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capita as compared to 36.2 revenue passengers per
capita for older systems.

Consequently, systems that have been publicly
owned since 1969 or earlier (six years or longer)
appear to be more efficient in terms of vehicle and
passenger use. Because of strong and continuing
political and public support, such systems have been
able both to make certain capital improvements and
to implement policies that provide increasing
service levels. Purchase of new buses, for example,
has allowed transit systems to provide longer hours
of service with fewer vehicles, whereas certain
policy issues such as fare stabilization have helped
to assure continued patronage.

If we consider only the financial efficiencies,
however, those systems that have been public since
1969 (less than six years) appear to be more cost
efficient. Table 6 shows that operating expense per
vehicle, on the average, is lower ($33 512) than it
is for older systems ($42 231). Not only can these
systems operate at lower unit costs, but they also
appear to be more revenue efficient; revenue per
passenger is $0.08 more than it is for the older
systems (Table 6). In general, the revenue
efficiency of younger systems may be explained by a
fare policy that reflects the momentum of the
profit-making objective of privately operated
transit systems.

It should be noted that, for each of the
performance measures presented in Table 6, the
R?-values (which reflect the extent of explanation
of variation in transit performance) range between
0.104 and 0.157. These values indicate, for
example, that only 10.4 percent of the variation in
vehicle use (as measured by vehicle hours per
vehicle) can be explained by stratifying 51 transit
systems according to system age. These results are
as expected, and they suggest that other
environmental and policy variables might be more
useful in explaining variation in urban transit
performance when considered together with system age.

CONCLUSIONS

In this paper, a method has been developed by which
certain environmental and policy variables have been
found useful in explaining the biases inherent in
transit performance measurement. Through the
example presented, the extent of influence on
transit resource use of the elements of wage rate,
average operating speed, and population has been
identified.

Since such a procedure appears to explain
performance variation adequately, its usefulness in
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comparative evaluation is evident. Such evaluations
lend themselves to direct comparison of systems
within their respective cells. Bus system
performance can be compared against the mean cell
values of performance indicators of similar
properties. These mean values constitute a par
against which comparisons can be made, primarily by
managers of a transit property.

Stratification is therefore useful in explaining
the possible bias in making assessments and
comparisons of bus transit systems. However, it is
important to stress that the stratification scheme
presented here is only a beginning. Subsequent
analyses that use additional environmental and

policy factors will undoubtedly improve the
reliability and wvalidity of the stratification
scheme. The stratification approach to comparing

the performance of alternative systems holds promise
of being a powerful program-analysis and
system-evaluation tool.
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Effects of Small-Scale Transit Improvements on

Saving Energy

DANIEL K. BOYLE

The effects of small-scale transit improvements on saving energy in New York
State’s eight metropolitan planning organization (MPO) areas are examined.
Actions included in the transportation system mangement (TSM) plans of the
eight MPO areas are analyzed for their effects on ridership, mode shifts, and
energy savings, as well as on the energy costs of development, implementation,
and operation. Each of 11 transit-related TSM actions is analyzed separately.

These transit improvements result in average annual energy savings of more
than 25 million equivalent L of gasoline over the period 1978-1980. This is
about 0.1 percent of the total annual gasoline consumption in New York
State but is 2.6 percent of transit energy consumption in the eight MPO areas.
When demand-responsive services, which have high energy costs, are excluded,
the average annual saving increases to 3.1 percent of transit energy consump-
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tion. Small-scale transit improvements can thus play a role in the energy con-
servation efforts in New York State but cannot be expected to have a major
impact on the state’s energy situation.

In recent years, the focus of attempts to improve
public transportation systems has been on small-
scale improvements designed to make transportation
systems more efficient. Although energy has not
usually been a stated criterion in evaluating such
improvements, it has been generally assumed that
public transit can play a major role 1in any
conservation effort.

This paper is part of a broader study undertaken
by the Planning Research Unit of the New York State
Department of Transportation (NYSDOT) in conjunction
with the New York State Energy Office to quantify
expected energy savings for the years 1978-1980 for
all elements of the state energy conservation plan.
Specifically, this paper analyzes several categories
of transportation systems management (TSM) actions
related to mass transit to determine energy savings
and costs.

