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Foreword
 

he National Joint Light Rail Transit Conference: Growth and Renewal is the 11th 
conference of the Transportation Research Board series that began in Philadelphia in 

1975. The American Public Transportation Association became a cosponsor in 1995.  
At the Philadelphia conference, the technical sessions focused on introducing�or 

reintroducing�the concept of light rail transit (LRT) in North America. At that time 
there were eight systems in operation. Now, 34 years later, there are 30 systems in 
operation and eight systems in the planning, design, or construction phase in North 
America. 

The focus and related topics of the previous 10 national conferences have 
paralleled the development and reintroduction of LRT in North America: 
 

� Introduction to LRT�1st National Conference, Philadelphia, Pennsylvania, 
1975; 

� Light Rail Transit: Planning and Technology�2nd National Conference, 
Boston, Massachusetts, 1978; 

� Light Rail Transit: Planning, Design, and Implementation�3rd National 
Conference, San Diego, California, 1982; 

� Light Rail Transit: System Design for Cost-Effectiveness�4th National 
Conference, Pittsburgh, Pennsylvania, 1985; 

� Light Rail Transit: New System Successes at Affordable Prices�5th National 
Conference, San Jose, California, 1988; 

� Light Rail Transit: Planning, Design, and Operating Experience�6th National 
Conference, Calgary, Canada, 1992; 

� Building on Success, Learning from Experience�7th National Conference, 
Baltimore, Maryland, 1995; 

� Light Rail: Investment for the Future�8th National Conference, Dallas, 
Texas, 2000; 

� Light Rail: Experience, Economics, and Evolution: From Starter Lines to 
Growing Systems�9th National Conference, Portland, Oregon, 2003; and 

� Light Rail Transit: A World of Applications and Opportunities�10th 
National Conference and First Joint International Light Rail Conference, St. Louis, 
Missouri, April, 2006. 
 

The technical information in the proceedings of these conferences (1�10) provides 
planners, designers, decision makers, and operators with a valuable collection of 
experiences and ingredients necessary for a successful transit development project. 

More than 350 public transportation industry experts from across the country met 
at the Los Angeles Millennium Biltmore Hotel in downtown Los Angeles for the 2009 
Joint Light Rail Conference, April 19�21. Sponsored by the Transportation Research 
Board and the American Public Transportation Association and hosted by the Los 
Angeles County Metropolitan Transportation Authority, the conference focused on the 
demands of rapidly growing light rail systems. 

With 15 sessions, five tours, a workshop, and a products and services showcase, 
the conference offered up-to-date information on planning, design, construction, 
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maintenance, and operations involved in running a light rail system. Research papers and 
MTA exhibits were presented at a special �Meet the Authors� poster paper session. 

The objective of each conference is to add to the growing body of knowledge and 
real-world experiences with modern LRT applications in order to improve continually 
new systems being planned, as well as those already in operation. This proceeding of 24 
peer-reviewed research papers exemplifies the vibrancy of the fields. 

Success can be fleeting, and we need to learn from past and current experience to 
do the best possible job of providing cost-effective public transportation services. The 
information, data, and research contained in this proceeding are meant to serve this need. 
 

�John D. Wilkins, Chair 
Chair, TRB Light Rail Transit Committee 

Director, Capital Planning, New Jersey Transit Corporation 
Newark, New Jersey 

�Winston Simmonds, Vice Chair 
Chair, APTA Light Rail Transit Technical Forum 

Rail Operations/Engineering, Officer 
Port Authority of Allegheny County 

Pittsburgh, Pennsylvania 
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OPENING GENERAL SESSION 
 

Status of North American Light Rail Transit Systems 
Year 2009 Update 

JOHN W. SCHUMANN
LTK Engineering Services 

 
 

hen the Transportation Research Board (TRB) sponsored its first light rail transit (LRT) 
conference in 1975, only remnants remained of North America�s once vast system of city 

streetcars and intercity, interurban electric railways. Totaling just 200 miles (320 km), these 
�legacy systems� of one to a few lines ran in seven U.S. cities and Toronto, Canada.  

All had at least some, and most had significant portions of their routes on exclusive and 
semiexclusive alignments. Looking to Europe, where such �stadtbahnen� (city railways) were 
growing out of old �strassenbahnen� (streetcar lines), the conference organizers adopted the new 
term, �light rail transit,� to provide an English-language equivalent to describe a mode of urban 
public transportation 
 

1. Located predominantly on reserved but not necessarily grade-separated rights-of-way; 
2. Operating electrically propelled vehicles run singly or in trains; and 
3. Providing a wide range of passenger capacities and performance characteristics. 

 
These attributes make LRT a highly flexible rail mode in terms of where tracks can be 

placed (subways, aerial structures, at-grade and in streets), and the volumes of passenger traffic 
that can be accommodated practically and economically (fitting between buses and heavy rail). 
This flexibility has resulted in varying systems: 
 

1. Streetcars, with all or most trackage in mixed-traffic lanes; 
2. Classic LRT lines using a rich mix of at-grade and separated alignments; and 
3. Light rapid transit (also LRT) routes on private right-of-way with no more than a 

handful of streets crossing the tracks at grade. 
 

Since 1975, there has been a rebirth of interest and activity in LRT, with such services 
operating now in 24 U.S. cities plus three each in Canada and Mexico. More are under 
construction, being designed or planned. This paper reports on the progress of U.S. and Canadian 
LRT projects since the last LRT conference was held in 2006. 
 
 
NEW STARTS AND EXTENSIONS SINCE 2006 
 
There were two completely new LRT start-ups during this period, Charlotte, North Carolina 
(2007) and Phoenix, Arizona (2008), as well as a new streetcar line in Seattle, Washington 
(2007), and �light� DMU lines in San Diego, California and Austin, Texas. In addition, several 
cities extended existing lines: Salt Lake City, Utah; San Francisco, California; Portland, Oregon 
(streetcar); and Calgary, Alberta (two). In 2009, Seattle�s Central Link LRT and Austin�s initial  

W 
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light DMU line are to open, and further extensions are due to be completed in Edmonton, 
Ontario; Portland; Los Angeles, California; and Jersey City, New Jersey. 

This review will begin with the three most recent new starts. Then, the listing of cities 
with operating LRT systems work down the Pacific Coast, then east across mid-America and 
Canada, ending with the eastern United States.  

Key descriptive data for the LRT systems are provided in Table 1. Since 2006 in the 
United States, LRT and modern streetcar miles of line have increased 11% (569.5 to 634.9), the 
vehicle fleet has grown by 4% (1,761 to 1,829), and weekday rides are up 23% (1.31 
million/weekday to 1.61 million/weekday). In Canada, miles of line remained the same, while 
the LRV fleet grew by 9% (400 to 434), and weekday rides increased by 9% (0.57 
million/weekday to 0.62 million/weekday). The most productive systems in terms of weekday 
passenger boardings per mile of line were in Canadian and large U.S. cities: Calgary�9,818; 
Boston, Massachusetts�9,273; San Francisco�8,143; Toronto�6,280; Houston, Texas�5,333; and 
Edmonton�5,185. LRT systems with the most heavily patronized vehicles in terms of passenger 
boardings per weekday were Houston�2,222; Calgary�1,812; San Francisco�1,634; Salt Lake 
City�1,300; and three properties in the range between 1,200 and 1,300: Los Angeles�1,287; 
Toronto�1,238; and Portland Streetcar�1,200. 
 
Phoenix—New Start
 
The 20-mile Central Phoenix East Valley LRT line opened for revenue service in December 
2008. Linking Phoenix, Tempe and Mesa, Arizona, this double-tracked line is located mostly in 
the medians of arterial main streets, with some mileage in Phoenix on side reservations, as well 
as some private right-of-way in Tempe through the Arizona State University campus. Kinki-
Sharyo supplied 50 LRVs of 70% low floor configuration, and incorporating crash energy 
management (CEM) and other safety features. The line�s trains will make 27 stops each one-way 
trip, at stations featuring shelters and plantings placed to provide shade during the various times 
of the day. Final design is complete for a 3.2-mile Northwest extension, which will be built with 
local funds for completion in 2012. Gradual expansion to a six-branch system of at least 57 miles 
by 2025 is envisioned, and streetcars are under study for Tempe and Scottsdale. 
 
Charlotte—New Start
 
November 2007 saw the opening of Charlotte�s first 9.6-mile, 16-station south corridor LRT line. 
Estimated to carry 9,100 weekday passengers initially, by fall 2008 the line was attracting over 
16,000 rides, taxing the 16 LRVs acquired as part of the project. An option to acquire four more 
cars has been exercised. The Charlotte region plans to build on this initial success, with more 
LRT lines, streetcar routes, and a commuter rail line in a corridor where passenger and freight 
services will have to share track. 
 
Seattle and Tacoma, Washington—New Start
 
Washington�s Central Puget Sound region is rapidly becoming a multimodal metropolis. Latest 
to open was the 1.3-mile South Lake Union Streetcar line in late 2007, and running through a 
burgeoning redevelopment area rapidly filling with new-urbanist commercial and multiunit 
residential buildings. It joins the 1.6-mile Tacoma Link, opened in 2003 between the Tacoma 
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TABLE 1  Line Lengths, Car Fleets, and Productivity Indicators 
 

    One-Way Line Fleet Cars per Weekday Service Productivity, Psgrs per 
City/System   km mi Cars km mi Rides Line km Line mi Car 
           (000s)     
Baltimore, central corridor d    47.0   29.0      53 1.1 1.8    27.0    574    931 509 
Boston, Green Line & Mattapan b    41.5   25.6   199 4.8 7.8  237.4 5,719 9,273 1,193 
Buffalo, MetroRail a    10.4    6.4      27 2.6 4.2    22.6 2,178 3,531  837 
Charlotte a    15.6    9.6      16 1.0 1.7    16.5 1,060 1,719 1,031 
Cleveland, Blue/Green b    25.0   15.4      48 1.9 3.1    15.1    605    981  315 
Dallas, DART LRT d    73.0   45.0      95 1.3 2.1    73.0 1,001 1,622  768 
Denver, RTD LRT d    56.7   35.0    83 1.5 2.4    61.0 1,075 1,743  735 
Houston, MTA d    12.2    7.5    18 1.5 2.4    40.0 3,289 5,333 2,222 
Jersey City and Newark, N.J. Transit e    34.5   21.3    73 2.1 3.4    62.0 1,795 2,911  849 
Los Angeles, Blue/Green/Gold d    90.3   55.7   121 1.3 2.2  155.7 1,724 2,795 1,287 
Minneapolis, Metro Transit d    19.5   12.0    27 1.4 2.3    32.0 1,645 2,667 1,185 
New Orleans, streetcars b    14.1    8.7    66 4.7 7.6    14.1 1,000 1,621  214 
Philadelphia, city and suburban b    68.9   42.5   159 2.3 3.7  100.0 1,451 2,353  629 
Phoenix a    32.4   20.0    50 1.5 2.5 tbd tbd tbd tbd 
Pittsburgh, South Hills b    38.6   23.8    83 2.2 3.5    26.0    674 1,092  313 
Portland, MAX a    71.3   44.0   105 1.5 2.4  110.0 1,542 2,500 1,048 
Portland, Streetcar d      6.5    4.0    10 1.5 2.5    12.0 1,850 3,000 1,200 
Sacramento, RT LRT a    60.2   37.1    76 1.3 2.0    60.0    997 1,617  789 
St Louis, MetroLink d    87.6   54.0    87 1.0 1.6    80.0    914 1,481  920 
Salt Lake City, UTA LRT d    30.8   19.0     40 1.3 2.1     52.0 1,688 2,737 1,300 
San Diego Trolley a    85.1   52.5   134 1.6 2.6   120.0 1,410 2,286  896 
San Francisco, Muni c    49.8   30.7   153 3.1 5.0   250.0 5,022 8,143 1,634 
San Jose, VTA LRT a    68.4   42.2   100 1.5 2.4     38.0    555    900  380 
Seattle/Tacoma f      4.7     2.9      6 1.3 2.1     3.3    702 1,138  550 
             
  Total United States   1,044.0 643.9 1,829 1.8 2.8 1,607.7 1,540 2,497  879 
             
Calgary, C-Train a     44.6   27.5   149 3.3 5.4    270.0 6,055 9,818 1,812 
Edmonton, LRT a     13.1    8.1    37 2.8 4.6     42.0 3,198 5,185 1,135 
Toronto, streetcars b     79.3   48.9   248 3.1 5.1   307.1 3,873 6,280 1,238 
             
  Total Canada      137.0   84.5   434 3.2 5.1   619.1 4,519 7,327 1,426 
a - New start since 1977.  
b - Major reconstruction/rehabilitation since 1977.  
c - Upgraded from streetcar to LRT standards since 1977.  
d - New start since 1990.  
e - Jersey City-d, Newark-b.  
f - Tacoma Link 2003, S Lake Union 2007, Central Link 2009. 
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Dome area and downtown. Each line is equipped with three Inekon modern streetcars. Set to 
open in 2009 is the first regional LRT line, the 15.6-mile Central Link between downtown 
Seattle and the Sea-Tac International Airport, with 13 stations (including four in the renovated 
Downtown Seattle Transit Tunnel) and 31 Kinki-Sharyo LRVs. Design is in progress on a 3.2-
mile extension with two stations, entirely in subway, north to the University of Washington. An 
option for 27 more LRVs has been exercised to support this extension. Additional LRT lines are 
in various stages of planning as Sound Transit looks to the future. 
 
Austin—New Start 
 
The latest new start project nearing completion is the 32-mile MetroRail line to suburban 
Leander, on which it is anticipated service will commence in 2009. A short segment of new in-
street track in downtown Austin connects to a former railroad Capital Metro purchased in the late 
1980s. A private short line contracts with the agency to provide time-separated local freight 
service. Built to a very restricted capital budget, the line initially has only six articulated DMUs, 
built to European railway standards and modified to achieve a waiver from the FRA. The plan is 
to increase the size of the fleet and expand the limited peaks-oriented service to a frequent all-
day transit schedule. 

During 2008, the City of Austin evaluated corridors and prepared a plan for a modern 
streetcar system of three lines to link existing residential neighborhoods, major destinations�
downtown, University of Texas, Bergstrom International Airport�and emerging renewal areas�
Mueller (the former airport site) and Seaholm (location of a closed power plant).  
 
 
EXISTING SYSTEMS 
 
Baltimore, Maryland 
 
Double-tracking of 9.4 miles of the Central LRT Line was completed in 2006, bringing a full 
restoration of service to the entire line. The work areas were four segments north of downtown 
Baltimore, and three sections south of downtown, one of the latter including the junction and a 
short section of the branch to BWI airport. Planning for a new 14-mile east�west Red Line is 
focusing on LRT and BRT, with interest coalescing around LRT. 
 
