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Analysis of Maximum Load Data for an

Urban Bus System

JAMES H. BANKS

ABSTRACT

Maximum load data are important indicators of transit route performance and are
widely used in service planning. Maximum load data for the routes of the San
Diego Transit Corporation were analyzed to provide an idea of the characteris-
tics of such data and the range and patterns of variation they display. Major
goals were to determine the general characteristics of the data, to analyze re-
lationships between ridership and maximum loads, to compare variations in peak
load factors among routes, and to compare successive data sets for the same
route to assess the stability of the data over time. The most important char-
acteristics of the San Diego data appear to be their overall variability and
the high degree of randomness they display, the wide variation among routes in
relationship between ridership and maximum loads, the relative stability over
time of overall distributions of maximum loads and peak load factors, and the
apparent instability of the exact times of day at which fluctuations in maximum

loads occur.

Improvements in the performance of urban bus systems
are usually achieved through a continuing process of
monitoring and analyzing data about individual
routes. Wilson and Gonzalez (1) refer to this pro-
cess as "short-range transit planning" and identify
two possible approaches. One of these, representing
common current practice, focuses on identifying sub-
standard route performance (whether it can be cor-
rected or not); the other is bhased on identifying
situations in which certain generic actions can be
taken to improve performance. Both approaches in-
volve systematic collection and evaluation of data
about transit route performance. Consequently, one
key to successful service planning is the ability to
properly summarize and evaluate such data.

One important type of route performance data is
that related to maximum loads. Peak 1load factors
(ratios of maximum loads to seating capacity) are
widely regarded as key indicators of the quality of
transit service. In short-range planning, informa-
tion about maximum loads has an important impact on
decisions about scheduling, headway control proce-
dures, and the assignment of equipment, especially
where buses with different seating capacities are
available. Maximum load data also have important im-
plications for longer range planning decisions, par-
ticularly those related to the mix of bus sizes in
the fleet.

Despite the evident importance of maximum load
data, there is little published information on their
characteristics or the best ways to summarize and
use them. Discussions of the use of maximum load
data [e.g., in the discussion of peak load factors
in NCHRP Synthesis of Highway Practice 69 (2)] tend
to be presented in general terms and without refer-
ence to the statistical characteristics of the data.
Furthermore, little attention has been paid to the
causes of variation in maximum loads. One study that
does bear on this subject is a paper by Shanteau (3)
who studied variations in loads at the maximum load
point of a single high-frequency bus route and found
them closely associated with variations in headway.
Beyond this, there appears to be little or no pub-
lished information; in particular, there do not ap-

pear to be any studies of variations in maximum
loads for entire transit systems.

This lack of information is addressed here by
presentation of an analysis of maximum load data for
an entire urban bus system. This analysis involved
two separate sets of data covering 27 of the 28
routes of the San Diego Transit Corporation (SDTC).
Because the results obviously depend on the pecu-
liarities of this system, they may not be represen-
tative of all urban bus systems; they are presented
to suggest ways in which maximum load data can be
analyzed and to give the reader a feel for the range
and patterns of variation to be expected.

Analysis of the data involved comparisons of
routes and, for the same route, of successive data
sets. Major goals were to determine the general
characteristics of the data, to analyze relation-
ships between ridership and maximum loads, to com-
pare variations in peak load factors among routes,
and to compare successive data sets for the same
route to assess the stability of the data over time.

DATA SOURCES

Primary data sources were summaries of boarding and
alighting counts performed by the San Diego Associa-
tion of Governments (SANDAG) on San Diego Transit
Corporation routes. These summaries were available
for 27 of the 28 routes in this system including 22
local routes and 5 express routes. In a few cases
routes involved two or more branches; where this was
the case, data for trips on the different branches
were compared to determine whether the different
branches should be analyzed separately. As it turned
out, separate analysis appeared to be warranted in
only one case.

The data summaries cover all scheduled one-way
trips on the routes in question and include the dis-
patch time for the trip, the date the data were col-
lected, the total number of passengers boarding and
alighting, the maximum number of passengers on the
bus at any point, and the seating capacity of the
bus., It should be noted that the location of the
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maximum load point was not necessarily the same for
every trip, so maximum load data in these summaries
are not equivalent to load check data taken at maxi-
mum average load points.

Two sets of cuch summaries were analyzed. The
first was derived from counts taken between February
1981 and December 1982, and the second from counts
taken between September 1982 and April 1984. Surveys
of individual routes in the two data sets were taken
from 11 to 31 months apart, with an average differ-
ence of about 15 months. All data were taken on
weekdays. Data for each route were taken over a
period of several days and represent different days
of the week; 1in particular, data for successive
trips were normally not collected on the same day.

In addition to these summaries, time checgs were
used in some cases to determine whether headway con-
trol problems existed on particular routes, and sum-
maries of the total number of passengers per day
boarding, alighting, and remaining on board at each
stop were used in selected cases to provide further
insight into spatial peaking patterns.

GENERAL CHARACTERISTICS OF THE DATA

The data summaries described previously contain
three basic items of information for each trip: the
total ridership, the maximum load, and the seating
capacity of the bus. Two additional measures, the
peak load factor and the fraction of passengers on
board at the maximum load point, may be derived from
these. Let M represent the maximum load, R the num-

ber ©f ‘pATSengeYs Tarricd per Eripe £ the ssating

capacity, A the peak 1load factor, and ¢ the
fraction of passengers on board at the maximum load
point. Then, ¢ = M/R and X = M/C. The factor ¢
is an indicator of the degree to which loads peak in
space, and X is the basic measure of the opera-
tor's success in matching seating capacity with de-
mand. Note 2lsc that R is not merely a function of
the demand rate but also reflects the operator's
scheduling policies, and that A is a function of
demand, frequency of service, and bus size.

The most striking characteristic of these data is
their wvariability. Maximum loads are expected to
vary with ridership and ridership to vary by route,
direction, and time of day as demand rates and
schedules vary. In addition to these variations,
examination of the data showed that ¢, the frac-
tion of passengers on board at the maximum load
point, also varies over a wide range, even for
single routes, and that there are large irrequlax
variations in all items of data between successive
trips in the same direction on the same route. This
suggests that there is a great deal of random varia-
tion superimposed on the time-of-day trends in the
data.

If all scheduled trips in both data sets are con-
sidered, values of R range from 0 to 167, and M
varies from 0 up to 81 for standard buses and 112
for 70-seat articulated buses. Values of ¢ are
confined to a range of about 0.25 to 1.00 but tend
to vary widely within that range, and values of &
range from 0.00 to 1.60., Figure 1, which shows the
distribution of maximum loads for all one-way trips
on one of the San Diego routes, provides some idea
of the typical variation in maximum loads on indi-
vidual routes.

RELATIONSHIPS BETWEEN RIDERSHIP AND
MAXIMUM LOADS

Maximum loads are expected to vary with ridership.
The results reported by Shanteau (3), for instance,
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FIGURE 1 Distribution of maximum loads,
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appear to imply that maximum loads depend on rider-
ship; that ridership, in turn, depends on the actual
time separation between bises; and that all other
influences make only minor contributions to varia-
tions in maximum loads. The San Diego data, on the
other hand, appear to indicate that relationships
between ridership and maximum loads may vary con-
siderably, both between routes and for a single
route. Figure 2 shows distributions of ¢ for two
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San Diego routes that represent extreme cases. Note
both the breadth of the distributions and the dif-
ferences between them.

Values of ¢ for individual trips represent spa-
tial load peaking and result from passengers' travel
patterns. In particular, they depend on origin-des-
tination patterns and, for highly dispersed origin-
destination patterns, on average ¢trip lengths. At
one extreme, ¢ will be 1.00 when all passengers
are on board at the maximum load point. For less
concentrated origin-destination patterns, a minimum
value may be estimated by considering, as an ideal
case, the so-called steady-state many-to-many ori-
gin-destination pattern, the load profile of which
is shown in Figure 3, For this case, all passengers

= t—t—

FIGURE 3 Load profile for steady-state many-
to-many origin-destination pattern.

are assumed to have equal trip lengths of % and
boarding and alighting rates are assumed to be equal
except within a distance 2 of the ends of the
route, leading to a trapezoidal load profile. If B
represents the ratio of the trip length 2 to the
route length L, the value of ¢ for this case is
B/(1 - B). Assuming that minimum values of 8 are on
the order of 0.20 in San Diego, this implies minimum
values of ¢ of around 0.25. Figures 4 and 5 show
plots of M versus R for the same routes the ¢-dis—
tributions of which were compared in Figure 2, with
the 1limits discussed previously superimposed for
purposes of comparison. Note that the relationship
between M and R is not necessarily linear, especial-
ly for small values of R, and that there is con-
siderablé scatter in the data.

If relationships between ridership and maximum
loads depend on passengers' travel patterns, they
should vary by route, and these variations should
depend on the functions of the various routes in the
system and the types of trips they serve. To test
this hypothesis, the San Diego routes were divided
into four categories: express routes, local routes,
terminating in the central business district (CBD),
local routes passing through the CBD, and 1local
routes not serving the CBD. To compare these, two
alternative measures of the relationship between
ridership and maximum loads were calculated for each
route. One of these was a weighted value of ¢, de-
fined as ¢ = ):M/Zﬁ. The other was the regression
slope for the line of best fit for M versus R. Be-
cause there is apparent nonlinearity in this rela-
tionship, especially for trips with small values of
R, trips with R less than 10 were arbitrarily ex-
cluded. Note that both measures were designed to
give more weight to heavily traveled trips than
would the mean value of ¢; this was done because
spatial peaking on lightly traveled trips has little
impact on the operation of the system.

