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ABSTRACT

This research by the Los Angeles Department of Transportation (LADOT) presents a transferable methodology utilizing GIS, accident and field data to identify and address truck movement problems in urban industrial areas.  The methodology identifies truck-generating land uses, de facto truck routes, and truck circulation, access and safety hazard locations.  It also presents a diagnostic tool for analyzing and correcting truck movement problems.   LADOT undertook this research to identify problems with truck circulation and access to inter-modal facilities, distribution centers and industrial Land uses and to recommend a range of improvement measures to address those problems.  The research has identified 75 problem locations citywide.

INTRODUCTION







Trucks are a part of life in Los Angeles. Los Angeles County freeways carry approximately 350,000 trucks (1) and 7 million truck miles (2) daily.  Truck miles traveled are projected to more than double from 22.4 million to 48.5 million in Southern California by 2030 (3).  

Truck traffic in Los Angeles is generated by three major activities:  1) goods movement through the San Pedro Bay Ports (Los Angeles and Long Beach) and Los Angeles International Airport; 2) manufacturing activity, and 3) the Southern California retail base.  

Goods Movement

Goods movement is a core economic engine in Southern California.  Los Angeles County’s leading industry is international trade, which generates nearly 300,000 jobs (4).   The Los Angeles Customs District, which includes the ports of Los Angeles, Long Beach, Port Hueneme and Los Angeles International Airport, is the nation’s largest based on the value of two-way trade (5).  In 2005, this totaled $294 billion (6).  

Los Angeles is also the primary goods movement gateway for the country.  The San Pedro Bay Ports handle approximately 40,000 container units daily and are the highest-volume container ports complex in the nation, fifth largest in the world (7).  They handled 14.2 million container units in 2005, a full one-third of all US waterborne container traffic (8).   While on-dock rail is expanding, most of these container units are still moved off-port by truck to inter-modal facilities and regional distribution centers.   

In addition to the high volume of container units handled at the San Pedro Bay Ports, most of the Los Angeles region’s air cargo passes through Los Angeles International Airport (LAX).  In 2003, LAX moved approximately 2 million tons of air cargo, making it the second largest air cargo hub in the nation (9).   The new LAX Master Plan anticipates 3.1 million annual tons of air cargo moving through Los Angeles International Airport by 2015 (10).  All of this air cargo eventually moves onto tractor-trailer trucks or short-haul delivery trucks for transport on streets and freeways to its final destination.

Los Angeles County is also a major rail hub.   Union Pacific and Burlington Northern Santa Fe railroads operate main lines linking the region to the national rail network.  The Alameda Corridor, opened in 2002, provides a 20-mile, grade-separated freight rail link between the ports and inland rail yards near Downtown Los Angeles and further east. The Port of Los Angeles opened its first on-dock rail facilities in 1997, has added two more since then, and is planning to open a fourth in 2009.  Once this is completed, all container terminals at the Port of Los Angeles will have on-dock rail facilities.   The Port of Long Beach also has on-dock rail capability.
Manufacturing Activity

Manufacturing is a major truck-generating Land use.  Los Angeles County is home to the country’s largest manufacturing center, employing 500,000 workers in 2005 (11).   Major manufacturing activities include apparel, computer and electronic products, transportation products, fabricated metal products, food products and furniture.   Much of this manufacturing activity is located in or near Downtown Los Angeles.
Retail Market

Southern California is home to one of the country’s largest population bases and retail markets, with over 10.2 million residents in 2005 (12).  The region rang up $140 billion in taxable retail sales in 2002 (13).  According to the national 1997 Economic Census, Los Angeles County saw the highest level of retail sales ($78.4 million) in the nation outside of the Chicago metropolitan area (14).  This immense population and retail base generates a continuous demand for goods that must eventually be brought to market by trucks.   

