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Strategic Planning as a Transit Management Tool

WALTER CHERWONY AND MICHAEL G. FERRERI

Transit systems are faced with rapidly rising deficits and growing opposition

to increased taxes to underwrite subsidies. This financial situation is placing
greater emphasis on systems to manage their operations more prudently and
effectively. To maintain this vital service within realistic financial constraints,
transit managers will have to rely on sound management techniques in the al-
location of scarce resources. Numerous researchers have identified and applied
techniques to assess the performance of individual transit routes. However, the
industry has not fully exploited management tools used by the private sector .
to allocate resources. One such analytical tool employed by the business com-
munity is a strategic planning device originally formulated by the Boston Con-
sulting Group. The unique aspect of this device is the way in which a role is
assigned to each product line or division within the context of an integrated
portfolio strategy. Two primary indices are used in the analysis—market share
and revenue growth rate. This paper provides an overview of this approach in
the private sector and its application to a transit system in which individual

bus routes comprise the portfolio. Definitions associated with the strategic
planning approach are established for the transit system. By use of data for
the Birmingham, Alabama, bus system, the feasibility and desirability of adopt-
ing strategic planning for transit system are tested. Routes were categorized on
the basis of thistechnique, and guidelines were blished for the appropriate
allocation of resources based on the analysis. The results of the analysis dem-
onstrate the suitability of this analytical framework from the private sector to
transit. The unusual aspect of the analysis is that it is revenue based and pro-
vides a novel way to view transit performance. By assessing all routes within a
dynamic (trend) and global framework, it provides a useful diagnostic tool for
transit managers.

The urban transit industry in the decades since the
end of World War II has experienced three distinct
eras. The first was a period of steady decline and
deterioration of transit systems that could be at-
tributed to the emergence of the private automobile,
rising affluence, urban sprawl, and relatively low
energy costs. During this time, transit in America
was provided primarily by private operators who re-
lied solely on fare-box revenues to support opera-
tions and capital investment. In response to a
steady decline in ridership, operators decreased
service and raised fares, which in turn further re-
duced patronage. After nearly a decade of this
cycle of declining ridership and service, most pri-
vately owned urban transit systems were confronted
with the realization that it was virtually impossi-
ble to continue to exist as a private enterprise.
This realization was communicated to the public
and led to the second era, in which public invest-
ments of progressively greater sums were made in
transit. This renaissance period witnessed a rapid
expansion of service both in terms of frequency and
route coverage. Ongoing with this jump in service
levels was a substantial program of fleet replace-
ment and expansion, as well as a rejuvenation of
other fixed facilities. The result of this cap-
ital-intensive effort was a reversal in the secular
decline in ridership and the restoration of public
transportation as a feasible mode of urban trans-
port. The results were impressive; however, so were
the costs to local, state, and federal governments.
Transit systems, faced with rapidly rising costs,
modest increases in patronage and revenue, and grow-
ing public opposition to taxes, entered the third
era. This period is witnessing an attempt by tran-
sit operators to hold on to the ridership gains
achieved earlier with only limited expansion of ser-
vice. This situation will place greater emphasis on
systems to more prudently and effectively manage
their operations. The first era was characterized
by cost cutting, the second period by rejuvenation
of services and facilities, and the third era will
be governed by resource allocation. This reflects

the need to maintain a vital public service within
realistic financial constraints.

To accomplish this objective, transit managers
will have to rely on sound management techniques in
the allocation of scarce resources. Numerous re-
searchers have identified and applied techniques to
assess performance, including development of indi-
vidual route financial statistics, in response to
transit management's needs (1). However, the indus-
try has not fully exploited management tools used by
the private sector to allocate resources (which are
every bit as scarce) primarily because the measures
that come to mind, such as earnings per share, re-
turn on investment, stock price/earnings ratios, and
cash flow, imply allocation of profits--a nonexis-
tent commodity in transit.

However, on closer examination, the private sec-
tor does possess an inventory of tools that could be
adopted by transit managers. One such technique is
strategic planning that is used by multiproduct or
multidivision companies to guide investment deci-
sions. This competitive analysis is in many ways
analogous to urban transit systems if the products
or divisions are viewed as the transit routes that
compete with each other for limited funds to under-
write operating subsidies and capital investments.

The adaptation and application of strategic plan-
ning to transit resource analysis is presented for
the Birmingham Jefferson County Transit Authority
(BJCTA) (Birmingham, Alabama). For the analysis pe-
riod presented in this paper, this system operated
approximately 4.7 million vehicle miles, transported
9.8 million riders, and owned a fleet of 200 buses.

STRATEGIC PLANNING METHOD

Corporations are faced with decisions regarding in-
vestment either among different product 1lines or
different companies or divisions within a conglomer-
ate. For this reason, there is a need for a tech-
nique or procedure to perform this competitive
analysis on an integrated basis. A tool that has
been employed in the business community is a strate-
gic planning device originally formulated by the
Boston Consulting Group (2). The unique aspect of
this device is the way in which a role is assigned
to each product or division within the context of an
integrated portfolio strategy. Product roles are
viewed in terms of each product or division position
relative to its competitors (market share) and its
cash-flow potential (sales growth rate). These two
indices are used in recognition of the unique situa-
tion that faces ‘each product or division. The dif-
ferences between products or divisions can then be
used to determine which should be used to generate
cash and which should receive investment funds gen-
erated by other units.

The key element of this approach is the construc-
tion of a growth market share matrix chart. As
shown in Figure 1, the diagram represents the port-
folio of products or division by a series of spots
and dots. The ordinate of this chart is merely the
growth rate in sales, expressed as a percentage.
Relative market share (abscissa) has been defined as
the ratio of a product or division's dollar sales in
relatign to the industry's largest competitor (3).
For example, a product that had sales of $3.2 mil-
lion while that of the largest competitor was $9.6
million would have a relative market share of 0.33.



Relative market shares of less than one are observed
where a particular product or division is not the
industry leader and does not have the largest market
share. An index value of greater than one will oc-
cur for markets in which the product or division is
the sales leader. By using information on each
product or division, the results are plotted on the
matrix chart of the growth--market share. To dis-
tinguish the different sales volumes, the diameter
of the circle for each product or division is pro-
portional to the dollar sales. In this way, the
chart depicts three unique data items--sales growth,
market share, and sales volume.

The use of this approach relies on the well-
established relationship between market share and
profitability. Because high market share normally
implies high profitability, the preferred position
is to have market dominance in high-growth markets.
Since it is more difficult and costly to increase
market share in low-growth markets, a desired ele-
ment of the strategy is to use cash generated in
low—-growth markets to invest in the high-growth
markets to attempt to increase market share. Obvi-
ously, other factors must be considered, such as the
cost of achieving market dominance; however, the
strategic planning approach does provide an analyti-
cal framework to assess performance and make deci-
sions.

Another element of the approach is to classify
each element of the portfolioc into one of the four
broad categories depicted in Figure 2, as follows:

1. Cash cows: Products or divisions that have a
high market share and a low growth rate should gen-
erate substantial amounts of cash that, strate-
gically, should not be reinvested. In essence, the
market dominance implies substantial profits that
are not needed to be invested in that industry be-
cause of the present competitive edge and relative

Figure 1. Typical diversified portfolio for a growth-market share matrix.
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stability of the total market. In view of the low
growth rate, reinvestment would not appear prudent.
For these reasons, products or divisions that fall
into this category are used to generate cash for in-
vestments elsewhere in the portfolio.

2. Dogs: This identification describes products
or divisions that have a low market share and a slow
growth rate. Because of the slow growth, further
investment to increase market share would not be
prudent. Also, any modest cash flow usually is used
to maintain present market share. For these rea-
sons, products or divisions that fall into this cat-
egory are often called "cash traps."

3. Problem children: Products or divisions that
have low market share and a high growth rate require
considerable investment to maintain and increase
market share. Because of the high growth rate, they
have the potential to eventually become cash cows.

4. Stars: The units in a portfolio that have
both high market share and growth fall into this
category. Although they generate large amounts of
cash because of their market share, they also re-
quire considerable cash to maintain market share in
a high-growth environment.

As noted previously, the growth-market share ma-
trix provides a framework for portraying products or
divisions within a portfolio, as well as a system to
classify each element. Further, all industries are
subject to the product life cycle in that, as any
industry matures, the growth rate tends to decline.
Given only enough investment to maintain market
share, all products or divisions fall vertical to
become either cash cows or dogs, depending on their
market position prior to the growth market sharing.
Problem children without adequate investment to in-
crease market share will become dogs. With suffici-
ent investment, they can move horizontally and be-
come stars, which then become cash cows. These cash
cows are then used to generate investment funds for
financing market share increases for problem chil-
dren. As shown in Figure 2, this sequence repre-

Figure 2. Cash flow and sequences.
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sents a successful pattern for a multiproduct or
multidivision firm. Also presented on this illus-
tration are two disaster sequences. A weak competi-
tive situation and insufficient investment could
turn a cash cow into a dog or a star into a problem
child, which could then become a dog with a maturing
industry. In general, products or divisions that
are dogs should only be maintained in a portfolio as
long as they require no investment. They are prime
candidates for elimination from the product or di-
vision portfolio.

TRANSIT APPLICATION AND RESULTS

The strategic planning approach described was de-
veloped for planning in the private sector; however,
this technique would appear to have relevance to ur-
ban transit systems. One point to keep in mind is
that private corporations are striving to maximize
profit, but a transit system is attempting to use
resources effectively and to provide a vital social
service to the community. Nonetheless, the analyti-
cal framework to assess performance, categorize ele-
ments of the portfolio, and make investment deci-
sions are all  necessary elements of transit
planning. One advantage of this approach is that it
is dynamic in that it examines performance with re-
spect to time. Most transit analysis tools, such as
cost centers, are oriented to a single point in time
(i.e., a snapshot). For this reason, this strategic
planning approach was applied to the BJCTA. This
system was selected for the analysis based primarily
on the availability of data from an ongoing study.
Also, because it is a bus-only system and its size
is 200 buses, it is typical of many transit systems
throughout the country.

The first step in the analysis was to prepare the
growth-market share matrix. Needless to say, some
liberties were taken in defining transit terms to be
analogous to private sector corporations. In public
transportation, the portfolio consists of individual
bus routes that comprise the system. In Birmingham,
20 routes are operated, which are analogous to prod-
ucts or divisions. Fare-box revenue for each route
was taken as the measure of sales. The growth rate
was computed as a percentage change in revenue be-
tween two consecutive time periods.

Of greater difficulty is the selection of a tran-
sit definition for relative market share. The most
technically correct term would be the modal split
for the service territory of each route because the
dominant competition to the bus system is the pri-
vate automobile. Since this information would be
difficult and costly to obtain, modal split was not
selected to determine relative market share. In-
stead, the relative market share was defined as the
ratio of each route's revenue to the average route
revenue of the system. This average was merely com-
puted as the total system revenue divided by the
number of routes. The selection of this definition
appears appropriate in view of the competitive na-
ture of resource allocation among routes, the avail-
ability of data, and ease of computation.

Another aspect of the approach is the concept of
cash flow and investment among elements in the port-
folio. 1In transit, the analogous term to cash flow
is deficit, which becomes the extent of tax subsidy
or investment in a particular route. Because of
limited funds to underwrite system deficits, the
routes compete with one another within a constrained
financial situation. A decision to provide more
service on one route implies less service on an-
other. The internal cross subsidization among
routes 1is analogous to transfer of funds between
product lines or divisions in the private sector.
The data used in this analysis for the Birmingham

transit system are presented in Table 1. This in-
formation was then plotted on the growth-market
share matrix for each route. The current revenue
was used to determine the size of the circle that
depicts each route. One difference is that relative
market share was not plotted on a logarithmic
scale. As shown in Figure 3, one advantage of this
approach is that it portrays considerable informa-
tion about the system bus routes quickly and conve-
niently. Another feature of the approach is that it
is revenue-oriented, which is different from other
analysis techniques that focus primarily on transit
costs.

The next step in the application of the strategic
planning approach to transit is the selection of
axes to divide all 20 routes into one of four cate-
gories. For growth rate, the relative performance
of each route (low or high) was made with respect to
the system's revenue growth--9.1 percent. Since
relative market share was based on the system aver-
age, the axes for this indication were merely one.

Application of this reference system to Birming-
ham's bus routes produces the following results:

Routes
Category Number Percent
Cash cows 2 10
Dogs 7 35
Problem children 4 20
Stars 1 35
Total 20

As might be expected, there is a wide variation in
route performance. Also of interest is that nearly
three-fourths of the routes are either stars or dogs.

In many respects, the interpretation of each
route category is similar to the private sector
model, as follows:

1. Cash cows: Routes in this category would be
bus lines in well-established transit territories.
Typically, a relatively high level of service is
provided to capture riders and this produces a high
relative market share. The low growth rate is con-
sistent with the well-established territory and fur-
ther substantial expansion would not produce a pro-
portional gain in riders. In essence, the market
penetration for these routes has attained a limiting
value. Planning of service for these routes would
not be aggressive.

2. Dogs: These routes exhibit stable conditions
in that revenue growth is low. Similar to the pri-
vate sector, these routes should be maintained as
long as they do not require a disproportionate share
of tax support. Unlike the private sector model,
transit routes provide a definite social service
and, for this reason, financial considerations are
not the only criteria for service. Planning for
these routes would be to carefully monitor their
performance to ensure that they do not drain the
system financially.

3. Problem children: Routes in this category
would suggest transit territories that are suscepti-
ble to exploitation. The high growth rate indicates
that opportunities for service expansion are pres-
ent. Typical transit territories for these routes
would include areas in the region that are experi-
encing rapid population or employment growth. For
this reason, these routes should be studied ac-
tively, and an aggressive planning program of expan-
sion should be pursued. Such a transit-development
program for these routes could convert these routes
into the system's stars.

4, Stars: These routes exhibit both a high
growth rate and large relative market share. Ser-
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vice planning and expansion for these routes and
their territories would be limited in comparison to
the activities for the problem children routes.
Care should be exercised by transit planners to en-
sure that service is not expanded too greatly be-
cause the territory will mature and the high growth
rate cannot be maintained. By carefully monitoring
route performance and balancing growth of revenues
and service, these routes can become cash cows.

Table 1. Input data to strategic planning analysis.

Revenue ($000s)

Growth Rate Relative Market

Route Prior Current (%) Share
1 191.8 239.0 24.6 1.4
2 155.2 200.8 29.4 1.2
3 71.1 119.1 67.6 0.7
4 162.9 178.0 9.3 1.1
5 403.2 508.6 26.2 3.0
6 170.1 162.7 -4.3 1.0
7 256.8 295.8 15.2 1.7
8 179.9 122.2 -32.1 0.7
9 185.4 138.5 -25.3 0.8

10 182.6 166.8 -8.6 1.0

11 16.9 22.8 35.4 0.1

12 106.8 75.2 -29.6 0.4

13 143.5 186.2 29.7 1.1

14 231.2 235.2 1.7 1.4

15 94.1 93.3 -0.9 0.6

16 80.8 130.7 61.7 0.8

17 25.9 67.7 162.1 0.4

18 155.1 180.4 16.3 1.1

19 181.6 170.9 -5.9 1.0

20 ~125.8 ~110.0 -12.6 0.7

Total 3120.7 3403.9 9.1

Note: All values have been rounded.

Figure 3. BJCTA transit route portfolio.
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A summary of planning efforts and service expan-
sion follows:

Category Planning Effort Service Change
Cash cow Modest, primarily Limited expansion,
monitoring primarily fine
tuning
Dogs Modest, primarily Limited reduction,
monitoring with service jus-
tified on basis
of social need or
system connec-
tivity
Problem Extensive, ex- Substantial expan-
children ploring oppor- sion
tunities for ex-
pansion
Stars Less extensive, Modest expansion,

attempting to
balance expan-

trying to achieve
equilibrium be-
sion with ex- tween service and
pected declin- revenue as market
ing growth rate matures

As described above, the strategic planning ap-
proach provides a useful framework for assessing
route performance and providing guidance in deter-
mining the extent of planning efforts, the appropri-
ate service expansion programs, and resource alloca-
tion. One point to keep in mind in applying the
strategic planning approach to urban transit systems
is that the analysis by routes should be consoli-
dated to permit appropriate actions by transit ter-
ritories.

From the previous discussion, it would appear
that the strategic planning technique has direct ap-
plication to urban transit systems. To confirm the
applicability of this approach, operating and finan-
cial results for the 20 routes were combined into
the four strategic planning categories. As shown in
Table 2, five key operating and financial parameters
were computed for each category and presented in
terms of the one success and two disaster sequences
described previously. In terms of the success se-
guence (problem child to star to cash cow), all in-
dices would be favorably impacted. In all cases,
passenger and revenue productivity would increase
while the operating ratio (cost/revenue) would de-
cline.

The first disaster sequence (cash cow to dog)
would result in unfavorable changes in the system
performance for the five measures. For the other
disaster sequence (star to problem child to dog),
the results for the BJCTA system require closer
scrutiny. For all five measures, the sequence from
star to problem child would result in an unfavorable
change in the measures. However, the disaster se-
quence from problem child to dog would, in fact,
produce a favorable shift in the performance mea-
sures. Two factors can be cited for this situa-
tion. The first is that the routes classified as
dogs in strategic planning are routes in established
transit territories that are experiencing little or
no growth in population or jobs that would contrib-

Table 2. Success and disaster

sequences. Success Sequence Disaster Sequences
Factor Problem Child = Star —> Cash Cow Cash Cow —> Dog and Star = Problem Child —> Dog
Revenue/mile (3) 0.67 0.72 0.82 0.82 0.71 0.72 0.67 0.71
Revenue/h (§) 8.44 10.54 10.90 10.90 9.40 10,54 8.44 9.40
Passengers/mile 1.94 1.97 2.45 2.45 2.17 1.97 1.94 2.17
Passengers/h 24.46 29,12 32.51 32.51 28.62 29.12 24.46 28.62
Operating ratio 1.99 1.63 1.59 1.59 1.80 1.63 1.99 1.80
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ute to an increase in transit use. Further, the no-
menclature in strategic planning refers to perfor-
mance in terms of growth and relative market share.
Also, routes in this category are indicative of rel-
atively stable and small routes that are described
from the standpoint of providing mobility to a com-
munity and ensuring system connectivity.

Second, the real question in terms of success or
disaster is whether the problem child routes are
converted to either stars or dogs. It is these pos-
sible outcomes that account for these routes being
so named. BAggressive planning and service expansion
for the problem child routes can result in these bus
lines becoming stars. Failure to make this correct
management decision will result in the problem child
routes becoming dogs. Thus, the question is the
comparison of the performance measures presented in
Table 2 for routes classified as stars and ‘dogs.
For all measures except passengers per mile, the
preferred sequence is to convert problem children to
stars rather than dogs. The seeming anomaly for
passengers per mile is attributable to differing op-
erating speeds.

From the previous discussion, it would appear
that the strategic planning approach can be applied
successfully to urban transit systems.

CONCLUSIONS

The results of the analysis in applying the strate-
gic planning approach to the BJCTA represent only a
single case study. Nonetheless, the success of the
application and the fact that the Birmingham system
is typical of transit systems throughout the nation
would suggest the following conclusions:

1. The analytic framework provided by the stra-
tegic planning technique in the private sector for
multiproduct or multidivision corporations is di-
rectly analogous to the urban transport system. 1In
the latter case, the portfolio consists of the indi-
vidual routes.

2. Because of the limited resources for transit
planning and services, as well as internal cross-
subsidization, the transit system routes are in com-
petition with one another.

3. By providing a revenue-based analysis tech-
nique, the approach provides a novel way of analyz-
ing transit performance.

4. Another advantage of this approach is that it
is truly strategic in nature. All routes are ana-
lyzed within a consistent framework and this ap-
proach affords an opportunity for overall system op-
timization. Other approaches, such as ordinal
ranking and cost centers, can only provide subopti-
mal investment decisions.

5. By recognizing the dynamics of the urban en-
vironment in general and the bus system in particu-
lar, the approach provides greater insight into sys-
tem performance than might be possible with the
traditional procedures that examine the transit sys-
tem at only a single point in time (i.e., a snap-
shot}.

6. By assessing individual routes within a dy-
namic and global framework, the allocation of system
planning and service resources can be made to
achieve specific future results.

7. Similar to all such management tools, the
strategic planning approach is diagnostic. Plans
and programs must be formulated and implemented to
remedy route and service deficiencies and exploit
opportunities.
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Future Directions for Public Transportation:

A Basis for Decision

LOUIS J. PIGNATARO, WILLIAM R. McSHANE, ANTHONY J. WIENER, ARNOLD J. BLOCH, AND WILLIAM H. CROWELL

The future direction of public transport must be viewed in the context of the
major forces that will influence our society. We identify four major forces
to consider: population demographics and dispersion, energy cost and availa-
bility, overall economics, and technological change. Factors that could far
transcend the single personal transport issue {e.g., world war) are purposely
not addressed. Within the context of personal and economic forces at work
in our society, we recommend that less emphasis be placed on competition be-
tween transit and automobile and much more be placed on articulation, sys-
tem efficiency, and balanced transportation. We recognize that personal, in-
dividual transportation will continue to play a major role. The technology
and fuel of such transportation may change, but not its basic role. The coun-
terforces do not exist, and nontransportation factors so overshadow the issue
at hand that it is not logical to attempt to manufacture them. Much can be
done, however, with innovative use of urban personal transportation.

This long-range study is based on a report that was
prepared to assist the Urban Mass Transportation
Administration (1). It deals with the mobility
needs of the BAmerican population in the year 2000
and the implications for public transportation. In
order to gain a perspective on the time period
involved, note that the year 2000 is not any further
away from 1981 than was the year 1962. From the
point of view of planning transportation facilities
(including such long-lasting investments as highways
and railways) 19 years is a very short period indeed.

The basic problem, of course, is that there is
simply no objective way of knowing what conditions
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will be like in the year 2000. Many methods exist
for attempting to form improved and better-founded
opinions on this subject. Some of these methods go
by names such as modeling, trend extrapolation, and
Delphi. Yet, every one of these methods turns out,
on examination, to rest entirely on subjective
judgments made in the present by people who, in the
nature of things, cannot possibly have any hard
information about the future.

It is relevant to consider both the most-reason-
able scenarios and some worst-case possibilities.
However, contingency planning for a range of disas-
ters and impacts with implications far beyond the
scale of the transportation system alone was neither
appropriate nor desirable in the trans-
portation-oriented study undertaken. In accordance
with the analyses and judgments of the team under-
taking this effort, the following factors were
selected as being of prime importance in the devel-
opment of scenarios for public transportation plan-
ning purposes:

1. Population growth and dispersion,
2. Energy cost and availability,

3. General economic factors, and

4. Technological advances.

The technological factors considered were communica-
tion in place of transportation, new modes, new
modal hardware, and new efficiencies. This paper
considers the other factors because the technology
has not been such that major issues are raised in
the present context.

Prior to considering the results of the scenario
building, it is important to note the historical
development of transportation and place it in the
perspective of evolving city settlements. Public
transportation and the automobile are then seen not
as natural rivals, but as technological innovations
that respond to the varied economic and life-style
preferences of individuals.

HISTORICAL PREFERENCES

Both inter- and intra-urban transportation systems
have popularly been viewed as perhaps the most-im-
portant technological factors in supporting the
growth and vitality of B&American cities. Although
this is clearly true, it should not be overlooked
that these technological innovations not only served
the vast goods and personal mobility needs necessary
for great urban settlements to exist; they also
expanded the concepts of personal and economic
freedom, previously confined to the scale of either
the farm, frontier, or compact city.

Preferences for lower-density life-styles have
persisted in the nation and dominated the desires,
if not always the realm of possible actions, of many
Americans. Public transportation modes especially
need to be viewed as innovations that expanded the
life-style options for increasing numbers of
people. The rise and decline of transit ridership
need also to be placed into context: Ridership
expanded until the automobile developed as a more
successful means of fulfilling two largely in-
separable needs--mobility and lower-density life-
style.

The earliest American cities were settled and
developed in response to technological innovation,
especially inter-city transportation developments
(e.g., steamboat, canal, and railroad). Internally,
urban transportation modes satisfied mobility needs
of huge, dense populations, but they also released
pent-up preferences for lower-density life-styles.
A succession of technologies (e.g., horse-drawn
streetcars, cable cars, electric streetcars, subways
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and elevator trains, buses, and automobiles) allowed
more and more people to move further away from the
city core. These modes allowed greater range for a
given travel time budget and were coupled with
continual real cost decreases and rising affluence.

Population dispersion to outlying areas was
supported by various forms of public transit since
at least the 1850s. These urban transportation
technologies allowed increasing numbers of people to
escape living in crowded centers of cities since,
previously, walking to work was the only modal
option. This movement, however, 1is not easily
discerned; even though the rate of population dis-
persion from the centers of cities has been rela-
tively constant since the middle of the nineteenth
century, those who emigrated to suburbia were imme-
diately replaced by waves of rural and foreign
immigrants. The flow to the outlying areas was
supported by mass transit, while the influx of
immigrants from rural areas and overseas was Ssup-
ported by railroads and steamboats. Only the cutoff
of massive foreign immigration and the decline of
the rural farm population in the twentieth century
allowed the underlying trend to emerge clearly.

Public transportation has suffered greatly in the
last 30 years. The historical decline of ridership
(the heart of the problem) is placed not in the late
1940s but in the late 1920s. The forces that caused
this decline actually began to appear some 70 years
prior, in the midnineteenth century. Only the
extreme, anomalous conditions of the Depression and
the Second World War, which masked this trend, have
left some transportation planners with the spurious
goal of returning to the "natural” ridership levels
of the 1940s.

POPULATION DEMOGRAPHICS AND DISPERSION

The future shape of urban settlements must rely on
{(a) historical precedent, (b} proliferation of
automobiles and supporting highway system, and (c)
population demographics. These factors will be as
important 1in favoring continued dispersion from
high-density centers as were the baby-boom post-
World War II years. Dispersion (largely reserved in
the past to suburban areas adjacent to urban cen-
ters) will assume an even bolder appearance, in the
shape of growth in

1. The sunbelt,
2. Small cities and rural areas, and
3. Independent suburban communities.

If such dispersion exists, implications for
public transit are clear: Although high-density
settlements will not disappear and may possibly
level off in terms of relative losses, a growing
portion of the population will be settled in areas
not amenable to cost-effective service by conven-
tional transit modes.

To set the context, it is important to note the
continued major role of a large population in the
family-formation years. This is a factor that is
even more important than the growing number of
elderly, to which we are well sensitized. The
overall population shift can then be viewed in terms
of the continued needs of this group, and economic
and social forces that transcend the single issue of
personal transport. Business is relocating because
of changing industrial technology, space avail-
ability and cost, labor availability and skill,
climate, energy availability, and transport of
goods. Life-style preferences actually reinforce
this in many cases.

We recognize the rebirth and special advantages
of classic urban areas and large cities. Their
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uniqueness and value are not questioned, nor are the
modal advantages within those configurations.
However, these are but a few elements in an evolving
future and do not signify a major counterforce. We
also recognize the modal energy advantages of con-
ventional public transport for personal transpor-
tation. Again, however, the total petroleum-based
energy advantage may lie with lower-density, auto-
mobile-dependent clustered configurations that have
alternative energy forms for home and industry and
not with the classical high densities (2).

Demographics

For the purpose of understanding mobility patterns
and needs, population growth must be viewed not
simply in terms of numbers but also in terms of
composition. Aside from immigrants, all those who
will be 20 years or older in the year 2000 are
already born and reside in the United States. Much,
therefore, is known about the probable composition
of the population. The population will be aging, as
numerous reports and census figures have documented
(3). However, it is equally important to emphasize
the significant growth in absolute numbers of the
segment of the population most concerned with family
formation.

In 1943, the baby boom began as the number of
annual births reached 3.8 million (4,5). Pre-
viously, births in the United States had dropped
from more than 3 million in 1921 to 2.4 million in
1933, and births never exceeded 2.6 million through-
out the 1930s. But, beginning in 1943 and lasting
for nearly 30 years, annual births never dropped
below 3.2 million. After falling slightly, annual
births returned to 3.8 million in 1951 and continued
to rise until they peaked at 4.3 million in 1957.
The decline was slow, receded to around 3.7 million
during the late 1960s and dropped below 3.2 million
only after 1972.

The baby-boom period should be best considered in
terms of size of cohorts (i.e., annual births)
rather than birth rates. The enormous bulge in the
age distribution caused by the baby-boom years is
moving through the population, over time, as if on a
conveyor belt. The rapid rise in cohort size from
1943 to 1957 was a major factor in suburbanization
as young postwar families moved for the sake of
available homes and space, better schools, grass in
the backyard, less traffic in the street, and "a
good place for the kids to grow up."

The last of the 3.2 million cohorts will not
reach 30 until 2002. If current patterns persist,
most of these women will not choose between job and
motherhood (6): they can have both. But for most
people, this usually means having only one or two
children and returning to work. But even the birth
of one child usually means commitment to a less-~
dense life-style, one more easily found in the
suburbs, small towns, or rural areas. There is a
need for more square feet of housing at a price that
can be afforded, more open space for play, better
schools, and all the other amenities that families
that have only one child still desire (7). High-
density living, often very attractive to marrieds
without children or singles in their late twenties,
is often sacrificed to new priorities, if incomes
permit, when a child is born. The new priorities
created by the birth of the first child become much
more pressing if there is a second child. There
need not be a third or fourth child, as was typical
during the 1950s, for life-style changes to become
imminent.

This enormous force--the former baby boom that is
becoming and will continue to become a nesting
generation--virtually guarantees continued low-

density growth. The mass movement of this segment
of the population (over 30, male and female) will
also continue to attract more industries to loca-
tions closer to their labor force, which will fur-
ther ensure the maintenance and growth of low-
density settlements.

Dispersion

All three movements toward low-density settlements
are closely connected. If all three are not con-
sidered, apparent indications seem to break down.
For instance, the population growth rate in the
South during the 1970s was actually below what it
was from 1960 to 1970, and certain areas of the
so-called snowbelt are gaining population at a
greater rate than the national average (8). Yet,
neither fact belies that a shift toward the sunbelt
is occurring. In the first instance, despite a
lower growth rate than in the previous decade,
Southern population grew at a rate 28 times greater
than that of the Northeast states from 1970 to 1977
(8). In the second case, the population increase
has occurred almost entirely within nonmetropolitan
areas of snowbelt states, and the metropolitan
bulwarks of Northeastern states lost population over
the last seven years (8).

The move toward low-density settlements does not
mean that the country will become decidedly rural,
at least not by the year 2000. Most rural growth
has been in the exurbs of urban areas. However, the
advantages of urbanization appear erodable to the
resident population. Metropolitan areas can and do
reach economic maturity, and depreciating manufac-
turing plants and housing stocks play primary roles
in driving much new investment and population out-
ward. Currently, as rural areas are no longer
considered 1isolated and backward, strong latent
residential preferences are more likely to be ful-
filled.

Much has been said in recent years about the
growth in the sunbelt. The factors that drive this
overall pattern (i.e., economics, space, labor,
climate, intercity transportation, and collec-
tion-distribution) far exceed those directly af-
fected by intraurban person-transport facilities and
service.

In addition to the aggregate shifts, consider the
nonmetropolitan pattern. Prior to the 1970s and,
except for a brief number of years during the De-
pression, metropolitan growth has exceeded nonmetro-
politan growth rates since 1820 (8). In the 1970s,
however, a dramatic shift occurred. The nonmetro-
politan growth rate as of 1976 was nearly twice that
of metropolitan counties--8 percent versus 4.7
percent (10). Although a considerable amount of
this growth occurred in nonmetropolitan counties
adjacent to standard metropolitan statistical areas
(SMSAs) (possibly better characterized as suburbani-
zation rather than rural migration), freestanding
rural counties indicated significant growth and net
migration gains. Thus, both suburban and developing
small urban growth is a fact to contend with.

ENERGY COST AND AVAILABILITY

The fuel crises of 1973-1974 and 1979 demonstrated
dramatically how sensitive our society is to pertur-—
bations in its gasoline supply. Alternative means
of moving individuals were sought. Public transpor-
tation offers a much more efficient alternative in
terms of British thermal units per seat mile and
also, at typical peak loadings, per passenger mile.
To the extent that the Ilower-density pattern
cited above is inconsistent with the feasible de-
ployment of public transportation, it would follow



that the energy problem is a substantial counter-
force to that lower-density pattern. Simply put, if
public transportation is necessary to move people,
and if low density cannot support public transporta-
tion effectively, then a substantial force would be
working against the low-density pattern. The evi-
dence of 1973-1974 and 1979 and the subsequent rises
in gasoline prices are commonly cited as support for
this reasoning. However, a closer inspection of
these postulates is required.

The study on which this paper is based considered
two distinct supply scenarios: (a) a steady but
significant increase in price and (b) an abrupt
reduction in supply, regardless of price. Other
scenarios were considered, but were deemed to be
variations of these or less probable. Indeed, the
first of these is judged to be the most probable of
all such scenarios. The second 1is improbable but
has effects that Jjustify special attention and
consideration.

The dramatic increases 1in gasoline prices are
well documented. The discomfort that they have
caused is without question. Nonetheless, it is also
true that automobiles are becoming more efficient,
driven by federal mandates and market forces, and
that the real dollar costs (corrected for inflation)
are not as dramatic. Thus, real, constant-dollar
cost of fuel per passenger mile can actually de-
crease in some scenarios. Figure 1 illustrates some
computations under the assumption of orderly, adap-
tive change.

We readily acknowledge the circular reasoning
implicit in this situation. Petroleum supply is a

major political concern in our society. Sharp
petroleum price increases are primary causes for the
inflation we are experiencing. Thus, they are

responsible for driving up the overall cost of
living, which mitigates the relative cost of the
gasoline price increases.

Despite the overall problem, the individual will
perceive a much 1less dramatic relative choice to
avoid the automobile than we might generally ex-
pect. We conclude that there may be major user-gen-

Figure 1. Impact of energy cost increases, improved automobile efficiency,
and automobile occupancy on cost per passenger mile.

(A)
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erated forces for more-efficient vehicles or for
alternate fuels but not comparable forces to forsake
the individual, personal vehicle.

The problem that is of special interest is not
the steady adaptation and change just depicted, with
some influence on transit (perceived as significant
only relative to transit's minor present role) but
rather the less 1likely scenario of a dramatic and
rapid decrease in supply.

The political and economic forces that can bring
about such a decrease are clear. Moreover, the
political and economic dangers are so real that some
agree that we should impose the restriction on
ourselves. Further, we must recognize that an
attempt to protect internal supplies to industry and
to home heating may lead to a disproportionate
impact on the personal transport sector. A decrease
of 10 percent and even 20-30 percent in the motor
vehicle component must be seriously considered.

The essential problem is that trip needs must be
met with a decreased energy supply, so as not to
disrupt the economy. Response options can include
greater efficiency in automobile trips, more public
transportation, and a return to higher densities.

Greater efficiency within the automobile mode can
be achieved with carpooling, vanpooling, elimination
of unnecessary trips, packaging of other trips, and
other measures. At the level of 10 percent reduc-
tion in supply, the existing trip patterns and
occupancies are such that the disruption can be
overcome relatively easily. As the reduction in oil
supply approaches 25 percent, the core of necessary
trips will be affected seriously and measures that
rely on packaging and efficiency within automobiles
become less feasible as the total solution.

Public transportation can respond, but, for the
most part, it cannot be with rail transit. Some
service options can be improved on existing systems,
but most areas neither have rail transit nor could
they implement it in the required time frame. In
most areas the principal response must come from
buses, vans, and paratransit, including more innova-
tive uses of private automobiles.

(B)
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The need for buses can be met, despite current
delivery lags, for one important reason: The auto-
motive industry will clearly be hurt significantly
by a decreased demand for automobiles (because
serious fuel supply problems are part of this sce-
nario}) and it must move rapidly to new markets.
Buses, vans, and related vehicles represent this
opportunity, and the production knowledge and ex-
perience exist to make such production alterations.

Rights-of-way also exist. Existing roads can be
converted to busways and high-occupancy-vehicles-
only systems. Institutional problems such as in-
surance for pooled riding and for vans and paratran-
sit vehicles as well as possible franchise infringe-
ments can be overcome.

More basic than these responses can be the return
to high-density areas or the development of new
high-density areas or 1local clusters. Certainly
some of this will occur. However, the fact that
there is such a massive infrastructure of lower-den-
sity development (privately held by individuals and,
for most, the major capital investment of their
lives) is a major force. (Moreover, the capital
requirement for rehabilitation or construction of
new, dense housing for all these persons would be
immense.) For every seller, there must be a buyer
or abandonment. In addition to this reality, the
American preference for an individual holding is
historic and characterizes our national development.

The realignment of people may lead to shorter
trip lengths, and higher-density clusters may be
inserted in areas, but it is reasonable to expect
that the future will contain the basic housing
structure and preferences that now exist. Depending
on the 1level of the petroleum constraint, some
balance of efficient use of automobiles and bus or
van transit and paratransit will be the preponderant
response.

Given a significant transit role in meeting the
immediate problem, one must then ask whether the
fact that the infrastructure is in place will then
lead to a permanently enhanced role for transit,
One can even think in terms of providing more effi-
cient transit (e.g., rail construction initiated
now), in anticipation of this new structure and need.

At the same time, many energy alternatives that
are now infeasible due to cost or implausible be-
cause of societal priorties will become attractive
and can be pursued, particularly on a crash basis.
Alternative fuels from coal, oil shale, and some
renewable sources can be manufactured. Electric
vehicles can be manufactured in a major effort.
Nuclear reactors can be built to supply the neces-
sary energy, as the current 8-10 year building
period conceivably could be greatly reduced.

One must also recognize that the basic density
infrastructure and historic preferences will exist.
Further, usable fuel alternatives will also exist.
They can be cost effective due to new relative costs
and technological advances. Synthetic fuels and
electric vehicles represent the two major opportu-
nities. Industry can reorient and provide one or
the other or both as the primary market response.
The costs of transit can represent a major diffi-
culty by the second decade, particularly the labor
intensiveness of the bus-oriented response. A
probable response, therefore, is a dissipation of
the enhanced transit-paratransit ridership and a
return to private vehicles, albeit in a new form.
The dissipation will be not unlike that that fol-
lowed World War II. Indeed, both the postwar period
and the years following such a disruption have
common characteristics: a period of special problems
that limit the availability of the automobile, but
which technology or the passage of time can overcome.

ECONOMIC FACTORS

Our best estimate is that U.S. economic growth will
continue on its long-term path. Aberrations in
economic growth in two key industries--automotive
and petrochemicals--are possible due to energy
considerations, but the likelihood that major dis-
ruptions would occur is small. However, government
support may be necessary. When added to other such
support (necessary to increase investment in energy
sources, pollution abatement, and improved social
welfare), a substantial amount of private capital
investment could be diverted, causing a possible
fall off in productivity growth. Yet, as the nation
becomes increasingly linked to a service economy,
productivity and even real gross national product
(GNP) are less-accurate indices of long-term trends
in the well-being of society (ll1). Therefore, we do
not expect there to be unmanageable business cycles
or severe trade deficits that will alter long-term
trends. Such a scenario implies no changes in the
public transportation-automobile picture thus pre-
sented. There is, however, one alternative economic
scenario that 1is a highly probable alternative:
stagflation. This merits special discussion, for a
number of transportation observers have judged that
this phenomenon might lead to a resurgence of mass
transit.

Stagflation is the simultaneous existence of high
unemployment and high inflation. Some people be-
lieve that stagflation induces transit use, because
the reduced level of economic activity coupled with
(and partially caused by) higher petroleum costs
will make transit more attractive in two separate
ways: (a) an income effect and (b) a substitution
effect. The lowered disposable real personal income
and relatively tight money policies (high interest
rates instituted to control inflation) would lower
automobile sales, because fewer persons could afford
the relatively large capital outlay and associated
fixed expenses (e.g., insurance). In addition, the
increases in the price of gasoline relative to
transit fares would cause a substitution of conven-
tional transit modes for private cars.

Although there is some justification for this
type of connection between oil-fed stagflation and
mode choice, other urban transportation scenarios
can also be hypothesized around stagflation that are
at least equally plausible and that would reduce
transit use., The prime factors are that, as work
trips decrease, costs increase and nonfare income
decreases.

Unemployment under stagflation most directly
reduces work trips—--the dominant transit trip pur-
pose and crucial travel market for transit systems,
especially outside the transit-dependent cities
(e.g., Chicago, New York, and Boston).