A summary of the results is given in Table 1.
Note that both measures yield similar results, al-
though the regression slopes exhibit a somewhat
greater range than the values of ¢. Both measures
are obviously much higher for express routes than
for local routes (with the exception of one local
route); for local routes, the ranges of both mea-
sures are broad and overlapping, although there
appears to be some tendency for non-CBD routes to

have higher values of ¢ than CBD-oriented routes and
for routes terminating in the CBD to have higher

values of 5 than those that pass through. The vari-
ations among individual local routes do not appear
to be closely related to any other route charac-
teristic, such as route length, however.

Values of ¢ for individual routes may vary by
time of day, depending on the types of trips served
at different times of day, or randomly. If there are
definite time-of-day trends, they may affect the
timing and magnitude of peaks in maximum loads, de-
pending on whether peaks in ¢ coincide with peaks
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FIGURE 4 Maximum load versus passengers per trip, SDTC
Route 90 (express route), 1982 data.



10

Transportation Research Record 1011

100 7/
/7
/
/7
7/
Fd
80 //
7
//
[&)]
3 6o o
o 6 \.0,/
b g7 .
5 S e : ‘ .
= / o ®
= - ” R ., -
Z W P S A ST
= 4 = .'! 'c. ”’—
VA .| s * ve © —_
7 » oo e o * —
7 e o * ./”
204 //.. .« e . ”,—
. ® — 25
v ° - =0.
V' ."””’ ¢
v ral
- S 1 1 1 1 ]
0 20 40 60 80 100 120 140

PASSENGERS PER TRIP
FIGURE 5 Maximum load versus passengers per trip, SDTC Route 11 (long local

route passing through CBD), 1981 data.

TABLE 1 Values of ¢ and Regression
Slopes for Maximum Load Versus Ridership
for San Diego Bus Routes, 1981-1982

Route ¢ Regression Slope
Express
90 93 .98
50 83 .89
110 75 .88
20 2 3
30 70 73
Local, non-CBD
41 .64 .69
13 57 59
6 .54 59
36 53 52
33 53 49
27 51 55
32 51 .50
Local, CBD terminal
35 8 83
7 61 59
15 .60 47
1 58 52
25 .54 .50
43 .54 53
34 A48 42
Local, through CBD
2 58 42
16 53 52
3 53 51
9 .53 42
4 49 37
29 43 43
11 43 .26
5 42 .30

in R. Time-of-day trends were analyzed by plotting
values of R, M, and ¢ versus the dispatch time of
the trips in question. Because time-of-day trends
were expected to be directional (for example, maxi-
mum loads peaking on inbound trips in the morning
and outbound trips in the evening), separate plots
were prepared for trips in opposite directions on
the same route. Because there were large irregular
variations between successive trips, moving averages
over roughly 1.0 to 1.5 hr (three trips for 30-min

headways, five trips for 15-min headways, and so
forth) were used to smooth the data and extract the
underlying time-dependent trends. Figures 6-8 show
examples of such plots in which the solid lines rep-
resent the moving averages. As can be seen, the data
fall into fairly broad bands about the moving aver-
ages. For maximum loads, for example, variations be-
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tween successive trips of 10 to 20 passengers (rep-
resenting 20 to 40 percent of the seating capacity
of a standard bus) are not uncommon.

Table 2 gives a summary of some of the more im-
portant features of the time-of-day trends 1n the
San Diego data. The times for the maxima and minima
referred to in the table are those of the moving
averages, not necessarily the maximum and minimum
individual observations. Note that there were fairly
large differences between the data sets in the num-
bers of routes experiencing peak values of R and M
during particular time periods. In both cases, how-
ever, maximum loads on local routes were more likely
to peak in the morning and evening work trip peaks
than was ridership. This trend is explained in part
by the fact that spatial load peaking is also sub-
ject to variations with the time of day, with mini-
mum values of ¢ occurring during the midday peri-
od about 75 percent of the time in both data sets.
Hence, for routes that have peak values of R during
the midday period, there is a tendency for the trips
carrying the maximum number of passengers to coin-
cide with those with the least spatial peaking. For
express routes, both M and R peak during the morning
and evening work trip peaks, and values of ¢ tend
to be minimum during the midday period.

TABLE 2 Summary of Time-of-Day Trends for One-Way
Trips on San Diego Bus Routes

Time of Day
Event 0600-0900 0900-1200 1200-1500 1500-1800
Local routes,
1981-1982
Maximum R 9 4 24 11
Maximum M 19 5 12 12
Minimum ¢ 7 16 19 6
Local routes,
1982-1984
Maximum R 14 4 17 13
Maximum M 21 0 10 17
Minimum ¢ 6 18 18 6
Express routes,
1981-1982
Maximum R 4 0 0 6
Maximum M 6 0 0 4
Minimum ¢ 0 2 8 0
Express routes,
1982-1984
Maximum R 4 L 0 3
Maximum M 3 1 1 )
Minimum ¢ 1 3 5 1

COMPARISONS OF PEAK LOAD FACTORS

Peak load factors measure the relationship between
maximum loads and seating capacity for individual
trips. Distributions of peak load factors for indi-
vidual routes are closely related to distributions
of maximum loads but are also affected (sometimes
crucially) by bus size. As do the other measures re-
lated to maximum loads, peak load factors vary over
a considerable range for individual routes, and
their distributions for different routes may differ
a great deal. Fiqure 9 shows a comparison of distri-
butions of peak load factors for two routes repre-
senting extremes in the San Diego data--one for
which peak loads were rarely more than half the ca-
pacity of the bus, and another for which there were
serious seating capacity problems.

In comparing distributions of peak load factors,
it is useful to have a simple measure to summarize
them, similar to those used in the preceding section
to compare relationships between ridership and maxi-
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mum loads. In this case, the ability to summarize
the characteristics of the distribution also has
practical value in service planning because the re-
sulting measure may be used to set service standards
and to identify the most serious seating capacity
problems.

The most commonly used measures for summarizing
peak load factors are average peak load factors.
These are ratios of the sum of maximum loads on a
route during some time period to the total number of
seats dispatched. Both the time periods used to de-
fine average peak load factors and the standards
with which they are compared vary among transit
operators. In the case of SDTC, the time period is
the hour for which the average peak load factor is
greatest, whenever this occurs, and the standard is
1.00; a general idea of standards used elsewhere may
be gotten from the recommended standards in NCHRP
Synthesis of Highway Practice 69 (2).

Comparisons of average peak load factors, as de-
fined by SDTC, with overall peak load factor distri-
butions indicated that average peak 1load factors
were a poor measure of the freguency and severity of
standing loads. Specific problems were that they
were inconsistent because they involved averaging
over different numbers of trips where frequencies of
service were different, and that they were dependent
on the concentration in time of heavily loaded
trips--in particular, they tended to understate the
severity of problems where overloading resulted from
irregular fluctuations in loads over comparatively
long periods of time, such as exist on some San
Diego routes where demand peaks during the midday
period.

Consequently, an alternative measure of compli-
ance with peak load standards was devised. Let A
be the peak load standard, defined in terms of the
peak load factor for an individual trip, and n be
the number of trips surveyed. Then an overload index
(v) may be defined as
¥ = (100/n) Z(A/A - 1) for all » > A
This index is sensitive to both the frequency and
the severity of violations of the peak load standard
and avoids the problems associated with using aver-
age peak load factors. It is not subject to an ob-
vious intuitive interpretation, however, as is the
average peak load factor; comparisons of the values
of V¥ with overall distributions for A for San
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Diego routes indicated that values of Y in excess
of 2.00 represented significant violations of the
standard, values less than 1.00 indicated only minor
violations, and values between 1.00 and 2.00 repre-
sented borderline cases. Table 3 gives a summary of
the frequency with which the various y-scores oc-

v G

curred in the two San Diego data sets.

TABLE 3 Distribution of Values of Overload Index (i), 1981-
1982 Data Versus 1982-1984 Data

Y for Data Set

0.00 0.00-1.00 1.00-2.00 2.00-3.00 3.00-4.00

1981-1982 13 9 | 2 2
1982-1984 8 11 6 2 0

COMPARISONS BETWEEN DATA SETS

Two sets of data for each route were compared to
assess the stability of the data over time. Specific
comparisons involved total ridership, distributions
of maximum loads and peak load factors, values of
the overload index (¥), and time-of-day trends for
R, M, and ¢.

Contingency tables were used to compare frequency
distributions derived from successive data sets.
This method is based on the hypothesis that the
relative frequencies with which the data fall into
given ranges are independent of the data set con-
sidered--in effect, that the distribution of the
underlying population has not changed over time. If
the hypothesis is true, the joint probability that
event j is observed in data set i is the product of
the marginal probabilities that event j occurs and
that the observation belongs to data set i. If xi;
represents the number of times event j is observe
in data set i, then the expected value of the number
of times it is observed is given by
E(xij) = Eixijxjxij/zixjxij
These expected frequencies may be compared with the
actual frequencies by means of a chi-square test to
determine the probability that differences as large
as those observed occurred by chance. Table 4 is an
example of a contingency table to compare a route's
maximum load distributions for two successive data
sets.

Use of contingency tables, as opposed to direct
comparisons of the distributions by means of chi-
square tests, was considered appropriate because
neither sample could be said to represent the "true"

TABLE 4 Contingency Table for Comparisons of Maximum
Load Distributions for SDTC Route 2, 1982 Versus 1983

Data Set

0-10 1120 21-30 3140 41-50 >50 Total

Maximum Load (observed)

1982 3 19 24 23 11 9 89
1983 15 21 31 14 14 £ 101
Total 18 40 55 37 25 15 190

Maximum Load (expected)

1982 843 1874 2576 17.33 11.71 7.03 89.00
1983 9.57 21.26 29.24. 19.67 1329 7.97 101.00

Total 18,00 40.00 55.00 37.00 2500 1500 190.00

Note: Chi-square = 11.428. Significant difference for a < .05.



