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CHAPTER 4
CIRCULATORS AND SHUTTLES

The second set of actions are those designed to comple-
ment the local bus network by featuring specialized services
to smaller markets. Circulators are most often designed to
supplement or perhaps substitute for line-haul services,
where line-haul routes may be impractical because of street
patterns, terrain, densities, or operating cost. Most offer local
travel with connections to regional rail and bus services.
Shuttlesare devel oped to connect key activity centersand trip
generators to the regional bus or rail network, providing the
“missing link” in the regional network that might influence
single-occupant vehicle usersto try transit.

LOCAL AREA CIRCULATORS

Three generic types of local areacirculators are identifiable
from the case studiesand are classified by their operating char-
acterigtics: fixed-route circulators (sometimes called service
routes), route deviation services, and demand response or dial-
aride services. Each is described separately below, although
all three serve acommon purpose; to improve mobility within
and around adefined local areafor internal trip making and for
regiond trips viatransfersto the regional busor rail network.

Examples of fixed-route suburban circulator services
include:

* Perris’/Route 30, Riverside Transit Agency ;
* Milwaukie Area, Tri-Met;

* Route 151/Sunnyside, Tri-Met;

* Willamette, Tri-Met;

» San Ramon Neighborhood Link, CCCTA;

* Route 103, CCCTA;

* Route 104, CCCTA;

* WhirleyBird, LANTA;

» Hackettstown Loop, NJ Transit; and
 Nassau Hub Shuttle.

Fixed-Route Suburban Circulator Services

Thefirst category of circulators are those operated asfixed-
route services.

Definition

Fixed-route circulators are differentiated from the regular
local bus network by their configuration and purpose. The

coreroutes of asuburban bus network are generally linear and
are operated, for the most part, along arterial roadways. These
routes are designed to offer direct, timely linkages between
neighborhoods, communities, and multiple activity centers
with aminimum of indirect segmentsinto local communities.
Circulator routes are designed to complement this network,
offering services that penetrate into neighborhoods, provide
localized trip making, and operate on secondary roadways.
Circulator routes are generally confined to a single commu-
nity, with intercommunity trips offered via transfers to other
busor rail services.

Circulator routes, by definition, circulate riders through-
out acommunity. The routes are generally shorter than reg-
ular route services and are nonlinear, connecting multiple
originsand destinationsin thelocal areaand penetrating into
communities where regular fixed-route services cannot
travel (Figure 30). Often, smaller buses or vans are used to
provide this degree of penetration and accessibility. The
trips made on circul ators are short, and headways are gener-
ally short as well. With short headway and running times,
these services are attractive alternatives to the short auto-
mobile trip with which they compete. In Madison, Wiscon-
sin, Madison County, Illinois, and Toronto, circulator routes
that are designed to meet the specialized needs of the elderly
and disabled, but also provide service for the general public,
are called service routes.

As complementary services, circulators support regional
bus and rail networks and therefore are linked in at least one
location for easy transfers to these services.

Applicability

Circulator services can offer an attractive option to the auto-
mobile for tripswithin alocal community and can also help a
regional transit operator maintain mobility within a service
area where regular fixed routes would be prohibitive to pro-
vide. Based on the cases reviewed, the following conditions
wereidentified for application of these services:

 In Hackettstown, New Jersey, the Hackettstown Loop
was developed by NJ Transit to provide basic public
transportation mobility in a community with no other
local busroutesand only limited regional transit available.
« In Portland, three neighborhood services were devel-
oped by Tri-Met to circulate in areas where difficult
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Figure30. RTA Route 30, a suburban community circulator in Perris, Riverside

County, California.

terrain, discontinuous roadways, and low-intensity
development madeit prohibitiveto provideregul ar fixed-
route services.

e In Walnut Creek, Cdifornia, two CCCTA circulator
routes were devel oped in and around the downtown area
to link local activity centers and the BART station as a
means of encouraging transit use and reducing secondary
trip making, which was congesting downtown streets. The
same objectives apply to the LI Bus Nassau Hub Shuttle
on Long Island, which links major employment sitesto a
regiona mall and other prime shopping locations.

« In Allentown, the LANTA WhirleyBird connects sev-
eral shopping mallson asingleroute, allowing shoppers
to park and ride between popular destinations. Theroute
also connectsto the regular route network at designated
transfer centers (Figure 31).

Thereare anumber of characteristicscommonto all appli-
cations. The routes were devel oped to conform to the desired
lines of potential riders. Thus, theroutesarerarely linear, use
acombination of arterial and secondary roadways, and pen-
etrate into neighborhoods, employment sites, and shopping
centers to offer point-to-point service. These are routes that
generaly cannot be provided effectively as part of the regu-

lar, arterial-based local bus network and certainly not with
full-sized equipment in most cases.

Besides providing local area service, each route connects
to the regional bus or rail network in at least one location to
provide feeder/distributor service for longer trip making.
Two general types of services are provided—those designed
to provide for multipurposetrips and general circulation, and
those designed to meet very specific trip demands, in the
cases cited, shopping trips.

Specia purpose routes are almost uniformly short, with
running times for one trip usually under 20 min. Passengers
are generally expected to be on the buses for no longer than
10 min. Headways are frequent to ensure that the service is
convenient to use, especialy for midday trips among work-
ers. Fares for these services are kept low to increase attrac-
tiveness and may be subsidized by employers. The genera
community circulators have fares similar to those on the reg-
ular route network operated by theregional provider, with free
transfers provided between services. These routes tend to be
longer and operate on more traditional headways, for exam-
ple, 30-min peak servicesand 60- to 90-min off-peak services.
The routes are generally longer, as they are usualy the only
routes in the community. The primary market for these routes
are those individuals traditionally considered transit depen-
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Figure31. LANTA WhirleyBird Mall Express, Allentown,
Pennsylvania.

dent who can accept the longer travel times and routings
provided as a tradeoff for increased coverage.

Performance Range

Therange of performancefor fixed-route circulatorsissig-
nificant, from 22.0 trips per hour at the high end to 2.1 trips
per hour at thelow end (Table5). However, in six of the nine

cases cited, the range of performance was between 5 and 15
trips per hour, with a cluster around 8 to 10 trips per hour. A
description follows.

There were two services among the case studies—the
WhirleyBird in Allentown and Route 104 in Walnut
Creek—with productivities well above those of the other
services profiled.

LANTA, Allentown, Pennsylvania. The WhirleyBird Mall
Express operates over a 10-hour period among five suburban
shopping centersandisone of LANTA’smost productive ser-
vices. It operates every 30 min at afare of $0.50; seniorsride
free off-peak as part of a state subsidy program. WhirlyBird
connects with other LANTA routes at two malls, and free
transfers are provided. The malls' owners have been luke-
warm to the service, allowing LANTA to post signs and have
stops, but not hel ping to actively promote the service. Besides
its productivity, a key to the WhirleyBird successisits labor
arrangement with the LANTA operatorsunion. The union has
established a new wage rate of 60 percent of the standard
wages and benefitsfor all new suburban shuttles; thisallowed
LANTA to keep the service in-house and created nine new
positionsfor theunion among all suburban services. It hasalso
enabled LANTA to keep the cost per trip of itsshuttlesat rea-
sonable levels compared with its traditional route network.
Oneresultisthat LANTA usesaperformance standard of 15.0
passengers per hour for its suburban services versus 29.0 for
its urban routes. WhirleyBird easily exceeds this standard, in
large part because of high senior ridership.

CCCTA, Walnut Creek, California. Routes 103 and 104in
Walnut Creek are operated by CCCTA (Figure 32) Route 103
is a new midday service sponsored jointly by the CCCTA
and the city and operates on a figure-eight loop through the
pedestrian-friendly suburban downtown area. Route 103 is
caledthe“FreeRide” and operatesfrom 9:00 AM to 4:00 PM

TABLES5 Operating Performance of Fixed-Route Suburban Circulation Services

Subdistrict Program Passengers per Day Passengers per Hour
Route 104 Walnut Creek CCCTA 264 220
WhirleyBird Mall Express LANTA 210 21.0
Milwaukie Area Tri-Met 224 10-15 (est.)
Hackettstown Loop N3 Transit 139 10.0 (est.)
Route 151/Sunnyside Tri-Met 48 8-10 (est.)
Route 30/Perris Riverside Transit 8.7
Willamette Tri-Met m 5-8 (est.)
Nassau Hub Shuttle Ll Bus 4.4 (new)
San Ramon Neighborhood Link CCCTA 21
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Figure32. CCCTA Free Ride (Route 103) and Route 104, two fixed-route circulation services in Walnut Creek,

California.

6 daysaweek on 5- to 7-min headway. It is considered highly
successful, but no data were available on its performance.
Route 104 isan established route that historically hasoperated
within the downtown areaon asimilar loop route and that also
links the downtown areato the local BART station, allowing
it to serve commuters. Operated over a 12-hour period and
coordinated with the BART schedule, this route provides a
combination of local circulation, midlength commuter and
multipurpose trips, and feeder/distribution servicesin awell-
developed, dense Edge City environment. Given all thesefea
tures, including strong local support and marketing, the
service produces 22.0 passengers per hour at a cost of $1.11
per trip, both outstanding for the CCCTA program. The ser-
vices meet the objectives of the program, to reduce secondary
trip making, encourage transit use for commuter trips, and
provide cost-effective mobility servicesto the community.

The San Ramon Neighborhood Link was the only very
poorly performing service among the fixed-route circulators,
with ridership at only 2.1 passengers per hour when it wasdis-
continued. From 1992 to 1995, the CCCTA contracted for this
service, which used two vans to circulate within two upper-
middle income neighborhoods within the city of San Ramon.
The service had 40-min headways and operated mainly on res-
idential streets, with limited connections to an area shopping
center. The lack of significant activity along the route, long
headway for short trips, and income profile of the area were
considered contributors to the performance of the service.

The remaining shuttles have productivitiesthat range from
4.4 passengers per vehicle hour to approximately 15 passen-
gers per vehicle hour, with a cluster of performance around
10 passengers per vehicle hour.

TRI-MET, Portland, Oregon. Tri-Met operates three
neighborhood circulators, which began in the late 1980s.
Originally, Tri-Met tried to implement general public demand
response servicein the Milwaukie area, but low ridership led
to conversion first to route deviation and then, after enactment
of the ADA, tofixed route. The Milwaukie circulator operates
on a 30-min headway with aminibus, and averaged 224 pas-
sengers per day in September 1995. The Sunnyside area ser-
vice was implemented based on the request of Clackamas
County. The neighborhood is very hilly and has a discontin-
uous street network; analysis by Tri-Met indicated that regu-
lar fixed-route service would have difficulty penetrating the
area and would probably have extremely low ridership. Two
routeswereimplemented for Sunnyside—Route 151, afixed-
route circulator departing from the town center and looping
through the highest density area of the community every
15 min during peak hours; and Route 150, ademand response
service operated all day 6 days a week. The fixed-route por-
tion of the service is geared to commuters meeting other Tri-
Met services; in 1995, it provided approximately 48 trips per
day or 8 to 10 trips per vehicle hour. The third Tri-Met shut-
tle operatesin Willamette (Route 154), and wasimplemented
based on requests from residents. The areais also hilly and
difficult to serve with conventional buses. The circulator was
designed as a loop through the residential neighborhoods,
with connections provided to the Oregon City Transit Center.
Peak half-hour and off-peak hour headways are provided.
Ridership averaged 11 passengers per day in fall 1995, or
about 5 to 8 passengers per vehicle hour.

The three Tri-Met services have daily ridership ranging
from 48 passengers for the peak only Sunnyside service to
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224 daily passengersfor the Milwaukie service. Of thethree,
only the Milwaukie serviceis considered amoderate success;
even so, the service does not attract abroad spectrum of users
and relies heavily on alarge senior population. One of the
most significant problems with the service, however, is not
productivity but operating cost. Once operated by contrac-
tors, the services are now operated by Tri-Met operatorsasa
result of adispute with their union.

NJ Transit, Hackettstown, New Jersey. The Hackettstown
Loop operated by NJ Transit is another example of a circu-
lator service designed as the primary bus service in a low-
density suburban area. Hackettstown is an older, mature
small city, once a center in rural northwestern New Jersey
and now a city on the edge of growing suburban develop-
ment. The loop isthefirst internal public transportation ser-
vice operated there in many years and connects all of the
city’ sprincipal neighborhoods and commercial activity cen-
ters. Being an older established community, the areais heav-
ily automobile oriented, and the transit service hasbeen slow
to develop acore market. In fall 1995, ridership had reached
139 trips per day, and the cost recovery ratio, the key per-
formance measure for NJ Transit, had reached 10.2 percent,
still well below the agency goal of 25 percent after 2 years
but double the rate since 1994.

Riverside Transit, Perris, California. Thefinal fixed-route
circulator from the case studiesis Route 30 in Perris, in River-
side County. Perris is a rapidly suburbanizing older center,
with new housing and malls being established around alow-
density urban core (Figure 33). As the community develops,
Riverside Transit istrying to meet localized needs with acir-
culator service linking new and developing areas. Using a
contractor, the service operates on 30-min peak and 60-min
off-peak headway. Ridership has doubled in the past year and
isnow at 8.4 passengers per hour. The cost recovery is still
low, only 4 percent, and the subsidy per trip is still $4.50.
Riverside Transit thinksthe serviceisfulfillingitsinitial goals
with respect to mobility issues and an overall policy aimed at
providing transit options but has not yet established itself as
an economically viable service.

Figure33. Downtown Perris, Riverside County.

Conditions of Effectiveness

Based on the case studies described above and their range
of performance, thefollowing conditions have beenidentified,
which appear to contribute to the strength and/or weakness of
circulator services.

1. Population and Population Density—First and fore-
most, there must be enough people in the area to jus-
tify providing service. Second, the area should be
reasonably dense for afixed routeto provide sufficient
coverage and reasonabletravel times. A compact oper-
ating environment favors bus service and enhances
coverage.

2. Transit Dependent Population—Circulator services,
designed for both captive and choice riders, need an
established ridership base of transit-dependent indi-
viduals or aspecial circumstance that encourages peo-
ple to leave the car behind. Seniors, moderate- and
low-income riders, individuals with two wage earners
but only one car represent the base market among
many of these services. Commuters enhance the rider-
ship potential where connections to regional rail and
bus services are easy. Choice riders can be attracted to
well-marketed and well-designed services, however,
under special conditions. The Nassau Hub Shuttle
(Figure 34) thetwo servicesin Walnut Creek operated
by CCCTA, and the WhirleyBird are three exampl es of
services with a mission to reduce secondary automo-
biletravel in congested edge city or commercial corri-
dor environments.

3. Mixed-Use Setting or Special Conditions—Besides
having a sufficient population base from which to draw
riders, successful routes have multiple, active local des-
tinations. The greater the mix of uses, the better the
opportunities are to link local trip origins and destina-
tionswith alogical circulator route and to sustain rider-
ship over the entire day. Circulators geared to special
uses—commuters, midday shoppers—may need to have
schedules tailored to operate only during peak travel
periods.

4. Appropriate Headway and Travel Times—To attract
riders, the circulator services need to have attractive
operating characteristics. The general purpose circula
tors, which provide basic transportation services within
thecommunity, havetypical characteristicsfor local bus
routes—headway at peak of 30 min and off peak of 60
to 90 min, 10 to 12 hours of service—and operate on
routes suitable for covering the territory, which vary
greatly in length. The primary market are the transit-
dependent individuals in the community, augmented as
much as possi ble by choi ce riders perhaps connecting to
regional rail or busin peak hours. The specia shuittles,
which rely to alarge extent on choice riders and there-
fore must be attractive to them, generally have short
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Figure34. Nassau Hub Shuttleis a cooperative venture of LI Bus and local

employers and businesses.

headways of 5 to 15 min and routes designed to capture
short trips. Ridersmust perceivethat the busismore con-
venient to use than the car for a designated trip. Low
fares, special equipment (Figure 35) attractive street fur-
niture and waiting areas, and promotionsall contributeto
the success of these services.

. Low Operating Cost—Fixed-route circulators often
operate in environments where general fixed-route ser-
vices cannot because of terrain, density, or street pat-

Figure 35. Route 104 shuttle bus at the Walnut Creek
BART station.

terns. Asaresult, theseroutes generally have lower pro-
ductivity than corresponding suburban routes. (Thisis
not always the case—note that the Route 104 service,
operating as a downtown circulator and as a shuttle to
BART in Walnut Creek, is among the best routes for
CCCTA.) Therefore, it isincumbent upon operators to
keep costs down so that the cost per trip can be compet-
itivewith other services. Threemethodswere used inthe
case studiesfor controlling costs. Several operatorscon-
tract for serviceswith private operators. LANTA and LI
Bus both negotiated separate wage rates for suburban
drivers.

. Attractive Pricing—General circulation services are

usually priced in accordance with general transit fare
policy as regular routes. A discount fare policy, how-
ever, isespecially important for attracting choiceriders
to the special circulators. The CCCTA Walnut Creek
circulator serviceis provided free, with the cost of the
service borne by the local government and CCCTA.
The Nassau Hub Shuttlefareis $ 0.25, whereas regular
services are $1.50. The WhirleyBird costs $ 0.50 per
trip but isfree for seniors during off-peak hours.

Coordinated Intermodal Connections—All the cir-
culators provide a connection to regional bus or rail
services. By doing so, they enableridersto usethe ser-
vicenot only for internal trip making but also for long-
distance trips, including commuter trips during peak
hours. Route 151 in Sunnyside, in fact, operates only



at peak periods. Route 104 in Walnut Creek is one of
CCCTA’s best performing routes, largely because, in
addition to local circulation, it provides atimed trans-
fer to BART. The WhirleyBird connects in two loca-
tionswith LANTA regular route buses and draws most
of itsridersfrom transfers.

Finally, strong local support in the planning process, cou-
pled if possible with financial support for operations, and
aggressive marketing are two cornerstones for all suburban
transit activities.

Route Deviation Suburban Circulator Services

The second category of circulators are those operated as
route deviation services. There were five of these services
identified in the case studies, threein Broward County and two
in Fort Worth. The three services in Broward County define
themselves as fixed-route services, but areview of these pro-
grams indicates that each offers route deviation service,
largely at the driver’ sdiscretion but well knowntoriders. The
route deviation circulator servicesinclude:

* Margate, Broward County;

» Pembroke Pines, Broward County;
» Cooper City, Broward County;

* Richland Hills, Fort Worth; and

+ Lake Worth, Fort Worth.

Definition

Circulatorsare differentiated from theregular local bus net-
work by configuration and purpose, aspreviously described in
the definition of fixed-route circulators. Circulators provide
direct, timely linkages within communities, with connections
to the regional rail or bus networks made available at desig-
nated transfer locations. The services themselves provide
the primary public transportation resource within the commu-
nity and as such complement the larger network with services
that penetrate into neighborhoods that might otherwise be
unserved.

