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Section 1

TRANSIT SERVICES IN LOW-DENSITY AREAS

One of the basic characteristics of urban areas is that they provide
various services superior to those available in rural areas. Urban popula-
tion generally enjoys publicly provided water supply, sewage disposal, trash
collection, various social services, and a number of others. With respect
to transportation, urban areas are also superior to rural areas when their
population can utilize not only private transportation (automobile, walking,
bicycling, etc.) but also public transportation (transit) services. In
rural areas the automobile is the basic and often the only means of travel
for all except very short distances, where travel on foot or by bicycle
is possible.

By its very nature public transportation operates most efficiently
where there is certain aggregation of travel demand. Since in low density
areas auto ownership is high, demand for travel by transit tends to be very
low, so that transit operators find it very difficult to provide an acceptable
level of service at a reasonable cost.

This study analyzes various methods of providing transit services in
low-density areas. These areas can be classified into two major categories.
First, suburban areas of medium and large cities; and second, entire medium
and small cities which have low population densities. One of these types
of areas is found in most cities.

The focus of this study is the type of transit network and operation
in which special transit centers are organized at which vehicles from several
different lines converge at the same time, enabling passengers to transfer
between any two lines, and then depart in their respective directions. This

type of service is called timed transfer system, or TTS. Thus instead of

individual transit lines, usually with inconvenient transfers in low density
areas, TIS represents a coordinated transit network which passengers can
utilize for travel between any two points in the served area with reasonable

convenience and average travel speed.




To provide a thorough description and analysis of TTS, and to define
precisely its role in urban areas, this study first presents a systematic
review of various types of transit services, networks and methods of opera-
tion, defining characteristics, advantages and disadvantages of each one.

A later part of the report Gections 4 to 7) focuses on the TTS, presenting
all its basic elements as well as methodology for their planning and imple-

mentation. An example of TTS planning is given in section 8.

1.1 Roles of Transit in Low-Density Areas

Transit services in low~density areas presently tend to be of low
duality: they have long headways, often low travel speeds, indirect routing,
poor connections among lines, and limited information for passengers. Since
such services cannot compete with automobile for most trips, they are mostly
used by people who do not have an access to the automobile. However, this
condition does not mitigate the fact that for certain segments of the popu-
lation and for certain types of trips transit is extremely important and
plays an integral role in an area's total transportation network; nor should it
obscure the fact that it is desirable to shift as much travel from auto
to transit as is reasonably possible for various economic, environmental,
social and energy conservation reasons.

Transit can have four different roles in low-density areas:

1. To provide the basic mobility for those without access to the

automobile. This includes people who do not own an automobile and nondrivers.
Although many nondrivers get transportation by being chauffered by the drivers,
this population segment is not at all neglibible and when transit service is
available and of good quality, it can provide a substantial number of school,
shopping and commuting trips for these groups.

2. To provide an alternative service for people who have access to

automobiles, but who prefer transit if reasonably competitive levels of
service are offered. Most of these passengers are peak hour commuters,
but a variety of other travelers and types of trips can also be served by
transit.

3. To offer a back-up service for incidental riders at times when auto

is not available.

4. To serve as the basic carrier for the entire population during

various emergencies, special situations, etc. This type of service is
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usually rather expensive to maintain and therefore whenever analyzed on
monetary basis, it appears difficult to justify. However, in emergency
situations, such as various snow storms, flooding conditions, etc. the
value of this service is such that it may easily outweigh very large
financial losses at other times.

One aspect of rapidly increasing importance falls into this category
of transit role: increasing price and decreasing supply of oil. If our
country one day faces a real energy crisis, the role of transit will
rapidly and drastically increase. Since it is not easy to increase transit
capacity in a short period of time, maintaining the back-up transit service
and its organization for expansion is presently of a great and further
increasing importance.

The second role -- to serve as an alternate mode, particularly for peak
hour commuters -- is usually the dominant one. In some areas service is
provided only during the peak hours. This service does not meet the needs
of the first role -- to provide basic mobility to those who do not have an
automobile available, nor does it serve as an alternative for any ''choice"
riders. Captive transit riders therefore have extremely restricted mobility
during most periods of the day. Even the services operated throughout
the day offer only a limited mobility for other than work trips because of
their radial orientation toward central cities. Only large cities have

reasonably good circumferential and '"crosstown' services.