Banks

distribution and because the contingency tables al-
lowed the comparison of samples of different sizes.
There was some concern about the statistical valid-
ity of the comparisons, however, because the real
null hypothesis in the chi-square test is that the
two data sets represent randomly drawn samples from
the same population. In the case of the San Diego
data, it was clear that the trips were not sampled
at random with respect to time of day because each
scheduled trip was surveyed once. If the probabili-
ties that the data fall into given ranges vary a
great deal with time of day, the chi-square test
would tend to overstate the probability that two
samples were drawn from the same population. This
possibility was checked after the fact by comparing
the actual chi-square scores with their expected
distributions. These proved to be reasonably simi-
lar, so it was concluded that contingency tables did
provide statistically valid tests for differences in
distribution.

In general, the data in the two sets were found
to be quite similar. Overall ridership had declined
by about 2 percent, which is not significant, being
well within the normal variation in daily ridership
for the system as a whole. Of the 27 routes sur-
veyed, 10 experienced increases in ridership and 17
experienced decreases. In all but three cases the
increase or decrease in ridership for individual
routes was less than 20 percent; there were in-
creases of 24 and 34 percent, respectively, on two
lightly traveled routes and a decrease of 58 percent
on one route (Route 9) where there had been major
routing and scheduling changes due to cancellation
of a service contract with a suburban jurisdiction.

Contingency table comparisons detected five cases
in which distributions of maximum loads were sig-
nificantly different at the 5 percent 1level. Of
these, three were lightly traveled routes where the
changes were of no practical significance, one
(Route 2) was the result of increased night service
(which resulted in a comparatively large increase in
lightly loaded trips), and one (Route 9) was due to
a large decrease in ridership, as discussed pre-
viously.

Differences in peak 1load factor distributions
that were significant at the 5 percent level were
also found in five cases. Of these, two (Routes 2
and 9) were associated with differences in maximum
load distributions that were significant at the same
level; the others involved cases in which differ-
ences in maximum load distributions were significant
at the 10 to 25 percent 1levels, Of these three
routes, one (Route 25) was a lightly traveled route
that had experienced a comparatively large increase
in ridership; a second (Route 32) had experienced a
comparatively large decrease in ridership that re-
sulted in downward shifts at the lower ends of the
distributions of maximum loads and peak load fac-
tors; and the third (Route 34) had experienced a
large increase in trips for which maximum loads ex-
ceeded seating capacity.

Where routes had peak load factors exceeding 1.00
for a total of 10 or more trips (counting both data
sets), contingency tables were also used to compare
the frequencies with which this event occurred. In
two cases the difference was significant at the 5
percent level: Route 9 had experienced a significant
drop in the number of trips for which A exceeded
1.00 and Route 34 had experienced a significant in-
crease.

Summaries of the distributions of wvalues of the
overload index (¥) for the two data sets were
given in Table 2. Despite the overall decrease in
ridership, there was a small increase in the number
of routes with peak load factors exceeding 1.00;
values of the index increased for 13 routes, de-

creased for 6, and remained the same (zero both
times) for 8 routes. For a variety of reasons, how-
ever, all but one of the four highest ¢y-scores in
the 1981-1982 data set had declined, so that, even
with the addition of Route 34, only two routes in
the 1982-1984 data set had ¢-scores greater than
2.00, compared with four in the 1981-1982 set.

Comparison of plots of time-of-day trends showed
that overall peaking patterns tended to remain
stable but that there were fairly substantial shifts
in the exact times and magnitudes of fluctuations in
ridership and maximum loads, even where there were
no significant differences in the overall distribu-
tions of M, R, and ¢. Figure 10 shows a comparison
of time-of-day trends in maximum loads for a route
that appeared to have no significant changes in the
overall distribution of M; as can be seen, the mag-
nitude of the fluctuations in the moving averages is
similar, but the times of occurrence do not corres-
pond very well, except during the morning peak.
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FIGURE 10 Time-of-day trends in maximum loads on SDTC
Route 7 for successive data sets; plots represent moving averages
over seven trips.

CONCLUSION

The most important characteristics of the San Diego
maximum load data appear to be their overall vari-
ability and the high degree of randomness they dis-
play, the wide variation among routes in relation-
ships between ridership and maximum loads, the
relative stability over time of overall distribu-
tions of maximum loads and peak load factors, and
the apparent instability of the exact times of day
at which fluctuations in maximum loads occur.

These characteristics suggest that, for most
planning purposes, overall distributions of maximum
loads, peak load factors, and the like should be
used instead of data for individual trips or data



averaged over short time periods. In addition, the
high degree of variability and randomness suggests
that caution should be exercised in interpreting
maximum load data; statistical analyses of such data
are unlikely to alert planners to problems and
changed conditions they would otherwise miss, but
they are likely to cast doubt on the reality of ap-
parent problems and changes. The variability of the
data also implies that it will always be impractical
to achieve close matches between seating capacity
and demand, because considerable overcapacity must
be provided to prevent serious overcrowding. For in-
stance, if all scheduled one-way trips are con-
sidered, no route in either San Diego data set had
more than 74 percent of its seats occupied at its
maximum load point, despite several cases of fairly
serious overloading.

When viewed from the standpoint of the system as
a whole, the causes of variations in maximum loads
appear to be quite complex. Variations in ridership
are obviously the most important influence, but
there are also wide variations, both for individual
routes and between routes, in spatial peaking pat-
terns and time-of-day trends in total ridership and
the fraction of passengers on board at the maximum
load point. Although some of the reasons for these
variations are fairly obvious (for instance, the
marked differences between express routes and most
local routes), much of this variation remains un-
explained.
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O-Bahn: Description and Evaluation of a New Concept

g v

VUKAN R. VUCHIC

ABSTRACT

The O-Bahn system, developed in the Federal Republic of Germany in recent
years, consists cf conventional diesel bhuses equipped with a special guidance
mechanism that can be extended or retracted. The vehicles thus can run on requ-
lar streets or on special quideways that have two simple vertical gquidance sur-
faces. The 0-Bahn concept is intended to combine the advantages of low-invest-
ment bus operation on streets in low-density areas with the advantages of
narrower right-of-way and greater highway safety of guided-mode operation on
higher density route sections. However, because the basic vehicle is the stan-

dard (or articulated) diesel bus,

the most important advantages of guided

modes--high-capacity vehicles, ability to form trains, electric traction with a
number of superior aspects, and fail-safe running--are not captured. A system-
atic analysis of all characteristics shows that the O-Bahn is much more similar
to semirapid bus (bus lines that use busways and other separated ways on indi-
vidual sections) than to light rail transit (LRT). In comparison with semirapid
bus, the O-Bahn offers the advantages of narrower right-of-way, somewhat
greater comfort and safety, guaranteed permanent retention of the exclusive
right-of-way for buses only, and greater suitability (O-Bahn with dual-traction

vehicles) for operation in tunnels.

These advantages must be weighed against

the higher investment cost and lower capacity and operating flexibility of the
O0-Bahn, which is due to the inability of O-Bahn vehicles to overtake or bypass
each other on the guideway. O-Bahn represents a higher cost, higher quality
system than semirapid bus, which may be advantageous for use in such special

cases as areas with narrow rights-of-way.

It is not suited for lines that re-

quire high-capacity, low-cost transit systems, which are typical of cities in

developing countries.
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Attempts to develop a transit system that can oper-
ate in steered and guided modes are not new. During
the 1920s and 1960s there were several attempts to
develop railbus--a bus that could also operate on
standard rail track. Because of major mechanical
problems and basic structural differences between
highway and rail vehicles, these attempts were not
successful and they were abandoned.

The Barrett Corporation (USA) demonstrated in the
early 1960s that a specially equipped bus can be
electronically guided quite precisely by an under-
ground cable. That concept has recently been pursued
and further improved by Maschinenfabrik Augsburg-
Neurnberg (M.A.N.) Corporation in the Federal Repub-
lic of Germany under the sponsorship of the BMFT
(German Ministry for Research and Technology).

By far the most successful development of a bus
that can also travel in guided mode has been the
0O-Bahn system, developed recently by Daimler Benz
AG, also under sponsorship of the BMFT. This system
has been brought to the operational stage and has
been in operation on test lines in Essen, Germany,
since 1981; it is also being built as a complete new
transit line in Adelaide, Australia. In addition to
the basic guided bus, several other vehicle types
and related components have been developed as pos-
sible complementary elements to improve some of the
O-Bahn's features and make it a more diversified
transit system. These include a dual-mode diesel
bus-trolleybus; a four-—-axle, 24-m-long double-artic-
ulated bus for guideway operation only; an exhaust-
collecting mechanism for tunnel operation of diesel
buses; and several others.

A number of articles have been published about
the O-Bahn (1-4). Most of them focus on its descrip-
tion and advantages; few evaluate it completely or
compare it with other modes.

The purpose of this paper is to briefly describe
the O-Bahn concept and its technical features, to
evaluate its operational characteristics, and to
compare it with similar conventional transit modes.
This will lead to a conclusion about the potential
of the O-Bahn for applications in cities and its
place in the family of urban transit modes.

SYSTEM DESCRIPTION
Vehicle

The basic vehicle for the O-Bahn system is a regular
diesel bus equipped with a retractable guidance
mechanism. The mechanism consists of special arms
with small horizontal solid rubber rollers that,
when extended, lie in front of the front axle
wheels, as shown in Figure 1.