LADOT’s Goods Movement Improvement Program

Trucks in Los Angeles operate in a time-sensitive environment between the ports, airports, inter-modal yards, truck terminals, distribution centers, warehouses, factories, businesses and stores, and they all travel on surface streets for some part of their journeys.   LADOT is responsible for the safe and efficient operation of the city’s streets.  Over the past twelve years, LADOT, through its Goods Movement Improvement Program, has utilized technology and innovative practices to add value to the logistics chain by identifying and correcting truck movement problems on city streets.   The Program has generated three studies covering the entire city, identified over 75 truck movement problem locations, and played a key role in securing outside funding and facilitating internal measures to address those problems.  The Program’s three studies:
· “Improving Truck Movement in Urban Industrial Districts” (1999)

· “Improving Truck Movement in Urban Industrial Districts II:  Northeast LOS ANGELES and the San Fernando Valley” (2002)

· “Improving Truck Movement in Urban Industrial Districts III:  Hollywood, Mid-City, South LOS ANGELES, West LOS ANGELES, Los Angeles International Airport, Port of Los Angeles” (2006)

PRIVATE 
OBJECTIVEStc  \l 1 "OBJECTIVES"
The objectives of LADOT’s goods movement improvement studies were to:

· Analyze truck traffic patterns and volumes and identify those city streets that are vital to truck movement.

· Identify what specific types of truck movements and deLos Angelesy problems currently exist in the City.

· Propose specific solutions and mitigation measures to address these problems.


PRIVATE 
METHODOLOGYtc  \l 1 "METHODOLOGY"
The methodology developed by LADOT utilizes extensive GIS mapping, supplemented by detailed field inspections and accident data analysis.  The methodology has ten basic steps:

1.
Establish an appropriate study area through field work and initial GIS mapping. 

2.
Collect traffic and truck count data, truck accident data and Land use data for the study area.   

3. Geocode Land uses, inter-modal facilities, streets, freeways, truck volumes, and truck accidents into a GIS database.

4.
Generate a detailed GIS map for each study area showing all geocoded data 

5. Interview field staff, truck industry representatives and the business community about truck circuLos Angelestion and access problems.

6. Identify problem locations based on an analysis of the GIS map and interview data.

7. Analyze accident data at locations with a higher-than-average number of truck accidents.

8.
Conduct detailed field investigations of trouble spots.

9.
Document observed problems with photos, video clips, narratives and drawings.

10. Develop site-specific solutions using operational measures, engineering measures, capital improvements and programmatic and policy measures as appropriate.

Step 1:  Establish a study area

Identify known truck routes based on field observation, institutional knowledge and documented information.  LADOT consulted truck studies conducted by the Southern California Association of Governments (SCAG), the local Metropolitan Planning Organization, for adjacent jurisdictions  
Identify major goods movement facilities.  For Los Angeles, this included the San Pedro Bay Ports, Los Angeles International Airport, and rail inter-modal yards (Union Pacific and Burlington Northern Santa Fe railroads.)

Enter this information into a GIS database and generate an initial GIS map.  Analyze the GIS map and select a study area appropriate to the goals and objectives of the project.

Based on LADOT’s analyses of its initial GIS map, we established the Central City and its adjoining areas for our first study area.  The area has a high concentration of industrial and manufacturing land uses, is adjacent to three major rail yards and the northern terminus of the Alameda Corridor, and is served by several major freeways, including Interstate 5, Interstate 10, US 101 and State Route 60. 


In subsequent phases of the Goods Movement Improvement Program, we examined broader areas of the City.   The Phase II study area included Northeast Los Angeles and the San Fernando Valley.  In Phase III, the final study, it included Hollywood, Mid-City, South Los Angeles, West Los Angeles, and the environs around Los Angeles International Airport and the Port of Los Angeles.   See Figure 1:  Phase I, II and II Study Areas.





(Figure 1)

Step 2:  Collect traffic count, truck count and truck accident data

Compile and organize traffic count data, truck count data and truck-involved accident data for the study area in order to identify exactly where truck volumes are heaviest and where truck accidents are occurring.    

LADOT maintains a detailed vehicle accident database developed from Los Angeles Police Department traffic accident reports.   The database includes information such as day of week, time of day, exact location (e.g., “south side of First Street 300 feet east of centerline of Main St.”), type(s) of vehicles involved, direction of travel, driver condition (e.g., intoxicated), type of accident (e.g., rear-end collision, sideswipe.)  We conducted a search of the database for a five-year period to obtain a list of truck accidents and generated an electronic spreadsheet showing all available data.  This accident database was subsequently geocoded into the master GIS database.