Boston
 
The MBTA�s Green Line, really a network of a central trunk and four branches, continues to be 
the most heavily patronized of U.S. LRT systems. A major physical improvement recently 
completed was relocation of the line in the vicinity of North Station, from the old elevated 
structure to a new subway and ramp up to the Science Park viaduct. At the Lechmere end of the 
system, plans are moving forward on two extensions, to West Medford and to Somerville�s 
Union Square. Both are part of a package of transit improvements to offset impacts of the Big 
Dig highway project. However, it now appears the mixed traffic portion of line from the 
Arborway to Heath Street will not be restored, and the latter point will be the permanent 
terminus of that branch. Efforts continue to resolve issues with the Type 8 low floor LRVs; it is 
anticipated a report on this topic will be on the LRT conference agenda. Finally, the Ashmont�
Mattapan Line returned to service after reconstruction of the Red Line�s Ashmont station was 
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completed, during which time the overhead contact system and cars were converted from trolley 
pole to pantograph operation. 

Buffalo, New York 
 
The 6.4-mile Metro continues to link downtown and the State University of New York (SUNY) 
Buffalo campus. Midlife overhauls are being done on Buffalo�s 27 LRVs, the only 
nonarticulated 4-axle cars built for a North American �new age� LRT project. Plans remain to 
extend the line to SUNY-Amherst, as well as build other branches, when funding eventually 
becomes available. 
 
Calgary
 
With the opening of Calgary�s South Line in 1981, Alberta could claim the first two new-age 
LRT lines in North America. Using virtually the same design criteria as Edmonton, Calgary 
made one significantly different decision: to live with surface operation through downtown until 
a regional system was built, and then perhaps build a central subway. As a result, Calgary has 
been able to sustain an ongoing series of extensions outside downtown, bringing the system now 
to three lines (South, Northeast and Northwest), all of which have been or are being extended. 
When the latest Northeast Extension was finished in 2006, the system reached 27.5 miles, served 
by 116 LRVs (with 26 more on order), and in 2008 was accommodating 270,000 rides each 
weekday. As in Edmonton, LRT and buses are fully coordinated in a multimodal, 
multidestinational timed transfer transit system. This system also has been followed by most of 
the more successful new-age LRT operators in the United States. Future plans include lines to 
the west by 2020 and southeast by 2025. 
 
Cleveland, Ohio 
 
The Blue and Green LRT lines, including the Waterfront Extension of 1996, continue to serve 
the cities of Cleveland and Shaker Heights. Overhauls of the early 1980s Breda LRVs continue. 
During 2008, GCRTA completed the Euclid Avenue bus rapid transit project, now operating as 
the Health Line between downtown�s Public Square past University Circle to a transit center at 
the heavy rail Red Line�s Windermere station. 
 
Dallas–Ft. Worth, Texas 
 
LRT in the Dallas portion of the Metroplex is thriving. The 20-mile Y-shaped system opened in 
1996 was more than doubled in length�to 44 miles�and became a two-route elongated �X� in 
2002. Now, construction is well-advanced for a third route, the 28-mile Green Line that will 
connect southeastern Dallas through downtown to the Medical Center and northwest suburbs out 
to Carrollton, with a branch to DFW airport. DART is buying additional LRVs for this service, 
scheduled to open in 2009. A branch to DFW airport, the 14-mile Orange Line, is expected to be 
finished in 2013. To improve accessibility and increase fleet carrying capacity systemwide, a 
program has begun to stretch all the cars into double-articulated vehicles with a low floor middle 
section. In the central cities, both Dallas and Ft. Worth are considering downtown circulator 
streetcar projects. 
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Denver, Colorado 
 
Planning for Denver area rail transit began in the 1970s; but it was not until 1994 that the 
Regional Transit District�s first 5.5-mile LRT line was opened. An immediate success with 
riders, it set technology and helped build community consensus for its extension 8.5 miles 
southwest to Littleton. This longer line�s effectiveness and the popularity of the short 1.6-mile 
Central Platte Valley branch in 2002, led to inclusion of 19 more LRT miles as part of the T-
REX project to rebuild I-25 and I-225 in the southeast. This latest mileage opened for service in 
2006, on time and on budget. As T-REX construction was progressing, the region�s voters 
approved a referendum in November 2004 that will provide local funds for another 100+ miles 
of rail transit, a combination of LRT and commuter rail in several more of the Denver area�s 
radial corridors, as well as along circumferential I-225. Although recent spikes in steel and 
concrete costs have knocked cost estimates askew, these additional lines are to be complete 
within a decade, making Denver�s program one of the country�s most aggressive timetables for 
completing a multiline regional network. When it opens in 2013, the 12.1-mile West Corridor 
line to Golden will be the first FasTracks LRT line to be completed. 
 
Edmonton
 
Edmonton, North America�s LRT pioneer, coupled an existing railroad r-o-w with a new down-
town tunnel to create the very first new-age LRT line in North America, and one for which light 
rapid rransit fairly defines the LRT acronym. Though providing a high-quality alignment, 
tunneling also was costly. Thus, extension of the system has been rather slow, but as of 2005, the 
line surpassed the 8-mile mark with a 0.5-mile extension at the University of Alberta. This work 
also brought the line back up to grade, setting the stage for a substantial 4.7-mile further south 
extension to Century Park, to open in 2009. Another 26 LRVs are being delivered to serve this 
extension. Well-integrated with connecting buses, and gradually expanding, Edmonton�s LRT 
line has been a beacon to which others have looked as they developed and implemented their 
own LRT plans. 
 
Houston, Texas
 
After decades of trying, the MTA of Harris County was able to locally fund and build the 7.5-
mile Main Street LRT line, which opened at the start of 2004. This urban corridor links 
downtown Houston with the Texas Medical Center and various other intermediate educational 
and cultural institutions, terminating at the Astroworld complex. Its 18 LRVs carry in excess of 
40,000 weekday passenger trips, a very strong showing for a relatively short line. LRT is planned 
for five other corridors, of which four were for a time slated to be built as BRT convertible to 
LRT later; but local support generated by the success of the Main Street Line, has led to a 
decision to build them all as LRT from the start. 
 
Little Rock, Arkansas 
 
The Arkansas capital city became the newest operator of streetcars in 2004, when it opened the 
1.5-mile River Rail using three replica double-truck Birney cars from Gomaco. By late 2006, a 
0.9-mile extension to the new Clinton Presidential Library was completed and placed in service, 
with two more replica Birney cars added to the fleet. 
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Los Angeles 
 
Metro L.A. now has the largest one-way line mileage of LRT in any U.S. or Canadian city 
(Table 1), and more weekday riders than most others. The three operating lines are Blue (to Long 
Beach, 1990, 22 miles), Green (Norwalk-El Segundo, 1995, 20 miles), and Gold (to Pasadena, 
2003, 13.7 miles). Construction is nearly finished on the 6-mile East Los Angeles extension of 
the latter, to open in late 2009. At the same time, construction is progressing on the Expo Line 
Phase 1, an 8.6-mile corridor to the west scheduled to open in 2010, and intended to eventually 
reach Santa Monica. A plan, for which funding is needed, also has been prepared to extend the 
Gold Line from Pasadena to Pomona. Cities, including Los Angeles, are starting to evaluate the 
feasibility of streetcar lines as complements to the region�s growing LRT, commuter rail and 
heavy rail system. In San Pedro, the replicated Red Car Line is an attractive addition to 
waterfront leisure-time facilities, and the port of Los Angeles has plans to expand it. 
 
Memphis, Tennessee 
 
Opened as a Main Street shuttle in 1993 using vintage cars, this system was extended along the 
Mississippi River waterfront a few years later. The fleet now includes both vintage and replica 
streetcars. In 2004, a 2-mile extension on Madison Avenue was opened to reach the Medical 
Center. It is intended that this serve as the first segment of an eventual 9-mile route to the 
Memphis airport. 
 
Minneapolis–St. Paul, Minnesota
 
The 12-mile Hiawatha line opened in two segments in 2004. It connects downtown Minneapolis 
with the Minneapolis�St. Paul International Airport and the Mall of America in Bloomington, 
MN. With only 27 cars (three procured after the start of revenue service), the line is carrying 
over 30,000 rides per day, depending on the scheduling of sporting events, and already has 
surpassed the daily ridership forecast for 2020. A short extension is under construction to serve 
transfers from Northstar commuter trains; and several extensions are in various stages of 
planning. Well advanced through preliminary engineering is the 11-mile Central Line, with 31 
new LRVs, that would connect the Minneapolis and St. Paul downtowns by way of the 
University of Minnesota and busy University Avenue. A 2014 opening is planned. Other 
candidate LRT corridors in planning are southwest to Edina, and Bottineau to the northwest of 
downtown Minneapolis. 
 
New Jersey 
 
Jersey City 
 
Since 2003, the Hudson-Bergen LRT line has grown from 9.6 miles as the full 20.1-mile project 
originally envisioned, and as of 2006 extends from Bayonne 34th Street to Tonnelle Avenue. The 
last northwestward extension includes the Bergenline Avenue station in tunnel, and Tonnelle 
Avenue on the Meadows side of the Palisades. Currently, a 1-mile south-end extension in 
Bayonne is under construction, for completion in 2009. This is one of the few North American 
LRT systems presently operating both express and local services. There is some consideration 
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being given to an electric LRT extension to the Meadowlands Sports Complex; and a DMU 
feeder from Tonnelle Avenue 9 miles north to Tenafly is proposed. 
 
Newark
 
The City Subway was rebuilt, reequipped with new LRVs and extended a mile to Bloomfield in 
year 2000. Since then, work was begun and is nearing completion on a 1-mile link from Penn 
Station, on the Amtrak Northeast Corridor, north through downtown Newark at grade to Broad 
Street Station serving N.J. Transit�s Morris & Essex commuter rail lines. This segment connects 
the two Newark commuter rail stations served by N.J. Transit with each other and with 
destinations in downtown Newark. In Union County, a separate Cranford-Elizabeth LRT line is 
in the early planning stage. 
 
River Line 
 
Though not LRT as defined by TRB, because it is not electrically powered, the Camden-Trenton 
light DMU River Line has several LRT-like characteristics, including frequent service with one- 
and two-car trains operated by one person, POP fare collection, and some street running in 
Camden. Widely disparaged prior to completion, it has performed reliably, and is developing 
patronage, now over 7,000 a day, quite satisfactory given the relatively low population in its 
service area. It feeds passengers to radial rail transit lines at both ends: N.J. Transit/Amtrak at 
Trenton and PATCO Lindenwold Line in Camden, where it also serves several leisure venues 
along the Delaware River waterfront. 
 
New Orleans, Louisiana 
 
As reported in 2006, the 2004 reconversion of Canal Street from bus to streetcar was completed, 
included 24 new replica streetcars built by the New Orleans RTA in its own shop, and functioned 
well until inundated in the flooding that occurred in the wake of Hurricane Katrina in 2005. All 
of the Canal cars and most of the Riverfront fleet were damaged and now are undergoing 
extensive propulsion system repairs or replacement, as is also the case for substations. Tracks 
and the overhead contact systems (OCS) on these two routes came through well. On the historic 
St. Charles Line, the cars remained dry; but the OCS needed rebuilding, a project that already 
was planned. By 2008, the St. Charles cars again were running over the full route; and Riverfront 
line and Canal service also was restored, though some of the Canal cars still were being rebuilt 
by Brookville Equipment Corporation. 
 
Philadelphia, Pennsylvania 
 
In September 2005, Philadelphia enjoyed a rare event, the return of streetcars to a line 
mothballed for many years. The 8.2-mile Route 15-Girard Avenue, run with buses for more than 
a decade, was restored as a trolley line, using 18 rebuilt PCCs equipped with new propulsion 
systems, wheelchair lifts, and air conditioning. At its west end, this line shares the Overbrook 
loop with Route 10, and this is joined physically to the five subway�surface lines. In Delaware 
County, the Media�Sharon Hill Lines continue with no significant changes since 2006. 
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Pittsburgh, Pennsylvania 
 
Port Authority Transit completed Stage 2 of its South Hills Car Lines rebuilding program in 
2004. Now, all Library and some South Hills Village trains operate over this shorter line, while 
some South Hills Village trains continue to operate via Beechview and Mount Lebanon. In 2006, 
work commenced on the 1.2-mile North Shore Connector, a short but complex project to extend 
LRT from downtown Pittsburgh under the Allegheny River to the developing North Shore. It�s 
completion in 2011 will set the stage for potential future LRT extensions to suburbs in northern 
Allegheny County. 
 
Portland
 
Oregon�s single major metro area is the scene of one of transit�s best U.S. success stories. After 
17 years of improving and expanding the region�s bus system, TriMet opened its first LRT line 
15.1 miles to Gresham in 1986. Trains were busy from the start, and crowded in a.m. and p.m. 
peaks. Nonetheless, working through the federal process and building a line that includes a 3.5-
mile tunnel consumed fully 12 years before the Westside Line was completed to Hillsboro (1998, 
17.5 miles). Thereafter, the pace quickened, with the locally and privately funded Airport Line 
(5.6 miles) opening in 2001 and federally supported Interstate MAX (5.8 miles) completed in 
2004. During these same years, the City of Portland built its initial 2.4-mile streetcar line (2001) 
and extended it to River Place (2004, 0.6 miles). Two more extensions have added another mile 
to take streetcars to the new South Waterfront neighborhood of offices and high-density 
residential developments. On MAX, final design construction is nearing completion for the 6.5-
mile I-205 Gateway-Clackamas extension, and 1.2-mile addition of LRT on an updated and 
rejuvenated Portland Mall through downtown, with both links to open in September 2009. Also 
new in 2009 will be a new prototype U.S.-built streetcar from Oregon Iron Works� subsidiary, 
United Streetcar, under license from Inekon.  
 
Sacramento, California 
 
When Regional Transit opened its 18.3-mile LRT �starter line� in March 1987, it became the 
second new-age LRT property in California, after San Diego, most of whose design criteria were 
adopted to achieve an effective yet low-cost project. Coordinated with the region�s buses, the 
addition of LRT spearheaded a doubling of total transit ridership in the region during the 1990s. 
By 1998, the line had been extended 2.3 miles. Then, in 2003, a 6.3-mile South Line was added. 
Most recently, the eastern end of the starter line was extended in stages in 2004 (2.8 miles) and 
2005 (7.4 miles) to reach the City of Folsom. LRT ridership now surpasses 60,000 a day. A 
further 0.5-mile branch to the Amtrak station in downtown Sacramento opened late in 2006. 
Extension of this line to the north�eventually 12 miles to the airport�is being planned. A 4.3-
mile, four-station extension of the South Line to Cosumnes River College is nearing the 
construction phase, with completion anticipated in 2011. 
 