When the O-Bahn vehicle operates on streets and
highways, the guidance mechanism is retracted and

Follower arm with guide roller

Guide rail

FIGURE 1 O-Bahn guidance mechanism (1).

there is no visible difference between it and a
regular bus. Before entering a guideway, the driver
extends the guidance mechanism and drives through a
funnel-shaped entrance (Figure 2). The rollers come
in contact with the guidance surfaces and take over
the steering function while the driver continues to
control vehicle speed.

Infrastructure

The guideway consists of two horizontal concrete
running surfaces for regular, running wheels and two
small (25-cm-high) vertical surfaces on the outside
of the running surfaces, at a distance (gauge) of
2.60 m (the bus is 2.50 m wide), against which the
guiding rollers run, providing horizontal guidance
(Figure 3). The guideway is supported@ by concrete
cross beams, which are anchored to a series of 2,50~
m-deep and 60-cm-wide bore concrete piles. This spe-
cial foundation is necessary to ensure extremely
precise horizontal and vertical alignment of the
guideway because riding comfort is sensitive to the
alignment.

Switching is done by alternate rising and lower-
ing of the two mutually crossing guiding surfaces
within the area of the switch.

Concept

The basic intent in the development of the O-Bahn
system is to create a transit mode that will be ca-
pable of taking advantage of the benefits of operat-
ing on streets as well as those of guided technolo-
gies. In other words, the O-Bahn is intended to
combine the lower investment and nearly unlimited
mobility of the bus--its ability to operate on lines
anywhere on the street and highway network--with
such advantages of guided modes as narrower right-
of-way, greater riding comfort and safety, and a
stronger image. Its technology allows the O-Bahn to
operate under either of the modes on any section of
a transit line.

Thus the dual-mode feature of the O-Bahn could
make this mode suitable for providing economical
service in low-density suburban areas as a bus on
streets (right-of-way category C) as well as for
serving higher capacity lines converging toward a
city center where, similar to light rail transit, it
would use a separated guideway with street crossings
at grade (right-of-way category B) or, if some sec-
tions allow it, even full separation (category A).

Characteristics of Dual-Mode Systems

All transport systems with dual-mode features (i.e.,
modes that can operate in two different ways) have
the advantages of a broader range of applications or
uses but also the disadvantages of greater complex-
ity. They usually also combine some disadvantages of
each of the two modes they incorporate (5, section
6.2.1). One of the best examples of this is the
trolleybus. It combines some advantages of buses
over rail systems (greater compatibility with street
traffic, better adhesion) with some advantages of
rail modes over buses (electric traction with better
performance and environmental aspects, stronger pub-
lic image due to overhead wires). But the trolleybus
also incorporates some disadvantages of the two:
smaller capacity of buses and somewhat higher in-
vestment costs and dependence on fixed guideway of
the rail modes.

The relationship of a transit mode with the other
modes most similar to it depends on the significance
of 1its advantages and disadvantages compared to



10

Transportation Research Record 1011

7

FIGURE 3 O-Bahn guideway and articulated
vehicle in Essen (1).

those of each other mode. This relationship deter-
mines the potential a mode has for applications in
urban transportatlion.

The O-Bahn, which combines highway and guided
technology and uses rights-of-way C, B, and some-
times A, obviously falls between bus and rail or,
more precisely, between semirapid bus [bus operating
partially on busways or high~occupancy vehicle (HOV)
lanes] and light rail transit (LRT). Its comparison
with these two modes is therefore fundamental in
evaluating the feasibility and the potential for use
of the O-Bahn in urban transportation.

Before this comparison, however, an analysis of
the generic features of the O0-Bahn system will be
presented.

GENERIC FEATURES OF O-BAHN

Characteristics of Guidance

Compared to steered (highway) modes, guided modes
have the following major advantages and disadvan-

ages:
ages:

Advantages

1. Ability to use larger vehicles that have
greater capacity and a more comfortable ride;

2. Ability to operate trains, resulting in much
higher line capacity and lower unit operating costs
(greater driver productivity):

3. Possibility of using electric traction with
its numerous advantages over diesel motors (perfor-
mance, cleanliness, less noise, no exhaust, safety
of operation in tunnels, and so forth);

4. Narrower right-of-way, particularly useful in
high-density urban areas, on viaducts, and in tun-
nels; and

5. Greater safety due to positive guidance and
possible fail-safe signaling.

Disadvantages

1. Requires higher investment; therefore network
extensiveness is more limited;

2, Less compatible with other traffic in street
operation;

3. More difficult (often impossible) rerouting
(e.g., temporary detours); and

4. Vehicles cannot pass each other unless off-
line stations are provided [a stalled transit unit
(vehiole or train) cannot be bypassed; it must bhe
pushed] .

These differences exist between exclusively
steered and exclusively guided modes--each one is
designed to take full advantage of the respective
technology. Examples are LRT (or rapid transit) com-
pared with bus {regular or semirapid, standard or
articulated vehicles). Modes between these two, such
as trolleybus, O-Bahn, and Railbus, have some but
not all of these advantages and disadvantages.

O-Bahn is actually a standard bus with the added
capability of guided operation. This capability
gives it some of the previously listed advantages
and disadvantages, but its basic vehicle design as a
bus--imposed by its street operation--prevents other
distinctions, both advantageous and disadvantageous.
A review of the previously listed items produces the
following results.

Advantages 1 and 2, operation of larger vehicles
and trains, are not used because the vehicle is a
standard (or articulated) bus; manpower is not re-
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duced~-drivers continue to drive, but without the
steering function on the guideway.

With respect to riding comfort, O-Bahn is con-
siderably better on the guideway than on streets be-
cause of better surface quality and alignment geom-
etry, but the difference in comfort between O-Bahn
and bus on busways with similar construction quality
and alignment is quite small.

Advantage 3, electric traction, is not used in
the basic O-Bahn version; an optional version of
dual-mode or trolleybus vehicles will be discussed
later.

Advantage 4 is a distinct feature of the O-Bahn:
due to the guidance, its right-of-way and free pro-
file are narrower than those for a bus on a street.
The inside gauge of the guideway is 2.60 m and over-
all width of the guideway structure (such as built
in Adelaide) is approximately 3.00 m, compared to
street or highway lanes of 3.25 to 3.75 m (plus
shoulders, if any). In general, there is a saving in
width of approximately 0.80 to 1.20 m per direction.
Tunnel profile for O-Bahn is foreseen as a
4.,40-m-diameter circular tube that is similar to
rail system tunnels, which vary from the minimum of
3.85 m for the London "tube" system to 4.88 m for
the Toronto rapid transit. This comparison is shown
in Figure 4(A). Standard (unguided) buses need wider
rights-of-way than LRT or rapid transit, partic-
ularly for high-speed operation for which O-~Bahn is
proposed. As shown in Figure 4(B), the width of ae-
rial structures of O-Bahn is somewhat greater than
the widths for rail systems. O-Bahn is shown with
3.90 m for 2,50-m-wide vehicles, LRT with 3.75 m for
2.65-m-wide vehicles, and rapid transit with 4.00 m
for 2.90-m-wide vehicles.

Advantage 5, safety, is greater with O-Bahn on
guideway than with standard bus on busway because of
the positive guidance; it is not as high as it is
for rail because O-Bahn does not have signals or
fail-safe mechanisms.

Disadvantage 1, high investment, is a major dis-
advantage of the O-Bahn guideway compared to street
lanes. As they are for all separate transit ways,
acquisition and construction of right-of-way are
usually the main investment cost items of the sys-
tem. Guideway construction for the O-Bahn is more
complicated than for a conventional roadway due to
the high precision of alignment required to avoid
shocks through the guidance mechanism.

Disadvantages 2 and 3, mixing with other traffic
and possibility of reroutings, do not apply to the
O-Bahn; with their dual-mode ability, buses can sim-
ply be diverted from the guideway to other streets.

Disadvantage 4, no passing on the guideway, is a
distinct disadvantage of O-Bahn compared to buses.
O-Bahn is more sensitive to this problem than are
rail modes because of the lower capacity of its
units and the resultant higher frequency of opera-
tion. To achieve higher capacity, off-line stations
must be built, requiring additional space, switches,
construction cost, and some operational disturbance.

In review, the guidance feature of the O-Bahn
gives this system some of the advantages and disad-
vantages of the fixed qgquideway mode, but the most
important features of that mode of operation (higher
capacity, labor productivity, electric traction,
lack of noise and exhaust, and so forth) are not
captured by the 0O-Bahn.

Vehicle Variations and Additional Components

O-Bahn designers have developed several other ver=-
sions of vehicles and components that are intended
to improve some aspects of O-Bahn's performance or
reduce some of its shortcomings.

LT

Dual-Traction Vehicle

An articulated O-Bahn vehicle with diesel and elec-
tric propulsion has been developed. This vehicle is
a combination of the conventional diesel bus and
trolleybus and can switch between the two types of
propulsion. Given the recent development in Germany
of automatically rising trolley poles, this change
of propulsion is rather simple.

Several such diesel-electric propulsion vehicles
without the guidance option have been tested in re-
cent years. These tests have shown that this type of
dual-mode vehicle allows the use of each type of
propulsion where it is advantageous: diesel on
lightly traveled line sections in suburbs, electric
on heavily traveled lines, in environmentally sensi-
tive areas, and even in tunnels. The costs associ-
ated with this diversity are a more expensive ve-
hicle, more complex maintenance, and somewhat more
complicated operations.

The same advantages and disadvantages are valid
for the O-Bahn dual-powered vehicles, with an addi-
tional advantage that O-Bahn's guidance and trolley-
bus mode (electric propulsion) eliminate some of the
major obstacles to operation of diesel buses in tun-
nels--problems of wide right-of-way, exhaust, and
noise--and make limited tunnel operation possible.