Route deviation isused in each of the cases here to augment
what are basicaly fixed-route circulator services. Each of the
programs has a designated route and schedule, with specified
stop locations and time points. Buses are allowed, however, to
leavetheroute at any point to pick up ridersin designated areas
adjacent to the service as long as the buses then return to the
route at the point of departure. There must betimein the sched-
uleto allow for these deviations; thisis a problem in some of
the systemsin Broward County, wherethe deviation serviceis
lessformally designated. Passengersusing route deviation can
board the buses at designated stops along the fixed route or can
call a dispatcher to request a pickup off the route. Buses will

also drop passengersoff of theroute; theserequestsare usually
made directly to the driver.

With the potential for door-to-door service for any rider,
route deviation provides an additional measure of convenience
over fixed-route service while maintaining afixed-route frame-
work. Although this measure of convenienceisat least in part
aimed at attracting the choicerider, it clearly offers opportuni-
ties for door-to-door services for individuals needing specia
service who otherwise might require ademand response alter-
native and spreads the limited resources of the system to more
areas of the community.

Thus, route deviation services are becoming increasingly
important in meeting the requirements of the ADA within a
cost-effective framework, because they do not require com-
plementary paratransit services to be provided as for fixed
routes.

Applicability

There were few examples of route deviation circulators
among the 11 case studies. Those included are operated in
moderately active areas, which are generally less dense than
the areas served by fixed-route services. Route deviation ser-
vices are used in these settings to expand coverage over the
areawithout expending additional vehicleresources(vis-avis
fixed route), offering ahigher quality point-to-point servicein
the community. Route deviation isnot used in areas of higher
density where sufficient ridership can be generated from
fixed-route services; thus, route deviation services generally
have lower overall productivity than fixed-route service even
with the added degree of convenience offered.

The routes themselves need to be devel oped to conform to
the travel patterns of local residents and should connect ori-
gins and destinations logically using both arterial and sec-
ondary roadways. Although the routes may becircuitous, care
should betaken to maintain reasonabletravel timesthat do not
excessively delay riders. Appropriate equipment should be
used, reflecting the operating environment; in most cases this
would be asmall bus or van.

There are anumber of specific concernswith implementing
route deviation:

» The number of deviations on any single trip needs to be
monitored to ensure that the overall operating schedule
can be maintained and that riders are not experiencing
excessive delaysin making their trips.

» The operating environment needs to be conducive to
route deviation. Buses need to be able to exit and enter
the route easily to avoid excess operating delays. Thus,
care and attention must be paid to the road network and
traffic patterns and congestion when considering route
deviation.

« Route deviation services must be monitored with regard
to the location of boardings and alightings. As common



patterns emerge, it is possible that repeating patterns of
deviations might lend themselves to aroute change.
 Route deviation services are not readily applicablein sit-
uationsthat are highly time sensitive unless measures are
taken to ensure a high degree of travel timereliability.

Performance Range

The performance range for route deviation generaly falls
between fixed-route and demand response services (Table 6),
with the operating environment, land-use density, and quality
of the service being factors influencing ridership.

Asnoted inthe conditionsfor applicability, route deviation
servicesare generally not implemented in densely populated,
high-activity centers. For example, circulatorsin edge cities
are provided by fixed-route services. The five applications
cited here are all route deviation services operated in moder-
ate density environments. The three in Broward County are
operated in mixed-use communities, and the two in Fort
Worth are operated in residential neighborhoods.

The three community circulatorsin Broward County were
implemented as part of acounty policy aimed at maintaining
neighborhood mobility while divesting the county system of
unproductive services and route segments. Broward County
policy is to develop interlocal agreements with interested
suburban municipalities, under which they can lease small
vehicles at nominal rates and receive annual operating funds
of $18,000 per vehicle per year. The services that are then
provided are designed and operated by the local municipal-
ity. The program design allows for a more personalized,
demand-driven transit service within the local jurisdiction,
with connections to the county bus system operated along
principal arterials and providing regional connections.

Each of the communities operates fixed-route servicesthat
allow for route deviation requests. Thelocal circulatorswere
developed to provide internal circulation and maintain local
mobility in light of possible service costs by Broward
County. They replaced the service the regional bus network
could not provide efficiently within the context of its over-
all local bus structure. Margate, with a population of 42,985
and a density of 5,320 persons per mi? (2.6 km?), offers the
most extensive program, with four routes serving the com-
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munity. Cooper City hasapopulation of only 20,791 persons
and adensity of 4,154 persons and provides one route. Pem-
broke Pines, which has the largest population (85,947), has
the lowest density of the three communities (2,691 persons
per mi?) and also provides one route. Margate has the ol dest
population of the three (30.4 percent over 65 years of age),
highest rate of mobility-limited persons between 16 and 64
years of age (7 percent), and lowest median household
income ($28,465). Development in Margate isolder thanin
the other two communities. Pembroke Pines is the least
dense community. Only 19.4 percent of the population is
over 65 year of age, and the household income is $36,431.
Development is relatively new and continuing in this bal-
anced, mixed-use suburb. Cooper City is the smallest of the
three communities, covering only 6.3 mi? (16.3 km?), and has
the youngest population, with only 7.0 of the residents over
65 years of age. The median household income is $49,750,
well above the other communities and the county average.
Development isvery new and characterized by largely single-
family residential developments and clustered, small shop-
ping centersalong principal arterials. Itisthe most residential
of the three settings.

As noted, the Margate service is the most dense, with four
routes operated 6 days a week, with four weekday routes and
three Saturday routes. A single expanded route provides holi-
day service. Three routes have operated since 1993, and
the fourth was added in late 1995. Serviceis provided to over
70 percent of the community. Service connectsto the Broward
County system at threelocations. Cooper City’ sroute has oper-
ated since 1991 on Monday through Saturday. The servicewas
specifically implemented in response to plans to discontinue
county serviceinthe community. The circulator isdesigned to
connect residents of this largely residential community to the
civic center and one county bus route, which are outside walk-
ing distancefor most people. Finaly, Pembroke Pines operates
a single route, which connects residents, the hospital, amall,
and the community center, and which provides connectionsto
two county bus routes.

The three programs are operated by city departments.
Pembroke Pines operates the service through Community
Services, with the Senior Center Transportation Adminis-
trator managing it as well as senior transportation services.

TABLE 6 Operating Performance of Route Deviation Suburban Circulation Services

Service Program Passengers per Hour Cost per Passenger
Margate Broward County 1.6 $1.86
Cooper City Broward County 9.6 2.74
Richland Hills Fort Worth 8.1 513
Pembroke Pines Broward County 6.4 3.43
Lake Worth Fort Worth 43 10.29
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Serviceisprovided over approximately 11 hourson 90-min
headways. Cooper City runsits services through the Senior
Service Program as well and uses a combination of paid
and volunteer staff. The route operates approximately 10
hours a day on 90-min headways. The city of Margate ser-
vice is provided through the Department of Public Works
and is staffed by atransit coordinator responsible for oper-
ations. Its four routes provide the most dense coverage
among the three programs as well as the least flexibility
with regard to route deviations. Service is provided over a
12-hour period on 60-min headways.

The performance characteristics among the three services
vary, fromahigh of 11.6 passengers per vehicle hour in Mar-
gateto alow of 6.4 passengers per vehicle hour in Pembroke
Pines. Cooper City has a productivity of 9.6 passengers per
vehicle hour. In comparison, the average productivity of the
Broward County network is 31.63 passengers per vehicle
hour; therefore, the best of the three routes operates at about
one-third of the county average. What really distinguishes
these services, and makes them successful in the eyes of the
county and local communities, is the cost per passenger trip
rates of the three, which vary from $1.86 in Margate to $3.43
in Pembroke Pines. Cooper City isat $2.74. The county pro-
gram operates at a rate of $1.86 per passenger trip. Thus,
because of the very attractive cost structures of the commu-
nity-based systems, which range from about $22.00 to $25.00
per hour in compared with $55.77 for the county system,
these services meet overall cost-effectiveness criteriafor the
program. As an additional benefit, the ridership and produc-
tivity of the county bus system has improved since the start
of these programs, as routes were restructured to eliminate
nonproductive segments and improve directness and running
times on arterial roadways.

With regard to the variation in performance among the
three systems, it is apparent that the density of the network in
Margate, coupled with its favorable population profile,
account for its position as the best of the three.

With regard to service density, Margate provides 2.5 service
mi (4.02 km) per capita, versus 1.1 mi (1.77 km) for Cooper
City and 0.60 mi (0.97 km) for Pembroke Pines. Similarly, it
provides0.17 hour of service per capitaversus0.05 for Cooper
City and 0.04 for Pembroke Pines. Thishigher level of service
trandates into more coverage, better headways, and a more
useful service to the community.

Cooper City and Pembroke Pines both operate one route
with similar levels of service, yet Cooper City operates at
about 150 percent of the productivity and cost-effectiveness
of Pembroke Pines, despite having one-third of the popula-
tion. One of the major issues in both locations, but felt more
strongly in Pembroke Pines, is how to serve the community
with a single vehicle, (e.g., how to trade off coverage and
level of service). Theroutesin both places have been contin-
uously stretched and route deviation used to extend serviceto
as much of the community as possible. The result has been
problematic—more coverage has been provided but often at

the expense of on-time performance and reliability. Regular
userslovethe flexibility and convenience of the systems, but
the service quality isreaching the point where the viability of
the program may become threatened. As trip lengths are
extended and routes made increasingly indirect, the services
become less attractive to all but a core of transit-dependent
persons. The problem is more acute in Pembroke Pines,
which has an area of 31.9 mi? (82.62 km?) (though much of
it isin the undevel oped Everglades), than in Cooper City, a
relatively compact area of 6.3 mi? (16.32 km?).

Whereas the three services in Broward County are desig-
nated as fixed-route programs offering route deviation ser-
vices, the two in Fort Worth were specifically designed and
marketed as route deviation programs. In 1995, based on a
review of six key performanceindicators of productivity and
cost-effectiveness, the Fort Worth Transportation Authority
(The T) began to develop a series of innovative transporta-
tion servicesto replace marginal fixed routes with specialized
suburban services. Using small vehicles and flexible routes,
TheT initiated the Richland Hills Rider Request and the L ake
Worth DoorStep Direct (Figures 36 and 37).

Richland Hills is a compact community with a high pro-
portion of retired residents who typically have destinations
within the city limits. To address these transportation needs
more efficiently, planners modified service on an existing bus
route to provide route deviation within Richland Hills. Pas-
sengers have the option of calling The T to schedule a pickup
one day in advance or calling the bus driver directly for same
day pickup. Vehicles are scheduled to leave downtown Fort
Worth every 90 min between 6:15 AM and 6:15 PM on week-
days only. Once the vans reach Richland Hills, they drop off
and pick up passengers within the community for 45 min and
then return to downtown Forth Worth. The T uses 10-passen-
ger vans, drivers are equipped with acellular telephone. One-
way faresare 80 cents; students, seniors, and disabled patrons
pay 40 cents.

Lake Worth is a residential area with peak-period com-
muters destined for downtown Fort Worth and an all-day
demand for the Southside Medical District outside down-
town. To respond more efficiently to these demands, planners
scheduled fixed-route service with limited route deviation.
The fixed-route service combined service to downtown Fort
Worth with a loop that circulated within Lake Worth. The
Fort Worth T replaced the fixed-route local circulator with a
20-min demand responsive segment on the outbound trip
from downtown. Passengers may reserve a pickup time at
their homes during thistime. Passengers must make reserva-
tions 24 hoursin advance; fares are comparable with the rest
of the system. The route uses 26-ft (7.92 m) 18-passenger
minibuses. Although The T lost passengers at first, ridership
eventually increased by about 10 percent.

Rider Request and DoorStep Direct are both dightly more
expensive to operate than the system’ s fixed routes. The cost
per hour of the services are $43.89 and $41.40, respectively,
versus $39.18 for the system asawhole. On a per mile basis,
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Figure36. Fort Worth Transit Network showing the route deviation service zonesin Lake Worth and Richland Hills.

they are actually less expensive to operate; achieving higher
operating speeds than the system average, they operate at
$2.50 and $2.62, respectively versus $2.74 for the system.
Although the passenger per hour rates are only afraction of
the system average, at 4.26 in Richland Hillsand 8.07 in Lake
Worth versus 17.35 systemwide, these rates are higher than
those for the fixed-service segments they replaced. Thus,

Figure37. Special vehiclesused by “ The Ride” in Fort
Worth for its route deviation services.

athough the cost per passenger trip is$10.29 for the Richland
Hills service and $5.13 for the Lake Worth service, the costs
are actualy lower than the cost per trip for the previous ser-
vice. Giventhegoal of maintaining suburban mobility to these
neighborhoods, the changes have actually achieved anet sav-
ingsfor The T. The disparity in performance between the two
systems appearsto beafunction of the community profile and
their desired trip making activities. Lake Worth has a larger
percentage of peak-period commuters destined for downtown
Fort Worth, aswell asan all-day demand for serviceto amed-
ical district located outside the CBD. Richland Hills, on the
other hand, has a higher proportion of retired residents who
typically make shorter, intracommunity trips.

Therange of productivity for route deviation circulator ser-
vices is from 4.3 to 11.6 passengers per vehicle hour. In
Broward County, where the operating costs are low, the cost
per trip ranges from $1.86 to $3.43; in Fort Worth, which is
not contracted, the higher cost of the operation resultsin acost
per trip of $5.13 to $10.29. Regardless of the outcome, even
the high-end costs are meeting system objectives in both
areas, asmohility continuesto be provided in areaswherereg-
ular services have previoudly failed. Judging from the perfor-
mance of these services, productivities for these servicesin
ideal conditions should range between 10 and 15 passengers
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per hour; if costs are kept low, the cost per trip of the most
efficient services should be comparable to the cost per trip of
the regular fixed-route network.

Conditions of Effectiveness

What are the conditions of effectiveness that contribute to
the success and/or failure of these services to meet expected
performance levels?

1. Population and Population Density—Although there
must be enough persons to justify providing services,
the total population, and particularly the population
density, should be more moderate than for fixed routes
so that total demand and demand for route deviations
does not exceed the capacity of the program. A compact
operating environment will enhancethe service, asevi-
denced in Cooper City compared with the same type of
program in Pembroke Pines.

2. Continuous Roadways—To provide route deviations,
the bus must be able to leave and return to the route
efficiently in order to minimize excess running time.

3. Transit-Dependent Profile—Four of the five services
rely to agreat extent on nonchoiceriders, particularly the
elderly. The fifth, the Lake Worth DoorStep Direct, has
asignificant choice rider group among commuters, who
are able to make a one-seat trip from their doorstep to
downtown Fort Worth. This service, along with the
WhirleyBird, Route 104 in Walnut Creek and the Nassau
Hub Shuttle, demonstrates that services can be designed
and marketed to choice riders in selected venues if
conditions are right and the services are comfortable,
convenient, and well-marketed.

4. Mixed-Use Setting—The more productive services
were those operated with appropriate levels of service
in mixed-use settings, serving a mixture of residential
and commercial and civic activities.

5. AppropriateL evel of Service—Evenif al other condi-
tionsareright—density, mix of activities, street network,
marketing—it is essential to provide an appropriately
designed service. The basic routes need to connect ori-
gins and destinations in a reasonably direct manner,
allowing for some deviation and circuity, and headways
need to be accommaodating. Clearly, one of the problems
associated with the Pembroke Pines serviceisitsinabil-
ity to serve 31.6 mi? (81.8 km?) with asingle route; devi-
ations and route modifications have crested aroute with
an 80-min running time and 90-min headways, which
limits the effectiveness of the service and its value to all
but a core of transit dependents. Cooper City also oper-
atesonlong headways, but the running time of each loop
isonly 38 min. InRichland Hills, the Lake Worth service
operates for 20 min in its route deviation segment and
and then goes direct to downtown Fort Worth. The one-

seat servicefor tripswithin the community or tothe CBD
isavery attractive feature and one that contributesto the
high choice ridership of the service.

6. Low Operating Cost—Once again, it is important to
note that the competitive operating costs of these pro-
grams can play a significant role in determining cost-
effectivenessand goal attainment. The Broward County
services have cost structures that are a fraction of the
County structure and thus are successful programson a
cost per trip basisdespite productivity levelsof one-third
or less than the County network. In Fort Worth, the ser-
viceisoperated by The T so that there is no cost advan-
tage; the cost-effectiveness of this program is achieved
because the new services are attracting more riders than
those they replaced, thus preserving suburban mobility.

7. Coordinated Intermodal Connections—Intermodal
connections are a major attraction for these services,
which serve as feeders and distributors for the regional
network. In Fort Worth, the services are designed to
eliminate the transfer entirely; in Broward County,
transfers are designated at a number of terminals in
each community.

8. Local Support and Public Participation—The Fort
Worth Transportation Authority credits its extensive
public outreach program with identifying innovative
service needs. In addition to working with local resi-
dents and elected officials with regard to proposed ser-
vice changes, the authority has a 24-hour telephoneline
for residents to record their comments. The Broward
County services were designed locally, with the inputs
of citizens, elected officials, and city staff. The program
isthe community’s program in each case, designed by
themselvesfor their needs and funded by the taxpayers.
One of the hallmarks of these programs, according to
riders, istheir friendliness and willingness to go out of
the way for their customers.

9. Marketing—The Forth Worth T promoted servicesin
Lake Worth and Richland Hills through direct market-
ing. For example, residents in Richland Hills received
an information packet describing Rider Request service
as well as arefrigerator magnet listing the reservation
telephone number.

Demand Response Suburban
Circulator Services

Thefinal set of suburban circulators arethosethat are oper-
ated as demand response, door-to-door programs. Often
called did-a-ride services, the case studies and research iden-
tified nine applications among five operators. Examples of
thistype of serviceinclude:

 El Cgon, San Diego Transit;
» Spring Valley, San Diego Transit;



* LaMesa, San Diego Transit;

* Maxi-Ride, Tidewater Transit District;
e Sunnyside, Tri-Met;

+ DARTAbout, DART;

* MaysLanding, NJ Transit;

» Northfield, NJ Transit; and

* Absecon, NJ Transit.

Definition

Demand response or dial-a-ride services are used as circu-
lators in a number of settings. These systems provide door-
to-door dropoff and pickup within a designated service area,
are available to the general public, and generally operate
throughout the day. Advance notice for trip reservations
varies among services, from 1 hour to 1 day in advance of a
trip; standing orders are accepted for trips. Most of the ser-
viceshavereciprocal transfer arrangements with the regional
network; in some cases transfers are free and in others there
isasmall transfer charge.

Applicability

Demand response services are generally applied in areas
of low to moderate density where the number of transit trips
and size of the area would probably be insufficient to jus-
tify a network of fixed-route services. Demand response
services are intended to provide greater area coverage with
fewer vehicle resources than a fixed-route network. At the
same time, by offering a door-to-door premium service,
they provide an additional level of service that planners
and operators hope to translate into higher ridership among
choiceriders.

Dial-a-ride services in San Diego, for example, wereini-
tiated to overcome problems of dispersed trip making and
low-density suburban development patterns, along with a
development pattern of cul-de-sacs and discontinuous streets
that limit traffic and opportunities for fixed-route transit. In
many areas, these problems are exacerbated by the local
topography, with hills and canyons that inhibit direct con-
nections between neighboring communities, restrict the use
of theroadsto small vehicles, and make pedestrian accessto
bus stops virtually impossible.