The public transit sector 1is not spared the
effects of inflation, for the costs of labor, equip-
ment, construction, and energy all increase operat-
ing expenses. BAll of this occurs while the economic
slowdown produces a leveling off or even reduction
of tax revenues needed to offset rising deficits.

Fare increases and service cuts, both of which
lead to reduced ridership, could very likely happen
if the necessary nonfare support were no 1longer
forthcoming. 1In addition, it cannot be assumed that
the population is dispersed in a way that makes the
switch from private to public modes of transporta-
tion possible. The postwar residential land use
patterns, geared around the flexibility of the
private automobile, are not well served by the
relatively fixed characteristics of conventional
transit, even if economic conditions were to make it
relatively more attractive than the private automo-
bile.
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Based on these considerations, it is very diffi-
cult and probably erroneous to label stagflation as
an economic scenario that would bring riders back to
transit and gradually turn private automobiles into
vestigial machinery. The counterargument seems more
justified, especially when the impacts on both
ridership demand and tax revenues are considered,
There is also the potential for alternative energy
actions (e.g., renewable fuels, increased domestic
oil, and coal production) and the substantial and
very probable increase in automotive energy effi-
ciency that will help that mode ride out the cost
impacts of stagflation.

CONCLUSIONS

The major scenarios of the future of urban America
considered in this paper, based on the most influ-
ential and plausible trends, all point toward a
continued and even strengthened trend to lower-den-
sity living. This is due to a number of societal
forces that could not be realistically reversed or
impeded by any feasible public transportation
policy. However, there are opportunities for con-
ventional transit to be efficiently implemented or
expanded, but such modes cannot (and should not) be
expected to reverse the overall decentralization
trend.

For the purposes of providing efficient mobility
to the population, planners should pay particular
attention to novel uses of the automobile and to
novel implementations of paratransit in low-density
environments. Every effort should be made to (a)
improve the energy efficiency of the automobile and
(b) create situations where the tremendous excess
capacity in automobiles can be used through expanded
ridesharing. The use of transit policies as a
counterforce to the growth of these low-density
areas is not deemed possible, due to the major
societal forces at work. More importantly, agencies
that try to emphasize conventional transit modes in
such areas will essentially be providing incentives
for inefficient transportation, because the world of
low-density urban and suburban regions is simply not
amenable to such high-density modes.

The various capabilities of automobiles, para-
transit modes, and conventional transit services
must be applied only in those markets that they can
serve efficiently. Single-passenger automobiles
should be dissuaded, for example, from rush-hour
trips into central cities, and conventional bus
services should not be supported in low-density
areas that are served more suitably by private
automobiles or various paratransit services.

The atmosphere of modal competition, especially
between the private automobile and conventional
transit modes, must be replaced by one that

1. Accepts the capabilities of each mode,

2. Accepts the nature of the demand for each, and

3. Stresses the coordination and effective artic-
ulation of existing and planned transportation
networks.

To some, any conclusion that does not advocate
high-density transportation and the infrastructure
that supports it is an abdication of our responsi-
bility as planners. To those, we must simply ob-
serve that sound planning must be consistent with
underlying social choice. In the present context of
transportation, we have identified population compo-
sition and preferences and private sector economic
decisions that are massive forces moving the nation
in certain directions. We have also reasoned that
the likelihood that substantial increases in automo-
bile operating costs will act as a notable counter-
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force is virtually nonexistent.

We note that this is an overall prognosis that
addresses the substantial 1lower-density areas--
cities, towns, and suburbs, which represent the
areas of significant growth. The older urban areas,
with their high-density infrastructure, represent an
alternative that some will continue to elect.
Future transportation assessments must not overlook
these existing areas, even if they are not the
primary direction of development.

The fact that conventional transit modes are
incapable of meeting the mobility needs of the newer
urban areas, and currently handle roughly five
percent of the nation's total trips, does not mean
that they do not play a crucial transportation role
in dense urban areas, including service between
lower-density areas (by use of paratransit modes for
passenger collection and distribution). The decline
of such regional urban centers as New York, Boston,
and Chicago may have leveled off, and most experts
feel that they will be able to maintain these some-
what lower levels of population. Conventional
transit already exists in these areas, and upgrading
(and possible expansion) of these networks is both
necessary and justified. 1In addition, every effort
should be made to provide the necessary paratransit
support services to expand the effectiveness of
fixed-guideway systems, especially those only re-
cently developed or still under construction.
However, we feel that a mere replication of such
conventional systems cannot significantly stem the
longstanding social and economic trends toward
decentralization, and must be augmented by new
paratransit concepts, including the private automo-
bile itself, in lower-density areas. 1Indeed, these
systems may, themselves, be links for clusters with
a general lower-density area development.

In closing, we note that the abrupt-reduction-in-
supply scenario would provide an incidental by-
product: The scale on which transit and paratransit
would have to be implemented gives opportunity for
efficiencies, economies of scale, and innovations
that did not previously exist or that now exist in
most real-world environments. In our 3judgment, the
innovations mwust be in implementing comparable
levels of service to the automobile at comparable
cost. The comparable level of service requires much
attention to articulation of services, with good
frequency of service. Certainly some such innova-
tions can be thought out and planned, even without
such an unpleasant scenario, and should be devel-
oped. It follows that some of these will be by-
products of contingency planning, which is itself
justified considering the severity of the abrupt-re-
duction-in-supply scenario.
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Effect of Environmental Factors on the Efficiency

of Public Transit Service

GENEVIEVE GIULIANO

As part of efforts to improve the productivity of public transit systems, per-
formance-evaluation techniques have received a great deal of attention among
transit analysts. Development of performance-evaluation methodologies ap-
plicable to groups of systems has been limited by the issue of comparability.
Transit performance is thought to be sensitive to the environment in which the
system operates., Because operating conditions vary from one system to an-
other, performance comparisons may not be appropriate. However, the extent
to which operating conditions affect performance has not yet been established.
By using a sample of 30 California fixed-route transit systems, this paper ex-
amines the effect of environmental and institutional factors on efficiency.
Operating conditions are found to have a significant impact on transit efficiency
and, therefore, these factors must be identified and controlled for when per-
formance comparisons are made. Significant improvements in the efficiency of
transit systems will require the cooperation and efforts of both transit operators
and policy makers.

During the past decade, public transportation policy
underwent a major shift from support of massive cap-
ital improvements to an emphasis on maintenance and
improvement of existing services. In an effort to
put a 1lid on rapidly escalating costs and subsidy
requirements, better management of the transporta-
tion system, aimed at more effective use of the sys-
tem, became a major focus of public transit policy.
Under the rubric of transportation system management
(TSM), a number of transportation and traffic engi-
neering improvement techniques were implemented, and
interest was renewed in developing ways to evaluate
the performance of public transit services.

Research in public transit evaluation began with
the development of indicators that measure different
aspects of performance, such as labor use or cost
efficiency. These indicators were found to be use-—
ful for identifying areas of potential improvement
within the transit organization and for monitoring
progress toward specified goals (1-3). It became
apparent, however, that performance indicators had
limited utility for performance evaluations between
transit operators, primarily because the extent of
comparability between transit firms had not yet been
established. Performance comparisons between dif-
ferent transit modes, such as between fixed rail and
conventional buses, are limited because of differ-

ences in technology and type of service provided.
Within the same transit mode, the issue of compara-
bility centers on the locational differences that
exist among public transit systems. In general,
transit systems are organized as spatial monopolies,
and therefore, each operates in an environment that
is to some extent unique. Locational differences
between public transit systems are an important con-
sideration for two reasons. First, the institu-
tional framework through which transit service is
provided varies from place to place. Second, public
transit service interfaces with the operating envi-
ronment on two levels. On the supply side, it must
operate within the structure of the existing trans-
portation network; on the demand side, its ability
to compete with other modes is a function of both
population characteristics and existing travel pat-
terns. Because of these place-specific variations,
analysts have maintained that the comparability of
transit system performamce is severely constrained.
If performance comparisons are to be made, environ-
mental factors that affect performance must be iden-
tified and taken into account. This paper analyzes
the extent to which the operating environment af-
fects the performance efficiency of fixed-route
transit service.

ANALYTICAL FRAMEWORK

In an ideal world of full information, the appropri-
ate model for such an analysis would be one in which
transit performance is conceptualized as a function
of two sets of factors: those within the control of
the operator or manager and those outside operator
control. Performance evaluation should be aimed at
the first set of factors; it should evaluate the
outcomes of decisions the transit firm has made.
Unfortunately, the extent of operator control is
difficult to determine. Although the internal oper-
ations of the transit organization are clearly under
the control of transit management, labor union work
rules may create constraints on efficient labor use,
and federally mandated lift-equipped buses may gen-
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erate additional maintenance costs and reduce fuel
efficiency. In addition, decisions about service
parameters, such as route realignments or fare
changes, are generally subject to external review
and approval.

Since the actual extent of operator control is
not easily determined (and may also vary from place
to place), a more workable model of performance is
one that thinks of performance as a function of en-
vironmental and institutional factors as well as the
managerial expertise of the firm, Institutional
factors are those that derive from the firm itself,
such as organization size and age of the firm. En-
vironmental factors are those that derive from the
operating environment, such as population density,
level of traffic congestion, or size of the service
area.

There is no reason to assume that environmental
and institutional factors have a uniform effect on
every aspect of performance. More 1likely is that
the importance of different factors varies from one
indicator to another. Thus, performance indicators
are analyzed individually, by using a regression
model of the form,

Yi =@y 5 X+ v, Xjtu (€))

where Y is the kth performance indicator, BjX;j are
institutional factors, and ysXj are environmental
factors. Each indicator is a linear combination of
these factors, and managerial expertise (individual
firm differences) is treated as a residual.

The empirical research reported here was con-
ducted on a sample of 30 California fixed-route
transit operators. Operating data for the 1976-1977
fiscal year were gathered via operator interviews,
audit reports, and California State Department of
Transportation records. Demographic and geographic
data, gathered from several state and federal
sources, were matched to the service area of each
operator. 1In spite of its small size, this set of
transit systems represents a wide range of operating
conditions and, therefore, provides an appropriate
basis for analysis.

EFFICIENCY INDICATORS

Transit performance is a multifaceted concept that
may be divided into three areas: efficiency, effec-
tiveness, and impact. Efficiency refers to the pro-
duction of transit services and measures the transit
firms' use of inputs in the process of providing
service. Effectiveness measures the extent of ser-
vice consumption, and impact refers to the indirect
effects of transit service on the environment. This
discussion is restricted to performance efficiency.
Performance efficiency can be measured in two ways.
Production efficiency measures the extent of effi-
cient use of specific inputs, such as labor or vehi-
cles, in the service production process. Cost effi-
ciency measures the ratio of expenses paid to all
inputs to output produced, or the dollar cost of
each output unit.

Three efficiency indicators were selected for
analysis. Revenue vehicle hours per employee (RVh/
EMP), where employees are computed in full-time
equivalents, measures the efficiency of labor use.
Labor is by far the most important input in the
transit service provision process, as labor costs
make up about 80 percent of transit operating costs
(4) . Thus, service efficiency is primarily deter-
mined by the way in which the transit firm uses its
labor force. The indicator is affected both by the
use efficiency of driver personnel (i.e., by how
closely paid driver hours match revenue service
hours), and by the proportion of non-service-produc-
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ing personnel within the firm. As non-service-
producing personnel increase, the indicator de-
creases in value.

The indicator selected to measure the efficiency
of vehicle use is revenue vehicle hours per maximum
vehicle hours (RVh/MAXVh). There are two important
aspects of vehicle use. One 1is the size of the
fleet relative to service needs, and the other is
vehicle reliability. The size of the fleet is pri-
marily determined by peak vehicle needs. As the
peak to base ratio increases, the average service
hours produced per vehicle declines. Similarly, ve-
hicle productivity also depends on the firm's hours
of operation. The maximum amount of service each
vehicle can produce is determined by the number of
hours per day that service is available. In an ef-
fort to control for the effect of different service
hours (hours of operation), revenue vehicle hours
are measured as a proportion of maximum possible ve-
hicle hours, or the average revenue hours produced
per vehicle as a fraction of the total possible
hours each vehicle could be in service. Vehicle use
is a less important determinant of transit effi-
ciency than labor use, because vehicles account for
a much smaller proportion (less than 15 percent) of
operating costs. Nevertheless, the effect of vehi-
cle use on overall efficiency is not inconsequential.

The third efficiency indicator is operating ex-
pense per revenue vehicle hour (OPEXP/RVh). It is
the bottom line production indicator because it mea-
sures the firm's ability to combine all inputs to
efficiently produce revenue service. Because it
measures cost per unit of output, lower values imply
greater efficiency. Descriptive statistics for the
three efficiency indicators are presented in Table 1.

The unit of output selected for the performance
indicators is revenue vehicle hours because it is
less affected by network characteristics than is
revenue vehicle miles. Traffic congestion, for ex-
ample, reduces system speed, and as speed declines,
it takes more time and therefore more inputs to pro-
duce a given quantity of vehicle miles. By using
vehicle hours, these external effects are minimized.

ANALYSIS
Labor Use

Factors that affect the efficiency of labor use were
organization size, age of the firm, and the area
wage rate, as shown in Equation 2. Figures in
parenthesis are t-ratios, and figures in brackets
are beta coefficients.

RVh/EMP = 145 - 0.186 VEH{(2.5)[0.31]} - 165 OPAGE{(2.6)[0.30]}
-73.1 PEAK{(1.3)[0.15]} + 541 SMALLSIZE{(5.2)[0.87]}
+34.5 MEDSIZE{(3.6)[0.62]} + 1.02WAGE{(3.5)[042]} (2

R? = 0.74, N = 30.
where

VEH = number of vehicles (organization
size);
OPAGE = age of firm, dummy; 1 = began opera-
tion 1972 or after, 0 otherwise;
PEAK = peak to base ratio;
SMALLSIZE = dummy for small service area; 1
100 000 population, 0 otherwise;
MEDSIZE = dummy for medium service area; 1
100 000 to 500 000 population, 0
otherwise; and
WAGE = area average monthly wage rate.

This equation indicates that labor efficiency is
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Table 1. Descriptive statistics of performance indicators.

Statistic RVh/EMP RVh/MAXVh OPEXP/RVh (8)
Mean 1222.77 0.48 20,70
Sb 279.83 0.19 7.34
Minimum 702.14 0.15 11.28
Maximum 1733.21 1.00 42.73

determined, to a large extent, by factors outside
the control of the transit operator. The one vari-
able in the equation that is subject to operator
control, the peak to base ratio, is insignificant,
although the sign is in the expected direction. As
the peak to base ratio increases, the efficiency of
labor use decreases, mainly because work rules that
limit split shifts and spread time reduce the reve-
nue service produced per driver.

Organization size 1is strongly correlated with
size of the area in which the firm operates. If all
transit firms provided the same density of service
(units of service per unit of area), the two size
variables would be perfectly correlated. In fact,
density of service does vary and the simple correla-
tion between organization size and service area size
is 0.65. 1In order to minimize the problem of multi-
collinearity, dummy variables were used for service
area size. The effect of all size variables is neg-
ative: Efficiency of labor use declines both with
increasing organization size and increasing service
area size.

These results contradict recent research, which
indicates that there are no diseconomies or econo-
mies of scale in bus transit service (5). That is,
size should have no effect on efficiency. There are
several possible explanations for the results ob-
served here. PFirst, they may simply be the result
of this particular sample, in which several small
operators are very efficient. Second, large oprera-
tors may provide a different type of service than do
small operators. Large firms, which operate in
large metropolitan areas, provide more peak-period
service and generally have longer service hours,
which require additional supervisory shifts. The
spatial distribution of services also may increase
with size. As routes become longer and more dis-
persed, coordination of drivers and vehicles may be-
come more difficult, and deadhead time may in-
crease. All of these factors could reduce the
efficiency of 1labor use. Finally, many transit
analysts claim that very large transit systems, like
other public institutions, tend to become top heavy
with administrative personnel and, therefore, less
labor efficient.

Some of the negative effect of size observed here
can be attributed to what is frequently called the
"municipal effect.” Although all of the sample
firms are public operations, some are owned by mu-
nicipalities and others are organized as independent
transit districts or authorities. Municipally owned
firms frequently benefit from integration with other
municipal operations by sharing administrative ser-
vices and overhead costs. In some cases, only ac-
tual service inputs are assigned to the transit op-
eration, and the overhead is absorbed by other
departments. Thus, municipal firms tend to score
higher on measures of efficiency of labor use than
do nonmunicipal firms. In this sample, the munici-
pal firms are also small firms.

Equation 2 also indicates that new firms are less
labor efficient than o0ld firms. New firms operate
in areas that were either passed over by private en-
terprise (presumably for good economic reasons), or
in areas of recent population growth, that is, low-
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density suburban areas. Suburban areas are charac-
terized by dispersed travel patterns and low transit
demand. These firms must attract ridership through
substantial marketing and planning efforts. New
firms also tend to be rapidly growing firms. Ser-
vice is expanded into new areas, and service fre-
quency increases as ridership is established. These
planning and expansion efforts require substantial
administrative staff. By increasing the proportion
of nonservice-producing employees, new firms produce
less revenue service per employee.

The area wage rate appears to have a positive ef-
fect on efficiency of labor use. From an economic
standpoint, this is an expected result. As the cost
of labor increases, the efficient firm tries to in-
crease labor productivity. The interpretation here
is that transit workers are willing to substitute
higher pay for less stringent work rules, and conse-
quently, firms that pay higher wages are able to use
labor more efficiently. Thus, if size and age of
firm are held constant, higher wage rates induce
more efficient use of labor.

One of the major beneficiaries of the conversion
of the transit industry from private to public own-
ership has been the transit labor force. Increased
wages and benefits, job protection, and a legisla-
tive mandate to determine work rules and conditions
have come with public subsidies. To the extent that
unionized firms are subject to more stringent work
rules and employee benefits, unionized firms would
be expected to be less efficient than nonunion
firms. 1In fact, a unionization variable was found
to have no significant relationship with efficiency
of labor use. Apparently the influence of unions is
more complex. Transit properties operate under dif-
ferent union contracts, and some contracts are no
doubt more restrictive (from the point of view of
management) than others. The crucial factor seems
to be the degree to which work rules conflict with
requirements for service provision. For example,
spread time limitations would affect firms that pro-
vide highly peaked service more than firms that do
not. It is the degree to which the labor contract
constrains the efficient use of transit employees
that is important rather than the simple fact of
unionization.

Vehicle Use

Hours of service (the number of hours per week in
which service is available) provided by the transit
operator proved to be the primary determinant of ve-
hicle use in spite of the fact that the form of the
indicator was chosen so as to control for this fac-
tor (Equation 3). The hours-of-service variable may
be interpreted as a more general service variable
because high peak to base ratios are correlated with
long service hours.

RVh/MAXVh = 0.937 - 0.698 HRSERVC{(6.26)[0.76]} 3
R? = 0.58, N = 29.

where HRSERVC = hours of service measured as a frac-
tion of total hours (168) per week.

These results indicate that, as the hours of op-
eration increase, the quantity of service provided
per hour decreases. This reduction in vehicle use,
which comes with longer hours, is not necessarily
inefficient. If it is assumed that transit firms
always choose to operate during the hours of highest
demand first then, as service hours are extended,
less service per hour should be provided. A firm
that provides 24-h service, for example, would pro-
vide less nighttime service than daytime service
and, thus, would have a lower rate of vehicle use
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than does a firm that provides 12 h/day service, all
other things being equal. It would no doubt be even
less efficient to run more buses when little service
demand exists. Thus, the indicator must be evalu-
ated in the context of service parameters. Note
that service parameters are related to environmental
variables. Equation 4 indicates that the service
area characteristics of size and population density
have a significant effect on hours of service;
large, high-density areas are associated with the
longest service hours.

HRSERVC = 1.03 - 0.310 SMALLSIZE{(5.3)[0.671}
- 0.244 MEDSIZE{(4.7)[0.60[}
- 0.301 MEDDEN {(5.3)[0.72]}
- 0.180 LOWDEN{(3.3)[0.42]} @

R? = 0.72, N = 30.

where MEDDEN = 1 if density is 3000-6000 people/
mile?, 0 otherwise; and LOWDEN = 1 if density is
<3000 people/mile?, 0 otherwise.

The variation in service hours may be interpreted
as a reasonable response to transit market condi-
tions. Firms that operate in small cities, where
few commercial activities take place during evening
or nighttime hours, may restrict service accord-
ingly. Firms that operate in large central cities,
on the other hand, may provide 1long service hours
not only to service the higher level of evening and
weekend activity, but also to provide service to a
relatively concentrated population of transit de-
pendents. Moreover, large, central city systems
(i.,e., older systems) have not cut back service
hours but have reduced frequency of service in re-
sponse to declining demand.

The analysis here has shown that the efficiency
of vehicle use is largely determined by service pa-
rameters, and that service parameters are in turn
related to environmental characteristics. Presum-
ably, these characteristics are indicative of the
demand for transit service that exists in the area,
and operators and sponsors are responding to this
demand. Service parameters are determined by the
transit firm's perception of demand for service and
the sponsor's (i.e., funding agency) perception of
transit needs. The appropriateness of the parame-
ters chosen must be evaluated in terms of system
(and sponsor) goals and objectives and in terms of
system effectiveness. Consequently, the efficiency
of vehicle use must be evaluated within the context
of the goals of the sponsor and operator.

The vehicle use indicator (RVh/MAXVh) was not
successful in controlling for service parameters.
The analysis, however, did reveal the extent to
which these service parameters affect vehicle use.
In order to better measure this aspect of perfor-
mance, more specific indicators, such as the ratio
of peak vehicles to total in-service vehicles, or
revenue vehicle hours per scheduled service hours,
might be more informative and appropriate.

Operating Expense per Revenue Vehicle Hour

Cost efficiency measures the efficient use of all
input factors. Because labor is the predominant
factor in transit service, labor use, in large part,
determines the cost of providing transit service.
Consequently, factors that affect the efficiency of
labor use should also affect cost efficiency. In
general, this proved to be the case, as Equation 5
illustrates. Significant factors that affect cost
efficiency were found to be the peak to base ratio,
organization size, age of the firm, and unioniza-
tion. The impact of firm age is easily explained:
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New firms tend to have higher unit costs because of
the additional overhead required to develop and es-
tablish new operations and also perhaps because of
the spatially dispersed configuration of new sub-
urban services, as described earlier.

OPEXP/RVh = 4.48 + 7.27 PEAK{(4.6)[0.59]}
+0.063 VEH{(3.4)[0.42] } + 3.72 OPAGE{(2.0) [0.24]}
+4.55 UNION{(2.0)[0.24]} )

R? = 0.63, N = 28.

where UNION = 1 if unionized firm, 0 otherwise. The
union variable adds an interesting dimension to the
explanation of cost efficiency. The effect of
unionization on wages may be much stronger than its
effect on labor productivity. In fact, although
only five of the sample of properties are nonunion,
the average operating cost per hour for this group
is $14.21, or 31 percent less than that of the whole
sample average, which was $20.70. Thus, although
nonunion firms may be no more able to use their
labor efficiently (and indeed may have less incen-
tive to do so), they achieve lower unit costs as the
result of low wage rates.

The peak to base ratio emerged as a major factor
that affects cost efficiency, in spite of the fact
that it was not a significant variable in the labor
use efficiency equation. To some extent, this is
due to a peculiarity of this sample, in which one
firm has a peak to base ratio of 4 (compared to the
average of 1.3) and operating cost per hour of
$42.73. When this case is removed, the peak vari-
able is reduced in magnitude and significance. Aal-
though the peak to base ratio has, at best, a weak
negative effect on efficiency of labor use, it, like
long hours of service, has a strong negative effect
on vehicle use. 1Its combined influence on both as-
pects of production efficiency results in signifi-
cantly higher unit operating costs for firms that
provide highly peaked service. The peak to base ra-
tio is positively correlated with population density
and traffic congestion, and consequently may be con-
sidered to represent more generalized environmental
effects associated with services heavily oriented
toward a central city.

Finally, the effect of size on cost efficiency is
negative. Note that the organization size variable
that appears in Equation 5 is interchangeable with
other measures of size, such as size or population
of service area. Thus, the variable is picking up
both institutional and environmental effects. Given
that these results are again contrary to findings of
constant returns in bus transit, how can they be ex-
plained?

Part of the explanation may be that the size var-
iable reflects other factors. As pointed out in the
discussion of the 1labor use efficiency indicator
(RVh/EMP), smaller properties are generally munici-
pal properties and municipal properties are able to
hold down costs by integrating transit services with
other municipal operations. ,

It is frequently maintained that it is not size
that generates higher costs but rather the higher
wage rates that prevail in larger (metropolitan)
areas that push up the cost of labor and, therefore,
result in higher costs for large operators. The re-
sults of this research indicate that the size rela-
tionship cannot be attributed to the effect of the
general wage rate., First, although all of the larg-
est firms in the sample operate in large urban
areas, some of the smaller firms also operate 1in
large urban areas, and presumably face the same high
wage rates. However, these smaller firms are more
cost efficient than the large firms, though gener-
ally less cost efficient than their counterparts
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that operate in smaller cities. In other words, the
effect of the wage rate on cost efficiency is mini-
mal at best. Second, if the size variable actually
reflects the general wage rate, then it should have
had no significant effect on a pure (i.e., cost-
free) measure of efficiency such as RVh/EMP,

In light of the results presented here, other
possible explanations must be developed. One ex-
planation may be called a union power hypothesis.
Large transit systems may be less effective at the
bargaining table because of their sensitivity to
labor strikes. Transit strikes in large urban areas
inconvenience center city commuters and leave con-
centrations of transit dependents with no means of
transportation. Because they are dependent on pub-
lic opinion for political support, large systems may
be more willing to accept higher wages and more re-
strictive work rules in order to avoid service in-
terruptions. Over the years, this process may have
resulted in more stringent union contracts (and
therefore better working conditions for employees)
among large transit operations.

A second explanation might be called a service
hypothesis. Large transit firms provide more peak
service, longer service hours, and more route miles
than do smaller operators. The complexity of the
route system and its spatial extent may create inef-
ficiencies for large transit systems. As the route
system becomes spatially dispersed, more deadhead
time may result, which in turn leads to less effi-
cient use of 1labor and, therefore, higher costs.
The fact that the suburban systems (which have more
dispersed route patterns) have somewhat higher oper-
ating costs and lower efficiency of labor use than
do the large urban systems (where service focuses on
a central business district) lends support to the
arqument.

Another consequence of large size relates to the
spatial arrangement of fixed facilities. Large
transit operations wusually have multiple plant
sites. Because of logistical problems involved in
organizing bus movements within the facility and be-
cause of the distances involved in traveling between
service routes and the garage, the entire fleet can-
not be housed at a single facility. These multiple
facilities may add to overhead, and therefore lead
to reduced efficiency of labor use and increased
costs.

CONCLUSIONS

The analysis of three performance efficiency indi-
cators suggests that environmental and institutional
factors have a major effect on the performance of
public transit systems. The extent to which perfor-
mance is affected by external factors has important
policy implications. Transit operators have long
maintained that the comparability of transit systems
is limited because of differences in operating con-
ditions. This research supports that position and
shows that many factors must be controlled if valid
performance comparisons are to be made between tran-
sit systems. As public sponsors move toward tying
subsidy allocations to performance standards (as has
already begun in Pennsylvania and New York), it will
be necessary to identify all the significant vari-
ables that affect performance and determine the ex-
tent to which performance improvements are within
the control of the operator.

This paper has concentrated on only one aspect of
performance, but it is one that transit analysts
have considered to be relatively unaffected by en-
vironmental factors., Performance effectiveness,
which measures the consumption of transit service,
depends on market conditions and fare policy as well
as on the ability of the firm to provide a service
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that matches 1local travel demands. This analysis
has shown that market conditions have an indirect
effect on efficiency as well, by means of the param-
eters of service--the hours in which service is
available and the amount of peak service provided.
These decisions are made in response to service de-
mands as perceived not only by the transit operator
but also by sponsoring agencies and institutions.

In addition to service parameters, the major fac-
tors identified here that affect performance effi-
ciency are size (both organizational size and ser-
vice area size), age of the firm, unionization, and
the general wage rate. Of these, only the wage rate
can be considered to be a truly exogeneous factor.
All the others have been influenced to some degree
by public policy. Firm size is determined by the
quantity of service provided. During the past de-
cade, improvement in the quality of transit service
and provision of greater accessibility throughout
the urban area have been major federal policy goals
that have resulted in more hours and miles of ser-
vice.

Efficiency is not discouraged by encouraging the
production of more transit service and increasing
the size of transit firms. However, federal policy
has also encouraged the spatial dispersion of ser-
vice by providing subsidies on the basis of service
area populations. Federal policy has also enabled
the development of powerful transit unions. Both of
these conditions adversely affect performance effi-
ciency. At the same time, transit firms have been
able to maintain their monopolistic position.
Clearly, differentiated service areas prevent com-
petition among operators, and restrictions on the
provision of transit services by other providers
(i.e., private providers) protect operators from
competition from other sources. Again, these condi-
tions have been fostered by public policies of ser-
vice planning and coordination.

The fact that many of the factors that affect ef-
ficiency can be associated with existing public
transit policy suggests that the extent of transit
operator control is limited and that significant im-
provements in service efficiency will require the
cooperation of both operators and policymakers. If
union work rules severely constrain the use of tran-
sit labor, then some way must be found to mitigate
their effect. If labor-management negotiations are
not a feasible option (that is, if relaxation of
work rules must be compensated by commensurately
higher wages), then the more costly forms of transit
service (peak service or off-hour service) will
either have to be reduced or, as recently suggested
by Oram (5), provided by other sources (i.e., pri-
vate contractors). Similarly, if new services add
disproportionately to costs, the expansion of tran-
sit service into new areas should be reevaluated.

In recognition of the need to rebuild and main-
tain the industry, public support for transit has
been provided with the expectation that ridership
would recover once service was improved. However ,
ridership gains have proven to be small compared to
increases in service costs. If transit services are
to be maintained and improved, the efficiency of
subsidized transit must be increased. This research
indicates that efficiency is largely a function of
transit service policy and the distribution of ser-
vices in time and space. Efficiency improvements
will require adjustments in public policy as well as
changes in the distribution of services.
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Modeling Transit Service Areas

JEROME M. LUTIN, MATTHEW LIOTINE, AND THOMAS M. ASH

Transit access is defined as a measure of the ability or propensity of a popula-
tion to use transit. Transit access modes are usually defined as walking, park-
and-ride, kiss-and-ride, paratransit feeder, transit-feeder, taxi, or bicycle. This
research is directed toward the development of tools for planning access to tran-
sit systems that address the impact of access characteristics on ridership and aid
in the normative definition of the area served by transit. A methodology to
evaluate and plan for access is developed. Nonlinear models based on empirical
data are developed to estimate cumulative distributions for (a} walk to local
bus, (b) walk to suburban bus, {c} walk to express bus, (d} park-and-ride to ex-
press commuter rail, and (e) park-and-ride to express bus. Equations are pre-
sented that can be used to determine ridership percentages that originate with-
in user-specified times or distances around a transit stop, and the access distances
or time within which normatively specified ridership percentages originate.

The means of getting to and from transit systems and
the ease or difficulty with which that portion of
the journey is made can affect the traveler's deci-
sion to use transit as much as can conditions and
service on the system itself (l). That portion of a
journey that is spent on the transit vehicle or
waiting at stops is known as the line-haul portion
of the trip. Those portions of the journey spent in
getting to the transit system from the trip origin
and to the destination from the transit system are
know as the access-egress portions of the trip, or
simply the access portion. Thus, accessibility to
transit, or transit access, deals with characteris-
tics of the trip portions not on the transit system.

Planning for transit access is becoming more of a
concern for transit planners. Given the impact of
access characteristics on ridership and the need for
a normative definition of the service area accessed
by transit, the development of a methodology to
evaluate and plan for access is being undertaken.
This research is directed toward the establishment
of empirical tools for planning access to transit
systems.

DEFINITION OF TRANSIT SERVICE AREAS

That portion of the urban area from which a transit
line derives its patronage is known as its service
area. No universal quantitative definition of tran-
sit service area can be given because its limits are
not fixed, except by the habits (actual or expected)
of the transit patrons. A service area centered on
a transit stop, or transit line. varies in radius
according to the characteristics of the line-haul
mode, mode of access, and socioeconomic characteris-
tics of the population to be served. In practice,
service area boundaries can be described as follows:

l. Empirically--as the inclusive boundary for
the xth percentile of origins and destinations ob-
served for patrons that use a stop, or

2. Normatively--as the arc of maximum distance
for convenient or desirable travel to the transit
stop.

The terms tributary area or commuter shed have also
been used to describe service area. Two of the
most~important questions that face transit planners
are, How far from the transit line does one draw the
boundary of the service area? and, What is the re-
lationship between this distance and some standard
of desirable transit accessibility?

DEVELOPMENT OF MODELS OF TRANSIT SERVICE AREAS

The objective of this research is to develop a con-
cept that could be used by planners to determine a
set of service area standards (2). These standards
could be applied to existing and proposed transit
systems to determine the proportion of the urban
area served by a transit system. It is known that
many factors, such as destinations served, transit
travel time, frequency of service, hours of service,
fare, security, reliability, accommodations for
handicapped, and comfort, must be considered in
judging whether transit service is available to an
individual. However, access distances and service
areas should be included among system evaluation
criteria and, indeed, are among the most basic in-
dicators of transit availability.

Development of useful standards for service areas
requires the answering of a fundamental gquestion,
How close to a transit stop or station should a
given location be in order for one to consider that
location well-served by transit? One must also de-
fine the appropriate unit for measuring closeness.
It is not within the scope of this report to un-
equivocally state specific standards. Rather, we
will examine data obtained from a variety of sources
and present models that show the cumulative per-
centile of transit riders included within a given
distance or travel-time interval from a transit
stop, as derived from observed behavior. These
models can then be used in two ways. First, such a
model could be used to determine, for a given loca-
tion at a distnce from a transit line, the per-
centile access distance score for that location.
Second, given a desired percentile score to be used
as a normative access standard, the model can be
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used to find the radius that can be used to deter-
mine the normative service area boundary for that
transit line.

In order to ensure that accurate and useful
models would be developed, it was decided to
stratify models by three modes of access: (a) pe-
destrian, (b) park-and-ride, and (c) kiss-and-ride.
Within these three c¢lasses, models were further
stratified by line-haul mode. For pedestrian
access, models were estimated for local bus service
in urban and suburban contexts and for express bus.
For automobile-access modes, models were estimated
for commuter rail and express bus; express bus
models were estimated for service from both remote
and peripheral parking lots. All pedestrian and
commuter rail models were estimated on the basis of
distance only; distance was expressed in feet for
the former and miles for the latter. All express
bus with automobile-access models were estimated for
both distance in miles and time in minutes. The
aforementioned stratifications were limited by the
availability of data. Consequently, no urban rail
transit models could be calibrated due to the lack
of suitable data.

Empirical Data and Modeling Process

The models presented are developed from access
travel distance data (access model was walk) for bus
routes in Vancouver, British Columbia; Washington,
D.C.; and S8t. Louis, Missouri, and from access
travel distance or access travel time data (access
mode was automobile) for commuter rail and express
bus service in northeastern New Jersey. Models for
seven combinations of access and transit modes are
offered:

1. Walk to urban bus,

2. Walk to suburban bus,

3. Walk to express bus,

4. Park-and-ride to commuter rail

5. Park-and-ride to express bus,

6. Kiss-and-ride to commuter rail, and
7. Kiss-and-ride to express bus.

Data for items 1-3 were derived from Peterson
(Washington, D.C.) (3), the Bi-State Development
Agency of the Missouri-Illinois Metropolitan Dis-
trict (St. Louis) (4), and Piper (Vancouver) (5).
The data used to model items 4 and 5 were derived
from access distributions around six representative
commuter rail stations and four representative ex-
press bus stops in northeastern New Jersey. The
access distributions were computed from the data
collected in surveys conducted at rail stations and
express bus park-and-ride lots by the Port Authority
of New York and New Jersey between 1974 and 1976.

The curves presented represent access distribu-
tions around transit stops in terms of a cumulative
percentile distribution or less than ogive. For a
given access mode, a cumulative percentile distribu-
tion is constructed by summing the percentages of
transit riders whose access trips originated within
each distance or time interval. The cumulative per-
centile distribution is not a means of determining
access modal split; rather, it shows what percentage
of transit patrons who use access mode (y) made ac-
cess trips of less than access distance (f) or ac-
cess time (t).

After inspecting the data, we determined that
nonlinear models would provide more explanation of
the variance than would linear models. However,
there were no compelling theoretical reasons to
favor one particular nonlinear model over another.
Thus, a family of eight alternative model specifica-
tions was proposed. An interactive curve-fitting
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program was written that permitted one to select a
data subset and pick one of the model specifica-
tions. The program transformed the models into
linear form and solved for the parameters by using a
least-mean-squares regression technique. R?  and
standard error of estimate (SEE) statistics were
computed for fitted models in the nonlinear form by
using untransformed variables. The interactive
curve-fitting program produced scatter plots of the
data with the fitted model curve superimposed, as
shown in Figures 1-14. Models were chosen through
an iterative process by testing alternative forms
and selecting the equation that produced the highest
R?* and lowest SEE. Note, however, that the use of
least-squares regression for £itting models that
have been linearized by taking logarithms may not
produce the best estimates of model parameters. A
generalized maximum likelihood approach is recom-
mended (6). Also note that those models, such as
the quadratic form, that do not have an asymptote at
100 percent are valid only for data in the appropri-
ate ranges.

Application of the Models

For a given access mode and an access distance, the
planner can use the calibrated models to estimate
the percentage of transit patrons who originate
within the given access distance by using the
particular access mode. The models in Equations
1-14 are reformulated with cumulative ridership
percentile (y, as a percent rather than a decimal)
as the independent varible. These expressions en-
able the planner to estimate the access distance or
time, from which comes a given percentage of transit
patrons who use a given mode. For example, the
median access distance or time to a transit stop for
a given access mode is easily estimated. Also, the
planner could determine the radius of the service
area (f, d, or t) that corresponds to a particular
market penetration for ridership. These calcula-
tions would help transit planners to determine the
level of service that a transit system or line pro-
vides to the community.

Pedestrian Access

Distance to local urban bus stops outside the

central business district (CBD):
£=2095.3-21515+/0.009 17 -0.000 09296 Y,, 0< Yp, <986 (1)
Distance to local suburban bus stops:
£=[-488/(In Yps -4.771)] 0 < Y < 100 @)
Distance to express bus stops:
f=exp [(Ype + 127.4)/28.6]  0< Y, < 100 3)
Park-and-Ride Access
Distance to commuter rail stations:
d=-2.073/(In Y, -4.723) 0< Y, < 100 4)
Time to commuter rail stations:
t=13.98+4.737 In[Ye /(100 - Y )]  0< Y < 100 )
Distance to remote express bus stops:

=-1751/(In Y,e' - 4.664) 0 < Y,'< 100 6)

Time to remote express bus stops:
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t=36.57 -5.696+/39.63 - 03511 Y,.© 0< Y,'< 100 Q)
Distance to peripheral bus stops:

d=-12.47/(In Y,e»-4.881) 0< Y, < 100 ®)
Time to peripheral bus stops:

t=64.42 -16.904/12.097 -0.1183 Y,.» 0 < Y, < 100 ©

Kiss—and-Ride Access

Distance to commuter rail stations:

Figure 1. Cumulative ridership percentiles: pedestrian access distribution for
local urban bus stops.
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Figure 2. Cumulative ridership percentiles: pedestrian access distribution for
local suburban bus stops.
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Figure 3. Cumulative ridership percentiles: pedestrian access distribution for
express bus stops.
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d=-1.438/(In Y\, -4.788) 0O< Yy < 100 (10)
Distance to remote express bus stops:

=-0.9301/(In Yy -4.635) 0< Yy < 100 11
Time to remote express bus stops:
t=-6.522/(In Yy -4.818)  0< Yy < 100 (12)
Distance to peripheral express bus stops:

=-9.711/(In Yggr -4.796) 0 < Yy < 100 (13)

Figure 4. Cumulative ridership percentiles: park-and-ride automobile drive
access distribution for commuter rail stations (excluding Jersey Avenue).
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Figure 5. Cumulative ridership percentiles: park-and-ride carpool passenger
access distribution for commuter rail stations (excluding Jersey Avenue).
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Figure 6. Cumulative ridership percentiles: kiss-and-ride automobile
distribution for commuter rail stations {(excluding Jersey Avenue).
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Time to peripheral express bus stops:
1=57.59-15.34 /1270 - 0.1304 Yyor 0 < Yieerr < 97.4 (14)
where

Y. = cumulative ridership percentile for mode
by access mode combination c,

f = walking distance in feet between origin by
destination and bus stop at y,

d = driving distance in miles between origin
and transit stop at y, and

t = driving distance in minutes between origin
and transit stop at y.