1.2 Present Types of Transit Services

Transit operators can offer several different modes and types of opera-
tion for services in low density areas. The particular service being offered
depends on local conditions such as ridership patterns, land use, available
infrastructure, population densities, and financing. Each of the services
described below has its appropriate range of application. Transit officials
should have a complete understanding of the characteristics and applications
of these services in order to insure efficient operations in each particular
area.

1.2.1 Semipublic Paratransit. This term refers to carpools and vanpools,

i.e. the services which are available and adjusted to the needs of a limited
number of subscribers, mostly on a regular basis (commuting). Each trip

usually follows the same fixed route and schedule every day and it is




available to a group of riders from a company, neighborhood, or some

other organization, but not to the general public. The major objective of
semipublic paratransit is to increase efficiency of private automobile,

van or bus trips by raising their average vehicle occupancy rates, thus
reducing the number of vehicles traveling between common origins and desti-
nations. The most common paratransit modes, carpools and vanpools, comprise,
together with buses, high-occupancy vehicles (HOV).

Car- and vanpools are usually organized by private individuals or
employers. However, in many cases a public agency gathers a list of persons
with common origins and destinations and assigns them to a vehicle operated
by an individual who has expressed a willingness to drive the vehicle.

The primary function of the public agency is to serve as an information
gathering service which enables all potential participants to find out
about other travelers with whom they can travel.

The major advantage of these modes is their ability to provide direct
service at a cost lower than that of private auto (particularly if the
social benefits, such as reduced traffic volumes, air pollution, energy
consumption and parking area requirements are included). Because each
vehicle serves a small group of riders (carpools carry 2 to 6, vanpools 7
to 15 persons), it can travel directly to a user's home and reach users who
may not be near a transit route. This main advantage of semipublic paratransit
is that the small transportation units which are utilized enable this mode
to economically serve some areas which have population densities too low for
efficient service by regular transit and by the modes using larger vehicles.
Another advantage is that semipublic paratransit involves very low direct
investment in infrastructure.

Several features of these modes, however, limit their widespread
application and their utility. The most important is their inability to
meet full transportation needs of any person, including their users for
work trips. To organize carpool or vanpool trips it is necessary to have

the following conditions:
1. A group of workers from an office or company must live within the

same general area.
2. Starting and closing times at the workplace must be fairly uniform.

This restricts most vanpooling to peak hours, or other shift changes.
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Consequently, semipublic paratransit is primarily applicable to large
offices, factories or downtowns. If the concentations are not large enough,
the result will be a service which involves circuitous routing and not enough
riders per vehicle for an efficient operation. Even if the conditions are
met, the scheduling inflexibility limits the utility of these modes for
the public. Since there is only one trip per day, the user has no chance
to alter his/her schedule. This differs from regular transit where there is
the ability to choose a variety of travel times, or the private automobile,
which may be available at all times.

If a public agency is involved in encouraging semipublic paratransit
services, it must be certain that existing public transportation services
are not being duplicated, thus creating an inefficient competitive network.
Also, if a large enough volume of riders are observed to be using this form
of transportation, it may indicate a need for a public transportation route
with higher capacity or improved level of service. Suscription bus can
be used as a '"transitional'" mode between semipublic paratransit and transit.

In summary, semipublic paratransit services have applications for a
certain portion of worktrips, but cannot be relied upon as the principal
public transport service in any given area. Other services and modes are
required for off-peak, shopping, social, commercial and the remainder of

worktrips.

1.2.2. Public Paratransit. This category of modes represents for-hire

common carrier transit available to the general public. Modes which provide
these services are the taxi, dial-a-ride and, to a limited extent in some
cities, jitneys.

Taxi service is tailored entirely to the user's desire. This makes

it applicable to many of the dispersed trips which can occur in low density
areas. However, taxi service can never have more than a limited role in
meeting the transportation needs of low density areas for the following
Teasons:

1. Supply of taxi service in these areas is usually very poor (slow and
unreliable). Taxi operators find it more profitable to work in towns or
cities where demand for their service is greater due to the larger density
of travel.

2. The individualized service provided in small vehicles results in

relatively low labor productivity and high charges to the user. Thus, taxis
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generally involve by far the greatest out-of-pocket expense to users of all
modes.