Step 3:  Geocode data

The following data is then geocoded into the GIS database:



Freeways and highways (major and secondary)



Land uses (e.g., industrial, commercial, residential)



Inter-modal facilities & other truck-generating uses



Traffic volumes








Truck volumes



Truck-involved accident locations


LADOT used early-version GIS software programs (e.g., MapInfo) to create a GIS database and generate maps for the Phase I and II studies.  For the Phase III study, LADOT contracted with the Los Angeles Bureau of Engineering’s GIS Division, which uses more sophisticated ArcInfo and ArcView software. 
Step 4:  Generate a detailed GIS map

From the GIS database, generate a GIS map for the study area showing:

1.
Truck routes, generally defined as an extended chain of street segments where trucks constitute a minimum % threshold of traffic.  For the LADOT studies, these routes usually provided a connection to freeways.  The general rule of thumb is that drivers perceive truck traffic as “heavy” when trucks comprise at least 6% of all vehicles on the road.  LADOT defined de facto truck routes in the Central City as those streets which carried truck percentages of 6% or higher.  Outside the Central City, the threshold was lowered to 3% because of lower truck volumes.

2.
Truck accident rates over a five-year period at intersections with a minimum threshold of truck accidents in that period.  LADOT set a minimum of five truck-reLos Angelested accidents in a five-year period, categorized into the following ranges:



5-9
 Truck Accidents



10-14
 Truck Accidents



>15
 Truck Accidents

3.
Truck-generating Land uses


Airports



Colleges



Extraction



Harbor Facilities



Industrial



Mixed Industrial/Commercial



Retail Centers



Shopping Centers






Strip Commercial



Transportation & Utilities

The map presents a composite picture of streets with higher-than-average percentages of truck traffic (de facto truck routes), intersections with higher-than-average incidences of truck accidents, and Land uses that generate truck traffic.  The map enables quick identification of potential truck movement problem areas for further investigation.  See Figure 2, Phase III Study Area and Figure 3, LA Port Area
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(Figure 3)
Step 5:  Conduct interviews

Interview traffic engineering field staff, shipping industry representatives, elected and appointed officials, local businesspersons and other parties likely to be familiar with truck circuLos Angelestion and access problems in the study area.

In the course of its truck movement studies, LADOT conferred with representatives of the following organizations:


ALos Angelesmeda Corridor Transportation Authority


Automobile Club of Southern California (AAA)


California Trucking Association

Central City East Associates (chamber of commerce for the Downtown industrial districts)

Los Angeles City Council Districts

Los Angeles City PLos Angelesnning Department

Los Angeles Community Redevelopment Agency

Los Angeles International Airport 

Los Angeles Department of Transportation (field offices)

Los Angeles County Metropolitan Transportation Authority

Port of Los Angeles

SCAG 

Step 6:  Identify problem locations

Based on analyses of the GIS maps and interview data, identify specific locations of truck movement problems.   Focus on streets adjacent to inter-modal facilities, industrial Land uses, freeway ramps and railroad crossings.   

Step 7:  Analyze truck accident data
Analyze accident data at locations with higher-than-average numbers of truck accidents.  Look for patterns and correLos Angelestions in accident data – e.g., direction of travel, exact location of collision, objects hit near the roadway – to determine probable causal factors in truck accidents.
Due to the Los Angelesrge size of our Phase II and Phase III study areas, it was sometimes difficult to find specific problem locations through GIS mapping and fieldwork.  We conducted a database search of accidents involving dual-wheeled trucks in the Phase III study area for the most recent five-year period in which data was avaiLos Angelesble.  Locations which saw five or more truck accidents during the five-year period were highlighted, and the accident data for each location was sorted according to exact location of the collision, type of collision, direction of travel of involved vehicles, and other factors suitable for traffic and civil engineering analyses. We conducted field investigations of all highlighted locations and reviewed geometric design drawings, signal timing charts and other engineering documents to pinpoint probable causes and possible solutions.  Many accident locations exhibited a strong pattern of collision type and travel direction, while some showed no discernable pattern or direction.  
Step 8:  Conduct field investigations 

Conduct detailed field investigations of problem locations at times when truck activity is likely to be highest.   Take a field measuring device, camera and sketch pad.

Step 9:  Document problems

Document observed problems with photos, video clips, sketches and field notes.   LADOT made videos of trucks making especially difficult turns and used these Los Angelester in presentations. 

Step 10:  Develop solutions

Develop solutions appropriate to the problems identified.   Solutions can be short- or long-term, simple or complex.  LADOT developed a typology of solutions for truck movement problems:  operational measures, engineering measures, capital improvements and programmatic/policy measures.   These are discussed in greater detail under Findings.
FINDINGS
LADOT identified 75 problem locations for truck movement throughout the city.  Of these, 43 were identified in the first study area covering the Central City and adjacent inter-modal facilities.   