Figure 7. Cumulative ridership percentiles: park-and-ride automobile drive
access time distribution for remote express bus stops.
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Figure 8. Cumulative ridership percentiles: park-and-ride automobile driver
access time distribution for peripheral express bus stops.
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Figure 8. Cumulative ridership percentiles: park-and-ride automobile driver
access distance distribution for remote express bus stops.
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CONCLUSIONS

The accuracy and applicability of these models are
restricted by the limitations on the data from which
these models were constructed. The data, and thus
the models, do not make explicit impacts of station
or stop competition, street patterns around the
stop, ridership habits of the stop's patrons, socio-
economic status of the stop's patrons, downtown
parking rates, or highway congestion. The only in-
dependent variables used in the models presented are
transit access trip distance and transit access trip
time.

Figure 10. Cumulative ridership percentiles: park-and-ride automobile driver
access distance distribution for peripheral express bus stops.
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Figure 11. Cumulative ridership percentiles: kiss-and-ride access time
distribution for remote express bus stops.
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Figure 12. Cumulative ridership percentiles: kiss-and-ride access time
distribution for peripheral express bus stops.
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Figure 13. Cumulative ridership percentiles: kiss-and-ride access distance
distribution for remote express bus stops.
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Figure 14. Cumulative ridership percentiles: kiss-and-ride automobile drops
access distance distribution for peripheral express bus stops.
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These models describe access distributions around
an average stop for a given combination of access
mode, transit mode, and urban location. They are
therefore applicable on a systemwide or areawide
basis. As such, these models will be useful in es-
timating the overall penetration of a transit ser-
vice market. These models will not aid in making
specific decisions about route location or in esti-
mating specific trade-offs between shorter line-haul
times and shorter access times.

Models were constructed for all combinations of
transit mode and access mode on which data were ob-
tained., These were as follows:

1. Walk to local bus service in an urban loca-
tion,

2. Walk to local bus service in a suburban loca-
tion,
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3. Walk to express bus service,

4, Park-and-ride to commuter rail service,

5. Park-and-ride to express bus service,

6. Kiss-and-ride to commuter rail service, and
7. Kiss-and-ride to express bus service.

Data were not obtained on subway service or feeder
bus service.

Of the combinations examined, some produced bet-
ter-fitting models than did others. All of the
models that describe automobile access distributions
for express bus stations were hampered by a lack of
data, once the data were divided into remote lot
data and peripheral lot data. Thus, although curves
were derived that fit the data well, the automobile
access distributions for express bus service models
are suspect. Perhaps the best models were those
that describe walking distance to local bus service
in urban locations, walking distance to express bus
service, and automobile rider driving times to com-
muter rail service. Each of these models exhibited
a high R? and a standard error under 8 percent,
which means that each describes the data well and
has good predictive capabilities. It is expected
that future research and data collection could yield
even better estimates. In the use of these models,
the individual planner must make the crucial deci-
sions about the appropriate standards to use.
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Demand Analysis of New York Subway System

C.J. KHISTY AND P.J. KAFTANSKI

An econometric analysis of the New York City subway system for the period
from 1946 to 1978 is presented in this paper. The purpose of this analysis is
to identify those variables that affect mass transit ridership. The multiple re-
gression technique was used. In addition, a stepwise regression was performed
to determine which of the independent variables explains the greatest variation
in transit ridership. The annual subway ridership is the dependent variable; the
independent variables are the transit fare, the level of employment in Manhat-
tan’s central business district, the aggregate personal income of New York
City’s residents, the number of automobile registrations in New York City,

and an index of business activity for New York City. Analysis of the results
reveals that automobile registrations and central business district employment
are the most significant variables that affect subway ridership. The results of
this study indicate that capacity restrictions on automobile use, urban develop-
ment change, and increasing the monetary value of automobile ownership will
increase transit ridership.

The purpose of this study is to test the relation
between mass transit ridership and the variables
that influence ridership in the New York City subway
system and then to suggest policy decisions, based
on this analysis, to improve transit ridership.
This is of utmost importance in terms of federal and
state funding of the system, since the New York City
Transit Authority forecasts that its operating defi-
cit for this system would approximate $55.3 million
in fiscal 1981 and $78.1 million in 1982 (l). The
authority believes that these deficits can be made
up through additional federal aid and an increase in
fare revenue or through expenditure reduction. Al-
ternative solutions are offered based on this
study's empirical findings. These solutions center
around the concept of increasing mass transit rider-
ship.

PREVIOUS STUDIES

Transit need is a derived demand. In light of this
demand, there have been many observations of the
significant characteristics that affect mass transit
ridership. The First National City Bank (now known
as Citibank), in its profile study of New York City,
observed that a 50 percent increase in the transit
fare in January 1970 resulted in a 5 percent reduc-
tion in ridership (2, p. 140). Automobile ownership
is also a highly significant factor. For example,
the restrictions placed on automobile use during
World War II resulted in a decrease in urban automo-
bile travel by approximately 25 percent. One-third
of the people who decreased their automobile travel
snifted to public transportation (3, p. 6). Push-
karev and Zupan's study indicates that, for trips to
the downtown area of New York City, 83.7 percent of
zero-car households, 36.7 percent of one-car house-
holds, and 15.4 percent of two- or more-car house-
holds used mass transit (4, p. 53). Mass transit
carries more than 82 percent of all central business
district (CBD) workers in New York City. This sug-
gests that capacity restraints significantly in-
fluence transit demand. Population density also
affects transit use. A higher density encourages
public transportation use and discourages automobile
use. Transit use is minimal when the density varies
between 1 and 7 dwelling units (DUs) per acre, in-
creases sharply when the density is about 7 DUs/
acre, and one-half of the trips are made by transit
when the density is greater than 60 DUs/acre (3, p.
6).

Other determinants of transit use could be clas-

sified as psychological. These include time, con-
venience, and comfort (5). Uncertainty of arrival
of public transport vehicles and the probability of
accidents can also be considered (6, P. 90). These
criteria are probably reflected in the public's de-
mand that mass transit facilities and operations
provide convenient access to central city locations
(e.g., work, school, and shopping). It appears that
the main characteristics that influence modal choice
are the automobile's ability to provide the traveler
with a sense of ownership, free availability, pres-
tige, and comfort (7, p. 22).

The most relevant study (and the one we used as a
comparison) is the one conducted by Pushkarev and
Zupan for the Regional Plan Association of New York
(8). An aggregative time-series analysis (multiple
regression) for the years 1947-1975 for the New York
City subway system revealed that subway ridership is
positively correlated with the level of CBD employ~-
ment and the level of service (measured in car
miles) and is negatively related to automobile reg-
istrations and the subway fare (in constant dol-
lars). These variables explain roughly 80 percent
of the variation in subway rides.

METHODOLOGY

The analysis covers the years 1946-1978 and con-
siders annual subway ridership as the dependent
variable. The independent variables include the
transit fare, the level of employment in Manhattan's
CBD, aggregate personal income of New York City's
residents, the number of automobile registrations in
New York City, and an index of business activity for
New York City. The business activity index is a
measure of the physical output of goods and services
in the private sector that consists of (a) factory
output; (b) retail activity; (c) wholesale activity;
(d) service activity; (e) finance, insurance, and
real estate activity; (f) transportation, communica-
tion, and public utilities activity; and (g) con-
struction activity.

Statistical Procedure

The method of analysis used in the generalized
least-squares procedure is a log-linear or constant
elasticity form. The selection of this form is
based on the belief that (a) the proposed relation-
ship is linear in nature, (b) the elasticities of
transit demand with respect to the independent vari-
ables are of great importance in formulating transit
policy, and (c) the transformation of the data into
a linear function reduces some of the potential
problems of a nonlinear function.
This study's form was

Y =a+ blxl + boxry + b3x3y + bgxy + bgxg

where Y is the total number of rides recorded on the
subway system of New York City in year t and x7
through x5 are the total values of the independent
variables recorded in year t - 1. The elasticities
with respect to each independent variable are bj
through bg with the constant term a.

In addition to the generalized least-squares pro-
cedure, a stepwise regression was performed to de-
termine which of the independent variables explains
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Table 1. Multiple regression results.
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Fare
—_— — Personal Income
Constant Current Automobile — CBD Business
Dollars, Dollars, Registration, Constant, Current, Employment, Index,
Equation X, X, X, X5 X3 Xy Xs R? F Value
1a? 0.9432 244.75
1b -0.2035 i -0.3008 e .
Std. error 0.0273 il 0.0632 ST B
F level 55.58 v 22.64 s e
2a? 0.9694 475.12
2b ATaTs -0.2247 -0.2190 v e
Std. error i 0.0196  0.0486 v
F level et 131.49 20.34 . -
3aP 09480  157.91
3b i -0.2743 -0.3548 s 0.0922
Std. error s 0.0443  0.1007 KB 0.0669
F level — 38.34 12.42 ] 1.90
4a° 0.9556 123.84
4b o -0.1933 -0.3776 - 0.0353  0.5332
Std. error e 0.0436  0.1737 A 0.0708  0.1781
F level e 19.62 4.73 B 0.25 8.97
52 0.9585 64.60
5b A -0.1267 -0.2599 AIRA -0.0492  0.7082 -0.0411
Std. error e 0.0697  0.2595 FETH 0.1331  0.2780 0.2422
F level avasa 3.30 1.00 sl 0.14 6.49 0.03
6a® 0.9227  103.44
6b -0.2081 e -0.6849 0.2972 idtd §
Std. error 0.0268 Ce 0.1424 0.1196
F level 60.26 - 23.13 6.18

"Covers 1946-1976. bCovers 1949-1978. Covers 1951-1978,

Table 2, Stepwise regression results.

Total

Independent Variable Equation R2
Fare (constant) 1A 0.9143
Fare (constant) and automobile registrations 0.9505
Fare 2A 0.9486
Fare and automobile registrations 0.9694
Fare 3A 0.9188
Fare and automobile registrations 0.9442
Fare, automobile registrations, and personal income 0.9480
Fare 4A 0.9362
Fare and CBD employment 0.9409
Fare, CBD employment, and automobile registrations 0.9551
Fare, CBD employment, automobile registrations, 0.9556

and personal income
Fare 5A 0.9155
Fare and CBD employment 0.9406
Fare, CBD employment, and automobile registrations 0.9579
Fare, CBD employment, automobile registrations, 0.9584

and personal income
Fare, CBD employment, automobile registrations, 0.9585

personal income, and business index
Fare (constant) 6A 0.8353
Fare (constant) and automobile registrations 0.9043
Fare (constant), automobile registrations, and 0.9227

personal income (constant)

the greatest variation in transit ridership.
Results

The results of this analysis are summarized in
Tables 1-3. All of the equations are significant in
explaining transit ridership as measured by each
model's F-value at the 99 percent significance
level. However, not all of the variables are sig-
nificant at the 99 ©percent significance level.
Those that are not significant are current personal
income in Equation 3, personal income and automobile
registrations in Equation 4, and all the variables
in Equation 5 (although, at the 0.975 percent level

dCovers 1959-1978.

of significance, CBD employment is significant).
Autocorrelation is not a problem.

In comparing the elasticity measures of Pushkarev
and Zupan's results, some interesting differences
appear. Their fare (constant dollar) elasticity
measure was -0.12; however, this study reveals that
the elasticity with respect to the constant dollar
fare is -0.2035 from 1946 to 1978. This implies
that subway ridership is more price elastic than
previously thought. It is also obvious that the
raising or lowering of fares does not contribute to
the goals of improving ridership levels and promot-
ing the financial stability of the system.

The elastic measure for automobile registrations
differs from Pushkarev and Zupan's study. Their
measure is -0.25. This study's measure is -0.219 in
Equation 2, =-0.3548 in Equation 3, and -0.3776 in
Equation 4. As the period of analysis shortens, the
elasticity measure becomes less inelastic. This
suggests that automobile ownership has a stronger
impact on subway ridership than does the fare,
especially in the short run. However, part of this
trend in elasticity may be due to the increasing
level of automobile ownership in New York City. Car
ownership increased from approximately 605 000
vehicles in 1945 to 1 500 000 in 1977. As automo-
bile ownership increases, its use as a mode of
transportation increases, which makes the trade-off
between automobile use and mass transit more sig-
nificant. Personal income is not a significant
variable in determining the overall ridership level.

Pushkarev and Zupan's elasticity measure is
0.7543 for CBD employment. This study's elasticity
measures are 0.5332 and 0.7082 in Equations 4 and 5,
respectively. This suggests that the level of em-
ployment is the most influential variable that af-
fects mass transit ridership in the short run. This
would suggest that policies designed to increase
employment opportunities in New York City or
designed to improve areas that attract people (e.g.,
Parks or cultural areas) would have the effect of
increasing mass transit use. But any policy should
downplay major improvements in terms of providing
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Table 3. Determination of each variable's significance.

Required
Equation Independent Variable t-Value t-Value at t-Statistic Significant
| Fare, current dollars 7.46 0.99;30 2.457 Yes
Automobile registrations 4.76 0.99;30 2.457 Yes
2 Fare, constant dollars 11.47 0.99;30 2.457 Yes
Automobile registrations 4.51 0.99;30 2.457 Yes
3 Fare, current dollars 6.19 0.99;26 2.479 Yes
Income, current dollars 1.38 0.99;26 2.479 No
Automobile registrations 3.52 0.99;26 2.479 Yes
4 Fare, current dollars 4.43 0.99;23 2.50 Yes
CBD employment 2.99 0.99;23 2.50 Yes
Income, current dollars 0,50 0.99;23 2.50 No
Automobile registrations 2.17 0.99;23 2.50 No
5 Fare, current dollars 1.82 0.99;14 2.624 No
CBD employment 2.55 0.99;14 2.624 No
Income, current dollars 0.37 0.99;14 2.624 No
Automobile registrations 1.0 0.99;14 2.624 No
Business index 0.17 0.99;14 2.624 No
6 Fare, constant dollars 7.76 0.99;30 2.457 Yes
Income, constant dollars 2.49 0.99;30 2.457 Yes
Automobile registrations 4.81 0.99;30 2.457 Yes
access to these areas via the automobile. If ade- 4. Improvement of the attraction zones,

quate automobile facilities are part of the policy
to improve areas that attract trips, the incentive
for using mass transit is diminished.

The last variable in the model is the business
activity index. The regression results indicate
that this variable is not significant.

Based on the results of this study, policymakers
should concentrate on just two variables: CBD em-
ployment and automobile registrations.

This analysis is an improvement over the Push-
karev and Zupan model because the equations and the
individual elasticity coefficients are more signifi-
cant, and it accounts for a larger percentage of
transit ridership variation with fewer independent
variables.

RECOMMENDATIONS AND CONCLUSIONS

The main conclusions of this study are that mass
transit ridership is a function of CBD employment
and the level of automobile registrations. There-
fore, policies implemented to increase mass transit
ridership should

1. Create more employment opportunities than
currently exist in New York City's CBD and

2. Convince travelers who use the automobile in
New York City to switch their modal choice to mass
transit.

This can be accomplished through the following means:

1. Implementation of congestion pricing in the
CBD,

2. Limitation of the number of parking facili-
ties available in the commercial and retail areas of
New York City,

3. Expansion of park-and-ride facilities in the
outlying areas of New York City,

5. Imposition of tolls on bridges leading into
Manhattan from Queens and Brooklyn, and

6. Informational campaign designed to elicit the
public's cooperation in implementing the above
strategies.
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Transit User Identification in an Employer-Based

Subsidy Program

EDWARD J. KANNEL, RICHARD YUN-HAO WOO, AND STEPHEN J. POLITO

A transit assistance program was provided to all state employees in lowa to en-
courage public transit use and to decrease the demand for parking facilities. The
state subsidized 50 percent of the cost of monthly passes. The objectives of this
paper are to identify the distinguishing characteristics of program subscribers
and nonsubscribers and the consistency of factors in different cities. Discrimi-
nant analysis models were used to identify the relative importance of socio-
economic, transportation, and attitudinal factors. The most important charac-
teristic for distinguishing between users and nonusers was the attitudinal vari-
able. Socioeconomic factors were generally more important discriminating
variables than were transportation supply factors. Transit cost was the policy
variable manipulated by the transit subsidy program, but cost differences were
not significant in the discriminant models once the attitudinal factor was al-
ready included. The discriminant models correctly classified approximately 80
percent of the users and nonusers in the city in which they were calibrated as
well as in the other cities studied. The results suggest that, even though the
transit service and community characteristics are variable, consistency in the
behavioral responses is sufficient to allow transfer of information from city to
city. However, the models from the research are not forecasting tools for gen-
eral application because they are based on nonproportionate sample sizes.

A statewide transit subsidy program was undertaken
by Iowa in 1978 to encourage state employees to use
public transit. The primary impetus for the program
was the desire to reduce the need for parking spaces
around the state capitol office buildings in Des
Moines. However, the program allowed state em-
ployees in all cities to purchase monthly passes at
50 percent below the regular monthly price. 1In re-
turn, the employees were to agree not to park in a
state-owned lot. As part of a research project to
evaluate the program, an effort was made to identify
characteristics that distinguished program sub-
scribers (users) from nonsubscribers (nonusers)
(1). The intent was to (a) define the socioceco-
nomic, attitudinal, and transportation supply fac-
tors that would improve ridership forecasts and (b)
identify characteristics that could be emphasized
when developing marketing programs in a unique em-
ployee group.

Several researchers have compared the socioeco-
nomic, demographic, transportation, and attitudinal
characteristics of traditional transit riders with
the characteristics of the nonuser population. How-
ever, the relative importance of these factors has
been judged to be different in the studies. For ex-
ample, Hartgen (2) and Howe and Cohen (3) found
situational factors to be more important than atti-
tudinal factors. On the other hand, Dobson and
Tischer (4) noted that socioeconomic and transporta-
tion variables were less important than personal
perception for describing behavioral differences.
Spear (5) developed a general attitudinal variable
related to convenience and noted that the variable
increased the goodness-of-fit statistics, but the
attitudinal variable did not increase the predictive
capability of the model.

The differences in the conclusions from these
studies may be attributable to specific differences
in survey methodology, analytical tools, trip pur-
poses, or the population subsamples selected for
analysis. Because the Iowa subsidy program ad-
dressed a unique group of potential riders, we were
interested in determining whether program sub-
scribers exhibited the general characteristics at-
tributed to transit riders examined in the more tra-
ditional transit market. State employees are not in

population groups normally categorized as transit
users: They are generally between 18 and 65 years
of age, they have higher incomes than average tran-
sit users, and they have reasonable access to trans-
portation.

The subsidy program provided an opportunity not
only to evaluate subscriber and nonsubscriber dif-
ferences in one transit system, but the program pro-
vided a unique opportunity to evaluate the ridership
in different cities in which there were variations
in transit and highway system supply.

STUDY DESIGN

Sample Selection

Although employees in 18 cities were eligible to
participate in the subsidy program, more than 94
percent of the 1167 subscribers lived in Des Moines
(301), Iowa City (768), and Ames (33). The Ames
area represented only a small fraction of the total
users, but it was included in the analysis because
one of the three major state universities and the
department of transportation are located there. All
users in Des Moines and Ames and 330 users in Iowa
City were surveyed. A comparable number of nonusers
who live within three blocks of a transit line were
also selected. The models used only employees who
had access to both automobile and bus modes. The
final sample included 99, 98, and 12 subscribers
from Des Moines, Iowa City, and Rmes, respectively.
There were also 75, 26, and 20 nonsubscribers from
the same cities.

Variables Included in the Analyses

The socioeconomic data obtained in the surveys were
standard elements, including age, sex, family size,
employed persons, automobile ownership and avail-
ability, and income. BAge and income were reported
in one of five categories.

Transportation data included automobile and bus
travel times and costs as well as waiting, walking,
and pick-up times for each mode. Travel times were
recorded as one-way times and later translated to
round-trip times. Costs were recorded as daily
costs including daily parking charges. The daily
bus costs were automatically coded by the re-
searchers, who assumed that the subsidized pass was
used 20 days/month.

Attitudinal study concepts were used in this
study, but no attempt was made to define new psycho-
logical constructs based on the factoring of re-
sponses from the employees. Instead, we selected a
series of statements about service components of
automobile and bus travel and measured the affection
or bias of the respondents toward the basic modes.
The statements selected were based on other research
as well as on current issues. The employees were
asked to identify the degree to which they agreed or
disagreed with statements related to travel time
cost, parking issues, fuel savings, and others.
Each of the 12 statements was analyzed by using a
five-point successive-category scale; a composite
score (ATTSUM) was developed to assess the degree to
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which individuals have positive or negative reac-
tions to bus and automobile travel. The higher the
ATTSUM score (maximum of 60), the more positive was
the reaction to public transit.

The variable definitions are cited in the 1list
below. Note that all times are in minutes for a
one-way trip. The 1line-haul time is total time
minus excess time.

BTT--Total bus travel time;

BWA--Bus walking and waiting time (excess time) ;

AUTT--Total automobile travel time;

AUPUT--Automobile pick-up and walking time (ex-
cess time);

TIMDF--Time difference (BTT minus AUTT);

COSDF--Cost difference in cents (daily bus costs
minus automobile costs);

LHDF--Line-haul time difference (bus time minus
automobile time);

ATTSUM--Composite attitude score;

AGE--Age (five categories, converted to years in
the tables);

SEX--Sex;

FS--Family size;

EMP--Number of other household members who are
employed;

LIC--Licensed driver (yes or no);

CAR--Number of cars, pickups, and vans in the
household;

AVA--Automobile availability for the work trip
{yes or no);

INC--Income (five categories, converted to dol-
lars in the tables);

BLK1--Number of blocks from home to bus stop;

BLK2--Number of blocks from bus stop to office;
and

TRF--Transfer required (yes or no).

The average reported values are shown in Table 1.
The program subscribers were noted to possess char-
acteristics similar to those of the traditional
transit rider. The users are dgenerally younger,
from smaller families that have lower automobile
ownership rates and lower incomes than the non-
users. Also, subscribers perceived automobile time
and costs to be greater than did nonusers, and non-
users perceived bus times to be longer than did the
users. In actuality, the researchers could not
identify any reason for real differences to exist in
these elements.

DISCRIMINANT ANALYSIS IN CHOICE BEHAVIOR

The modeling objective for this research was to
focus on employee characteristics that could be used
to identify those employees who would be most likely
to participate in the transit assistance program.
The actual coefficients of a particular model were
not the major concern because the employee sample
being analyzed did not represent a sample of the en-
tire employee population. Therefore, the model was
not expected to be directly applicable to other
general populations. The discriminant model, which
addresses the principal objective of group classifi-
cation, was used in this study.

The statistical package for the social sciences
(SPSS) computer program DISCRIMINANT was used to de-
velop the models and the statistical measures. The
overall models were evaluated by chi-square statis-
tics. Because it is possible to have an overall
model that is highly significant, but contains vari-
ables that do not make a significant contribution to
the discriminating power of the model, individual
F-statistics are computed for each variable. Any
variable that is not important at a specified sig-
nificance level may be eliminated. During the ex-
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ploratory phases the researchers allowed liberal in-
clusion levels in order to determine the general
order of importance of the explanatory variables.
The variables that were significant at the five per-
cent level or better are marked in the tables.

Discriminant Model Results

Several models were developed that allowed different
combinations of variables to enter the equation in
each of the cities. Table 2 shows the results of
the models that allowed all variables to enter the
model; however, only the variables entered at the
0.05 significance level are shown. The predominant
variable in the discriminant function for all cities
was the attitudinal variable. None of the transpor-
tation characteristics were significant in Des
Moines and only bus travel-time factors distin-
guished between users and nonusers in Iowa City and
Ames. BWA was a significant deterrent to nonusers
in Iowa City, where peak-period headways average 30
min and where there are more transfers required than
in Des Moines, where headways are 15 min. The Ames
model included BTT, but an anomaly was noted. Al-
though BTT entered the model after ATTSUM was al-
ready included, the differences between users' and
nonusers' BTT were not significant when analyzed
alone.

Transportation cost, the policy variable manipu-
lated by the subsidy program, was never a signifi-
cant discriminator once the attitudinal factor was
included. Therefore, other models were constructed
to force this cost variable into the model. Those
models suggested that the average nonuser placed a
value on time that exceeded the bus cost savings
even if the fare had been zero.

Model Consistency Between Cities

The models were able to classify approximately 80
percent of the employees into the correct user and
nonuser group in each city. Researchers had hypoth-
esized that sufficient behavioral similarities
existed among employees such that information ob-
tained from the employees in one city might be ap-
plicable for estimating travel choices 1in other
cities. The hypothesis was tested by applying the
discriminant model for each city in the other two
cities. This is equivalent to a hold-out sample
used to verify an original model, but it is even
more demanding because the samples were not selected
from the same populations. The degree to which a
model correctly classifies users and nonusers in
other cities was taken as a measure of transfer-
ability of the models.

The results are given in Table 3. One finds
generally favorable, but not overwhelming, cap-
ability in classifying employees in cities other
than the one for which the model was developed.
Five of the 12 cells are either no better than or
significantly poorer than a random choice, 50-50 as-~
signment. However, three of those five cells are
from predictions in BAmes or by using the BAmes
model. We noted earlier that the sample size here
was small and that an internal inconsistency was
evident in the model. These discrepancies were,
therefore, not considered further. The dgreater
concern was that the Des Moines model underpredicted
Iowa City nonusers, and the Iowa City model under-
predicted Des Moines and Ames users. To try to iden-
tify why this happened, a case-by-case review of
every nonuser in Iowa City whom the Des Moines model
had predicted to be a user was completed. The re-
view indicated that 8 of the 14 nonusers who were
misclassified had positive attitudes toward the ser-
vice, which caused the models to classify them as
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Table 1. Average statistics for independent variables considered in discriminant
models.

Des Moines Iowa City Ames
Variable User Nonuser  User Nonuser  User Nonuser
BTT 33.4 42.5 24.1 27.9 23.7 25.1
BWA 9.1 10.9 6.7 10.5 8.5 10.0
AUTT 19.2 17.9 154 13.2 13.7 10.6
AUPUT 5.0 4.2 5.2 3.6 3.8 3.1
TIMDF 14.2 24.6 8.6 14.7 10.0 14.4
COSDF -90.9 -57.3 -103.5 -71.4 -25.0 -244
LHDF 10.1 17.8 7.2 7.8 5.3 7.6
ATTSUM 46.1 37.2 48.5 41.3 43.5 34.8
BLKI1 1.5 2.0 0.9 1.5 1.5 1.8
BLK2 1.2 1.1 1.1 1.4 0.7 1.6
AGE 38 42 33 40 42 43
SEX, male % 50 50 42 65 67 80
FS 2.2 2.6 2.6 2.5 2.3 2.4
EMP 0.7 1.0 0.7 0.7 0.8 0.9
LIC, yes % 100 100 99 96 100 95
CAR 1.5 1.8 1.4 1.5 1.5 1.6
AVA yes% 90 100 89 96 90 100
INC, $000s  21.9 25.1 18.7 27.3 25.8 26.0

Table 2. Summary of discriminant analysis.

Percentage
Residual Classified Correctly
Variables Included in Variance _—
City Model, in Order® (%) User Nonuser
Des Moines ~ ATTSUM, CAR, AGE 54 80 84
lowa City ATTSUM, INC, BWA 62 81 77
Ames ATTSUM, BTT, BLK2 44 100 80

Avariables were significant at the 0.05 level.

Table 3. Transferability of model results among cities.

Percentage of Correct Classifications for

Models
Group
City Classified Des Moines Iowa City Ames
Des Moines User 80 57 94
Nonuser 84 91 23
Iowa City User 92 81 95
Nonuser 46 77 30
Ames User 75 25 100
Nonuser 85 90 80

users; but, in fact, they could not use the bus due
to personal or work-related conditions. 1In effect,
these persons did not have the transit choice avail-
able that was assumed to exist by the researchers.

Overall, the percentage of correct classification
was 78 percent. The weighted average is nearly the
same as the value obtained from the models applied
only in the city in which they were calibrated.

SUMMARY AND CONCLUSIONS

In this research the attitudinal responses of em-
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ployees were predominant in the models for clas-
sifying employees into user and nonuser groups. The
models correctly classified approximately 80 percent
of the cases in each user group and the classifica-
tion capability fell off only slightly when the
models were applied in different cities.

This research began after the subsidy program was
initiated so the models discussed here are not truly
forecasting. The cause and effect relationship be-
tween response pattern and mode choice can never be
truly established; however, we thought that the de-
tailed modal response developed in the study can
assist the planner in identifying ridership poten-
tial much more effectively than would the "would you
ride if" questions frequently used. It is recom-
mended that employees could be grouped by using the
current transit riders as the user group base. Em-
ployees who responded in patterns similar to transit
riders would represent the market segment most
likely to try transit when offered an incentive. A
follow-up analysis indicated the possibility of
using mean and variance data rather than the more
sophisticated discriminant models. A cut-off point
for participation was estimated to be one standard
deviation unit below the mean ATTSUM score of the
current bus users. By using this base, approxi-
mately 80 percent of the Des Moines respondents
would have been classified correctly.
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Abridgment

Caracas Metro: A Luxury?
DANIEL SPERLING

Concentration of population is increasing in less developed countries, bringing
with it paralyzing traffic congestion. Many cities have responded by designing
and constructing expensive rail rapid transit systems. One of those cities is
Caracas, Venezuela. In many ways Caracas approximates the ideal city for
fixed-rail rapid transit: Linear land use patterns, rapid growth, lack of expan-
sion space, and excessive congestion all seem to reinforce that observation. In
this paper, the rationale for the Metro is explored as to its validity in terms of
urban form, costs, benefits, and possible alternatives. Metro’s route layout will
best serve the more affluent and not the poor, accessibility to jobs will not be
increased significantly, and Metro's design conflicts with the city’s more re-
cently articulated objectives of spatial and economic decentralization. Concerns
for rational planning and judicious public spending were shunted aside, and the
notion of a prestigious public work and availability of easy financing was al-
lowed to dictate the decision to construct. Commitments to inflexible and
costly underground rail systems, especially in countries of the Third World, may
not be advisable in many cases. Many low-cost and moderate-cost strategies
could provide equivalent or greater benefits at much lower cost. Strategies

for expanding transportation opportunities and efficiencies could benefit

from greater imagination, expertise, and political will.

Buoyed by its windfall oil wealth, Venezuela decided
in 1975 to build a modern rail rapid transit system
in its capitol city. To civic and political leaders
it promised glamour and sophistication; to urban and
transportation planners it promised resolution of
overwhelming traffic congestion. Although conven-
tional planning wisdom asserted that Caracas was the
ideal city for a rapid transit system, an updated
view suggests that the huge investment and ongoing
subsidies may overwhelm the modest benefits. This
case study serves to illuminate some neglected but
critical issues associated with selection of urban
rail systems.

NEED FOR TRANSIT

Although its population size 1is not inordinately
large compared with that of most major cities 1in
Latin America and Asia, Caracas is faced with re-
strictive physical barriers to continued growth.
Constraints of land availability and rapidly esca-
lating costs of public services (partly due to the
difficulty of serving hillside developments) oppose
the forces of expansion. Because Caracas lies in
narrow valleys, pinched between mountain ranges, it
has been forced to increase population densities to
extremely high levels; much of the growth has pushed
on to previously undeveloped and fragile hillsides.
Topography has historically concentrated city growth
into a linear pattern, punctuated by a series of
activity centers stretched in an east-west orienta-
tion.

Almost all recent geographic expansion has been
in illegal ranchos, squatter settlements that blan-
ket the precipitous slopes around the valleys, or in
bedroom suburbs located over the hills south of the
city. Although data are inconsistent, the general
belief is that more than 30 percent of the people
live in ranchos.

Automobile ownership in Caracas is high and
increasing at a rapid rate. In 1975 more than 10
percent of the population owned cars--a higher rate
than in Buenos RAires, Singapore, Sao Paulo, and most
other cities in the developing world (l). The rate
has been increasing in Caracas at more than 15
percent/year, which is considerably higher than the
population growth rate. Even the recently con-
structed large network of arterials and freeways is
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not able to accommodate the boom in automobile use,
partly because more than 50 percent of all trips are
by automobile. In view of the dense urbanization
and high level of automobile use, it is not surpris-
ing that Caracas's congestion levels are among the
world's most severe. (The severity of congestion is
highlighted by visual observations that bumper-to-
bumper traffic persists 12 h/day and by data that
indicate almost constant vehicle flows from early
morning to evening.)

METRO DE CARACAS

The Metro rapid transit system was conceived as the
backbone of an integrated and coordinated transpor-
tation system. Bus routes were redesigned to serve
as feeder lines. Four interconnecting lines were
designed to comprise a rapid transit system of 50 km
and 50 stations, as shown in Figure 1. However,
only the 1longest 1line, which follows the major
east-west corridor, has been funded. The expected
completion date is in 1983, The line being built is
20 km long and has 22 stations, 19 of them under-
ground. This first line is expected to cost more
than $2 billion, almost 10 times greater than the
initial estimate of $250 million.

No firm plans have been accepted for the second,
third, and fourth lines. This examination is there-
fore limited to the first line, since it is the only
line that will be constructed in the near future.

Benefits

The principal reason for building Metro is to ease
congestion in the central corridor. High-speed
trains on exclusive rights-of-way will bolster
corridor capacity significantly. Benefits are
expected to accrue to both Metro users and non-
users. Metro users would benefit from considerable
time savings because of stifling congestion levels
and cost savings because Metro fares will be less
than automobile-operating costs. Nonusers would
benefit from decreased congestion on the roadways,
because each Metro rider represents one less trip on
surface roads.

Designers predict that more than 50 percent of
all benefits (operating costs and time savings)
accrue to nonusers, mostly to car drivers and car
passengers (2). They predict that about 40 percent
of all peak-hour travelers will be carried by Metro;
77 percent of them will transfer to or from other
modes (3). Their studies indicate that most of
these Metro users will be diverted from surface
public transit and relatively few from automobiles
(2) .

Added travel capacity might allow more growth to
occur in the central corridor. The linear develop-
ment pattern would be reinforced if more persons
were able to reach employment centers along the
corridor. Designers predict that Metro's added
capacity generates a social benefit. Perhaps the
greatest significance of Metro is for the large
concentration of poor people who live in Catia, a
large district located several kilometers from the
city center at the western end of the Metro line.
Catia residents would enjoy greater mobility and a
higher 1level of accessibility with direct rapid
service to the many jobs and services located along
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Figure 1. Configuration of Caracas Metro system.
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the central corridor of Caracas.

Doubts and Mitigating Factors

Considerable changes have occurred since the 1950s,
when planning for Metro began. In the 1950s and
1960s people were just becoming conscious of the
ramifications and costs associated with the rapid
growth of Caracas, particularly in transportation.
Continued demolition to provide more freeways and
arterials was judged intolerable, and so Metro was
born. But much of the planning and analysis was
narrowly 1limited and short-sighted. Planners ra-
tionalized the rapid transit system almost entirely
on expected savings in time and operating costs
(2). Little attempt was made to analyze the fixed-
route Metro system within the context of changing
perceptions and growth patterns of the city, which
is an especially embarrassing deficiency when viewed
in light of the urban and regional decentralization
plans and policies of the Fifth National Plan
(1976-1980) . We now see that, even as major activi-
ties are relocating away from the center and growth
patterns are being reoriented toward the south of
the country, the very expensive and permanently
fixed alignment of Metro is being built exclusively
to serve the already overburdened central corridor.
Metro's alignment seems to contradict and conflict
with the long-term spatial objectives of city offi-
cials.

Metro is not particularly suited to the needs of
lower-income people. This assertion is based on an
analysis of current (1975) use patterns of buses,
which serve as rough (but probably reliable) esti-
mates of poor people's transit requirements. Gen-
erally speaking, the buses' shabbiness and the
social stigma attached to bus transit effectively
render it a service almost exclusively for the
poor. Similarly, por puesto {(modern vans that
operate as Jjitney vehicles) use patterns reflect
needs of people who have moderately higher incomes,
roughly classifiable as middle income. Por puesto
service 1is more comfortable, flexible, faster,
expensive, and directly responsive to desires of
dispersed middle-class commuters. In any case,
current transit users, primarily of buses and to a
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much less extent of por puestos, are expected to be
Metro's typical riders.

Figures 2 (4) and 3 (4), indicate current demand
for bus transit services. Clearly, the city center
(E1 Silencio) is the major node of attraction. The
overwhelming majority of bus trips, however, is
distributed through a vast network in and around
roughly a 3 km radius of the center (more than 90
percent of all bus trips are less than 6 km) (4).
Few transit trips are generated in the entire east-
ern half of the city, including the central corridor
between Petare (at the eastern end of the Metro
line) and the center, which indicates that the Metro
line is not especially responsive to the needs of
the poorer people and that it will, in fact, serve a
very small proportion of trips made by poorer
people. On the other hand, trip volume patterns of
por puestos, as shown in Figures 4 (4) and 5 (4),
indicate that the trip lengths of the higher-income
por puesto passengers are much 1longer and more
oriented in the east-west direction.

Two observations can be made from this analysis:

1. Metro's route alignment is better suited to
higher-income than to lower-~income residents and

2, Metro's flat-fare policy would favor the
higher-income commuters who live in the more attrac-
tive neighborhoods located farther from the center,
because the poor, who now use buses or walk, would
be paying the same fare as wealthy patrons but for
much shorter trips.

Operation of the highly mechanized Metro line
will be costly. The government will be obligated to
either keep fares low to attract low-income riders,
requiring a hefty and continuous subsidy, or to
raise fares, thereby precluding poor people from
sharing the benefits.

The expensive, capital-intensive nature of Metro
has several ramifications. A large amount of for-
eign financing will be needed, and a large amount of
the equipment and services must be purchased abroad,
thus the level of foreign dependency will be in-
creased. Furthermore, compared with conventional
bus transit, Metro will employ relatively few people.

Clearly the objectives and justification of Metro

(B ]



Transportation Research Record 797 29

Figure 2. Caracas 1975 estimated person trips by bus: volumes more than 4000/day from and to Chacaito and Petare.

Figure 3, Caracas 1976 estimated person trips by bus: volumes more than 4000/day from all other zones.
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are strained. Some people might say, however, that enforcement, and improved mail and telephone ser-
there really is no alternative; this is partly vice. Because each option is itself a subject of
true. No one technology could provide the same investigation, none will be described here. But
capacity within the same physical constraints on note that the potential for decreasing congestion is
land availability. There are, though, arrays of truly enormous, to a large extent because present
alternate options for increasing road use, personal efficiency is low.

interactions, and freight movements that require

little or no additional construction. These options CONCLUSIONS AND POLICY IMPLICATIONS

include better signalization, separation of vehicle
types, improved surface transit operations, better Availability of easy financing, the complexities of
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Figure 4. Caracas 1975 estimated person trips by por puesto: volumes more than 4000/day from and to Silencio, Chacaito, and Petare.

Scale (in 1000 passengers/day)

Figure 5. Caracas 1975 estimated person trips by por puesto: volumes more than 4000/day to and from all other zones.

correcting and improving the existing transportation
system, and the prestige associated with a subway
were the real forces that ensured widespread support
for Metro. Doubt is cast on the appropriateness of
Metro by its high cost, the availability of a vast
array of alternative low-cost options, and its
failure to support the attainment of several high-
priority objectives. Metro will not benefit the
poorer people; only a small percentage of bus trips,
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the principal means of travel for the poor, can be
transferred to Metro's routes, and only then at a
higher cost to user and operator.

Neither will Metro divert many people from their
cars. It will not significantly increase accessi-
bility to jobs, it will not stimulate any signifi-
cant growth, and it will not increase mobility for
many people. Perhaps most important for the long
run, it will directly conflict with policies and
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objectives for decentralizing and deconcentrating
services and jobs.

The planning and design of Metro was conducted
within rather narrow confines. Designers overly
simplified a problem and proposed a conventional
static solution for a dynamic urban environment.
The eventual approval of Metro was politically
motivated, based on infatuation with expensive,
modern technology. In short, Metro, which has a
multibillion-dollar price tag, is a difficult proj-
ect to justify.

The experience in Caracas is not unigque. Similar
scenarios are unfolding aronnd the world. Cities
are confronted with unprecedented urban growth and
traffic congestion they are not prepared for and are
unable to handle. It has become increasingly clear
that the solution to strangling traffic jams is not
more highways. The costs are just too great. City
officials, 1in desperation, have grasped at the
promises of rail transit technology. This sense of
desperation, however, often results in inadequate
assessment of other alternatives.