Saint Louis, Missouri 
 
Since opening its original line from East Saint Louis to Lambert International Airport (1993, 17 
miles), the system has more than doubled in length with the phased opening of the line out into 
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the Illinois suburbs (2001�2003, 20.5 miles). Presently, a third branch�the 8-mile Cross-County 
extension�was completed and opened in 2006. It includes a 1.3-mile tunnel. Most of this 
remarkable system effectively reuses surplus railroad lines, even including the historic Eads 
Bridge over the Mississippi River and the tunnel under downtown Saint Louis, perfectly located 
to serve today�s central business district. With no tracks in streets, even in reserved lanes, LRT in 
Saint Louis really could stand for light rapid transit; it is a very high-quality alignment. 
 
Salt Lake City 
 
This region�s first 15-mile LRT line opened in 1999 to link Salt Lake City and its southern 
suburb of Sandy. Almost immediately, the Utah Transit Authority secured funds and agreements 
to build a 4-mile branch from downtown Salt Lake City east to and through the University of 
Utah campus. This well-placed line now carries 25% of the university�s student-faculty-
administrative staff every day, relieving parking demand on campus. In downtown Salt Lake 
City, the line was extended from the Delta Center to a new intermodal terminal to connect with 
UTA�s new Front Runner commuter trains and intercity services. Construction has begun on a 
Mid-Jordan extension to southwestern suburbs, and a line west from downtown to the airport. 
Planning is under way for further extensions north and south. To accommodate new lines as well 
as growing demand on the present system, UTA purchased 29 surplus LRVs from Santa Clara 
County to increase its total fleet to 62, and in 2008 placed an order for 77 Siemens S-70 low-
floor LRVs to further expand its fleet 
 
San Diego
 
Oceanside-Escondido�New Start 
 
The 22-mile, 15-station Sprinter project in northern San Diego County began revenue operation 
in late 2007. Its 12 articulated �light� Euro-DMU vehicles from Siemens transport passengers 
along the Highway 78 corridor to work, school, shopping centers and other activities. At 
Oceanside, Sprinter connects with Amtrak Surfliner and Greyhound intercity services, Coaster
and Metrolink commuter rail, and local bus routes. The route also is integrated with the local 
Breeze bus system through connections at all other stations. 
 
San Diego Trolley 
 
The new age of LRT in the United States began in 1981, when San Diego opened its 15.9-mile 
South Line to the Mexican border at San Ysidro. Like the later initial line in Salt Lake City, the 
San Diego Trolley coupled about 2 miles of reserved track in downtown streets with a high-
quality railroad alignment for the remainder of the line. San Diego�s second line, to El Cajon 
(1989) and the third line north to Old Town also followed railroad r-o-w�s. This and other shorter 
extensions grew the system to 40.5 miles by 1996. East of Old Town, the 6.1-mile Mission 
Valley West Line (1997) required acquisition of new r-o-w, but brought service to the 
Qualcomm Stadium and a number of transit-friendly communities such as the Hazard Center. In 
2004, the Mission Valley East extension opened, adding another 5.9 miles parallel to a freeway, 
and including a 4,000 foot tunnel, the system�s first, to reach the campus of San Diego State 
University. Design is in progress for phased development of the 10.7-mile Mid-Coast Corridor 
Line north from Old Town to the University of California at San Diego and University City.  
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San Francisco 
 
The San Francisco Municipal Railway operates the only first-generation survivor streetcar 
system in the western United States, the Muni Metro. Its five routes in western residential 
neighborhoods merge to reach the financial district in the upper level of the Market Street 
Tunnel, built in the 1970s as part of BART. Since then, there has been an extension of the outer J 
Line to Balboa (1991, 2.3 miles), and from the city end of the tunnel up to grade and around to 
the Caltrain Depot at 4th and King (1998, 1.7 miles). In 2000, the 1.5-mile streetcar line to 
Fishermen�s Wharf was opened and linked with surface tracks on Market Street to form the 
popular F Line, operated with PCCs and older vintage trolleys. Muni�s newest LRT addition 
opened in 2007: the 5.4-mile line from 4th and King along Third Street through the southeast 
section of the city to Bayshore. Planning is under way for an E-Embarcadero vintage streetcar 
line that may eventually extend from the Caltrain Depot all the way to the Presidio, sharing one 
part of its route with Muni Metro LRVs and another segment with the popular F-Fishermen�s 
Wharf service. 
 
San Jose, Texas 
 
Valley Transportation Authority opened a portion of its Guadalupe Corridor LRT in 1987, and 
completed the 20.8-mile line in 1991. Attention then turned to the Tasman West Line, opened in 
1999 to extend service 7.6 miles to Mountainview. Thereafter, work continued on the 8.5-mile 
Tasman East and Capitol Lines, which opened in stages between 2001 and 2004. Also completed 
was the Vasona Line, a 5.3-mile extension from downtown San Jose west to Campbell opened in 
2005. Planning for additional LRT lines continues, but their phasing and funding must be 
coordinated with the proposed extension of BART to Santa Clara County. 
 
Tampa, Florida 
 
The TECO Trolley Line continues to link downtown Tampa with Ybor City and other leisure 
venues along the 2.3-mile route. A short extension into the heart of Tampa�s CBD had been 
planned. In 2008, the City of Tampa and transit agency, HART, were working on concepts for a 
larger LRT project. 

Toronto
 
The 11 routes operated by the Toronto Transit Commission represent the only surviving first-
generation streetcar system in Canada. Its 49 miles of lines are served by a fleet of 196 4-axle 
cars and 52 6-axle articulated LRVs. They carry substantially more weekday passengers�over 
300,000�than any other LRT or streetcar system in North America, working with TTC subways 
and buses as part of the city�s coordinated public transit network. Perhaps surprisingly, only 11% 
of the streetcar system�s trackage is not in mixed-traffic street lanes shared with automobiles, the 
median at the west end of the Queensway and on Spadina Avenue and the Waterfront, and the 
short subway at Union Station. Creation of additional median reservations is being discussed, as 
is an ambitious Transit City plan that would add, among a larger package of improvements, 
seven new LRT lines to bring reliable, fast, quiet and comfortable transit service to many 
Toronto neighborhoods. Also envisioned is acquisition of over 200 new 100% low-floor 
streetcars/LRVs to supplant the present aging fleet. 
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FUTURE NEW STARTS 
 
In addition to Seattle, as previously noted, two more completely new start LRT lines are under 
construction, as is a streetcar line in Washington, D.C.: 

 
� Norfolk, Virginia: A 7.4-mile LRT line has completed final design and is under 

construction for a planned 2010 opening. There will be 11 stations and nine S-70 LRVs 
purchased through an option in the Charlotte order; 

� Tucson, Arizona: Construction of the heritage trolley line extension through 
downtown is under way; an outward extension through the University of Arizona to the Arizona 
Health Sciences Center is in final design and awaiting FTA approval of funds to construct in 
time for a planned 2010 opening; and 

� Washington, D.C.: A system of several lines throughout the District has been 
proposed to complement the Metro and bus systems. Of these, three Czech streetcars have been 
built and a portion of the first line is under construction in Anacostia to link that community and 
its Metro transit center with nearby military bases. 
 

Other cities, not already named, with LRT planning and design in various stages include 
large cities like Detroit, Michigan, smaller towns such as Rock Hill, South Carolina, and 
numerous other places. 

In other locations, LRT is included as an alternative in multimodal planning studies from 
which a project may or may not emerge. 
 
 
CONCLUSION 
 
From eight cities with survivor trolley systems in the mid-1970s, new LRT and streetcar projects 
have spread across North America so that today about 30 cities in the United States and Canada 
are served by LRT or streetcars or both. Extensions and more new starts under construction, and 
additional cities in various stages of project development indicate that LRT has proven to be an 
attractive addition to local transit systems, and that the appetite for such projects is not yet 
saturated. LRT continues to offer cities the possibility of meaningful and affordable transit 
improvement. 
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nformation technology has been changing the business landscape for decades. The 
construction industry has followed this trend with different stages in infrastructure delivery, 

developing their own set of tools. The level of integration of information technology appears to 
scale from high in the planning stage to low in construction. Different owners have achieved 
different levels of integration in the operations and maintenance of their infrastructure. In those 
areas where information technology has been firmly embedded, the transfer of information 
through technology from one phase of infrastructure delivery to the next has followed the same 
pattern as integration within phases, but lagged significantly. Building information modeling 
(BIM) is the most recent industry effort to take information technology to a much higher level of 
integration. This integration is really driven by a desire to have the parties, including operations 
and maintenance, collaborate on the design and construction of the building�s systems at the 
onset. Heavy construction, such as roadway and railway systems, are looking at this delivery 
tactic for applicability to horizontal construction. 

The technology exists to have digital information developed from the start of the delivery 
process and throughout each stage passed from one stage to the next so that as new participants 
join the process, they are picking up the digital information from the previous efforts. The new 
participants then can move forward from there rather than recreating those data files. Software 
providers to the infrastructure delivery industry have worked towards providing integrated 
packages that combine all the delivery phases into one integrated suite of applications. (Bentley, 
a major software provider for highway and rail systems, has recently announced a new suite of 
software more completely integrated from planning to operations and maintenance.) It is the 
institutional issues that are and will continue to be a hindrance to the effective use of these 
integrated systems because of 

 
� Stovepiping among functions where planners, designers, constructors and operators 

and maintainers are separate entities that function independently with objectives that are not 
integrated; 

� Liability caused by sharing information digitally, particularly in the United States 
where the body of construction law has been based on the transfer of responsibilities and 
information through hard copy documents; and 

� Difficulties transferring information since the parties responsible for different phases 
of infrastructure delivery and management do not use the same software systems and do not 
consider the next phase of the program in assembling and managing their information. 

I 
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BUILDING INFORMATION MODELING 
 
Building information modeling (BIM), a revolutionary technology that builds a structure in a 
virtual environment before a grain of dirt is moved, is currently changing the entire process of 
vertical construction. These same principles can be applied to horizontal (heavy) design and 
construction in order to efficiently move that grain of dirt. To date, geographic information 
systems/global positioning systems (GIS/GPS) have been used to capture information in 3-D and 
to execute and control horizontal construction.  

BIM is a building design methodology characterized by the creation and use of 
coordinated, consistent and computable information about a building project in design and 
construction. BIM implies a free flow of information about the design among the participants 
throughout the life cycle of the project. 

The idea behind a building information model is that of a single depository. Every item is 
built only once. Both graphical document drawings and nongraphical document specifications, 
schedules, and other data are included. Changes are made to items in only one place to ensure 

 
� Increased speed of delivery (time saved), 
� Better coordination (fewer errors), 
� Reduction of Request for Information (RFIs), 
� Reduction of risk, 
� Decreased costs (money saved), 
� Greater productivity, 
� Higher quality work, and 
� New revenue and business opportunities. 

 
For each of the three major phases in the building life cycle�planning, design, 

construction, and management�BIM offers access to the following critical information: 
 
� In the planning phase�mapping and information organized by geographic location; 
� In the design phase�design, schedule, and budget information; 
� In the construction phase�quality, schedule, and cost information; and 
� In the management phase�performance, utilization, and financial information. 

 
Information modeling in the design and construction industry lifts computer-aided design and 
drafting (CADD) to the next level. Computer-aided design (CAD) involved using computers to 
create drawings digitally that could be shared among the design team with different layers to 
represent different disciplines or levels of information. This was a major step forward in 
coordinating the drawings of the different design disciplines. The digital drawings facilitated 
taking off quantities and progression to three-dimensional models. These digital drawings could 
be used by the contractor to do quantity take offs and as a starting point for shop drawings, in 
particular for fabrication off-site. This passing of digital information from the designer to the 
contractor was and still is considered a potential risk such that the paper drawings are often 
considered the contract documents and the digital versions nonbinding. The majority of 
construction is still being done using paper documents as the primary source and the pass of 
digital information a step towards creating or verifying those paper documents. 
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The concept of BIM actually has roots in other industries, primarily manufacturing and 
industrial design. The need to control information and grow it through iterative design processes 
�all the way to the manufacturing of the item�was recognized by these industries years ago. 
As BIM becomes more widespread in building construction, its approach to planning, design and 
construction is being considered for heavy civil construction such as highways, transit systems 
and railways. This application is being called civil information modeling (CIM). 
BIM/CIM is not only drawing elements in space digitally, but also embedding information in 
those elements so that they more closely approximate constructing the project on paper. For 
example, a line of a certain thickness in a CAD drawing becomes a beam of a certain size in a 
BIM model with the related dimensions and strength characteristics. Quantity take offs can now 
become specific enough to develop detailed estimates from the model itself. 

This model introduces four basic concepts to the design process from the point at which 
the model is first built. Those concepts are 

 
� Visualization�the ability to form picture of the design intent in the design team 

heads based on understanding the information being presented; 
� Communication�the ability to transfer the information being developed as it�s been 

developed which leads to a greater understanding of the project by all the team members; 
� Collaboration�the mutual support of all projects stakeholders which leads to a 

common understanding and a much shorter cycle on decision making; and 
� Rapid prototyping�after the model is built, alternatives and permutations can be 

easily introduced and their impacts measured both in how they look and what they will cost. 
 

While these concepts have obvious benefits in design development, they can only be 
delivered at a certain cost. That cost includes; first the investment in the training and effort to 
build and maintain the model, and second the suspension of traditional liability barriers among 
team members in order to share in the construction of a common model. The liability hurdle is 
sometimes avoided by the different parties building their own model and sharing information 
between them. This obviously adds significantly to the model cost itself and requires work to 
keep all the models the same. 

In most cases, architects and engineers create a 3-D model of a building or structure that 
is used for analysis and design. The model is shared among the various disciplines to improve 
design and avoid conflicts. For example, the mechanical engineer can use the model to design 
the HVAC system and avoid interference with the structural system, and the architect and 
interior designer can use the model to adhere to LEED standards for daylight. 

According to the results of a May 2006 structural engineer survey, experienced BIM 
users report that since one model is shared among the project team, conflicts are identified early 
in the design process and resolution is expedited. Additionally, schedule and workflow 
improvements are realized and production costs are reduced. By not relying on paper plans and 
written specifications, data and details about a project are shared more easily, frequently, and 
accurately. 

Contractors benefit as well. Using the same model during construction, the contractor can 
better conduct project and construction management efforts. With highly detailed data about the 
design easily accessible, contractors are less likely to make request-for-information submittals to 
architects or engineers, according to the structural engineer survey respondents. Project and 
construction management and scheduling is improved. Additionally, contractors can accomplish 
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more accurate quantities assessments and expedite change orders. The contractor can also share 
the model with suppliers such as steel fabricators. Again, working off the same, detailed data set 
that every other project participant has used, errors are reduced and efficiency is gained during 
this time-sensitive and expensive stage of a building�s development. 

Owners benefit during design and construction, but also throughout the life of the 
building. Structural engineer survey respondents reported that, during design, owners can 
visualize the 3-D design easily, again improving collaboration. They realize the cost and 
schedule advantages gained by the architects, engineers, and contractors. And finally, owners can 
use the model as the basis for its operations and facilities management system. Component 
characteristics along with their inspection and maintenance requirements can be embedded in the 
3-D model so that referencing is simplified by maintenance staff. When rehabilitation is required 
further along the life cycle of the project, the model will be relied upon again.  

