onto the RO-RO Ramp and onto an RO-RO Vessel. SSS terminal tractors with export and empty boxes move from the storage site to the RO-RO Ramp for loading onto an SSS vessel.

5. Sea Transport between the port of San Diego and the ports of LA/LB.
6. RO-RO Ramp at ports of LA/LB: SSS tractors drive containers off the RO-RO vessel and directly deliver the export and empty return boxes to their respective carrier terminals or to temporary storage at the SSS terminal’s yard for transfer to their respective terminal at a suitable time (i.e. night, off-peak).

7. Terminal Gate Processing: Local export and empty return boxes are received.

8. Storage: Local export and empty return boxes are stored at the respective carrier’s terminal yard.

9. Storage to Apron: Empty and export boxes are moved to apron for loading.

10. Ocean-going Vessel and Berth Activities: Empty and export boxes are loaded onto the ocean-going vessel.
4.
MODAL COMPARISON: Integrated SSS versus Truck-Only Operations
4.1
Cost Elements and Key Assumptions
Operational cost components of the truck-only service (Scenario 1) and the proposed integrated SSS service (Scenario 2) would include:

· Ct*: truck cost per trip to delivery a container to and from the port of Los Angeles/Long Beach
· Ct**: cost of land movement by truck from inland destinations to the port of San Diego.

· Cs: costs of sea movement between the port of San Diego and the ports of Los Angeles and Long Beach; and

· Cp1 and Cp2: costs of a container handling processes at the port of San Diego and port of Los Angeles and Long Beach, respectively. Port costs include port charge and container handling charge.

According to our survey, vessel operating costs for shipment distances between the port of San Diego and the ports of Los Angeles and Long Beach are relatively insignificant compared to port related costs. Port cost or handling charge for one-man driving a container-trailer into and out of a vessel in RO-RO operations is relatively low compared to operations using a gantry crane. Consequently, it is reasonable to assume that the true cost of the proposed integrated SSS service will be driven primarily by port charges incurred at the port of San Diego and ports of Los Angeles and Long Beach. Port charges are levied for the use of a port facility and are separate from handling charges. The published public tariffs of the ports were used to obtain the port cost element.
All costs associated with port charges are based on the assumption of using a Container-RO-RO vessel that is 800 ft long and has a carrying capacity of 800 container trailers. A seventy-five percent vessel utilization rate is assumed, taking into consideration the cargo imbalance between northbound and southbound movements. Since it takes less than 24 hours to complete loading operations of the proposed RO-RO vessel at the terminal (taken from the Ocean Trailer Express (TOTE) carrier experience), a one-day (24 hour) dockage charge and a 12-line gang, 6 men for tie up and 6 men for let go (untie), are assumed to compose the line charge. Two tug boats are required, one for tug-in and one for tug-out, for a total of four hours of operation. Furthermore, empty boxes are considered transshipment cargo at the port of Los Angeles and Long Beach, and subject to a 50 percent wharfage charge. Finally, since export cargo is no longer subject to the harbor maintenance tax, this charge is excluded for the export portion of the calculation. The average $30 per trailer port security charge is also accounted for.

As for the trucking costs, a review of current trucking rates in Southern California shows that, for a trip of 100 miles on congested urban commercial corridors radiating out of the ports of Los Angeles and Long Beach harbor area, the trucking rate is about $5/mile. We apply an average rate of $3/mile or 100 miles of travel on the less congested commercial corridors connecting the Inland Empire area to San Diego. These trucking rates are consistent with rates found in a recent tolled truckway study conducted by the Reason Foundation (Reason Foundation, 2005). 
4.2
Modal Comparison
4.2.1
Operational Cost

Based on available data and key assumptions as detailed in the previous section, a preliminary estimate of the proposed integrated SSS operation costs is calculated, and how these costs generally compare with the current truck-only operation is discussed in this section.

To conduct a modal analysis, total unit costs for a 40-ft container-trailer (loaded and empty) were calculated with truck costs developed for the selected six road segments between the three inland destinations of: 1) the East Los Angeles Basin; 2) the West Imperial Valley, and 3) the South San Diego border and the ports of Los Angeles and Long Beach and the port of San Diego. These inland destinations are the locations of major warehouses for import, export and Mexican border shipments. The current $100 per 40-ft Pier Pass charge is included in the calculation of total drayage costs to provide the same operation arrangement as the SSS option. 

Total unit costs for moving a 40 ft container-trailer by truck-only service and by the integrated SSS service between a given inland destination and the ports of Los Angeles and Long Beach are estimated for the movement of three possible market segments of 1) Empty Return Segment; 2) Local Export Segment; and 3) Mexico Import Segment as demonstrated in Figure 5. 
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Figure 5—Cost Analysis Scenarios

The total drayage costs for moving a 40 ft container-trailer (empty or loaded) from the ports of Los Angeles and Long Beach to these selected inland destinations are shown in Table 2. Beside the most published basic surcharge shown in this table, there is a long list of additional charges applied periodically by trucking companies operating out of the Los Angeles harbor that are not included in this calculation.

Table 2--Total Drayage Cost for a 40 ft Container-Trailer (Scenario 1)

[image: image5]
Similarly, total port charges for the model specifications are calculated and incorporated into the total unit cost of moving a 40 ft container-trailer by the integrated SSS alternative. As shown in Table 3, the port cost component of the empty container movement using this integrated SSS service is relatively low compared with that of export and import cargo. This is because the wharfage charge for handling an export or import box at the terminal is more than 10 times higher than the wharfage charge for handling an empty container.