METHOD

Determination of statewide energy savings by cate-
gory and by area is the goal of the analysis; this
requires an aggregate approach. Transit-related en-
ergy savings come primarily from a reduction in
automobile vehicle kilometers due to mode shifts to
mass transit. Energy <costs are incurred by
increased vehicle kilometers of travel (VKT) ,
increased bus maintenance, and construction of
transit equipment or system facilities. Savings and
costs are expressed in edquivalent liters of
gasoline. The following formulas are used to
calculate savings and costs:

Savings = (change in transit ridership x proportion
of automobile drivers who divert to transit x
average automobile trip length x factor for car
left home)/automobile fuel efficiency.

Cost = (change in transit kilometers traveled/bus
fuel efficiency) x 1.104 + construction costs +
0.105 (change in transit kilometers traveled).

In the cost formula, 1.104 is the factor that
converts liters of diesel fuel to equivalent liters
of gasoline and 0.105 is the factor that takes into
account increased maintenance costs that arise from
increased VKT (l). Average automobile trip lengths
are 13.4 km upstate (2) and 15.9 km in the Tri-State
area (3). Average automobile fuel efficiency in New
York State was 5.06, 5.23, and 5.40 km/L in 1978,
1979, and 1980, respectively (4). Average fuel
efficiency for buses has been studied by the U.S.
Department of Transportation and the U.S. Environ-
mental Protection Agency (5). Average figures are
1.70 km/L for local transit buses and 2.13 km/L for
express buses. Finally, a study on the use of the
car left at home has indicated that energy savings
should be reduced by 40 percent to take into account
such use. The factor for the use of the car left at
home is therefore 0.6.

Since only 34.6 percent of workers in the New
York City metropolitan area drive an automobile for
the journey to work as compared with 65.7 percent in
upstate metropolitan areas (6), the proportional
diversion potential in the New York City
metropolitan area is about half the diversion
potential upstate. When diversion rates for
small-scale transit TSM actions are estimated, the
rate for the Tri-State area was one-half the
diversion rate for upstate areas. Where
appropriate, the outlying counties (Putnam, Orange,
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and Dutchess) of the 1l2-county Tri-State area are
treated in the same manner as are upstate areas.
For this study, diversion rates will express the
proportion of new transit riders who formerly drove
an automobile.

For most types of actions, case studies provide
estimates for ridership increases. A review of the
literature reveals appropriate percentage increases
for systemwide actions such as passenger amenities,
marketing, and passenger information. Finally, for
routing and scheduling improvements, a typical
ridership change 1is estimated from averages of
documented ridership changes that result from such
improvements.

RESULTS

Routing and Scheduling Improvements

Average ridership and VKT changes were obtained from
actions in which such information was available or
easily estimated, and these averages were applied to
projects from which no data were available. The
average ridership increase was 40 000, whereas the
average bus VKT increase was 46 000. Two projects
considered separately were a Tri-State action that
involved a ridership increase of 5 million and a
Rochester action that involved a VKT decrease of
390 000.

Other studies (7) have indicated that from 33 to
50 percent of new riders drawn to transit by
improvements in frequency of service would otherwise
have driven an automobile. The 33 percent figure is
used except in cases in which new service is
provided to areas not already served. In those
cases, the 50 percent diversion rate is used. The
diversion rate is halved for the nine inner counties
in the Tri-State area.

Routing and scheduling improvements result in
annual savings of between 1 325 000 and 1 500 000 L;
over B0 percent of the savings occurred in the
Tri-State area. Three upstate areas show negative
figures; in these cases, the energy costs from
increased bus operation and maintenance outweigh
savings from new passengers diverted to transit.

Express-Bus Service

A study of express-bus service in New York City
revealed that the rate of diversion from driving an
automobile to riding an express bus was only 4.1
percent (8). This low diversion rate can be
explained by the fact that in general the trip time
to Manhattan was longer by express bus than by
automobile. The fact that any diversion occurred in
this situation indicates the important role that
comfort can play as an inducement to using mass
transit.

Figures from six express-bus studies across the
country were used to determine a rate of diversion
from driving an automobile to riding an express bus
for upstate areas. These figures ranged from 16
percent in Seattle, Washington, to 55 percent in San
Bernardino, California. Most rates fell in the
40-50 percent range. Because most of these studies
considered additional service changes such as
park-and-ride lots, exclusive bus lanes, and signal
preemption, a 33 percent diversion rate is a
reasonable estimate for express-bus service in
upstate metropolitan areas and express-bus projects
in the Tri-State region that operate outside New
York City.