Dial-a-ride or dial-a-bus consists of minibuses or vans directed from

a central dispatching office. Passengers call the office and give their
origin, destination and desired time of travel. The office plans bus routings
so that each trip serves as many passengers as possible.

The objective of dial-a-ride is to provide a flexible, "demand responsive"
system similar to taxi service, but with higher average vehicle occupancy
rates, which makes it possible to charge lower fares. Meeting this objective
could make dial-a-ride suited to many transit applications in low density
areas where trips are widely dispersed, and in areas which have population
densities too low for frequent regular transit service.

Dial-a-ride is a relatively new concept first implemented in the early
1970s. Cities which have used dial-a-ride include Haddonfield, NJ; Ann Arbor,
MI; Batavia, NY; Emmen, The Netherlands; and Hannover, W. Germany. Although
operational experience has been varied, the results indicate that it is very
difficult to group a large number of riders in vehicles. This is due to the
lack of concentration of demand for similar trips during a given time
period. If the service attempts to handle diverse demands in one trip, the
result is circuitous routing and longer travel times which discourage rider-
ship. In addition, due to the absence of fixed routes dial-a-ride has weak
identity, which further inhibits potential ridership. The overall result
is that dial-a-ride often requires a very high subsidy per unit (passenger
or passenger-km).

The subsidy generally decreases with increasing vehicle occupancy. When
vehicle occupancy reaches consistently high levels, this often indicates
that there is enough demand to justify implementation of a regular public
transit bus route. Therefore, conditions which are conducive to the use of
dial-a-ride appear to be rather limited in most areas.

Jitney services are used extensively in the countries with low-cost
labor. In the developed countries they are rarely operated, mainly because
they are suited to heavily travelled routes on which regular transit buses
can provide similar service at lower cost due to the higher labor productivity
(space- or vehicle-km per driver-hour). In any case the jitney mode does not
apply to low density areas since it requires heavy demand along at least

substantial portions of its routes.




1.2.3 Conventional Transit. Most transit services in low density

areas are provided by buses; in a few cities rail transit also penetrates
and serves these areas, usually as a regional system.

Transit networks typically consist of major trunk routes following
radial directions to/from center city, supplemented by numerous feeders or
branches going from the radials into various directions. Other routes may
be circumferential, crosstown, or with irregular geometric form.

Radial lines with their branches and feeders primarily serve the trips
to/from central city and they often have heavy peak hour patronage.

During off-peak periods passenger volumes are often sufficient to justify
reasonably short headways (in the order of 10 to 20 minutes). These lines
are usually operated by standard 33- to 40-ft long buses with capacities of
35 to 53 seats.

In most cities with rail transit (light rail, rapid transit and regional
rail) some of these lines penetrate suburban areas and serve radial directions.
These modes are found in some 15 cities in the United States and Canada, with
another half-a-dozen cities having such lines under construction.

Although radial routes, regardless of technology (bus or rail), do not
always provide extensive area coverage or direct connections for intrasuburban
travel, they can be significant elements of transit services for these trips
in two ways:

1. They can offer service among many points along their routes. Since
they usually offer rather high speed and frequency of service along busy
corridors, they can attract a substantial number of such trips. Presently
this potential is underutilized in most cities due to inadequate integration
of network services, express runs which are convenient for CBD-oriented trips
only, and a lack of information, marketing and other supporting activities.

2. Major bus and rail stations, particularly terminals, can often be
very effectively utilized as transit centers for timed transfer systems.

Circumferential, crosstown and various irregular lines usually serve
trips among various points within low density areas. They are served by
standard buses or by minibuses with seating capacities of 15 to 25 seats.
These lines usually have rather low patronage and therefore operate with

long headways (from 15 min. up).




In comparison with various types of paratransit and commuter transit
modes, regular (conventional) transit has a major advantage: it offers

fixed, predictable service along known routes throughout the day. It

can therefore serve all people who travel within its service area at any

time of day. On the negative side, fixed transit routes with service at

long irregular headways and with inconvenient transfers among routes is

often inferior in speed and convenience to some demand-responsive paratransit
services which involve no transfers. Moreover, regular transit

may cover less of its operating costs due to low load factors typical for

low density areas.