Dia-a-ride services were specifically developed to over-
come these barriers to conventional bus services, providing
mobility to areas that otherwise would be unserved and
feeder servicesto theregional rail and bus network.

General public demand response service has a history of
unsuccessful ventures, of the nine programsidentified in the
research, four have been discontinued because of lack of rid-
ership support and escalating costs. Another service identi-
fied in the case studies, operated by LANTA and designated
as a genera public dia-aride, is, for al intents and pur-
poses, a specialized service for seniors, because the 3-day
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Figure38. San Diego Transit's La Mesa transfer center.

advance notice policy for reservations effectively eliminates
the service' s utility for those with the option of driving.

Where general public dial-a-ride hasworked best iswhere
it has functioned not only asageneral circulator but also asa
shuttle to mainline rail and bus services. San Diego has two
sets of dial-a-ride services—the community circulator pro-
grams in El Cgjon, Spring Valley, and La Mesa, and the
DART (Direct Access to Regional Transit Services) shuttle
programin six locations, which is described in the section on
shuttles (Figure 38). Tidewater Regional Transit operates a
successful program, Maxi-Ride, which combines general
community circulation with feeder service to the mainline
bus system (Figure 39). Finally, the Sunnyside Dial-a-Ride
in Portland, despite having somewhat disappointing ridership
as of 1995, continues to operate in conjunction with a peak-
hour fixed-route circulator.

To succeed, dial-a-ride programs need to be focused, with
tightly defined territories and rules that help create cost-
effective runs. Thisisthe casefor the systemsin Tidewater,
San Diego, and Portland and is underscored by experiences
in Hamilton, Ohio, and Orange County, California, with
dial-a-rides. Hamilton replaced many of itslocal fixed routes

Figure39. A Tidewater regional transit Maxi-Ride
vehicle waits at a suburban transit center along with buses
from the fixed-route network.
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with minibuses and vans that circulate within designated
wedges of the city; travel between wedgesis made on main-
line transit routes and from a downtown transfer center.
Orange County has created a similarly zoned network of
dial-a-ride services; vehicles stay within their designated
zones, and interzone trips are made by transferring between
vehicles for parties of fewer than five passengers. Orange
County uses advanced automated technologies to increase
operating efficiencies; these advances ultimately may help
dial-a-ride programs create cost-efficient services. Improved
scheduling and dispatching, automated real time vehicle
location technology, electronic mapping, and cellular com-
munications technologies are increasingly being tested to
create “smart” forms of dial-a-ride, which can be more
responsive to traveler needs and more effective in creating
efficient vehicle runs that ultimately will drive up produc-
tivity and bring down the cost per trip of these services.

Performance Range

Of the nine services identified, four have been terminated
because of poor operating performance. Because the two
operators, NJ Transit and DART, kept ridership data and
cost data differently, direct performance comparisons are
difficult to make, not only between these services, but
between these services and those still in operation.

In Dallas, DARTAbout was initiated in 1989 after a series
of service cuts in the fixed-route network. Service coverage
was limited to a few suburban communities and to areas
beyond the coverage of the fixed-route network. These ser-
vices were intended to provide local circulation and feeder
services, but only 23 percent of theridersreported transferring
to other services. Most of theriderswereregular, core users—
83 percent of the trips were subscription trips, and 44 percent
of the passengersreported using the service 5 days or more per
week. The ridership base never increased significantly, and
the service was discontinued in 1995. Averagedaily ridership
at that time was 286 passenger trips, average Saturday rider-
ship was 53 trips. When the service was discontinued, the cost
was about $12.40 per passenger trip versus a system average
of $2.50 per passenger trip.

Thethree NJ Transit services wereimplemented as part of
an experimental program testing various types of suburban
delivery servicesaround the state. Thethree serviceswereal
in Atlantic County and were designed to connect low-density
residential communities to a midsized regional employment
corridor. The service was initiated by NJ Transit working
with Atlantic County planning staff and had minimal support
from the employers themselves. Furthermore, this was not a
servicethe community at large asked for or initiated, so there
was alow level of public support and awareness of the proj-
ect. Coupled with the relatively short travel distances and
minor roadway congestion and parking issues, the project
was unable to generate significant ridership from any of the
three areas. Therange of ridership reported by NJ Transit was

from 8 to 15 passenger trips per day, or less than 2 trips on
averagefor any runto or from the employment sites. The cost
recovery ratio, which was the basis for determining goal
attainment for the experimental program, ranged from 4 to
10 percent after 2 years, well below the 25 percent standard
for maintaining a service.

Thefive programsthat continue to operate are all based in
areasthat are well-defined, have anumber of activity centers,
and have amoderate popul ation basein terms of both sizeand
density. Three arelocated in San Diego, and thereisone each
in Tidewater and Portland.

No area of the country has accumulated a longer history
of experience with general public DAR servicesthan metro-
politan San Diego. In 1974, officials from El Cgjon, a sub-
urb 15 mi (24.1 km) east of downtown San Diego, contracted
with San Diego Yellow Cabs, Inc., to provide a “turnkey”
DAR service, called the El Cajon Express. As designed, the
El Cgjon Express operated 7 days aweek, 24 hoursaday any-
where within the city; for trips to destinations outside of
El Cajon, vehicles operated like exclusive-ride, metered taxis.
Reservations could be made with only 1 hour notice required.
By 1980, ridership on the El Cajon Express grew to around
600 trips per day, and at adollar fare per trip the service cov-
ered around 30 percent of its costs, comparable to fixed-route
bus servicesin the area. The same year, the EI Cajon Express
was averaging around 8 passengers per vehicle hour, a decent
rate of productivity for acommunity-based service. Other sub-
urban communities in greater San Diego, including LaMesa
and Spring Valley, followed suit, contracting their own gen-
eral public DAR services.

As San Diego’s trolley line extended into the eastern sub-
urbs in the mid-1980s (Figure 40), thus providing another
mohility option for theregion, and the cost of curb-to-curb con-
tract services continually increased, the financia performance
of general public DAR services began to falter. Ridership lev-
elshavefallen off in El Cgjonto fewer than 100 passenger trips
per day [21,612 passenger tripsfor fiscal year (FY) 1995], and
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Figure40. EI Cajon Sation intermodal transfer point
between the San Diego Trolley and local buses and
paratransit.



the cost of operations has dramatically increased, to $3.33 per
mi. The La Mesa service carried 59,236 passengers in FY
1995, about triple that of El Cajon, and Spring Valley carried
asimilar number of trips, 19,199, in FY 1995. The respective
operating costs for the two services were $2.52 per mi in
LaMesaand $3.02 in Spring Valley.

These cost per milefigures, although growing, arestill low
compared with the cost of the local fixed-route services pro-
vided by San Diego Transit, which were $3.99 in FY 1995.
However, even with the cost differential obtained from pri-
vate contracts, the subsidy per passenger and cost recovery
ratios are very low compared with the fixed-route service
because the productivity of the servicesisvery low compared
with local fixed routes.

Productivity for SDT local fixed routes in FY 1995 was
2.53 passengers per mi, versus 0.33 for LaMesa, 0.25 for El
Cajon, and 0.30 for Spring Valley. As a result, per rider
deficits on San Diego’s DAR services, which were $2 to $3
in 1988-1990, are now $6.25 to $11.50, compared with $0.84
for alocal fixed-route bus. The fare recovery ratios range
from 12.5 percent in Spring Valley to 18.0 percent in La
Mesa and are 46.5 percent for the fixed-route services. Pre-
mium fares for the door-to-door service compared with
fixed-route fares help keep the cost recovery levels at these
rates—Spring Valley charges $1.50 per trip and $0.50 with a
transfer, whereas El Cajon charges $4.00 per trip but $2.00
for seniors and the disabled and $0.50 with atransfer.

These data do not demonstrate that fixed-route service
would operate more effectively or efficiently in these com-
munities. As discussed earlier, the experiences in Broward
County and Fort Worth indicate that fixed-route services in
low to moderate density environments often are less produc-
tive than the services that replace them, even when the ser-
vices have low productivity rates, because of the inability of
fixed routesto provide sufficient coverage, difficult terrain, or
transit-unfriendly devel opment patterns. On the other hand, in
Broward County and Fort Worth, the operating and financial
data suggested that the replacement services were, on a cost-
per-trip basis, reasonably similar to the fixed-route programs,
which is not the case in San Diego. Currently, both El Cajon
and La Mesa are considering replacing general public DAR
with fixed-route shuttle vans that feed into trolley stations.

Tidewater Transit's Maxi-Ride is the most successful
example of regional DAR services open to the general public.
Maxi-Ride operates mainly in low-density areas of Norfolk-
Chesapeake-Portsmouth. Each vehicleisequipped with acel -
lular phone. Passengers request rides by calling drivers
directly. Thiseliminatesthe cost of acentral dispatcher. Driv-
erslog in service requests, schedule pickups and dropoffs,
and determine routing. This makes for avery efficient, cost-
controlled service.

From 6 AM to 7 PM, Monday through Saturday, each of
six Maxi-Ride zones is served by a free-roaming minibus
that ties into a direct transfer center at regular intervals.
Someone wishing aride can board at atransfer center within
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the zone or can call 2 hours in advance for front-door ser-
vice. Riders can travel anywhere within the service area on
asingle Maxi-Ride vehicle. To leave the service zone, how-
ever, they must transfer to afixed-route bus at atransfer cen-
ter or to a Maxi-Ride service in an adjacent territory. All
transfers are synchronized to the maximum extent possible
through driver-to-driver cellular phone communications.
TRT provides a variety of fare options for the general pub-
lic to patronize Maxi-Ride, including one-zone monthly Fare
Cutter Cards of $20 plus $1.35 per trip and All-Zone Cards
(good for traversing any of the 10 zones) for $38 plus $0.80
per trip.

For the three lowest density Maxi-Ride zones, the average
operating subsidy per passenger was $2.17 to $4.67 in fall
1995. TRT' s subsidy per passenger for fixed-route services
ranges from a modest profit to $7.04; the average per pas-
senger fixed-route subsidy is $0.94. Thus, in light of the
excellent quality of service provided, Maxi-Ride is viewed
locally as an unqualified success, providing servicesin low-
density areas where fixed-route costswould be excessive at a
cost per trip, which isreasonabl e given the range experienced
for fixed-route services.

Originally, the cost-effectiveness was achieved by main-
taining low operating costs through competitively contract-
ing the service to a private taxi company. However, during
1983-1986 contract negotiations, TRT's labor representa-
tives agreed to create a minibus paratransit division whose
driverswould receive reduced salaries and operate under few
work rulerestrictions. Thisresulted in TRT eventually win-
ning the Maxi-Ride service in the mid-1980s and operating
it entirely in-house, a pattern earlier identified for suburban
initiativesat LANTA and LI Bus.

The Sunnysidedial-a-ridein Portland, identified as Tri-Met
Route 150, operates all day from Monday through Saturday
and is supplemented by Route 151, a peak-hour circulator
service. The service provides connections at the town center
to regional transit and circulates to almost al areas of this
mixed-use community. It wasimplemented to provide mobil-
ity over a hilly terrain, which was unsuitable for fixed-route
services with full-sized transit coaches. Tri-Met originaly
used contractors for this and other community services, but a
dispute with the driver’ sunion led to the program being oper-
ated in-house as of 1993, which increased the cost by about
100 percent. As of summer 1995, ridership was 114 passen-
gers per day, which was below anticipated levels, and efforts
were undertaken to modify the service area.

With the exception of Maxi-Ride, dial-a-ride services are
not meeting expectationsamong all the operatorswith regard
to the number of trips provided or the productivity and cost-
effectiveness of the programs. Ridership levelsin most sys-
tems seldom exceed a few passengers per vehicle hour, and
subsidy per trip levels and cost recovery rates are poor, even
where services are contracted. Subsidy per trip ratesin Dal-
las and San Diego, which were reported, far exceed the rates
for the local fixed-route services; cost recovery rates ranged
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fromaslow as4 percent in Mays Landing, New Jersey, to 18
percent in La Mesa. Maxi-Ride stands out among the case
studies; as such, some of the lessons|earned areincorporated
into the following discussion.

Conditions of Effectiveness

As described, dial-a-ride programs for the general public
have only amodest success rate in suburban areas. Although
technological changes are constantly improving the respon-
siveness of these services, which may translate into better
and more effective programs, some basic issues must be
addressed when these programs are developed, many of
which areinterrelated.

1. Appropriate Setting—Dial-a-ride services work best
in low to moderate density settings, which are too
sparsely population or lack the density for fixed-route
service. Many of the territories also feature terrain that
isunnavigableby full-sized coaches or street patternson
which coaches are unable to travel. In these settings,
dial-a-ride programs penetrate neighborhoods, provide
greater areawide coverage, and feed fixed-route services
at transit centers or along major arteria roadways.

2. Focused, Well-Defined Service Area—Part and parcel
of the above factor is the need to carefully define and
bound the service area. Successful services constrain
coverage either in this manner or by restricting the way
trips are provided (see below). Given that the appropri-
ate setting may be large with low density, extending
coverage too far with inadequate resources will nega
tively affect productivity and cost-effectiveness, astrip
lengthsare extended and opportunitiesfor trip-grouping
arereduced.

3. Limiting Trips—The more successful examples of
dial-a-ride programs have limited trip making, espe-
cialy between designated zones, which concentrates
activity and enables operators to maximize the use of
resources. Interzone trips are made via connection to
fixed-route services at designated transfer points. Within
a zone, operators still allow for all origin-destination
pairs, which provide the circulator function within the
community for which the program was designed.

4. Intermodal Opportunities—In conjunction with the
limitation on trip patterns, successful programs need to
focus on two patterns: internal trip making within a
zone/community, and external trip making between
communities. With respect to the l atter, akey focal point
of successful programsis an intermodal terminal—for
example, in San Diego it is the trolley station and in
Tidewater it is designated suburban bus terminals.
Circulators then provide two functions, local circula-
tion and feeder/distribution for the regional network,
thus increasing utility. Furthermore, the regional trip

patterns attract choice users more than the local trip
opportunities, further enhancing the potential of the
service.

5. Transit-Dependent Population—Local circulation trip
making for the most part serves the transit dependent
(Figure 41). Asthese aregenerally short trips, choicerid-
ersgeneraly will usetheir carsfor thesetrips, unlessthere
isaprevailing loca issue restricting the convenience of
the automobile—congestion around activity centers,
parking congestion or pricing, and soforth. Therefore, the
service area should have a reasonably high number of
transit dependents—older individuals, low or moderate
income families, one car households, teenagers—to
ensure the presence of abase rider population.

6. Useof New Technologiesfor Real-Time Scheduling—
Perhapsthe most critical factor that will contributeto the
success of existing and planned demand response ser-
vices will be the introduction of new technologies to
these programs. As hardware becomes less costly, oper-
atorswill be able to use new scheduling and dispatching
programs that feature automatic vehicle location (AVL)
detection, geographic information systems (GIS), and
cellular communications technol ogies, which will trans-
late into better, quicker responses to travel requests.
Tidewater already has shifted to immediate response
by placing cellular phones on each vehicle and allow-
ing drivers to set schedules, which makes the Maxi-
Ride as easy to use as the fixed-route bus. Systems
will be able to overcome response-timeissues, and use
the AVL and GIS programs to track vehicles and
improve on-time performance and reliability.

7. Reasonable Operating Costs—This topic has been
covered previously in these guidelinesand is one of the
foundations for success in suburban mobility. Tide-
water operatesits services by using areduced labor rate
negotiated with its operators union, and the San Diego
services are contracted to private operators. Only Tri-

Figure4l. ATRT Maxi-Ride van drops off a worker at a
Burger King in suburban Norfolk.



Met operatesits own service and does so only because
of adispute with their operators union.

8. Modest Goals and Objectives Focused on M obility
and Cost-Effectiveness—Even after taking all the
above factors into account, a fundamental tenet to sub-
urban mobility planning, particularly with demand re-
sponse services with their lower ridership counts, isto
focus on realistic goals and objectives and to remember
those when evaluating operations. The focal point for
ng the projects must be on cost-effectiveness, the
cost per trip of these services, and not on productivity or
sheer volume, neither of which will approach the levels
of fixed-route operations. Are these services providing
trips at reasonabl e cost compared with thefixed-route pro-
gram? Wasthe cost per trip better when fixed-route ser-
vices were provided or, if they were, could fixed-route
service do better? Even more important, if maintaining
regional mobility is an objective for the area, is the cost
of the service reasonableto maintain regional mobility in
areas where fixed-route service cannot operate effec-
tively? Assessing the total ridership or productivity of
demand response and fixed-route services is comparing
apples and oranges—the very different environments
make such comparisons meaningless. Mobility and cost-
effectiveness, on the other hand, can be measured and
compared morereadily and areamorelogical foundation
upon which to assess success or failure.

SHUTTLE SERVICES

Shuttle services are used to supplement the existing tran-
sit network by providing tailored, high-quality connecting
services between major activity centers, one of which is
often atransit center. Their purpose isto make regional rail
or bus travel a more viable option for travelers by creating
the final link in the public transportation network—the
home-to-station or station-to-work/final destination trip.
Shuttles are often tailored to a specific niche market, the
most common being commuterstraveling to and from major
employment centers.

Over two dozen shuttle applications were identified in the
case studies and research. Unlike circulators, which were cat-
egorized by operating characteristics—fixed route, route devi-
ation, and demand response—shuttles have been categorized

by trip purpose:

* Rail station to employment center,
» Residenceto regional busor rail, or
* Midday employee shuittles.

Rail Station to Employment Center Shuttles

Thefirst category of shuttlesisthose that connect regional
rail stationsto employment destinations. By creating thislink
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in the network, transit becomes a more attractive and viable
alternative to the single-occupant automobile for choice rid-
ers and provides mobility and increased employment oppor-
tunities for transit dependents. Examples of this type of
service include:

* Route 960, Bishop Ranch, CCCTA;

* Route 991, Concord Station, CCCTA;

+ Sorrento Valley Coaster, San Diego Transit;

« Merrit 7 Commuter Connection, Norwalk (CT) Transit
District;

+ Virgin Atlantic Commuter Connection, Norwalk (CT)
Transit District;

» Centennial Avenue Shuttle, NJ Transit;

» Convent Station Shuttle, NJ Transit; and

 Shoreline East Connection, Connecticut Transit.

Definition

Regular transit is often supplemented by a special short
shuttle route, which provides connectivity between key loca-
tions served by the longer-haul network. The service design
is based on short routes offering direct, quick travel times
between start and end points, aschedul e coordinated with the
regional network, and an attractive fare policy. The empha
sis on direct connections from origin to destination distin-
guishes shuttles from circulators, which, although providing
shuttle components in many cases, generally have more cir-
cuitous, lesstime-sensitive route designs serving multipletrip
purposes and destinations.

A combined regional rail and shuttle program is aimed at
getting choice riders out of their cars and at providing
increased mobility to nonchoiceriders; assuch, thetravel time
and cost characteristics need to be tailored to be competitive
with automobile travel times and cost (Figure 42).

Shuttles are commonly used in both urban and suburban
settings. An urban rail example is the Times Square-Grand
Central Shuttle in New York City, connecting north/south
services on the east and west sides of Manhattan. In the sub-
urban setting, shuttles commonly connect rail stations to
major employment destinations located outside walking
distance from the station but not more than approximately
15 min away. The eight examples of these services described
from the case studies and research are identified in the list
given in the previous section.