Double-Articulated Electric-Only Vehicle

Daimler Benz has also developed a bidirectional
four—-axle double-articulated vehicle with guidance
mechanisms for all axles. The vehicle resembles two
articulated buses connected back-to-back. Its middle
section, between articulations, however, has no
wheels--it is supported by the two outside two-axle
bodies. The vehicle has only electric traction and
it cannot be operated in steered mode: it can travel
on guideway only. Supposedly, such vehicles could be
coupled in trains.

The basic intention of this type of vehicle is to
overcome the low capacity of standard and articu-
lated buses and to create an image that O-Bahn is an
expandable system.

However, this concept has virtually no practical
value because it lacks the main positive feature of
the O-Bahn--its ability to operate in both steered
and guided modes. This four-axle vehicle could be
operated only on right-of-way category A (i.e., in
rapid transit mode). Thus it would not be in the
class of medium-investment semirapid transit (semi-
rapid bus, O-Bahn, and LRT); instead, it would be a
kind of rapid transit, requiring a much higher in-
vestment. Actually, except for similar technology
(vehicle construction and type of guidance), such a
system would have little in common with the basic
0-Bahn concept—-dual-mode operating capability.

M.A.N., developed a different type of high-capac-
ity vehicle: a double-articulated regular diesel
bus. It looks like an articulated bus with an addi-
tional joint and rear section attached to it. With
the O-Bahn guidance mechanism this vehicle repre-
sents a higher capacity O-Bahn, retaining its basic
dual-mode capability. For street operation, however,
this vehicle is somewhat bulky.

Exhaust Gas Extraction System

A special mechanism for collecting exhaust gases in
tunnels has also been recently developed. It con-
sists of an overhead tube, which is installed on
tunnel ceilings, with a slot on its bottom; a spe-
cially designed bus exhaust pipe located on the roof
sends exhaust into the tube, facilitating exhaust
extraction. This system may be useful where opera-
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tion of diesel buses through short tunnels cannot be
avoided.

Prefabricated Elements for Guideways

Developed for the O-Bahn guideway, this type of
structure is claimed to result in cheaper and faster
construction. This is not, however, an exclusive
feature of the O-Bahn; it could be applied to con-
struction of any other guideway or roadway type.

COMPARISON OF O-BAHN WITH OTHER MODES

On the basis of the previously defined characteris-
tics of the 0O-Bahn, it will be compared in this sec-
tion with its "neighbors®™ in the family of transit
modes.

O-Bahn Versus Semirapid Bus

First, clarification of the term "semirapid bus"
will be useful. The commonly used term "buses on
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busway" is a misnomer. Most lines to which it refers
use not only busways but also HOV lanes and bus
lanes on streets as well as regular street lanes.
The term "express bus®™ refers to bus lines with
limited stopping, not necessarily with any right-of-
way separation. Therefore, bus lines with substan-
tial portions of their lengths on partly or fully
separated rights-of-way (category B or A, respec-
tively) will be designated here as "semirapid bus"
(5, Chapter 2).

0-Bahn compared with conventional semirapid bus,
has the following advantages:

1. Narrower right-of-way,
2. Greater safety (full lateral control), and
3., Somewhat better riding quality.

The disadvantages of O-Bahn are

1. Higher investment (more complicated and pre-~
cisely built guideway, more complex vehicles):

2. Lower capacity; express operation not pos-
sible (no overtaking); to correct these problems,
all stations must be off-line, which involves addi-
tional costs; and

3. Lower reliability: a stalled vehicle cannot
be bypassed, it must be coupled and pushed.

The O0-Bahn guideway cannot be used by other ve-
hicles. This is an advantage with respect to pres-
sures to convert busways into HOV roadways, which
have prevailed in most of our cities but which are
clearly damaging to transit services. The guideway
is a disadvantage with respect to use by emergency
vehicles (police, ambulances, and so forth). The
former is usually more important than the latter.

This comparison clearly shows that the O-Bahn is
not distinctly different--superior or inferior--from
semirapid bus. Mainly, the guidance brings this sys-
tem the advantage of narrower right-of-way and safer
operations; however, these advantages are countered
by higher investment costs, lower capacity, and
lower reliability. The relative importance of these
factors under specific conditions determines which
mode is superior to the other in each individual
case.,

O-Bahn Versus Light Rail Transit

The differences between these two modes are summa-
rized in this section.

Advantages

O0-Bahn has the following advantages in comparison
with LRT:

1. Requires fewer transfers;

2. Requires somewhat lower investment; and

3. For new lines, involves considerably less
complex new technology.

Disadvantages

1. Has much lower capacity;

2. Has higher operating costs for larger passen-
ger volumes (more labor intensive);

3. Is less comfortable (less spacious vehicles,
less stable ride during operation on streets where
0-Bahn guidance is physically impossible);

4. Has lower performance due to diesel traction;

5. Has stronger negative environmental impacts
(greater noise, exhaust, aesthetics of guideway):
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6. Has lower reliability (electric vehicles have
fewer breakdowns; if stalled, rail vehicles can be
coupled and pushed more easily than buses); and

7. 1Is appropriate for tunnel operation only with
special technology and auxiliary systems.

By far the most important advantages of the 0O-
Bahn are its ability to branch out into regular
streets (therefore fewer passenger transfers) and
its somewhat lower investment costs and construction
complexity (change of technology from buses to O-
Bahn is small; change to LRT is drastic). The exact
difference in investment costs depends greatly on
the type of right-of-way and various auxiliaries.
For the same type of right-of-way (at-grade in open
field, aerial, and so forth), the difference, if
any, is actually quite small and most of it is due
to LRT electrification, which results in superior
performance, or signaling, which increases safety.
Major differences come if O-Bahn sections running on
the street are compared with LRT in tunnels, as was
the case in Adelaide (6,7); however, in such cases
the tunnel brings with it much higher system perfor-
mance. Indications are, therefore, that investment
costs for comparable rights-of-way are somewhat but
not drastically lower for the O-Bahn.

Reviewing the disadvantages of the O0-Bahn com-
pared to LRT, it can be seen that they are similar
to those of semirapid bus compared to LRT. Smaller
transit units (the price of street-running capabil-
ity) and diesel propulsion limit the comfort (spa-
ciousness) and performance of the O-Bahn (capacity
even lower than for standard buses), and O-Bahn re-
tains the problems of noise and air pollution.

Summary of Comparisons

To give a complete overview of the relationship of
these modes, all major features in which they differ
are given in Table 1 and compared using regular bus
on streets as the basis (this resembles the typical
planning situation of analyzing alternatives for up-
grading an existing bus line).

By its very nature, this type of comparison can-
not be absolutely exact; it depends heavily on
underlying assumptions and, in a few items, on some-

TABLE 1 Semirapid Transit Modes (Semirapid Bus, O-Bahn, and
Light Rail Transit) Compared with Regular Buses

Light
Semirapid Rail
Item Bus 0O-Bahn Transit
System and operation
Capacity + 0 ++
Right-of-way width 0 + +
Dynamic performance 0 0 +
Permanence of right-of-way exclusivity + ++ ++
Tunnel operation ability 0 + ++
Safety + ++ +
Need for new technology 0 - --
Level of service
Need to transfer 0 0 -—
Reliability of service ++ + ++
Comfort (seats, riding) + + ++
Costs
Investment cost - -(=) —
Operating cost + +
[mpacts
Image, land use impacts 0 ¥ ++
Noise 0 0 +
Exhaust 0 0 +
Note: — - = very much inferior, - = inferior, 0 = no difference, + = superior, and ++ = very

much superior.
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what subjective judgments. In the present comparison
the following underlying assumptions were made:

* All these modes would use similar rights-of-
way and stations (except for specific physical char-
acteristics of each mode); in other words, the por-
tions of right-of-way categories C, B, and A for all
these modes are similar.

* Design passenger volumes are gubstantial
(otherwise semirapid transit modes would not be con-
sidered).

* Operations are as practiced on modern systems
of each type (e.g., LRT has signals for sections
with speeds greater than 70 km/hr).

* Quality of technology of each mode is typical
of well-designed and maintained systems.

To avoid an unjustified impression of great pre-
cision, minus signs, zeros, and plus signs are used
in the comparison. The more desirable characteris-
tics are marked by plus signs and the less desirable
ones by minus signs. Thus, higher costs, because
they are less desirable, are designated by a minus
sign. The ratings are based on the preceding analy-
ses and comparisons of the three modes.

The comparison given in Table 1 shows quite
clearly that the O-Bahn is quite similar in most
characteristics to the semirapid bus: there are only
a few differences in evaluations (counting these
should be resisted because of their different rela-
tive weights). Comparing O-Bahn with LRT, on the
other hand, shows many differences that resemble the
differences between semirapid bus and LRT.

It can be concluded that the O-Bahn concept is
much more similar to (and therefore competitive
with) semirapid bus than to LRT.

PROSPECTS FOR O-BAHN APPLICATIONS
A review of present applications of the O-Bahn sys-—

tem will be useful for evaluating the prospects for
its further use.

Present and Proposed O-Bahn Applications

Three cases of O-Bahn applications will be reviewed:
in Essen, Federal Republic of Germany; Adelaide,
Australia; and Regensburg, Germany.

Several different installations have been built
in Essen to test various features and variations of
the O-Bahn system. One O-Bahn line section (Fuler-
umer Strasse) has been in operation since 1981;
joint operation of diesel and dual-traction vehicles
with TRT on the same right-of-way has been tested
[joint operation of conventional buses and LRT has
existed for many vyears in Amsterdam, Hannover,
Munich, Pittsburgh (tunnel) and many other cities]:
operation of dual-traction vehicles in LRT tunnels
will also be tested. The installations in Essen have
thus been guite useful for testing and development
of various physical and operational elements of the
O-Bahn system.