CIVIL INFORMATION MODELING 
 
In civil engineering, 3-D data is starting to be shared and applied to various stages of a project�s 
life cycle, professionals are collaborating more, and project data and information are being used 
in new ways. 

Consider this scenario: A highway is being expanded from four lanes to eight, including 
an extremely busy interchange. GIS is used for site planning and preliminary design, providing 
information such as soil classifications, power line locations, nearby businesses, traffic flows, 
and more. Additionally, to acquire accurate data with the least interference to traffic, 3-D laser 
scanning is used to locate existing topography of the right-of-way, roadway features, and the 
current interchange structure. The laser scan data, which includes highly detailed X, Y, and Z 
information, is processed and shared with the civil engineer for more planning and preliminary 
design. Various scenarios are visualized easily in the 3-D model the civil engineer creates, 
improving collaboration among the client and designers. Impacts to adjacent land features and 
property owners can be tracked and impacts measured easily and quickly for alternatives 
proffered.

Once a final design is agreed upon, the 3-D model is used for detailed design, including 
the modeling of all proposed topography and features of the expanded roadway�from pavement 
layer thicknesses to light pole placement to utility crossings. 

The 3-D model is shared with the contractor for GPS machine control (automated 
machine guidance or AMG), improving the speed and accuracy, and therefore cost, of 
construction. 

An as-built laser scan or the 3-D model is shared with the owner for inclusion in its GIS, 
where the data will be integrated into its system, where more data will be applied to it. Now a 
part of a comprehensive GIS, the digital data will be used for asset management and as data for 
planning future projects nearby, among various uses by others with access to the GIS. 
Eventually, the 3-D model and the rich GIS will be used for future rehabilitation planning and 
design.  

The integrated, 3-D digital workflow that is the cornerstone of BIM is being paralleled in 
the civil engineering industry. True, not all of the steps in the civil engineering scenario are 
applied to all projects and the process of data sharing is not as simple. However, projects 
increasingly are applying some of the elements of this scenario, and eventually, more projects 
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will apply all. If it hasn�t happened already, it�s just a matter of time before you will be asked by 
a client, contractor, or another design consultant to engage in one of these steps. One of your co-
workers or organization leaders is going to start discussing the merits of engaging in some�or 
more�of these new technologies or workflows soon. 

The most difficult aspect of the technology-driven changes in the world of engineering 
isn�t the technology itself but the associated work processes. To compete, companies need to 
learn how to use advanced technologies and change their work processes to match. 

This step will be accomplished more easily in the rapidly developing areas of the world, 
rather than in the developed West, for one simple reason: tradition. In the United States, Canada, 
and parts of Europe, there are not only old, established firms, but there are old, established ways 
of doing things. Processes, codes, laws, and procedures have been set the same way for decades, 
and changing those aspects is difficult in a short time. Despite the age of their cultures, such 
traditions don�t exist in places such as China and India. These countries don�t have enormous 
legacy infrastructure to worry about; for example, there aren�t many fiber-optic lines and water 
mains to puncture with an errant backhoe (which also means that creating the GIS map of a 
city�s infrastructure isn�t as challenging). 

GEOSPATIAL TECHNOLOGY (GIS) 
 
The days of the static map are long gone. One quick look at the Internet will tell you that. For 
example, who hasn�t zoomed in on their backyard with a tool like Google Earth and checked to 
see what else that map could tell you? The same level of change is coming to the professional 
use of combined maps and data. Clearly, during the planning and construction phases of a 
project, geospatial technology offers many benefits such as analyzing traffic flows and local 
impacts, as well as determining with precision where underground utilities and structures lie that 
could affect the plans.  

But one of the most fundamental benefits of creating �living� geospatial documents is on 
the asset management side of the equation. Ten or 15 years after a project is completed, does 
anyone know exactly where to find all the detailed information about what was built where? Or 
did some vital detail wind up as a handwritten field note on a single drawing or worse, on a scrap 
of paper stuffed into a trouser pocket? Imagine, instead, that technology in the field connected to 
the entire linked set of planning and construction documents is used to create real-time GIS 
documents, which lead to a complete digital database of the project. There will be no more 
looking for the lost paper scrap, and no more guesswork about the pedigree of a project or onsite 
changes. The result will be more efficient and effective management of projects over their 
lifespan, and the ability to understand precisely the need for and cost of maintenance, repair, and 
replacement over time. 

Consider positioning technology, which is providing innovative solutions for various 
scales of locating work, from millimeter to meter as needed. Global Navigation Satellite Systems 
(GNSS)�the U.S. GPS, Russian GLONASS, and the future European Galileo systems�
together with augmentation systems are appreciably enhancing terrestrial positioning. And 
GNSS is further enhanced by VRS systems around the world that make centimeter-level, real-
time kinematic (RTK) positioning available to all. 

Non-satellite-based positioning is also advancing quickly. Traditional total station 
distance and angle measurement is becoming faster, more convenient, and more accurate. In 
addition, with the increase in functionality and focus on ease-of-use, 3-D scanning will 
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inevitably become essential technology for acquiring spatial data. These improved instruments 
are not merely faster. Scanners are enabling surveyors and designers to discover new ways to 
utilize full 3-D images, an improvement to collections of discrete points with x, y, z coordinates. 
Scanners are also making digitization in the field increasingly practical, closing the gap between 
office and field. 
 
 
WIRELESS COMMUNICATION 

While positioning technologies are expanding, wireless communication is also exploding. In the 
last decade, several alternatives for data transfer have emerged�cellular standards such as 
GPRS, robust point-to-point radio solutions, Bluetooth, and satellite communications. Each of 
these has a place; none are complete solutions. These solutions range from simple and 
convenient, such as Bluetooth-enabled survey instruments that eliminate problematic cables, to 
highly significant, such as cellular standards that make VRS correction delivery easy. Finding 
ways for these disparate technologies to work together smoothly is a focus of current research. 

The construction industry has been working towards paperless documentation for a 
number of years, making great strides in document control for all of the paperwork being 
produced. Effective wireless communications pushes this effort towards real-times 
documentation and reduces the transfer of information from hard copy field books into stationary 
data sets. In addition, the inspector can have all of the information required to effectively do his 
or her work at their fingertips where the operation is taking place. Quality control/quality 
assurance can be much more effectively done with the capture of field information electronically 
being structured to allow checking on the quality of the work done. If something does go wrong, 
then forensics to determine cause of responsibility becomes much simpler and more accurate 
allowing solutions and allocation of responsibility to be quicker and more equitable. 
 
 
3-D MODELS 
 
Powerful processors, low-cost memory, and fast, widespread Internet availability are enabling 
solutions unthinkable a few years ago. One example is spatial imaging, which is becoming the 
new standard for design work. Scanning and digital imaging are significantly speeding up model 
creation, enabling 2-D and 3-D CAD drawings to be replaced by 3-D models. Increasingly, these 
models are accessible to all project stakeholders early in the project life cycle. Together with the 
accurate geolocation that VRS (virtual reference stations) enables, models are becoming the 
basis of 3-D geographic information systems that will require expert management by surveyors 
and others who understand the complexities of spatial data maintenance. 

Another advantage is obtaining real-time feedback by combining a 3-D model with 
geospatial information. For example, consider building a few miles of roadway using a model of 
the project combined with a highly accurate map of the location and construction equipment with 
built-in GPS. This can provide real-time feedback as to how the construction process is at 
variance with the model, and allow instant corrections. Using this approach to prevent spreading 
just an extra 6 inches of gravel on a couple miles of roadbed could save hundreds of thousands of 
dollars in otherwise wasted materials. In some cases, the simple elimination of the need for 
repeatedly staking each point means crews can operate with lights 24/7 in shifts, dramatically 
reducing construction time. 
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In addition, moving to 3-D can create completely new and more efficient ways of 
realizing large and costly projects. For example, constructing a large-scale housing development 
which has several planned phases is a long and expensive undertaking. 

Traditionally, a developer might choose to make Phase I the area closest to the main 
traffic artery serving the development, building future homes farther inside the development. 
Using technology such as Autodesk Civil 3D, the developer instead can model the entire process 
before the first dirt is moved�lay out roads, mark out parcels, understand drainage, even match 
the right home style to the parcels. At the same time, this model can enable development of a 
more intelligent workflow to construct the project in the most efficient way. It may make the 
most sense to build Phase I homes well inside the development�s boundaries so excavated 
material can be moved more easily and reused in later phases. 
 
 
AUTOMATED MACHINE GUIDANCE 
 
Automatic machine guidance (AMG) links sophisticated design software with construction 
equipment to direct the operation of the machinery to a high level of precision, improving the 
speed and accuracy of the construction operation. The system is presently being used in highway 
construction and other grading operations (see Figure 1). Critical construction data is synthesized 
into models that create an accurate picture of the terrain and interface with equipment software to 
guide the operation and provide a stream of information to the operator so that he/she can be sure 
that the equipment is operating properly. The actions of the equipment are recorded, creating an 
archive both for reviewing the quality of the work and documenting existing condition for future 
maintenance and repair operations. The reduction, if not elimination, of workers on the ground 
directing and measuring improves productivity and safety significantly. The quality of the 
product is much less impacted by weather conditions, time of day or level of focus of the 
employees. The accuracy of the work and its measurement is dramatically enhanced resulting in 
higher quality of products and less wasted material and efforts. DOT�s have been on a long quest 
to make highways smoother and more homogeneous since this not only increases the ride quality 
for their customers, but also significantly increases the life of the pavement system. AMG is a 
major step forward in that quest. If the construction model is integrated backwards into the 
design effort, then the intention of the designer is more likely to be translated into the work 
product, reducing potential for error. However, in traditional highway and rail infrastructure 
projects this integration often causes liability issues among the parties sharing. 
 

FIGURE 1  Automated machine guidance. 
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SOFTWARE SYSTEMS 
 
BIM is not a technology but rather a methodology, but it does require suitable technology to be 
implemented effectively. Among the tools available to help achieve BIM are 
 

� Revit from Autodesk, 
� JetStream (software) from Autodesk, 
� ArchiCAD from Graphisoft, 
� Constructor from Graphisoft,  
� Bentley Architecture from Bentley Systems, 
� Building Explorer by Building Explorer LLC BIM,  
� VectorWorks Architect from Nemetschek, and  
� Digital Project from Gehry Technologies LLC. 

 
The concept of using a single BIM modeling software package to service the needs of all 

stakeholders isn�t appropriate the same way a single model servicing all stakeholders is. With 
many vendors and many more industry and role specific software available, it is important to not 
constrict your access to one format. As the building information modeling/civil information 
modeling paradigm shift within the industry takes place, organizations need to respond properly 
to it. While we cannot predict the future of civil information modeling, the goal is to have the 
proper applications so to this project possible can be delivered efficiently.  

BIM supports the continuous and immediate availability of project design scope, 
schedule, and cost information that is high-quality, reliable, integrated, and fully coordinated. 
This ability to keep this information up-to-date and accessible in an integrated digital 
environment gives architects, engineers, builders, and owners a clear overall vision of their 
projects, as well as the ability to make better decisions faster�raising the quality and increasing 
the profitability of projects.  
 
Gehry Technologies  

For 15 years, Frank Gehry�s practice has provided an example of a new way of working; 
communicating project data to the building team in a digitally integrated form, and rethinking the 
collaborative processes of project teams in light of new design, management, and communication 
technologies. There is growing interest, within the architectural design, engineering, fabrication 
and construction communities, in the potential for digital technologies to change the nature of 
professional practice and address underlying inefficiencies and conflicts resulting from an 
outdated process.  

Building projects are increasingly complex undertakings. Tougher building codes and 
performance requirements, tighter schedules, distributed teams, and the possibility of new 
architectural forms, all add up to a building design and construction process whose demands 
exceed the capabilities of 2-D CAD and paper based delivery processes. Additional complexity 
in the design phase has created downstream problems in construction where poor data 
coordination translates directly into an average of 20% costs overruns during construction. The 
result of this trend is that, while over the last 20 years technology applications have resulted in 
productivity gains in virtually every industry, AEC has actually experienced productivity losses 
over the same time period. 
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Bentley Systems 
 
With an intuitive user interface, extensive libraries of building components, and powerful tools 
for modeling, drafting, and reporting, Bentley Architecture supports all phases of the 
architectural workflow, from conceptual design to construction documentation. Integrating 
design, visualization, drawing production, and reporting, Bentley Architecture is part of 
Bentley�s BIM solution of integrated design, engineering, and management applications for the 
entire life cycle of constructed assets. Used on large and complex projects around the world,  

Bentley Architecture was specifically developed to support workgroups and distributed 
teams in a managed environment, allowing architects, engineers, and contractors to build as one. 
BIM enables business-critical benefits over traditional CAD, eliminates waste, significantly 
reduces errors and omissions, provides greater predictability of costs and performance, allows 
exploration of more design options, and ultimately results in better buildings. 
 
Synchro
 
Today, Synchro has technology relationships in the form of technology development agreements 
with Primavera, Autodesk, TechSoft3D and others. These strategic relationships offer our joint 
customers the right ingredients to leverage existing software investments and extend benefits 
beyond information silos, which commonly exist between well-formed industry processes. 
Synchro Professional provides complete construction visualization, project scheduling, advanced 
risk management, synchronization with design changes, supply chain management and cost 
allocation for comprehensive virtual construction simulation. Synchro Professional enables 
alternative scheduling options, resource allocation, and time and cost savings to be evaluated.  

Trimble
 
Trimble, which has been working on integration of these technologies for more than a decade, 
has established partnerships and alliances with industry firms to work on the concepts critical to 
what it calls the Connected Site approach. In addition, last year Trimble added the capabilities of 
visualization technology pioneer XYZ Solutions and others to its portfolio. XYZ enables users to 
take fuller advantage of 3-D models and the rich data sets they are built on, eventually enabling 
field digitization. Effective, rapid visualization is essential to a model-based workflow. 

Trimble has also added the capabilities of Meridian Systems to its portfolio. Meridian 
brings the business and life cycle management software component to the Connected Site 
initiative, helping building owners, AEC firms, and government agencies facilitate delivery of 
information throughout the entire plan, build, and operate life cycle. 

These and other technologies will only be fully relevant to the infrastructure industries 
when they are completely accepted and integrated into daily project workflows. Focusing on 
integration is the best way to serve the five key participants in infrastructure development: 
owners, government agencies, surveyors, AEC firms, and contractors. Each of these participates 
in a continuum of interrelated processes and works with a large number of providers. And each 
can benefit from integrated technological advances that connect participants more tightly. 