Applicability

The key to the application of rail station (or bus terminal,
although nonewereidentified in the case studies) to work shut-
tlesisto apply them in situationswhere the market can support
the services and where the combined transit trip—home to
regiond rail, regional rail, regional rail to work—can be com-
petitive with the same trip made by single-occupant vehicle.
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Figure42. Norwalk Commuter Connection links Metro-
North rail service to a 13,000-person regional employment
center.

This does not mean that the trip time needs to be shorter or
cost less than for automobile travel. The trip may in fact be
slightly longer and possibly the same price, but other factors
will come into play— consistent travel times unaffected by
potential highway congestion, accidents, and so forth; com-
fort and the opportunity to read, sleep, or relax while on the
train; less wear and tear on a personal vehicle (or even one
lessvehiclerequired in ahousehold); and the intangible ben-
efit of contributing to a better environment.

Based on areview of the services offered, thefollowing are
themost relevant conditionsfor application of shuttle services:

» There must be a concentrated employment base, with a
significant percentage of the jobslocated outside of walk-
ing distance from regional transit, and there must be a
regional rail or buspresencein the area, with asignificant
station or transfer terminal having a reasonable level of
service during peak periods. The shuttle service requires
both to be successful. Experience has shown that a sta-
tion with minimal peak service for inbound employees
does not offer enough scheduling flexibility, even with a
good shuttle program, and an areathat hasalow employ-
ment base, or where most employment is concentrated
around the station, cannot generate enough riders.

» The employment targets should be outside of walking
distance but not so far that the shuttle trip itself becomes

amajor part of theoverall trip. Thebulk of the commuter
trip should be on the regional rail or express bus system
and not on shuttles using local roadways.

» Theregional transit network interfacing with the shuttle
service must serve origin-destination patterns that meet
the origin-destination patterns of a reasonable number
of employees in the area. With trip making becoming
increasingly diverse, itisessential to determine whether,
for any given set of work sites, a sufficient number of
workers come from origins along the rail or buslines a
shuttle would serve.

» Theattraction of rail shuttlesand transitisgreater in areas
where highway congestion makes peak-period commut-
ing difficult or where parking is either fully utilized or
expensive. In such environments, awell-designed service
can provide competitive travel times and costs to go
along with the potential for better travel time reliability,
comfortable seats, and arelaxing trip.

* Shuttles are more applicable in areas where there are a
few major employers who are willing to provide spon-
sorship and possible financia backing for the service.
Areas with high employment but few major employers
appear to have a lower probability for success, inde-
pendent of other considerations such as congestion or
parking issues.

The shuttles described in the case studies serve employers
in edge cities, both within the city center and along major
employment corridors, with commuters usually traveling in
both directions, for example, the traditional CBD-oriented
peak direction aswell as the off-peak reverse commute direc-
tion. Other shuttles serve exurban employment enclaves,
designed to serve reverse commutersto these remotelocations.

Performance Range

Employment shuttles by their nature serve niche markets;
that is, asmall portion of thetotal travel market commuting to
any onelocation. Thus, on aregional basisthe number of trips
asapercentage of all tripsisrather small; the key isto capture
areasonable mode share of the trips that originate within the
corridor served by regional bus or rail. As an example, the
total employment market in New Haven, Connecticut, is
85,000 persons, and 58,000 work within the CBD, an area
served by the Shoreline East Shuttle. However, further strati-
fication based on home origin within the Shoreline East ser-
viceterritory and the number of peoplewho canwalk fromthe
train to the station reveals that only 2,500 of the 85,000 per-
sons are truly within the potential market for the rail shuttle
program. Thus, the ridership in 1995 of 425 trips per day or
212 individuals calculates to a mode share of over 8 percent
of the market using the shuttle.

This immediately provides two conclusions regarding
expectations and performance:



 Shuttle services have to be viewed in their context, as
niche services, when policy makers review their record
and daily ridership figures, which rangefrom 45to 637 for
the eight services reviewed in this research effort. These
shuttles have to be carefully tailored to the employment
patterns of their respective areas to be successful. Fur-
thermore, they need to be viewed in the context of overall
regional congestion management strategies and regula-
tions as a piece of a larger puzzle encompassing other
transit and TDM actions.

« Shuttle programs have to be carefully designed and tai-
lored to the markets they serve in order to be effective.
Given their relatively small markets, they have to have
hours and headways tailored to the travel patterns of the
local market and cannot overextend schedules; they also
must find cost-effective ways to operate.

Creative public-private partnerships are behind the success
of two shuttles in Contra Costa County (Table 7). Route 960
connects the Walnut Creek BART station to Bishop Ranch
Business Park (Figure 43) Bishop Ranch is one of the Bay
Ared's premier edge cities, a mammoth 585-acre master-
planned office-industrial campus, with over 60,000 on-site
employees. Using money from a mitigation fund to ease the
disruptive effects of retrofitting acritical freeway interchange
in the county, Ca Trans joined with the Sunset Development
Corporate (the owner of Bishop Ranch) to sponsor the 960
Express Shuttle. Employees of Bishop Ranch ridefreeby dis-
playing an identification badge, and the general public paysa
$1.25fare. The 960 Express Shuttl€' sfixed-route predecessor
carried only 6.7 passengersper hour. In late-1995, the Express
Shuttle averaged 15.8 passengers per revenue hour. Its
monthly ridership jumped from 2,200 passengersin February
1995t0 6,000 6 months|ater. On some mornings, theload fac-
tor approaches 1.5. Because of ridership gains, the Express
Shuttle's operating subsidy per passenger has fallen from
$3.47in 1994 tolessthan $2in mid-1996. The expressservice
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also seems to have helped meet air-quality goals. The Bay
Ared s air-quality management district has assigned Bishop
Ranch a 0.80 target for its vehicle employee ratio (VER) —
the number of vehicles used for commuting divided by the
number of employees. In 1994, Bishop Ranch's VER was
around 0.90, but with the stepped-up Route 960 service, it fell
t0 0.81 in mid-1995.

A similar express shuttle service, Route 991, connects
BART's Concord station to three business parks — Chevron
U.S.A., Concord Airport Plaza, and Galaxy Office Park (Fig-
ure 44). Employers at these office parks help underwrite the
cost of these peak-hour-only shuttle runs. They agreed to do so
as a condition to receiving building permits. Their employees
ride free by flashing a shuttle card or an employee ID; al oth-
erspay regular fares. The operating subsidy per passenger trip
isaround $2.55, inlarge part because most patrons pay nofare;
dtill, thisis well below CCCTA's standard of $3.80 per pas-
senger trip. All three business parks are satisfied with Route
991’ s performance and plan to more aggressively market the
service to on-site employees in coming years.

Another example of an express shuttlefrom arail stoptoa
massive suburban job concentration is San Diego’ s Sorrento
Valley Coaster Connection. Sorrento Valley, located near the
junction of [-5 and 1-805, has some 70,000 employees,
mostly housed in campus-style office parks. There are more
jobsat thislocation than in downtown San Diego. The campus-
style settings, combined with the valley’ s hilly terrain, make
the area ill-suited to conventional fixed-route services. In
1995, CMAQ funds were used to operate vans, contracted
from private operators, that provide door-to-door connections
from a commuter rail station on the Coast Express Rail (The
Coaster) in north San Diego to the Sorrento Valley. The ser-
vice has been hugely successful, with daily ridership grow-
ing from 450 a day in mid-1995 to a high of 630 passengers
aday in November 1995. Thisresultsin an operating cost of
around $3.35 per passenger trip. The contractor charges
$30.50 per vehicle hour to provide the service. Usersridefree

TABLE 7 Operating Performance of Rail Station to Employment Center Shuttles

Passengers Passengers

Service Program per Day per Hour Cost per Trip Cost Recovery
Rte. 960, Bishop Ranch CCCTA 15.8 Under $ 2.00
Rte. 991, Concord CCCTA 80 $255
Sorrento Valley Coaster San Diego 637 $3.35
Merrit 7 Norwalk Transit (CT) 60 10.0 (est) $4.00 (est)
Virgin Atlantic Norwalk Transit (CT) 45 7.5 (est) $5.30 (est)
Centennial Ave. NJ Transit 78 30.2%
Convent Station NJ Transit 73 30.8%
Shoreline East CT Transit 425 28.8 $2.05
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Figure43. Route 960 Express Shuttle connects the Walnut Creek BART Sation to the
585-acre Bishop Ranch, which has over 60,000 on-site employees, in Central Costa

County, California.

by showing a monthly pass. Virtually al customers are
middle-income “choice” riders who would otherwise solo
commute to work, particularly in view of the fact that they
could park for free at their workplaces. Despite the program’s
popularity and support, future funding is uncertain once
CMAQ fundsendin February 1997. The Metropolitan Trans-
portation Development Board, one of the program sponsors,
will extend the service another year if employers pay half the
cost; however, many of the employers think tax dollars they
pay to the county should finance the service just as other pro-
grams are financed. The San Diego Association of Govern-

o
\ Airport Plaza

mentsis seeking acompromise arrangement that would com-
bine public funds, employer contributions, and afare, but the
North County Transit District, where the service operates,
does not want to introduce afare, believing the Coaster fare
issufficient. A coordinating committee was set up to negoti-
atetheissuesin an attempt to reach an agreement to continue
the service, which all believe is amajor success.

Several shuttlesfrom rail stationsto local employers have
been developed on the East Coast. Experiences with the
Metro North Railroad and Shoreline East in Connecticut and
with NJ Transit rail are described here.

Figure44. Route 991 Concord Commuter Expressin Central Costa County
connects BART to three business parks, which partially underwrite the cost of the

service.



Shuttle services from rail stations to local employers are
provided in New Haven, Stamford, Norwalk, and Greenwich
under the banner of the “Commuter Connection” (Figure 45)
Operations are provided by the local bus operator—the Nor-
walk Transit District in Norwalk and Greenwich and Con-
necticut Transit in New Haven and Stamford, with funding
from the Connecticut DOT. The most successful of the pro-
grams is the Shoreline East shuttle, which connects the
Shoreline East rail service terminusin New Haven to down-
town New Haven employers and which serves commuters
from suburban communities to the east. The shuttles carry
425 passengers a day according to 1995 statistics, operating
for the most part during peak periods. The productivity is
28.8 passengers per hour, at acost of $2.05 per trip. The cost
per trip isrelatively high given the productivity of the service
becauseit isoperated with regular CT Transit equipment and
operators, at acost of $58.95 per hour. The volumes are such
that full-sized transit coaches are needed during the peak of
the peak; CT Transit achieves some economiesin the opera-
tion by interlining equipment with regular routes, thus keep-
ing excess hours down. The performance of the service is
exceptional, and several factors apparently contribute:

» The shuttle and rail service were implemented at the
same time, which helped the operators to shape travel
patterns and habits from the outset.

» Having been designed as a unit, the schedules are fully
coordinated with very easy transfers from the train to
the bus.

» Theshuttleisfreefor monthly rail pass holders, so there
isno reason not to use the bus because it is alwaysthere
and waiting.

* Most employment locationsin New Haven—Y ae Uni-
versity, the medical establishment, Southern New Eng-
land Telephone—are not easily reached from the station
on foot.

» The congestion on 1-95, which parallels the Shoreline
East, is very bad with major queues at a bridge crossing

Figure45. Thename* Commuter Connection” isused
throughout Connecticut by operators providing rail shuttle
links to Metro-North as part of the Connecticut DOT efforts
to promote transit options to suburban work sites.
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into New Haven; this affords rail service atrue compet-
itive edge, which, when coupled with the free fare and
seamlesstransfer, makesthe combination very attractive
to choiceriders.

* The local Transportation Management Association,
Regional Planning Agency, Connecticut DOT, and
operators have collectively worked with the community,
done planning and outreach, and heavily marketed the
program directly to employers and potential riders.

The Norwalk shuttles operate in afar more modest envi-
ronment and have correspondingly lower ridership and pro-
ductivity levels. Whereas New Haven has a history of transit
use dating back to the trolley car era, Norwalk is largely an
automobile-oriented community with no strong history of
transit use. Asthe suburban communities along the shoreline
of Connecticut have become major residential and employ-
ment centers, traffic congestion along the two principal east-
west roadways has increased. Asthese roadways parallel the
Metro North rail line from New Haven to New York, the
opportunity to divert some automobile travelers to the rail
service was identified by state and local planners and transit
operators. The Merritt 7 shuttle serves alarge corporate park
and employment corridor about 5 mi (8 km) north of South
Norwalk Station, accessibleto the station in part by alimited
access connector to 1-95. Since its implementation, the ser-
vice has a steady but small ridership, which reached about
60 trips per day in 1996. Serviceis provided by theNTD at a
cost per hour of $40.00, and the cost per trip is about $4.00.

A second route to the same general area but serving the
northern end of the corridor was dropped in 1996 because of
poor ridership. Apparent reasons included long travel times,
dispersed employment locations, and poor employer support.
The resources from this service were recently transferred to
another area of the community, serving Norwalk Hospital
and Virgin Atlantic Airlines, which is new to the community.
Ridership is currently about 45 passenger trips per day, at a
cost of $5.53 per trip. A concern of the system is that over
time the Virgin Atlantic work force will relocate to the Nor-
walk area and that the shuttle will no longer be an option for
these employees.

Shuttle services in Norwalk do not achieve high levels of
use. One reason may be that passengers have to pay a fare,
either a discounted fare as part of a Uniticket with Metro
North or through the farebox. Other reasons are that most
commuter patternswere set along time before the shuttle was
introduced, that congestion is still not seen asamajor barrier
for most people, and that parking is till free. Lastly, thetotal
size of the market is far smaller than in New Haven, Bishop
Ranch, and Concord.

The two NJ Transit shuttles were developed as part of the
agency’ sexperimental services program. The Convent Station
route operates in the edge city of Morristown, and the Cen-
tennia Avenue shuttle connects that employment corridor to
the New Brunswick station located a few miles away. Both
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services have similar daily ridership of 73 to 78 trips per day
and cost recovery rates of 30.5 percent, above NJ Transit’s
standard for success of 25 percent. The New Brunswick ser-
vice also draws riders from local buses and walk-in riders
from neighborhoods in the city.

The performance of the rail shuttles for employment con-
nections suggests that these can be very effective, targeted
servicesthat supplement regional transit services and support
regional congestion mitigation strategies. In most cases, rid-
ers using the shuttle are new users of the rail system and
therefore bring additional revenuesto the regional rail or bus
network at no additional cost; in this context, their subsidies
overstate their true economic benefit to the transportation
infrastructure, which isan important policy consideration for
those providing such services.

Conditions of Effectiveness

The basic conditions of applicability pertaining to the
background environment, service design, and policy and sup-
port were discussed in the section on applicability. A more
specific list of factors that appear to be important determi-
nants of successor failure, identified through the case studies,
are discussed in this section.

Background Environment. The two basic conditions for
applicability are the presence of a concentrated employment
base and an active intermodal transfer center. However, even
with these two conditionsin place, other factors pertaining to
them influence performance.

» The employment market may be large, but the potential
travel market still needs to be determined. Specifically,
the origin-destination patterns served by theregional bus
and/or rail network must serve the origins of asufficient
number of those individuals working in the target area.
Second, the employment market must not be entirely
concentrated around the station within walking distance
or far enough to make the shuittle trip excessively long.
Finally, the presence of afew major employers support-
ing the service, either monetarily or with benefit programs
to employees—subsidized transit fares, guaranteed ride
home, flex-time—provides a solid base from which to
develop asuccessful program.

 Parking at the origin end of the trip is a significant fac-
tor. Thoseinterested in switching to rail and shuttle from
automobile must be able to park at their home station.
Availability is more critical than the price of parking;
without the certainty of being able to park every day,
potential userswill not use the new service.

» Traffic congestion on parallel roadways is a strong
incentive to use a well-designed service that will save
time, provideamorereliabletrip onadaily basis, and be
more relaxing. Pricing or restricted parking at the work

destination could have a similar effect but is not highly
utilized among the cases studied.

ServiceDesign. Successis predicated upon having awel |-
designed shuttle service that is attractive to automobile com-
muters. Thekey isto remember that the serviceis competing
with the automobile trip and the comforts and perceived, if
not real, convenience of automobile travel. Key service
design features must emphasize comfort, convenience, and
reliability.

* First and foremost, the routes have to be well-designed.
They must be as direct as possible between the transfer
point and each key employment destination. To the
extent possible, they should drop commuters at the front
door and not at the end of along driveway or at curbside
when there are significant setbacks. In-vehicle travel
time needs to be minimized, with the shuttle portion of
the total travel time not exceeding 25 percent. Experi-
ence suggeststhat, in real terms, tripsof over 15 minare
seldom attractive.

 Theshuttle program should use comfortable vehiclesand
only inthe case of very short trips should passenger loads
exceed seating capacity. There are examples of systems
using regular transit vehicles successfully (Shoreline
East) or having standing loads (Bishop Ranch) but these
are exceptions to the rule. Shoreline East was imple-
mented in concert with rail to a new market rather than
introduced later when travel patterns were already set,
and Bishop Ranch’ soverloading isacondition of itssuc-
cessful ridership growth and not of itsinitial design and
will be remedied over time with additional capacity.

» Theshuttlesand regional rail and bus need to have coor-
dinated schedules, with timed transfers that minimize
wait times. Travelers should be able to step off the
regional service and directly into the shuttle. In the
evening the shuttle should arrive back at the station
about 5 min before the train. Attractive shuttle stops at
the transfer point, with shelter for inclement weather,
should be provided.

* Reliability isvery important to commuters. Knowing the
service will be there, but more important knowing that
the trip each day will be about the same length, isakey
selling point vis-a-vis automobile travel, especialy
along congested regional highways. Thus, operators
need to provide reliable services and then market them
extensively. Three elements can contribute greatly to the
reliability and perception of reliability of shuttle service.
First, having shuttle vehicleswaiting for thetrain, rather
than customerswaiting for the shuttle, promotestheidea
of easy transfers, service that isthere when you want it,
and high quality. This requires building sufficient lay-
over time into the schedule. Second, most successful
shuttles offer extra early morning, late morning, and/or
|ate evening runs, recognizing that people do not always



work the same hours each day and that they need to
know they can get homeintheeveningif they work alit-
tlelate. Thesetrips often have low ridership but provide
benefits beyond the numbers in terms of obtaining a
commitment from commutersto the service. Successful
servicesare also backed up by guaranteed ride home ser-
vices or emergency midday services, usually provided
by the employers.

* Integrated fare policies positively influence ridership.
Shuttles subsidized by one or moreemployersareoffered
free to employees of participating firms. Others are
included in the price of a monthly commuter pass for
therail system, or for asmall increment, and are accessed
by flashing the monthly pass.

Policy and Support. A number of additional factorsenable
systems to be successful.

Planners and policy makers need to have realistic objec-
tives and standards for shuttles, just as for other suburban
mobility initiatives. These services are designed for a niche
market and need to be judged on their cost-effectiveness and
contribution to congestion mitigation as asingle tool among
many. They cannot be judged by sheer numbers compared
with mainline, core services; they can bejudged on their con-
tribution to congestion mitigation on a corridor- or market-
specific basis.