1.
Common Types of Truck Movement Problems
The most common problems observed were:
· Truck turning problems at intersection - trucks crossing the center line, running over the curb, slowing traffic - usually because of inadequate lane width and narrow curb returns

· Trucks blocking the roadway while backing into loading docks, usually because of inadequate on-site loading facilities and narrow streets

· Trucks blocking the roadway while loading or unloading in the street, usually because of lack of, or inadequate, on-site loading facilities

· Long truck queues on or near freeway ramps, usually because of inadequate surface street access to ramps and lack of adequate traffic control devices (stop signs, traffic signals, etc.)
· Long truck queues at railroad crossings

· Delays at traffic signals, generally due to heavy traffic congestion and signal timing

· Slowing of through truck traffic, usually because of poor pavement condition, faded lane striping or inadequate lane width

· Severe truck bottlenecks

· Delivery trucks parked illegally, usually because of inadequate curbside loading zones, cars illegally occupying loading zones or inadequate on-site loading facilities

LADOT developed the following typology of truck movement problems based on our analysis of 75 problem locations:
· Freeway access problems


Access not provided by a major street or highway



Freeway access street too narrow for two-way movement of trucks



Intersection of freeway ramp and surface street not signalized



Insufficient left turn lane storage on access streets

· Site access delays

Limited roadway access

Insufficient truck docking and loading facilities

Insufficient on-street loading zones

· En route travel delays


Railroad crossings

Deteriorated roadway surfaces

Peak period traffic congestion

Geometric design of intersections

2.
Common Types of Truck Accidents
Our analysis of truck accident data showed that the most common types of truck accidents involved:

· Trucks hitting objects and running off the road 

Usually associated with narrow curb returns and objects such as utility poles located close to the curb.

· Sideswipes while proceeding straight
Usually associated with inadequate lane widths, curves in the roadway and speeding.
· Rear-end collisions
Usually associated with signal timing problems, speeding and poor line of sight.
3.
Solutions for Truck Movement Problems

LADOT developed the following typology of solutions for truck movement problems based on recommendations developed for the 75 problem locations:

· Operational measures

· Engineering measures

· Capital improvements

· Programmatic and policy measures

Some problem locations call for only one type of solution; others require a combination.   For a problem location on a major street in Hollywood with high incidences of rear end collisions and sideswipes involving trucks, we recommended a menu of measures:  operational - improving traffic speed enforcement; engineering - improving the driver’s line of sight in curved segments by re-striping the travel lanes; and a capital improvement – straightening out the curvature of the roadway and increasing lane widths by selectively widening the street.
Operational Measures

Operational improvement measures include transportation system management (TSM) measures that improve the safe and efficient circulation of trucks at minimal cost and without expanding physical capacity. Signal timing adjustments, on-street parking restrictions, installation of limit lines and designation of curb loading zones are operational improvement measures.   Operational measures also include changes in traffic and parking enforcement practices.   These types of improvements can normally be identified and implemented by engineers and managers relatively quickly as part of an agency’s normal work program.

For example, Los Angeles’ parking regulations, policies and enforcement practices have a big impact on both truck movements and smaller delivery vehicle access to industrial and commercial buildings.  On-street parking often impedes truck maneuvers along narrow streets, especially those providing access to freeway ramps. Posting and actively enforcing “Tow Away/No Parking” zones at key intersections, street segments and freeway ramps can compensate for these roadway deficiencies.   In commercial areas of the City, adequate curbside loading zones for smaller delivery truck service are of paramount importance.   Aggressive policing of illegal parking activity in loading zones, even over a short period of time, can significantly improve delivery truck access.
Engineering Measures

Engineering measures generally require some type of detailed study or design work prior to implementation.  Costs and timeframes can vary widely.  For example, a new signal head or lane re-striping costs relatively little and can be implemented as part of an agency’s normal work program.   More elaborate improvements, such as new signal installations and one-way street conversions, are costlier and may require outside funding and special studies.  Signal installations or modifications generally require traffic delay studies, high accident incident rates or other warrants to justify implementation, while special traffic studies are usually required for the conversion of two-way street into one-way couplets.

Capital Improvements

Capital improvements entail more extensive design work and construction (e.g., street widening, street pavement reconstruction) and higher costs.  One of the primary determining factors in implementing these projects is the availability of right-of-way. Projects with sufficient available right-of-way are likely to be built more quickly and at much lower cost.   Capital improvement projects play an important role in improving truck movement on Los Angeles’ streets.