Strategies for expanding transportation oppor-
tunities and efficiencies have suffered from lack of
imagination, expertise, and political will. In
Caracas, as elsewhere, low-cost strategies (includ-
ing parking and vehicle restraints) and increased
governmental intervention in public transport, face
opposition from labor unions, merchants, and transit
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operators and owners. Moderate-cost strategies,
including special lanes and roads for buses and
trucks, have not gained widespread acceptance. And
so Caracas, just as other cities are inclined to do,
adopted the Metro option, almost to the exclusion of
alternate strategies.

Other cities can learn from Caracas. Critical
comparative analysis of costs and benefits of rail
transit systems and less costly and possibly more
effective alternate projects should lead to improved
transit service rather than improved transit monu-
ments.
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Implementation of a New Transit Funding Procedure

in Minnesota
JOSEPH J. KERN AND ROBERT M. WORKS

The Minnesota Department of Transportation (MnDOT) is responsible for ad-
ministering state and federal transit and paratransit grant programs that provide
operating and capital assistance to more than 60 public and private agencies.
The amount of state subsidy has increased from $20 million in state FY 1978
to about $32 million for FY 1981. The tremendous growth in the state sub-
sidy has forced a revision in the subsidy-allocation policy. MnDOT has pre-
viously covered two-thirds of the operating deficit for each transit system. This
discretionary deficit-based procedure implied no upper limit for the state sub-
sidy as system deficits skyrocketed. A new procedure for subsidy allocation is
proposed so that maximum levels of state participation will be established for
systems grouped by the service area population. These maximum levels, ex-
pressed as a percentage of total operating cost, vary according to the size of

the service area. The actual deficit incurred up to the policy maximum level
will be subsidized in most cases with federal, state, and local dollars at the rate
of 3:2:1. Beyond this level, unmatched local dollars are required to cover any
additional deficit. The maximums imply a reasonable level of fare-box revenue
that all systems must attain either through the fare box or local levy.

Minnesota has provided funds for the operation of
public transportation services since 1974. In July
1977, the Minnesota Department of Transportation
(MnDOT) began administration of the transit and
paratransit dgrant programs. Since that time, the
amount of state subsidy has increased from $20 mil-
lion/year to a projected expenditure of about $32
million in state FY 1981. During this same period,
the number of projects that receive state assistance
has grown from 20 to more than 60. MnDOT is respon-
sible for administration of 10 state-funded grant
programs, including a capital equipment program and

a statewide rideshare program. Programs funded by
Sections 18 and 16(b)2 of the Urban Mass Transporta-
tion Act of 1964, as amended, are also administered
by MnDOT.

The rapid expansion of public transportation ser-
vices and the failure of user fees to keep pace with
increasing operating costs have led to an increasing
dependence on state subsidies. In recent years in
Minnesota, local budget overruns (caused in part by
rapidly escalating labor and fuel costs) have been
covered by MnDOT so that service cuts have been
avoided. This practice has promoted the image of a
never-ending supply of state subsidy dollars, so
grant recipients are not forced to manage budgets.
The prospect of tight public money in the near fu-
ture is forcing MnDOT to confront the subsidy-
allocation problem.

This paper identifies the existing subsidy-
allocation procedures employed by MnDOT's Office of
Transit Administration (OTA) and a proposed alterna-
tive for the future. The Minnesota legislature,
which establishes program funding levels every two
years, will address the transit subsidy issue in the
1981 session. This new procedure will be presented
at that time for consideration.

EXISTING CONDITIONS

Public and private organizations are eligible to re-
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ceive public transportation assistance from MnDOT.
In general, the state can cover up to two-thirds of
the operating deficit of a transit system, and the
remainder is matched by the grant recipient. There
are no state requirements for fare levels or service
performance. Most of the grants are discretionary;
OTA distributes the funds to applicants who success-
fully meet the application criteria as defined by
the agency rules.

Several exceptions exist to the above-mentioned
procedure within the Minneapolis-St. Paul metropoli-
tan area. The Twin Cities Metropolitan Transit Com-
mission (MTC) receives its funding for 1line-haul
service based on the number of passengers carried,
and a special appropriation is made for the provi-
sion of accessible services for the handicapped.
Two private transit operators in the Twin Cities re-
ceive state funds for up to 65 percent of the total
operating cost; the difference is covered by the
fare box.

The mechanism used by MnDOT to provide operating
assistance is a one-year contract that specifies the
state subsidy amount, the payment schedule, the lo-
cal share, and the project management plan. Appli-
cations for transit and paratransit services are
accepted throughout the year in order to avoid over-
loading of the small administrative staff. Such a
practice presented no problem when the supply of
state dollars exceeded the demand; but as the demand
grew, management of the 1legislated appropriations
became increasingly more difficult. This is evi-
denced by the recent appearance by OTA at the state
legislature to request additional subsidy dollars
for FY 1980/81.

As the number of grant recipients increased, it
became more difficult to budget for future expendi-
tures. Staggered state contract dates that had one-
year terms began to overlap state fiscal periods.
Because of this, it was nearly impossible to get an
accurate accounting of fiscal balances.

The discretionary nature of the programs has also
yielded problems because grant applicants are free
to challenge the equity of the funding-allocation
decisions made by OTA grant administrators. To
date, few objections have been raised, but the po-
tential grows as the demand for state dollars in-
creases. Similar charges could be issued by unsuc-
cessful applicants for Sections 18 and 16(b)2 funds,
because these programs are essentially discretionary.

New applications for service have recently been
rejected due to the lack of adequate state funds;
this has increased the pressure on OTA staff to gen-
erate cost savings in existing systems. Such sav-
ings are supposedly derived through increased oper-
ating efficiencies, and this would allow for new
system development. In theory this might work, but
such savings are difficult to identify when no per-
formance standards are in place. Even with a stan-
dardized reporting requirement in place, such stan-
dards have been dismissed by OTA staff as the range
of services (1100 buses in urban areas to 1 bus in
rural areas) preclude reasonableness. Thus, without
additional subsidy dollars from the state legisla-
ture or a significant increase in administrative
staff to attest to operating efficiencies, the fund-
ing of new systems would be increasingly more dif-
ficult.

The original legislative action provided a tre-
mendous amount of flexibility for the development of
transit and paratransit services within the state,
but a significant number of procedural problems ex-
ist that require immediate attention:

1. State transit dollars are not being allocated
as equitably as possible throughout the state as
perceived by grant recipients,
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2. The pure deficit funding procedures that ex-
ist provide little incentive for budget control at
the local level,

3. Budget overruns create reactionary transit
fund requests as in the past legislative session, and

4. Current procedures require more state bureau-
cratic control and involvement, when control and re-
sponsibility should lie with the local system man-
agement.

NEW SUBSIDY-ALLOCATION PROCEDURE

OTA and the Urban Institute of Washington, D.C.,
have developed a new procedure for the allocation of
state subsidy dollars that will alleviate the short-
comings of the previous procedures. With this new
procedure, OTA will spend more time in providing
technical assistance to systems in an effort to de-
velop efficient services and the grant recipients
will take more responsibility for system management.

The first element of the new procedure was to
consolidate all of the existing operating grant pro-
grams into a single transit fund. OTA believes that
it is not necessary to delineate transit or para-
transit services as a precondition of funding. That
is, the merging of these funds will afford a local
community the opportunity to develop the type of
service it needs. OTA will then act as the facili-
tator by providing matching financial support and
technical assistance.

All systems are categorized by their service area
population. The large-urbanized category will con-
tain systems that have population in the service
area of 100 000 and above. The small-urbanized cat-
egory is for systems in the 50 000 to 100 000 range;
the small-urban category is 2500 to 50 000; and the
rural category is for areas that have less than 2500
population. 1In addition, two unique categories are
created temporarily for intercity services and el-
derly and handicapped services.

Elderly and handicapped services will be funded
separately only 1in the urbanized-area classes.
These systems need not exist in the other categories
because MnDOT is striving to develop accessible ser-
vices. Thus, a grant recipient in the small-urban
category will not be able to request a special el-
derly and handicapped system to be funded under dif-
ferent circumstances. Instead, the general public
system would be required to be accessible or a spe-
cial service would have to be provided under the
terms in effect for that size category. The need
for a separate category for elderly and handicapped
services for the urbanized classes can be justified
by the expense of providing transitional service to
facilitate the requirements of Section 504 of the
Rehabilitation Act of 1973. This category will not
be required when full accessibility is reached in
the line-haul systems.

After the categories were determined, a subsidy
limit was established for each category. This
level, which is expressed as a percentage of the to-
tal operating cost, identifies the maximum point up
to which the state will participate in a subsidy
dollar matching program. The subsidy limits are 55
percent for large-urbanized systems, 75 percent for
small-urbanized and small-urban systems, B85 percent
for rural systems, 90 percent for elderly and handi-
capped systems, and 65 ©percent for intercity
services. Each subsidy limit was determined by re-
viewing the calendar year 1980 average subgidy re-
quirements. Thus, the 55 percent 1limit for the
large—urbanized systems implies that 45 percent of
the total operating cost is covered by fare-box re-
ceipts.

The subsidy limit does not represent the amount
of the state grant. Instead, this represents the
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point up to which the state will participate with
the local governments in a matching program at the
rate of 2:1, after available federal funds have been
used. Any actual deficit that remains above the
subsidy 1limit must be covered entirely with un-
matched local dollars. This 'could arise if the im-
plied level of fare-box revenue is not achieved.
Any systems that currently receive state funds in
excess of that allowed under the subsidy limit pro-
cedure will be forced to bring the deficits into
line. Systems currently below the subsidy 1limits
are encouraged to stay at that level so that the
amount of local match is minimized. At the same
time, these systems are assured that state matching
dollars are available up to the subsidy limit should
they wish to expand services.

This procedure requires that all system budgets
be submitted concurrently to MnDOT. After review by
MnDOT, the approved preliminary budgets are summed
to yield the total state subsidy required. If this
total is within the legislated appropriation, system
budgets are approved for funding. If the total
state subsidy required exceeds the state appropria-
tion, additional funds can be secured from the leg-
islature or the subsidy limits will be revised down-
ward until the required state subsidy matches the
appropriation.

In this way, new systems will be accepted into
the state system and receive an equal share of the
funds. New systems could mean less state subsidy
for some existing systems unless additional funds
are committed by the legislature. But as the amount
of state subsidy decreases and the local share in-
creases, areas will be forced to become more effi-
cient in order to minimize the local share. Some
areas that are not strongly committed to public
transportation services might abandon services, but
such drastic decisions will rarely be made. In
order for new systems to be competitive, extensive
preoperational planning should be completed. This
could be funded from existing planning funds at the
state and federal levels. This should increase the
chances for success and will exhibit to MnDOT a
strong local commitment.

Some significant benefits that can be derived by
adopting this new procedure follow.

MnDOT will be able to

1. Administer public transportation program
funds with explicit policy direction from the legis-
lature,

2. Treat all similar recipients equally,

3. Improve state budget programming and planning
because information on all systems will be available
at the same time, and

4. Concentrate on improving specific system's
performance and on implementing service and manage-—
ment innovations.

The legislature will gain the following:

1. Assurance that all recipient funding is de-
termined fairly and in a manner that provides incen-
tives for local efficiency;

2. Direct policy control over subsidy levels;

3. Influence over the systems' fare levels, but
recipients will set fares; and

4, Consideration of longer—term overall direc-
tion and general funding level of state program.

Recipients will
1. Establish their own service and fare objec-

tive,
2. Be assured that similar recipients will be
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considered and funded on an equal basis,

3. Be encouraged to improve their planning and
budgeting process,

4. Be encouraged to operate efficiently,

5. Obtain funds to implement innovative service
and manadement improvements, and

6. Receive the state funds at the beginning of
the operating year.

IMPLEMENTATION STEPS

It is proposed that only local units of government
or transit authorities will contract directly with
MnDOT. This guarantees a local match for services
including special elderly and handicapped projects
and intercity services. In metropolitan areas where
a multitude of services might exist, one agency will
be designated as the grant recipient. This agency
will then be responsible for the distribution of
state subsidy dollars, federal dollars, and taxing
authority revenue to eligible systems. In this way,
overlapping, competing, and inefficient services
will be phased out.

The proposal will require additional local dol-
lars at some point in time if the deficit incurred
exceeds the subsidy limit. To avoid serious prob-
lems with the existing grant recipients, a hold-
harmless period is proposed. This will hold the
level of state funding constant for a period of time
until the local governments are prepared to assume
more responsibility for their service.

A basic requirement for MnDOT will be to help lo-
cal government sponsors and system managers improve
their planning and budgeting processes. System man-
agers and decision makers will have to plan and op-
erate their systems to meet their community objec-
tives while 1living with a vyearly fixed state
contribution. MnDOT will need to establish useful,
standard budget-building procedures and an adminis-
trative manual to help local managers plan, budget,
market, operate, and evaluate their services.

A performance incentive program would also be
available to help local public transportation man-
agers improve their service effectiveness. All eli-
gible recipients could apply for this discretionary
program and MnDOT could fund up to 90 percent of the
costs of worthwhile experiments. Recipients would
be able to implement innovative management and per-
formance improvement approaches as well as to test
new service or fare changes. The program would be
aimed at encouraging innovations that, if success-
ful, could be funded permanently and transferred to
other parts of the state.

SUMMARY

This new funding program will require each recipi-
ent's planning and programming processes to consider
a longer time horizon than the next year or two. To
properly plan for vehicle replacement and major ser-
vice or fare changes, each recipient should estab-
lish objectives and cost and revenue projections for
up to a five-year period. Each year a recipient
should assess the benefits of the service relative
to the costs and determine whether there are more
cost-effective ways to obtain the benefits. Al-
though MnDOT can provide technical and financial as-
sistance to help recipients develop more cost-
effective services, only local decision makers can
assess whether the services are worth the required
local funding committment.

Publication of this paper sponsored by Committee on Public Transportation
Planning and Development.
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Performance Evaluation for Discretionary

Grant Transit Programs
GORDON J. FIELDING AND WILLIAM M. LYONS

Discretionary grant programs have been popular with state legislatures as a
mechanism for extending the benefits of transit programs to small cities
and rural areas as well as for stimulating innovations in urban areas. This
article analyzes state discretionary grant transit programs in California and
Minnesota by using the criterion of effective administration. The purpose
is to develop a framework for understanding administrative problems that
result when state discretionary transit programs do not have adequate
objectives. Without explicit objectives, selection, monitoring, evaluation,
and overall management are weak. Project performance is reduced and scarce
public funds are wasted. Recommendations include the following: (a) leg-
islatures should make explicit the mission and goals of discretionary pro-
grams, (b} administrative ag should define measurable objectives and
administrative guidelines, and (c) local grant recipients should be granted
funds only after specific objectives and performance standards have been
presented.

Although this research is based on the Minnesota and
California discretionary grant programs, the frame-
work is general and applicable to other states. The
intent is not to advocate or reject the discre-
tionary method or to criticize programs in these two
states. Rather, the purpose is to clarify problems
and to make recommendations to strengthen the dis-
cretionary method as a feasible alternative for
allocation of state transit funds.

DISCRETIONARY ALLOCATION PROCEDURES

The distinction between discretionary and nondiscre-
tionary or formula allocation methods is a matter of
degree rather than precise categories. In discre-
tionary programs, state agency administrators exer-
cise choice in subsidy decisions, whereas in nondis-
cretionary programs funds are allocated according to
some formula such as population or proportion of

annual deficit. Discretionary programs are attrac-
tive for states that have specific program objec-
tives. Examples of such objectives include demon-

strating innovative transit techniques, providing
service to target groups, such as the elderly, or
focusing on particular transit-related problems,
such as automobile congestion during peak hours.

Although administrative discretion may be uncon-
strained by formulas, there are degrees of con-
straint caused by formal rules or informal influ-
ence. Even a program based on reimbursement of
deficits, as in Minnesota, is discretionary only to
the degree that funds are available for the pro-
gram. When local requirements are less than or
equal to funds, decisions are not required and the
program 1is nondiscretionary. However, when demand
is greater than funds, administrators are forced to
accept or reject everything from 1line items on
budgets to cost overruns and entire projects. The
California transit demonstration program, authorized
under Senate Bill 283, (California Statutes of 1975,
chapter 1130) is more discretionary because it
allows dgreater administrative choice within the
funds appropriated. Legislative and agency goals
are general, there are no match requirements, and
project selection is primarily subject to informal
criteria.

Administration of Discretionary Programs

To understand the administrative problems caused by

inadequate objectives in state discretionary pro-
grams, we must consider the activities of and rela-
tions among the state legislature, the state admin-
istrative agency, and the local grant recipient.
Figure 1 is a general model of these activities and
relations. By enabling laws, the legislature deter-
mines a policy direction and the long-range goals
for the program. The legislature also approves
funding. Legislative goals might include improved
mobility for the transit disadvantaged, development
of rural paratransit, bus replacement, or reductions
in automobile pollution, congestion, and fuel con-
sumption.

The agency should follow this policy direction
and develop specific program objectives, guidelines,
and procedures to administer the program. These
objectives are derived from the legislative goals
and are stated in specific, often quantified,
terms. Guidelines and procedures, particularly for
project selection, should reflect legislative pri-
orities and provide for the orderly implementation
of the program. Agency discretion is subject to the
enabling laws and the agency's own regulations.

Applicants (counties, cities, and transit dis-
tricts) are informed of program objectives through
agency guidelines. To ensure selection of their
projects, applicants conform to agency objectives
and indirectly to legislative goals. The agency
then accepts or rejects applications by using cri-
teria defined in the guidelines.

The overall administration of the program in-
volves a system of interrelated elements. Fiqure 1
illustrates the interdependence of goals and objec~
tives at the three levels. For example, a rural
transit district's objective to provide 2000 annual
trips to nutrition centers for elderly residents
would be consistent with a legislature's goal to
meet the needs of the transit dependent and an
agency's objective to coordinate and improve ser-
vices provided by several social-service groups.

Agency objectives and project gquidelines aid in
the selection of local recipients and in the devel-
opment of performance objectives and standards and
procedures for monitoring performance. Through
these procedures the legislature intends to achieve
maximum transit performance. Performance includes
two elements--efficiency and effectiveness. Effi-
ciency concerns the processes by which transit
services are produced, particularly through the
relationship of inputs to produced outputs (1).
Effectiveness concerns the extent to which service
consumed corresponds to the goals and objectives
established for it by government (Figure 2).

Clearly stated objectives are essential when
discretionary grants are intended to demonstrate
transit techniques. A project that has wvague or
ambiguous objectives is valueless as a demonstra-
tion. Because the goal of any demonstration is to
learn something, outcomes must be evaluated accord-
ing to these objectives. Only when we understand
why a particular outcome resulted and how it af-
fected the project's objectives will we learn some-
thing about the technology or technique being demon-
strated (2).

Failure to provide explicit objectives causes
problems within the objective-setting subsystem and
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Figure 1. Model of discretionary grant program.
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ultimately reduces overall program performance. The
California and Minnesota programs illustrate the
validity of this assertion. Problems that result
from inadequate objectives are identified and
changes are recommended in (a) project selection,
(b) project evaluation, and (c) monitoring and
accountability.

California and Minnesota Programs

Although the California Senate Bill 283 and the
Minnesota Department of Transportation (MnDOT)
deficit subsidy programs have important differences,
both employ procedures that approximate the objec-
tive-setting and administrative model in Figure 1.
Also, both are examples of different types of dis-
cretionary programs. In each state, legislatures
set program policy and goals, MnDOT and the Cali-
fornia Department of Transportation (Caltrans}
develop program objectives and gquidelines, and local
recipients set project objectives in their applica-
tions.

The Minnesota deficit subsidy program allows less
administrative discretion than does that of Cali-
fornia. Funds are available only for operating
costs, and a one-third local funding match is re-
quired. Agency administrators have discretion in

Environmental Quality

Reduction of:
air pollution
congestion
energy consumption

project selection and determination of levels of
support. MnDOT administrators make frequent deci-
sions on whether or not to fund cost overruns and
new or continuing projects. This degree of discre-
tion will increase as local demands increase and
administrators are required to make more decisions.

CALIFORNIA SENATE BILL 283 PROGRAM

In 1975 the California legislature passed Senate
Bill 283, which established a three-year program
that provides funding assistance for demonstration
projects. The program included the following sec-
tions:

Section 5: bus demonstration
projects~~$2 million,

Section 6: rural public transportation demon-
stration projects—-%$1 million, and

Section 9: public transportation projects—-$1
million.

transportation

The legislature set several goals for the pro-
gram. Projects were to include, but not be limited
to, projects to determine the following:

1. Disincentives for motor vehicle and low-occu-



36

pancy motor vehicle use,

2. Programs for low-mobility groups,

3. Effects of rules on transportation systems,

4. Effects of ©publicly owned transportation
systems in competition with private systems,

5. Improved transit management,

6. Coordinated service techniques, and

7. The feasibility and demonstration of a
single—-coordinated social-service delivery system.

Funds were also allocated for rural projects to
include, but not be limited to, dial-a-ride services
and other paratransit systems capable of offering
flexible scheduling and routing and of being opera-
tional within six months of approval.

Senate Bill 283 directed Caltrans to adopt guide-
lines for allocation of funds and project evalua-
tion. The Caltrans guidelines repeated the above
objectives, specified the content of applications,
and listed project eligibility and selection cri-
teria. Applications were to include the following:

1. Statement of what is to be demonstrated and
expected results and benefits,

2. Description of project activities,

3. Data to establish a need for the project,

4. Project schedule and plans for continuation
beyond the demonstration period,

5. Identification of participating organizations,

6. Proposed project budget and a breakdown of
fund sources, and

7. Description of how project will be monitored
and the guidelines for project evaluation.

Projects were to be selected based on a rating
assigned by using criteria that include the follow-
ing:

1. Relative cost-effectiveness,

2. Consistency with local and regional plans,

3. Compatibility with community needs,

4. Quality of proposed evaluation guidelines,

5. Relevancy of expected results and benefits of
the project to other localities,

6. Degree of innovation, and

7. Ability of the applicant to manage, monitor,
and report on the project.

Project Selection

The Senate Bill 283 program developed agency objec-
tives and application guidelines consistent with
legislative goals and required applicants to specify
objectives. Problems arose in selecting projects.
The selection criteria were not strictly related to
the legislative and agency goals, and when they
were, they relied on subjective criteria. For
example, cost-effectiveness is the weakest concept
in transit performance measurement. It confuses
input with consumption measures so that low-cost,
but underused, projects are regarded as favorably as
high-cost, heavily used projects. Also, consistency
with local and regional plans and compatibility with
community needs are too subjective to have been
useful in project selection. Projects were selected
that were (a) inconsistent with goals and objec-
tives, (b) did not meet local needs, or (c) were
proposed to meet nonexistent needs. Limited success
of the initial demonstration projects can be ex-
plained by poor project selection as well as by
problems of monitoring, evaluation, and administra-
tive control.

One Senate Bill 283 project used its grant to
continue funding an existing recreational bus proj-
ect. Contrary to the proposal, the project was
neither a demonstration of an innovative transit
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technique nor was it clearly directed toward a
transit-dependent group. The project's objective to
"expand the horizons" of a low-income group was too
vague to determine whether enough expected benefits
would be gained to justify funding. More details
must be provided on the types, numbers, and needs of
individuals to be served. For example, the project
did not distinguish target from nontarget riders and
transit funds were used to subsidize ongoing recrea-
tional service to the general public. Although
these results should have been detected through
monitoring and evaluation, improved project selec-
tion based on clear and accurate objectives would
have restructured this project.

Other projects were approved with unrealistic and
overly ambitious objectives. A project to research
constraints to paratransit and to collect data on
current and duplicated service and unmet needs set
objectives far out of proportion to its funding. By
selection of a project that could accomplish only a
fraction of its stated objectives, Caltrans reduced
its ability to direct funds toward a demonstration
of specific applications.

Projects were also approved that had vague and
ambiguous objectives. A regional agency project to
coordinate demand-responsive transportation provided
by local social agencies confused ends and means.
Coordination was listed as an objective, without
stating how improvements over existing services or
satisfaction of community needs would be achieved.
The intended objective~-to reduce duplication and
costs of existing service--had to be implied.
Existing duplication was not shown in the applica-
tion nor were measurements taken to establish that
the project was successful 1in reducing costs.
Confusion among participating groups over what
coordination actually meant resulted in disagreement
over what the project was intended to accomplish.
Only when the project was completed was it apparent
that (a) many services had been coordinated before
the project, (b) several agencies were disinterested
in coordination as defined by the regional agency,
and (c) participating agencies did not separate
transportation costs from total agency expenditures,
which made evaluation of cost efficiency difficult.

Other projects faced serious problems because of
a failure to define needs and other relevant back-
ground information in the application. This oc-
curred despite guideline requirements that informa-
tion be provided on needs, participating organiza-
tions, and other data necessary to evaluate the
application. A brokerage project had few riders
because its subsidized rides suffered from competi-
tion from existing free service provided by the
transit district and social agencies. The project
relied heavily on referrals from apartment managers,
taxi companies, and social-service agencies. Re-
fusal of these groups to cooperate, competitive
services, and problems under a previous project at
the same site should have been determined before the
grant was made. Caltrans might have used this
information to conclude that brokerage should have
been demonstrated at another site.

Project selection should have required clear and
consistent objectives, demonstration of existing
needs, cooperation of involved groups, and an under-
standing between Caltrans and recipients of how
performance would be demonstrated. Applicants
should also have been requested to submit informa-
tion on project constraints. By approving projects
that have unrealistic or ambiguous objectives,
Caltrans reduced its ability to control specific
transit applications to be demonstrated under the
program and to monitor project progress.

Political influence was also responsible for
selection of some projects. In discretionary
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programs, administrators are under considerable
pressure to spread the projects around. Clearly de-
fined, quantitative objectives and selection cri-
teria limit the political role in project selec-
tion. They can assist a state agency to respond
professionally to requests by elected representa-
tives.

Project Evaluation

Problems associated with evaluation are related to
the failure to define needs and objectives. Evalua-
tion is not possible unless there are standards or
targets against which to measure actual perfor-
mance. Thorough evaluation requires

1. Explicit quantified whenever
possible;

2. Techniques for measuring both the efficiency
and effectiveness of each project; and

3. Appropriate data collection and reporting.

objectives,

If a project is designed to provide elderly persons
with trips to social-service agencies, this perfor-
mance must be targeted in objectives, measured, and
evaluated. Efficiency indicators of miles and hours
and costs per mile and hours of service are impor-
tant, but do not give a complete picture of effec-
tiveness and services consumed by or needs met for
the target group.

Many projects were funded without clear evalua-
tion criteria, contrary to guideline requirements.
One project provided objectives that met program
requirements but not evaluation criteria. In review
of this project, it was not possible to determine
cost-effectiveness. Another project had cost-con-
trol objectives that could be evaluated with effi-
ciency measures. However, evaluation was limited
because there were no target cost standards to
define acceptable performance.

Inadequate data reports also limited evaluation.
Outside funds were combined with Senate Bill 283
funds, and program funds were spent in ways other
than those specified in applications. Consequently,
it ig difficult to distinguish what Senate Bill 283
inputs produced particular outputs. Inadequate
budget requirements and lack of periodic audits
reduced data available for evaluation. BAs a result,
important conclusions on applications of transit
techniques to specific types of communities were
ultimately lost.

Control and Accountability

Periodic data reports and agency monitoring would
have revealed that one project offered service
indiscriminately to the general public rather than
exclusively to the target group. It would also have
been possible to predict cost overruns on some
projects and the exhaustion of a 12-month budget in
9 months on another project. 1In one project, pro-
gram costs were not distinguished from normal oper-
ating costs, which made it difficult to distinguish
project from general funds and to determine exactly
what was accomplished. Early detection of these
problems through periodic monitoring and comparison
of actwal to expected performance and expenses would
have allowed Caltrans to work with local managers to
make adjustments. In many cases this might have
resulted in improved performance.

The structural 1lines between Caltrans, their
district offices, and regional planning agencies are
not strong lines of control and accountability. The
administrative responsibility of each agency for the
program is not clear. Regional agencies certified
projects for consistency with short- and long-range
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plans, but had no formal role in project development
or monitoring. District offices assisted in prepa-
ration of applications, but faced possible conflicts
of interest when asked to monitor projects because
they solicited and sometimes designed projects.
Recipients were largely left to themselves. Without
a requirement for matching local funds, there was
little motivation for local control.

The Senate Bill 283 program's control and ac-
countability problems indicate that neither state
nor local management was effective. Both were
diminished by the program's structure. Community
involvement and concern were less likely because no
local funds were spent. Local operators lacked
clear incentives to administer competently or to
improve performance. And performance criteria were
seldom defined in a way to facilitate control or
evaluation.

MINNESOTA EXURBAN SUBSIDY PROGRAM

The 25 exurban transit projects subsidized by MnDOT
under the Public Transit Operating Assistance Pro-
gram (1977-1979) illustrated problems similar to
those described for California. Excluded were all
Twin Cities metropolitan transit operations and all
projects funded under the Paratransit Demonstration
Program. During the 1977-1979 biennium, $4 million
was allocated and used to assist these exurban
systems with operating expenses. For the biennium,
these subsidized systems provided for 8 505 000 bus
miles in 161 transit vehicles that carried approxi-
mately 14 178 000 unlinked passenger trips.

These projects can be divided into two types.
The first is regular fixed-route, including projects
as diverse as the 101 bus system in Duluth and the
single bus system in Becker County, which follows a
fixed but different schedule each day. The second
is paratransit, including projects as diverse as
subsidized taxi and volunteer driver programs,
dial-a-ride, and route-deviation projects.

Legislative goals for the program are stated in
Minnesota Statutes (1976), Section 174.21. These
are to increase vehicle occupancy; to reduce the use
of single-occupant vehicles and the associated
congestion, pollution, energy consumption, highway
damage, and other costs; and to increase the produc-
tivity and efficiency of transit systems.

Objectives relevant to the regular route program
are stated in the 1978 MnDOT state transportation
plan. These include the following:

1. Coordination of transportation service,

2. Cooperation with intercity bus lines,

3. Alleviation of transportation problems of the
elderly and handicapped, and

4. Encouragement and sponsoring of ridesharing
programs.

MnDOT has final authority to grant financial
assistance not to exceed two-thirds of the operating
deficit to the exurban projects and may require
local contributions as a condition for receiving the
grant.

The typical project receives annual grants for
two-thirds of its operating costs. However, the
program is partly discretionary, since recipients
must apply annually and receive grants subject to
MnDOT approval. Administrators exercise discretion
over costs, including budget 1line items, service
changes, overruns, and new projects.

MnDOT has responsibility to establish the proce-
dures and standards for review and approval of
applications, and for evaluating and monitoring
performance (Minnesota Code of BAgency Rules, Vol.
14, Sections 1.4025-1.4028). Each application for a
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grant must include a description of local organiza-
tional structures, a management plan, and a finan-
cial statement.

Project Selection

The MnDOT program was unable to limit selection and
allocation to projects whose objectives were clear,
realistic, and consistent with program objectives.
Local objectives were formed independently because
recipients lacked a clear idea of MnDOT program
objectives. Small projects often had unstated or
very general objectives. Many objectives must be
implied from route and fare policies that appeared
to direct service to particular groups. Grants to
subsidize service to elderly, handicapped, and
low-income student groups were clearly consistent
with MnDOT's objectives. Other grants used to
provide tourist shuttles and $0.10 rides to middle-
income commuters were not clearly consistent with
program objectives. One planner stated that the
goals of the project were to survive, to be feasible
in the future, and to maximize receipt of state and
federal funds. If these projects had other unstated
objectives or if results were intended to be consis-
tent with MnDOT objectives, this should have been
explicit.

The MnDOT program required less information than
Caltrans did of its applicants. MnDOT required a
needs statement, but what it received was of varying
quality. The range was from a consultant's formal
needs assessment, which detailed trip patterns and
age and income group mobility, to a brief letter
from a local official who had an opinion on 1local
needs. Incomplete needs assessment was a particular
problem when a project had objectives that were not
clearly consistent with those of MnDOT. Grants to
subsidize a group such as middle-income commuters in
one community, and not in others, must be justified
by documenting particular congestion, pollution, or
other local problems.

MnDOT lacked prioritized objectives and guide-
lines that would have assisted in project selection
and amendments. Guidelines would have allowed
administrators to make more routine decisions and to
justify them.

Evaluation Problems

MnDOT evaluation also was limited by lack of spe-
cific performance standards for each project and
data reports that precluded comparison because
definition of data items was not consistent between
projects. Evaluation was primarily of efficiency,
which can be indicated through simple ratios. MnDOT
required all projects to report data on revenues,
operating costs, and service outputs of passenger
trips, - vehicle miles, and, in some cases, vehicle
hours. Input-output ratios provided useful informa-
tion on current costs and trends and a reasonable
evaluation of those projects that had objectives to
provide rides to large numbers of passengers in the
most economical manner. The result of overall
evaluation was a table of performance measures for
all projects. This encouraged unfair comparison
between the low passenger cost of urban projects
with the high costs of rural projects. Objectives
other than cost items were not successfully evalu-
ated. For example, MnDOT was not able to evaluate
how well projects satisfied objectives that direct
service to target groups, such as transit depen-
dents, or to target destinations, such as social-
service centers.

Control and Accountability

As with the California program, the links between
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MnDOT and its grant recipients did not represent
strong lines of control and accountability. This is
in contrast to the structure and roles represented
in Figqure 1.

MnDOT expected that concern for community funds
invested would result in local control and evalua-
tion of transit services. However, several factors
reduced local control. Local staffs and techniques
were limited, and evaluation was usually limited to

ratio measures. MnDOT allowed recipients, and
recipients allowed their contractors, to proceed
independently until complaints occurred. This

resulted in a form of crisis management rather than
routine evaluation, anticipation of problems, and
timely agency intervention. MnDOT exercised some
control through good personal relations between
individuals who represented the agency and the
recipients. However, this is not a reliable source
of management control.

OBJECTIVES AND EVALUATION

The California and Minnesota case studies illustrate
how administrative problems occui when objectives
are not explicit. As a result, selection, monitor-
ing, evaluation, and overall management of projects
are weak. Ultimately, project performance is re-
duced and scarce public funds are wasted.

Project Selection

The process through which significant and realizable
projects are distinguished from weak projects 1is
diminished by unclear policy directions and goals
from legislatures, vague agency objectives, and
incomplete guidelines. Priorities for goals (such
as reduced pollution, demonstratic- of innovative
techniques, or target group mobility) should be
communicated by the legislature to the agency either
through legislation or with the appropriation. The
agency should develop specific and quantified objec-
tives to meet the legislature's program goals and
administrative procedures for implementing the
program. Lack of 1legislative direction forces
agency administrators to set policy through deci-
sions that should be made at a political level. It
Creates a climate in which administrators are cau-
tious about making decisions that result in tenta-
tiveness and inconsistency that deters progress
toward state goals.

Weak projects can be selected even when there is
an attempt to state clear goals and objectives and
to provide selection criteria. Failure to collect
thorough and accurate information on the community
background for the proposed project can result in
approval of redundant proposals or the continuation
of experiments that have failed. Information is
required on community needs, participating and
affected groups and their attitudes toward the
project, and whether similar projects have been
attempted and, if so, the results. Complete needs
assessment and identification of constraints are
expensive and controversial and will not be under-
taken unless applicants believe that this informa-
tion will help to qualify their project.

State agencies face two important constraints in
their attempts to improve project selection. First,
local information and state audits for accuracy are
limited by 1lack of resources. Second, despite
thorough information and concise objectives, there
is no assurance that project operators will attempt
what they have set for themselves unless there are
incentives and monitoring. However, agencies con-
tribute to selection difficulties with imprecise
objectives. Without explicit program objectives and
guidelines, applicants neither feel obligated nor
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able to state objectives other than superficially.

The evaluation of discretionary programs is not
possible without standards against which to measure
performance. Without explicit agency objectives,
the legislature cannot evaluate the program. And
without specific targets for each project, it is not
possible to evaluate performance and provide a
complete description of accomplishments.

Performance evaluation requires analysis of
efficiency, effectiveness, and impact (Figure 2).
In both California and Minnesota, evaluation was
primarily of efficiency as indicated through input-
output ratios. Objectives other than efficiency
were not successfully evaluated, although they were
specified in authorizing legislation. Evaluation of
impacts, such as reduced automobile use, improved
environmental quality, or demonstration of innova-
tive techniques, must be completed if these are the
results that the project sought to achieve. Al-
though it will always be difficult to measure these
impacts, it can be accomplished if measures are
defined when submitted for funding.

Expenditure of scarce funds for one project
rather than another cannot be justified, and conclu-
sions on important demonstrations cannot be reached
without evaluation of effectiveness and impacts.
This can only be done by establishing explicit
program and project objectives, because effective-
ness and impact indicators evaluate accomplishment
against some guideline or standard. Explicit objec-
tives can be expressed in terms of performance
measures; including standards for trips or miles of
service to be provided for target groups. The same
performance measures can then be used to measure
results. Mere restatement of what happened is
insufficient. We need to understand why performance
guidelines were or were not achieved.

A formal evaluation should be conducted before
applications are approved. Objectives selected must
have measurable results and a clear understanding of
expected performance must exist. Reports should be
required that are performance oriented, periodic,
and provide complete information on expenditures.
There should be a quarterly monitoring of expendi-
tures to ensure that funds are spent for the pur-
poses for which they were allocated. Each discre-
tionary program should have an audit guide developed
for this purpose. Evaluation should be continuous
and permit the state to assist project managers as
problems are detected.

Discussion
G. Gray

Although I am not in complete agreement with all the
statements given in the paper, I am in substantial
accord with the recommendations as given in the
abstract. There are a few errors or ambiguities in
the write-up as it relates to the Caltrans program,
but they are inconsequential and do not affect the
value of the work.

There are, however, three aspects of the Cali-
fornia program that I feel need further explanation
and comment. They are the program background, its
success, and implementation considerations.

PROGRAM BACKGROUND
The program was the result of legislation originated

during the fuel crisis of 1974. Several separate
bills were combined late in the legislative year
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with less~than-perfect coordination. This resulted
in some conflicts between the various parts of the
act. A number of studies and programs were con-
tained in the final bill. These ranged from a
hydrogen bus demonstration project to studies of the
feasibility of several rail passenger services.
Funding for departmental costs was provided for some
of the items, but unfortunately not for others,
including the three items reported in this paper.
This combining of some 10 or 11 prior bills also
resulted in nonuniformity of program goals, report-
ing requirements, responsible agencies, and similar
onerous conditions in the final legislation. My
point is that the first key to a good discretionary
program is good legislation. Nonetheless, the act
did provide funding for innovation in demonstration
projects for public transportation.

The California program developed criteria for
program selection through the active involvement of
an advisory group that represented diverse in-
terests. Project selection was structured by re-
stricted funding and based on attempts at band-aid
solutions by local agencies. It is not realistic to
expect project selection to be completely separate
from the political process.

SUCCESS?

Sixty-one projects were eventually funded. Six of
these were still using program funds in February
1981, although the original three-year program
expired July 1, 1979. Of the 17 projects that
involved implementation of new transit services, all
but one are operating at this writing. These 16
have been successful in obtaining other funding.
This is a phenomenal success rate for demonstration
projects. It is in sharp contrast to the reported
5-15 percent survival rate reported by the Rand
Corporation in some federal programs to improve
education.

Although a number of projects were of question-
able innovative value, the projects did conform to
the general legislative direction. Remember that
innovation, like beauty, is in the eye of the be-
holder. In small urban and rural areas that have
limited transit experience, the definition of what
is innovative is much more 1liberal. By strict
definition, but in recognition of this, some of the
projects could be classified as deployment rather
than development of demonstration in nature.

Innovative projects included projects that in-
volved subsidized taxi, bus driver training, coordi-
nated marketing among six major transit systems,
transit education for schools, organized hitch-
hiking, and implementation of the broker concept.
The projects varied widely in funding level as well
as concept. The smallest project was provided just
94000 and the largest was given $300 000 in state
funds. This divergence in project size influences
the depth and extent of evaluation. This is not
recognized in the paper. 1In fact, the paper implies
that all projects should be handled in the same
way. I feel some discretion must be exercised.

Only about one-half of the projects have been
completed long enough to evaluate. The status of
the program as of February 1981 is given in. Table
T.u Overall success in the three sections of the
program, in my opinion, is secure. The magnitude of
that success must be determined later, after the
program has been completed a sufficient 1length of
time to have full impact.