Adelaide has under construction a 1long radial
line along an unused freeway corridor into the cen-
ter city; in the suburbs and in the center city
buses branch out on streets. The line is heavily
line-haul oriented with only three stations (off-
line) and two guideway entrances for collector
routes.

In arguing for the O-Bahn system compared to
semirapid bus and LRT (the debate was finally
aligned with political parties and the O-Bahn was
adopted when the party supporting it won elections),
its proponents quoted several advantages. O-Bahn has
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a narrower right-of-way than a conventional busway
would have required; O-Bahn is safer because of
guidance, particularly at the planned speed of 100
km/hr; it is quieter; and it requires a substantial-
ly lower investment than does LRT (although higher
than semirapid bus).

However, the information about that project (6,7)
and some observers point out that saving 1 or 2 m of
right-of-way width in a 50-m-wide wunused freeway
right~-of-way is insignificant; safety against head-
on collision is greater, but it may be questionable
whether manual-visual operation of guided vehicles
at 100 km/hr is safe against rear-end collisions;
vehicle noise actually cannot be changed much be-
cause the same diesel engine and wheels produce it
regardless of guidance; capacity and flexibility of
operation are lower for O-Bahn than for bus; and
finally, the massive guideway structure (Figure 5)
is much less aesthetically pleasing than either a
blacktop roadway with attractive pavement markings
or LRT tracks that can be constructed as a green
surface with four rails and a pair of overhead wires
only. (Other aspects of a bus and LRT comparison for
the Adelaide line exceed the scope of this paper.)

Consequently, the case of O-Bahn in this particu-
lar application is so weak that this specific proj-
ect may damage not enhance O-Bahn's chances for
other adoptions.

Regensburg, a small city (140,000 population) in
Germany with a high density of activities and narrow
streets, has many buses converging on its central
area. A l.6-km-long tunnel has been proposed to take
several bus lines through the center, thus increas-
ing their speed and reliability.

This is a case in which the narrower right-of-way
of the O-Bahn would be a major advantage. If the
cost and the historic nature of the area permit con-
struction of the tunnel and purchase of special
vehicles and if the problem of exhaust gas extrac-
tion can be technically solved, this application of
the O-Bahn may be more appropriate than those in
outlying areas of cities, such as in Adelaide.

Review of Deciding Factors

The basic gquestion in considering the O-Bahn for any
specific application should be its differences with
respect to semirapid bus. Because the differences in
riding quality and safety are usually of secondary
importance, the basic trade-off is that of the nar-
rower right-of-way and guaranteed right-of-way ex-
clusivity of the O-Bahn versus lower cost, higher
capacity, and flexibility that favor semirapid bus.
Comparison of LRT with semirapid bus will in most
rases he similar ta that of LRT with O-Bahn.

Thus, the two most important factors that may
justify use of the O-Bahn are

* Narrower right-of-way, and
* Need to ensure a permanent exclusive transit
facility.

This leads to the following conclusions about pros-
pects for the O-Bahn system.

CONCLUSIONS

In developing countries there is a pressing need to
provide high capacity on a substantial network with
reasonable reliability, speed, and comfort with
rugged and economical operation. Because it has the
lowest capacity of the three modes, higher invest-
ment cost than semirapid bus, and higher operating
cost than LRT, O-Bahn does not appear to be a com-
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FIGURE 5 O-Bahnguideway in Adelaide: questionable aesthetics (6).

petitive system. There is no way that O-Bahn could
handle the volumes buses carry in Bogotd, Bangkok, or
Sao Paolo.

In West European countries there are cases where
narrower right-of-way is extremely important because
of restricted space. A typical case would be conver-
gence of several lines on a separated right-of-way
section (guideways cannot be used on streets) simi-
lar to the situation in Regensburg, O-Bahn may be
the optimal mode for such corridors.

In the United States the importance of ensuring
permanently exclusive right-of-way may appear as a
more important factor favoring O-Bahn than narrower
right-of-way. Safety may also be important, but
mostly on lines with moderate frequencies of opera-
tion because O-Bahn is less suited to short headways
than is conventional bus.

It can be concluded that the O-Bahn system repre-
sents an option or accessory of the bus transit mode
that provides higher quality (although not higher
capacity) of service at a higher cost than semirapid
bus. If evaluated on its technical and functional
merits, the O-Bahn appears to be applicable only to
special conditions such as convergence of many bus
routes in one or two corridors in downtown areas.
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Development of a Bus Operating Cost

Model Based on DlSa5 regate Data

REX GEPHART

ABSTRACT

As part of a major ongoilng study to assess the efficiency and equity of the
Southern California Rapid Transit District's current as well as proposed pric-
ing policies, a set of models designed to estimate marginal line-by-line
operating costs has been developed. Operating costs associated with different
times of day (peak versus off-peak periods), different types of service (ex-
press versus local), and different days of operation (weekdays versus weekends)
can be identified by these models. The approach taken in the design of the
models is presented and the methods, assumptions, and results of the modeling

process are described.

Traditionally, transit operating cost models were
developed through a cost allocation procedure that
attributed each and every operating and capital ex-
pense to the specific measurement of service that
was believed to have primarily caused it. Under this
unit cost approach, subcategories of operating ex-
penses have typically been associated with one of
four service variables: (a) vehicle-miles, (b) ve-
hicle-hours, (c¢) revenue passengers, or (d) peak
buses. Fuel, tire, maintenance, and repair costs,
for example, have usually been associated with ve-
hicle-miles. Driver wages and fringe benefits have
usually been associated with vehicle-hours. Expense
items related to the size of the peak fleet, on the
other hand, have typically been related to a peak
vehicle factor. Administrative overhead, clerical
staff, and storage facilities are commonly attrib-
uted to the peak vehicle variable. The revenue pas-
senger variable has usually been assumed to account
for expenses associated with accident payment and
liability premiums. Not all expenses, however, can
be clearly tied to a single explanatory variable.
Some transit agencies, for example, make the case
that maintenance and repair expenses relate not only
to the distance traveled but also to the vehicle-
hour factor to reflect the effect of congestion
along the route. To the degree that route congestion
equates with greater numbers of vehicle stops, a
close association between vehicle-hours and mainte-
nance expenses can be inferred.

The unit cost approach represents an attempt to
apportion transit operating expenses among all
lines, using cost parameters generated from system-—
wide data. An implicit assumption of this aggregate
approach is that neither driver labor agreements nor
the distribution of an agency's services (between
the peak and base periods) has any effect on the
variations in estimated line costs. To the extent
that these factors do not directly or indirectly
vary among lines, the computation of 1line-by-line
cost estimates from systemwide data appears to be
reasonable. Realistically, however, the cost char-
acteristics of lines should be expected to differ as
the "peaking™ of lines varies. An inner-city local
route requiring a nearly equal spread of service
throughout the day, for instance, would be expected
to experience relatively lower unit costs compared
to a peak-hour-only service, on the basis of the
overtime and premium pay penalities stated in the
labor agreements.

In contrast to the unit cost approach, direct
assignments of driver wages, fuel, repairs, and so
forth provide the optimal solution. Direct linkage
of operating expenses to individual lines, neverthe-
less, necessitates an elaborate accounting system
and would probably yleld insufficient marginal gains
in cost estimate accuracy to justify the additional
accounting expenses. Ideally, a cost allocation
method that strikes a balance between the unit cost
and direct assignment approach is preferred.

COST CENTERS APPROACH

As part of a major ongoing study to assess the effi-
ciency and equity of the Southern California Rapid
Transit District's {(SCRTD) pricing policies; a model
that would address marginal line-by-line operating
costs was desired. In an attempt to offer a better
alternative to the unit cost and direct assignment
modeling approaches, a disaggregate approach to
identifying line-by-line operating costs was devel-
oped. Because the basic operating characteristics of
various types of SCRTD services could be generally
associated with the divisions (garages) from which
the services originated, a disaggregate or "cost
centers" modeling approach based on divisional data
was chosen. To the extent that variations in divi-
sional expenses could be explained by variations in
divisional service, increases 1in the accuracy ot
line-by-line cost estimates were considered poten-
tially significant.

In addition, because nearly half of SCRTD's ex-
penses are incurred as operator labor costs, it was
decided that an appropriate modeling objective would
be to accurately identify the peak versus off-peak
operator pay-hour differentials associated with the
current labor agreement of SCRTD's United Transpor-
tation Union (UTU). Given that a cost centers ap-
proach could identify service-related expenses that
differ from the system average expense, and given
that divisional operator wages played an important
role in explaining these differences, an increase in
the model's accuracy in estimating 1line-by-line
costs seemed possible.

The attraction of this approach is its ability to
reflect the relative differences in the cost char-
acteristics of service types on the basis of quanti-
tative analysis of divisional expenses and service-
related data. As opposed to the unit cost approach,
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where the selection of the model variables and their
respective cost coefficients is subjective, the cost
centers approach will allow the most appropriate
model variables to be chosen objectively and will
statistically determine each variable's appropriate
cost coefficient. To avoid incorrect or artificial
results, steps discussed in the following sections
were incorporated into the modeling design.