Programmatic and Policy Measures 

Programmatic and policy measures are broader scale efforts to improve zoning, parking and design standards for truck circulation and access, facilities and roadways.  They include measures such as loading dock requirements (including size standards) for new commercial and industrial buildings, minimum lane width requirements for streets in industrial districts, restrictions on on-street parking in high truck traffic areas, Land use designations for truck staging and service facilities, and accelerated repair, repaving and reconstruction schedules for streets carrying high truck volumes.
An example of effective programmatic and policy measures to improve truck movement in Los Angeles was the 1999 adoption of industrial street standards as part of the City’s General Plan.  Travel lanes in industrial districts are now designated to be at least 13 feet in width and curb returns must have at least a 35-foot radius.  
CONCLUSIONS
LADOT drew numerous conclusions from its three studies.  Those most applicable to a transferable methodology are:

1.   Effectively addressing truck movement problems requires a paradigm shift by government organizations.
While individual truck movement problems and their locations may be widely known in the trucking industry, this information is not traditionally sought by government in developing its transportation work programs.  The primary reason for this is the hegemony that government's only role in trucking is to minimize the impacts of trucks on residents and autos through regulation of where and when trucks can operate. This belief is so deeply embedded that the very idea of government taking a proactive role to help the trucking industry requires a paradigm shift in transportation planning and engineering.

2.  Truck movement problems can be effectively identified and analyzed using GIS mapping, truck count data, truck accident data and field data.
3.  Detailed truck accident information can indicate probable causes for truck movement problems.
GIS maps of truck-generating land uses, inter-modal facilities, truck routes and truck accident locations are very useful in identifying potential problem areas.  But at the micro scale, detailed truck accident data at high incident locations can reveal the prevailing causes for accidents.
4.    The incidence of truck accidents at problem locations decrease after implementation of truck movement improvement measures
Six problem locations near the Port of Los Angeles were initially identified through accident data analyses and field observation.  Two of these locations, the intersections of Anaheim Street/Henry Ford Avenue and Navy Way/Seaside Avenue, were extensively improved in 1997.   Analysis of accident data for these two locations indicated that the average annual rate of truck accidents decreased by 70% at the intersection of Anaheim Street and Henry Ford Avenue and by 22% at the intersection of Navy Way and Seaside Avenue after these intersections were improved.   While this analysis is not a test of statistically significant correlation, the numbers are empirical evidence of the intuitive connection between improved conditions for truck movement and a reduced rate of truck accidents. 

At two other locations, the intersections of Alameda Street/Pacific Coast Highway and nearby Alameda Street/Henry Ford Avenue/Young Street, significant improvements were completed in 2004 as part of the Alameda Corridor improvements, including an aerial grade separation of Pacific Coast Highway over Alameda Street.  See Figures 4 - 9.  Accident data analysis indicated that the Alameda Street/Pacific Coast Highway intersection experienced the highest level of accidents, twenty six (26), in the Phase III area during the study period, and field observation in 2003 confirmed the problematic nature of both  intersections for truck movement.   The completed improvements have resulted in significantly improved truck circulation at both locations and should eliminate all truck accidents at the now grade-separated Alameda Street and Pacific Coast Highway. 





(Figures 4, 5, 6, 7, 8, 9)
5. Transportation funding limitations may hinder development of new capital improvement projects, but simple, low cost solutions can still be implemented to correct truck movement problems.
Limited funding for new capital improvement projects constricts the range of what can be done to correct deficiencies on surface streets to improve truck movement.  Government agencies need to be proactive and innovative, seeking solutions which can be funded internally and accomplished through standard operational and engineering practices.  While capital improvements may be necessary, more modest measures can result in significant improvements for truck movement and safety.
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Figure 1
Phase I, II and III Study Areas
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Figure 2

Phase III Study Area
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Figure 3

LA Port Area Map

 SEQ CHAPTER \h \r 1[image: image4.wmf]


Figures 4 & 5
Alameda Street & Henry Ford Avenue

July 2003 (above) and July 2004 (below)
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Figures 6 and 7
Alameda Street & Pacific Coast Highway 
July 2003 (Before Improvements)
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Figures 8 and 9
Alameda Street & Pacific Coast Highway

July 2004 (After Improvements)
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