IMPLEMENTATION CONSIDERATIONS

The biggest single problem Caltrans had with the
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Table 1. Status of California programs.

Projects Funded Projects Evaluated

Funding

Statute Funded Completed Dropped 2/20/81 7/1/81
Section 5 33 22 3 18 27
Section 6 17 16 0 13 16
Section 9 11 ke L 3 3
Total 61 45 4 34 46

program was in trying to implement it without fund-
ing being provided for its administration. It took
more than a year to correct this oversight, and that
meant that the implementation moved very slowly
since the resources that could be diverted to this
new activity for almost one-half the legislatively
established life were severely limited. This prob-
lem was compounded by the requirements of the other
sections of the legislation, as the relatively small
number of staff available and competent to carry out
the combined responsibilities, even with funding
available, was limited.

This very real problem is largely ignored in the
paper, although it does address the lack of re-
sources constraints from a different view. In my
opinion, to ensure a reasonable chance of success,
planners of such programs, and especially those
responsible for legislation, need to be cognizant of
the abilities of the responsible organizations to
carry out the program. If that is in doubt, provi-
sions for alternatives (i.e., contracting the work)
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need to be in the legislation.

Authors’ Closure

Information provided by George Gray contributes to
our thesis that professionals must assist legis-
lators in thinking through the entire discretionary
grant process before the 1legislation is passed.
Legislation usually results from a crisis situa-
tion. Insufficient consideration is given to either
program objectives or the staff required to disburse
funds and monitor results. Our purpose was not to
single out California and Minnesota, but to use
examples to help other state agencies improve dis-
cretionary grant programs. Adequate staffing is
essential and George Gray has helped by emphasizing
an element that we had overlooked.
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Use of Productivity Measures in Projecting Bus and Rail

Transit Operating Expenditures

JAMES M. HOLEC, JR., AND ROBERT L. PESKIN

This paper presents a model for projecting bus and rail operating costs that in-
corporates measures of productivity and performance typically used in the
transit industry. The model was based on the recent experience of large, North
American bus and modern rail transit operations as well as on data from vehi-
cle manufacturers. A set of equations is presented that describes costs in speci-
fic aspects of operations and maintenance functions as a function of the quan-
tity of service provided (e.g., vehicle miles and platform hours). Examples of
the application of the model for the Houston Transitway Alternatives Analysis
are presented. Areas for further model development and research are discussed
briefly.

This paper presents a model for projecting bus and
rail transit operating costs that incorporates
measures of productivity and performance typically
ugsed in the transit industry. The model was based
on the recent experience of large North American bus
and modern rail transit operators as well as on data
from vehicle manufacturers. This model, intended
for use in the evaluation of regional transportation
plans, was applied in the Houston Transitway Alter-
natives Analysis (HTAA). The project was performed
by a team of consultants for the Metropolitan Tran-
sit Authority (MTA) of Harris County, Texas. Al-
though some aspects of the model are specific to
Houston, many aspects are applicable to the evalua-

tion of alternative transit plans in other urban
areas.

The remainder of this paper discusses the general
approach and the structure of the model. The rea-
soning behind the selection of various model coeffi-
cient values is discussed in detail, particularly in
those areas where the current Houston bus operating
experience is deficient. The paper concludes with a
brief discussion of the application of the model in
the HTAAR and the applice.oility of the overall ap-
proach for other pianning and financial analysis
studies for other transit properties.

APPROACH

Transportation planners have long struggled with the
problem of estimating future operating expenditures
for transit systems that are undergoing alternatives

analysis. Typically, two general approaches have
been used: engineered costs and historical unit
costs. Engineered costs are estimates based on a

complete inventory of staffing and material require-
ments for specific activities (i.e., estimates that
relate the cost of vehicle operations to its compo-
nent costs). Historical costs deal with aggregate
costs. They are estimates that relate the cost of



Transportation Research Record 797

vehicle operations to unit costs for similar vehi-
cles and operating conditions in the past.

The advantage of disaggregating the costs, as in
engineered costs, is that components are identified
and causes of change in cost might be easily dis-
cerned. An engineered cost approach also enables
the analyst to take into account unique character-
istics of the activity that is being examined and to
identify the effects of changes in items such as
labor contracts or material arrangements.

The advantage of aggregate costs, as in histori-
cal costs, is that no component, however minute,
would be overlooked. Historical costs take into
account items that may be overlooked when the engi-
neered cost approach is used, such as slack time,
overhead, and waste.

The distinctive advantages of both of these
methods were obtained in preparing estimates of bus
and rail operating expenditures for HTAA. The HTAA
operating cost estimating approach is based on
historical unit costs decomposed to reflect produc-
tivity measures and specific-resource cost compo-
nents. It therefore approaches the advantages of
engineered costs; that is, it makes changes in cost
more transparent and permits the analyst to more
explicitly take into account unique characteristics
in the operating systems considered in the alterna-
tives analysis process. At the same time, it avoids
the shortcomings of the engineered cost approach, by
reflecting the uncertainty of operations and mainte-
nance activity because the experiences of actual
operating systems are used.

The basis for this cost estimating approach is
derived from recent work (l1-3) in the area of tran-
sit performance evaluation. Outside the context of
the alternatives analysis process, it offers transit
management an easily adaptable technique for service
planning and, with refinement, could be extended for
use by smalland medium-sized systems as a budgeting
aid.

GENERAL STRUCTURE OF MODEL

The model is comprised of a set of equations in-
tended to compute all costs specifically attribut-
able to various important aspects of bus or rail
operation. They are, therefore, both mutually
exclusive and complete. Costs are expressed in
terms of values that describe, in general, the
quantity of service provided, computed in the course
of the planning process (e.g., annual vehicle
miles). Four types of equations are presented:

1. Formulations of labor cost for major cost
components,

2. Formulations of materials and supplies costs
for major cost components,

3. Formulations of combined labor plus materials
and supplies costs for minor cost components, and

4. Formulations of general and administrative
costs.

The labor cost formulations are of the form:

Labor cost = unit of service x labor productivity factor
x cost per unit of labor x staff burden

x fringe multiplier x direct expenses multiplier (1)

The subcomponent terms used in this form are defined
as follows:

1. Unit of service = number of vehicle miles,
vehicle (or train) hours, station hours, or number
of vehicles based on the estimate used in defining
the alternative. The cost models are intended to
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model costs per unit of service provided rather than
per unit of service used (e.g., per passenger or per
passenger mile) because most costs are incurred by
supplying the service rather than by how many pas-
sengers use it.

2. Labor productivity factor = number of non-
supervisory personnel or personnel hours required to
adequately staff each unit of service provided.
This factor implicitly considers the impacts of
worker efficiency, need for training, and scheduled
and unscheduled absenteeism.

3. Cost per unit = wage per hour (or per year)
for the nonsupervisory employees who provide the
basic service. This is usually the wage for vehicle
operators and mechanics and includes average wages
(straight wages plus overtime, vacation, and sick
pay) . It does not include expenses for fringe
benefits (such as pension funds, social security, or
insurance).

4. Staff burden = ratio by which operator or
mechanic wages are multiplied to compute total wages
and salaries for total staff including supervisors
and administrative and support staff.

5. Fringe multiplier = ratio by which total wages
and salaries are multiplied to account for f£fringe
benefits.

6. Direct cost multiplier = ratio by which wages,
salaries, and fringe benefits are multiplied to
account for direct expenses for office supplies and
related items.

OPERATING COST COMPONENTS

The computations of operating cost for bus and rail
transit are specified in such a way that data ob-
tained from various sources could be used to evalu-
ate the coefficients and specific values for Houston
(such as wages and fringe benefits) may be in-
cluded. The data sources include the following:

1. Transit property annual reports;

2. Transit property budgets;

3. Reports that fulfill requirements of Section
15 of the Urban Mass Transportation Act of 1964, as
amended;

4. Other correspondence and reports supplied by
transit properties contacted; and

5. Data supplied by transit vehicle manufacturers.

The data used to create the operating cost models
are based on the experience of North American tran-
sit operators that are representative of the type of
operation anticipated in Houston. Bus operating
data came primarily from the operators of large bus
fleets:

1. Washington Metropolitan Area Transit Author-
ity (WMATA),

2. Southern California Rapid Transit District
(SCRTD) ,

3. Alameda-Contra Costa Transit (AC Transit),

4. Southeastern Pennsylvania Transit Authority
(SEPTA) ,

5. Chicago Transit Authority (CTA),

6. Greater Cleveland Regional Transit Authority,

7. Metropolitan Atlanta Rapid Transit Authority
(MARTR) ,

8. Milwaukee County Transit System,

9. Southeastern Michigan Transit Authority
(SEMTA) ,

10. Baltimore Mass Transit Administration (MTA),
and

11. Seattle Metro.

Rail transit operating cost components are based
on the operating experience of the following newer
rail systems:
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1. WMATA,
2. Bay Area Rapid Transit District (BART),
3. Port Authority Transit Corporation

(PATCO-Lindenwold Line),
4. Toronto Transit Commission, and
5. Edmonton Transit.

The rail operating experience of older systems,
such as CTA, SEPTA, Port Authority Trans Hudson
Corporation (PATH), New York City Transit Authority
(NYCTA), and Massachusetts Bay Transit Authority
(MBTA) are not considered to be representative of
the newer technology to be employed in Houston. The
limited operating experience of MARTA is considered
to be insufficient and possibly misleading.

Much of the operating cost model structure and
values of the components are based on the experience
of WMATA because WMATA was able to supply detailed
budget data on manpower and materials and supplies
expenses; further, WMATA provides the type of guide-
way plus feeder bus service similar to most of the
guideway alternatives under consideration in Houston.

Bus Operating Costs Components

Details of the major cost components computed for
the bus systems in each of the alternatives are
presented in Fiqure 1. ©Notice that the first term
in each formulation is the unit of service provided,
as defined in the planning process. This is multi-
plied by other factors of productivity and cost.
The coefficient values for each of these factors is
presented directly below each factor. The coeffi-
cients represent, in general, the cost for operating
a mixed fleet of new-look buses of various ages and
advance design buses. Specific values for articu-
lated buses are also noted in Figure 1. Bus op-
erating cost components include the following:

1. Bus operating labor--Wages, salaries, and
fringe benefits for bus operators, bus supervisors,
and support staff and related direct expenses;

2. Terminal operating labor--Wages, salaries,
and fringe benefits for information kiosk agents at
large activity center bus terminals, supervisors,
and support staff and related direct expenses (we
assumed that one agent will staff each large termi-
nal kiosk);

3. Vehicle maintenance labor--Wages, salaries,
and fringe benefits for vehicle mechanics, super-
visors, and support personnel;

4. Vehicle maintenance materials and sup-
plies--Direct costs for parts, tires and tubes,
lubricants, garage maintenance, and related expenses;

5. Right-of-way (ROW) maintenance labor and
materials and supplies--Wages, salaries, and fringe
benefits of maintenance personnel and direct ex-
penses for roadway, structure, and lighting repair,
and maintenance on the exclusive busways;

6. Station maintenance labor and materials and
supplies--Wages, salaries, and fringe benefits for
maintenance personnel and direct expenses for build-
ing repair, cleaning, and utilities or large activ-
ity center terminals and suburban guideway stations;

7. Parking lot maintenance labor and materials
and supplies—-Wages, salaries, and fringe benefits
for maintenance personnel and direct expenses for
surface lots at suburban transitway stations (we
assumed that no fee is charged for the use of park-
ing lots; therefore, no costs for parking meters or
cashiers are included);

8. Fuel--Cost for diesel fuel consumed by wvehi-
cles;

9, Claims--Cost for workers' compensation and
third-party casualty and liability claims and the
costs to administer those claims; and
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10. General and administrative-—-A percentage of
the sum of the above costs to cover costs that
cannot be allocated to any other cost components
directly.

Rail Operating Cost Components

The major cost components computed for the rail
rapid transit and 1light rail transit systems are
described in detail in Figures 2 and 3. The coeffi-
cients represent operating costs for the new, highly
automated heavy and light rail transit systems that
are currently planned or operating in San Francisco,
Washington, Atlanta, Miami, Toronto, Edmonton,
Baltimore, and Lindenwold (Philadelphia). Rail
operating cost components include the following:

l. Rail operating 1labor--Wages, salaries, and
fringe benefits for train operators (revenue service
and yards and interlockings), supervisors, and
support staff (we assumed that only one operator per
train is required, i.e., no conductor or ticket
collector) ;

2. Station operating labor--Wages, salaries, and
fringe benefits for station agents, supervisors, and
support staff and related direct costs (we assumed
that each station mezzanine will have a full-time
agent) ;

3. Vehicle maintenance labor--Wages, salaries,
and fringe benefits for vehicle mechanics, helpers
and cleaners, supervisors, and support staff for
vehicle inspection repair and maintenance;

4. ROW systems maintenance labor--Wages, sal-
aries, and fringe benefits for mechanics, helpers,
supervisors, and support staff for maintenance to
track and structure and rail systems [automatic
train control (ATC), power, communications, and
computer] ;

5. Station maintenance labor--Wages, salaries,
and fringe benefits for mechanics, janitors, super-
visors, and support staff for station cleaning,
repair, and maintenance;

6. Vehicle maintenance materials and sup-
plies--Direct costs for lubricants, contract mainte-
nance, and maintenance and repair parts;

7. ROW and systems maintenance materials and
supplies--Direct costs for track and structure, ATC,
communications, power, and computer repair and
maintenance:

8. Station maintenance materials and sup-
plies--Direct costs for station cleaning materials,
escalator and elevator maintenance, and lighting and
ventilation parts;

9. Parking lot maintenance labor and materials
supplies--Same as for bus;

10. Propulsion energy--Electrical power consumed
by rail vehicles including traction motors, light-
ing, and air conditioning;

11. Station energy--Electrical power consumed by
stations for lighting, air conditioning, escalators,
and other uses;

12. Claims--Same as for bus;

13. Revenue collection 1labor and materials and
supplies--Wages, salaries, and fringe benefits for
revenue collection teams and accompanying security
teams and for supervisors, support staff, and re-
lated direct costs; labor and direct costs for
farecards and maintenance of automatic fare collec-
tion equipment are also included [revenue collec-
tion costs for bus operations are included in bus
maintenance (farebox pullers) and bus general and
administrative (counting)];

14. Security 1labor and materials and sup~
plies--Wages, salaries, and fringe benefits for
station and train surveillance by officers and for
supervisors, support staff, and related direct

[ & |
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Figure 1. Bus operating cost model factors {coefficient values

are in 1979 dollars).
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Figure 2. Rail rapid transit cost model factors (coefficient values are in 1979 dollars).
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Figure 3. Light rail transit operating cost model factors that are different from
those for rail rapid transit (coefficient values are in 1979 dollars).
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expenses (security costs for bus operations are
included in bus general and administrative); and

15. General and administrative--A percentage of
the sum of the above costs to cover costs that
cannot be allocated to any other cost component
directly.

SELECTION OF NOMINAL COEFFICIENT VALUES

Figures 1-3 present the computations for two esti-
mates of operating cost. The nominal, or expected,
value is based on assumptions regarding improved
worker productivity and reduced unit direct costs
anticipated to occur, particularly as the bus fleet
grows. For some components, a high value represents
the case where less optimistic improvements over the
current MTA operation occur. When no change from
the nominal cost is expected, the nominal and high
values are the same. In the analysis of alterna-
tives, the difference between the nominal and high
values is treated as a cost contingency. In the
discussion below, arguments are presented regarding
the selection of nominal and high wvalues for the
cost model coefficients and the reasoning behind
assumptions concerning anticipated improvements from
the current operation.

Selection of Productivity Values

Improvements in worker productivity are expected to
have the greatest impact on operating costs. These
productivity factors are as follows.

Bus Payroll Hours per Platform Hour

The current MTA value of 1.33 is expected to de-
crease slightly as relatively more peak-period,
express service is introduced. The type of service
envisioned is representative of current WMATA opera-
tions (1.36).

Bus Vehicle Operating Labor Staff Burden

The current MTA value of 1.17 is expected to de-
crease as the bus fleet expands and the overhead
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burden of supervisors and clerical and administra-
tive staff is spread thinner. The large bus opera-
tions of WMATA have a power value of 1.07, and we
assume that the MTA will achieve this value.

Bus Mechanics per Million Vehicle Miles

The current MTA value of 20.6 is high and is appar-
ently due, in part, to inadequate bus maintenance
facilities. The nominal value of 12.4 is the aver-
age for the following operators of relatively large
bus fleets:

Bus Mechanics
per Million

System Vehicle Miles
WMATA 13.3
AC Transit 7.8
CTA 16.8
SCRTD 11ls3
Seattle Metro 13.4
MARTA 11.9

CTA, which has the highest value, represents one of
the best-administered maintenance programs, although
its buses serve primarily slower urban routes.

Bus Vehicle Maintenance Labor Staff Burden

As the bus fleet expands, the administrative staff
will be spread thinner. Thus, the current MTA value
of 1.41 will be reduced. The WMATA value of 1.07 is
considered representative.

In general, productivity improvements for bus
operations are expected to occur gradually. No
improvement is expected until after 1982, when the
Kashmere heavy maintenance facility opens. The
transition is assumed to be completed by 1988 when
the first busways begin operation.

Selection of Representative Wage Values

Certain job classifications are expected to experi-
ence increases in real dollar wages due to the need
for the MTA to compete with the private sector for
highly trained technical staff. The wages selected
for the most important labor cost components are
discussed below.

Rail and Bus Vehicle Operators and Station Agents

The current MTA real dollar wages for bus drivers
are expected to remain constant. The top hourly
wage 1is currently among the highest in the state.
As with WMATA, rail car operators' and station
agents' wages are approximately the same as those of
bus drivers.

Bus Mechanic Wages

MTA is currently experiencing some difficulty in
hiring sufficiently trained diesel mechanics due to
the relatively low wages offered compared with those
in the private sector. In order to attract the
large number of mechanics necessary to serve the
expanding bus fleet, it is assumed the annual wage
will increase with each contract negotiation as
follows:

Year Annual Wage (1979 dollars)
1980 17 360—--MTA wage
1981-1982 17 860

1983-1984 18 860

1985-1986 19 860

1987-1995 20 818--WMATA wage
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Rail Mechanic Wages

All rail maintenance nonsupervisory employee wages
are assumed to be equal to the WMATA value. These
positions (in wvehicle, station, right-of-way, and
ATC maintenance) require highly skilled mechanics
and technicians who command a fairly high wage in
the private sector. We assumed that current MTA
wages for bus mechanics would not attract these
personnel.

Selection of Fringe Multiplier Value

The 1980 MTA multiplier value of 1.20 will increase
to 1.24 in 1981 due to a doubling of MTA's contribu-
tion to the pension fund. We anticipate that this
value will increase further, as it has with other
transit properties. A wvalue of 1.30 in 1987
(slightly higher than the WMATA current value) is
assumed.

Selection of Other Direct Cost Values

Nominal and high values were selected for the fol-
lowing cost components.

Bus Vehicle Maintenance Materials and Supplies Cost
per Vehicle Mile

The current MTA value of 0.26 is relatively high and
is expected to fall as improved maintenance prac-
tices are implemented for the larger fleet and new
maintenance facilities. A nominal value of 0.095,
achieved by 1988, 1is representative of the in-
dustry. A high value of 0.120 is also achieved by
1988, the value for WMATA.

Heavy Rail Vehicle Maintenance Materials and Sup-
plies Cost per Vehicle Mile

The nominal value of 0.163 is the average for BART
and WMATA. The high value of 0.220 is the WMATA
value.

Heavy Rail Right-of-Way and Systems Maintenance
Materials and Supplies Cost per Vehicle Mile

The nominal value of 22 290 is the average for BART
and WMATA. The high value of 31 098 is the WMATA
value.

Light Rail Vehicle Maintenance Materials and Sup-
plies Cost per Vehicle Mile

The nominal value of 0.080 is the average for Edmon-
ton and Toronto. The high value of 0.114 is the
Edmonton value.

Parking Lot Maintenance Materials and Supplies Cost
per Parking Space

The nominal value of 89 is the average for Miami,
Florida, and Montgomery County, Maryland. The high

value of 102 is the Montgomery County value.

Selection of General and Administrative Factor

The current MTA value of 0.328 is extraordinarily
high for a medium-sized bus-only transit operation.
This can be explained by the large administrative
staff that performs many of the functions found in
larger, multimodal properties. These additional
functions include the following:

1. Contraflow operation,
2. Metro lift (elderly and handicapped service),
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3. Customer service (ticket sales and telephone
information), and

4. Program development (particularly of 1long-
range regional transportation planning).

We anticipate that, as the bus fleet expands, the
absolute value of these administrative costs will
not increase and will reduce in relative terms over
time. For bus operations this value is assumed to
approach the lower WMATA value of 0.152 by 1988,
when bus guiding operations begin. The wvalue for
rail operations (0.170) is the WMATA rail value.

APPLICATION OF COST MODEL

The bus and rail transit cost models described above
were applied to the priority corridor alternatives
in the phase 2 HTAA. The following alternatives
were considered (4):

1. Base--Extensive improvements in the 1level of
service provided by surface bus operations with
express service provided on two currently programmed
busways and on freeway contraflow lanes.

2. Low capital--Express bus service on narrow,
one-way busways built primarily in conjunction with
state-funded freeway reconstruction projects supple-
mented by extensive feeder bus service.

3. Busway--Express bus service on wide, two-way
busways in all major transportation corridors sup-
plemented by extensive feeder bus service.

4. Heavy rail--Conventional heavy rail (rail
rapid transit) service from a tunnel in the central
business district (CBD) to two major activity cen-
ters via aerial structure in the travel corridor of
greatest demand. Express bus service similar to the
busway alternative in all other corridors. Both
heavy rail and busways supplemented by extensive
feeder bus service.

5. Light rail with CBD tunnel--Light rail transit
service from a tunnel in the CBD to two major ac-
tivity centers, with a spur that penetrates the
larger activity center, via aerial structure in the
travel corridor of greatest demand. Express bus
service similar to the busway alternative in all
other corridors. Both light rail and busways sup-
plemented by extensive feeder bus service.

6. Light rail with CBD mall--Light rail transit
service from a contraflow, one-way pair surface
street operation in the CBD to two major activity
centers via aerial structure in the travel corridor
of greatest demand; express bus service similar to
the busway alternative in all other corridors. Both
light rail and busways are supplemented by extensive
feeder bus service.

All alternatives included two CBD bus transit malls
and an extensive park-and-ride program. Further,
all alternatives are designed to provide similar
levels of service in terms of residential feeder bus
route spacing and headways and in terms of con-
nectivity to major activity centers.

Detailed results of the operating cost. analysis
for the bus and rail (if any) components for each
alternative in 1995 (the design year) are shown in
Tables 1-4. A summary of the combined 1995 nominal
operating costs is given in the table below. These
costs include differential inflation effects for
each cost component (5). [Note: Costs are given in
1979 dollars.]

Operating Cost ($000 000s)

Alternative Bus Rail Total
Base 1gl.53 181.53
Low capital 209.86 209.86

Busway 210.30 210..30
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Table 1. Bus physical and operating characteristics for Houston Transitway alternatives in 1995,
Light Rail CBD
System Characteristic Base Low Capital Busway Heavy Rail Tunnel Mall
Active vehicles 2 004.0 2174.0 2171.0 1857.0 1 828.0 1 820.0
Standard 2 004.0 2174.0 21710 1857.0 1828.0 1 820.0
Articulated 0.0 0.0 0.0 0.0 0.0 0.0
Platform hours (000 000s) 5.572 6.177 5.987 5.318 5.206 5.193
Standard 5.572 6.177 5.987 5.318 5.206 5.193
Articulated 0.0 0.0 0.0 0.0 0.0 0.0
Total vehicle miles (000 000s) 73.855 89.317 103.901 88.915 85.713 86.408
Standard surface 73.855 85.119 59.618 58.643 56.830 57.317
Standard guideway 0.0 4.198 44.283 30.272 28.943 29.091
Articulated surface 0.0 0.0 0.0 0.0 0.0 0.0
Articulated guideway 0.0 0.0 0.0 0.0 0.0 0.0
Revenue vehicle miles (000 000s) 65.810 79.726 92.849 79.362 76.535 77.106
Route miles guideway 21.0 87.6 102.6 91,3 89.4 91.3
Activity center terminals 7.0 6.0 6.0 5.0 4.0 5.0
Suburban stations 23.0 46.0 48.0 39.0 39.0 39.0
Parking spaces 21 000.0 21 000.0 21 000.0 15 500.0 15 500.0 15 500.0
Table 2. Bus operating costs for Houston Transitway alternatives in 1995.
Light Rail CBD ($000 000s)
Low Capital Busway Heavy Rail =
Base ($000 000s) ($000 000s) ($000 000s) ($000 000s) Tunnel Mall
Cost Component Nominal  High Nominal  High Nominal  High Nominal High Nominal High Nominal  High
Vehicle operating labor 75.74 82.82 83.97 91.82 81.39 88.99 72.29 79.05 70.77 77.38 70.59 77.19
Terminal operating 0.69 0.69 0.59 0.59 0.59 0.59 0.49 0.49 0.40 0.40 0.49 0.49
labor
Vehicle maintenance 29.80 40.38 36.04 48.83 41.92 56.80 35.88 48.61 34.61 46.89 34.87 47.24
labor
Vehicle maintenance 7.02 8.86 8.49 10.72 9.87 12.47 8.45 10.67 8.15 10.29 8.21 10.37
materials and supplies
ROW maintenance labor 0.17 0.17 0.70 0.70 0.82 0.82 0.73 0.73 0.72 0.72 0.73 0.73
and materials and
supplies
Station maintenance 0.39 0.45 0.62 0.71 0.64 0.73 0.52 0.60 0.50 0.57 0.52 0.60
labor and materials
and supplies
Parking lot mainte- 1.87 2.14 1.87 2.14 1.87 2.14 1.38 1.58 1.38 1.58 1.38 1.58
nance labor and
materials and supplies
Fuel 35.43 47.28 41.84 55.84 39,22 52.34 35.39 47.23 34.20 45.65 34.47 46.01
Claims 8.77 10.77 10.24 12.58 8.36 10.36 7.84 9.69 7.58 9.37 7.65 9.45
Security labor and
materials and supplies _ 0.84 _ 084 146 _l.46 — 152 — 152 1.24 1.24 121 _ 121 124 _1.24
Subtotal 160.72 194.41 185.81 225.38 186.20 226.77 164.21 199.89 159.51 194.06 160.14 194.89
General and adminis- 20.80 25.16 24.05 29.17 24.10 29.35 21.25 25.87 20.64 25.12 20.73 2522
trative T === fyi = bt 2 a2 sesa, et
Total 181.53 219.57 209.86 254.55 210.30 256.12 185.46 225.76 180.15 219.1 180.87 220.12
Note: Costs are given in 1979 dollars.
Operating Cost ($000 000s) Table 3. Rail physical and operating characteristics for Houston Transitway
Blternative Bus Rail Total alternatives in 1995.
Heavy rail 185.46 23.99 209.45 R
Light rail CBD LightRail CBD
Tunnel 180.15 32.16 212.31 System Characteristic Heavy Rail  Tunnel Mall
Mall 180.87 27.75 208.62
Platform hours (000 000s) 0.058 0.118 0.110
s ief obs tions can be made regardin Total vehicle miles (000 000s) 5.736 6.253 5.035
o everfal HLe - ke odel In thd i s Revenue vehicle miles (000 000s) 5.700 6.170 4.976
€ pertormance o e macel Lh &this applleation. Active vehicles 90.0 118.0 102,0
The base alternative has lower costs than the other Track miles 33.1 42.9 37.9
alternatives due to relatively lower quantity of Total stations 13.0 18.0 16.0
service provided (measured in terms of both vehicle Subway 2.0 2.0 0.0
miles and hours) compared with the other alterna- E&ﬁ“e lég ]gg 1}8
tives. The low-capital alterna?ive, although it MessaTE 150 200 20.0
provides a similar level of service as the busway Parking spaces 5500.0 5500.0 5500.0
and rail alternatives, does so with substantially =
less service on bus guideways. The resulting lower
speeds  result in more platform hours (and thus
greater vehicle operating costs) and fuel consump-
tion (ahd thus greater fuel costs). the priority corridor with rail service. For ex-

The costs for the rail alternatives demonstrate
the trade-offs involved in replacing bus service in

ample, the heavy rail alternative, which uses trains
of high capacity and only one operator, reduces the
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Table 4. Rail operating costs for Houston Transitway alternatives in 1995.
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Light Rail CBD ($000 000s)

Heavy Rail ($000 000s) Tunnel Mall

Cost Component Nominal High Nominal High Nominal High

Vehicle operating labor 1.80 1.80 3.66 3.66 3.42 3.42
Station operating labor 1,47 1.47 1.96 1.96 1.96 1.96
Vehicle maintenance labor 2.81 2.81 4.24 4.24 3.42 3.42
ROW and systems maintenance labor 5.63 5.63 7.30 730 6.45 6.45
Station maintenance labor 0.87 0.87 115 1.15 Il 1;15
Vehicle maintenance materials and supplies 0.93 1.26 0.50 0.71 0.40 0.57
ROW and systems maintenance materials and supplies 0.74 1.03 0.96 1.33 0.84 1.18
Station maintenance materials and supplies 0.84 0.84 1.16 1.16 0.84 0.84
Parking lot maintenance labor and materials and supplies 0.49 0.56 0.49 0.56 0.49 0.56
Propulsion energy 2.66 2.89 3.21 3.21 259 2.59
Station energy 0.73 0.73 0.86 0.86 0.32 0.32
Claims 0.39 0.41 0.42 0.44 0.34 0.36
Revenue collection labor and materials and supplies 1,12 1.12 1.52 1.52 1.43 1.43
Security labor and materials and supplies 047 _0.47 _0.66 _0.66 0.58 0.58
Subtotal 20.95 21.89 28.09 28.78 24.24 24.84
General and administrative _3.03 317 4.07 _4.17 3.51 3.60
Total 23.99 25.06 32.16 32.94 2795 28.43

Note: Costs are given in 1979 dollars.

total expense for vehicle operator labor (i.e., bus
and rail operators combined) compared with the
busway alternative. However, the rail technology
adds maintenance costs not experienced in a bus-only
system. Another example can be seen in the 1light
rail CBD mall alternative that provides service
similar to that of the heavy rail alternative but
requires greater vehicle operator costs. This 1is
due to the need for more platform hours as a result
of scheduling shorter trains, a requirement imposed
by the short block length in downtown Houston and
the resulting use of shorter trains.

CONCLUSION

The model presented in this paper has two distin-
guishing features. First, it is based on formula-
tions of expense categories that use standard tran-
sit industry measures of productivity and perfor-
mance on service delivery. These formulations
permit the analyst to test the sensitivity of cost
projections to underlying assumptions and to display
the results of these tests in a clear and under-
standable manner. They also permit the analyst to
vary the values of these productivity parameters
over time to allow for anticipated improvements or
deterioration in performance at the outset.

Second, the model is based on formulations of
expense categories that can easily be adapted to and
calibrated by using data from the Section 15 chart
of accounts. This feature of the model suggests the
potential for more general applications in midrange
financial planning for transit systems.

Many opportunities remain in the development of
this type of cost-projection tool. Of particular
interest, when comparing larger and smaller transit
properties, is the need to identify those components
of cost that are fixed. The model presented in this
paper is completely variable-cost based. We recog-
nize that some areas of transit operations are
relatively independent of the gquantity of service
provided and should not be treated as a variable
cost.

The model is currently being applied for WMATA in
projecting operating costs for FY 1981-1990. Fur-
ther investigation is being conducted regarding the
structure of the cost formulations and the values of
the model coefficients. 2Among the many anticipated
model improvements are the following:
costs of rail

1. Detailed estimation of the

electrical power that explicitly consider demand
charges, which result in greater costs per kilowatt
hour during periods of peak use;

2. Identification of rail right-of-way costs
specifically attributable to incremental track
miles, passenger stations (and mezzanines), or power
substations; and

3. Fixed administrative costs, both in specific
operations and maintenance costs components and in
the general and administrative overhead cost compo-
nent.
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Constrained Matching Procedure for Allocating Public
Transportation Assistance in Minnesota

GERALD K. MILLER AND RONALD F. KIRBY

As public transportation subsidy costs increase, federal, state, and local decision
makers become more concerned about the effectiveness, fairness, and efficiency
of subsidy-allocation procedures. This paper describes a new allocation ap-
proach, developed for the Mi yta Department of Transportation, that
matches each focal subsidy dollar with two state dollars, up to a policy maxi-
mum percentage of the total operating costs. Based on a review of the experi-
ence in several states and recent proposals for the federal program, we discuss
four general subsidy-allocation criteria—equity, efficiency incentives, adminis-
trative practicality, and managerial dynamics. Advantages and disadvantages

of the constrained matching approach and four other methods are then pre-
sented. We also describe the application of the new approach.

Until the early 1970s, user fares covered almost all
of the operating costs of public transportation ser-
vices, and few states or communities provided public
subsidies for these services. Currently, however,
fares rarely cover the full costs of the services
desired by citizens, and increasing amounts of
federal, state, and local funds are being committed
to subsidizing public transportation systems.
Rapidly escalating public transportation costs alarm
state and local decision makers and, as competition
for public funds has increased, they have sought
ways of limiting the growth in subsidy payments to
public transportation.

This paper describes a new subsidy-allocation
procedure that was developed for the Minnesota De-
partment of Transportation (MnDOT). Based on ex-
perience in other states and at the federal level
and on four criteria for assessing subsidy-alloca-
tion procedures, we present the advantages and
disadvantages of five alternative approaches. We
present proposals for a new allocation method based
on matching local funds to a policy maximum percent-
age of total operating costs. A complete documenta-
tion of these proposals is available (1).

REVIEW OF ALTERNATIVE ALLOCATION APPROACHES

A comprehensive survey in 1978 found 22 states that
have 50 programs that provide operating assistance
for public transportation services (2). Almost half
(23 programs) based the subsidy on deficits in one
way or another. Usually, the amount of subsidy was
a portion of the net deficit after receipt of
federal funds. The next most common procedure (10
programs) was to base subsidies on the amount of
funds received from provisions of Section 5 of the
Urban Mass Transportation Act of 1964, as amended.
Other methods reported included formulas based on
patronage, vehicle miles, population or population
density, and operating expenses. More recently,

California, New York, and the U.S. Department of
Transportation have made or proposed various modifi-
cations to these procedures (3-5). Pennsylvania has
begun to apply performance measures to funding
programs.

Criteria for Assessing Allocation Procedures

Four criteria are helpful for assessing allocation
schemes: equity, efficiency incentives, administra-
tive practicality, and managerial dynamics (6). One
could also assess different allocation approaches
based on their effectiveness in meeting the objec-
tives of the subsidy program, but two major limita-
tions make this assessment criterion infeasible:

1. Political and technical problems of determin-
ing for any subsidy program specific, gquantifiable
objectives and their trade-offs and

2. Difficulty of estimating accurately what im-
pacts different subsidy approaches will have on ser-
vice levels and the resultant ridership or other
objectives.

Equity is an important allocation consideration.
Subsidy recipients in similar situations should be
treated alike. The problem is how to determine what
are similar situations and how to deal with very
different ones. Establishment of what is equitable
can be very difficult; for example, Is a fair pro-
cess that may lead to unequal outcomes equitable?
Should funding be equalized based on population,
state taxes contributed, system ridership, or some
measure of service such as vehicle hours? There is
also a generally held concern that public subsidy
programs should use general tax revenues to help
lower-income groups rather than the more affluent.
However, given the multiple objectives of public
transportation programs, the subsidies often benefit
different population groups unequally. Legislatures
must consider various aspects of fairness and,
through discussion and negotiation, establish an
equitable procedure. BAny procedure can, of course,
be challenged in court by affected parties who claim
unequal treatment.

The efficiency incentives are significant, both
for the recipients and the administering agency. A
basic problem is to guarantee whatever support is
necessary to ensure a minimum level of performance
in meeting program objectives while motivating re-
cipients to improve their performance. Allocation
schemes that are independent of system performance,
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such as distribution by population, do not encourage
or reward economic efficiency. On the other hand,
direct subsidization of operating deficits <can
penalize efficient operations and encourage inef-
ficiency. If recipients receive subsidies without
commiting their own funds, they also may have less
incentive to control costs.

Administrative practicality must be considered:
The costs of administration for the subsidizing
agency and the recipients should be minimized. Ad-
ministrative costs typically include the following:
collection and processing of the data to determine
the subsidy, determination and enforcement of pro-
gram regulations, and auditing. If service or
ridership data are required for allocation, then
some effort will be necessary to check data reli-
ability. A related administrative aspect desirable
to both the subsidizing agency and the recipients is
predictability of funding levels over future years.

The fourth criterion, managerial dynamics, ad-
dresses the question of how the allocation procedure
will influence future public transportation services
and the industry that provides them. How will a
subsidy program influence the continuity of public
transportation services and providers? Does a pro-
gram help the subsidizing agency (and the general
public) determine whether program objectives are
being met? Are recipients more or less accountable
for their performance? Can public transportation
managers influence the outcome of their efforts, can
they innovate and respond to changing demand or
operating conditions? What are the implications for
the recruitment of new managers?

Brief Assessment of Five Potential Allocation
Procedures

We have selected five basic approaches to the allo-
cation of public transportation assistance. In con-
sideration of the general criteria discussed pre-
viously, we take the perspective of a state legisla-
ture and present a list of the primary advantages
and disadvantages for each.

The potential procedures include the following:

1. Allocation of total state funding to cities
or counties by a formula based on demographic char-
acteristics such as population and population
density,

2. Coverage of a fixed portion of the nonfederal
operating deficit,

3. Coverage of a fixed portion of the total
operating costs,

4, Matching of state funds to local funds (two
state dollars to every 1local dollar, for example)
with a limit on the percentage of operating costs
that can be matched, and

Table 1. Advantages and disadvantages of potential allocation procedures.
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5. Allocation of some proportion of the total
funding according to system performance criteria
(perhaps based on showing improvement from year to
year or by meeting normative standards).

The pros and cons of these approaches are presented
in Table 1.

RECOMMENDED SUBSIDY-ALLOCATION PROCEDURE

The basic allocation procedure provides all eligible
recipients (local governments or agdencies) with two
state assistance dollars for each local dollar ap-
plied to operating costs, up to a policy maximum on
the percentage of total costs that are subsidized.
Operating costs above the state policy maximum must
be covered by user revenues or other sources of
funds without state matching.

In some cases, state and local operating assis-
tance will be equally matched with Section 5 funds;
one local dollar will be matched with two state dol-
lars and three federal dollars. However, the amount
of federal assistance available to each area is
limited: Federal funds in each urban area are set
by the Urban Mass Transportation Administration
(UMTA) Section 5 allocations, and in nonurban areas
they are limited by the total funds allocated by
Section 18 of the Urban Mass Transportation Act of
1964, as amended, to the state.

The state policy maximum percentages will be es-
tablished for groups of recipients who have similar
population size, such as urban or rural, or for re-
cipients that provide certain services, such as
those exclusively for the elderly or handicapped.
Each recipient will continue to select, with techni-
cal advice from MnDOT, the type of service (such as
dial-a-ride or fixed route) based on local condi-
tions and cost-effectiveness criteria. State sub-
sidy policy will not directly influence which types
of service are appropriate for different communities.

The legislature will consider the amount com-
mitted by 1local recipients and appropriate state
funds. If state funds are not expected to be suffi-
cient to match all of the 1local funds committed,
then MnDOT can lower the policy maximums. Thus
local recipients will either have to increase fares,
reduce total costs, or contribute additional un-
matched local funds.

Local recipients will be primarily responsible
for the planning and management of their transporta-
tion programs. Based on local objectives, they will
prepare annual plans and budgets under a new local
budget review process.