There are applications which create BIM models (Autodesk�s Revit, Bentley�s Building, 
etc.). There are applications that which view and analyze the BIM (Navisworks, Solibri, 
Commonpoint, etc.) and there are software applications which process information which may be 
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linked to the BIM (Microsoft applications�Word, Excel, Project, etc., other scheduling or 
database applications, etc.). 
 
Autodesk 
 
Autodesk is pushing the concept of BIM into areas outside of simply buildings. The company 
describes BIM as an integrated process that coordinates reliable information about a project 
through all phases of design and construction, and they see increasing opportunity for the 
application of the BIM approach in the civil engineering space.  

The virtual environment within the software allows the incorporation of design 
intelligence into the process, with returns in terms of time and materials savings, as well as 
enhanced road safety. When designing a roadway there are a number of safety considerations, 
including the road slope, turning radius and signal location that are tied to roadway speed 
limitations. 

Traditionally an engineer would use two-dimensional drawings and formulas to 
determine if a roadway design met safety standards. With Autodesk�s AutoCAD Civil 3D 
software, the engineer can turn to criteria-based design to automate that process and check the 
design against criteria as they are designing. The software includes many different design 
criteria, including the safety criteria from AASHTO used widely in the United States. 

Visualization and simulation enhance the rules-based design view to incorporate elements 
related to how the roadway interacts with the environment around it.  
 
 
SUMMARY
 
This paper presents only a sampling of the many applications of information models in civil 
construction. In the application of BIM, the effort is to build a single model that integrates all 
information from planning to operations and maintenance. That model is then used to simulate 
the construction of the project and to visualize the product in order to verify the stakeholders� 
perceptions of the outcome and to ensure integration of the total design. Once built, this model 
also allows exploration of alternatives with very fast turnarounds on impact to cost, schedule, 
and look of the product. Because the various disciplines are defined in the same space, 
verification that the design is fully integrated does not have to wait until construction to be 
checked at a detailed level. A major product of the BIM model is clash detection or utilities such 
as piping that are internal to the building in conflict with other utilities or with structure. While 
CIM can benefit proportionately from the same kind of utility, civil construction is a different 
environment that makes its application at least initially more complicated. 

Building or vertical construction has certain advantages over horizontal or civil 
construction in implementing a single information model concept. Buildings infrastructures 
encourage higher integration of project stakeholders earlier in the process. The major participants 
that are affected by the work�the owner�developer, the architect engineer, the CM builder and 
the operator, who is often the same as the owner�are involved in the decisions of what�s to be 
built and how much it will cost earlier in the process than civil construction.  

In civil construction, the planning process involves public agencies and adjacent property 
owners that are only concerned with the negative impacts of the project and not its effectiveness. 
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Many of the decisions are made to adhere to regulatory requirements, appease adjacent property 
owners and local politicians as well as achieve the functional objectives of the owner or project 
sponsor. This environment has encouraged extensive use of information models such as GIS to 
capture, organize and present planning information. It has not encouraged the construction of full 
three-dimensional information models because of the protracted project development and the 
lack of central decision making in the process. The creation of integrated design teams to vet 
various configuration alternatives to arrive at an optimum solution is proving to be highly 
effective for buildings using the BIM model. The same sort of process is much more difficult in 
civil works.  

A series of decisions that are made to shape infrastructure projects are considered in 
many cases external to the project sponsors or the project team. What this means is that the CIM 
model provides value by pulling many disparate pieces of information into a common framework 
so that conflicting criteria and impacts can be reviewed and optimized in a cost-effective way. 
The visualization that a CIM model would provide would be highly effective in visualizing for 
external stakeholders the impact of the project. Often the project team members for civil works 
are contracted separately at different times in the project development. Others are reluctant to 
make the large initial investments that full information models require because they are unsure if 
the benefit of that investment will be realized by utilization from future stakeholders. The true 
benefit of this initial investment can only be realized if its use is fully integrated into the design 
construction and operation and maintenance of the infrastructure being built.  

As has been discussed previously, institutional barriers may force different project 
participants to build their own models either because her predecessor is unwilling to provide 
theirs or because they do not trust the validity of the predecessor�s model. This does not negate 
the benefit of the 3-D information model, but it does make the process significantly less efficient 
both in terms of time to execute and cost.  

The ability of the industry to function in the 3-D information environment is another 
major hurdle to its implementation. When CAD first was introduced to the industry, designs 
were done by a designer looking over the CAD operator shoulder and telling them what to do. 
Now designers operate in the CAD environment as they develop their designs. The lack of 
engineering and construction firms and people with knowledge and understanding of either the 
strategies or the technical skill to create and function in a 3-D information environment will 
severely hamper its implementation. The technicians who are creating and managing the models 
will have to work closely with the planners, engineers and constructors to make each party 
understand how this works and what it can do. Owners will be the major drivers in this change 
since they set the market value for introducing it into a project. As was discussed previously, 
software companies are working hard to create platforms that will facilitate the process and are 
anxious to work with owners since they need to show successes to sell their products. Industry 
organizations such as AASHTO and TRB are pushing initiatives and studies to test these 
technologies and educate the industry on their uses.
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etween 1980 and 2005, 16 U.S. metropolitan areas opened rail transit systems (1). Most of 
the rail lines were applications of light rail concepts and technology. These metropolitan 

areas joined 10 others whose systems predate the recent rail transit renaissance. Some of these 
rail transit metropolises have enjoyed increased riding habit and/or service productivity in recent 
years, while others have experienced stagnant or declining riding habit and/or service 
productivity. The term riding habit refers to ridership (passenger miles) per capita while service 
productivity refers to load factor (passenger miles per vehicle mile). The purpose of this paper is 
to explain why some metropolitan areas with rail transit have experienced performance success 
and others have not. A specific focus of the paper is to better understand the role that systems 
planning decisions have played in rail transit success or failure.  

This paper examines the transit development history of 10 mid-sized U.S. metropolitan 
areas that adopted rail transit during the past 30 years: Atlanta, Georgia; Dallas�Fort Worth, 
Texas; Denver, Colorado; Miami, Florida; Minneapolis�St. Paul, Minnesota; Pittsburgh, 
Pennsylvania; Portland, Oregon; Sacramento, California; Salt Lake City, Utah; and San Diego, 
California. Planners in these metropolitan areas have followed different conceptualizations for 
how rail investments serve larger transit development goals. We call such conceptualization 
systems planning, and we demonstrate that it matters in subsequent transit performance.  

All 10 metropolitan areas have become increasingly decentralized over the past century 
in employment as well as residential location, and urban decentralization has posed significant 
challenges for transit planners. Some planners have by design or inadvertently used rail transit 
investments to increase the usefulness of the overall transit network in reaching decentralized 
destinations. Others have used rail transit to provide superior service to the regional central 
business district (CBD) in competition with bus services also serving the CBD. We hypothesize 
that the decision to either decentralize service to reach dispersed destinations or focus service on 
the CBD accounts for the variation in transit system performance across the 10 metropolitan 
areas. 
 
 
METHOD AND DATA SOURCES 
 
Our method is based on categorization of the 10 metropolitan areas according to how their transit 
systems have been conceived at the regional level. We first define two archetypes, each defining 
a vision for how transit systems function at the regional level. One archetype has transit focus on 
a regional CBD; the other has transit serving dispersed regional destinations. We next place the 
10 metropolitan areas into three groups that are arrayed on a continuum between the two 
archetypes. We then examine the transit performance of the median metropolitan area in each of 
the three groups over a 20-year period, using three indicators: riding habit, service productivity, 

B 
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and cost effectiveness. We define riding habit as passenger miles per capita, service productivity 
as passenger miles per vehicle mile, and cost effectiveness as operating expense per passenger 
mile (adjusted to 2007 dollars). The service productivity measure can be interpreted as the 
average number of passengers on board a vehicle every mile that it operates.  

When comparing performance between metropolitan areas with bus and rail systems, we 
considered a criterion that would measure capital cost, such as annualized capital expenses per 
passenger mile. Unfortunately, there are no databases that report capital investments in U.S. 
transit systems, and the task of freshly compiling such a database for the 10 regions in this paper 
is beyond its scope. We are not disturbed by this absence, however, because studies documenting 
capital expenses in those cities making either bus or rail capital investments suggest that capital 
expenses for bus improvements approach those of light rail. Kain and Liu (2) in comparing 
transit performance in Houston and San Diego found that the combined capital and operating 
expense per passenger mile for all transit users in 1992 was about $.45 in San Diego (a bus and 
rail city) and about $.52 in Houston (a bus-only city). At that time 34 miles of light rail line were 
in operation in San Diego, and 64 miles of transitway [high occupancy vehicle (HOV) lanes] 
were in operation in Houston. The transit capital charges in Houston included only part of the 
capital cost of the HOV lanes, because car and van pools also used the lanes in addition to 
express buses. Another study found similar results for the express bus oriented cities of Seattle, 
Houston, and Minneapolis�St. Paul compared to the light rail and bus cities of Portland, San 
Diego, and Sacramento (3). 

Rail investments have increased since 1998 in most of these cities, but so have bus capital 
investments. In 2000, Metro Transit in Minneapolis�St. Paul, for example, operated express 
buses over 170 miles of exclusive freeway and express highway shoulder lanes for buses and 37 
miles of HOV lanes (Metro Transit 2001). In 2008, Metro Transit operated express buses over 
269 miles of bus-only freeway shoulder lanes, 7 miles of exclusive busways, 10 miles of bus 
lanes, and 39 miles of HOV and HOT lanes in freeways (4). In 1998, Pittsburgh�s Port Authority 
of Allegheny County Transit operated two busways totaling 11 miles and numerous on-line 
stations, in addition to its light rail corridor. In 2002 it opened a third, 5-mile long busway at a 
cost of $327 million and a year later extended one of its earlier busways by 2.3 miles at a cost of 
$68 million (5, 6). These figures suggest to us no meaningful difference in the capital expenses 
per passenger miles between cities choosing to invest in bus rapid transit facilities and those 
investing in light rail transit facilities. What differs among these cities is the subsequent 
performance of their transit investments.  

To carry out the three steps outlined above, we prepared several sources of data over 20- 
to 30-year time periods (see Table 1). These include 30-year trends in the spatial distribution of 
population and employment and their relation to service, 20-plus-year time series of the three 
transit performance variables, and descriptions of the evolving systems planning vision over 
roughly a 30-year time frame as elicited from planning documents and interviews. For most 
metropolitan areas, we interviewed two key informants who had a long-term perspective on both 
bus and rail transit development in their metropolitan area to provide the agencies� motives for 
the major changes in system design that we observe. We also obtained geographic information 
systems (GIS) shapefiles of the transit systems in each of the metropolitan areas, which we used 
to produce the system maps shown throughout the paper.  

The 10 metropolitan areas that we examine are all mid-sized with populations between 1 
million and 6 million persons. Most metropolitan areas are growing in population and  
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TABLE 1  Data Sources 
 

Information Data Sources 
Case study details (interviews, histories) (9, 10) 
CBD definitions, CBD and non-CBD 
employment, metropolitan population (18, 9, 19, 20, 21)  
Passenger miles, revenue miles, and operating 
expense (by agency by mode) (15) 
GIS shapefiles of metropolitan bus and rail 
systems (22, 23, 24, 25, 26, 27, 28, 29, 30, 31)  

 
 
employment, although a couple are stagnant or in decline. All 10 metropolitan areas are 
decentralized and continue to decentralize (see Table 2). The CBD contains less than 10% of 
metropolitan employment in all 10 metropolitan areas, ranging between 3.57% and 9.10%. In 
seven of 10 metropolitan areas, the share of metropolitan employment in the CBD declined 
between 1985 and 2000. In the three cases where CBD employment shares increased, the 
increases were marginal. In two of the cases the CBD accounted for less than 4% of metropolitan 
employment in 2000. 
 
 
DEFINING TWO REGIONAL NETWORK ARCHETYPES 
 
To frame the narratives of transit development in the 10 case studies, we use Figure 1 to set forth 
two archetypes of regional transit system development, and we use Figure 2 to set forth the 
process by which some transit systems began to decentralize their bus systems when they 
introduced rail transit (7, 8, 9). The left panel of Figure 1 reflects the idea that there is only one 
significant transit market in the metropolitan area. That market is work trips destined to the 
metropolitan area�s dominant central business district (CBD). Planners lay out the regional 
transit routes to provide direct, high-speed service from far-flung suburbs to the CBD. Commuter 
rail lines and express buses using HOV lanes provide this type of service. Service often operates 
only during weekday peak hours in the peak direction. 

The right panel in Figure 1 reflects the idea that transit should connect to all major 
regional destinations, of which the CBD is only one. The connections are accomplished by a grid 
of regional routes that provide higher speed service than what typical local bus lines provide. The 
regional routes have stations to provide pedestrian access to and from the major destinations as 
well as to provide transfer connections to other regional routes, local routes, and automobile 
connections. In this concept routes operate frequently (at least once every half hour) all day and 
into the evening. The market consists of people traveling to a wide variety of destinations for a 
variety of purposes throughout the day, during evenings, and on weekends. Regional rapid transit 
and regional light rail lines typically provide this type of service. Express buses on HOV lanes 
theoretically could provide this type of service but typically do not, because they usually lack the 
stops for accessing regional destinations and for providing transfer opportunities. 

Figure 2 depicts the rationale and process by which some transit systems inadvertently 
began to decentralize their bus services when they introduced rail transit. The left panel depicts 
duplication of bus routes that occurs as CBD-bound buses converge on the CBD. The amount of 
service duplication becomes more acute in larger metropolitan regions, where more and longer  



 

TABLE 2  CBD Versus Non-CBD Employment in 10 Metropolitan Areas: 1970, 1985, and 2000 (32, 19, 20)
 

CBD employment as percent of regional 
employment (%) 

Non-CBD employment as percent of 
regional employment (%) Regional employment 

MSA 
1970 1985 2000 1970 1985 2000 1970 1985 2000 

Atlanta 9.75  9.10  6.36  90.25  90.90  93.64     534,612 1,090,203 1,819,500 

Dallas�Fort Worth 8.02  6.04  4.25  91.98  93.96  95.75     820,425 1,606,378 2,286,011 

Denver 6.84  6.85  7.49  93.16  93.15  92.51     617,783 1,193,416 1,754,056 

Miami 1.99  2.20  3.59  98.01  97.80  96.41  1,054,093 1,934,165 2,773,734 

Minneapolis-Saint Paul 9.43  7.12  3.94  90.57  92.88  96.06     914,008 1,354,673 1,885,771 

Pittsburgh 7.94  11.88  9.10  92.06  88.12  90.90     866,074    888,161 1,049,541 

Portland 6.35  8.38  8.16  93.65  91.62  91.84     472,746    719,324 1,182,408 

Sacramento 5.20  8.43  8.89  94.80  91.57  91.11     281,531    488,110    728,803 

Salt Lake City 5.12  6.10  4.62  94.88  93.90  95.38     356,097    628,570 1,098,327 

San Diego 3.23  3.20  3.57  96.77  96.80  96.43     647,900 1,166,795 1,733,524 

NOTE: Regional employment refers to total employment in the core counties of the metropolitan statistical area. 
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FIGURE 1  Radial versus grid regional route coverage. 
 