EVALUATION OF DIVISIONS AS COST CENTERS

Operating cost models are typically constrained by
the level at which expenses are accounted. Although
operator wages, mechanic wages, fuel costs, and so
forth are frequently incurred at less than the total
system level (e.g., trip by trip), the accounting
records of these expense items are usually main-
tained only at the system level. Although SCRTD also
maintains system-level expense accounts, the origin
of a majority of SCRTD's expenses is at the division
level. Between 50 and 60 percent of SCRTD's total
operating expenses are tallied among 12 operating
divisions. The first step in the design of a disag-
gregate modeling approach, therefore, was to test
whether SCRTD's divisional unit costs differed from
the system average. If significant variations could
be quantified, as well as subjectively explained, a
statistical approach could be developed that would
objectively explain the variations in divisional
unit costs. Given that a number of service-related
variables were found to closely correlate with vari-
ations in divisional expenses, the service variables
with the "closest fit" could be used as the frame-
work for the modeling process. However, if little or
no variation between divisional unit costs could be
quantified, justification for the use of a tradi-
tional unit cost model based on systemwide expenses
(for line-by-line applications) would be confirmed.

To test the degree of variation between SCRTD's
divisional unit costs, an analysis of SCRTD's cost
per vehicle-mile and cost per vehicle-hour was made
for each of the 12 operating divisions. Total ex-
penses incurred and accounted for by division were
divided by each division's respective total vehicle-
miles and total vehicle-hours to produce the results
given in Tables 1 and 2. A list of the expense ac-
counts maintained for each division follows: An
asterisk (*) indicates the expense accounts chosen
for inclusion in the basic modeling design.

* UTU operator normal pay

* UTU operator nonwork pay

*  UTU operator scheduled overtime and premium
pay

TABLE 1 SCRTD Mileage Unit Costs by Division
(FY 1982-1983)

Division
Cost per Vehicle-

No, Name Mile ($)

9 El Monte 1.67
12 Long Beach 1.721
15 Sun Valley 1.79

8 Chatsworth 1.94
16 Pomona 2.02

1 Alameda 2.13
18 South Bay 2.23

5 South Central L.A, 2.25

3 Cypress Park 2.28

2 Los Angeles 2.32

6 Venice 2.46

7 West Hollywood 2.59
Mean 202
Standard deviation 0.29

* * * * ¥
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TABLE 2 SCRTD Hourly Unit Costs by Division
(FY 1982-1983)

Division
Cost per Vehicle-

No. Name Hour (§)

1 Alameda 26.65

2 Los Angeles 21.79

5 South Central L.A. 27.88

7 West Holywood 27.91

3 Cypress Park 27.98

9 El Monte 28.69
15 Sun Valley 29.01

6 Venice 30.21
12 Long Beach 30.39
18 South Bay 32.80

8 Chatsworth 32.90
16 Pomona 41.97
Mean 30.35
Standard deviation 4.16

UTU operator unscheduled overtime and premium
pay

UTU operator part-time pay

UTU nonoperator normal pay

UTU nonoperator nonwork pay

Noncontract normal pay

Noncontract nonwork pay

Noncontract overtime and premium pay
Noncontract straight time and overtime pay
Contract working as noncontract pay
Amalgamated Transit Union (ATU) revenue
equipment mechanic normal pay

ATU revenue equipment mechanic nonwork pay
ATU revenue equipment mechanic overtime and
premium pay

ATU revenue equipment nonmechanic normal pay
ATU revenue equipment nonmechanic nonwork pay
ATU revenue equipment nonmechanic overtime
and premium pay

ATU nonrevenue equipment mechanic normal pay
ATU nonrevenue equipment mechanic nonwork pay
ATU nonrevenue equipment mechanic overtime and
premium pay

Brotherhood of Railway, Airline and Steamship
Clerks, Freight Handlers, Express and Station
Employees (BRAC) employee normal pay

BRAC employee nonwork pay

BRAC employee overtime and premium pay
Uniform and tool allowances

Training programs

Other fringe benefits

Professional and technical services

Contract maintenance services

Custodial services

Contract maintenance services of revenue
vehicles

Other services

Fuel for revenue equipment

Fuel for nonrevenue equipment

Lubricant for revenue equipment

Lubricant for nonrevenue equipment

Tires and tubes for revenue equipment

Tires and tubes for nonrevenue equipment
Other materials and supplies for revenue
equipment

Other materials and supplies for nonrevenue
equipment

Buildings and grounds materials and supplies
Office supplies and eguipment

Promotional and informational materials
Tools and expendable equipment

Other materials and supplies

Water

Gas (natural)
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* Electricity
Telephone and telegraph
Other facilities
Vehicle license and registration fees
Fuel and lubrication taxes Of revenue
equipment
Fuel and lubrication taxes of nonrevenue
equipment
Other taxes
Dues and subscriptions
Travel and meetings
Schedule checkers travel expenses

* Petty cash expenditures
Other miscellaneous expenditures
Passenger station leases and rentals
Passenger parking facilitles leases and
rentals
Service vehicle leases and rentals
Operating yard and station leases and rentals
Other general administration facilities leases>-
and rentals
Public liability

For each unit cost analysis, the audited expense ac-
counts for FY 1982-1983 were used. That the total
operating expenses maintained for the 12 operating
divisions as a whole account for approximately 55
percent of SCRTD's total FY 1982-1983 operating bud-
get is noteworthy.

From the data in Tables 1 and 2, significant
variations in divisional costs per vehicle-mile and
costs per vehicle-hour are apparent. Divisional
costs per mile vary by as much as $0.92 (55 percent)
per mile, whereas the divisional costs per hour vary
by as much as $15.32 (58 percent) per hour. As ex=-
pected, divisions that operate relatively more high-
speed freeway service tend to accumulate lower costs
per mile but, because of the nature of their ser-
vices (generally peak period services with rela-
tively  Thigher operator pay-hour-to-vehicle-hour
ratics), they alsc tend tc have higher costs per
hour. The statistics given in Tables 1 and 2 gen-
erally illustrate that divisions farthest from the
Los Angeles central business district (CBD) have the
lowest costs per mile and the highest costs per hour
(Figure 1).
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From a modeling perspective, the data in Tables 1
and 2 clearly show that system average unit costs do
not present an accurate picture of SCRTD's variety
of services. An operating cost model based on a di-
vision cost centers approach, therefore, can indeed
improve the accuracy of line-by-line cost estimates.

DESIGN OF BASIC MODELING FRAMEWORK

To define the service-related variables that explain
the variations in the divisional unit costs noted in
Tables 1 and 2, a correlation matrix between divi-
slonal expense accounts and divisional service sta-
tistics was developed. The expense accounts that
were thought to have "logical"” relationships with
various service-related variables were statistically
analyzed using a Pearson Correlation Matrix. [The
expense accounts that were chosen are noted by an

. asterisk (*) in the previous list.] The service-re-

lated statistics that were tested include

Total vehicle-miles
Revenue vehicle-miles,
In-service vehicle-miles,
Total vehicle-hours,

* Revenue vehicle-hours,

* In-service vehicle-~hours,

¢ Number of bus pullouts, and
* Peak buses.

An analysis of the correlation matrix indicated
that, of the eight service variables chosen, vir-
tually all had relatively slgnificant correlations
with each of the tested expense accounts. In gen-
eral, any one of the service variables would have
made a good estimator of divisional expenses. On the
other hand, various combinations of service vari-
ables appeared to provide even better explanations
of division expenses, indicating that variations in
divisional expenses can only be partly explained by
one service variable. A combination of the total
vehicle-hour and peak bus variables, for example,
indicated a better correlation with the various ex-~
pense accounts than either of the variables individ-
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ually. A multivariate regression analysis, there-
fore, was used to define which variables in tandem
produced the best estimate of divisional expenses.
To avoid the development of a model with high inter-
correlation between the independent variables (mul-
ticollinearity), and as an aid in identifying the
specific variables that explain the variations in
operating expenses, a nontraditional approach to
multivariate modeling design was developed.

Instead of one model in which all expense ac-
counts are correlated with each service variable at
the same time, three separate models were developed.
The expense accounts that consistently maintained a
high correlation with each of the hourly service
variables (total, revenue, and in-service hours)
made up the dependent variable of the first model,
Individual correlations between these hourly
expenses and each of the three hourly service vari-
ables indicated which service variable was capable
of making the best estimate of hourly expenses. The
same process was used to define the "best"™ mileage
and peak service variables. The resultant models
took the following forms:

FY 1982-1983 divisional hourly expenses =
$507,639 (constant) + SIG T =.09
$14.50 (total vehicle-hours) ~ SIG T = .00, R? = 993 )

FY 1982-1983 divisional mileage expenses =
$505,822 (constant) + SIGT=.12
$0.54 (revenue-miles) SIG T = .00, R? = .958 @)

FY 1982-1983 divisional peak service expenses =

$691,704 (constant) + SIGT = .07
$45.89 (bus pullouts) SIG T = .00, R? = 982 3)
Because each of these three models estimated a

unique and separate share of divisional expenses,
the three models together represented the best esti-
mate of total divisional expenses. Through simple
addition of the models, a multivariate model was
prepared. The following equation represents the
final, summed format of the initial modeling process:

FY 1982-1983 total divisional expenses =
$1,705,165 + $14.50 (total vehicle-hours)
+0.54 (revenue-miles)
+45.89 (bus pullouts) @)

Of interest at this stage in the modeling process
are the relationships that were found between a few
of the more significant expense accounts and the
resultant model variables. As expected, high corre-
lations were developed between full-time and part-
time operator pay and the number of vehicle-hours in
each division. The longer an operator is assigned to
a vehicle, the greater his pay. Also expected were
the high correlations between fuel, lubricant, and
tire costs of a division and the number of miles in
each division. As a vehicle accumulates greater
mileage, the costs associated with fuel, lubricant,
and tires also increase. An unexpected result, how-
ever, was the relationship found between mechanic
pay and the number of bus pullouts. Traditionally,
mechanic pay has been associated with the number of
miles in a division (or system). Nevertheless, at
SCRTD, mechanic pay was found to have a higher cor-
relation with the number of buses required for peak
service (bus pullouts). Each of the three ATU me-
chanic expense categories (previous 1list) consis-
tently correlated better with the number of divi-
sional bus pullouts than with divisional mileage.