Efficiency Incentives of the New Procedure

The proposed subsidy mechanism does not provide any

Allocation Procedure Advantages

Disadvantages

Demographic formula

ing is predictable

Objectives totally locally determined; everyone receives funds,
equitably based on demographic criteria; easy to administer; fund-

Funding not directly related to areas’ public transportation needs
or to systems’ performance; no incentives for managers

Cover fixed portion of Objectives locally determined; related to systems’ financial needs; Inefficient systems receive more funds; encourages larger deficits;
deficit easy to administer total funding is unpredictable; no efficiency incentives for man-
agers; may encourage low fares
Cover fixed portion of Objectives locally determined; related to systems’ financial needs; May encourage higher costs; total funding is unpredictable; not re-
costs easy to administer; may encourage more realistic fares lated to systems’ performance
Match state to local Objectives locally determined; related to local funding commitment;  Higher-income areas may receive more funds; not related directly to
funds all recipients’ funds equally matched by state funds; relatively system performance

easy to administer
Portion of funds allo-
cated by performance
measures

improve management

Directly related to systems’ performance; may provide incentives to May influence local objectives; requires considerable data; funding

is unpredictable; difficult to administer; hard to establish and in-
terpret meaningful measures
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direct state financial incentives or rewards to
local system managers because we believe that ad-
ministration of such incentives would be much too
time consuming and costly for MnDOT. If managers
are able to operate their systems below the approved
budgets, the systems will receive the state match
for the funds spent and not the total state funds
approved in their annual budget. If the costs ex-
ceed the approved budget, then the entire overrun is
a local responsibility. There are also no bonus
payments for meeting ridership or other performance
goals.

The primary incentives for efficiency are that
unmatched local dollars will be required beyond the
established policy maximum and local dollars will be
necessary for any cost overruns. Local managers and
decision makers should be more critical of new ser-
vice proposals and more concerned about poorly per-
forming existing services as their systems approach
or exceed the policy maximums. Every dollar saved
above the maximum is a local savings and it will be
a clear objective for managers to minimize ineffi-
cient services.

MnDOT will continue to provide technical assis-
tance and advice on ways to improve services and
cost-effectiveness and will critically review and
evaluate each system during the annual budgeting
process. A performance incentive program also has
been proposed to fund worthwhile local experiments
and to recognize innovative managers. The recip-
ients will have the primary responsibility, however,
for obtaining and rewarding good managers who plan,
budget, and operate services effectively.

Allocating Federal Section 18 Subgidies for
Nonurban Areas

These funds can be allocated in the same way as
state subsidies by using the proposed procedures.
All of the eligibile recipients of Section 18 funds
will submit their preliminary operating budgets to
MnDOT. Section 18 operating funds can be used to
cover up to half of the system's operating defi-
cits. The preliminary budgets will show state and
local subsidy dollars matched one for one by Section
18 dollars. MnDOT will compare the total Section 18
dollars allotment set aside for operating assis-
tance. If the former total is less than or equal to
the latter, then all of the eligible recipients can
be encouraged to proceed with their preliminary bud-
get levels. If not, MnDOT will ration the available
Section 18 operating funds by establishing a federal
policy maximum on the percentage of total operating
costs to which Section 18 funds can contribute.
Above this percentage recipients will have to rely
on local subsidy dollars matched by state dollars
(up to the state policy maximum), unmatched local
dollars, and revenues.

Each year, as the amount of Section 18 funds
grows the number of eligible systems increases, or
the total operating costs change, the federal maxi-
mum percentage may change. However, all systems
will continue to receive a share of the available
federal funds on the same basis.

Proposed Recipient Categories and Policy Maximum
Percentages

A primary consideration in allocating assistance is
that similar recipients should be treated equally.
Recipients can have different demographic character-
istics, such as population and geographic travel
patterns, institutional arrangements, and transpor-
tation supply conditions. For example, recipients
in rural areas have lower trip densities and longer
trip lengths, less complex public agencies, and
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fewer transportation providers than do recipients in
a large metropolitan area. Because many of the ma-
jor differences in demographic and institutional in-
fluences on public transportation services can be
characterized by the population of an area, recip-
ients should be grouped primarily by population of
the service area.

The current state funding provides a starting
point for determining the allocation among the
various groups of recipients. By examining the per-
centages of total costs subsidized for systems in
each category, one can select a reasonable figure
for the policy maximum. The intent is to set a
level commensurate with current total state funding
in each category. Some recipients now will be over
and some under this level, but over the years all
recipients will tend toward the standard maximum
subsidy percentage for their category. For those
initially over the maximum, the spending of un-
matched local dollars will encourage them to con-
sider raising fares, improving management, and re-
ducing costs. For those currently below the limit,
each local subsidy dollar will be matched with state
or federal dollars, so local governments will tend
to increase their contributions until the policy
maximum is reached.

Although the distributions of the recipients®
current funding and subsidy levels provide guidance
on establishing the maximum levels, the final
setting of maximum levels must be a policy deter-
mination based on an assessment of the funding com-
mitments of the different groups of recipients and
the near- and longer-term state budget priorities.
Once the initial policy maximums are set, a proced-
ure could be adopted for adjusting the policy maxi-
mums to allocate future state funding adjustments.
One option would be to specify that all policy maxi-
mums should be increased or reduced in the same pro-
portion. The policy maximums can be changed
directly at any time, of course, to bring the state
funding level in line with local commitments. This
provides for a state subsidy policy under which all
recipients can clearly understand how longer-term
state budget changes will affect them.

A detailed discussion of the specification of the
policy maxima, and the technical and political im-
plementation issues addressed in Minnesota, can be
found in Kern and Works in a paper in this Record.
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Analysis of Transit Performance Measures

Used in New York State

ROBERT J. ZERRILLO, CAROL A. KECK, AND NORMAN R. SCHNEIDER

A recent study by the New York State Department of Transportation developed
transit performance measures to be applied to the full range of the state’s transit
operations. This paper expands on this initial effort by examining: (a) factors
that affect the 15 performance measures developed previously; (b) the interre-
lationships between measures; (c) the ability of the measures to describe changes
in operator performance; and (d) the feasibility of using multimodal measures.
The results of this analysis show that the 15 performance measures were not
highly intercorrelated or influenced by the component variables used to com-
pute them. The levels of a number of measures did not differ significantly
among service types, which suggests their use in multimodal performance eval-
uations. A preliminary review of the performance levels for the second year
reveals the usefulness of the measures as a diagnostic tool to identify possible
operator performance problems. Operator levels in future years will be moni-
tored to chart industry changes and to identify the need to modify the depart-
ment's acceptable and desirable attainment levels.

The massive federal, state, and local investment in
public transportation in recent years has led to an
increased desire by all levels of government to
monitor the impacts of these funds. A number of
studies have addressed this need in relation to
transit operating assistance and have advocated the
use of transit performance measures to evaluate the
effectiveness of this assistance (1,2). However,
much of the past research into the development of
performance measures has suffered from a common
problem--that of the collection and use of accurate,
reliable, and consistent data. The current collec-
tion and dissemination of Urban Mass Transportation
Act of 1964, as amended, Section 15 transit operat-
ing data should help to alleviate this problem and
greatly aid and increase research in this area.

A recent effort by the New York State Department
of Transportation (NYSDOT) resulted in the develop-
ment of transit performance measures to be applied
to the full range of the state's transit operations
(1). Achievement of at least acceptable levels of
performance on each of the appropriate measures is
necessary to ensure receipt of all operating aid
funds to which an operator is eligible {(3). Transit
operating data collected by the department from all
systems that participate in the state's transit
operating assistance program contain many operating
statistics not available to earlier researchers
(such as employee hours and passenger miles).

This paper expands on initial department efforts
by examining, in detail, factors that affect the 15
performance measures developed in 1979. Included
are (a) an analysis of the relation between the per-
formance measures and the component variables used
to compute the measures; (b) the affect factors out-
side the control of the transit operator have on the

performance measures; (c) interrelationships among
the performance measures; and (d) the ability of the
measures to describe changes in operator perfor-
mance. This effort also addresses concerns about
the desirability and feasibility of developing and
using multimodal performance measures expressed by
the transit operators and the planning and research
communities after the department's earlier study in
this area was publicized.

BACKGROUND

Recent efforts to develop transit performance mea-
sures grew from earlier research that described the
need for such evaluations. Gilbert and Dajani ex-
amined the perspectives from which transit service
could be evaluated (federal, state, local govern-
ment, user, and operator) and outlined a framework
for developing performance measures (4). A study by
Allen and DiCesare identified possible criteria for
measuring the level and quality of transit service
(5). Work by Tomazinis and others described in de-
tail the methods, problems, and requirements of
creating transit efficiency measures (§). The
Proceedings of the First National Conference on
Transit Performance outlined the issues and problems
involved in studying transit performaﬁce and pre-
sented recommendations for developing performance
measures (7). Innumerable other reports have also
described the issues involved in transit performance
evaluation and presented possible measures for use
in evaluations or as criteria for funding programs
(8-10).

One of the first studies to develop and analyze
performance measures for a large number of transit
operators was by Fielding and Glauthier (11). This
work was later extended to compare various Cali-
fornia operations against the overall performance of
all transit systems studied (2). These efforts were
hindered by the unavailability of operating data,
which resulted in the use of statistics such as the
number of employees and passengers carried rather
than more descriptive measures such as employee
hours and passenger miles. Despite this problem,
these and other similar efforts were valuable in
that they not only developed sound performance mea-
sures but also analyzed factors that could affect
the levels of the performance measures developed.

The NYSDOT effort described the background that
led to the development of a set of 15 multimodal
performance measures for use in New York State (1).
These measures were developed for application to all
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modes, service types, and sizes of transit opera-
tions that participate in the state's operating as-—
sistance program. The 15 measures of efficiency,
economy, and effectiveness developed are listed in
Table 1 along with the mean level and standard devi-
ation of each measure, based on data for state FY
1978/79. The definitions of some terms used in the
analysis appear elsewhere (1). Due partly to the
randge of values and differing distributions of oper-
ator levels for each measure, the New York State
program evaluates operator performance in relation
to an empirically derived minimum level of attain-
ment, not a statistically calculated level. The
performance measures are applied in sets so as not
to penalize any mode, size, or type of service. As
a time series of data becomes available, levels of
attainment can be assessed annually to identify
trends of individual operators, groups of operators,
or the state as a whole. This type of analysis may
result in a reassessment of the desirable and ac-
ceptable threshold levels initially selected.

ANALYSIS OF PERFORMANCE MEASURE CORRELATIONS

A first step in the current analysis was to deter-
mine the relation of each of the 15 performance mea-
sures to the component data from which they were
derived, as well as their relation to a series of
variables generally considered outside the control
of the transit operator. These variables include
the following:

1. Public or private fleet ownership,

2. Total vehicle fleet size,

3. Average passenger trip length,

4. BAverage fare per passenger,

5. Population served (estimated for local ser-
vices only),

6. Density of area served (estimated for local
services only), and

7. Average vehicle speed.

A correlation matrix of the 15 performance mea-
sures and these variables was used to determine the
degree of any such relationships. Table 2 sum-
marizes the results of that analysis. Only one of
the 15 measures (pass mi/cap hr) was found to be
highly correlated (correlation coefficient greater
than 0.70) with any other variable. Its correlation
to both average passenger trip length and average
vehicle speed is not surprising because they are
ultimately components of the measure itself. Aver-
age passender trip length, average vehicle speed,
and average fare per passenger were moderately cor-
related with many of the performance measures. Sev-
eral measures (cost/cap mi, rev and local/pass mi,
cost/pass mi, and deficit/pass mi) were neither
highly or moderately correlated with any of the
variables analyzed, which indicates their particular
suitability for intermodal evaluations. Both the
population served and density of service area vari-
ables were not appreciably correlated with any of
the performance measures, and, in fact, had es-
sentially zero correlation with all but two measures
(cap hr/emp hr and pass/emp hr). This suggests that
the performance measures used in this study are not
significantly affected by city size or density.

Surprisingly, none of the component variables
(such as total passengers, capacity miles of ser-
vice, or total employee hours) were highly or even
moderately correlated with any performance measure.
This indicates that a transit system's operating
performance is probably not related to the absolute
values of any of these variables. More simply, the
size of an operation did not have a direct bearing
on its performance.
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Table 1. Performance measures developed for use with New York State transit
systems.

Overall
Performance Measure (abbreviation) Mean SD
Efficiency
Revenue capacity hours per employee hour (cap 31.2 17.4
hr/emp hr)
Revenue capacity miles per employee hour (cap 516.8 335.5
mi/emp hr)
Revenue vehicle hours per vehicle (veh hr/veh) 1878.8 891.5
Revenue vehicle miles per vehicle (veh mi/veh) 30924 15 808
Economy
Operating cost per capacity mile (cost/cap mi) 0.030 0.020
Operating cost per capacity hour (cost/cap hr) 0.511 0.365
Operating revenue per operating cost (rev/cost) 0.603 0.367

Operating revenue and excess local assistance per 0.182 0.259

passenger mile (rev and local/pass mi)

Effectiveness

Revenue passengers per revenue capacity hour 0.355 0.194
(pass/cap hr)

Revenue passenger miles per revenue capacity hour 340 4.53
(pass mi/cap hr)

Revenue passenger miles per capacity mile (pass 0.183 0.139
mi/cap mi)

Operating cost per revenue passenger mile (cost/ 0.325 0.517
pass mi)

Deficit per revenue passenger mile (deficit/pass mi) 0.188 0.460

Revenue passengers per employee hour (pass/emp 10.82 1.95
hr)

Revenue passenger miles per employee hour 98.27 113:97

(pass mifemp hr)

Table 2. Correlation of performance measures with other variables.

Correlation
Performance Measure
(abbreviation) High Moderate
Cap hr/emp hr None Speed  -0.35
Cap mifemp hr None Speed  0.39
Trip length  0.32
Veh hr/veh None Speed  -0.42
Veh mi/veh None Speed  0.43
Trip length  0.40
Fare per passenger  0.32
Cost/cap mi None None
Cost/cap hr None Speed  0.47
Trip length  0.42
Fare per passenger  0.37
Rev/cost None Trip length  0.50
Fare per passenger  0.45
Public versus private 0.48
Rev and local/pass mi None None
Pass/cap hr None Trip length ~ -0.36

Fare per passenger  -0.34

Pass mi/cap hr Trip length 0.79 Fare per passenger 0.58

Speed 0.72

Pass mi/cap mi None Trip length  0.53

Fare per passenger 0.34
Cost/pass mi None None
Deficit/pass mi None None
Pass/emp hr None Speed  -0.46

Trip length  -0.36

Fare per passenger  -0.36
Pass mifemp hr None Trip length  0.59

Speed 0.44
Fare per passenger  0.36

The correlation matrix also provides support for
the department's initial use of pairs of performance
measures to account for obvious differences in ser-
vice types (e.g., local versus intercity) (l1). For
example, the capacity mile per employee hour ratio
is positively correlated with speed and trip
lengths, and so favors commuter and intercity ser-
vices, but the capacity hour per employee hour ratio
is negatively correlated with speed, thus favoring
local services. Similar comparisons can be found in
the other instances where this pairing of measures
was used in the evaluation.
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Next, the interrelationship among the performance
measures was analyzed. By examining the resulting
correlations presented in Table 3 we note that few
performance measures are highly correlated with
other measures. Not surprisingly, most of the
related measures are those that are companion mea-
sures (e.g., operating revenue plus excess local
assistance and operating cost). In general, the
efficiency measures are not highly related to either
the economy or effectiveness measures, which sup-
ports the opinion that efficient service does not
ensure effective service (4).

Among the more significant correlations found in
the matrix is the relationship of the revenue to
cost ratio, as well as the revenue and local as-
sistance per passenger mile ratio, to most of the
effectiveness measures. This intuitively should be
the case because more-effective service is charac-
terized by higher passenger use, which generally
results in more operating revenue per unit of ser-
vice than is the case for less-effective services.

The passengers to capacity hour ratio is not cor-
related with most of the performance ratios, but
tends to increase as efficiency (in terms of cap
mi/emp hr and veh mi/veh) decreases, thus favoring
locally oriented services. On the other hand, pas-
senger miles per capacity hour is correlated with
most other measures and favors intercity and com-
muter services due to significantly longer trip
lengths that are reflected in the passenger mile
component. The passenger to employee hour ratio is
moderately correlated with capacity hour ratios

(which favors local service), but passenger miles
per employee hour is usually correlated with capac-
ity mile ratios. Note that, as in the passengers

per capacity hour and passenger miles per capacity
hour correlations, passengers per employee hour and
passenger miles per employee hour are not correlated
with each other. This phenomenon appears to be due
to the range of the absolute data used to construct
the ratios and its impact on the various ratios.

In general, then, the original intents of NYSDOT
to (a) select measures that were relatively if not
entirely independent of one another, (b) select mea-
sures that were not surrogates for conditions over
which the operator has little or no control, and (c)
pair measures to minimize or eliminate intuitive or
known differences related to service type, all ap-
pear to have been adequately addressed by the 15
measures.

Table 3. Correlation coefficients for performance measures.
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Analysis of Performance Measures by Service Type

The aggregation of mode and service types to develop
multimodal performance measures and set levels of
attainment for New York State systems also raises
the issue of comparability of performance levels
across various service types. Figures 1-3 indicate
graphically, for each performance measure, the mean
level of each service type (fixed-route local, com-
muter, intercity, and demand responsive), the over-
all mean level (for all service types combined), and
the acceptable and desirable levels of attainment as
determined by NYSDOT. The shaded portion of each
graph depicts one standard deviation from the over-
all mean to give an indication of the dispersion of
values for each measure.

In nearly all of the cases, the average level of
attainment of each service type on each measure is
within one standard deviation of the overall mean.
Only demand-responsive services appear to deviate
significantly from the overall mean, and then only
on 8 of the 15 measures. Similarly, when compared
with the established 1levels of acceptability and
desirability, the service types (on the average)
indicate general acceptability. The six cases where
the service type averages do not meet the accepted
levels of attainment (cap hr/emp hr, cap mi/emp hr,
cost/cap hr, rev/cost, deficit/pass mi, and pass/emp
hr) can be explained by either the significance of a
few operators or the anticipated results of a par-
ticular service type. Demand-responsive services,
for example, do not as a group meet the acceptable
level for capacity hours per employee hour. Such a
result is not surprising when the vehicle passenger
capacities of the demand-responsive services (9-25
passengers) are compared with that of other service
types (45-80 passengers). Also, the results of de-
mand-responsive service for several of the perfor-
mance measures would be adversely affected by the
type of area served (generally, population and den-
sities low enough to not support regular fixed-route
service) and by the quality of service provided
(door to door) for the price paid.

Note that Figures 1-3, as well as rankings of the
individual operations for each measure, reveal a
great deal of overlap among the performance levels
of operators of different service types. These
overlaps continue to suggest that aggregation of the
service types for evaluation purposes is not unrea-
sonable.

Performance Veh Veh Cost/  Cost/ Revand  Pass/ Pass Pass Cost/ Pass
Measure Cap hr/ Cap mi/ hr/ mi/f cap cap Rev/ local/ cap mi/cap mi/cap pass Deficit/ Pass/ mif
(abbreviation) emp hr emp hr veh veh mi hr cost pass mi hr hr mi mi pass mi emp hr emp hr
Cap hrfemp hr  1.00
Cap mifemp hr  0.64 1.00
Veh hrfveh 0,35 -2 1.00
Veh mi/veh A 0.25 0.55 1.00
Cost/cap mi -0.21 -0.42 2 2 1.00
Cost/cap hr -0.48 -0.19 -0.20 -2 0.66 1.00
Rev/cost 2 0.20 = a A -2 1.00
Rev and local/ -2 -0.26 2 2 0.49 0.25 a2 1.00
pass mi
Pass/cap hr -2 -0.28 2 -0.38 -° A -2 A 1.00
Pass mifcap hr  -0.22 0.24 -0.36 2 2 0.44 0.45 -0.28 A 1.00
Pass mifcap mi  -* A -0.20 2 2 0.26 0.45 -0.38 2 0.77 1.00
Cost/pass mi -2 -0.24 2 2 0.45 - -0.32  0.90 2 -0.30 -0.41 1.00
Deficit/pass mi  -® -0.22 2 A 0.41 2 -0.42 0.80 2 -0.24 -034 0.96 1.00
Pass/emp hr 0.64 A A -0.30 & -0.44 2 4 0.63 a 2 -0.21 -0.23 1.00
Pass mi/emp hr  0.28 0.66 -0.20 & 2 2 0.40

-0.29 A 0.70 0.67 -0.32 -0.27 2 1.00

ANot significant.
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Analysis of Performance Measures Over Time

Operator performance levels for the second year will
provide insight into how well the evaluation mea-
sures describe changes in operating performance. It

Figure 1. Efficiency measure levels by Cap hr/
service type. Emp hr
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Figure 2. Economy measure levels by Cost/
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will also give an. indication of the overall direc-
tion of change of each performance measure and sig-
nal the possible need to modify levels of acceptable
and desirable attainment or to adjust current pol-
icies that may be responsible.

Cap mi/ Veh hr/ Veh mi/
Emp hr Veh Veh
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44671

740
632
31875
517 1879 30924
461
27765
27735
1500
250 Desirable
150 Acceptable
1311 DR

Min 750 Acceptable

esirable

10000, Acceptable
2115% Min
Cost/ Rev/ Rev + Local/
Cap hr Cost Pass mi
2.38 ek 1.93+ Max

+56 DR

INT

COoM
Desirable

W6 .
56 FR RV W
' L5 COM
.50 Acceptable
. IN
.0607 DesIrable
g Acceptable
.01 Min

.21 DR

.01 MIN



56

Figure 3. Effectiveness levels by service type.
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As a preliminary review of second-year change,
four major regional transportation authorities in
New York State were analyzed. Changes in perfor-
mance in the second year are shown in Table 4. The
actual levels of each measure are shown in Table 5.
Remaining operations will be analyzed as operating
data for the second year become available.

The four transit authorities generally improved
their performance on 7 of the 15 measures over the
previous year's level. On two other measures, cost
per capacity mile and cost per capacity hour, the
four operators increased in an unfavorable direc-
tion. There was no consistent trend;, and in some
cases considerable variation among operators, on the
remaining six measures.

Some comment on the apparent reasons for the re-
sults shown in Table 4 is worthwhile. The 1large
increase in capacity hour per employee hour and ca-
pacity miles per employee hour for operator D is
caused by the decrease in total employee hours over
the previous year, since all four operators gen-
erally increased vehicle miles and vehicle hours of
service. The remaining efficiency measures in-
creased slightly for all operators.

The cost per capacity mile and cost per capacity
hour ratios increased because the increase in total
operating costs outweighed the capacity mile and
hour changes. Changes 1in revenue to cost ratios
varied by operator and can best be explained by the
change in the effectiveness measures. All operators
increased passengers and passenger miles carried;
however, two operators (B and D) had twice the in-
crease of the next operator. This, coupled with the
corresponding larger inCrease in passengers per em-
ployee hour and passenger miles per employee hour in
these areas, results in an increase (or lower de-
cline) in the operating revenue to cost ratio.
Also, the operating cost component has an affect on
the revenue to cost ratio. Operator C had a larger
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Table 4. Percentage change in performance levels in second year.

Overall
Performance Operator Direction
Measure Favorable for Four
(abbreviation) A? B® e bt Direction Areas
Cap hr/femp hr - +3 -3 +17 Increase Varies
Cap mifemp hr - +8 +2 +12 Increase  Increase
Veh hr/veh +2 -5 +2 +6 Increase  Varies
Veh mifveh +1 a5 +7 +2 Increase Increase
Cost/cap mi +10 +10 *21 +8 Decrease  Increase
Cost/cap hr +12 ®13 +25 +2 Decrease  Increase
Rev/cost -2 -4 -12 7 Increase Varies
Rev and local/ +7 -9 +4 -3 Increase Varies

pass mi

Pass/cap hr +5 +34 +10 +14 Increase Increase
Pass mi/cap hr +6 +33 +10 +14 Increase Increase
Pass mi/cap mi +6 +27 +5 +19 Increase Increase
Cost/pass mi +6 -15 +14 -10 Decrease  Varies
Deficit/pass mi +9 -13 +27 ~-15 Decrease  Varies
Pass/emp hr +6 +38 +7 +34 Increase Increase
Pass mifemp hr +6 +38 +7 +34 Increase  Increase

Notes: Total vehicle miles of service for operator A were 10 335; for operator B, 7395;
for operator C, 6381; and for operator D, 4459,

Total passengers carried for operator A were 36 462; for operator B, 20 579; for
operator C, 13 901; and for operator D, 13 025.

;Opcrulur had fare increase during the operating year.
Operator had Tare increase near the end of the aperating year.
cCh:mﬁu wias less than one percent.

increase in operating cost than did the other
operators, thus the revenue to cost ratio was
adversely impacted. Operator A showed a somewhat
lower percentage change in performance measure
levels than did the other operators but appears to
maintain its revenue to cost ratio due to a fare
increase midway through the operating year combined
with no loss in ridership. This operator expects to
raise its revenue to cost ratio in the third year of
the evaluation program. Note that the operator that
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Table 5. Comparison of first- and second-year’s performance levels.
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Operator A Operator B Operator C Operator D Accept- Desir-
Performance Measure able able
(abbreviation) 1978 1979 1978 1979 1978 1979 1978 1979 Level Level
Cap hr/emp hr 31.67 31.67 36.46 37.57 41.08 39.81 31.45 36.83 15 25
Cap mi/emp hr 349.3 347.4 433.6 470.1 491.5 500.7 376.6 423.3 150 250
Veh hr/veh 1951 1992 2445 2327 2109 2150 2200 2337 750 1500
Veh mi/veh 21530 21 850 29 091 29116 25227 27:037 26 342 26 863 10 000 15 000
Cost/cap mi 0.030 0.033 0.029 0.032 0.024 0.029 0.024 0.026 0.10 0.05
Cost/cap hr 0.327 0.367 0.350 0.397 0.287 0.360 0.290 0.297 0.85 0.50
Rev/cost 0.57 0.56 0.50 0.48 0.51 0.45 0.44 0.47 0.50 0.75
Rev and local/pass mi 0.086 0.092 0.139 0.127 0.094 0.098 0.087 0.084 0.04 0.06
Pass/cap hr 0.425 0.448 0.367 0.490 0.371 0.409 0.377 0.430 0.10 0.20
Pass mifcap hr 2:123 2.241 1.285 1.716 1.483 1.636 1.584 1.808 0.50 1.00
Pass mi/cap mi 0.192 0.240 0.108 0.137 0.124 0.130 0.132 0.157 0.05 0.10
Cost/pass mi 0.154 0.164 0.272 0.231 0.193 0.220 0.183 0.164 1.20 0.60
Deficit/pass mi 0.066 0.072 0.137 0.119 0.095 0.121 0.102 0.087 0.40 0.20
Pass/emp hr 13.44 14.20 13.38 18.42 15.28 16.28 11.86 15.85 5 10

60.92 65.12 49.82 66.58 5 10

Pass mi/emp hr 67.20 71.00 46.83 64.48

has the best effectiveness measure levels in Table 5
(operator A) has the highest revenue to cost ratio.

This preliminary analysis suggests that the use
of performance measures can provide a method for
identifying changing conditions (e.g., operator A's
fare increase) or impending problem areas (e.g.,
operator C's unusually large increase in operating
costs) that should be addressed. The fact that
trends in the magnitude of some of the performance
measures can be ascertained even from this small
sample also suggests that a routine review of
acceptable and desirable levels of attainment 1is
necessary and that, perhaps, a periodic change in
those levels may be required. It is at best dif-
ficult, if not impossible, to say whether the fact
that the state has made the attainment of acceptable
performance criteria a condition for the receipt of
state operating assistance played, or will play, any
role in influencing the performance trends.

CONCLUSION

This research continues to support the multimodal
transit performance measures developed in New York
State as useful tools in evaluating a transit oper-
ator's performance. The 15 performance measures
were found not to be highly intercorrelated, which
indicates that operator performance on one measure
does not significantly influence performance on all
measures. As a result, the performance measures do,
in fact, measure the aspects of transit performance
that they were intended to, without being influenced
by other measures. This analysis has alsc shown
that efficiency measures were not highly related to
the other performance measures, which indicates that
efficient transit operations may not necessarily be
the most effective or economical. Component vari-
ables used to calculate the ratios were not found to
influence operating performance, which indicates
that the overall size of an operation does not ne-
cessarily influence performance. Apparently, most
transit operations are now closely tailored to their
operating area conditions to provide an economical,
efficient, and effective service that the specific
area can support.

Perhaps the most interesting result of this study
is the comparability of performance levels of vari-
ous service types. A number of measures do not
differ significantly between service types, which
suggests the multimodal, multiservice use of perfor-
mance evaluations. The multimodal use of these
measures will be monitored closely to ensure that no
particular service is discriminated against.

A preliminary look at the levels of performance

for the second year reveals the direction of change
of each measure and suggests that further work in
this area is warranted to identify desirable methods
to establish appropriate attainment levels for sys-
tems as they develop. The analysis has also shown
that the evaluation measures may be used as a diag-
nostic tool to identify possible operator perfor-
mance problems.

Overall, this paper has extended earlier research
by presenting relative magnitudes of the relation
between the performance measures and the variables
that may affect them.

FUTURE RESEARCH

Many transit professionals agree that measuring and
evaluating operating performance is important. A
policy statement issued by the BAmerican Public
Transit Association recommends establishment of
performance measures at the local level (12). It
has also published a report on current use of per-
formance evaluation among various sizes and types of
transit operations (13). Several New York State
transit operators are currently studying improved
management information systems and the development
and implementation of overall system and individual
route performance evaluation methods.

Research in the area of transit performance
should be intensified with the availability of
Section 15 data. The potential increased quality
and consistency of this data will aid these ef-
forts. Topics for future research should include
the following:

1. BAnalysis of performance measures over time to
monitor change, reasons for change, and to adjust
levels of attainment when appropriate;

2. Use of performance measures to identify ser-
vices that would benefit from more in-depth study;

3. Determination of the transferability of the
performance measures developed in New York State to
other areas;

4. BAnalysis of the potential for other groupings
of performance measures, such as by trip 1length,
ownership type, or speed; and

5. Development of methods to relate these, or
other, performance evaluation measures to local
goals, objectives, and operating conditions.

To assist in the operator-evaluation effort, the
department 1is requesting that each major transit
system submit a service (evaluation) plan. The ini-
tial submission will obtain information on transit
system goals and objectives, service coordination,
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and service problems and needs. These service plans
will add to the comprehensiveness of the evaluation
program by identifying local factors that were not
easily recognizable in the operating data collected
and used in the preceding analysis.
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Use of Service Evaluation Plans to Analyze

New York State Transit Systems

ROBERT J. ZERRILLO

Recent state legislation mandated that the New York State Department of
Transportation develop a transit service evaluation plan reporting require-
ment to be used along with transit performance measures in the evaluation of
the state’s major transit systems. This paper describes the development of the
service plan submission and summarizes the results of the plan submittals for
the first year. The results of the two reporting groups of transit systems
(public authorities and county sponsors) are compared on each of four
topics {use of goals and objectives, operating performance evaluation, service
coordination, and service problems and needs). It is concluded that the ser-
vice plans provide a basis for relating transit system performance to local
service objectives and operating conditions and also for improving the per-
formance monitoring of New York State’s major transit systems.

A number of recent studies have advocated the use of
transit performance measures to evaluate the effi-
ciency and effectiveness of publicly funded transit
service (1,2). Many of these studies as well as the
BMmerican Public Transit Association (APTA) have
recommended that performance evaluations must be
made in light of the goals and objectives of the
transit system and the local conditions that affect
service (3). The New York State Department of
Transportation (NYSDOT) began a performance evalua-
tion program in 1979 under a state legislative man-
date to certify the performance of transit operators
that participate in the state operating assistance
program (l). The operating and financial data used

to evaluate performance were obtained through annual
surveys of transit operators. However, these data
alone did not reveal the complete transit operating
picture.

In recognition of the need to obtain other non-
statistical information from state-sponsored transit
services to supplement the department's existing
performance evaluation program and to relate operat-
ing performance to local goals, objectives, and
special conditions, NYSDOT implemented a service
plan reporting requirement for 1980 (4). This paper
describes the development of the transit service
plan submission for the initial year, presents a
comparison of the plans received by the two distinct
groups that submitted responses, and recommends ways
in which the service plans can be used by NYSDOT and
local governments.

BACKGROUND AND DEVELOPMENT OF QUESTIONNAIRE

The 1980-1981 New York State transit operating as-
sistance appropriation legislation requires the de-
partment of transportation to certify as to the
economy, efficiency, and effectiveness of each major
public transportation system (those systems that an-
nually carry more than one million passengers or
operate more than one million vehicle miles of ser-
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vice) that receives state operating assistance
funds. A major system could be a regional public
transportation authority or a county or municipal
sponsor of one or more publicly or privately
operated transit services. Seventeen of the state's
62 systems qualified as major systems in state FY
1979/80. These 17 systems carried 99 percent of the
passengers, operated 98 percent of the vehicle
miles, and received about 99 percent of operating
funds in the state. These major systems were re-
quired to submit a service plan to the department to
be used in conjunction with the performance evalua-
tion measures in the certification process.

The objectives of the service plan submission for
the first year were to enable the department and the
regional authorities or sponsors of transit service
to better monitor and evaluate the performance of
the state's major systems and to develop an under-
standing of local or regional transit service objec-
tives, problems, and immediate needs. Many of these
same objectives are cited as components of a manage-
ment performance audit in a recent report by Smerk
and others (5).

The service plan requirement for the initial year
contained a series of questions to be answered by
each major system. The guestionnaire distributed to
public authorities (who both own and operate the
transit service in an urbanized area and receive
state operating assistance funds directly) differed
slightly from that sent to county sponsors whose
transit service is provided through contract with
one or more private (or occasionally public) car-
riers and who act as a conduit for state assistance
to these operators. Both questionnaires covered the
following general topics:

1. Transit service objectives——What are the
local objectives for providing transit service? and
To what extent are local objectives achieved?

2. Transit system and route performance evalua-
tion--Is system and route evaluation done? What
measures are used? and How often is it performed?

3. Transit service coordination--Is there coor-
dination with other local services and with inter-
city services? and

4., Transit service problems and needs--What are
they? and What are short-term service plans?

The resulting information will be used by the de-
partment to develop an overview of existing transit
services and service objectives in the state, to de-
termine the extent to which service evaluation
techniques are established and used, to obtain an
overview of current coordination of transit ser-
vices, and to determine transit problems, needs, and
short-term plans for service improvement.

DESCRIPTION OF MAJOR SYSTEMS

There are five regional (multicounty) transportation
authorities in New York State that serve the largest
urban areas——New York City, Buffalo, Rochester, Al-
bany (capital district), and Syracuse. All operate
local bus services and several also operate their
region's rapid rail, commuter rail, airport, and
port facilities. These authorities receive federal
and state operating and capital assistance directly
and also receive local subsidies from counties with-
in their jurisdiction.

The department of transportation is involved in
transit planning in these areas through a number of
mechanisms, including the following:

1. Metropolitan planning organization activities
such as planning work programs and development of
transportation improvement programs;
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2. State operating and capital assistance pro-
gram administration, evaluation, and development of
assistance recommendations to the state legislature;
and

3. Federal operating and capital grant review
and approval.

A sixth transit authority in the Utica urban area
is considered a regional authority for this analysis
because its organization and relationship with
NYSDOT more closely resemble that of a regional
transportation authority than of a county sponsor.

Transit service in nonauthority areas of New York
State 1is provided through 1local service contracts
with public or private transit operators. These
operators are eligible to receive state operating
assistance if sponsored by a county or municipality
in which service is provided (6). Only that portion
of transit service provided within the sponsoring
county or municipality is eligible for state assis-
tance, and the local government is required to match
a portion of state funds. The nature of this rela-
tionship resulted in the development of a slightly
different set of gquestions for the county sponsors
because they are not directly responsible for tran-
sit operation in their area in the same sense as is
a regional transportation authority. The questions
probed the extent to which the counties are in con-
trol, or aware, of various aspects of the transit
services provided in their county and receiving
state (and local) funds through county sponsorship.
All but one of the counties that qualified as a ma-
jor system is in the metropolitan New York City
area; that county is Broome, which sponsors the
Binghamton area transit operator.

County-sponsored transit services are basically
of two types. Two counties, Nassau and Broome,
actually own the large portion of the transit opera-
tions in the county (essentially one local, fixed-
route service), and the remaining counties contract
with a number of private operators for transit ser-
vices. The services provided include local, fixed-
route, commuter, intercity, and demand-responsive
services.

COMPARISON OF AUTHORITY AND COUNTY SPONSOR
SERVICE PLANS

The service plan submissions for the first year pro-
vide considerable insight into several aspects of
each authority's and county's transit operation,
such as use of performance evaluation techniques and
service coordination. The results obtained from the
questionnaires reveal a number of interesting dif-
ferences between public authorities and county spon-
sors of transit service. The following sections
briefly summarize the authority and county responses
to each group of questions. Note that only 16 of
the 17 major systems are compared because the com-
bined service plan for the Metropolitan Transit
Authority (MTA) (New York City metropolitan area)
covered commuter rail and subway-bus service rather
than treating each service individually.

Goals and Objectives

Both the public authorities and county sponsors have
similar goals and objectives for providing transit
service. The level of detail of the service objec-
tives developed differs between the two groups and
also among operators in each group. Responses to
the questionnaire are as follows:
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Regional Transpor-—
tation Authorities County Sponsors
(N = 6) (N =10)
Question Yes No Yes No
Has service 5 1 10
objectives
Satisfied with 4 2 5 1
achievement

The response of county sponsors to the question
about the existence of service objectives illus-
trates that service objectives often appear in ser-
vice contracts with private operators. Note that
four county sponsors did not answer whether they
were satisfied with achievements. The lack of a
response cannot be used to infer any other answer to
the question asked.

Counties that have more active county transporta-
tion departments or recent county transportation
plans have more refined and explicitly stated tran-
sit service goals and objectives that are similar to
those of most authorities. The results in the table
above show that both groups reported general satis-
faction with the achievement of objectives to date.
Those that were not satisfied stated the cause and
potential solution of why achievement was unsatis-
factory.

System and Route Performance Evaluation

Questions on transit performance evaluation were of
particular interest because of recent NYSDOT work in
this area. This 1s one area of considerable dif-
ference between authority and county responses, as
is evident from Table 1. Whereas most authorities
and counties evaluate their entire system perfor-
mance, fewer counties did route evaluation or used
performance measures (indicators).

Most regional authorities monitor system perfor-
mance at least annually. The monitoring consists of
collection and analysis of both overall operating
and financial statistics and efficiency and effec-
tiveness measures. Performance evaluation seemed a
particularly relevant topic; all authorities studied
either local transit service standards or data-col-
lection improvements. One authority is currently
developing route performance evaluation techniques
and is planning on developing computer programs for
use in monitoring performance.
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Most counties do not currently have performance
evaluation programs as sophisticated as those of
most authorities. The extent of performance evalua-
tion also differs greatly among counties. Those
that own their transit services, such as the munici-
pal systems in Broome and Nassau Counties, do system
performance and route performance evaluation per-
iodically. The counties that sponsor private opera-
tors do some data collection for system or route
evaluation for occasional county transit plans or to
comply with data-reporting requirements of NYSDOT or
Section 15 of the Urban Mass Transportation Act of
1964, as amended. Westchester County, which has ex-
tensive private operator service and an active
county transportation department, collects monthly
route data from sponsored operators to thoroughly
monitor system and route performance. Many counties
were generally unaware of the extent to which each
sponsored operator evaluates 1its own system or
routes other than evaluations to comply with state
or federal regulations. The extent of individual
operator performance evaluation will be explored
further in next year's annual operator data-collec-
tion effort.

Service Coordination

Since the public authorities provide the vast ma-
jority of transit service in their respective areas,
coordination or duplication with other local ser-
vices is not a particular problem, as can be seen in
Table 2. Five of the six authorities report that
most local services in their area are fairly well
coordinated. One notable exception to this is the
MTA's bus and subway systems, whose services paral-
lel one another in many areas. Although both the
bus and subway routes serve identical areas in some
instances, their operations appear to serve dif-
ferent travel markets. Subway riders usually are
longer-distance travelers; bus riders characteris-
tically make more and shorter trips. In essence,
then, the bus and subway systems are providing dif-
ferent services to the public and do not, therefore,
overlap as greatly as they first appear to.

Most counties that sponsor a number of private
transit operators, or one large public operator, do
not encounter service duplication or overlap diffi-
culties. However, some of the service schedules are
not coordinated between sponsored operators. Ser-

Table 1. Comparison of performance
evaluation questions for regional transportation

Regional Transportation Authority County Sponsors Evaluations

authority versus county-sponsored service plans. Exsluationsi(l'=5) o = 15}
Question Detailed Moderate Little Detailed  Moderate Little
Is system performance evaluated? 4 1 1 5 1 4
Is route performance evaluated? 3 3? 3 2 S
Are performance indicators used? 4 a8 2 4 4

a 2 F c : . G
One operator is currently developing an extensive management information system and route monitoring program.

Table 2. Comparison of service coordination questions for regional transportation authority versus county-sponsored service plans.