Table 3—Total Unit Cost for a 40 ft Container-Trailer by Integrated SSS 
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As shown in Table 4, the integrated SSS services discussed here are relatively competitive with trucked operations in terms of economic cost for moving an empty container. Although transit time of integrated SSS service is somewhat less competitive to truck, however, since empty container and export shipments are less time sensitive relative to shipments of imported consumer goods, it is likely that the SSS transit time of 24 hours, as opposed to a 7 to 8 hours total delivery time by truck (including pickup and drop-off time), would not be a determining factor for these market segments.

Table 4:  Modal Comparison:  40 ft Container-Trailer
	Service Factor
	Truck
	SSS Intermodal

	 Cargo Sensitivity

	Cost
	Low
	High

	Time 
	High
	Low

	 Cost and Transit Time Estimates

	Cost
	 
	 

	Empty
	$650 
	$535 

	Export
	$650 
	$880 

	Import
	$716 
	$890 

	 Time
	7 to 8 hours
	24 hours


In the near future, landside congestion pressures will likely increase the costs of trucking, at the same time many of the port costs associated with SSS operations can be negotiated or managed down particularly to promote local exports. The combined effect of these anticipated changes in cost will increase the competitiveness of SSS. And with the smaller ports like San Diego enthusiastically seeking to attract new niche markets through aggressive development and marketing plans, conditions appear to be improving for the introduction of SSS services in the region. 

4.2.2
Congestion and Environmental Implications

Owing to its economies of scale and greater fuel efficiency over truck and rail, recent studies have demonstrated certain congestion and environmental benefits for SSS (MARAD, 2003.) For the SSS operations discussed in this paper, the cargo volumes involved would support an initial bi-weekly SSS operation capable of re-routing the movement of 2,400 containers a week away from the most congested urban commercial corridors, such as the I-710 and the I-5. This equates to roughly 6,400 truck trips (including bobtail and empty box moves as described in Figure 2), or about 5 percent of the current daily truck traffic on the I-710. As opposed to other current congestion mitigation policy options that would work to shift traffic to off-peak or night and weekend operations (i.e. PierPass), the proposed strategy to re-direct the flows of empty containers to less congested urban commercial corridors by using an integrated SSS service actually removes these truck trips entirely from urban congested corridors, along with all of their diesel emissions and other environmental and social impacts on local communities. 
To secure the environmental advantages of SSS on a regional basis, care should be taken to ensure that the diesel emission reductions gained in the urban corridors are not simply shifted to an equal or greater volume of diesel emissions at the ports. Port-related diesel emissions result from vessel operations and the use of diesel yard equipment, and increasingly these port emissions have become a subject of public concern. In response the ports have adopted “green port” policies to gradually control the increase of emissions at port, and we assume that SSS operations would be accomplished in line with these green port policies. 
5.
CONCLUSIONS
This paper indicates that SSS strategies are economically viable policy options for managing empty container flows within a regional port system, and that these operations would likely have, at least in the short-term, a positive effect on urban traffic congestion and regional air quality.

An initial basis for evaluating the competitiveness of SSS concepts is presented in this paper showing where market and environmental circumstances could be modified to enhance the competitiveness of SSS. As the case study demonstrates, the relatively high cost of import and export cargo handling at ports prevents the SSS strategies from being as competitive as the established truck operations. However, in an urban region where the growth of international trade will continue to increase, additional traffic will further degrade the reliability and relative competitiveness of trucked operations. SSS services, if introduced as part of a regional port system strategy, would both reduce urban traffic congestion and improve air quality. Such a system would strengthen and add sustainability to the region’s container handling capacity, create alternative commercial corridors away from the most congested urban centers, and increase the reliability and security of the goods movement infrastructure system. 

Finally, regardless of whether freight traffic is shifted in time, as is the case with PierPass; or in space, as the case would be with SSS, improvements in network level of service and congestion are certain to be temporary in an environment in which port traffic is expected to grow. However, both types of strategies still provide benefits, because both expand capacity. These benefits will ultimately be realized as additional traffic is accommodated. They will accrue from additional flows, rather than in the form of long-term congestion relief for current shippers and travelers. It is important to recognize that additional capacity can produce only short-term reductions in congestion. 
The principal findings of this paper argue for the establishment of regional port systems within the structure of U.S. West Coast ports. For the introduction of a regional port system to succeed, a number of management practices within the shipping industry, as well as some institutional concerns associated with the larger regional context, would have to be modified, and some associated problems resolved. First among these, perhaps, would be the coordination or management of ports within a region to create partnership opportunities between regional gateway and smaller cargo ports. This coordination would allow the ports to function as a system, rather than as competing and disjointed entities. Within such a port system, regional infrastructure investments could be prioritized to enable SSS operations, and business and labor contracting provisions could be modified to allow for such innovative operations. There are clear and quantifiable traffic congestion and air quality benefits attributable to these strategies that can be gained for urban regions. Moreover, opportunities for new economic activities and efficiencies exist along alternative corridors, and the interests and energies of the private sector could be leveraged to realize these and other potential regional advantages.
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