 

FIGURE 2  Using rail transit to improve transit productivity; unintended consequence: 
improved transit accessibility. 
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bus routes from more distant suburbs join other routes coming from closer-in points. The right 
panel offers a productivity solution to the duplication of CBD-bound bus routes. A rail transit 
line merely replaces the duplicative parts of the bus routes. Although the intent of introducing the 
rail line is to increase productivity and not to change service orientation, the latter may happen 
inadvertently (9). New transit users may take advantage of new origin-destination pairs that are 
possible because of the bus-to-bus, rail-to-bus, and bus-to-rail transfer stations that have opened 
in the suburbs. 
 
 
CATEGORIZATION OF REGIONAL TRANSIT NETWORKS 
 
The regional transit systems of the 10 metropolitan areas fall on a continuum between the two 
systems planning archetypes. Portland�s and San Diego�s transit systems come closest to the 
ideal presented in the right panel of Figure 1. These two metropolitan areas possess regional 
dispersed, or multidestination, bus-and-rail transit systems with light rail transit serving as a 
framework around which the bus system is organized (9). The trunk portions of bus routes that 
previously operated from Gateway, Beaverton, and Cedar Hills in Portland, and El Cajon and 
Old Town in San Diego, all shown in Figure 3, were replaced by light rail lines, in the manner 
depicted in Figure 2. The light rail lines reach many of the major destinations in their respective 
MSAs with service that operates at roughly double the scheduled speed of local bus service with 
headways of 15 minutes or better. (Major destinations are circles by black lines in Figure 3.) The 
light rail lines have transfer connections to many other destinations that they do not reach 
directly. In both metropolitan areas, the light rail lines intercept many major bus routes as well as 
commuter rail and other light rail lines at stations such as 82nd Street, 69th Street, Hollywood in 
Portland and Chula Vista H Street, 12th/Imperidal, Fashion Valley, National City, and Old Town 
in San Diego, among others. At such stations the light rail lines take bus, commuter rail, and 
other light rail line passengers to destinations not reached by those lines, and those lines take rail 
passengers to destinations not reached by the trains.   
 
 

 
FIGURE 3 Metropolitan areas with regional multidestination bus–rail transit systems.  
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Underlying the regional light rail lines in both Portland and San Diego are networks of 
local bus routes that cover the entire region with multidestination route configurations. Portland 
began reorganizing its bus routes in 1979 from CBD-radial to timed transfer and grid 
configurations, 7 years before its first light rail line opened, but it did so with the idea that light 
rail would replace CBD-bound trunk portions of routes, as in Figure 2 (9, 10). San Diego 
adopted the German Vehrkehrsverbund approach to regional transit integration in 1979, the only 
metropolitan region in the United States to do so. In the Vehrkehrsverbund approach, a regional 
board establishes service plans and standards for coordinated transit service throughout the 
region. It provides for uniform fares, coordinated schedules, and the issuance of regional maps 
and timetables. It then contracts with numerous operators to provide the various specified 
services (11). From the public�s point of view, the entire system functions as an integrated 
whole, but numerous smaller operators in contrast to a monolithic public monopoly can maintain 
better reliability while better controlling costs.  

Neither Portland nor San Diego fully achieve the ideal shown in the right panel of Figure 
1, however, because the higher-speed light rail lines do not service all of the major employment 
corridors (see Figure 3). Portland�s light rail lines do not serve major employment centers to the 
southeast and southwest of the CBD. In addition, all the light rail lines serve the CBD, resulting 
in duplication of service and crowding of trains on tracks entering the CBD. In San Diego 
express buses and commuter rail run in the northern corridors not served by light rail, providing 
partial regional service (9). Regional service in these corridors is deficient, however. Express 
buses serve relatively few intermediate destinations because of the severe time penalty they 
endure for those intermediate destinations they do serve. Commuter trains are very infrequent. In 
the south part of the county, the regional light rail lines contribute mightily to transit 
performance. Each of the light rail corridors boards between 25,000 and 50,000 passengers per 
day. In the north part of the county no express bus or commuter train corridor boards more than 
6,000 passengers per day (12, 13). In both San Diego and Portland, light rail lines provide only 
about 19 % of transit service, but they attract between 40% and 45% of all transit passenger 
miles in the regions (see Table 3). 

The Minneapolis�St. Paul, Pittsburgh, and Salt Lake City transit systems come closest to 
achieving the ideal represented by the left panel in Figure 1 at the time of the study. These three 
transit systems focused their service on the central business district (see Figure 4). Both 
Minneapolis�St. Paul and Pittsburgh possessed CBD-radial local bus systems that blanket their 
respective metropolitan areas. In the case of Minneapolis�St. Paul there are three CBDs: 
Minneapolis, St. Paul, and the university lying in between, but 85% of all bus miles operated 
within the metropolitan area terminate or originate in the Minneapolis CBD, shown in Figure 4 
(9). Both the Minneapolis�St. Paul and Pittsburgh systems operated CBD radial express bus 
routes that use grade-separated facilities to link more distant neighborhoods to the CBDs (9). 
Express buses in the Minneapolis�St. Paul metropolitan area make some intermediate stops to 
serve dispersed destinations indicated in the figure, and there is growing recognition in the Twin 
Cities that express buses will have to do much more of this in the future (9). Figure 4 shows three 
grade-separate busways entering Pittsburgh. The Pittsburgh busways contain on-line stations; the 
stations on the east busway shown access important university and medical destinations in the 
Oakland area, about 3 miles east of the CBD. Overall, however, the focus of the express bus 
services in both metropolitan areas is on their respective CBDs.  

Both metropolitan areas possess single light rail corridors, though Pittsburgh�s corridor 
diverges south of the CBD into two lines that come together again and then split into two outer  
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FIGURE 4  Metropolitan areas with CBD-radial bus–rail transit systems. 

 
 
branches. The Pittsburgh lines are a rebuilding of a streetcar corridor that survived from the 
streetcar era and operate no faster than local buses, while the Twin Cities� light rail line opened 
in 2003 (9, 10). As of the time of the study, Pittsburgh�s light rail line functions (as of this 
writing) like a standard radial bus route to the CBD with almost no integration with other transit 
services. Although it passes through areas with substantial employment, it serves primarily to 
connect residential districts with the CBD. In most of the Pittsburgh bus and rail system, 
passengers transferring from one route to another pay an additional fare, and few do so. There 
are two exceptions to these statements (9). One of the two outer branches terminates near a mall 
at South Hills, and there is substantial light rail traffic to the mall. In the CBD the line operates in 
a subway and circulates passengers transferring from buses to their final destinations. 
Transferring is possible in the CBD, because there is no fare in the CBD. In terms of the left 
panel of Figure 1, the Pittsburgh light rail corridor functions largely as one of the radial lines.  

The light rail line serving Minneapolis�St. Paul was built to interconnect major 
destinations along its entire length, and bus services in its corridor were restructured around it. It 
functions similar to the right panel of Figure 2. The light rail line in Minneapolis provides about 
5.3% of regional transit service and attracts about 14.5% of passenger miles. The light rail in 
Pittsburgh provides about 6.5 % of transit service while attracting about 11% of passenger miles. 
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The Salt Lake City transit system is also CBD-radial, but as of the time of this writing it 
differs from the radial orientation in Minneapolis�St. Paul and Pittsburgh by the sparseness of its 
bus service prior to the introduction of light rail. Salt Lake�s light rail line, which opened in 
phases between 1999 and 2003, serves suburban as well as CBD and university destinations (see 
Figure 4). However, most bus services in its corridor were not restructured around it. About 70% 
of the bus routes in the Salt Lake area, but not including bus service in Ogden or Provo, 
continued operating to the CBD in parallel to the light rail line (9). The light rail line is fast, 
averaging 23.6 miles per hour on its 15-mile journey from downtown Salt Lake City to Sandy. It 
has proven popular, attracting new passengers to transit as well as diverting former bus riders. 
However, because the sparse bus service was not restructured around light rail to feed passengers 
into it and to serve new destinations, its productivity fell. In 2006 light rail comprised 11% of 
transit service in the metropolitan area and attracted 29% of passenger miles.  

The remaining five metropolitan areas possess transit systems that lie between the two 
archetypes. These metropolitan areas are Atlanta, Dallas�Fort Worth, Denver, Miami, and 
Sacramento. We provide maps of their regional transit systems in Figure 5. The Atlanta and 
Dallas�Fort Worth metropolitan areas possess multidestination local transit systems structured 
around rail transit lines in parts of the metropolitan area, but large destinations in many growing 
parts of the metropolitan areas are not served by high-quality transit service. In Atlanta, the 
urban core counties are served by the dispersed, bus-and-rail Metropolitan Atlanta Rapid Transit 
Authority (MARTA) system, whose entire system evolved in the manner depicted by Figure 2 
(14). However, the growing job centers in the suburban counties of Cobb, Gwinnett, and Clayton 
lack rail service and either lack bus service or are served by agencies geared toward taking 
commuters by express buses from residences in these counties to jobs in the Atlanta CBD in 
accordance with the left panel of Figure 1 (9). Overall, in Atlanta the rail lines provide 40.3% of 
transit service in the metropolitan area while attracting 56.5% of the passenger miles.  

In Dallas�Fort Worth, Dallas Area Rapid Transit (DART) provides a dispersed, bus-and-
rail system in the eastern part of the metropolitan area, with a large part of the local bus network 
restructured around two north�south regional light rail lines, much as in Atlanta (see Figure 5) 
(9). However, in the western part of the metropolitan area the Fort Worth Transportation 
Authority operates a CBD-radial local and express bus system with much sparser service than 
DART provides. The Trinity Railway Express (TRE) commuter rail connects the two cities, but 
its service is somewhat less frequent than hourly and does not operate on Sundays. It also does 
not have connections to the large and growing employment centers in Arlington, which are 
devoid of any transit service. Overall the two light rail lines in Dallas account for 15.3% of the 
metropolitan area�s service and attract 36.0% of its passenger miles. 

Sacramento has some of the strengths and deficiencies of Atlanta and Dallas�Ft. Worth, 
although overall it (as Salt Lake City) operates much less bus and rail service per capita than the 
other cities in the study. Its original light rail line, which opened in 1987, was sold to the 
community as a productivity-enhancing strategy following the principles laid out in Figure 2 (7). 
More recent light rail extensions to the east and south have not benefited from the same degree 
of bus�rail integration, however, and both riding habit and productivity have suffered as a 
consequence (10). The south light rail line ran somewhat west of the established transit spine in 
its corridor, much as was the case for San Diego�s first light rail line. Rather than relocating 
transit centers from that spine to the new light rail line, as San Diego did when its first line 
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FIGURE 5  Metropolitan areas with partial regional bus–rail transit systems. 

 
opened in 1981, Sacramento made few changes to its southern bus services when light rail 
service opened there in 1999 (10).  

Sacramento�s eastern light rail extension to Folsom serves a jobs-rich area, but planners 
intended the service to take commuters only from that area into the center city (9). There are few 
buses in the extensive employment centers around Folsom, making it similar to the job-rich areas 
of Arlington, Texas, and few passengers ride trains outbound to Folsom in the morning to those 
jobs (see Figure 5). In contrast, Portland and San Diego experience strong commuter patronage 
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to jobs located near their outer ends, and Sacramento has strong patronage via bus connections to 
jobs located outside of the CBD along its original light rail lines (9). Job concentrations in other 
parts of the Sacramento metropolitan area (Davis, Woodland, and Roseville) are served only by 
express buses oriented to taking commuters from those areas to the Sacramento CBD, following 
the principle of the left panel of Figure 1. In 2006 light rail provided 24.4% of all transit service 
in the Sacramento region and attracted 47.5% of passenger miles. 

The Miami metropolitan area possesses dispersed transit systems within each of the three 
counties, but it lacks meaningful integration of these individual services into a metropolitan 
whole (see Figure 5) (9). Dade and Broward Counties provide local bus service operating in a 
grid pattern on major boulevards, serving all of the counties� urbanized areas. Palm Beach 
County offers sparser service to all of its urbanized area, as well. The local services are effective. 
That serving Broward County, for example, offers twice as much service and carries three times 
as many passengers in a county with similar population, employment, and growth patterns as 
Tarrant County, Texas where Fort Worth is located (15). These contrasts prevail, although 
Broward County has no discernable center in contrast to Fort Worth�s well-developed CBD.  

As noted before, the main transit problem in the Miami metropolitan area is the lack of 
regional overlay. Metrorail, a rapid transit line about 20 miles long, extends northwest and 
southwest from the Miami CBD in Dade County, and it is well integrated with the Dade county 
bus services. However, it is relatively short, and its northwestern end serves an impoverished 
area with very little patronage. A commuter rail line connects the three counties, but service is 
not frequent enough to function as a regional rail line, and local bus services are not integrated 
with it (9). There is no Vehrkehrsverbund concept to integrate the various transit operators in the 
Miami area, in contrast to San Diego. Metrorail is not completely ineffective, however. It 
provides 17.4% of transit service in the three-county area and attracts 28.2% of passenger miles. 

Transit in the Denver metropolitan area also possesses mixed qualities. A single agency 
provides local bus service to all parts of the urbanized area. The local services, operating at an 
average scheduled speed of 16 miles an hour, operate on a grid pattern along many of the area�s 
arterial roads. This quality would place the region�s transit service close to the left panel of 
Figure 1 if it were not for the fact that routes coming within 4 miles of the CBD are diverted into 
the CBD, meaning that the bus grid is in reality more like a CBD radial system. The intent seems 
to be to reduce transferring for passengers bound for the CBD, but such deviations result in 
significant service redundancy (see left panel of Figure 2), thereby compromising productivity, 
while also dampening the attractiveness of service for many non-CBD-oriented riders (16, 17, 9).  

The Denver metropolitan region possesses an overlay of faster regional services, but 
these are only weakly developed. The light rail lines, operating at a scheduled speed of 24 miles 
an hour, offer the only quality regional service, but the light rail lines serve only two corridors. 
More than half of the light rail system shown in Figure 5 opened in 2006, when the southeast line 
began serving a heavy collection of suburban jobs in contrast to the older, largely residential 
southwest corridor. Elsewhere, there is a regional overlay of 18 regional bus services that operate 
at an average speed of 30 miles per hour. These connect the area�s larger centers, but 15 of the 
18 routes provide only a handful of trips on weekdays only. Another system of fast (27 miles per 
hour) but infrequent express buses focus on the Denver CBD, in the manner of the left panel of 
Figure 1 (16, 17). 