Regional Transportation Authority

County Sponsors Service Coordination

Service Coordination (N = 6) (N=10)
Did Not Did Not

Question Most Are Few Are Address Most Are Few Are Address
Are services coordinated with »nther local services? 5 1 7 3
Are services coordinated with elderly and handi- 2 4 1 3 6?

capped services, not including social-service

agencies?
Are services coordinated with intercity services? 3 | 2° 3 4 3°

3Did not address this question when responding to questionnaire. This cannot be used to infer any other answer to the question asked.
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vice coordination in these counties has come about
through past private operator arrangements and
county involvement through subsidization.

Both the c¢ounties and the authorities report
varying success in coordinating specialized transit
services in their area or in coordinating these ser-
vices with the regular fixed-route service. The two
groups of systems appear to have reasonable success
in coordinating local transit service with intercity
and commuter transportation services. Services be-
tween counties are generally well coordinated be-
cause many of the same intercity operators provide
these services in each county. Most authorities and
counties attempt to coordinate their services with
other modes (intercity rail and air service) where
these other modes exist and where transit service to
these terminals is not adequately supplied by pri-
vate operators.

Service Problems and Needs

Answers to questions asked concerning service prob-
lems and needs also differ between regional authori-
ties and county sponsors. As is shown in the table
below, most authorities and counties agree that
equipment age and replacement are problems as is the
lack of funds and equipment for additional or new
services.

Cited by Regional

Major Service Transporation Cited by County
Problems and Authorities Sponsors
Needs (N = 6) (N = 10)
Dedicated 4 0
funding
source
Equipment re- 5 B
placement
Trained staff 4 2
Peak over- 3 2
crowding
New or addi- 4 6
tional
service

Nearly every service plan cites the need for overall
increases in the levels of federal, state, and local
assistance to keep pace with rapidly rising costs.
However, only the authority group consistently
called for the development of a permanent, predict-
able, and increasing source of transit funding;
often the authorities listed this as the single most
important need. Finding and keeping trained staff
and relieving peak-period overcrowding were also im-
portant needs cited by authorities but rarely men-
tioned by county sponsors.

CONCLUSIONS AND RECOMMENDATIONS

The service plan submissions for the first year,
though they differ greatly in the level of detail,
have provided NYSDOT with considerable information
on the major systems that provide transit service in
the state. The plans reveal the different role pub-
lic authorities and county sponsors play in provid-
ing transit service and the different level of de-
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tail used in monitoring the performance of that ser-
vice. The responses provide a basis on which to
begin to relate transit system performance to local
service objectives and operating conditions. These
local factors are not discernible in routine operat-
ing and financial data collection.

The results of these first plans reveal that
there appears to be adequate planning of major tran-
sit services. Performance evaluation is done rea-—
sonably by most systems, though most counties do not
currently have evaluation programs as sophisticated
as those of the public authorities. Service coordi-
nation was one area that was found lacking in both
groups. The authorities and counties differed most
in the detail of performance evaluation and in ser-
vice problems and needs.

Through the service plans, the extent of transit
performance evaluation and service coordination was
determined and specific area shortcomings were
recognized. Localities (sponsors) deficient in
evaluating their transit systems' performance will
be encouraged (and assisted when necessary) to im-
prove performance monitoring techniques. Experi-
ences of one transit system that may benefit other
similar systems will be studied and brought to the
attention of other local transit agencies. By im-
proving local performance evaluation efforts, poten-—
tial service problems can be identified more quickly
and corrective or preventative action taken. We
hope that these efforts will improve the quality of
local transit service and ensure the greatest pos-
sible transit service payoff per subsidy dollar.

The service plans will be modified in future
years to better meet NYSDOT needs for collecting
transit system information and to improve the cur-
rent performance evaluation program.
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Management of Public Transportation Systems in the
1980s: The Emergence of Paraprivate Transportation

RAY A. MUNDY

Management of public transportation systems in the 1980s will be a major
challenge for urban areas. Their operating scenarios, financial support, and gen-
eral feasibility will be severely tested. The present heavy subsidy of transit is
not expected to continue. Just as much of the U.S. industry has had to special-
ize its product offerings in a competitive market place, so will transit systems.
This will mean the expansion of paratransit activities and the inclusion of para-
private transportation options. This paper attempts to assist public transporta-
tion officials in thinking through their innovative alternatives and provide the
rationale for the alternatives they adopt. How these newer, specialized forms
of public transportation alternatives are integrated into existing traditional
transit operations will be the major managerial and official focus for much of
this decade. Those areas that are successful in broadening their concept of
public transportation to include these innovations will breathe new life and
vitality into their local transportation systems. Those who do not will con-
tinue to teeter from one fi ial crisis to her. Clearly, publi porta-
tion officials at all levels need to ask themselves, “What are we trying to do?”,
and restructure to accomplish these goals. We can no longer continue to use
nineteenth-century work rules and early twentieth-century technology as we
stumble toward the twenty-first century.

Public transportation systems underwent numerous
changes in their ownership, financial support, and
level of expectation during the 1970s. The majority
of private urban transit systems was purchased with
public money. Most are now heavily subsidized from
public operating funds, and they are expected to be
all things to all people. Public announcements are
periodically made on how public transit can solve
the energy crisis, reduce pollution, or improve ur-
ban mobility. Unfortunately, although the 1970s
brought an influx of public funds to the transit in-
dustry, its competitive position to the private
automobile has remained constant. Just as the 1950s
and 1960s were the facilities-building era of the
highway systems, the 1970s were the facilities-
building years of publicly owned transit systems.
The management of these combined facilities will be
the major transportation challenge that faces offi-
cials in the 1980s. Thus, the purpose of this paper
is (a) to develop the status quo of these combined
facilities, (b) to demonstrate the need for a change
in direction, and (c¢) to prescribe a management
strategy for public transportation programs in the
1980s.

TRANSIT--THE PRESENT CASE

Although budgets for public transit greatly in-
creased yearly in the 1970s, the expansion of local
support taxes appears to have reached an end. Be-
tween 1969 and 1979, public transit deficits rose
from a few thousand dollars to more than $3 billion
(1). These deficits were financed through local tax
levies and general funds. However, transit costs
are increasing at an annual rate of two to three
times that of local municipal budgets (l1). The in-
dustrialized cities of the Northeast, which have
eroding tax bases, appear to be hardest hit. The
recessionary squeeze will restrict the total supply
of transit services for the 1980s. Even through the
expansive years of the 1970s, however, the actual
supply of transit services (i.e., vehicle miles
operated) remained relatively constant (1). With
the slackening of local financial support, transit
management will find it necessary to review service
offerings for possible elimination.

Some of this activity may prove healthy to the
industry. Ironically, during the 1970s, although
new vehicles and facilities were purchased with pub-
lic money, minimal operational improvements were
made by traditional transit systems. For nearly a
century, transit management had geared its opera-
tions to serve the peak commuter markets. The major
emphasis in route development, equipment design and
use, and labor work rules was on efficient service
for the peak commuter demand. With the advent of
massive public support, a new mission and market
were added to public transportation--the transporta-
tion disadvantaged. The transportation disadvan-
taged include not only the economically disadvan-
taged but also the physically disadvantaged.
Unfortunately, the management of many public transit
systems, burdened by the day-to-day operational
problems of managing peak transit demand, underesti-
mated this new responsibility and its implications.
Their major efforts were consumed with the enormous
task of gearing up for the peak-time commuter market
with new vehicles, new garage facilities, and new
rail systems.

Sadly, this continued preoccupation with rider-
ship numbers was doomed for reasons beyond the con-
trol of mass transit management. The flight of
people and jobs from the urban core and dense cor-
ridors to suburban industrial parks and residential
areas continued and increased during the 1970s. In-
stead of work trips to a city center or a few major
industrial sites, trips from lower-density dwelling
units to other low-density areas were the norm.
During the 1970s, suburb-to-suburb trips became the
majority of all work trips and represented two-
thirds of all work trips in urban areas (2). Due to
the many origins and destinations created by such
trip patterns, the attracting of this ridership to
traditional mass transit became impossible, extra-
ordinarily expensive, or both. Thus, although pub-
lic treasuries pumped billions of dollars into local
public transit systems (which by management decision
were used to support the peak-time commuter trip),
transit lost 40 percent or more of its market share.
During the 1970s, transit's mode split of the peak-
time commuter market decreased nationwide from 10
percent to 6 percent (2).

In marketing terms, the transit industry in the
United States had been in a state of mature product
decline (see Figure 1l). Without massive federal,
state, and local assistance, the transit industry
would have gone out of business. However, fresh
capital and operating funds gave transit a chance
for stabilization and redevelopment of new product
and service offerings that would appeal to the pub-
ljc in the remaining decades of the century. Un-
fortunately, this redevelopment has not taken
place. Public support for transit may have sealed
its fate and that of transit management by insisting
on the public utility concept of viewing public
transit as solely fixed-route, fixed-schedule ser-
vices that blanket an urban area in either a grid or
spoke-wheel network.

The concept of paratransit was begrudgingly in-
troduced into transit, but this was only because
traditional transit feared the loss of governmental
support if it did not provide more specialized ser-
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Figure 1. Product life-cycle needed.
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vices in the form of demand-responsive scheduling
and smaller vehicles for certain transportation-dis-
advantaged markets. Today such expenditures account
for a relatively small amount of total transit ex-
penditures. Thus, traditional services were man-
dated to be modified to make them accessible to some
physically handicapped individuals--primarily in-
dividuals in wheelchairs. Now the same level of
services that lost market share in the 1970s will be
made available to the physically disadvantaged in
the 1980s.

Ironically, traditional transit has been marketed
during the 1970s to the tax-paying public as highly
energy efficient. One constantly hears that a mass
transit bus can remove 40 automobiles from the high-
way or that the train is energy efficient. Unfor-
tunately, such claims are often exaggerated. It is
true that transit theoretically can be highly energy
efficient when traveling at capacity. However, due
to deadheading, low density, and lightly used off-
peak services, the average occupancy of a public bus
per vehicle mile in the United States is only three
persons, and the average occupancy per train mile is
six. In reality, it is not what transit can do, but
what it actually does, that determines the fuel ef-
ficiency of the mode.

A more formal work on the fuel and cost efficien-
cies of transit has been carried out by an Urban
Mass Transportation Administration supported study
conducted by System Design Concepts, Inc. (3). The
report analyzes the specific energy used in three
representative high-density corridors that serve
Cincinnati, Ohio; Washington, D.C.; and Phila-
delphia, Pennsylvania. The results are shown in
Table 1 (3). As shown, traditional transit, even in
these dense corridors, conserved appreciably less
fuel than did carpools and vanpools. Similar re-
sults were generalized for the nation as a whole in
a recent Congressional Budget Office report (4). If
one reviews the program cost savings estimated for
travelers in these three corridors (see Table 1),
the implications are obvious. The total travel
savings are slight for conventional bus and even
negative for rail service. As one does similar
studies on lower-density corridors, the energy and
cost savings will decrease substantially. Also, as
the report states, the future will get even worse
(3).

Introduction

Moreover, the energy benefits offered by many
modes are derived from the difference between
their consumption rates and those of automo-
biles. As automobile efficiency improves, there
is a decrease in the energy savings potential of
other modes. For example, if automobiles average

Table 1. Energy and cost-effectiveness of urban transportation modes.

Program Energy® Program Cost Savingsb

Mode (BTUs/passenger-mile) ($/passenger-mile)
Carpool 4700 +0.15

Vanpool 7970 +0.23
Conventional bus 2890 +0.02

Express bus 2000 +0.04

Heavy rail, old NA NA

Heavy rail, new 730 -0.30

Light rail 890 -0.37

angram energy represents the approximate average expected energy savings attributable
to a mode in travel markets for which that mode is likely to be a serious candidate for
implementation. Each mode’s energy consumption in a market is compared with atterna-
tive modes that would otherwise be used in that market in order to obtain the estimated
energy savings. Comparative judgments as to the energy savings of two or more travel
modes in a particular travel corridor cannot be made with these numbers because they
‘witre computed with data from different travel markets,
Program savings represent the approximate avernge expected cost savings attributable
to a mode in travel markets for which that mode is likely to be a serious candidate for
implementation. Each mode’s costs in a market are compared with the costs of alterna-
tive modes that would otherwise be used in that market in order to obtain the estimated
cost savings. Costs are given in 1977 dollars. Comparative judgments as to the cost sav-
ings of two or more travel modes in a particular travel corridor cannot be made with these
numbers because they were computed with data from different travel markets.

26.5 miles/gal (which is expected to be reached
in 10 years), the average potential energy sav-
ings offered by conventional bus service is only
about one-third as large as at present, if other
factors remain constant.

Ironically, massive public assistance may have
stimulated some of these inefficiencies. By provid-
ing public funds, many transit systems were com-
pelled to provide some services to all of the
political jurisdictions irrespective of density or
demand for services. The rationale was that tax-
paying subdivisions needed transit services the same
as they needed police and fire protection. 1Indeed,
many transit systems of the 1970s passed bond and
taxing levies to expand their local systems into re-
gional authorities. When one considers that the
supply of transit (i.e., bus miles) has remained
constant throughout the decade, the only conclusion
is that the same supply is being spread over a
larger geographical area and that service to the
high-density corridors previously served has been
decreased.

Clearly, there is a felt need for a change in
direction. Continuance of the same managerial ac-
tions will mean that transit will lose the oppor-
tunity presented by its public infusion of funds in
the 1970s. Public transit must position itself on a
solid base for future rebuilding. Unfortunately,
the demand for fuel-efficient, high-occupancy ve-
hicles will accelerate in the 1980s. It is impera-
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tive that appropriate legislative frameworks, man-
agement strategies, and the political sense to
realize them be developed.

TRANSPORTATION DEMAND IN THE 1980s

The demand for transportation, in general, and com-
muter transportation, specifically, will increase
greatly in the 1980s. The table below shows projec-
tions for automobile use in the future. Note that
the term automobile excludes vans, light trucks, and
campers.

Item 1975 1985 2000

Automobiles (000 000s) 95 118 148

Licensed drivers (000 000s) 120 151 177

Automobiles per licensed 0.73 0.78 0.84
driver

Vehicle miles of travel 1.03 1.43 1.80
(000 000 000 000s)

Vehicle miles of travel 7.9 9.5 10.2
per licensed driver
(000s)

Urban driving under con- 10 14 24
gested conditions (%)

Transit ridership 5:6 6.5 6.5

(000 000 000s)

According to a study prepared by the Office of Tech-
nology Assessment (5) concerning the future use of
the automobile, the number of licensed drivers will
increase from 120 million to 151 million by 1985
(see the table above). The number of automobiles
will increase by 20 percent in the 1l0-year period
from 1975 to 1985 (5). Many of these new licensees
and automobiles will be driven by new female drivers
as the proportion of women in the working commuter
market increases. Given this increased demand and
the limited ability to supply additional roadway and
traditional mass transit options, it is little
wonder that the report projects that 24 percent of
all the urban miles driven by the year 2000 will be
driven under highly congested conditions. Mass
transit ridership is expected to increase by only 20
percent through 1985 and then not to increase at all
between 1985 and 2000. Because of declining 1local
funds and increasing transportation demand, public
transportation officials face a\ critical dilemma of
how to accommodate increases in demand with declin-
ing real dollars. Fortunately, there are ways to do
this if one broadens the concept of public transpor-
tation to include the active management of all pub-
lic transportation facilities and the vehicles that
use them.

Broadening the Public Transportation Concept

For nearly a decade, the public utility approach to
public mass transportation has tended to divide all
transportation offerings into two groupings—--private
transportation and for-hire or regulated carriers.
Regulated carriers were further defined as common,
contract, and, in some cases (such as vehicles used
for religious purposes), exempt carriage. Similar
to other transport modes that have been heavily
regulated as to entry, exit, fares, and service
offering, mass transit initially flourished. But
within the past three decades, mass transit has
crumbled into financial ruin in the face of unregu-
lated private competition in the form of private
automobiles. Little could be done by the regulators
to protect the mass transit markets so long as the
pPrivate automobiles did not hold themselves out to
carry others for a fare. Such jitney operations
were banned in all but a few areas in the 1920s and
1930s. The effect of such ordinances is that even
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today it is illegal for one to receive compensation
above a reasonable amount for shared expenses for
the trip. 1In essence, a commuter can accept a fare
for driving only if the total amount received does
not exceed the cost of the trip (i.e., variable cost
of gasoline, depreciation on the vehicle, and other
related fixed costs).

Through stated public policy, a common-carrier
public~-utility concept of mass transit that makes it
illegal for commuters to charge more than the pro-
portional cost of the trip is being used. Thus, in-
centives for private transportation are held to a
minimum. It is known that additional peak-time
transit service is proportionally more expensive, in
terms of public subsidy, to provide. But regulators
insist on protecting this market from other sources
that would need no subsidy.

In retrospect, the public policy of exercising no
regulatory authority over the use of the private
automobile may not be a prudent strategy. The cost
of owning and operating several automobiles has be-
come increasingly expensive to struggling families
that are hard pressed by inflation and slow economic
growth. The cost of foreign o0il to fuel primarily
automobiles now exceeds $80 billion/year. The an-
nual carnage on the highways averages 50 000 fatali-
ties/year to say nothing of injuries, hospital
bills, human pain, and suffering. Through regqula-
tion, a gray area or subeconomy to public mass
transportation has been created. For lack of a
better name, this category could be referred to as
paraprivate transportation.

Paraprivate Transportation

As shown in the table below, regulators have
attempted to deal with transportation suppliers as
either common or contract carriage or exempt private
carriage.

Mode Regulatory Classification
Traditional transit Common carrier
Paratransit

Dial-a-ride Common carrier

Taxi Common carrier

Limousine Common carrier
Subscription bus Contract carrier
Subscription van, for Contract carrier

hire
Paraprivate

Carpool Private, exempt

Vanpool Private, exempt

Buspool Private, contract carrier
Automobile Private, nonregulated

The middle ground, that of private individuals who
supply transportation services on a quasi-business
basis (the paraprivate sector), has really had no
convenient regulatory classification and thus, by
definition, could not and should not exist, pri-
marily because it blurs the distinction between non-
regulated and regulated carriage. Only in the
latter part of the 1970s did most states deregulate
privately operated vanpools from their previous
position as common carriers, and then only under the
condition that they operate at no more than a break-
even or share-the-cost basis. Mass transit manage-
ment has naturally feared carpools and especially
vanpools as threatening to remove riders from mass
transit systems. Only recently have these highly
fuel-efficient modes been given limited emphasis by
public transportation officials. Clearly, the suc-
cessful mass transportation strategy would be to use
these newly developed paraprivate modes to assist in
accomplishing the mass transportation objectives of
reduced energy consumption and congestion as well as
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cheaper, more-effective means of commuter transpor-
tation. For profit, exempt carpools, vanpools, and
buspools could add enormous peak~time mass trans-
portation capacity at little or no additional cost
to the public.

PRESCRIPTION FOR IMPROVEMENT

If these paraprivate modes can be used to serve the
growing peak demand and even some of the existing
demand, transit management could then turn its ef-
forts toward building a better off-peak base for
transit development. Better services for nonwork
trips such as medical, recreational, and social-ser-
vice trips could be developed. Greater attention
could be given to transit amenities such as benches,
shelters, integration with community activities, and
street signing systems that inform patrons how to
use the system. Finally, with pressure relieved
from having to expand the peak-time system, appro-
priate marketing of the systems could be under-
taken. 1In many cities the local public transporta-
tion system is still a mystery to many.

Development of paraprivate transportation modes
would bring about other major long-term benefits to
transit. Initially it spreads the responsibility
and cost of providing peak-time transportation to
employment centers that, by their operational na-
ture, cause the peak-time problem. In essence, the
approach says, "You helped create the problem, now
let's work together to solve it."

As government and private employers become
actively involved in encouraging, administering, and
assisting paraprivate modes such as carpooling, van-
pooling, and even buspooling, major pressures for
highway expansion can be relieved. Moreover, as
more people share driving or riding in a vanpool or
buspool, corridors of high-occupancy-vehicle use can
and will develop. Research on these modes has shown
that individuals who would not trade their singly
driven automobile for transit might initially try
carpooling. Over a period of time, some of these
carpools will evolve into vanpools and later bus-
pools. Such a phenomenon is labeled the "step-func-
tion approach to mass transportation" (see Figure

Figure 2. Public transportation step
function.
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2) % Such an approach recognizes that the personal
private automobile is the preferred mode; but
through conditioning of the marketplace over a
period of time, some individuals can be coaxed away
from this preferred mode. In essence, paraprivate
modes can be used effectively over time to prepare a
corridor or area for mass transit once sufficient
volume is reached. Such a strategy used to its ful-
lest could be used to develop future light rail cor-
ridors.

Highway and transportation officials can take
actions to encourage paraprivate modes. High-occu-
pancy-vehicle lanes can be the focus of new con-
struction or use of present roadway capacity where
more than two lanes per direction exist. The empha-
sis should be on occupied seat miles per gallon.
This would give the same preference to a four-per-
son, subcompact automobile carpool as it would to a
full transit bus. Both would achieve 160 occupied
seat-miles/gal of fuel. The bus, which averages 4
miles/gal, would carry 40 individuals, and the auto-
mobile, capable of achieving 40 miles/gal, would
carry four passengers. Obviously, it 1is how the
vehicle is used, not the vehicle itself, that is im-
portant.

Targeting efforts to the long-distance commuter
should also be a major emphasis of the paraprivate
approach for the 1980s. As shown in the table below
(6), 27 percent of the workers who travel 11 miles
or more are responsible for nearly 70 percent of the
vehicle miles traveled.

One-Way Home to Work Projected
Trip Length  Workers Vehicles Miles Travel Time
(miles) (%) of Travel (%) (min)

<5 521 13.9 <15

6-10 20.9 17.8 16.25

>11 27 68.3 >16

Such targeting need not be difficult. These are
real monetary benefits for the individual. As shown
in Table 2, an individual can save as much as
$246/month by carpooling and $266/month by van-
pooling. Few government programs are able to demon-
strate such returns on public dollar investment.

Traditional Transit

Express Bus

Buspool

Private
Auto

pra

)
Self Concept and Life Style
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Table 2. Estimated monthly cost
for daily round trips.

Cost per Month ($)

10 20 30 40 50 60 70
Choice of Travel Miles Miles Miles Miles Miles Miles Miles
Drive alone 45 90 135 180 225 270 315
Carpool of two persons 23 45 68 90 113 135 158
Carpool of four persons 11 23 34 45 56 68 79
Vanpool 37 41 44 48 52 55 59

Note: Table adapted from Federal Highway Administration statistics.

Even dgreater economies can be achieved if admin-
istration and financial support for these para-
private options can be shifted in part (or in the
case of large employers, totally) to the employment
centers themselves. The nation's largest employer,
the federal government, has already moved in this
direction through Executive Order, Circular No.
Al18, which deals with federal employee parking
facilities. 1In addition to mandating the collection
of appropriate charges for federal employee parking,
it also mandates the establishment of an employee
transportation coordinator at every federal facility
that employs more than 100 persons. In accordance
with President Carter's memorandum of February 1,
1980, these employee transportation coordinators are
to give priority parking to carpools and vanpools,
to establish favorable van financing terms, to
facilitate ridesharing matches, and to disseminate
mass transit information. Many private firms have
developed such programs as employee fringe bene-
fits. Much more, however, is still needed. Nearly
65 percent of all workers drive alone to work. Many
more could share the ride or become a member of a
paraprivate transportation mode. Ironically, there
would be an abundance of passenger seats, parking
spaces, and roadway capacity if all vehicles, space,
and highway networks were used efficiently. It 1is
time to manage facilities far more productively than
previously has been expected. Instead of planning
and building for vehicles per hour per lane, con-
centration should be on persons per vehicle per hour
per lane.

SUMMARY

The management of public transportation systems in
the 1980s will be a challenge for transit and trans-
portation officials. The concept of public trans-
portation will expand to include paraprivate modes,
just as it expanded to include paratransit modes in
the 1970s. The broadening to 1include paraprivate
modes, however, will bring a more fundamental change

in the management strategy. Management will be
forced to abandon the concept that only publicly
owned and operated services comprise the public
transportation system. In fact, management will be
encouraged to do so by governmental authorities that
are burdened by local tax pressures. Unlike tradi-
tional transit costs, costs of paraprivate options
will be shared with employers as they are encouraged
to set up and administer their own employee trans-
portation programs. Such a change presents inter-
esting challenges to state and local regulatory
bodies. Resistance to these changes is natural; but
in the end the rationale of these modes and their
preference will prevail.
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Coordinating Transportation: The Logistics Solution

FRANK W. DAVIS, JR., LAWRENCE F. CUNNINGHAM, JAMES H. FOGGIN, TIM L. CLEARY, AND DAVID L. MATTHEWS

One of the primary problems of the poor, handicapped, and elderly, especially
if they live in rural and suburban areas, is transportation. More than 116 fed-
eral programs have been developed in an attempt to correct this transportation
deficiency. However, due to the large number of programs, there have been
charges of duplication of services. This has brought about calls for consolida-
tion, even though consolidation is the least-efficient and least-effective form of
coordination. The purpose of this paper is to emphasize that coordination of
transportation service is totally different from the coordination of plans to
build fixed facilities, organization to coordinate funding from many categori-

cal grant programs, or organization to coordinate a well-defined production ac-
tivity such as transportation. A second purpose is to emphasize that the large
organizations that have been concerned with both the effectiveness of transpor-
tation as well as the efficiency of transportation are using the logistics approach
to coordination whether they be government (military) or private (business).
The third purpose of this paper is to emphasize some of the inherent weak-
nesses of consolidated transportation programs and to suggest some alternative
approaches to coordination.
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Transportation increasingly concerns the elderly,
handicapped, young, and poor, and both the cost of
transportation and the pressure to reduce government
expenditures are increasing rapidly. The financial
rejuvenation of traditional transit systems has al-
lowed traditional transit systems to do an excellent
job of linking the suburbs and the central business
district (CBD) (1). Unfortunately, transit seldom
serves the non-CBD-oriented trips or trips for indi-
viduals who cannot get to bus stops or who need es-
cort service. Many social-service agencies must
provide transportation if social-service beneficiar-
ies are to have access to essential social ser-
vices. Social-service transportation, usually
funded by categorical programs, has created a large
number of vehicles operated by many different agen-
cies, 1including schools, senior-citizen nutrition
programs, sheltered workshops, public housing agen-
cies, private nonprofit groups, churches, and volun-
teer groups. The increasing cost of providing this
specialized transportation has now brought legisla-
tion that mandates the coordination of publicly
funded transportation. Those who propose the legis-
lation wusually identify the existing programs as
fragmented and overlapping and charge that they pro-
vide duplicate, and thus costly, service. The in-
tent of this legislation is very simple: Improve
the management of the transportation provided so it
is less costly and ensure that public funds are not
used simply to replace private, nonprofit transpor-
tation or the extended helping networks of family,
friends, and neighbors.

Unfortunately, it is easier to understand legis-—
lative intent than it is to statutorially define an
organizational structure to carry it out. There-
fore, the legislature generally assigns an organiza-
tion such as the department of transportation or the
department of human services to be responsible for
coordinating all government-funded transportation.

Although the need to coordinate is not new, the
tendency has been to use traditional coordination
procedures without considering whether the tech-
niques apply.

There are many different approaches to coordinate
activities, but four categories will effectively il-
lustrate the general range of approaches:

1. The fixed-facility coordination model--Engi-
neers and planners develop detailed plans for build-
ing large facilities (e.g., subways, airports, and
roads) that affect large groups of people, cross po-—
litical jurisdictions, and defy dismantling once
constructed. The resultant elaborate and continuing
planning processes require review and approval of
any action from each affected political entity.
This model makes a simple bus route change or the
location of an Interstate highway equally compli-
cated.

2. The funding coordination model--Human service
agencies have typically sought funding £from many
sources in order to implement a program. (There are
more than 116 different federal programs that fund
transportation alone.) Frequently, an umbrella
agency, eligible for funding from multiple sources,
aggregates funds to obtain enough to actually oper-
ate a program. This model organizes transportation
coordination to obtain funds rather than to improve
management.

3. The operations coordination model--This model
requires well-defined demand and a single transpor-—
tation provider. The operations manager c¢an select
the ideal vehicle and the ideal facility and select
and train drivers to transport the predefined de-
mand. Coordination for constant demand simplifies
operations. This model reflects the age-old con-
flict between the production sector that wants con-
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tinuous, stable operations and the users who want a
variety of products to meet their individual needs.

4, The logistics-coordination model--Large or-
ganizations for which transportation is a means, not
an end, developed the fourth coordination model.
During World War II the military realized that what
was important was whether transportation actually
accomplished the mission--for example, moving troops
to France, fuel to the tanks in North Africa, or the
wounded to appropriate medical care--not who pro-
vided the transportation.

In the first three models, one centralized orga-
nization coordinates the political review process,
receives public funds, and provides all services.
The emphasis 1is on the organization that provides
the service (the means), rather than on the re-
source-effective provision of transportation (the
results). In the fourth model, business, confronted
with the profit squeeze of the early 1960s, used
transportation coordination to reduce cost while ac-
tually improving the level of service [see, for ex-
ample, Taff, Heskett and others, Mossman and Morton,
and Bowersox and others (2-5)]. The logistics model
developed by these groupsFrecognized three important
concepts:

1. Transportation users have a wide variety of
service needs,

2. The service that is provided must be tailored
to meet the user's need if it is to be effective, and

3. The end results required, not the transporta-
tion service currently being used, should dictate
the type of service.

Unlike transportation operators, who view their
role as providing transportation, logistics managers
view themselves as giving time and place utility to
a person or product. Unless the person (or product)
is in the right place at the right time, the logis-
tics manager has not been effective. If the resul-
tant cost is too high, the logistics manager has not
been efficient. Business and the military rely on
the logistician to accomplish the job, in the most
cost-efficient manner, according to the service
levels set by the organization. To accomplish the
organization's mission, the logistician must select
from the common-carrier modes (e.g., motor carrier,
rail carrier, water carrier, or air carrier) con-
tract carriers, self-operated private carriers, mail
or parcel services and the associated functional
areas of warehousing, inventory management, packag-
ing, and information systems to form the combination
of alternatives that will yield the optimal mix of
service and cost.

METHODS FOR INCREASING TRANSPORTATION EFFICIENCY

There are five management methods for increasing
transportation efficiency:

1. Increase vehicle 1load factors--Fill empty
seats on vehicles that are already in operation to
increase efficiency. Thus, airlines offer low-cost
standby tickets and the Federal Highway Administra-
tion promotes commuter ridesharing.

2. Increase time wuse of transportation re-
sources--The use of existing, underemployed re-
sources is an excellent source of low-cost transpor-
tation. Tour buses are excellent providers of
commuter service and school bus operators are a po-
tential source of midday, evening, weekend, and sum-
mer service.

3. Reduce deadheading~-Deadhead (or nonproduc-
tive mileage) serves no function other than to stage
vehicles. Deadheading characterizes the centralized
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transportation provider who stores the vehicle at a
centralized facility only to drive empty to the
first pickup point and from the last discharge
point. When a rural community has to pay empty
mileage on an intercity charter bus from its staging
area in a large city 100 miles away or a rural human
service agency incurs the cost of driving an empty
van out to a person's home to bring them back to an
agency activity, deadheading is very costly.

4. Realize economies of scale--The concept of
economies of scale is well-recognized by government,
which has an almost implicit faith that bigger is
better. This 1is the fundamental assumption that
translates the legislative mandate to coordinate
into the consolidation of all transportation under
one provider organization to eliminate duplication.
Ironically, numerous studies show that few, if any,
economies of scale exist in actual vehicle opera-
tion. There are, however, economies in terminal
operations, risk-management programs, marketing,
dispatching, insurance, and other support services.
The existence of line-haul economies of scale is
questionable in most modes, including trucking, in-
tercity buses, airlines, and maritime transportation.

5. Increase the ability to respond to changing
user needs--Organizations frequently must balance
the interests of their clients and the short-run in-
terests of their employees, managers, and suppli-
ers. In businesses, the marketing department usu-
ally sets customer service levels. (Marketing real-
izes that a decline in service levels leads to lost
sales.) In the military, the strategic unit deter-
mines the service level required of the logistics
organization. Unfortunately, specialized transpor-
tation has neither the market pressures of private
industry nor the well-defined mission of the mili-
tary to counteract the pressures of the operational
interest. The tendency is to protect the organiza-
tion from user-requested change.

COORDINATION VERSUS CONSOLIDATION

The fixed-facility, funding, and operational models
of coordination focus on the organization rather
than on management strategies for making transporta-
tion more effective and efficient. This facilitates
the political review process, melds with the um-
brella-agency funding concept, and makes one group
responsible for providing all transportation. This
preoccupation with defining the organization that
should operate special-services transportation dis-
tracts attention from the two basic questions:

1. 1Is the organization providing the service
that the social-service agencies and their program
beneficiaries actually need? and

2. Is the organization using the resources effi-
ciently?

To differentiate between the consolidated approach
to transportation and the logistics approach to co-
ordination, consider how each droup addresses the
first three principles of transportation management.
The consolidated transportation organization
practices selective provision of transportation to
contain cost, but the logistic organization prac-
tices selective procurement of transportation to
control cost. In the first case, the way the ser-
vice is provided is paramount. In the logistics ap-
proach, meeting the needs of the user is paramount.
The table below shows how these orientations differ.

Logistics

Coordination

Look for existing
providers who

Management Consolidated
Obijective Provider
Increase load Only accept

factor trips where
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Management Consolidated Logistics
Objective Provider Coordination

surplus ca-
pacity exists;
ignore new
service re-
quests until
existing vehi-
cles are full
Aggressively
look for trips
that can be

are already
making the trip
but have excess
«capacity

Look for existing
or potential
providers who

Increase ve-
hicle use

transported have underused
during agen- capacity when
cy's low- trips need to
demand pe- be supplied
riod or re-

duce peak-

period demand
(peak shaving)

Decrease Discourage or Look for existing
deadheading eliminate or potential
trips that providers who

require ex- have vehicles

tensive dead- and drivers al-

heading ready staged
near the trip
origin

The consolidated provider controls costs by lim-
iting the types of transportation it will provide.
It may provide transportation on rigid schedules, to
terminals or pickup areas only, or to restricted
categorical groups or geographical areas and may ex-
clude escort or support services. The freight in-
dustry has used a selective marketing approach that
only solicits freight that will improve the direc-
tional balance of their freight.

When coordination is interpreted to mean consoli-
dation, it, in effect, gives the designated provider
a mandate to operate all transportation regardless
of its effectiveness or potential efficiency. If
the service is inadequate, the funding agency is ex-
pected to increase funding on the assumption that
the service is provided efficiently because there is
only one provider. If the service is too costly,
then the provider must reduce the level of service
because alternative methods of obtaining service are
outside of the consolidation frame of mind.

However, when transportation coordination focuses
on managerial coordination of all available and po-
tential resources by using the logistics approach,
as in the military and business, then the emphasis
is on the following:

1. Defining the range of services needed by var-
ious user groups,

2. Finding (or cultivating) providers of the re-
quired service, and

3. Developing a feedback system that measures
the effectiveness and efficiency of the service.

Two additional concepts will also become part of
the logistics management approach:

1. The systems concept views transportation as
simply one component of the total trip, including

scheduling of service (information), specialized
support, and terminals (waiting areas for passen-
gers) . (A consolidated operator of transportation,

on the other hand, emphasizes the transportation
system independently of the user.)

2. Transportation 1is integrated into planning
the primary product or service at the earliest pos-
sible moment. The provision of time and place util-
ity is as important as the design and funding of the
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program itself and should be considered as part of
the delivery of the service. In the case of special
services, the transportation component should be
part of the initial legislation, organizaticnal
structure, intake process, and budgeting procedure.

The purpose of this paper is to emphasize that
the coordination of transportation services differs
among organizations in the coordination of planning
for fixed facilities, coordination of funds from di-
verse categorical grant programs, or coordination of
a well-defined production activity. A second pur-
pose is to emphasize that the organizations that
have been concerned with the effectiveness of trans-
portation, as well as the efficiency of transporta-
tion, have adopted the logistics approach, whether
they be government (military) or private (busi-
ness). The third purpose of this paper is to empha-
size some of the inherent weaknesses in the consoli-
dation of transportation programs and to suggest
some alternative approaches. The remainder of the
paper will address the third purpose.

INHERENT WEAKNESS OF CONSOLIDATING
TRANSPORTATION OPERATIONS

Some major institutional issues affect consolidated
transportation programs.

Operation for Benefit of Employees
Rather than for Users

Under the 1law, there are two basic contractual
forms--the buyer-seller contract, in which one party
purchases something from another party, and the
employer—-employee contract. In law, the buyer-
seller contract is clearly an arm's length relation-
ship. If a seller does not meet fully all the terms
of the contract, the purchaser (especially where the
purchaser is a public employee acting on behalf of
government) has a strong obligation to take correc-
tive action.

The employer-employee contract, on the other
hand, 1is considered to be a protective relation-
ship. If a manager does not operate a department in
a manner that will keep the employees happy, the
manader will come under severe criticism. Where
there is a single provider and where competition is
prohibited, the service will quickly come to be op-
erated primarily for the benefit of the employees
rather than for the benefit of the user, unless
there is a buyer-seller contract between the pro-
vider of the service and the customers who use or
pay for the service. Thus, a consolidated transpor-
tation service will often adhere to employee prefer-
ences and pressures rather than to consumer prefer-—
ences on hours of operation, amount of passenger
assistance provided, and other key service variables.

Lack of Accountability

There are basically two ways to make a monopoly ac-
countable to its constituency--through the estab-
lishment of an oversight organization, such as a
regulatory body, or through the control of funds.
One often-mentioned problem with oversight bodies is
that, with time, they tend to identify with the
needs of the groups they regulate rather than with
the consumers (6). One reliable system for keeping
a service accountable to the needs of its customers
is to give the customers (or their agents) control
of the flow of funds to the provider. Allocation of
government funds directly to the provider, rather
than to the clients or agencies, eliminates the in-
centive for the provider to adapt to the evolving
needs of the agencies or their clients.
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Lack of Incentive to Innovate

A major charge made against monopolies is that they
lose the incentive to innovate except in very well-
defined areas (7). (Where rate of return is regu-
lated, there may be an incentive to innovate in cap-
ital-intensive areas.) For example, not until the
U.S. Supreme Court held that the telephone company
must allow competitors to connect equipment to the
public utility's lines did the customer get plug-in
telephones, computerized telephone dialing, and mul-
tifunctional telephone sets. The designation of a
single provider of transportation service for all
government retards the development of innovative so-
lutions.

Potential Conflicts of Interest Within
Regional Transit Authorities

Although regional transit authorities (RTAs) can
overcome many of the Jjurisdictional problems that
plague transportation, they may create even greater
problems. Where RTAs oversee the operation of a
specific transportation system but do not have re-
sponsibility for raising the money to operate the
system, RTA members frequently find themselves in a
very difficult position. First, they may not per-
ceive any way to control the cost of operation.
Therefore, lobbying city or state legislative bodies
for funds becomes the only way RTA members can work
personally to improve service to the community.
Thus, RTAs become publicly supported lobbying organ-
izations that provide service in 1limited ways but
remain the authorities on public transportation mat-
ters. Because other transportation options are il-
legal, legislatures must continually increase fund-
ing or be viewed as insensitive to the needs of the
elderly, the handicapped, the poor, or the emotion-
ally disturbed. It becomes pure pressure politics.

Organization of RTAs to be fully self-supporting
through fares, RTA~imposed taxes, or some other rev-
enue sources that are subject to continual public
review, may build more discipline into the cost of
providing service, but monopolistic restrictions on
innovation are still very real.

Many RTAs, especially those in small communities,
contract with a company to manage the public trans-
portation system. Since there is a strong desire to
put all possible funds into the provision of ser-
vice, the RTA board often requires that the resident
manager also be the executive director of the au-
thority. This appointment may be official, as in
Chattanooga, Tennessee, or de facto, as in Knox-
ville, Tennessee. Thus, the contract management
firm is forced to be the city's spokesperson on
transportation matters. The authority may then ex-—
pect the resident manager to develop policies for
them to approve. This places the contractor in the
position of regulating competitors (e.g., taxis,
limousines, and social-service providers), recom-
mending budgets, and proposing needed changes in op-
eration, contracts, laws, and ordinances. This is
much like having a building contractor speak for the
city on all zoning matters and also enforce the
building code. This is not a criticism of contract
management firms but rather a criticism of RTA
boards that do not maintain an arms-length relation-
ship with the contractors and that abdicate their
policymaking responsibilities by not having their
own policymaking staff to administer the contract
(8).