The effect of express-bus service on energy
consumption 1is somewhat surprising. The energy
costs from the increase in bus VKT are significantly
greater than energy savings from increased
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ridership. Statewide, this results in an annual
cost of 550 000 equivalent L of gasoline. it
appears that the most energy-efficient change in
service is the conversion of an existing bus line to
express service, since this involves no change in
bus VKT. This type of change, however, tends to
attract a great proportion of riders of the local
transit service. Provision of express-bus service
may fare less well as an isolated project than do
other transit-related TSM actions. This suggests
that express-bus service should be packaged with
other complementary actions.

Park-and-Ride Service and Transportation
Corridor Parking

In considering transportation corridor parking,
there are two basic types of park-and-ride lots:
(a) remote park-and-ride service, which involves
parking in outlying areas and using public
transportation for the major portion of the journey
to work, and (b) peripheral park-and-ride service,
which involves (as the name suggests) parking on the
outskirts of the central business district (CBD) and
using public transportation for final trips within
the CBD. In general, lots more than 4.8 km from
medium-sized downtown areas are classified as
remote, and lots within 2.4 km are classified as
peripheral (9). This analysis uses a distance of
4.8 km as the dividing line between the two types.

Four areas in the state are using or constructing
park-and-ride lots--the Tri-State region, the
Capital District, Syracuse, and Rochester. All
these areas could provide data on either the number
of new spaces or the change in bus ridership
associated with the park-and-ride lots. To complete
the data necessary for the energy calculations,
average figures for annual number of cars and
passengers per space in a park-and-ride lot and the
average occupancy of a car that used the lot were
needed. These averages were obtained from
park-and-ride studies in six cities across the
country (10,11) and from recent surveys in Albany.
The annual number of cars per space is 200, or 80
percent of full capacity (250 cars/space 1is the
equivalent of full capacity, since there are 250
workdays in a year). Average automobile occupancy
differs for remote and peripheral lots. It is 1.15
tor the former and 1.33 for the latter. The
difference can be readily explained by the
assumption that more carpooling takes place for the
long automobile trip to a peripheral lot than for
the essentially local trip to a remote lot. From
these two averages, we can compute the annual number
of passengers per space, which is 230 for remote
lots and 266 for peripheral lots.

Since park-and-ride lots capture automobiles on
their way to work and save the energy formerly
expended on that portion of the trip between the lot
and the CBD, the distance between the lot and the
CBD is used as the average automobile trip length in
the energy calculations for this section. This
average distance is estimated at 19.3 km for the
Tri-State region.

To determine diversion rates, averages from a
five-city park-and-ride study were used (10). For
remote lots, the rate of diversion from automobile
driver to transit user averaged 45 percent, whereas
for peripheral lots the figure was 70 percent. In
the Tri-State region, the diversion rate is halved.
Some areas used existing lots for park-and-ride
service. In these areas, there were obviously no
energy costs for construction.

The results of the energy calculations show that
park-and-ride service can have a positive effect on
energy consumption in the state. On the average,
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park-and-ride service saved 6 400 000 equivalent L
of gasoline annually during 1978-1980. Although the
diversion rate is higher for peripheral lots, use of
remote lots has a more-pronounced effect on energy
savings because of a greater reduction in automobile
VKT.

Shuttle-Transit Service

Shuttle-transit service can 1link two activity
centers or can operate as a circulator within the
CBD. Shuttle-transit service is being provided or
planned in Westchester County, the Capital District,
Syracuse, and Rochester. Free downtown bus service
in Albany and Syracuse has resulted in an increase
of 1000 riders/day (2.0 percent). This number can
serve as an estimate for Westchester County's
program. For future projects in Westchester and
Albany, a conservative estimate of an additional 500
passengers/day is used.

The assumption is made that such service does not
divert automobile trips made into the CBD to other
modes but that it does divert some automobile trips
within the CBD. The automobile trip length used in
the energy calculations must be adjusted
accordingly. An average trip length of 1.6 km for
trips within the CBD 1is appropriate. For shuttle
service between two activity centers, the distance
between centers can serve as a measure of trip
length.