Shuttles accrue more revenue and ridership to the region
than simply those attributed to the serviceitself. In most cases,
except where there are walk-ins, shuttle users have paid for a
trip on aregional service; thus shuttles increase productivity
and cost-effectiveness for regional networks at a marginal
cost, because they increase the number of passengers without
requiring additional services.

As with all suburban options, the use of contractors
or reduced labor rates to keep costs down and thus cost-
effectiveness reasonable compared with other elementsis
important when dealing with low ridership services. Where
costs are high, such as in Connecticut for Shoreline East,
they are matched by high productivity; in New Jersey, more
modest productivities are acceptabl e because low operating
costs achieved through contracting enable many services
to exceed the required cost recovery standard of 25 percent.

Employer-supported services have the best record of suc-
cess, often because employers contribute to the operating cost,
ensuring continued service and demonstrating commitment to
their employees.

All the programs are marketed extensively, both by the
transit operator and by employers. Route maps and schedules
are distributed at employment sites, along with special shut-
tle materias, free rides are offered as promotions upon initi-
ation for up to 3 monthsin some cases, and trip itinerariesare
developed for interested users. Marketing usually is a joint
effort of transit operators, employers, and transportation
management associations.

Supportive programs and regul ations can boost the market
for shuttles. Parking restrictions on employers, Clean Air Act
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regulations, and local congestion mitigation regulationsareall
examples of mandated regulatory support that requires that
employers participate in regional efforts to move commuters
from the car to public transportation.

Residence to Regional Bus or Rail Shuttles

The second category of shuttles is those operated from a
residential neighborhood to aregional transit center. Three
methods are used to provide these services—dial-a-ride,
fixed route, and route deviation (called “ Flex-Routes” in New
Jersey, fromwhere the route deviation examplesweretaken).
These services provide transit opportunities in neighbor-
hoods where conventional fixed-route services do not work
because of terrain, density, or an inability to compete favor-
ably with automobiletravel. Examples of thistype of service
include:

 Paradise Hills, San Diego Transit (SDT);
* MiraMesa, SDT;

« Mid City, SDT;

» Rancho Bernardo, SDT,;

» Scripps Ranch, SDT;

 Friendship Express, LANTA,;

* Walnut Creek, CCCTA;

* Moreno Valley, Riverside Transit;

e Shuttles1,4,5, LANTA;

» Lawrence Flex-Route, NJ Transit; and
* West Windsor Flex-Route, NJ Transit.

Definition

The shuttles within this category provide servicesin resi-
dential areas that link to the regional network. Services are
provided to rail stations, bus transfer facilities, and, in some
cases, malls or downtowns. The key isto make the combined
shuttle/regional transit trip attractive, particularly to choice
riders who currently make the trip by automobile. Thus,
travel time and costs need to be tailored to be competitive,
specia conditions need to be exploited, and service quality
needs to be high.

Applicability

Residence-based shuttles are implemented to connect
regiona rail or bus servicesto alocal community. Based on
the case studies, there are two distinct situations under which
these services are applied:

* In areas where public transportation mobility is an
objective of local planners and operators but where
regular fixed-route bus services would not be practical
because of terrain, modest demand is unsuitable to
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regular service, or in areas where the street network
makes fixed-route service impractical.

* Inareashaving special conditionsrelated to traffic con-
gestion, parking availability, or other factors associated
with utilizing the regional transit service that require a
short, direct, and timely peak-hour connection but not
necessarily al day service.

Applicability requires the presence of a good regional net-
work with which to connect, a reasonable-sized market that
can be served efficiently with fixed-route or demand response
services, and an ability to create apublic transportation service
that can compete with the automobile.

The key to the application isto design aservice that offers
choi ce users some advantage over the use of their automobile
and providesmohility for transit dependents beyond thelocal
neighborhood. Applications of these shuttles aimed at the
choice rider—for example, in middle- and upper-income
locations for trips to regional rail or express bus—function
best where the reliability or speed of the automobile trip is
constrained by congestion or pricing. Applications for the
transit-dependent market work best in moderate-density
environments where there are a lot of fixed-route choices at
the transfer location; the emphasis for these ridersis less on
speed, although that is still a factor, than on mability—the
chance to get to many locations throughout the service area.

Performance Range

There are seven demand response/dial-a-ride shuttlesin
this group, four fixed-route shuttles, and two route devia-
tion shuttles. They have a wide variation in performance
ranges among them and are best discussed within the three
individual operating categories.

Demand Response Shuttles. The demand response shut-
tles operate in the most difficult terrain and, in many cases,
the least densely populated areas. They are designed to pro-
vide shuttle connections to regional services where fixed-
route service cannot.

Within this group, most of the servicesare provided by San
Diego Transit. DART isademand responsive program estab-
lishedin 1982 by San Diego Transit. It offerslocal serviceand
connections to fixed-route services in communities where
conventional fixed-route services are not effective. Target
communities have one or more of the following features:

+ Discontinuous street network,
« Canyonterrain,

» Low transit demand,

» Geographic isolation, and
 Dispersed travel patterns.

DART was designed to be an extension of fixed-route ser-
vice in these target areas. Passengers make reservations at

least 1 hour in advance of when they want to get to the trans-
fer location. More than one-half of DART riders have stand-
ing reservations. The priority for trips is the transfer trip,
although other intercommunity trips will be provided as
space and time allow. DART operates from 5:00 AM to 8:00
PM. Thebasefareis$1.75 with afreetransfer to an outbound
bus, and $0.50 with a bus transfer on an inbound trip or
monthly pass (in either direction).
DART serviceis currently provided in five communities:

1. Paradise Hills—This community in southeast San
Diego is characterized by a discontinuous street net-
work and hilly terrain; moreover, much of the demand
was for service to the neighboring jurisdictions of
National City and Chula Vista, which are outside the
San Diego Transit service area. DART service was
introduced in 1982, ayear after fixed-route service was
discontinued because of operating inefficiencies. DART
vehicles provide circulation within Paradise Hills and
offer connections to bus routes operated by San Diego
Transit and the two neighboring jurisdictions.

2. Mira Mesa—DART provides connections to three
San Diego Transit express routes destined for down-
town San Diego in this rapidly growing community
about 20 mi (32 km) to the north. Although the popu-
lation density in MiraMesa could support fixed-route
service, the limited through-street access would make
conventional transit operations inefficient.

3. Mid City—DART provides connections to eight bus
routes in this transit-dependent area just north of San
Diego's central city. Although San Diego Transit pro-
vides extensive service along Mid City’ s arterial roads,
the street network isbroken up by canyons and does not
allow adequate local circulation. DART was initialy
introduced to replace aportion of afixed route operating
within the community.

4. Rancho Bernardo—DART was introduced to provide
local connections to express services in this affluent
community in the I-15 corridor. Despite strong political
support, the service has not attracted commuters; most
passengers are elderly residents making local shopping
and medical trips. San Diego Transit had previously dis-
continued fixed-route servicein thiscommunity because
of complaints about noise.

5. Scripps Ranch—DART service wasintroduced to this
areainthel-15 corridor in an attempt to encourage res-
idents to patronize express bus services. Like Rancho
Bernardo, Scripps Ranch is fairly affluent with a low
population density; thus far, most DART riders are
making local school trips.

Startup funding for thefirst three DART services (Paradise
Hills, Mira Mesa, Mid City) came from an FTA Section 6
demonstration grant. San Diego Transit assumed funding
responsibility when the demonstration period ended. Service



in Rancho Bernardo and Scripps Ranch is funded by local
sales tax revenues dedicated to new transit services.

DART serviceis provided through a contractual arrange-
ment between San Diego Transit and a private operator. The
current contractor provides a fleet of 19 vehicles with two
spares. Most are 8-passenger Chevrolet Astro Vans. The fleet
alsoincludesfour 12-passenger lift-equipped vans. San Diego
Transit reimburses the contractor at a fixed rate per vehicle
service hour ($15.71) and vehicle service mile ($0.17). Com-
bined hourly cost averages $17.75. The contract provides an
incentive for achieving afarebox recovery ratio of 20 percent
or greater. San Diego Transit pays the operator 50 percent of
fare revenues above this minimum level; a ceiling limits the
maximum bonus to 4 percent of total annual contract cost. In
addition, if the average number of passengers per vehicle ser-
vice hour dropsbelow five, the contractor isrequired to reduce
vehicle assignments.

DART services carried over 232,000 passengers in FY
1995 at an average of 0.32 passenger per mile. The services
had a cost per trip of $4.92 and a subsidy per passenger of
$3.74. The cost recovery ratio was 23.9 percent. In compari-
son, the fixed-route bus services averaged 2.53 passengers
per mile, $1.58 per passenger trip, and $0.84 subsidy per trip
and had a 46.5 percent cost recovery ratio. The DART pro-
gram, operated by contractors, had a cost per mile of only
$1.83, less than one-half the fixed-route cost of $3.99; this
competitive pricing advantage, coupled with the premium
DART fare, dlows DART to have a cost recovery rate about
one-half that of fixed-route bus, despite having a productiv-
ity one tenth that of fixed-route service.

Among the demand response services, the range of perfor-
mance varies (Table 8). The three best performing services
are Paradise Hills, MiraMesa, and Mid City. Scripps Ranch
performs more modestly, with a reasonable cost recovery
ratio compared with the other three but lower productivity
and total ridership. Rancho Bernardo carries about the same
number of passengers per mile as Scripps Ranch but at asig-
nificantly higher cost per trip and lower farebox recovery
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ratio. Rancho Bernardo and Scripps Ranch services were
community initiated and have alower core of riderswho have
successfully advocated these services in their communities.
The other three have abroader spectrum of support and more
favorable operating circumstances.

Paradise Hillshas agreat deal of demand for serviceinto
neighboring National City and Chula Vista; the service
replaced a discontinued fixed-route service and makes con-
nectionsto SDT buses and to buses from the two communi-
ties. Mira Mesa is a rapidly growing suburb about 20 mi
(32 km) north of San Diego. The DART service connects to
three express routes. Mid City connects to eight SDT bus
routes. It servesaheavily transit-dependent areaadjacent tothe
San Diego CBD in an area where the arterial network is bro-
ken by canyon terrain and local circulation for fixed-route
buseswas discontinued in aportion of the community. Rancho
Bernardo, on the other hand, is an affluent community in the
I-15 corridor. Despite strong political support, the service has
not attracted commuters; most riders are making local trips,
which was not the origina objective for the service. Scripps
Ranch isaconnector to expressbus services, againin an afflu-
ent area of the region. Very few commuters use the service; a
market has developed for local circulation for school trips.

The Friendship Expressis a very small program, offered
by LANTA on Saturdays between suburban Bath and the
Whitehall Mall, usingaLANTA Metro Plusvan. The service
isextremely limited asageneral public link; non-Metro Plus
riders need to reserve atrip at least 2 days in advance and
must go to adesignated stop |location in the community iden-
tified by LANTA. At Whitehall Mall, freetransfersare avail-
able to other LANTA buses. No ridership statistics were
availablefor this service.

CCCTA ran the final shuttle among this group in Walnut
Creek. The program lasted 3 years, ending in July 1995.
Described as a collection of “flex-vans,” residents from a
busy corridor were delivered directly to the Walnut Creek
BART station, door-to-door, during peak commuter hoursin
the morning and afternoon/evening. Afternoon headways

TABLE 8 DART Service Performance Statisticsin San Diego

Passengers Farebox

Area Cost per Mile per Mile CostperTrip  Subsidy per Trip Recovery
Paradise Hills $1.45 0.32 $459 $335 26.9%
Mira Mesa $159 0.34 $4.65 $3.52 24.2%
Mid City $1.83 0.37 $4.99 $3.79 24.1%
Scripps Ranch $1.39 0.23 $6.06 $4.84 20.0%
Rancho Bernardo $1.75 0.22 $8.16 $7.1 11.6%
TOTAL $1.58 0.32 $4.92 $374 23.9%
Fixed Route Local $3.99 2.53 $1.58 $0.84 46.5%
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were 20 min for returning passengers. Reservations were
required for the mornings only and could be made up to
1 hour in advance of the trip. Daily ridership in 1993 was
32 passengers and grew to 47 in 1994. The farebox recovery
ratewas 5.2 percent in 1993 and 8.6 percent in 1994. The sub-
sidy per trip was $9.81 in 1993 and $7.85 in 1994. The high
deficit per trip coupled with scheduling difficulties that lim-
ited productivity led to cancelation of the program, despitethe
high degree of customer satisfaction among those who usedit.
The Link served a middle- and upper-income neighborhood,
and critics among othersin the County resented the high sub-
sidiesfor these residents when there were other service needs
in the community.

Demand response shuttles clearly are difficult to operate at
reasonable cost-efficiencies. Those that are more productive
generally operate in more dense neighborhoods than those
that are not and have a larger number of transit-dependent
individualsresiding in the service area. Those that operatein
middle- and upper-income areas do not compete well enough
with the automobileto attract alarge enough core of ridersto
make the services effective. In combination, low densities
and high incomes have been a severe impediment to success
despitewell-designed and personalized service plansand low
operating costs achieved through contracting.

Fixed-Route Shuttles. Four fixed-route shuttles were
identified in the case studies: one in Riverside and threein
Allentown.

Riverside Transit Authority (RTA) Route 16 service pro-
vides intermodal feeder service between the rapidly expand-
ing Moreno Valley community and Metrolink. RTA initiated
express service to Metrolink in response to congestion on the
Moreno Freeway. The service attractsriders bound for subur-
ban San Bernardino County aswell as Los Angeles. Pickups
at the Moreno Valley Mall provide plentiful free parking as
an informal park-and-ride. The shuttle portion of thisrouteis
operated during peak periods; during the remainder of the day
Route 16 providesregular fixed-routelocal busservicewithin
Moreno County. Route 16 METRO Express, asthe peak ser-
viceiscalled, isalimited-stop shuttleto the downtown River-
side terminal, which offers transfers to rail and almost all
RTA busroutes. The feeder element, begun in 1993, istimed
to meet METROLINK trains. There are eight rail-oriented
shuttle runs a day, meeting five inbound and three outbound
trains each day. For the last 6 months of 1995, ridership for
the morning feeder averaged 7 passengers per run, and after-
noon runs averaged 11 passengers. Fares are integrated with
RTA and METROLINK fares.

LANTA operates five shuttlesin addition to the Whirley-
Bird as part of its suburban mobility strategy adopted in the
1993 Strategic Plan. Of the five, two run from downtown
Allentown and do reverse commuter services and thus are not
afocus for this project. The other three provide connections
from surrounding suburban communities to major activity
centersand to centersthat have connectionsto LANTA fixed

routes. Union support for the program has allowed LANTA
to use differential shuttle operator rates that have kept costs
down while keeping the program in-house with the operators
union. LANTA had a suburban performance standard of 12.5
passengers per hour for FY 1995, which was increased
because of financial constraintsto 15.0 asof June 1996. Over-
all, the shuttles average 10.5 passengers per hour, with the
WhirleyBird the highest at 21.0 and the three described inthis
section ranging from 6.0 to 15.0. Thus, none are currently
meeting the standard for performance and they are in the
process of being reviewed for continuation.

As with the demand response services, these fixed-route
shuttles are heavily influenced by the size of the market and
relative convenience of the competing automobile trip. In
LANTA, themarkets arerelatively small and the automobile
ishighly competitive. Therefore, the services depend on the
captive riders in the service area. Services have been care-
fully limited in scopeto capture key elements of this market,
with stops geared to two industrial parks and atraining cen-
ter in addition to the bus transfer points at the malls. The
Moreno service operates in a more favorable circumstance.
The market is larger, the linkage isto arail line as well as
local and express buses, and roadway congestion is signifi-
cant. Coupled with afavorable income profile, these factors
contribute to a moderately successful service.

Route Deviation Shuttle. Two shuttles provided in New
Jersey connect residential neighborhoodsto the very crowded
Princeton Junction rail station, amajor commuter stop in the
Northeast corridor line serving New Y ork, Philadelphia, and
employment centers between in Metropark, New Brunswick,
Newark, and Trenton, among others. The Princeton Junction
station parking lots are at or above capacity with significant
waiting lists, which restrictsrail ridership, makes parking dif-
ficult for commuters going in during the late AM peak, and
results in long walking distances from parking spaces to the
platform. As part of its experimental services program, NJ
Transit designed shuttle services from the two neighboring
communities of Lawrence and East Windsor to increase the
opportunities for rail commuting among non-rail users and
possibly switch park-and-ride usersto shuttle users, reducing
parking demand and the need for costly parking expansion.

The concept selected for the servicesis called a flex route,
which is a route deviation-type program. Routes were devel-
oped in the community, but passengers can either board at des-
ignated stops or request a doorstep pickup. In the afternoon,
returning riders are offered the same option. Asridership pat-
terns develop, NJ Transit hoped to reduce the need for devia-
tions by adjusting the fixed routes to the demand. The services
are operated by a private contractor. Fares are integrated with
therail fares. The Lawrence service is a tremendous success,
with 152 passengers per day or 11.7 passengers per trip and a
cost recovery of 69.3 percent. The West Windsor serviceisless
successful, but at 19 percent cost recovery is still moving
toward the threshold standard of 25 percent. It carries 31 pas-



sengers per day or 3.1 passengers per trip. Overall, the service
carries over 180 passengers daily and therefore reduces park-
ing demand by about 90 spaces. The exact number of new rail
usersversus previous park-and-rider usersisunknown, but the
service has certainly contributed to additional ridership and
revenues for therail program aswell.

Conditions of Effectiveness

The success or failure of these services clearly dependson
finding avery specific problem or need in the community and
then designing a service around that need. Services imple-
mented for general mobility purposes in areas without spe-
cific needs, and specifically without conditions inhibiting
automobile use, have no record of success. The conditionsfor
success and a discussion follow:

1. Market Profile—The market profile needsto be estab-
lished when the serviceis set up, for example, isthe ser-
vice aimed at the choice rider or the transit dependent,
or can it serve both? If it isthe choice rider, the service
must offer an advantage over the automobile; if it isthe
transit-dependent rider, the service should offer oppor-
tunities that maximize mobility throughout the service
area. In either case, the number of potential users needs
to be sufficiently large to provide a base from which to
grow.

2. Service Parameter s—Shuttle services need to bedirect,
transfers need to be timed, and schedules need to match
rider needs. Choice riders using the service to link to
commuter services generally need service for peak peri-
ods only, with some flexibility for early and later trips;
services geared to the transit dependents and overall
market should provide all day services.

3. Incomeand Density—Residential -based shuttles have
not had a great deal of success among middle- and
upper-income residents, particularly from low-density
areas, unlessthere are special circumstances that make
automobile travel difficult. On the other hand, applica
tions in more moderate-density middle- and lower-
middle income neighborhoods in San Diego performed
better, where the services provided the transit mobility
for the entire community and not solely for commuters.