Figures shown in Table 3 for Denver reflect a system in transition (the southeast light rail 
line opening in 2006). Data provided by RTD for early 2007 show that light rail accounted for 
8.5% of weekday scheduled vehicle miles while it attracted 19.9% of passenger boardings for the 
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system for the month of February 2007. Regional and intercity buses accounted for 10.7% of 
scheduled vehicle miles while they attracted 3.7% of passenger boardings. Express buses 
accounted for 3.8% of scheduled vehicle miles while they attracted 2.3% of passenger boardings 
(16, 17). 
 

REGIONAL PERFORMANCE OF SYSTEMS IN THE THREE CATEGORIES 
 
The discussion about systems planning places the 10 metropolitan areas into three groups: 
regional multidestination (Portland, San Diego), CBD-radial (Minneapolis�St. Paul, Pittsburgh, 
Salt Lake City), and partial regional (Atlanta, Dallas�Fort Worth, Denver, Miami, Sacramento). 
To examine the relationship between systems planning and transit performance, we focus on 
three measures of regional transit performance during the period 1984�2006. The first measure, 
passenger miles per capita (PM per capita), is a measure of transit riding habit. The second 
measure, passenger miles per revenue mile (PM per revenue mile), is load factor, a measure of 
service productivity. The final measure, operating expense per passenger mile (OE per PM, 
2007$), is a measure of cost effectiveness expressed in inflation-adjusted dollars. These three 
measures are calculated for the entire set of fixed-route transit services in each metropolitan area. 
We focus on the median value in each of the three groups as the indicator of overall performance 
for each of the three groups. The panels in Figure 6 provide transit performance trends. 

The top panel of Figure 6 reports riding habit (PM per capita). The median metropolitan 
area in each group has seen riding habit increase between 1984 and 2006. The increase for the 
median metropolitan area in the regional multidestination group (labeled regional MD) far 
exceeds its counterparts in the other groups. Since 1986, the median metropolitan area in the 
CBD-radial group has had the lowest riding habit of the three groups. 

The middle panel of Figure 6 reports productivity (PM per revenue mile). In contrast with 
riding habit, productivity has tended to be stagnant or in decline between 1984 and 2006. The 
three groups traded positions through the middle 1990s when the regional multidestination group 
leapt in front. From the mid-1990s until 2005, the CBD-radial group performed worst on the 
productivity measure, while the partial regional group ranked in the middle. 

The lower panel of Figure 6 reports cost effectiveness (OE per PM) in inflation-adjusted 
dollars. Between 1984 and 2006, cost effectiveness deteriorated in the median metropolitan area 
in two of the groups while it improved in the third group. Since the late 1980s, the regional 
multidestination group has been the most cost effective. Between the mid 1990s and 2005, the 
CBD-radial group has tended to be the least cost effective.  
 
 
DISCUSSION OF REGIONAL PERFORMANCE 
 
The analysis of transit performance just discussed indicates that metropolitan areas with regional 
multidestination systems outperform their CBD-radial and partial regional counterparts. The 
CBD-radial metropolises tend to be the poorest performers. These metropolitan areas do not 
perform poorly because they are different in terms of urban structure than the other metropolitan



 

TABLE 3  Rail Transit Ridership, Service, and Productivity by MSA, 2006 (15)
 
 

 
MSA 

Rail Ridership 
(passenger miles) 

Rail as % of All 
Transit Ridership 

Rail Service 
(revenue miles) 

Rail as % of All 
Transit Service 

Rail Productivity      
(PM per RM) 

Atlanta 488,528,763 56.46 21,091,467 40.33 23.16 

Dallas-Fort Worth 169,820,820 35.99  6,183,623 15.28 27.46 

Denver   59,137,058 12.73  4,366,864   9.45 13.54 

Miami 224,387,452 28.22 12,638,981 17.40 17.75 

Minneapolis-Saint Paul   52,584,623 13.62   1,785,159   5.39 29.46 

Pittsburgh   33,034,896 11.01   2,010,415   6.47 16.43 

Portland 179,875,394 39.39   6,377,513 19.21 28.20 

Sacramento   78,181,014 47.49   3,888,222 24.42 20.11 

Salt Lake City   86,039,042 29.30   2,827,710 10.69 30.43 

San Diego 251,845,913 44.75   9,479,111 18.90 26.57 

NOTE: Rail includes all rail transit modes.
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FIGURE 6  Regional transit performance by type of system, 1984–2006. 
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areas. All 10 metropolitan areas are decentralized, as Table 2 showed earlier. Rather, the CBD-
radial metropolises perform poorly because their CBD-focused route structures do not match the 
dispersed pattern of destinations to which transit users wish to travel. The regional 
multidestination metropolises perform well because their decentralized transit networks match 
the dispersed pattern of destinations. The partial regional metropolises lie somewhere in between 
because parts of their networks match some of the dispersed pattern of regional destinations.  

During the period covered by our analysis, no metropolitan area possessed an ideal 
regional transit network. Portland and San Diego came closest, but even they were deficient in 
serving some of their rapidly growing employment corridors with networks of high-speed, 
frequent service. However, the regional services they possessed were performing quite well, and 
perhaps the best of all transit services in their respective regions. They accounted for a small 
proportion of the service provided, but carried sizeable proportions of total regional transit 
patronage. One can imagine that a metropolitan area with a fully developed regional network 
would see: (a) higher riding habit, (b) greater productivity, (c) lower operating expense, and (d) a 
large share of metropolitan transit patronage on the regional service. This class of service has 
been the object of much scholarly criticism in the past, but this study clearly demonstrates that 
these services are both performing well when used correctly and this correct use is critical for 
strong regional transit performance. 
 
 
CONCLUSION 
 
The metropolitan areas whose transit systems most closely resemble the regional 
multidestination archetype perform best on all three measures of transit performance. The two 
metropolitan areas that come closest to the ideal, Portland and San Diego, do so as a 
consequence of planning decisions. Planners in Portland explicitly decided to decentralize the 
bus system several years before opening its first LRT line and did so in a way that LRT and bus 
could leverage one another to more effectively serve dispersed destinations. Planners in San 
Diego recognized the same synergies between bus and rail as Portland but did so by coordinating 
a diverse array of transit operators into a seamless whole while better controlling operating 
expense than any of the other metropolitan areas studied. In both metropolitan areas, planning 
decisions were critical to transit success. 

The metropolitan areas with partial regional systems typically approached the adoption of 
rail transit as a means of reducing operating costs. This indicates a level of planning limited to 
achieving certain specific cost and productivity objectives. Much to their surprise, planners in 
many of these metropolitan areas found that the service changes they made to reduce cost and 
improve productivity also opened up new, unanticipated sets of origins and destinations which 
riders quickly discovered. Typically, however, planners in these metropolitan areas lacked a 
regional vision for transit�partially due to their service areas covering limited sections of the 
region but also due to a planning focus limited to achieving specific cost and productivity 
objectives in specific corridors. Had they taken a truly regional approach to planning, their 
systems would likely experience stronger performance.  

Finally, planning decisions also played a role in the performance of transit systems in the 
CBD-radial metropolises. Here, planners made an explicit decision to focus on one market�and 
to serve it well�but in so doing they unintentionally turned their backs on many other potential 
markets. A consequence of this approach is that rail transit is not fully leveraged, as it essentially 
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functions like a CBD-serving bus route. Thus, it does not achieve the ridership or productivity 
that we find in the metropolitan areas where rail plays a different role. 

Observing the 10 metropolitan areas, we see considerable variation in transit 
performance, but within the same context of urban decentralization. The variation we find is due 
to differences in planning decisions. Planning decisions that serve to achieve the regional 
multidestination archetype by leveraging the rail transit investments to promote synergies 
between bus and rail result in the highest riding habit, highest productivity, and lowest operating 
costs. In the final analysis, planning decisions about how regional transit systems should be 
designed are critical to the ultimate success of rail transit. 
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ince discussion of transit-oriented development (TOD) began to reach prominence in the 
1990s much research has gone into the residential densities needed to support transit. While 

this is important, recent research seems to suggest that the destination is just as important. To this 
end, connections to job centers and shopping districts with major transit investments can often be 
overlooked when choosing transit alignments, specifically since cost is often a major 
consideration in choosing new transit corridors. It is also a part of the political dance that is 
performed during the planning and implementation of major capital projects. This paper seeks to 
discuss the importance of connecting regional destinations with new transit alignments and the 
role networks can play in increasing non auto mode share and ridership. 
 
 
DESTINATIONS MATTER WHEN CHOOSING ALIGNMENTS 
 
The function of the transit line and where it goes has a clear and observable impact on ridership. 
For example, a commuter rail line that stops every 2 miles, connects suburban communities to 
downtown jobs, and depends on patrons driving to the station is likely to function differently 
than a subway line located in a busy urban area with stops every few blocks, and surrounded by 
intensive development and a pedestrian-oriented environment. These differences need to be 
acknowledged and measured when deciding which transit line should receive funding or which 
mode best fits local conditions.  

In order to more accurately estimate the ridership differences between a bus-only system 
and a bus and rail system, the Federal Transit Administration (FTA) has developed “modal 
constants” for their capital funding evaluation process. Currently, regions that are building light 
rail for the first time are not able to put in a modal constant or “bias” into the model.1 This stems 
from the fact that each region has a different reaction to improved transit. After an initial line is 
completed, a bias can be derived based on actual performance to inform the modeling of future 
expansions.  

For example, Minneapolis is now allowed to use a rail bias for the Central Corridor now 
that it has a working example of how the Hiawatha Line outperforms local transportation 
models. However, the lack of a “modal constant” for all projects is a disadvantage for project 
sponsors that are seeking to introduce a new mode and could result in a low cost effective rating 
for a “new start,” essentially killing a worthy project. Currently, a medium rating is needed to 
pass.  

                                            
1Federal Transit Administration, Office of Environment and Planning, Proposed Policy Guidance on Evaluation 
Measures for New/Small Starts. U.S. Department of Transportation, August 3, 2007.  

S 
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Recently, Houston was able to upgrade their Federal New Starts projects to light rail from 
bus rapid transit (BRT) because network modeling showed greater ridership numbers than 
modeling the individual lines alone, allowing Metro to reach cost targets for a medium rating that 
would support rail technology that voters wanted.2  

But relying extensively on modeled ridership and cost alone illustrates only part of the 
benefits of transit investments. A local decision to build a transit line is as much, if not more, 
about connecting people to jobs, education and cultural opportunities, and stimulating economic 
development as it is about the expected cost of the capital expenditure. Thus, an inherent tension 
arises between the interests of local and federal proponents of transit investments. Furthermore, 
research has shown that not only do residential developments around the station areas matter in 
terms of generating transit ridership, but the presence of business districts affect the use of transit 
much more than waiting for residential uses to sprout up along the line. In fact, research by 
Professor Gary Barnes at the University of Minnesota suggests that for every increase of 1,000 
residents per square mile, transit usage to central city jobs increases at a much greater rate than to 
jobs in the suburbs.3 If this research were to be recreated in other locations, it would seem that 
connecting and building up destinations is a sound strategy for generating ridership gains.  

Similar to the research conducted by Professor Barnes, several recently built light rail 
lines were chosen to compare with proximate jobs in order to test the relation between the two 
factors. By using GIS to pull block-level data from the 2004 Census Longitudinal Employer 
Household Dynamics (LEHD)4 jobs data, ½-mile radii were drawn around new stations and jobs 
were aggregated within the transit zones.5 When plotted on x and y axis’ (Figure 1) the number 
of jobs that are in light rail transit zones seem to have a direct effect on ridership. While there are 
many other factors which are important to ridership, this would seem to back up Professor 
Barnes research discussing the roles of destinations in increasing transit share.  

However, connecting destinations with transit can be difficult and getting connectivity 
from door-to-door is even more challenging. One example is when officials in St. Louis County 
made a conscious decision to build the new Cross County Line along the outskirts of Clayton, a 
major regional employment center, instead of into the heart of the employment district. 6 Given 
that most of the Metro system is built with limited-grade crossings and in a former railroad right-
of-way, the result might have been a subway section through the center of the business district or 
a street-running section of the line. Instead, the Cross County Line skirts the side of a major 
employment center in favor of avoided construction costs. 

Similarly, the ability of the Southeast Corridor in Denver to allow riders to easily access 
job opportunities on foot is limited due to its location along the side of an interstate highway. As 
an additional penalty, one-half of the station areas are unavailable for TOD development due to 
barrier represented by the highway. Furthermore, the location of the highway between the station 
and jobs as well as the lack of good pedestrian connections at stations near the Tech Center has 
been seen as a deterrent to more ridership.7 
                                            
2Editorial Staff. Connecting the Tracks. Houston Chronicle. October 20, 2007. Accessed October 30, 2007. 
http://www.chron.com/disp/story.mpl/editorial/5230480.html. 
3Barnes, G. The Importance of Trip Destination in Determining Transit Share. Journal of Public Transportation, 
Vol 8, No.2, 2005. 
4LEHD data was obtained through Cornell University. http://www.vrdc.cornell.edu/news/. 
5It is recommended that LEHD data be aggregated to the track level. Discrepancies in the data have been found in 
the past leading to over and underestimation of jobs in a certain district. A spot check of the Dallas data found an 
empty parking lot containing a significant amount of jobs. 
6Shrout, T. Citizens for Modern Transit Advocacy Group. Correspondence, May 25, 2007. 
7Denver RTD Staff. E-mail correspondence July 5, 2007. 
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SOURCE: 2004 LEHD Data, NTD Q4 2007, transit agency data, CTOD 

 
FIGURE 1  Jobs and ridership on recently constructed light rail lines. 

 
 
Figure 2 below shows the urban context of the Cross County Line in St. Louis discussed 

above and the Southeast Corridor in Denver. Notice in Denver that the high employment density 
Tech Center is on the opposite side of the freeway from the station. The decision to build the line 
with the freeway was one that saved money for the transit budget and helped keep the cost-
effectiveness rating low8, but created the need for “last mile” connections to be made by bridges 
that cross the busy highway. These last mile connections are often difficult to fund through local 
public works budgets and make riding transit less comfortable than taking an automobile to 
work, especially in more suburban employment districts where parking is provided right outside 
the building.  

In San Diego, the Green Line was built along side Interstate 8 (see Figure 3). It is grade 
separated and the system’s first subway station was built at San Diego State University.9 The 
decision to build along the highway in mostly elevated structures made the cost considerably 
higher than if the rail was placed at-grade, but makes travel times along the line faster. With the 
exception of the subway segment through the University, though, the Green Line delivers 
patrons to the edge of districts instead of to their centers. The freeway alignment, much like in 
Denver, severely splits opportunities for connections on both sides of the station. While it is not 
apparent how it would have been done differently, the emphasis on running the line alongside the 
freeway has resulted in less than optimal outcomes for ridership and connections to destinations. 
 