Based on figures from two studies on free-fare
CBD transit service (12,13), a 25 percent rate of
diversion from driving an automobile to using
shuttle-transit service is used for all projects in
the state. Shuttle-transit service can result in
modest energy savings of 150 000 equivalent L of

gasoline annually in New York State. The most
energy-efficient programs in the category are those
that do not require an increase in bus VKT. When

new service has been provided, the energy costs of
increased bus operation and maintenance outweigh the
energy savings. Free-fare programs within the CBD
that use existing transit 1lines are the most
promising type of shuttle-transit service in terms
of saving energy.

Passenger Amenities

Passenger amenities can be described as those
characteristics that contribute to the comfort,
convenience, or attractiveness of the transit user's

environment (other than the commonly measured
attributes of travel time, fare, frequency, and
schedule) .

All areas in the state include actions for such
amenities as bus shelters, new buses, modification
of existing transit vehicles, rehabilitation of
transit stations, and bus or transfer terminals. In
general, many studies (7,14-19) indicate that
provision of passenger amenities has a small but
positive effect on transit ridership. A federal
study indicates that an optimistic estimate of the
change in ridership that results from a major
program of providing bus shelters, transfer
stations, and other amenities is an increase of 5
percent (20). None of the state's metropolitan
areas can be said to be undertaking a major program
of providing passenger amenities, which suggests the
figure of 2 percent as an estimate of the increase
in ridership.

This figure of 2 percent applies to the entire
state program of amenities and is not an annual
figure. For computing annual changes, this Ffigure
of 2 percent will be adjusted according to the
proportion of actions for amenities being taken in
the specific year involved. 1In all cases, the base
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For computing ridership changes is the 1977-1978
fiscal-year ridership data.

Fare-Collection Improvements

A review of the literature about fare-collection
improvements indicates that many such actions either
have no effect on ridership (21-24) or do not induce
mode shifts from automobile to transit (13) .
Consequently, only actions within New York State
that produce documented ridership increases or could
reasonably be expected to produce such increases
were included in the analysis of energy savings.

For purposes of analysis, these actions can be
divided into three types--the Uniticket program,
transfer actions, and fare-structure modifications.
The Westchester County Department of Transportation
has published a detailed report on the Uniticket
program (25), which shows that the rate of diversion
from driving an automobile as a result of the
Uniticket program is 13.5 percent. Because of a
limited marketing budget, the program has thus far
attracted primarily commuter rail users to the
suburban bus; automobile commuters to Manhattan have
not been induced by the Uniticket program to use
commuter rail. The average length of the diverted
trip must therefore be adjusted. The Westchester
report indicates that 3.2 km is a good estimate of
average automobile trip length from home to the
commuter rail station.

Among transfer programs, Syracuse reports a 0.5
percent ridership increase. This figure of 0.5
percent can be wused to calculate bus-ridership
increases in New York City and Rockland County as a
result of transfer programs. A 50 percent rate of
diversion from automobile driver to transit user is
assumed in Syracuse and Rockland and a 25 percent
diversion is assumed in New York City.

Binghamton's metropolitan planning organization
(MPO) staff estimates an 8 percent ridership
increase due to the modified fare structure. This 8
percent increase can be applied to Elmira. A 50
percent rate of diversion from automobile driving is
assumed.

Energy costs for improved fare collection come
from new fare boxes. Net annual energy savings from
improved fare collection average slightly less than
1 500 000 equivalent L of Ggasoline statewide.
Approximately B85 percent of the savings are realized
in the Tri-State area.

Passenger-Information Improvements

Passenger—-information improvements can be defined as
those actions that increase understanding of how to
use a transit system. Passenger—-information
improvements usually do not provide the initial
impetus for using public transit. However, once a
potential new rider has decided to use public
transit, passenger information becomes an important
aspect in translating the decision into behavior and
in retaining a first-time rider as a transit user.
All areas in the state are undertaking programs to

improve passenger information. The most common
involve signs and map revisions. There is
conflicting evidence on the effect of improved
passenger information on ridership. One study

suggests that there has been no effect (26). There
is evidence that information programs are affected
by the law of diminishing returns within a fairly
short period of time (7). One study suggests that
the maximum increase in ridership that would result
from a major marketing effort of informational and
promotional programs would be from 2 to 4 percent
(20) .