4. Congestion and Par king—Traffic congestion, parking
constraints, and parking rates are the three biggest influ-
ences that will support commuter-oriented shuttles in
middle- and upper-income areas. The Lawrence and
West Windsor shuttles demonstrate the potential for shut-
tleswhen therail station parking situation is highly con-
strained. The Moreno Valley service demonstrates that
shuttles can be successful for longer commutes when
regiona highways are heavily congested. Conversely,
the experiences in San Diego in Rancho Bernardo and
Scripps Ranch suggest that the automobileisstill the pre-
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ferred commuter option, despite growing roadway con-
gestion. And in Westport, Connecticut, ridership on shut-
tlesto train stations has constantly diminished since its
inception in 1975 as more parking has become available,
and pricing continuesto favor park-and-ride.

Other factors discussed in other sections—maintaining
cost-effectiveness through contracting, marketing, realistic
objectives, and policy and regulatory support—play arolein
achieving success with residential-based shuttles. But to be
successful, there are two key determinants:

 For peak commuter-oriented shuttles, the service hasto
have greater appeal than the automobile.

 For al day services, the service area has to have a sig-
nificant number of transit dependents, and the shuttle has
to link the local areato the broader region to meet their
travel needs.

Given either of these conditions, awell-designed and well-
implemented project can produce the levels of performance
demonstrated in the best of the case studiesthat, whilefar from
those achieved with regular fixed-route services, still can meet
regional objectivesfor cost-effectiveness and mobility.

Midday Employee Shuttles

Employerswho encourage their workersto usetransit have
often provided amidday shuttle program, assuming that those
who cometo work without carswould like to get from the sub-
urban office campusto local malls, restaurants, or downtowns
for their lunch hour. Although some midday circulators have
been successful—serving a broader market of workers and
downtown shoppers, visitors, and so forth—the shuttlesaimed
almost exclusively to workers have failed consistently. Four
midday employer shuttles were identified in the research.
Examples of thistype of serviceinclude:

» Bishop Ranch, CCCTA;

+ Galleria, Houston METRO;

» Greenspoint, Houston METRO; and
» East Gate, NJ Transit.

Definition

As distinct from general circulators in activity centers,
such as Route 103 in Contra Costa County, the midday
employee shuttles are defined as short headway, short dura-
tion bus or van services designed to connect major employ-
ment siteswith arearestaurants, malls, or other activitiesthat
peoplewould want to travel to during lunch. The servicesare
generaly provided at no fare and may be subsidized by
employers. The market isthe entire employment population,
although the service was often initiated to give transit usersa
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way to go out for lunch. This provides a dua objective—if
successful, the service increases the attractiveness of transit
asacommute option, and it reduces midday secondary travel.

Theservicesare provided exclusively asfixed-route, fixed-
schedule services so that employees can have a high sense of
reliability and schedule certainty.

Applicability

Giventhat al four casesfailed, the applicability of thiscon-
cept appearsto be limited; however, based on the design of the
cases, it appears that the application requires the following:

* A very high density of employees;

A concentrated set of midday destinations;

* A transit-friendly environment to promote ready access
to and from designated stops;

« Short headways coupled with direct, short trips, so that
workers can get out and back within their alotted lunch
time, which may be as short as 45 to 60 mins;

* Reliable on-time performance, which may require afre-
quency of service of 5 min and which requiresthat traffic
conditions be free-flowing;

* Freefare service; and

» Employer support, which may includeflex-timeto allow
for midday trips, financial participation, or designated
stop locations with street furniture at entrances.

Performance Range

The four services described have all been discontinued
because of lack of use. The Bishop Ranch service was heav-
ily supported, with private funding of $50,000 for operations
for 1 year, afree fare, and active support. Despite having
over 60,000 employees at this exurban enclave, the service
produced only 420 per month; even with a private contrac-
tor providing the service, this translated to a cost of $10.00
per trip.

The Galleria and Greenpoint areas in Houston both had
lunch shuttles that were dropped. These two edge city envi-
ronments were not transit-friendly—it took too long to get
to and from bus stops at the office settings that were served,
the climate was often uncomfortable for waiting and walk-
ing, and the origins and destinations were difficult to serve
efficiently.

The East Gate Industrial Park lunchtime shuttlewas another
of theNJ Transit experimental services. Thisservice connected
amajor industrial park with alocal commercial corridor. It was
organized by NJ Transit and the regional TMA but had only
lukewarm support from the employers at the site. The service
was intended to complement a peak AM and PM shuttle pro-
gram, offering transit users an option at lunch; that shuttle was
subsequently abandoned because of low ridership, further
eroding the potential ridership base. When discontinued, the
midday service averaged |ess than one passenger trip per day,
with a cost recovery rate of 1 percent.

Conditions of Effectiveness

Midday employee shuttles do not have arecord of success
as regularly operated transit service. Some employers have
their own vans to move employees around between sites and
occasionally provide trips to off-site locations. Caldor, Inc.,
in Connecticut has avan service between three buildings, for
example, which also makes a stop at aloca shopping center
wheretheir storeis located.

Midday employee shuttles generally fail for any or al of
the following reasons:

» Thetotal travel time, including getting to the shuttle stop,
waiting for the vehicle, in-vehicle time, and the reverse
trip takes too long. Many employers offer lunch services
on site in larger employment centers because it takes to
long to go off site regardless of the mode. Even if it takes
just as long to use an automobile, employees think they
have more control over their schedule by using that mode.

» Theenvironment hasto betransit-friendly. Stopsneedto
be convenient to entrances at work sites and at shopping/
lunch sites. Shelters need to be provided for weather pro-
tection, and crosswalks or pedestrian overpasses may
need to be provided in busy downtown locations.

» Theremay not beamarket for the service because so few
people come to work without cars, have free and ample
parking, and have no compelling reason not to take a car
out at lunch, for example, congested streets, parking
charges.

» Even among those who usetransit or carpool/vanpool to
lunch, there may be no need for a shuttle to get out.
Lunch pooling with automobile commuters is common
and limits the needs of the nondriver for midday transit.
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SUBSCRIPTION BUSES AND VANPOOLS

Two subscription-based programs are offered to com-
muters—subscription buses/vans and vanpool programs.

SUBSCRIPTION BUSES

Subscription van and bus services, operated by private car-
riers, gained popularity inthe 1970s by providing express bus
services to communities generally unserved by regular tran-
sit. Subscription services focused on commuter markets,
often from new communities such as Reston, Virginia, or
Columbia, Maryland, providing service for the most part to
downtown locations.

Asthe cost of these services escalated over time, many were
taken over by transit operators and supported with subsidies.
In many areas, regiona growth brought agreater need for tran-
sit services to these markets, which led to the services being
expanded and incorporated into the regular transit network.

Subscription bus or van services were not widely used
among the case studies, and only two serviceswereidentified.

Description

Subscription services offer express bus servicesto aclosed
group of riders, identified by their affiliation to the sponsor of
the service. Sponsors contract for the service with an opera-
tor at a set rate and offset that rate through the fares collected
from subscribers or from their own resources. For example,
an employer might pay one-half of the costs and obtain the
other one-half from fares; acommunity board, condominium
association, or the like might use assessment monies for a
portion of the cost and fares from resident users for the
remainder. In either case, the operator isassured of obtaining
reimbursement for the full operating cost.

Subscription servicesoffer regularity of supply and demand,
for example, a schedule and route tailored to the subscribers
needs and the guarantee of a seat for each rider. Sponsors get
aservicetailored to their commuting needs, and operators get
a service that minimizes unproductive operating miles and
hours.

Public agencies have become athird participant in the pro-
vision of subscription servicesin recent years, working with
local sponsors to develop and fund subscription services. In
lieu of expressor local bus services, which generaly require

alarger commitment of resources and have no assurance of
success, operators have found that it is more economical to
finance a portion of a subscription program in partnership
with local sponsors. Thus, METRO in Houston has been will-
ing to provide a subsidy per trip of $2.50 to interested spon-
sors, pegging this level of subsidy to the subsidy rate for its
best third of park-and-ride services. LANTA subsidizes one-
half the cost of its subscription van program, with the other
50 percent coming from employers and fares; the 50 percent
recovery rate is well above that of the LANTA fixed-route
program.

Applicability

Subscription buses are applicable in the following
situations:

* Wherethereare alarge number of individualswith com-
mon origins and destinations,

» Where there are common hours of travel, and

* Where there is an organization willing to sponsor the
service.

These services have been started by employers, community
organizations, and local governments where a common ser-
vice pattern has been identified, where transit service can be
competitive with automobile travel, and where commuters
have expressed an interest in starting and using such aservice.

The Houston METRO project connects a residential sub-
urb to an edge city; it creates atransit link that was not pre-
viously provided and an attractive alternative to the
automobile. In Allentown, the LANTA program provides a
link from the LANTA busterminal downtown to a suburban
industrial park. The service is designed to provide mostly
transit-dependent individuals with the mobility needed to
reach the growing suburban job market. By originating in
downtown and providing free transfers to LANTA buses, it
opens this opportunity to the entire area and creates a
crosstown link that could not otherwise be created by direct
bus service. (Many nonsubscription reverse bus services
from downtown areas offer similar opportunities for
crosstown trip making. Two successful examples are the
reverse bus services operated by NJ Transit to Raritan Cen-
ter from Newark and Irvington.)
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Performance Range

Therewere only two servicesdescribed in the case studies,
one operated with buses and one with vans.

The Greenline Expressin Houston is operated by aprivate
contractor and connects the Kingswood park-and-ridelot in
North Harris County with Greenspoint, a small edge city
north of downtown Houston near the Intercontinental Air-
port (Figure 46). Sponsored by a group of Greenspoint busi-
nesses, the service carried about 340 passengers per monthin
1995-96. The subsidy per trip of the service was $5.00,
which is above the METRO standard of $2.50 for assuming
operation of the service. METRO expects the subscription
bus program over time will be a success. With additional
employer participation and ridership, METRO is expecting
the subsidy per trip to reach the standard. Because of the
nature of the service, METRO also believesit will be ableto
allocate its resources more effectively among its many mar-
kets with tailored services such as these.

The Forks/Palmer Industrial Park subscription van pro-
vided by LANTA provides two morning and evening sub-
scription runs from downtown Allentown, with timed
transfers to al other LANTA bus routes. One-haf of the
operating costs are paid by LANTA, and the other one-half
come from employers and fares. Fares are $12.50 for a 10-
trip pass. As part of the service, passengers are also able to
request an emergency ride home during the work day. When
the service began, only a single passenger was using it. In
mid-1996, therewere 28 daily passengerson average, and the
vans operated at a productivity of about 10 passengers per
hour. The goal of 15 passengers per hour is set asthe standard
for LANTA’s shuttles and special programs and is consid-
ered to be within reach for this program.
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Figure46. Edge citiesin the Houston area, showing
Greenspoint, the destination for the Greenline Express.

Conditions of Effectiveness

The development of subscription servicesdependsentirely
on identifying a sponsor willing to subsidize a portion of the
operating cost, in concert with the public transit provider and
fare-paying customers. Thus, this is the first condition that
needs to be met to be successful with a subscription service.

Once asponsor isidentified and appropriate operating cost
estimates and funding arrangements are made, the effective-
ness of the service will be determined by the number of rid-
ers using it and the resulting subsidy per trip required for
ongoing support. The following conditions will help support
good ridership:

» Accurate estimates of the size of the market, taking into
account common origins and destinations and times of
travel;

+ Discussions with potential riders to ensure that there is
aninterest in the service and to determine the character-
istics of the service that will be most attractive to them;

* A service design that competes with automobile travel
with respect to comfort, convenience, and travel time;

 Provision of a guaranteed ride home or emergency ride
home program;

» Low operating costs to keep subsidy levels and fares at
acceptable rates.

VANPOOLS

A number of transit properties offer vanpool services,
nearly all of them focused on suburban commuting to large
employment centers. In 1993, Seattle Metro operated over
500 vans, which represented almost 40 percent of al transit-
agency sponsored vanpools around the country. The average
publicly supported vanpool in 1993 recovered an estimated
60 percent of costs through fares, a high cost recovery ratio
compared with most bus systems but substantially below
the high levels of earlier decades when private subscription
services often generated profits.

Two vanpool programswere identified in the case studies,
in Fort Worth and Houston. They are briefly described in this
section, along with a description of their performance.

Fort Worth has used CMAQ funds to underwrite vanpool
fares. After the subsidy was introduced, the number of pub-
lically sponsored vans jumped from 39 to 81. These services
have allowed the agency to eliminate eight costly and low
ridership fixed-route bus runs that served L ockheed, one of
the area’ s largest employers. The operating cost per passen-
ger trip isfar lower than for the previous bus service.

Houston's METROV an program started as a pilot program
in 1994, athough vanpools had flourished in the 1970sin the
area. The vanpools are able to make use of an extensive HOV
lane network, which has increased interest in them for com-
muting. Asof 1995-96 therewere 102 vanpoolsin service pro-



viding 34,400 monthly trips. Of the 102 vanpools, 33 were des-
tined for the Galleriaand 33 were to the TMC area, both sub-
urban workplaces outside the Houston CBD (and shown in
Figure 46). A few vanswere also in use to exurban enclaves.
The METROVan program has been very successful in
controlling operating subsidies and increasing mobility. The
per passenger subsidy of $0.95is considerably lower than the
$1.92 subsidy per passenger for comparable park-and-ride
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bus services. METRO isconsidering opportunitiesto develop
a new service with vanpools called Caravan. The aim is to
coordinate vanpoolswith similar origins and destinationsinto
a schedule that would imitate a bus service. Riders would
have to be regularly assigned to one of the vans, but the
opportunity to occasionally shift to another would offer peo-
ple more flexibility and choice if they had to work late or
comein early.
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CHAPTER 6

SUMMARY: LESSONS AND CONCLUSIONS

The case experiences reviewed in this report provide use-
ful policy insights about how future transit services might be
designed to better serve suburban markets. Although gener-
alizations are always at risk of oversimplifying matters, par-
ticularly given that serious responses to suburban growth are
till largely embryonic, some patterns were nevertheless
uncovered that provide useful guidance.

This concluding chapter outlines what are believed to be
some of the common features of successful aswell as unsuc-
cessful transit strategies introduced for serving suburban
markets.

WHAT HAS WORKED?

Relatively successful services can be defined along seven
dimensions: (1) Operating environment, (2) Markets, (3) Cost
control measures, (4) Vehicle types, (5) Linked services,
(6) Small innovations, and (7) Public-private partnerships.

Operating Environment

A distinguishing feature of the more successful suburban
transit service strategies has been the servicing of hubs—that
is, points that represent concentrations of people or of transit
vehicles. A people hub is alarge suburban employment cen-
ter, like Bishop Ranch in Contra Costa County and the TMC
in Houston. A transit hub is a designated transit-transfer
point, such as that successfully defined and employed by
Tidewater Regional Transit (Figure 47) or park-and-ride ter-
minuses operated by Houston METRO. Quite consistently,
successful suburban transit services have focused on points
wherethe concentration of activitiesgeneratesrelatively high
ridership counts, allows for efficient routing, and eases the
transfer process. Some also traverse relatively short routes,
which generally allows more frequent passenger turnover per
mile logged.

Experiences also suggest that, beyond the hubs them-
selves, operating along moderately dense suburban corridors
isalso alikely key to success. For example, all of CCCTA’s
most cost-effective services operated along relatively dense
corridors. Additionally, connecting land-use mixesthat con-
sist of all day trip generatorsisalsoimperative. CCCTA and
Houston METRO, in particular, have carefully aligned sub-

urban routes to connect to medical centers, college cam-
puses, shopping centers, recreational complexes, and com-
munity centers, destinations that generate off-peak and
weekend trips to complement the peak-hour demands of
employment centers.

Collectively, thesefindings support thelong-hel d belief that
compact, mixed-use development is essential toward mount-
ing and sustaining healthy masstransit services. Thiscertainly
seemsto hold for America ssuburbs. Thesefindingslend sup-
port to more carefully integrating land-use planning and tran-
sit service planning in coming years as a means of strength-
ening transit’s presence in suburbia.

Markets

Some of the more successful suburban services have also
served transit’s more traditional markets—namely, lower
income and working class neighborhoods. Examples are
some of CCCTA’smore successful crosstown busroutesand
the intercounty services linking Riverside, San Bernardino,
and Los Angeles counties in southern California. However,
there are plenty of good examples of suburban transit suc-
cessfully serving “choice” customers. Many express shuttles
and park-and-ride buses to large-scale employment centers
are examples of this.

Cost Control

Some of the more successful suburban services have con-
sciously sought to economize on expenses in NUMmerous way's.
One common strategy, often used for DAR and sometimes
new shuttle services, iscompetitive contracting—for example,
San Diego Transit, CCCTA, and TRT. Subscription vanpools
have al so been turned to as a cost-savings strategy. For exam-
ple, by eliminating wages for drivers, Fort Worth Transit
Authority replaced 8 low-productivity fixed-route buses with
12 lower-cost yet higher service quality subscription vans.

Tidewater Regional Transit has been particularly exemplary
inintroducing suburban service innovations that are effective
yet low cost. For example, it uses the entrances of shopping
centers and very modest infrastructures as interchange points
for itsdirect transfer centers. Because bus arrivals are so well
synchronized, passengers need not spend much time at trans-



Two transfer hubs in suburban Norfolk,

Figure 47.
Virginia.

fer centers, and thereislittle pressure to provide posh waiting
areas. Infact, during bad wesather, customersareinvited to stay
aboard buses until their connecting buses arrive at the centers.
With the Maxi-Ride DAR service, TRT has virtualy elimi-
nated expenses for telephone answering, scheduling, and dis-
patching by shifting these functions to van drivers. Using
cellular phones, Maxi-Ride operators function like indepen-
dent taxi drivers, using their experienceand intuitionto design
services to maximize service quality and satisfy customers.

Vehicle Types

The proper adaption of vehicle fleets to customer demand
has aso been a hallmark of successful suburban services.
Large, comfortable, over-the-road coaches have been essen-
tial in attracting choice riders, such asin the case of Houston
METRO's crosstown park-and-ride runs. On the other hand,
where door-to-door services are provided or shuttles operate
within a defined activity center, like a suburban downtown,
smaller vans and minibuses have been the vehicles of choice.
A particular advantage of small vehiclesin more built-up sub-
urban settings is that they tend to generate relatively higher
ridership compared with the costsincurred. The advantages of
small vehicles include the following: they take less time to
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load and unload, they arrive more often, they stop less fre-
quently, they are more maneuverablein busy traffic, and they
accelerate and decelerate faster. Because of their high load
factors, improved performance, and sometimes lower operat-
ing costs (because of the typically lower wage rates paid to
their drivers), in theright settings, they can providerelatively
cost-effective services.

Linked Services

A common characteristic of small-vehicle suburban tran-
Sit services is that they are linked, providing high inter-
connectivity. One reason for the success of dial-a-ride and
route deviation services, such as San Diego’s DART, is that
they connect to fixed routes. Dial-a-ride vans operate within
alimited territory but efficiently tie to mainline bus routes.
Thishasresulted in anice blend of flexibly routed servicesin
low-density areas that are tied to lower cost/higher capacity
services in built-up areas. Although customers receive less
convenient services, the substantial cost savings are widely
viewed as more than making up the difference. The case
study experiences reviewed in this chapter clearly show that
DAR servicesthat link to mainline buses and operate within
limited, defined territories are far more cost-effective than
more open-ended, nonlinked services.