1.3 Problems of Public Transportation in Low-Density Areas

The preceding review of modes and types of services presently
utilized in low-density areas shows that these services are in most cases
rather deficient. Paratransit can serve only a fraction of trips. Regular
transit, as presently operated, is available to the public, but offers limited
area coverage, infrequent service, usually with irregular schedules and uncoor-
dinated transfers. As a result, transit is usually inconvenient to use for
many trips, particularly if traveler's origin and destination do not coincide
with a transit line: transfers without physical closeness and schedule
coordination represent an unacceptable inconvenience.

The basic problem in providing high quality transit services in low-
density areas is that the low ridership makes an improved service (higher
network density, service frequency, etc.) difficult to economically justify:
subsidies per passenger are usually considerably higher than in inner city
areas (which, incidentally, tend to have population with lower average incomes
than low density suburban areas).

There are several causes for these problems, some of which can be
corrected by changing policies of development or adaptation of existing
facilities. Other causes can be greatly alleviated by changes in transit
service organization described later in this report.

The problem of generating enough riders to sustain an acceptable service
frequency is related to land use planning in many suburban areas of the United
States. The provision of transit service was not considered as a factor in
most suburban developments. These areas were expected to be completely

served by the automobile. The problems caused by lack of public transport




services were not recognized for many years. This attitude led to extremely
spread out residential areas whose transportation patterns are characterized
by dispersed origins and dispersed destinations. Improved coordination

of land use with transportation planning can reduce this problem in future
urban development.

The spread out residential patterns reduce the population which can
be effectively served by a given transit route. In general, people will not
walk more than % mile (5 minutes) to a transit stop. Lower population
densities mean that there are less potential riders in the served area of
any route. With time, potential riders who are close to a transit route
have decreased their transit riding habit to a much lower level than those
in more densely populated areas. The low residential densities and dispersed
transportation patterns make it necessary for households to own often more
than one automobile per family, presenting a great competitive obstacle to
transit.

Another important consideration is that the dispersed nature of trans-
portation patterns characterized by many origins and many destinations makes
it very difficult to provide bus routes which enable reasonably direct transit
services for point to point travel. In some cases there may be large traffic
generating points such as a local downtown area, a regional rail station or
a shopping center, but travel to these points still involves a low proportion
of the area's total trips. Therefore, transit riding in these areas usually
requires a network of routes with easy transferringamong them. Presently
low service frequency on individual routes with uncoordinated transfers
results in extremely long waiting times for using more than one route. This
eliminates a large segment of potential riders.

The third factor which makes it difficult to provide adequate levels
of transit service is that the physical and geometric layout of streets and
residential developments are often incompatible with transit service. Resi-
dential streets tend to have circuitous routing rather than the grid or
radial network forms of more densely populated areas. This causes bus routes
to be aligned in a very inefficient pattern with slow operating speeds and
circuitous routing. The physical layout of major roads and highways often
lacks adequate space for pedestrians or transit riders: sidewalks are narrow

if they exist at all, space for waiting at bus stops is limited, and there




are few signalized intersections which provide a safe pedestrian crosswalk.
Therefore, many potential riders will not ride transit because of the risk
and inconvenience involved in reaching the bus stop.

Little can be done about past land use planning decisions, but many
other factors are within control of local officials. Relatively minor
modifications in street and intersection design can often bring major
improvements for transit users by facilitating their walking and waiting
at transit stops. However, the most effective increase in level of transit
service and its competitiveness with auto can be achieved in many areas with
rather small effort by adoption of timed transfer systems. This form of
transit service changes individual lines into an integrated network
which can attract a significantly higher ridership than is presently

the case in most low density areas.




Section 2

TRANSIT NETWORKS: TYPES, CHARACTERISTICS AND ELEMENTS

Transit network forms, which can be classified into several general types,
depend on street networks, urban form (land use patterns, densities, etc.),
topography, and a number of other factors. Despite the many specific features that
each network has, certain types of network form have distinct service/operational
characteristics. These are briefly described here.

2.1 Network Types

Grid network, found in many cities with rectangular street patterns,

consists of lines laid out in a rectangular pattern, with numerous transfer
possibilities at intersecting points. It thus has an extensive and even area
coverage, and offers a high connectivity. It does not have the problem of excessive
convergence and concentration of routes, sometimes characteristic of radial
networks. It is simple for passenger orientation, but it does not always
follow major travel desire lines. Many trips follow a somewhat circuitous "L"
configuration.