No area in New York State is undertaking a major
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program to improve passenger information that leads
to an assumption of a 0.5 percent increase in
ridership. This figure of 0.5 percent applies to
the entire program of improved information and is
not an annual figure. To determine annual changes,
this figure must be adjusted according to the
proportion of information improvements taken in a
specific year. This analysis is similar to that
performed for passenger amenities.

Energy savings that resulted from improved
passenger information averaged slightly less than
3.5 million equivalent L of gasoline annually. Once
again, energy savings in the Tri-State region
account for most of the savings in the state.

Demand-Responsive Service

In New York State, demand-responsive service
includes dial-a-bus operations and services for the
elderly, the handicapped, or both provided by
vehicles under the Urban Mass Transportation
Administration's Section 16(b)(2) program. Little
research has been done into the mode of travel
previously wused by riders of demand-responsive
service. Two studies report a rate of diversion
from automobile (driver and passenger) of 50 percent
(27,28), whereas two other studies indicate an 11
percent rate of diversion from driving an automobile
(29,30). It is reasonable, given this variation in
diversion rates, to assume that 20 percent of the
users of demand-responsive service in New York State
formerly drove an automobile. Since most of the
demand-responsive service provided in the Tri-State
region is in suburban areas in which conventional
transit service 1is not extensive, the 20 percent
diversion rate is used for the entire state.

Energy <costs come from the operating and
maintenance costs involved in provision of service
and to a lesser extent from the manufacture of the
necessary minibuses. These costs outweigh the
energy savings. On the average, the annual energy
cost of demand-responsive service is more than 3.8
million equivalent L of gasoline. A relatively
large number of vehicle kilometers is required by
the nature of demand-responsive service. Demand-
responsive service is meant to improve the mobility
of groups unable to get around by automobile or con-
ventional transit and so result in more induced
trips than do most other programs.

Maintenance Improvements

All areas in the state report programs to improve
maintenance. There are three basic ways in which
improved maintenance can lead to energy savings. If
buses are given reqgular maintenance, they will run
more efficiently, which increases average mileage.
According to transportation officials working with
the Metropolitan Transit Authority for New York
City, an increase of 0.042 km/L can be expected from
improved maintenance. This mileage improvement will
not occur instantly but can be expected to increase
more gquickly with time. An increase over the
base-year figure of 0.021 km/L for the first year of
the maintenance program, 0.032 km/L for the second
year, and 0.037 km/L for the third year is assumed.
Transit bus kilometers per liter for each MPO area
can be used to calculate energy savings:

Energy savings = (bus VKT/bus kilometers per liter) -
[bus VKT/(bus kilometers per liter + A bus
kilometers per liter)] x 1.104,

where 1.104 is the factor that converts liters of
diesel fuel to equivalent liters of gasoline.
Improved maintenance extends the 1life span of
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buses. If improved maintenance programs statewide
can extend transit bus 1life spans from 12 to 13
years, only one-thirteenth of an area's bus fleet
will be replaced per year as opposed to
one-twelfth. Savings will come from the energy
required for bus construction:

Energy savings = (number of buses in fleet/12) =
(number of buses in fleet/13) x 1.08 x
(10'23/bus) x (2.87 x 107°%),

where 1.08 x 10'? J/bus is the energy needed to
manufacture a bus (1) and 2.87 x 107% is the
factor that converts joules to equivalent liters of
gasoline.

Energy costs will increase as a result of an
increased amount of maintenance. A figure is
available for the energy needed per dollar spent on
maintaining equipment (31); this figure has been
adjusted for the Tri-State area to reflect different
operating conditions. An increase in the amount
zllocated to maintenance in an authority's operating
budget can indicate the existence of a program to
improve maintenance. In the Tri-State region, it is
assumed that the amount of money allocated for
maintenance will increase by 0.25 percent annually.
Two formulas for energy costs can be constructed.
For the Tri-State region:

Energy costs = proportion of operating budget assumed
to go to improved maintenance x 1977 operating
expenditures x 0.333,

where 0.333 is the energy in equivalent liters of
gasoline per dollar spent for maintaining equipment
in the Tri-State region. For upstate areas:

Energy costs = (maintenance forecastyeay j -
maintenance forecastge,, j-1) X
(CPIyear i/CPIyear i—l) x 0.443,

where CPI is the consumer price index and 0.443 is
the energy in equivalent 1liters of gasoline per
dollar spent for maintaining equipment in upstate
areas.