Linked services have also contributed to the success of
many express runs between rail stops and employment cen-
ters. The CCCTA bus connections to BART stations and
BC Transit’ s express connectionsto SkyTrain stations under-
scorethis. Overall, ahierarchy of interconnected services has
proven to be among suburban transit’ smost successful service
offerings, with local feedersand circulators complementing a
regional structure of mainlineroutes. The combination of flex-
ible services that operate curb-to-curb, from one’'s hometo a
transit center, and mainline connectorsthat serve major activ-
ity centers is one of suburban transit's most cost-effective
options.

Service Innovations

Successful suburban service has also creatively adapted
transit service practicesto thelandscape. Where densitiesare
very low, door-to-door services are recognized as the only
practical way of competing with the automobile. And where
activity centers and concentrated employment areas are
spread throughout a service district, timed-transfer hubs have
been used as the building blocks for linking these destina-
tions. In this regard, TRT has again been exemplary. The
combination of Maxi-Ride DAR and direct transfer center
services has produced a hybrid form of mass transit that is
well suited to cost-effectively serving the region’ s spread-out
landscape and, conseguently, the predominant many-to-
many pattern of travel. San Diego’s linkage of dia-a-ride
vans, mainline buses, express buses, and trolley stops aso
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represents asuccessful adaption of transit servicetypesto the
lay of the land.

Public-Private Cosponsorship

Because of the inherent risks involved in mounting sub-
urban transit services, the greatest inroadsin establishing ser-
vice innovations have been made when both the public and
private sectors work together. Successful express runs be-
tween suburban employment centers and rail stops or park-
and-ridelots have been cosponsored by employersand transit
agencies in Contra Costa County, Houston, and San Diego.
Developers have helped finance services, such as the noon-
time shuttles serving Bishop Ranch.

WHAT HASN'T WORKED?

Of course, with the good comes the bad. Just as there have
been successful examples of suburban transit servicesin the
United States, the 11 case studies also clearly point to anum-
ber of failures. Genera public DAR services that are not
linked and that are not confined to a zone have consistently
resulted in extremely high per rider deficits, often on the order
of $10 or more per passenger trip. Midday shuttlestargeted at
suburban employment centers have a so been unableto attract
substantial legions of loyal customers. Several edge citiesin
Houston eliminated these services because of theinordinately
high deficitsincurred. Part of the problem isthought to be the
prevalence of free parking in many of these places. Cheap
parking encourages solo commuting, thus substantially reduc-
ing the demand for midday mobility to off-site restaurantsand
shops.

Experiences with operating specialized, crosstown shuttles
between low-income neighborhoods and suburban job sites
have also generally been unsuccessful. Portland's Tri-Met
incurred very high deficits in connecting residents of low-
income, Enterprise Zone communitiesto suburban job sites, as
has the Fort Worth Transportation Authority. In many cases,
the problems seemsto be that the residents of these areaswere
unqualified for job opportunities at the serviced employment
sites. These experiences speak to thereality that the challenges
of reducing joblessnesslie far beyond connecting residents to
job centersviatransit.

Lastly, the rapid growth in suburban employment has
given rise to a tremendous growth in crosstown, circumfer-
ential trip making over the past decade. The only attempt to
serve such demand through introducing circumferential bus
services, at least among the case sites reviewed, hasincurred
extremely high deficits. Notably, Houston’s TC Flyer, which
circulates along Houston's 1-610 beltloop, has incurred
deficits of nearly $23 per passenger tripin 1995. Thisispartly
because buses operate on intensive 15-min headways. This
was viewed as necessary to provide a service that is time
competitive with the private automobile. Because the oppor-

tunities for circumferential bus services are probably better
in Houston than anywhere (given its large number of edge
cities, HOV lanes, and cobweb-like freeway network), there
isprobably little likelihood that such services will meet with
success any time in the near future.

WHERE TO GO FROM HERE:
FUTURE DIRECTIONS

A common problem encountered in planning new sub-
urban services is limited resources—both time and money.
In the case of DART' s planning for suburban services, staff
were unable to concentrate their efforts on optimizing ser-
vices, rather, the emphasiswas on fast implementation. This
has sometimes been a result of public pressure to quickly
mount services to respond to rapid rates of growth. Exten-
sive public involvement has also in instances led to transit
agencies being overly ambitiousin supplying new services,
resulting in escalating deficits.

Because the suburban transit industry is still largely inits
infancy and much remains to be learned, it is essential that
future service planning embody some degree of experimen-
tation. If we are to push the boundaries of innovative and
adaptive suburban transit services, then pilot programs of
new, largely untried service strategies, like private jitney
feeders to suburban mainline bus routes or crosstown door-
to-door shuttle vans akin to airport shuttles, will be needed.
Because of the inherent risks involved in mounting innova
tive pilot programs, it islikely that some degree of cost shar-
ing between different level sof government aswell asboth the
public and private sectors will be necessary if creative, new
forms of suburban transit services are to be tried.

Accompanying experimentation should be more compre-
hensive service monitoring and eval uation programs. Because
of budget and time constraints, evaluation has al too often
been an afterthought. To properly assess impacts and control
for potential confounding influences, it is essential that arich,
longitudinal database, with both before and after data points,
be compiled over time. Indeed, a serious limitation to con-
ducting this research was the absence of suitable dataand sta-
tistical controls to alow suburban service strategies to be
carefully evaluated.

Several of the service strategies found among case stud-
ies were products of pilot demonstration programs.
LANTA experimented with general public dial-a-ride ser-
vicesin response to growing demands for servicesto shop-
ping malls and entertainment centers on weekends. During
the pilot, minor adjustments were made in routing and
scheduling, leading to the establishment of permanent
weekend and off-peak mall shuttle leads. Experiences show
that new service innovations require time, normally 1 to 2
years, to mature and for marketsto develop. Thus, acertain
amount of patience must go along with experimentation
and risk taking.



This research shows that comprehensive evaluations of
suburban transit services will have to wait a number of years
until considerably more service strategies have been intro-
duced across more places that have had sufficient time to
evolve. More transit operators can be expected to introduce
new and unique transit services that are specially targeted to
suburban markets in years to come. To properly evaluate
these programs, however, it is essential that considerable
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resources be given to thetasks of project monitoring and eval -
uation. In particular, sufficient data over a number of time
points need to be compiled to alow theinfluences of new ser-
vices to be distinguished from the effects of other potential
explanatory factors. It was the absence of rich longitudinal
dataand control variablesthat limited the researchers’ ability
to thoroughly evaluate the performance of different service
strategies.
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APPENDIX A

CLASSIFYING SUBURBAN ENVIRONMENTS

DEFINING SUBURBAN ENVIRONMENTS

It has been observed that America's suburbs are a kalei-
doscope of activities. Indeed, many of today’s suburbs are
as diverse and varied as traditional downtowns and urban
centers. Residential neighborhoods can range from master-
planned, walled-in subdivisions with one-quarter-acre estates
to midrise apartments clustered around rail stations, such as
in Ballston, Virginia, and Pleasant Hill, California. Today’s
job sites vary from campuses with generous landscaping and
open spaces dotted with single-story structuresto edge cities,
like Houston's Post Oak and Bellevue, Washington, where
shiny 30-story officetowers stretch skyward, intermixed with
retail shops, hotels, and apartment complexes. The activities
found at some suburban centersread like inventories of tradi-
tional downtown facilities—corporate headquarters, five-star
hotels, boutiques, specialty shops, convention halls, and gov-
ernment offices. Increasingly, major trip generators such as
airports, recreational theme parks, sports stadia, cultural cen-
ters, and megamalls are also locating along the metropolitan
fringes.

An important task in this project is to define the kinds of
suburban environments that mass transportation systems oper-
ate in throughout suburban America. Such a topology will
allow different service delivery strategies, pricing programs,
and institutional arrangements that are best suited to differ-
ent suburban operating and market environments to be more
clearly defined and evaluated and a representative set of case
studies to be selected. The purpose of this appendix is to
develop this topology. It summarizes the text of the Task 2
report, which was submitted as a free-standing document
in June 1995. References in this appendix are found in the
Bibliography.

The first task in defining suburban environmentsis to try
to define the term “suburb.” The distinction between what is
“suburban” and what is “urban” has blurred in recent times.
A clinical definition of the suburbs, used by the U.S. Bureau
of the Census, isthe geographic portion of ametropolitan sta-
tistical area (MSA) that lies outside the MSA’s central city
or cities. This generally means that political boundaries dis-
tinguish suburbsfrom central cities, even though activitieson
both sides of the boundary may be virtually identical.

In general, suburbs have been associated with low-density
and often relatively new development. Densities typically
decline as one moves farther out toward the metropoli-
tan periphery. Among the landmarks of suburbia are single-
family detached homes, indoor shopping malls and open-air

retail plazas, strip commercial development, sprawling busi-
ness and industrial parks, and generous amounts of open
space and public parkland. Socioeconomically, suburbanites
tend to be better off than their central city counterparts. And
ethnically, suburbstend to be more homogenous, historically
dominated by white, middle-class households. Increasingly,
however, even these generalizations become difficult. In
most metropolitan areas, one can find suburbs that are new
and old, that are affluent and working class in character, and
that are predominantly white and of mixed races. The point
being made here is that suburbs are not just statistical or
political artifacts but rather meaningful sociological and
cultural entitiesthat often defy precise definition.

From a physical standpoint, suburbia is often used inter-
changeably with such terms as “sprawl!” and “ scatteration.”
Perhaps foremost these terms conjure images of avery low-
density, spread-out settlement pattern. Some, however, might
arguethereislittleinherent pattern in suburban sprawl. Such
terms often carry with them a pejorative, almost amorphous
connotation.

One form of suburban development that has stood out
from the somewhat vague notion of a sprawling suburban
landscape has been concentrated mixed-use development,
what we generically call “suburban centers.” Over the past
20 years, many U.S. metropolitan areas have witnessed the
emergence of distinct activity centers, both in central cities
and in the suburbs, each with its own catchment or zone of
influence (Vance, 1977; Muller, 1981). More popular ac-
counts of minicities that have sprouted along the metropoli-
tan periphery since the 1970s, such as Garreau's Edge City
(1991), have raised the national consciousness about this
new form of suburbia. A common characteristic of al sub-
urban centersistheir large daytime workforce. To alarge de-
gree, America s suburban centers owe their existence to the
rapid pace of employment decentralization over the past
20 years (Cervero, 1989). Some suburban employment cen-
ters are on the metropolitan fringes and have distinct sub-
urban characters (e.g., shiny new buildings, strict zoning
codes, nearby large-lot residential subdivisions), whereas
others arein more mature, inner-tier areas. Perimeter Center
(alarge office complex and regional shopping center north of
Atlanta) is an example of the former and Bethesda's cluster
of officesaround its Washington Metrorail station represents
more of the latter. Still other concentrations of suburban
development function more as satellites, straddled between
two or more central cites. The Research Triangle, for in-
stance, lies approximately 15 mi (24 km) west of Raleigh,



North Carolina, and operates more as a satellite employment
center than as a suburb of the Raleigh-Durham-Chapel Hill
metropolitan area. Perhaps the feature that these centers have
most in commonisthat they are“ non-central businessdistrict”
or “non-CBD” locales.

In this light, this study adopts a definition of suburbia as
places that lie outside of CBDs and central cities, generally
with population densities below 2,000 persons per square
mile and with floor arearatios below 1.0. This definition is
used loosely, however, and is meant to convey alow-density
areaoutside atraditional urban center.

CLASSIFYING SUBURBS BY LAND-USE
ENVIRONMENT

Suburban environments can be defined along multiple
dimensions. For this project, the researchers propose classi-
fying suburban environments mainly in terms of their phys-
ical land-use characteristics, mainly on the grounds that
travel choices and transit service types are highly correlated
with factors such as density and land-use composition.

America ssuburbs have experienced three waves of growth
in terms of their land-use environments. The first wave con-
sisted largely of residential growth, with millions of working
class and middle-to-upper-income households leaving cities
throughout the past century in search of detached single-
family homes and more spaciousliving conditions. Bedroom
communities like Levittown in Long Island and Mission
Vigjo in Southern California epitomize this first wave of
mass suburban development. The second wave involved re-
tail businesses migrating outward closer to their customer
base, locating along commercia strips, in regional shopping
malls, and in everything in between. The “malling of Amer-
ica’ marked an erawhereretail salesfell sharply in the down-
towns of many small- and medium-sized cities. With the
rapid decentralization of jobs in the 1980s, America entered
into its third wave of suburbanization. The exodus of jobs
has meant that many suburbs have come full circle, featur-
ing the same activities found in traditional cities, though
often spread over a much larger geographic area. This has
meant that more and more Americans are living, shopping,
and working in lower density settings that are less and less
conducive to transit riding.

America s suburbs can be classified by the land uses that
dominated during these three waves of growth. Inthe hierar-
chy for this project, suburban land-use environments are
distinguished in terms of the degree to which residential,
commercial-retail, and office-employment uses predominate.

RESIDENTIAL SUBURBS

Residential development remains the dominant land use in
America’'s suburbs, and the suburbs continue to capture the
bulk of population growth. In 1990, over one-half of the
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nation’s population lived in the 39 metropolitan areas con-
taining over one million residents (Hughes, 1992). The subur-
ban population in these areas increased 55 percent between
1970 and 1990, whereasthetraditional, central city population
increased only 2 percent.

In every metropolitan area of the United States, suburban
enclaves that almost exclusively consist of residential hous-
ing can be found. These bedroom communities export their
resident-workers to jobs elsewhere in the region, thus repre-
senting the origins of commute tripsin the morning and des-
tinations during evening hours. Margolis (1973) referred to
bedroom communities as suburbs with ratios of jobs-to-
employed residents below 0.80. For example, by this defini-
tion, 3 of the 18 largest suburban communities in the San
Francisco Bay Area in 1990 were bedroom communities,
with ratios of jobs-to-employed residents in parentheses:
Daly City (0.44), Fremont (0.76), and Vallegjo (0.79).

Perhaps the factor that best distinguishes predominantly
residential suburbsis their housing stock and relative densi-
ties. Inthisstudy, residential suburbsare distinguished as pre-
dominantly single-family or mixed housing (single-family,
apartments, other housing).

This two-part distinction most directly reflects differences
in residential densities. Indirectly, it captures income differ-
entials in suburbia (i.e., typically younger, lower-income
households occupy mixed-housing environments). Mixed-
housing environments, for example, are likely to be denser
with more captive ridership markets, perhaps providing asub-
urban setting where transit has a greater chance of competing
with the private automobile.

Forecasters call for a healthy recovery in the suburban
single-family home market in the mid-to-late 1990s (Lein-
berger, 1993). The magjor reason for this is the pent-up de-
mand for home ownership among baby boomers, the young-
est of whom arein their early 30s and entering atime of their
lives when people move up to larger homes. With many new
jobs locating on the extreme edges of metropolitan areas,
there will be pressures over the next 5 yearsfor future single-
family housing devel opments on what is now rural land 20 to
25 mi (32 to 40 km) beyond newly emerging job centers like
Plano (Dallas), Scottsdale (Phoenix), Redmond (Sezttle), and
Alpharetta (Atlanta).

In terms of multifamily rental housing, the bulk of projects
built in the 1980s stand along major inner suburban corridors
in low-density configurations (12 to 18 units to the acre, in
two-story walkups). Forecasters predict that much of apart-
ment and condominium construction in the mid-to-late 1990s
will be in the new outer suburbs, near emerging edge cities
(e.g., Gainesvillein northern Virginiaand Peachtree City out-
side Atlanta) or immediately adjacent to existing inner-ring
edge cities (e.g., Balston, Virginia, and Atlanta’s Buckhead
district).

Another emerging market niche of multifamily develop-
ment is rail-based housing projects. Nationwide, around
12,000 apartment and condominium units were built within a
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one-quarter-mi (0.4-km) ring of rail stations across 10 differ-
ent metropolitan areas from 1988 to 1993, with nearly 500
unitsbuilt on land owned by transit authorities (Bernick and
Cervero, 1994). Inthe San Francisco Bay Areaalone, 11 multi-
family projects containing over 4,500 units were built within
a one-quarter-mi radius of a Bay Area rail station between
1988 and 1993.

COMMERCIAL AND MIXED-USE SUBURBS

Retail activities generally follow a central-place hierar-
chy, with small outlets and retail plazas (under 20,000 ft?)
serving neighborhoods, larger shopping centers (under
200,000 ft?) serving communities, and still larger shopping
malls (above 200,000 ft? ) serving regions and subregions.
What all these settings have in common is a strong automo-
bile orientation—underscored by large asphalt surface park-
ing lots, wide connecting boulevards, and sprawling struc-
tures. Contemporary shopping centers are perhaps the least
friendly environments for transit or pedestrian access any-
where. Often bus riders are dropped off at the periphery of
parking lots, forced to walk long distances through a sea of
parking to reach stores. The perimeters of many suburban
shopping malls do not even have sidewalks. Except for those
too young, old, or poor to own and drive a car, bus transit is
largely ignored as a serious travel option by suburban shop-
pers. A recent survey of shoppersat two suburban mallsinthe
Bay Area, for instance, found that fewer than 3 percent reached
the malls by transit (Cervero, 1993).

With the tremendous growth in discount-warehouse retail-
ersin recent years, if anything the automobile orientation of
retail establishments in the United States has increased in
recent times. Big-box retail outlets like Home Depot, Block-
buster Video, Circuit City, and Price Costco have redefined
the suburban retail market, relying on high-volume sales of
durable goods and consumer items sold at wholesale dis-
counts to lure shoppers away from malls. Many big-box out-
lets are sited as stand-alone structures or in “power centers’
in peripheral locations where land is cheap and automobile
accessisnecessary. The “build it and they will come” philos-
ophy often prevailsin the siting of large warehouse retailers.

According to forecasts from the Urban Land Institute
(1993), the major growth segment in retailing will be the
community-based power center—typically 250,000 to 500,000
ft? (23,226 to 46,451 km?), occupied by two or more large
discount chains, with asmall amount of remaining fl oorspace
leased to small tenants. Growth in other retail segments will
likely be slower. Activities in the regional mall market will
split between the construction of new malls on the suburban-
exurban fringes and renovation of existing inner suburban
malls, including construction of outlets on existing parking
lots (as inner-tier suburban centers continue to densify)
(Leinberger, 1993). Observers also forecast a continued
expansion of neighborhood retailers in suburbia, mainly in-

volving restaurants, convenience stores, and drug stores that
are oriented toward residential development. Still, shopping
malls and neighborhood outlets are threatened by the steady
expansion of national chainsand warehouseretailers, sotheir
long-term prognosis remains unclear.

Because suburban retail environments have never been anat-
ura habitat for masstransit servicesand probably never will be,
little would be gained in conducting case studies under TCRP
Project B-6 for different classes of retail environments. The
researchersbelievethat abetter classification of suburban com-
munities is the degree to which they are balanced in terms of
jobsand housing. Balanced communitiesfeature amix of hous-
ing, population-serving retail, private companies, and business-
serving retail. Thus, in contrast to bedroom communities and
employment centers, balanced communities maintain compa-
rable numbers of jobs and employed residents. According to
Margolis (1973) and Cervero (1989), balanced communities
average ratios of jobs to employed-residents in the range 0.80
to 1.20. In 1990, one-half of the Bay Area's largest suburban
communities—9 of 18—had ratios in this range; they were
Alameda, Concord, Napa, San Mateo, Richmond, Fairfield,
Mountain View, Redwood City, and Pleasanton.