Tendency of Capital Grant and Bond Programs
to Build Organizations Rather than

to Provide Service

Government bodies tend to be capital oriented. Leg-
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islative bodies appropriate funds for highways, hos-
pitals, airports, or schools. Constituents can see
the return for their money cast in concrete and
steel. However, legislative bodies fund organiza-
tions reluctantly because payroll is an increasing
annual expense that does not have visibility.

To provide transportation service, the government
grants capital for vehicle purchases, but then it
must fund an organization to take title to the vehi-
cle, to operate it, and to insure it. Operating
costs over the life of the vehicle usually exceed
capital costs. Thus, the capital grant creates an
organization that must be continued with new operat-
ing funding. To maintain flexibility, government
should not give capital grants but fund the pur-
chases of transportation as needed.

One RTA sought a capital project to justify a
bond issue. This RTA thought that the responsibil-
ity for the bond issue would guarantee its continued
existence.

Tendency to Fund Agencies Rather than Services

Efforts to establish a single, consolidated trans-
portation service often result in the community
funding of an agency rather than a necessary ser-
vice. Budget requests were based on the dollars re-
quired to maintain or expand the organization, not
on the number of trips required. Thus, a single
agency not only restricts options but has a tendency
to obtain funding to perpetuate itself.

Tendency of Public Accounting Procedures
to Distort the Cost of Providing
Service with Public Funds

Because public accounting procedures are designed
with two major goals, the public accounting system
differentiates between operating funds and capital
funds. First, the system of accounts is established
by program to ensure that the funds are spent in ac-
cordance with laws or authorized budgets. Second,
the accounting system is designed to ensure that the
governmental unit does not overspend the funds au-
thorized in any one period. Thus, the accounting
system does not show the trade-offs between capital
and operating cost, allocation of depreciation among
various agencies, or the time value of money.
Therefore, the governmental accounting system is de-
signed neither to price services nor to determine
whether the appropriate levels of service are ob-
tained economically. Government relies on the vari-
ous contracting procedures to ensure a fair price
for the services; but in transportation, the process
is circumvented when there is only one provider (9).

Consolidated Transportation Funding Programs
Bypass Local Public Officials

Local consolidated transportation providers may deal
directly with the state or federal funding agencies
and structure proposals and plans without involving
local public officials in the planning, operation,
or evaluation of the service. If 75-90 percent fed-
eral money is available, local public officials may
approve the organization and application simply be-
cause their community "might as well get the
funds". With little local money required, public
officials often have little involvement in the re-
view, evaluation, and oversight of the project. The
placing of a local official or citizen on a board or
authority to oversee the consolidated operation is
only effective if that person becomes heavily in-
volved.
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Consolidated Transportation Programs
Replace Private Efforts

The inability of traditional transportation provid-
ers to meet all transportation needs fully has given
rise to church and charitable transportation pro-
grams such as those provided by the Easter Seals So-
ciety, United Cerebral Palsy, and the Young Men's
Christian Association. In addition, informal neigh-
borhood arrangements have developed. The funding of
consolidated transportation operations by government
curtails private initiatives. For example, charita-
ble organizations will not operate transportation
services at $2.00-$5.00/trip when they can give
their members (or beneficiaries) 80.50 tickets to
ride the publicly funded system and force the public
to absorb the deficit. Thus, charities still re-
ceive credit for giving riders the tickets and avoid
all of the operating headaches. Government may in-
tend to supply funds to augment service to those who
have special needs but quickly finds that it has
doubled the cost of the services, replaced private
funds with public funds, and has become the primary
provider of transportation rather than the provider
of last resort, which it desired to be.

Alternative Model Based on Logistics
Coordination

The logistics model suggests that the locality es-
tablish a logistics manager, a transportation coor-
dinator-broker who uses the basic principles of lo-
gistics management. Businesses may centralize or
decentralize the logistics function as appropriate,
depending on potential service or cost benefits.

ORGANIZING FOR LOGISTICS COORDINATION

During the last three or four years, there has been
extensive experimentation with brokerage organiza-
tions that attempt to bring buyers and sellers of
transportation together. These programs have done
much to eliminate the idea that consolidation is the
only solution. There is a need, however, to develop
a full set of principles for coordinating public
transportation programs. There is a need to iden-
tify contracting procedures, approaches to cultivat-
ing new providers, procedures for assigning manage-
ment responsibility and system accountability to
each actor in the transportation channel, and new
carrier-evaluation procedures. As a means of pro-
viding insight into some innovative approaches, an
overview of successful coordination projects is
presented below.

Camden County, New Jersey

The welfare board of Camden County had a $2500/month
budget to provide transportation to its clients (95
percent of whom are eligible by Titles 19 and 20 of
the Social Security Act of 1935, as amended). In-
stead of buying vehicles, hiring staff, and setting
up an in-house maintenance facility (staff alone
would have exhausted the budget), the board indi-
cated that it would pay on-call volunteers to trans-
port clients. According to information from Joe
Calanero of the Camden County Welfare Board, the
board currently has 20 regular volunteer drivers
plus a long list of applicants. The 20 regular on-
call volunteer drivers must meet rigorous standards
and often have better qualifications than full-time
drivers in other programs. One driver, for example,
is an X-ray technician who did not like working at
the hospital because she wanted evenings and week-
ends home with her husband and children. The on-
call volunteers usually provide escort service,
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which includes helping patients from their homes,
staying with them while they are receiving medical
treatments, and picking up prescriptions. Backup
volunteers provide service when the regular volun-
teer cannot. On-call service is available 24 h/day,
seven days a week, at $0.20-$0.25/mile ($0.125-
30.155/km), approximately 50 percent of the cost of
taxicab fare. Administrative cost 1is virtually
nil. (The county has complete flexibility in the
use of funds and does not incur vehicle or organiza-
tional operating costs.) BAll maintenance, vehicles,
fuel, and supplies are provided by the volunteers.

States of Montana and South Dakota

Unlike Camden, New Jersey, Montana and South Dakota
have many rural counties that have low population
densities. In many of these counties, the county
officials will hire farmers, housewives, off-duty
police, firefighters, or others to provide on-call,
part-time transportation in their own vehicles. The
county usually pays the minimum wage plus $0.20/mile
($0.124/km) to the provider. These part-time pro-
viders are especially important in Montana because
of the number of small, scattered communities and
the long distances involved in the typical trip.
Traditional rural transit systems would not be pos-
sible due to extremely high costs.

According to information supplied by Barbara
Garrett of the Montana Department of Community Af-
fairs and Planning and Don Daughtee of the South
Dakota Association of Senior Citizens, some counties
have quasi volunteers located in two or more of the
county's communities (see Figure 1). If an agency
operated its own vehicle, it would probably be ga-
raged in the local town. If client A and client 2
need transportation to the doctor's office in town,
the agency would have to run empty (deadhead) from
the town to A's home, take A to town, drive empty to
Z's home, and then take 2 to town. By having quasi
volunteer 1 pick up A and quasi volunteer 2 pick up
Z, only one-half as many miles are traveled.

If A, B, C, and D need to go to a congregate meal
site in town, volunteer 1 can bring them in and help
with serving the meal while waiting for the return
trip. At the same time, volunteer 2 can pick up W,
X, ¥, and Z and bring them to the meal site. The
agency would have to operate two vehicles, which
would have two drivers, over twice the mileage to
provide the same service, because by the time one
vehicle could deliver A, B, C, and D to the meal
site, the meal would be over by the time it returned
with W, X, Y, and Z.

By simply locating on-call quasi volunteers who
will provide transportation for a fee in each rural
neighborhood, the county can establish a highly ef-
ficient, personal, high-capacity, responsive system
without the high administrative cost and institu-
tional problems of the consolidated operations.
This plan also provides supplemental income to many
underemployed individuals. In addition, such a
neighborhood program is not impersonal.

Knox County School Board

The Knox County, Tennessee, School Board owns no ve-
hicles (only two special education vans); instead it
uses private contractors. No contractor can have
more than four contracts (each vehicle is a separate
contract), and the contractors must drive one of
them personally if he or she provides more than two
vehicles. The purchase of a new vehicle will result
in new four-year contracts, and that contract serves
as security for 100 percent funding from any local
bank. Drivers are paid $13.25/seat per month plus
$0.48/mile for a 66-passenger bus. The supervisor

71

of transportation locates all routes, assigns each
route to a specific contractor, conducts safety in-
spections, organizes training programs, and answers
all questions and complaints from parents. Accord-
ing to Bill Orr of the Knox County School System,
the total overhead cost to the county is
$53 000/year (for three people) for the supervisor
of transportation's office. In 1979, 110 contrac-
tors provided 221 buses (12 804 seats) for 1350
daily runs that carried 26 000 students (52 000
trips) /day. Cost per pupil is the lowest in the
state. The equipment is mostly new; many contrac-
tors used Bluebird buses equipped with radial tires,
chrome hubcaps, two-way radios, and deluxe seats.
The school board requires that the buses be avail-
able 175 days/year, Monday through Friday, from 7:00
a.m. to 8:30 a.m. and from 2:15 p.m. to 4:30 p.m.
The buses are free at all other times for making ad-
ditional trips. As a result, many contractors are
willing to provide transportation to schools,
churches, scouts, 4-H clubs, and other groups that
desire service during nonschool hours between 8:30
a.m. and 2:15 p.m. The drivers are willing to
transport senior citizens any time they feel that
they can avoid being in conflict with the Public
Service Commission, the Interstate Commerce Commis-
sion, or the Knoxville Transit Authority. Where
groups want specialized equipment, school bus opera-
tors are more than willing to purchase vans or other
equipment. Because the contractors are already in
business, they perceive very little risk in expan-
sion.

Fulton County, Georgia

In Fulton County, Georgia, local clubs decided to
attack the problem of the isolation of senior citi-
zens. Fulton County is part of the Metropolitan
Atlanta Regional Transportation Authority (MARTA)
system. Many senior citizens wanted to make local
trips to neighborhood shopping centers. Local shop-
ping centers established a special senior-citizen
shopping day each week. MARTA agreed to provide
special senior-citizen bus runs specified by the
county coordinator if the county guaranteed a mini-
mum of 12 passengers. Local churches donated their
buses and volunteer drivers to transport senior cit-
izens. Senior citizens contributed to offset the
cost of operating the church bus service. Civic
clubs (such as the Civitan Club) contributed for any
senior citizen who was unable to do so.

The promoter of this program thinks that this
type of activity helps to rekindle a spirit of per-
sonal involvement in solving local problems within
church and benevolent organizations. This is neces-
sary for the growth of these organizations. One in-
dividual said that he personally thought that "“one
of the problems with contemporary society was that
government was trying to professionalize all commu-
nity service activities so that individuals, religi-
ous organizations, and benevolent societies no
longer had a chance to meet the needs."

According to Edward Hogan, the county administra-
tor's office is pleased with the service and wants
to hire coordinators to work with other civic clubs,
churches, and communities to establish similar pro-
grams in the rest of the county. He thinks that
this vital neighborhood service augments and feeds
to the MARTA subway system, now under construction,
and supplements feeder service to collection points
along traditional transit routes.

Hypothetical Model for a Rural Community

These four case studies describe innovations that
work. Based on these concepts, a hypothetical plan
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Figure 1. Location of on-call quasi-volunteers and clients.

Community 1

Community 2

could be developed for establishing a program for a
rural community that we will call Smallsville.
Smallsville is located on the o0ld highway between
two major cities. Although these two cities are
only 180 miles (290 km) apart, the mountain terrain
and crooked highways created a 7-h trip over the old
highway. The new Interstate highway, which bypasses
Smallsville by 35 miles (56 km), has reduced travel
time to 3 h 15 min. If intercity buses travel the
new Interstate, they are highly competitive with
airline travel and can attract passengers. Smalls-
ville, however, is concerned that if the intercity
buses stop serving the community, the community will
be further isolated. Therefore, the community
brought strong political and citizen pressures on
the state Public Service Commission to force Grey-
hound and Trailways to continue to use the old
route. Consequently, the intercity bus service is
not competitive; ridership is declining; Smallsville
has an unwilling, captive provider; and fuel is
wasted due to the circuitous miles operated on each
trip. Furthermore, if residents of Smallsville want
charter bus service, they have to pay deadhead
(empty) mileage from the terminal in the major city
in addition to standard charter rates.

The traditional approach is to lobby for subsi-
dies for the intercity bus carriers and to lobby for
funds to start a rural transportation system. How-
ever, if Smallsville would apply the basic logistics
principles, it could find many new options available
that may not even require public funds.

For example, the county school board owns and op-
erates 80 school buses. The county school board
could implement a Knox County-type of school bus
program by selling three to four buses to each of
several private contractors. Purchase of the buses
would give the contractor an initial two-year con-
tract. The sale of 12-25 buses would generate
$100 000-3200 000 new dollars for the school board
and it would put four to six small bus businesses
into operation.

The city then could approach the intercity bus
industry and offer to withdraw all opposition to
abandonment of service to Smallsville if the inter-
city bus companies would do the following:

1. Establish a bus stop (commission agent) at a
service station or motel on the Interstate highway
exit nearest to Smallsville,

2. Enter into an agreement with one or more of
the new school bus companies to operate package ex-
press and passenger pickup in Smallsville and sur-
rounding communities and to interline with Greyhound
and Trailways at the new Interstate highway stop,

3. Support requests by the new school bus compa-
nies for permission to operate charter bus service
to and from the Smallsville area, and

4. Allow social-service agencies to negotiate
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contracts with the new bus companies to provide for
transportation of senior citizens, handicapped per-
sons, and any other rural group, as needed.

In essence, this approach would generate a new
local industry that has four or more competitors
that could provide school bus service, charter ser-
vice, fixed-route service, package express service,
specialized service, and any other options desired.
Local companies better understand local needs. The
school board contract would provide a basic guaran-
tee of business, so it would be relatively risk free
for the entrepreneur to obtain specialized vehicles
or to expand. But most important, public monies
would be used to purchase service, not to build or-
ganizations. Government and social-service agencies
would maintain control over the service that was
provided. 1In addition, the existence of competition
would ensure a high quality of service.

SUMMARY

The desire for transportation coordination is simply
a desire for more efficient and effective transpor-
tation. It is basically a resource-management prob-
lem. Legislators and public administrators find
themselves in the same position as the military dur-
ing World War II. The military leaders had no de-
sire to be burdened with the details of supply and
transportation, but wanted only to work out strate-
gies to accomplish their mission. Unfortunately,
they found that the limitations of these support
services set the limits on their strategic options.
The reorganization of the military logistics activ-
ity recognized these restrictions. Today social-
service agencies are in the identical dilemma, with
little desire to be involved in transportation but
faced with severe restrictions on their ability to
accomplish their mission because of transportation
problems. If the consolidation model--the very
heart of the public utility approach to transporta-
tion--had worked for traditional transit, social-
service agencies would not be in this dilemma. The
resolution of the dilemma lies in the lesson that
history taught business and the military: The gist
of that lesson is the logistics-coordination model.
We should heed that lesson well.
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Evaluation of Pupil Transportation Routing Procedures

MICHAEL J. DEMETSKY, BRADLEY T. HARGROVES, AND MINA SZE MING CHAN

The process of choosing a method for reviewing and designing the route struc-
ture of pupil transportation systems for rural and suburban areas was investi-
gated. The available techniques for school bus routing were reviewed and
divided into three general categories: (a) manual procedures, (b) computer-
assisted manual design methods, and {c¢) computerized design programs. An
evaluation framework is presented for application by school districts in
selecting the most appropriate school bus routing procedure to use in their
areas. The application of the evaluation model in a selected school district

is described. The study results indicate that the computer-assisted methods
are best suited for the majority of school districts, except for only the very
large and very small areas. Future work should be directed to improving on
these interactive computer-assisted methods.

This paper addresses a problem that rural and sub-
urban school districts face in the early stages of
reviewing the route structure of their school bus
system--that of selecting a particular technique to
use in studying their transportation system. The
options available are reviewed and a strategy is de-
veloped whereby districts can rationally select a
method best suited to their particular needs and re-
sources. A case study 1is shown for Albemarle
County, Virginia.

CATEGORIES OF ROUTING METHODS

School bus routing methods are ways of determining
the sequence of stops school buses make in picking
up and delivering students to their respective
schools. A wide variety of techniques is available
for school bus routing that may be divided into
three general categories:

1. Manual procedures,
2. Computer-assisted manual design methods, and
3. Computerized design programs.

For comparative purposes, a subclassification is
made for methods that use computers to design the
routes: (a) methods that are implemented and used by
the school district and (b) methods that are pro-
vided by consulting services and purchased yearly by
the school districts.

Manual methods are those that use only pencil,
paper, maps, and, perhaps, handheld calculators to
develop school bus routes. As a class, manual meth-
ods are used in all but a small minority of school
districts today. Usually no formal procedural steps
are followed; routes are typically developed by in-
tuition and experience.

As a category, the manual methods offer the po-
tential advantage of allowing for consideration of a
variety of local conditions that are often unquanti-
fiable and undocumented. To be effective, however,
the manual methods can be extremely tedious and time
consuming. As a result, most manual routing efforts
consider only minor modifications to historically
derived routes rather than systemwide evaluations.

Computer-assisted manual school bus routing meth-
ods use computer programs to assist in the manual
design of routes. The computer programs are used to
generate performance statistics for the routes that
are manually designed. These measures typically in-
clude disaggregate and summary statistics on travel
time, passenger volume, and mileage. Examples of
the computer programs include (a) the Urban Mass
Transportation Administration (UMTA) Urban Transpor-
tation Planning System (UTPS), (b) statistical pack-

age for the social sciences (SPSS), and (c) a vari-
ety of specially written computer-program-assisted
manual methods (1-3).

The primary advantage of the computer-assisted
methods over the manual methods is that they provide
individual route and system statistics quickly and
easily. This feature facilitates the examination of
different routing configurations and the implica-
tions of different policy options, an operation that
is virtually impossible by the use of a completely
manual method.

Computerized school bus routing methods are those
that use computer algorithms or programs in the ac-
tual design of school bus routes. The major dif-
ference between the methods and the computer-as-
sisted manual methods is that they use a computer
algorithm for route design but the latter rely on
individual judgment.

The algorithms and programs that were developed
to design school bus routes are based on one of the
following approaches:

1. The traveling salesman approach (4,5);

2. The vehicle delivery or, as its solution be-
came known as, the savings approach (6-9); and

3. The random approach (10}.

All require a systematic documentation of (a) the
street network in terms of links, nodes, and travel
times or distances between nodes; (b) the bus stop
locations and their respective numbers of students
that correspond to each school; and (c¢) parameters
for constraints, such as bus fleet size and capa-
cities (11).

In the United States today, a relatively small
number of districts have fully computerized their
school bus routing process. Some have tried and
have since abandoned the computer method and re-
turned to manually developed school bus routes. The
reasons for abandonment vary, though they are gener-
ally a combination of the following: (a) insuffi-
cient manpower on the local 1level to accurately
gather all data, (b) lack of commitment of local
school officials and transportation supervisors, (c)
inadequate memory and calculating power on the com-
puters used, (d) high turnover rate and lack of ex-
perience of computer staff, (e) discontinued in-
terest of several firms that had formerly provided
school bus routing consulting service, and (f) dis-
satisfaction with the results.

Those districts that have successful computer
systems are very enthusiastic about them. They cite
the relative ease in updating the various data files
and in using the computerized systems to develop
routes for their districts each year after implemen-
tation as primary benefits of the method.

Computer school bus methods, however, are not
recommended for all school districts. Because of
the high initial costs, they are generally more
suited for large school districts where potential
savings in the pupil transportation systems would
more likely equal or exceed the implementation costs.

FRAMEWORK FOR SELECTING ROUTING METHOD
The evaluation framework for selecting a routing

method developed here is a two-step procedure. The
first step involves an assessment of the pupil
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transportation needs and resources of the community
followed by the evaluation and selection of the
general category of school bus routing method that
best matches these needs and resources. In the
second step, specific methods that are available in
each of the general categories are examined.

To evaluate the categories of methods and the
methods within each category, several sets of cri-
teria or measures of effectiveness were developed.
In each case, they were designed to reflect the
various resource requirements and capabilities of
the different approaches. Nine basic measures of
effectiveness were developed for comparing the
general categories of methods. They are as follows:

1. Implementation period refers to the approxi-
mate time period needed to acquire and implement
that category of methods,

2. Ownership cost refers to the monetary cost
for the purchase of methods,

3. Data-gathering manpower refers to the person-
months needed for data gathering,

4., Method implementation manpower refers to the
person-months of computer staff required for method
implementation,

5. Computer facilities are the type of computer
facility needed to implement and use the method,

6. Recurring cost refers to the cost (rental or
consulting fee) for each subsequent year,

7. Recurring manpower refers to the person-
months needed in each subsequent year for the
development of routes,

8. Efficiency refers to the relative efficiency
of the routes produced (for a given size bus fleet),
and

9. Flexibility of method refers to the relative
ease of using this category of methods to evaluate
the effects on the route structure when changes are
made in the constraints and policies.

Based on these criteria, a comparison between the
different categories of methods is shown in Table
1. Information on the various resources required
and method effectiveness were obtained from the
literature, discussions with school bus routing con-
sultants, and in-house assessments. As shown in the
table, no single method is clearly superior. Trade-

Table 1. Comparison of school bus routing methods by category.

Computer Owned Service
Criterion Manual Assisted Computer Computer
Implementation 2 2-6 8-12 6-8
period (months)
Ownership costs 0 100-1000 2000 to 45 000 to
® 80 000 100 000
Data gathering 0-1 1-3 4-6 34
(person-months)
Method implemen- 1-3 1-3 4-12 1
tation (person-
months)
Computer facilities None Small to Large com-  None
large com- puter
puter
Recurring costs 0 0 0-200/ 30 000-
(€3] month® 60 000
Recurring manpower 1-3 1-3 1-2 0.5
(person-months)
Efficiency
<20 buses Good Good Good Good
20-100 buses Fair Good Good Good
>100 buses Poor Fair Good Good
Flexibility Poor Fair Good Good
ARental fee.
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offs must be analyzed, primarily in the area of re-
sources required versus effectiveness.

Once a general category of methods has been
selected, specified methods available in that cate-
gory are evaluated for application. Criteria for
this phase of the evaluation process were developed
for all but the category of manual methods. Cri-
teria were not developed for manual methods because
manual methods vary substantially in application and
thereby defy convenient description, and the merits
and the successful applications of manual methods
are almost entirely dependent on the users. For the
remaining methods, two separate sets of evaluation
criteria were developed.

For the evaluation of computer-assisted methods
and owned-computer methods a common set of criteria
is used. They include the first seven criteria that
were used to compare the general categories of meth-
ods plus consideration of the success in prior ap-
plications.

A different set of criteria is used for the eval-
uation of service-computer methods. Services are
provided by consulting firms, usually on a yearly
contractual basis, to develop school bus routes.
Data could be gathered by either the school district
or the consulting firm, however, the development of
routes and the production of reports for administra-
tors, transportation supervisors, drivers, students,
and parents are done only by the consulting firm.
The criteria that summarize the attributes of the
service computer methods for comparison include the
measures defined previously, implementation period,
data-gathering manpower, implementation costs, the
success of prior applications, plus the following
added considerations:

1. Reputation of the firm refers to the exper-
ience of the firm in school bus routing and the as-
surance that the firm will continue to provide ser-
vice in this area,

2. Purchase option refers to whether the firm
offers the option of selling the method and training
the district's personnel to use the method to de-
velop the school bus routes locally,

3. Purchase cost refers to the capital cost in-
volved for purchase of the method (computer software
and documentation), and

4., Computer facilities refers to the type of
computer the school district needs if the method is
purchased for local implementation.

APPLICATION

Selection of Method

To apply the framework developed above to the selec-
tion of a routing method it was first necessary to
identify the resources available. For this task,
the pupil transportation system of Albemarle County,
Virgina, was chosen as a case study (12). The var-
ious resources available were determined from dis-
cussions with local school officials and are
numbered below according to the criteria for the
evaluation of the general categories of methods.

l. A maximum of four months was available for
method implementation,

2. A maximum of $1000 was available for method
purchase,

3. Approximately three person-months were avail-
able for both data gathering and method implemen-
tation,

4. See item 3,

5. The computer at the University of Virginia (a
CDC Cyber 172) was available,

6. No funds were set aside for recurring costs
in subsequent years, and
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7. MAbout one full month of the transportation
supervisor's time is available for school bus rout-
ing in each subsequent year.

When this information was compared with the at-
tributes of the general categories of methods (see
Table 1), the category of computer-assisted methods
was selected, primarily on the basis of the resource
limitations of time, money, and manpower.

The specific methods available to the Albemarle
School District in the category of computer-assisted
methods are the SPSS-assisted manual method and a
specially written program-assisted manual method.
These two methods are compared in the table below,
by using the criteria developed for the evaluation
of computer-assisted methods.

Specially
Written
Criteria SPSS Program
Implementation 3 3
period (months)
Ownership costs ($) 0 0
Data-gathering h 1
manpower (person-
months)
Method implementation 0.5 2
manpower (person-
months)
Computer facilities Computer Any computer
with SPSS
installed
Recurring costs (%) Minimal Minimal
Recurring manpower 15 €L.45
(per son-months)
Success in prior None None
application

As can be seen, the SPSS-assisted manual method was
found superior because it required less implementa-
tion manpower. Consequently, the SPSS-assisted
manual method was selected to develop Albemarle's
school bus routes for the 1979-1980 school year.

Results of the Application

Several significant results were noted in the appli-
cation of the method to the Albemarle County school
system. As expected, the computerized features of
the method provided an organized and rapid deter-
mination of the disaggregate and summary statistics
necessary for the evaluation of the various routing
alternatives. This made it a relatively simple task
to assess the implications of changing various
policy constraints (e.g., changing school starting
times) and to identify the inefficiencies of the
current routing configuration.

The final routes selected represent a significant
net savings potential to the county. The number of
buses required was reduced by nearly 20 percent and
there was a 57 percent reduction in the number of
vacant seats. These reductions were achieved with
only a 10 percent (4.6 min) increase in the average
trip length.

That the case study application was completed
within the resources estimated for that method is
also significant. Thus, for the current case study,
substantial improvements were provided at a very low
cost. These costs were recoverable many times over
within the next year of operation.

CONCLUSIONS

Although only one case study has been presented,
when it is considered with the framework developed
for selecting among the various methods, important
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implications for further effort in this area are
apparent.

The computer-assisted method was found to be well
suited for an extremely wide variety of school dis-
tricts, excluding only the very large and very small
areas. As a general class of methods, they make use
of the better features of the completely manual and
fully computerized methods while not incorporating
their inherent disadvantages. Moreover, the com-
puter-assisted method provides an interactive facil-
ity to help plan, manage, and critique local bus
systems at several levels. The method is responsive
to local concerns, policy level planning, and design
considerations. It is interactive in that computer
feedback is provided for the manually designed
routes.

Finally, it is evident that much additional work
is needed in this area. The general framework de-
veloped here identifies only the basic concept of
the computer-assisted methods. The case study pre-
sented demonstrates only that the general approach
can produce operationally efficient routes. The
work that remains, therefore, includes the develop-
ment of various computer programs and extensive ap-
plication testing. A sufficient number of
approaches should be used to adequately explore the
various person-computer interface arrangements. Al-
though the cost of such development and testing will
not be small, it should be more than offset by the
savings realized by the school bus systems used as
case studies.
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Post-Bus for Rural Passenger Transportation and Rural
Mail Delivery: An Idea Whose Time Has Come

DALE E. ADAMS

Rural areas have a growing need for public transportation, but service is declin-
ing due to high costs and diminishing subsidies. The U.S. Postal Service faces
similar problems with its rural service. A number of European countries faced
similar problems and have solved them, to some extent, by combining public
transportation with mail deliveries. Several studies have shown that this ap-
proach may be successful in this country. The possibility of reducing the cost
of providing both services by combining them demands experimentation.

Rural areas have become increasingly isolated in the
last several decades. Declines in rural population
and the competition of urban shopping centers have
caused the demise of many small-town stores and
service enterprises. The resulting rural job loss
has been compounded by declining agricultural em-
ployment, which has forced many rural residents to
commute to urban Jjob locations. Social services,
which are important to rural as well as urban resi-
dents, locate in cities and large towns where most
clients live. Many rural communities have become
"bedroom towns" and rural citizens are now dependent
in many ways on a distant urban center.

These trends have created a hardship for the
rural poor, elderly, handicapped, and young, who
cannot operate or afford an automobile. Unfortu-
nately, public transit has been unable to alleviate
this problem. Low, dispersed demand and long dis-
tances make commercial bus services unprofitable in
rural areas. Government-sponsored transportation is
costly and funds for it are scarce and decreasing.
Certainly this instability warrants the investiga-
tion of new approaches to fulfilling the growing
transportation needs of rural residents.

THE POST-BUS CONCEPT

One possible approach is to combine rural transit
with the conveyance of mail between post offices.
Postal service, like transportation, is a deficit
operation in rural areas. Since both public trans-
portation and postal services involve similar driver
and vehicle costs, there would appear to be poten-
tial savings for both (and a reduction in the over-
all need for government subsidies) if one driver and
one vehicle could perform the duties of both mail
delivery and passenger transport.

Highway contract routes (commonly known as star
routes) are contracted mail pickup and delivery
routes that serve most rural post offices. In
general, star route carriers make runs twice a day
to outlying post offices from either a regional mail
processing center or a larger post office. Often
these distribution points are also regional retail
and human service centers. If passenger service

were added to highway contract routes, they could
take rural residents into regional centers in the
morning and return them to outlying towns in the
afternoon.

Another advantage of bus service on star routes
is the suitability of post offices as bus stops.
Most have a heated lobby where passengers could wait
out of the weather. Also, post office clerks would
be on hand to answer questions and, perhaps, also to
sell tickets. Post offices already provide other
community services, such as passport registration
and food stamp distribution, so the addition of bus
stop services 1is not unthinkable. Dale Massie,
director of Appalachian Ohio Regional Transit As-
sociation, a rural system that uses post offices as
bus stops, remarks that rural post offices are
generally the focal points of rural communication
and, therefore, make ideal focal points for rural
transportation.

No U.S. Postal Service regqulation prohibits the
combination of star route service with passenger
transportation. In fact, the U.S. Postal Service
may Ppursue contracts with passenger common carriers
when their routes and schedules fit postal service
needs (39 U.S. Code 5214). A star route contractor
may be an individual, a partnership, or a corpora-
tion (1). Contractors must abide by the rules and
regulations of the Basic Transportation Services
Contract General Provisions. Concerning passenger
service, the provisions require the following (2):

The mail shall not be delayed to accommodate
passengers .... The mail shall be transported in
an enclosed, water-proof compartment, equipped
with secure locking devices .... If the contrac-
tor is authorized to carry passengers, the mail
must be carried in a compartment separate from
the passengers so that they cannot have access to
the mail.

The idea of combining mail and passenger delivery
is not new. For instance, the stage coaches of
early America performed both duties. In more recent
times the postal departments of Britain, Switzer-
land, Finland, and Sweden have established motorized
Post-bus service. The continental services are the
oldest; they began between 1910 and 1930. Swedish
and Finnish Post-buses operate in rural areas and
use vehicles that range in size from 9 to 55 seats
(3,4). The Swedish and Finnish buses are owned and
operated by the respective postal services. In
Switzerland, the post office contracts some routes
to private carriers (5).
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British Post-buses have operated since the late
1960s (6). The majority of British Post-buses are
similar to their continental counterparts; they
provide a basic two-way service to and from a town
or village. British services differ, however, in
that almost all involve house-to-house delivery and
collection rather than simply the transportation of
bulk mail. The first morning service of a typical
British Post-bus will be the delivery run, which
perhaps takes two or more hours to cover a 15-mile
route. The minibus will then return to base, stop-
Ping only to drop off or pick up passengers. An
afternoon run follows. This will be a fast run out
to the distant end; stops are made on the return
journey only for passengers and to collect mail from
post offices and wayside mail boxes.

Most of the British Post-buses are in Scotland.
There, 126 buses provide a basic public transit
service over more than 2500 miles of road. Most of
the areas served were without passenger transporta-
tion only a few years ago (7). According to the
Scottish Postal Board, Post-buses provide a small
but useful supplement to post office revenue in
areas where traditional postal services are inevit-
ably uneconomic. They do all this at minimum cost
to the government or local authorities.

Prime responsibility for providing conventional
public transportation in Scotland has been with the
Scottish Transport Group. Inevitably, its services
require substantial financial support from the local
authority and can, therefore, only be justified
where there is adequate demand for passenger trans-
portation. This means that Scottish Transport
buses, like our intercity buses, link main popula-
tion centers and serve the more sparsely populated
areas directly on those links but do not, for the
most part, provide services in the rural areas off
the main routes.

In 1971 the Scottish Postal Board recognized that
vans used for household mail delivery were valuable
resources that were sadly underused. Since a vehi-
cle and driver were needed for basic postal delivery
and collection services, the major part of the cost
of providing a bus service was already committed. A
new government bus grant enabled the post office to
buy ll-seater minibuses for 1little more than the
cost of delivery vans. Qualification for a public
transportation fuel tax rebate meant that running
costs were no higher and, in some cases, even
lower. In these circumstances the passenger fares
became a net contribution to the cost of running the
postal service in rural Scotland, and the develop-
ment of the Post-bus service in 1isolated areas
became more an imperative than an opportunity.

Our counterpart to the adapted British service,
rural mail delivery, does not currently appear to be
feasible for transporting passengers, mainly because
only once-a-day service is offered. However, high-
way contract routes do provide similar opportunities
to solve similar public transportation problems in
rural areas.

U.S. STUDIES

The California Department of Transportation has
studied the feasibility of passenger service along
star routes for rural communities near the city of
Redding, a regional commercial center (8). The
three star routes investigated originate in Redding
in the morning, go out in three separate directions
to serve the outlying post offices, and return to
Redding in the late afternoon or early evening. The
feasibility study was based on contractor operation
of passenger service by using six-passenger crew-cab
pickup trucks. Estimates of costs and revenues
showed potential for increased contractor earnings

¥

if passenger service were offered.

Although the project's final report was enthusi-
astic, nothing further has been done to establish
the service. This is mainly because a subsequent
study concluded that demand would be low due to the
morning-outbound, afternoon-inbound nature of the
routes, which is the opposite of that desired for
rural transportation service.

West Virginia's Department of Welfare undertook a
more—extensive endeavor in the design of a Post-bus
demonstration program for rural Pocahontas County
(9). The study proposed that the county be served
entirely by a Post-bus system, thus providing a
controlled experiment. The regional transportation
authority would contract for passenger transporta-
tion with the individual star route contractors,
therefore the regional transportation authority
could manage and coordinate transit services without
being responsible for mail transportation. Practi-
cally all of the star routes chosen make only one
trip from their home post office a day. Five of the
six routes deliver household mail along their cir-
cuit in addition to bulk post office deliveries.
The study noted that the routes were not ideal for
passendger service, but could be improved by minor
changes that would not significantly alter the
postal service's distribution network.

The study determined that seven vehicles would be
required, each with right-side driver placement,
partitions to separate the driver and mail storage
areas from the passengers, heavy-duty construction,
and access convenient for the elderly and handi-
capped. The cost of these along with other ex-
penses, such as contractor payments and vehicle
maintenance, was found to exceed estimated revenues,
which would include fares and lease fees paid by the
contractors for the vehicles. A 50-percent subsidy
would be required, but the study claimed that this
was lower than the projected subsidies of other
operations.

The West Virginia project has also not reached
the implementation stage, primarily due to the U.S.
Postal Service's unwillingness to participate. The
postal service noted no insurmountable legal hurdles
in the plan but believed that the administrative
problems would be monumental.

Both the California and West Virginia studies
chose star routes that are not typical of routes in
many parts of the country. Two trips a day are made
to all but the smaller, more remote post offices.
Box delivery is occasionally a part of star route
contracts, but normally it is done by postal em-
ployees on rural delivery routes. The choice of
star routes with these conditions hurt West Vir-
ginia's design study, but its greatest fault was in
proposing such an extravagant demonstration proj-
ect. Certainly the postal service cannot be ex-
pected to willingly allow such changes in their
services for only a trial period and with no appa-
rent benefit to them.

DEMONSTRATION IS NEEDED

The cooperation of the U.S. Postal Service would be
helpful, if not necessary, for establishing Post-bus
service. Many star route contractors would be
reluctant to initiate passenger service themselves
or contract under a transportation authority without
postal service approval. A transportation authority
could efficiently agree on and work out the details
of a combination of services directly with the
postal service. In addition, changes in route or
schedule would improve many highway contract routes
for passenger transportation. The postal service
would rightly expect rewards for its involvement,
perhaps in the form of reduced contract costs or
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simply improved public relations.

A Post-bus demonstration that wuses an ideal
highway contract route would show the benefits and
problems for the postal service and public transpor-
tation providers. The State College, Pennsylvania,
Sectional Center, a postal service substate manage-
ment area, offers several highway contract routes
that do not need route or schedule changes, which
would make a demonstration easier for the U.S.
Postal Service to accept (Figure 1). Highway Con-

Figure 1. Sectional center in State College, PA.
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tract Route (HCR) 16831 (Table 1) could provide
five-day passenger service to and from State Col-
lege, a regional commercial and human services
center. HCR 16866 (Table 2) could provide similar
service for Philipsburg, a regional subcenter.
These and other routes in the State College area
will be rebid or renegotiated for new four-year
contract periods this year, which makes this a good
time for setting up a demonstration.

Perhaps a contract between a local municipality
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Table 1. Demonstration schedule:
State College - Woodward, PA HCR

Outbound Trip Times (read down)?

Inbound Trip Times (read up)?

16831.

Bus Stop Trip 1° Trip 3¢ Trp 5¢ Trip 2° Trip 44 Trip 6°
State College 0705 1425 1425 1020 1725 1725
Pleasant Gap - - - 1005 1710 1710
Centre Hall 0740 1500 1500 0950 1655 1655
Spring Mills 0800 1520 1520 0935 1640 1640
Millheim 0820 1540 1540 0920 1625 1625
Rebersburg 0830 1550 1550 - 1615 1615
Madisonburg 0840 1600 1600 - 1605 1605
Aaronsburg 0850 - - 0915 - -
Woodward 0900 - - 0905 - -

Note: The trip distance is 35.7 mlles for trips 3, 4, 5, and 6;46.0 miles for trip 1; and 31.2 miles for trip 2.

2 Based on 24-h clock.

Frequency = daily except Saturday, Sunday, and holidays.

cFrequency = Saturday except holidays.
Frequency = daily except Sunday and holidays.

Table 2. Demonstration schedule:
Philipsburg - Kylertown, PA HCR

Outbound Trip Times (read down)?

Inbound Trip Times (read up)?

16866.

Bus Stop Trip 1% Trip 3° Trip 5° Trip 2° Trip 4° Trip 6°
Philipsburg 0810 0810 1510 1000 1700 1700
Hawk Run 0820 0820 . y 1650 1650
Morrisdale 0830 0830 1520 0945 1640 1640
Allport 0835 0835 1525 0940 1635 1635
Munson 0845 0845 1535 - 1625 -
Winburne 0855 0855 1545 . 1615 -
Lanse 0900 0900 1550 : 1610 .
Grassflat 0910 0910 1600 . 1600 .
Drifting 0920 0920 1610 s 1550 -
Kylertown 0930 0930 1620 0935 1540 1625

Note: The trip distance is 23.8 miles for trips 1, 2, 3, and 4; 22.9 miles for trip 5; and 9.9 miles for trip 6.

* Based on 24-h clock.

¢ Frequency = daily except Saturday, Sunday, and holidays.

Frequency = Saturday except holidays.
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or transportation authority and the star route
contractor could become part of the rebidding or
renegotiation process. The postal service and the
local transportation provider would agree on a
division of costs and resolve conflicts of the two
services. The contractor would then be simulta-
neously responsible for the mail delivery and pas-
senger service contracts. The sale of tickets by
post office clerks could also be arranged. Since
the postal service has accounting procedures for the
return of fees for such things as passports to the
proper federal agencies, the return of fares to the
transportation authority should pose no problem.

CONCLUSIONS

In the United States, rural areas are becoming
economically more difficult to provide with postal
service and public transportation. European govern-
ments faced similar problems and have solved thenm,
to some extent, by combining the two services.
Highway contract routes appear capable of providing
passenger transportation here. The possibility and
probability that total government outlays for pas-
senger transportation and mail transportation could
be reduced by combining the two services demand
experimentation with Post-bus service.
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