Calculations show that savings of more than
1 800 000 equivalent L of gasoline can be gained
annually from improved maintenance. This assumes
that bus mileage improves more quickly with time and
that the 1life span of the bus 1is extended
immediately.

Monitoring Transit Operations

The types of transit actions being taken in New York
State include real-time monitoring (by two-way radio
and other communications systems) of specific
gituations and broader systemwide monitoring to
increase and standardize data collection on transit
operations and to improve the internal efficiency of
the transit system.

The effects of monitoring actions are indirect in
terms of impact on ridership. However, improvements
in the efficiency of the transit system can lead
directly to energy savings by reducing overall bus
VKT. Field tests of the RUCUS package (a set of
computer programs designed to expedite and improve
the efficiency of scheduling for mass transit) in
four cities nationwide showed a decrease in vehicle
hours on the order of 1.3-4.8 percent (32). If it
is assumed that average speed is approximately the
same on all transit systems and that average speed
is not changed by RUCUS, these figures can serve as
the percentage decrease in vehicle kilometers that
results from increased scheduling efficiency. It is
assumed that reduction in  vehicle kilometers
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realized from use of RUCUS comes from elimination of
duplicate service and therefore does not affect
ridership levels.

The formula for calculating savings from
monitoring actions is
Energy savings = (decrease in bus VKT/average bus

mileage) x 1.104,

where average bus mileage can be obtained for each
system and 1.104 is the conversion factor for diesel
fuel to equivalent liters of gasoline.

Installation or improvement of communications
systems and implementation of computer-based
programs such as RUCUS involve energy costs. A
study has provided a figure for energy costs per
dollar spent on electrical equipment (31). The
formula for calculating energy costs for monitoring
actions is

Energy costs = cost in dollars of communications
system or computer-based program x 0.112
equivalent L of gasoline per dollar.

Energy costs outweigh energy savings in two of the
three years covered in this study, with an average
annual net cost of 110 000 equivalent L of
gasoline. Monitoring actions may have a
more-positive effect on energy in the long run as
the increased internal efficiency of the transit
system gradually increases the operating efficiency
of the system.

Marketin

Marketing actions are defined as efforts to
publicize the existence of the transit system itself
or of various special programs. All areas in New
York State are taking marketing actions, which
include promotional advertising campaigns, tie-ins
with local merchants, and barter arrangements. The
evidence regarding to what extent ridership actually
increases is conflicting. Some studies report no
lasting gains (7,33), whereas others suggest that
there is a definite positive effect (13,23,34,35).
The general consensus is that marketing actions
result in a slight increase in ridership but that it
has been a short-term effect, which suggests the
need for ongoing marketing programs.

A federal study cites an upper limit of 2-4
percent for ridership increases that result from a
major marketing campaign. Since no metropolitan
area in the state is undertaking a major marketing
campaign, a 1 percent increase in ridership can be
expected from the existing and proposed marketing
programs. In comparison to ridership assumptions
made for other TSM actions, marketing has twice the
impact of passenger information on ridership and
half the impact of passenger amenities.

This 1 percent ridership increase 1is not an
annual figure but rather applies to the entire
marketing program over the three years with which
this study is concerned. To compute annual changes,
this figure of 1 percent must be adjusted according
to the proportion of the marketing budget spent in a
specific year.

A 50 percent diversion rate from driving an
automobile to wusing transit is estimated for
marketing actions (25 percent for the Tri-State
area) .

Marketing actions can save a sizeable amount of
energy: By 1980, more than 8.3 million equivalent L
of gasoline will be saved annually through marketing

actions. Approximately 95 percent of these savings
are realized in the Tri-State area. It should be
emphasized that, for max imum effectiveness,
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Table 1. Energy effects of small-scale transit improvements in New York State
by category.

Net Energy Savings
(L 000 000s gasoline)

Category 1978 1979 1980
Routing and scheduling

improvements 1355 1.49 1.35
Express-bus service -0.56 -0.56 -0.57
Park-and-ride service 5.41 6.57 7.26
Shuttle-transit service 0.16 0.15 0.13
Passenger amenities 10.68 1042 14.14
Fare-collection improvements 1.64 1.42 1.37
Passenger-information improvements 2.75 2.94 4.11
Demand-responsive service -4.45 -486 -6.98
Maintenance improvements 1.17 2.40 2.87
Monitoring 0.29 -0.09 -0.53
Marketing 2.41 5.30 8.60
Total 21.05 25.18 31.75

marketing actions should be taken as part of a
continuous and ongoing marketing program.