In summary, a third suburban land-use classification used
inthisresearch isbalanced, mixed-use suburb. Inall balanced,
mixed suburbs, retail activitiesare prominent land uses, asare
residential housing and employment concentrations.

SUBURBAN EMPLOYMENT CENTERS
AND CLUSTERS

Themost pronounced change that hastaken placein Amer-
ica' s suburban landscape over the past two decades has been
the emergence of large-scal e employment centers. The move-
ment of jobs from the metropolitan core to the metropolitan
periphery has been spurred by postindustrialization—the
restructuring of America’s economy from a predominantly
manufacturing base to a service and information-processing
orientation. Factors such as availability of cheaper land, eas-
ier accessto labor, lower taxes, improved telecommunication
links, and closer proximity to regional airports have spurred
this exodus (Cervero, 1989). Although many decentralizing
jobs have involved back-office support functions, increas-
ingly corporate headquarters and entire companies in fields
like finance, retailing, and wholesaling are relocating to the
suburbs and exurbs (Stanback, 1991; Leinberger, 1993).

TheNew Y ork metropolitan areamirrorsthe spatial changes
that took place in many large U.S. regions during the 1980s.
From 1980 to 1990, Manhattan added 54 million ft? (5 mil-
lion m?) of office space; the suburban ring, including Long
Island, northeastern New Jersey, and Westchester County,
added 173 million ft? (16 million m?) (equal to the entire
Chicago metropolitan office market) (Hughes, 1992). Thus,
suburban counties captured two-thirds of the region’s office
growth during the 1980s. Overall, Manhattan still accounted



for 56 percent of all office spacein theregion, but its market
share fell from 85 percent.

SUBCENTERING AND POLYCENTRIC
GROWTH

Because of job decentralization, the spatial structures of
most U.S. metropolitan areas have changed noticeably from
a single-centered to a multicentered, or polycentric, form
over the past two decades. A number of empirical studies
have documented the emergence of subcentersin the United
States. Using minimum thresholds related to employment
densities and size (or floorspace), analysts have identified 13
subcenters in greater Washington, D.C. (Garreau, 1991), 17
in greater Atlanta (Atlanta Regional Commission, 1985), and
22 in the Houston-Galveston area (Rice Center for Urban
Mobility, 1987). Four separate studies of the Los Angeles
region have identified between 6 and 54 subcenters there
(Gordon et al., 1986; Heikkila et al., 1989; Giuliano and
Small, 1991; Song, 1992). More recently, Speare (1994)
counted 188 central placesin greater Los Angeles, 65 in met-
ropolitan Detroit, and 39 in the Houston-Galveston region.
These centers have proven difficult to label, giving rise to a
variety of names like “suburban downtowns,” “edge cities,”
“subcities,” and “technopolises’ (Hartshorne and Muller,
1986; Scott and Angel, 1987; Cervero, 1989; Garreau, 1991).

Statistically, the distinguishing feature of suburban em-
ployment centersis, by definition, large numbers of jobsrel-
ative to employed residents. Cervero (1989) used 1.25 as a
dividing line for defining suburban communitiesthat are pre-
dominantly job centers—what some planners call placesthat
arejobs-rich and housing-poor. In 1990, 7 of the 18 Bay Area
suburban communities with populations above 50,000 had
ratios of jobsto employed-residentsthat exceeded 1.25: Plea
santon, Hayward, San Landry, Santa Rosa, Walnut Creek,
Sunnyvale, Santa Clara, and Palo Alto. The communities
with the greatest job surpluses (ratios above 1.6) were dl in
the Silicon Valley, the nation’s premier high-technology
complex: Sunnyvale, Santa Clara, and Palo Alto.

Although the emergence of suburban downtownsand edge
cities have brought about more multicentered settlement pat-
terns, these patterns do not generally follow a well-ordered
central-place hierarchy. In a study of six large U.S. metro-
politan regions, Pivo (1990) concluded that most office jobs
were located in small- and moderate-sized, low-intensity
clusters along freeway corridors. Pivo has described Amer-
ica's suburban structure as “The Net of Mixed Beads,” an
analogy to convey the redlity that office complexes and
employment concentrationsin the suburbs comein all shapes
and sizes, some still true to the classic image of low-density
sprawl, some beginning to look more like compact, high-
density cities (Chinitz, 1993). Gordon et al. (1986) and Giu-
liano and Small (1991) have likewise found that, except for
several large concentrations, small-scal e clustering best char-
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acterizes subcentering in the Los Angelesregion. The decen-
tralization process in contemporary urban Americais com-
plex and not easily characterized, ranging from scatteration
on one extreme to more ordered, central-place type hierar-
chies at the other, with small-scale clustering along corridors
(e.g., anet of mixed beads) occupying the middle ground.

CLASSIFYING SUBURBAN EMPLOYMENT
CENTERS

In terms of the physical, land-use characteristics of subur-
ban centers, Cervero’s 1989 study of 57 large-scale suburban
employment complexesin the United States remainsthe most
comprehensive work to date. The 57 employment centers,
surveyed in 1987—88, werelocated at least 5 radial mi (8 km)
from a regional CBD and contained over 2,000 full-time
workers and over 1 million ft? (93,000 m?) of office space.
The 57 suburban centers were drawn from 25 different met-
ropolitan areas across the United States; most are what Gar-
reau loosely defines as edge cities—representing, in addition
to employment concentrations, centers of downtown-like
activitiesthat are outside of traditional downtowns.

Four dimensions of the land-use environment were used in
the 1989 study to classify suburban centers. 1, scale; 2, density;
3, land-use composition; 4, site design. Factor analysis was
used to distill the variablesinto thefour underlying factors, and
a clustering algorithm was used to group together cases along
these four land-use dimensions. The 57 suburban centerswere
assigned to one of six different homogenous classes:

1. Office parks—master-planned, low-density campus-
style projects (under 1,000 acres of land area) with
abundant free parking and where offices occupy over
65 percent of floorspace. Ten of the 57 surveyed cen-
ters were classified office parks, including Bishop
Ranch outside of San Francisco, Corporate Woods on
thefringes of Kansas City, and New England Executive
Park west of Boston.

2. Officeconcentrations—moderately dense, free-standing
structures built independently of each other, occupying
over 2 million ft? (0.19 million m?) of floorspace in a
well-defined geographic space; examples are Greenway
Plaza near Houston and Greenwood Plaza outside of
Denver.

3. Large-scale mixed-use devel opments—mixed-use con-
centrations that encompass 3 mi? (7.77 km?) or more,
containing at least one regiona shopping mall repre-
senting primary growth magnets within regions. Four-
teen of the 57 centers were classified as large-scae
mixed-use complexes, including East Garden City on
Long Island and Schaumburg Village northwest of
Chicago. Garreau defined all of these as edge cities—
most average far more acreage and have less of a high-
rise profile than inner-tier edge cities or subcities.
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4. Moderate-scale mixed-use devel opments—equival ent
to their larger counterparts, but averaging one-third or
less acreage and generally less dense. Examples of
moderate-scale mixed-use complexes are Hunt Valley
north of Baltimore and the Chagrin Boulevard corridor
east of Cleveland.

5. Edge cities—in every respect, notable for their down-
town-like densities and mixed inventories of office,
retail-commercial, and residential land uses. Unlike
downtowns and most urban centers, however, subcities
feature new buildings, wide separation between struc-
tures, new postmodern buildings, and plentiful parking.
Ten subcities were identified among the 57 large cen-
ters, including Tysons Corner in northern Virginiaand
South Coast Metro in Orange County, California

6. Large-scale office corridors—Ilarge expanses of offices
and mixed-use development [50 to 100 mi?(129.5 to
259 kn?)] oriented along one or more freeway's or major
arterials, producing adistinct linear form. All are dotted
by numerous office parks, industrial parks, retail centers,
commercial strips, and planned urban developments.
Examples of large-scale office corridors are Route 128
that rings greater Boston, Route 1 in central New Jersey,
and the Silicon Valley of northern Santa Clara County.

Other researchers have subsequently developed similar
profiles of suburban activity centers. The Houston Area Re-
search Center (1989) applied the schema developed by
Rabert Cervero to identify 67 suburban activity centersacross
the United States, with 7 in the Houston region aone. In an
in-depth study of travel characteristics at suburban activity
centers, JHK & Associates found similar variation in office
development across individual parcels in Bellevue (WA),
South Coast Metro (CA), Parkway Center (TX), Perimeter
Center (GA), Tysons Corner (VA), and Southdale (MN)
(Hooper, 1989). Several recent studies of activity centersin
greater Washington, D.C., have opted for more generic defi-
nitions. The Maryland National Capital Park and Planning
Commission (1990) identified 20 activity centers with 5 mil-
lion ft2 (0.46 million ) of office and retail space and over
20,000 employees. Douglass (1992) more recently distin-
guished the region’ s suburban centers as belonging to one of
two types: suburban campuses and suburban CBDs. Com-
pared with Cervero’s classification, suburban campuses con-
sist mainly of office parks and some moderate-scale mixed-
use developments; suburban CBDs, on the other hand,
represent al other centers (e.g., office concentrations, large-
scale mixed-use developments, subcities, and large-scale
office corridors).

For purposes of TCRP Project B-6, a coarser but simpler
schema for classifying suburban employment centersis pro-
posed than that originally developed by Cervero:

+ Suburban campuses (office parks, industrial parks, sci-
ence parks),

+ Edge cities (new vs. mature), and

+ Suburban corridors.

Thisthree-part breakdown reflects basic differencesin ma-
jor employment centers along the dimensions of scale, den-
sity, and site design. Suburban campuses are generally the
smallest and the least dense. Edge citiesfall inthe middiein
terms of size but are the densest centers. Suburban corridors
encompass the most land area and have average to moderate
densities. Edge cities and suburban corridors are generally
mixed use in character, whereas suburban campuses feature
a single predominant use. The site design characteristics of
all three centers tend to be similar, featuring (by central city
standards) new buildings, attractive landscaping, wide boul e-
vards, spacious building setbacks, large supplies of surface
parking, and minimal pedestrian provisions. Of courses, in-
dividual projects and sites vary considerably along these di-
mensions, athough collectively these features reflect the
strong automobile orientation of America’ s suburban centers.

An additional dimension that could prove useful for refin-
ing the definition of edge cities is their relative age. Some
edge cities, like Stamford (CO), Bethesda (MD), and Dear-
born (M1) (as defined by Garreau) are decades old, having
undergone a transformation from former industrial towns to
office centers. Most edge cities, however, arerelatively new,
having experienced the lion’s share of employment growth
during the office building boom of the 1980s—such as
Tysons Corner (VA), Corporate Woods (MO), and Las Col-
inas (TX). Age could be arelevant factor in this study to the
degree that older edge cities have more established transit
services, different land-use mixes (e.g., morelight industrial
uses), fewer parking provisions, and perhaps a workforce
composition (e.g., more blue-collar workers) that is more
conduciveto transit riding. Although the land-use makeup of
employment centersis likely a more decisive factor in shap-
ing travel behavior and service strategies, the relative age of
centers is thought to be important enough to warrant some
consideration in the selection of case sites.

Although most of the empirical work that has been con-
ducted on classifying suburban centers occurred 5to 7 years
ago, these classifications remain valid today for the simple
reason that little has changed. Most suburban office markets
in the United States approached saturation by the late-1980s,
victims of speculation (spurred on by tax policies that
encouraged office overbuilding through passive write-offs
and real-estate syndication), changing tax laws (that removed
incentives to speculate), and a national recession. According
to the Urban Land Institute (1993), the most significant
recent trend in office devel opment has been the movement of
large corporations to a growth vector that has become the
“favored quarter,” which is nearly always in the immediate
proximity of upper-middle and upper-end executive hous-
ing—for example, the north side of Dallas between Park
Cities and Plano, northeast of Phoenix between the Biltmore
district and Scottsdale, the east side of Seattle from Bellevue
to Redmond, and the north side of metropolitan Atlanta
between Buckhead and Dunwoody.

Based on recent events, Leinberger (1993) forecasts growth
leapfrogging beyond these favored quarters into the exurban



frontier in coming years. L eading the way have been large cor-
porations that have moved to the outermost fringes of their
respective metropolitan areas, beyond most office and indus-
trial development of the 1980s, such as Chrysler moving its
corporate headquartersto Auburn Hills 25 mi (40 km) north of
downtown Detroit; Sears moving its merchandising division
to Hoffman Estates, 37 mi (59.5 km) from downtown Chicago
and 12 mi (19 km) farther out than Schaumburg, where much
of the region’s office space | ocated during the 1980s; and J.C.
Penny opening its new 2 million ft? (186,000 m?) headquarters
complex in Plano, 35 mi (56 km) from downtown Dallas.

As they mature, America’s edge cities are increasingly
being vacated by large corporations, with smaller companies
taking their place. According to Faux (1994) in The Edge
City News, there were 181 edge cities in late 1994. The top
10 areas in the United States in terms of the percentage of
firmswith 50 or fewer workers are all edge cities—in Buck-
head (north Atlanta) and Walnut Creek (east of Oakland), 87
percent of al firms have 50 or fewer workers, the highest
sharesin the nation for large-scal e activity centers.

Real estate market experts predict filtering in America’'s
suburban office inventory over the next decade (Urban Land
Institute, 1993). Firms in inner-tier suburban centers will
tend to move into multitenant speculative space built in
1980s edge cities like Tysons Corner and Post Oak, compa:
nies will build new facilities in emerging edge cities like
Leesburg, Virginia, and the Woodlands (north of Houston),
and large Fortune 500 firms will venture even farther out
onto the metropolitan fringes to create their own rural-like
corporate havens. In light of these expected growth trends,
the researchers propose a final classification of suburban
employment growth: exurban corporate enclaves.

Exurban corporate enclaves mean large corporate head-
quarters and related ancillary uses (e.g., small retail plazas)
that have sprung up in exurban and rural settings on the far
fringes of metropolitan areas, such as Plano, Texas, and
Hoffman Estates, Illinois.

SUMMARY ON SUBURBAN CLASSIFICATIONS

The research conducted in this appendix underscores the
advantages of framing the definitions of suburban environ-
ments along physical land-use and urban form dimensions.
Namely, emerging travel patternsand demandsfor transit ser-
vices are very strongly linked to physical land-use environ-
ments. Polycentric regional structures, edge cities, and ex-
urban corporate enclaves al pose different challenges in
designing transit services, fare practices, institutional arrange-
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ments, and other programs that are responsive to consumer
demand.

In summary, the following classes of suburban environ-
ments will be used in TCRP Project B-6 for structuring
analysis and selecting cases:

» Residential suburbs: predominantly single-family hous-
ing,

» Residential suburbs: mixed housing,

+ Balanced mixed-use suburbs,

* Suburban campuses,

» Edgecities,

* Suburban corridors, and

» Exurban corporate enclaves.

All of these represent physical land-use settings where
transit services currently exist in the United States, and
where, theresearchersbelieve, lie considerable opportunities
for attracting new customer bases.

Although suburban environmentswill be defined mainly in
terms of their physical land-use makeup because of the rea-
sonably strong correlation of built forms to travel demand,
many other dimensions will be introduced and used, not to
overstratify the classifications but to define the conditions of
effectiveness in these suburban environments that differenti-
ate one location from another even within a category. Such
dimensions include the political-institutional environment—
for example, the existence of regional transit authorities, sub-
urban transit jurisdictions, privately provided transit services,
consolidated city-county governments, proactive regional
planning, or numerous political jurisdictions within aregion.
Other conditions of effectiveness that define variationsin the
categories defined above could aso be their transit services
and infrastructure—for example, al-rail, mixed rail-bus,
mixed HOV-bus, or bus-only cities. Conditions of effective-
ness also can be considered on the demand side—for exam-
ple, captive vs. choice riders, geographic ridership markets
(e.g., radial, reverse-commute, crosstown trip making), and
peak vs. nonpeak travel. Suburban employment centers can
be differentiated according to employment and occupational
compositions.

To begin classifying suburban dimensions along these
additional dimensions and creating subclassifications for
each of the seven categories would introduce considerable
complexity and quite likely overload the research design.

Therefore, the researchers rely mainly on the seven land-
use-related classes of suburban environments, using the
research results to provide insights into the degree to which
some of these other dimensions of the suburban transporta-
tion environment affect suburban transit programs.




The Transportation Resear ch Board is a unit of the National Research Council, which serves the
National Academy of Sciences and the National Academy of Engineering. The Board’s mission is
to promote innovation and progress in transportation by stimulating and conducting research, facil -
itating the dissemination of information, and encouraging the implementation of research results.
The Board' s varied activities annually draw on approximately 4,000 engineers, scientists, and other
transportation researchers and practitioners from the public and private sectors and academia, all of
whom contribute their expertise in the public interest. The program is supported by state trans-
portation departments, federal agenciesincluding the component administrations of the U.S. Depart-
ment of Transportation, and other organizations and individuals interested in the development
of transportation.

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of sci-
ence and technology and to their use for the general welfare. Upon the authority of the charter granted
to it by the Congress in 1863, the Academy has a mandate that requires it to advise the federal gov-
ernment on scientific and technical matters. Dr. Bruce M. Albertsis president of the National Acad-
emy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National
Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its
administration and in the selection of its members, sharing with the National Academy of Sciences
the responsibility for advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages education and research,
and recognizes the superior achievements of engineers. Dr. William A. Wulf is president of the
National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure
the services of eminent members of appropriate professionsin the examination of policy matters per-
taining to the health of the public. The Institute acts under the responsibility given to the National
Academy of Sciences by its congressional charter to be an adviser to the federal government and,
upon its own initiative, to identify issues of medical care, research, and education. Dr. Kenneth I.
Shineis president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to
associate the broad community of science and technology with the Academy’ s purpose of furthering
knowledge and advising the federal government. Functioning in accordance with general policies
determined by the Academy, the Council has become the principal operating agency of both the
National Academy of Sciencesand the National Academy of Engineering in providing servicesto the
government, the public, and the scientific and engineering communities. The Council isadministered
jointly by both the Academies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. William
A. Wulf are chairman and vice chairman, respectively, of the National Research Council.

Abbreviations used without definitions in TRB publications:

AASHO American Association of State Highway Officials

AASHTO  American Association of State Highway and Transportation Officials
ASCE American Society of Civil Engineers

ASME American Society of Mechanical Engineers

ASTM American Society for Testing and Materials

FAA Federal Aviation Administration

FHWA Federal Highway Administration

FRA Federal Railroad Administration

FTA Federal Transit Administration

IEEE Institute of Electrical and Electronics Engineers

ITE Institute of Transportation Engineers

NCHRP National Cooperative Highway Research Program

NCTRP National Cooperative Transit Research and Development Program
NHTSA National Highway Traffic Safety Administration

SAE Society of Automotive Engineers

TCRP Transit Cooperative Research Program

TRB Transportation Research Board

U.S.DOT  United States Department of Transportation
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