Grid networks are well-suited to evenly populated areas with grid street
patterns, which require rather uniform quality of transit service. Examples
of these networks are found in many parts of New York City (buses), Philadelphia
(buses, trolleybuses, streetcars), Los Angeles (buses), Toronto (all modes,
including buses, trolleybuses, streetcars and rapid transit), and Osaka
(rapid transit).

A schematic grid transit network is shown in Fig. 2.1.

Radial network consists predominantly of radial or diametrical routes, with

the focus on city center (CBD), or on a suburban major activity center (MAC).
Thus it tends to follow the heaviest desire lines ''radiating' from the focal point
in several directions and splitting into many branches with lower service
intensity toward lower density suburban areas. Route duplication in the central
area provides adequate capacity for handling of the most concentrated travel
volumes on these network sections.

In planning and scheduling of branch lines, regularity of service on the
joint sections must be carefully analyzed to prevent pairing of vehicles, when

one delayed overloaded vehicle is followed immediately by a lightly loaded
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vehicle. This problem may be particularly acute during the peak hours.

Radial network has a lower connectivity than grid. Usually circumferential
routes must be provided to allow more direct travel for non-radial trips.

Since the area coverage and service intensity of the radial network are
uneven - decreasing from the center outward - this type of network is best
suited to concentrated cities with radial street network. Most regional rail
transit networks (e.g. Philadelphia, Chicago, Boston) have this form, but other
modes also follow it in many cities.

Figure 2.2 shows a typical radial transit network.

Irregular network type includes all networks which do not follow any

geometric pattern. They are found in many cities with irregular street patterns,
various topographic barriers, and other influencing local conditions. No general
characteristic about area coverage, connectivity, directness of travel, etc.
can be made about irregular networks since they all vary among different cases.
Irregular transit networks are found in some older cities with irregular
street patterns (Boston), but also in most recently built suburban areas where
residential areas have been designed with street networks very poorly suited
to transit services.
An irregular transit network is shown in Fig. 2.3.

Flexible transit routings followed by dial-a-ride and several other types

of paratransit services are usually determined by passenger demand - individuals
or groups. These services can be classified into three different types:

- Many-to-one (or one-to-many), shown in Fig. 2.4(a), are often used for
feeder services to major radial routes. An example is dial-a-ride service in
Bay Ridges, Ontario.

- Many-to-few [Fig. 2.4(b)] are used in areas with several focal points
(stations, suburban MACs, etc.) surrounded by low-density areas. Examples
are dial-a-ride services in Regina, Saskachewan, Ann Arbor, MI, and Emmen,

The Netherlands.

- Many-to-many [Fig. 2.4(c)] is the pattern for serving low density areas

without any focal points. Batavia, NY has this type of service.

Timed transfer system network has, by definition, focal points and fixed

route links among them (Fig. 2.5). Distances among the focal points are
rather uniform, except if operating speeds on them vary; in that case link
lengths tend to increase with speeds. This network type will be discussed in

detail in later sections of this report.
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Figure 2.3 Irregular-type transit network (selected routes in Bremen, W. Germany)




(a) Many-to-one

(b) Many-to-few

(c) Many-to-many
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Figure 2.4 Different types of flexible transit networks
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A summary of characteristics of different network types is presented in
tabular form in Table 2.1.

2.2 Network Characteristics and Elements

Performance and efficiency of transit networks and service can be measured
by several characteristics which affect one or more of the three major concerned
parties: passengers (P), transit operator (T) and community or city (C). The

characteristics and the parties they affect most directly are:

- Area coverage (P,C) - Speed (P,T,C)
- Directness of service (P) - Infrastructure (T)
- Connectivity (P) - Operating costs (T,C).

Density of service (P,C)
Each one of these characteristics will be defined and briefly discussed here.

Area coverage expresses the extent of a network in an area. It is defined

as the percentage of total legally defined transit service area (e.g. city or
county) within a specified walking distance of all transit stops and stations.
This area, within 5-minute walking distance (about 1/4 mile or 400 meters)
from all transit stops can be defined as the primary service area. Points be-
tween 5- and 10-minute walking distance (respectively 1/4 and 1/2 mile, or 400
and 800 meters) represent the secondary service area from which a smaller portion
of potential riders are attracted. Thus definition of area coverage is based
on walking access, which is always used in central cities. In low density areas
where tra.sit can ~ely on several different feeder modes, this standard applies
only to the portion of users who walk. For access by <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>