DISCUSSION AND CONCLUSION

Table 1 summarizes the energy effects of 11
transit-related categories of TSM actions in New
York State. Total energy savings from
transit-related actions amount to 21.0, 25.2, and
31.7 million equivalent L of gasoline in 1978, 1979,
and 1980, respectively. According to Federal
Highway Administration monthly state gasoline
reports, in 1977, gasoline consumption in New York
3tate was 23.5 billion L. In the overall state
energy situation, transit-related TSM actions result
in annual savings of only 0.1 percent of total
gasoline consumption.

There are several reasons for considering the
energy savings reported here as conservative
projections. First, factors such as energy costs
due to construction and maintenance of transit
equipment and facilities are included in the
calculations; also included are second-order effects
such as use of the car 1left at home. However,
potential second-order savings like decreased
maintenance requirements for automobiles due to
decreased use and the elimination in some cases of
the need for a second car in the household are not

addressed. In other words, although second-order
energy costs are considered fairly thoroughly,
second-order savings are not, because the

complexities of such calculations are beyond the
scope of this paper. In addition, energy savings
have been claimed only for new transit riders
diverted from driving an automobile, and no credit
has been given for current riders who might
otherwise divert to the automobile.

B final reason for considering these energy sav-
ings as conservative projections is the synergistic
effect that can be obtained by packaging actions to-
gether. Express-bus service and park-and-ride lots,
marketing and passenger information, and passenger
amenities and maintenance are examples of comple-
mentary pairs of actions. 1In these and other cases,
the effect of the package of actions is greater than
the sum of the effects of the individual actions.

In conclusion, minor transit improvements in the
eight MPO areas of New York State result in average
energy savings of more than 25 million equivalent L
of gasoline over the three years 1978-1980. This
represents 2.6 percent of total energy consumed by
transit in these eight areas. If demand-responsive
service is excluded, savings rise to 3.1 percent of
total energy consumed by transit. These energy
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savings are conservative projections. Although
iminor transit improvements cannot be expected to
make a major impact on New York State's energy
situation, such improvements can contribute
positively to the state's conservation efforts.
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Integrated Transit-Network Model (INET): A New Urban
Transportation Planning System Program

ROBERT DIAL, DAVID LEVINSOHN, AND G. SCOTT RUTHERFORD

The Integrated Transit-Network Model (INET) is a new Urban Transportation
Planning System (UTPS) computer program for analysis of transit systems. Its
objectives are to account for the interaction of highway and transit networks,
exploit existing highway network data, provide for accurate but simple and in-
expensive transit-network coding, provide input for other UTPS programs,
furnish useful evaluative reports, and help bridge the gap between systems and
operations planning. A small transit network is hypothesized to demonstrate
INET's features and explain its assumptions, mechanics, and operation. Spe-
cial subjects are route layout, cruise and stop delay time, exclusive and mixed
rights-of-way, scheduling, and cost and impact estimates. There is a brief dis-
cussion of INET's use with real transit and highway data; the results testify to
INET's exceptional simplicity and accuracy.

The Urban Transportation Planning System (UTPS) is a
set of computerized and manual tools that aid
analysis of urban transportation problems; the
system was developed and distributed jointly by the
Urban Mass Transportation Administration (UMTA) and
the Federal Highway Administration (FHWA).

The Integrated Transit-Network Model (INET) is a

new UTPS program by means of which planners can
study the interaction of transit (bus) service and
automobile service on shared rights-of-way. By
using available highway network information, INET
greatly simplifies coding. It cuts data collection
costs and allows the study of more alternatives with
no increase in cost.

INET needs only the simplest and most-straight-
forward network description but produces detailed
estimates of service, resources, and impacts. INET
writes a file of the transit network for analysis by
other UTPS programs that analyze the shortest path,
impedance, cost, passenger loading, and other fac-
tors.

GOALS AND CAPACITIES
INET's goals are to reveal the interaction of

highway and transit systems, exploit existing
highway network data, facilitate accurate but