                                            
8USDOT. Innovative Financing Primer. Case Study – GARVEEs. Denver T-Rex Project. April 2002. Accessed 
http://www.fhwa.dot.gov/innovativefinance/ifp/ifprimer.pdf. 
9Linthicum, J., Director of Engineering and Construction at SANDAG. E-mail correspondence, May 24, 2007. 
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SOURCE: USDA Aerial Photography, RTD-Denver, Metro St. Louis, CTOD, 2007. 

 
FIGURE 2  Downtown Clayton and Denver Tech Center light rail alignments. 
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Photo by Brad Pennock on Flickr 

 
FIGURE 3  San Diego State University with Green Line train in foreground. 

 
 

Houston’s Main Street Line has drawn local criticism for collisions with drivers who 
ignored signs, but the routing along a major arterial street is also credited with its success. It runs 
straight through the largest medical center in the world, with over 73,000 jobs,10 and into the 
downtown of the United States’ fourth largest city (see Figure 4). Local officials say that it was 
difficult to agree on this alignment, but that the routing has paid large ridership dividends.11 The 
Houston light rail line has the highest passenger density per mile of any new light rail line in the 
United States and does so by going through the center of employment districts rather than 
skirting them. 

Lines in other cities, such as Los Angeles and Sacramento, have built on existing railroad 
rights-of-way. Using these available lands helps avoid disruption to businesses during 
construction and expensive land acquisition costs but often serves to skirt major employment 
centers and destinations. The Gold Line, for example, delivers riders to the outer edge of the Los 
Angeles CBD, which according to LEHD data from 2004 has over 191,000 jobs. The Gold Line 
itself is within walking distance of only 120,000 jobs (see Figure 5). Most riders have to walk 
through Union Station and connect to the Red Line subway to reach their place of employment. 
Planning has begun for a downtown connector12 to connect the Gold Line, Gold Line Eastside 
and the Blue Line in order to make connections seamless.13  
                                            
10Greater Houston Partnership website. Health Care Industry Guide. Accessed August 21, 2007. 
http://www.houston.org/industryGuide/healthCare.asp. 
11Mason, T., Houston Metro Vice President of Real Estate Services. Phone interview, September 17, 2007. 
12The downtown connector is envisioned as a subway that would directly connect the Gold Line to the Blue Line 
and the Expo Line that terminate on the opposite side of downtown from each other. 
13LACMTA. Regional Connector Study Page. Accessed February 15, 2008. 
http://www.metro.net/projects_programs/connector/default.htm. 
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FIGURE 4  Houston light rail in the medical center. 

 
 

And, while lines such as these might be adjacent to a significant amount of underutilized 
property and easily redevelopable as TOD, the costs of brownfield cleanup and providing new 
infrastructure on these sites might be larger than it would have been if the transit lines were 
located along arterial corridors with existing water, sewer, and road infrastructure. The trade-off 
is the expense of relocating utilities that might be under the street during light rail construction. 
The federal model is not calibrated to allow a nuanced assessment of these types of trade-offs 
that relate not to ridership and travel time, but investment and relational issues such as routing 
through a job center. 

In some instances, the reason for placing lines in existing rail corridors is that 
construction impacts to existing users are minimized. Transit projects located in the center of 
arterial streets, such as Houston’s, cause a disruption to businesses during construction and 
create ancillary costs to reconstruct streets and utilities, and reprogram and replace traffic 
signals. These costs are often included in the capital transit budget but effectively reduce the 
“cost-effectiveness” rating of a project and are what cause many cities to look at alternatives to 
street-running rail lines through the districts for which it would be most useful. Unfortunately, 
this “cost shock” causes many cities to choose alignments that do not maximize potential 
ridership, but serve to lower costs and provide less connected service. 

An example is readily available in Austin, Texas, where a 2000 light rail ballot measure 
was defeated primarily by suburban voters. Voters within the City of Austin passed the measure 
however the line lost districtwide by less than 2,000 votes during the 2000 presidential election 
in which then Texas governor George W. Bush was on the ballot. In mid-2004 a measure crafted 
by the transit agency and state politicians led to a 2004 commuter rail plan that passed by over 
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SOURCE: 2004 LEHD, National Transit Database ridership Q4 2007, CTOD 

 
FIGURE 5  Jobs and ridership of recently built light rail systems. 

 
 

60% of the vote.14 The lines both would have connected the downtown with the northwest 
suburbs, yet the initial line that had mainly arterial segments and a higher cost of $739 million 
would have generated 37,000 riders15, versus a $90 million commuter rail line on existing tracks 
that is predicted to generate only 2,000. The difference in cost to generated riders is rather 
staggering.  

This is often the political trade off many cities face when making a decision on a first or 
second rail line. Often the choice to locate a line in an existing right-of-way instead of through 
destination-rich centers is the choice between there being a line or no rail line at all. This 
emphasis on cost savings has led many cities and citizens to think first about cost and political 
implications and impact second. This emphasis could be the biggest opponent to locating lines 
near job centers that would generate much higher ridership to offset the costs.  

It could also possibly be disastrous to future network expansion. Political will for future 
expansion often hinges on the success of the existing lines. Many of the lines discussed above 
are undergoing expansion partly because political will was built on the success of the initial line. 
Denver voted in 2004 to expand its successful existing rail network to the whole region after 
trying for several decades and voters in Salt Lake City recently approved an increase in sales tax 
levies to pay for a four-line expansion of the region’s light rail network. 

Minneapolis’ Hiawatha light rail line success spurred discussions of a regional rail 
network and recently the state legislature overrode a veto by the governor to raise the sales tax 
for capital transit expansion. It is hard to believe that such political backing was not made 
possible at least in part by the Hiawatha line’s ability to beat 2025 forecasted ridership. And 
while the ridership forecast was low, the number of jobs connected by the line put the Hiawatha 

                                            
14Wood, J. Voting for Buses: How Austin’s Transit Friendly Electorate Missed the First Train. An Assessment of 
the Political Battle Behind Rail Transit in Austin Texas. Master’s Thesis. 2005. University of Texas at Austin. 
152001 Annual Report on New Starts. Austin Texas Light Rail Corridors. 
http://www.fta.dot.gov/publications/reports/reports_to_congress/planning_environment_2915.html. 
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in line with every other light rail line in Figure 1. These examples could lead one to believe that 
connecting job and activity centers is a region’s best bet for ensuring continued rail expansion. 
 
 
WHERE YOU ARE GOING DETERMINES HOW YOU GET THERE 
 
Recent research shows that destinations are major determinants of increases in transit share of 
work trips. Regression analysis showed in a study of the Twin Cities that for every increase of 
1,000 residents per square mile, transit share to the central city increased by 1.15 percentage 
points. The central city in this study represents the job-rich downtowns of Minneapolis and St. 
Paul as well as the surrounding close-in job clusters. The same increase of 1,000 residents per 
square mile led to a .63 increase in transit share to suburban jobs. Transit shares to the region’s 
two downtowns, Minneapolis and St. Paul, increased 2.43% for every 1,000 residents per square 
mile. Low income residents also increased the share positively for every 1% increase in their 
numbers.16 So, when residential densities increase, going towards the central city is more likely 
to increase the usage of transit. Given the spread-out nature of the suburbs and historical 
commuting patterns, it makes sense that even if residential densities increased, transit usage to 
the suburbs would not grow as fast as to the city and residents are more likely to use automobiles 
to get to suburban jobs. 

Along those same lines, light rail connecting major universities and regional special 
events destinations have been experiencing significant ridership, particularly during the off-peak 
times. Special event trip generators, universities and regional destinations like airports can each 
garner significant episodic and long-term transit ridership.17 The ability of transit to successfully 
and conveniently transport new riders during these kinds of episodic events can also be 
influential in generating long-term choice transit riders. But this also shows the importance of 
density and price factors that play into mode choice decisions. Universities and special event 
venues are often auto traffic constrained. Similarly, as mentioned in the Barnes paper, parking 
rates in downtowns and central cities are higher than in the region as a whole, creating a value 
added and incentive for transit usage. 

Network agglomeration is also important. The addition of a single line can create more 
quick connections with existing rail and bus networks. In Portland, local officials believe better 
connections could have been made to Vancouver Washington bus service.18 In San Diego, a city 
loop was created with the addition of the Green Line light rail allowing people to travel to 
destinations along the Blue and Orange Lines without having to always route through 
downtown.19 In Denver and St. Louis, the new line created a spur from the existing network, 
increasing the connectivity between downtown destinations and employment centers along the 
line. In Denver specifically, aside from the student ridership gained, off-peak trips to the Denver 
Tech Center also surprised planners.20 And in St. Louis, the initial network allows riders on the 
Cross County Line to get downtown and to Lambert International Airport. 

                                            
16Barnes, G. Importance of Trip Destination in Determining Market Share. Journal of Public Transportation, Vol. 8. 
No. 2, 2005. 
17For many of the studied lines, episodic events actually occur with a high frequency. In St. Louis for example, 
Metrolink serves three stadiums. In some years there are more than 200 special events in these venues including 
sporting and other events.  
18Detweiler, J., Tri-Met Senior Land Development Planner. E-mail correspondence, August 17, 2007. 
19Linthicum, J. Director of Engineering and Construction at SANDAG. E-mail correspondence, May 24, 2007. 
20Denver RTD Staff. E-mail correspondence, July 5, 2007. 
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Another issue to consider at greater length in future research is the influence of rail 
network size and nonauto usage. It is important to note that new fixed-route transit lines often 
reconfigure bus routes to feed into the higher capacity mode and extensions of existing networks 
allow for more connections to a greater number of destinations. Equally important is the impact 
of network size to achieving multiplier effects as a greater share of people living near a fixed 
guideway station walk, bike or take transit to work. Excluding the New York CMSA, a statistical 
outlier, 31% of people that live within a ½-mile of a transit station walk, bike or take transit to 
work. Nationally, this mode split is only 6%.21  

Figure 6 shows mode split to work for households living within a ½-mile of fixed 
guideway transit stations including commuter rail, heavy rail, and light rail stations, compared to 
the region as a whole. Extensive systems include those with more than 200 stations. Large 
systems are those with between 70 and 200 stations. Medium systems are classified as having 25 
to 69 stations and small systems are those with fewer than 25 stations, however they are not 
represented.  

Figure 6 shows that the more extensive the transit system, the greater the influence it has 
on nonauto modes including walking, biking and transit. In every case, mode split of residents 
who live near transit is much higher than elsewhere in the region. Not surprisingly, system size 
also has a profound effect on behavior, as more opportunities can be accessed through transit as 
the system extends and connects destinations. New York is an example of what can be 
accomplished when a transit network is able to more closely mimic the connectivity of the road 
network. Nonauto modes capture 60% of the work trips made by people living within a ½-mile 
of a rapid transit station. It will be interesting to revisit these statistics when the next census is 
published. 

Connecting destinations to create ridership may seem like an obvious conclusion, but 
plans and policies have not reflected this approach. Most TOD policies have focused on 
residential development, rather than promoting agglomeration of jobs and commercial space in  

 
 

 
 

FIGURE 6  Nonauto modes to work, transit zones versus the region, 2000. 
                                            
21National CTOD Station Area Database. Census 2000 Data. Updated November 2005. 

Source: 2000 Census, CTOD Database, 2005 
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regional centers served by transit. This points to the fact that destinations, such as major regional 
centers and downtowns, are serving the most transit riders in the region and their connection to 
each other would promote higher ridership.  

Table 1 shows recent transit networks and their connectivity to jobs. There seems to be a 
correlation between jobs connected and ridership as seen in Figures 1 and 5. High job numbers  
with low ridership, in the case of San Jose, can partially be explained by the poor orientation of 
employment land use to the transit line (as seen in Figure 7) and vast parking lots available to 
commuters surrounding the buildings. A simple regression analysis reveals that the r-squared is 
more than doubled from .32 to .66 when San Jose is taken out of the equation. A regression done 
on the lines in Table 2 reveals a .95 r-squared.  

There are obviously a lot of other related important variables including job density, 
residential density, system frequency, and income levels, but as a basic measure this analysis 
seems to indicate that the number of jobs near transit is correlated to ridership. This finding 
could be a good way to relieve a bit of the possible tensions between cost and transit 
effectiveness by giving politicians, policy makers, and advocates a better understanding of why 
transit works better in some places rather than others. If this can move decisions towards what is 
most effective, it is likely that we will see more ridership due to smart alignment and 
connectivity decisions. 
 
 
CONCLUSION 
 
A basic GIS analysis of jobs near transit ridership seems to show an almost direct correlation 
between the two variables. In individual recently-built stand-alone lines, this is more apparent 
than when the network is considered. Other variables must be tested in order to assess the 
specific importance of the jobs variable, but it is clear that it is one of the more important ones in 
determining transit ridership on a given line. It should also be noted that San Jose proves a basic 
point about where job density might fit into the equation. For example, even though San Jose has 
a lot of jobs along the corridor, the ridership along the line is lacking and the pattern of 
employment development is much different than in these other regions which have higher 
density clusters. 

 
 

TABLE 1  Jobs and Ridership of Recently Built Light Rail Systems 
 

Light Rail System 1/2 Mile 
Jobs 

Recent 
Ridership 

San Diego System 267,540 118,400 
Portland System 265,136 104,300 
San Jose System 261,559 30,400 
Dallas System 253,080 63,400 
Denver System 241,277 62,900 
St. Louis System 206,570 73,200 
Salt Lake City System 135,139 39,700 
Sacramento System 133,494 53,500 
Hudson Bergen System 92,494 38,200 
SOURCE: 2004 LEHD, National Transit Database ridership  
Q4 2007, CTOD 
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TABLE 2  Jobs and Ridership on Recently Constructed Light Rail Lines22 
 

Light Rail System 1/2 Mile 
Jobs 

Recent 
Ridership 

Houston Red Line 221,431 40,000 
Denver SE Corridor 220,254 36,000 
Minneapolis Hiawatha 177,453 30,100 
San Diego Green 133,157 26,923 
Los Angeles Gold 120,441 22,231 
Portland Yellow 100,434 13,600 

SOURCE: 2004 LEHD, National Transit Database 
ridership Q4 2007, CTOD 
 
 

When planning alignments for new transit investments such as light rail lines, many 
policy makers are constrained by cost considerations and political realities. The current practice 
of “cost-effectiveness” planning used by the FTA and the public is likely to change over time, 
but project benefits from transit investments are long-lasting. Given the fact that funding large 
mobility projects will always be a tough political process, connecting destinations and planning 
alignments that serve more jobs and garner greater ridership as this paper suggests could be a 
good way to mitigate some of the political pressure during project planning. 
 
 

 
Photo Courtesy of Google Earth. 

 
FIGURE 7  Employment sprawl in San Jose. 

                                            
22Table 2 shows the ridership and jobs on six of the eight lines. In order to compare like information, lines were 
compared that were constructed and operated as one line. St. Louis and Sacramento’s recent lines blend with 
existing service and ridership numbers, making the effects hard to compare with the six shown below. Ridership 
information was acquired from the APTA and transit agency data. 
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