The apparent explanation of the greater propor-
tion of mechanic time spent in preparation of each
day's peak fleet on a bus-by-bus basis than on an
accumulated mileage basis includes a number of peak-
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related issues. Most prominent is that daily vehicle
assignments that have frequent bus pullouts are gen-
erally peak period (tripper) assignments that incur
heavy passenger loads and, therefore, higher mainte-
nance expenses due to their associated brake, trans-
mission, and general "running gear" failures. In ad-
dition, assignments that have numerous pullouts tend
to require the replacement of parts needed for each
start-up (i.e., batteries, starters, and their asso-
ciated electrical systems) more often than other
assignments. Preventive maintenance expenditures
based on accumulated vehicle-miles were thought to
have a relatively small role in explaining daily
mechanic expenses.

MODEL CALIBRATION

Thus far in the discussion of the modeling design,
two important issues have not been addressed: (a)
all remaining (nondivisional) operating expenses and
(b) the significance of the nonvariable (constant)
dollar values in Equations 1-4. With respect to the
constant dollar values, the slopes of the lines in
Equations 1-3 were "forced through the origin" to
eliminate the constants so that the aggregate model
would be more effective in estimating line-by-line
costs. (Note the significance, SIG T, of each model
constant.) It was assumed that if no service was
provided at the line level, zero expenses would be
incurred. With respect to the remaining nondivi-
sional operating expenses, a method was developed to
proportionally calibrate each variable's coefficient
such that the resultant model was capable of esti-
mating total (as opposed to divisional) FY 1982-1983
district operating expenses. The calibrated model is
represented by the following equation:

FY 1982-1983 SCRTD (system) operating costs =
$28.35 (total vehicle-hours) +
$1.12 (revenue-miles) +
$104.22 (bus pullouts) 5)

DIFFERENTIATION BETWEEN LOCAL AND EXPRESS
SERVICE OPERATING COSTS

The second step in the modeling process was to
develop a procedure capable of differentiating
SCRTD's operating costs by type of service. Because
previous studies had indicated that the variations
between local and express unit costs were signifi-
cant, separate models sensitive to these variations
were thought to be useful in enhancing the overall
modeling process. The objective was to split the
system model (Equation 5) into two distinct models,
one capable of estimating local service operating
costs and one capable of estimating express service
operating costs.

A divisional cost centers approach, identical to
the approach previously discussed, was used to
identify the variations in local and express unit
costs. However, to produce two distinct models that,
when used in tandem, could also accurately estimate
total system costs, individual cost center analyses
were regenerated from local and express (as opposed
to system) service and expense statistics. At the
divisional level, local and express mile, hour, and
peak-related service statistics were developed from
actual measurements of SCRTD services. Mile, hour,
and peak-related service statistics associated with
the high-speed freeway increments of express lines
were regarded as express service; all other services
were regarded as local SCRTD service.

The associated operating expenses, which were not
available by service type, were proportionally allo-
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cated between local and express miles, hours, and so
forth, on the basis of the relationships previously
developed in the "system" Pearson Correlation
Matrix. Operating expenses associated with the mile-
age variable of a division with 80 percent local
service and 20 percent express service, for example,
were allocated 80 and 20 percent, respectively. Be-
cause the percentage of local service ranged among
the 12 divisions from 99.9 to 40.3 percent in hours
of service and from 99.8 to 11.6 percent in miles of
service, models with correlation coefficients and
levels of significance similar to Equations 1-3 were
produced. The resultant local and express models,
which, in effect, are a weighted "split" of the FY
1982-1983 system cost model (Equation 5), are

FY 1982-1983 local service operating costs =
$28.35 (total vehicle-hours) +
$1.14 (revenue-miles) +
$104.08 (bus pullouts) ®)

FY 1982-1983 express service operating costs =
$31.00 (total vehicle-hours) +
$0.99 (revenue-miles) +
$134.57 (bus pullouts) 7)

As can be seen from a comparison of the system
cost model (Equation 5) and the local cost model
(Equation 6), the dominance of SCRTD local service
throughout the system precludes any meaningful
changes within the local model unit costs. All three
cf the cocfficients in each equation are virtually
the same. However, a comparison of the express model
(Equation 7) and the system model (Equation 5) re-
veals that express service operating costs at SCRTD
do indeed differ from the system average operating
costs. More important, they vary in a manner that
was not explained in the system cost centers ap-
proach. Express service hourly unit costs exceed the
system average by 9 percent, express mileage unit
costs fall below the system average by 12 percent,
and express pullout unit costs exceed the system
average by nearly 30 percent. In general, the varia-
tion between the express and the system average
hourly unit costs can be attributed to the current
operator work agreement that penalizes short (i.e.,
express) assignments, whereas the discrepancy be-
tween the express and the system average mileage
unit costs can be attributed to the increased speed
(i.e., efficiency) of the express assignments. The
difference between the express and the system aver-
age pullout unit costs merely reinforces the finding
that proportionally greater mechanic expenses can be
associated with assignments that start up or pull
out more times per day than does the average vehiclae
assignment.

DIFFERENTIATION BETWEEN PEAK AND OFF-PEAK
OPERATING COSTS

The final step in the medeling design was to inte-
grate the operator work rule stipulations that
further explain variations in the estimates of line-
by-line operating costs. Specifically, this involved
an attempt to differentiate total weekday expenses
between the peak and off-peak periods of service.
Although the local and express models, as developed
in the previous section, will, to some extent, ad-
dress the issue of different time of day costs
through the use of the bus pullout variable, the
models will not account for the cost differences
normally associated with the peak and off-peak time
periods in which driver wages represent the largest
single expenditure.
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Because transit is a highly labor-intensive in-
dustry, stipulations in labor contracts, which limit
the level of part-time drivers as well as the number
of split shifts, have increased the costs of provid-
ing service. Because the size of an agency's opera-
tor labor force is scaled to the level of peak de-
mand, many of these restrictions can be attributed
to the peak period. A common consequence of the
labor agreement penalties is that an agency's labor
force must be maintained intact throughout much of
the day, whether or not there is sufficient off-peak
demand to warrant such employment levels. The prob-~
lem is compounded by the nature of daily commuting
patterns in which peak loads occur during a 2- or
3-hr time span in the morning and evening, necessi-
tating full-scale operations over a l2-hr stretch of
time. Although many of these excess wage expendi-
tures occur during off-peak periods, a legitimate
argument can be made for attributing a portion of
them to the peak periods.

In addition to the wunion-related influences,
other factors should be considered when assessing
the true labor costs incurred during the peak peri-
od. For example, labor "efficiency" tends to be
relatively low under peak operations because con-
siderable time is spent 1in nonrevenue service
traveling to additional bus runs. In general, the
proportion of out-of-service to in-service pay hours
is higher in the peak than in the off-peak period
due to these deadheading activities.

To attribute a larger proportion of total hour
costs to peak operations, a procedure was developed
by Cherwony and Mundle (1) to adjust the vehicle-
hour coefficient in the system cost models upward
for the peak period and downward for the off-peak
period, because the weighted average vehicle-hour
variable underestimates the costs of peak service
and exaggerates those of off-peak. Ideally, a cost
model that employs operator pay-hours in lieu of
vehicle-hours is desired. However, the scarcity of
adequate operator pay-hour data has historically led
to the use of the vehicle-hour variable as a surro-
gate measure.

The approach developed by Cherwony and HMundle
ties together vehicle-hour and operator pay-hour
data into a time-apportioned index of operating
costs., The most salient feature of their approach is
that the system vehicle-hour coefficient is modified
for the peak and off-peak periods on the basis of
two factors: an index of relative peak and off-peak
period operator productivity and an index of rela-
tive amounts of peak and off-peak period service.
The operator labor productivity index adjusts the
vehicle-hour unit cost coefficient by comparing the
ratio of operator pay-hours to vehicle-hours in the
peak versus the off-peak. The service index simply
compares the number of vehicle-hours in the peak
with those in the off-peak. Although the operator
labor productivity index functions as a measure of
the penalizing features of the operator labor agree-
ment, the service index measures the relative amount
of service offered in each peak and off-peak period.
The equations developed by Cherwony and Mundle to
adjust the vehicle-hour coefficients are

VH, = {[n(L + )l /(1 + ns) } VH
and

VH, = [(1 +s)/(1 +ns)] VH
where

i

peak vehicle-hour coefficient,
off-peak vehicle-hour coefficient,

nn
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VH = total vehicle-hour coefficient,

n = relative operator labor productivity (i.e.,
the ratio of peak pay-hour/vehicle-hour to
off-peak pay-hour/vehicle-hour), and

s = relative service index (ratio of peak to
of f-peak vehicle-hours of service).

Integration of the Cherwony and Mundle approach
into the local and express operating models produced
four distinct SCRTD cost models: two for estimating
line-by-line peak period expenses (local and ex-
press) and two for estimating line-by-line off-peak
period expenses (local and express). In addition,
because the variations in the ratio of operator pay-
hours to vehicle-hours differ significantly between
weekdays and weekends (due to the differences in the
peak-to-base vehicle ratios between weekdays and
weekends), two system average weekend models were
also developed to estimate the operating costs of
local and express weekend service., No attempt was
made to differentiate between peak and off-peak
weekend operating costs because of the relatively
"flat" demand for weekend service. The final model
formats (FY 1982-1983) developed as a result of the
entire modeling design are

Local TC, = $30.34(THR,,) + $1.14(RM, ) + $104.08(PO)(APB/TB)
Local TC, = $27.16(THR, ) + $1.14(RM, ) + $104.08(PO)(BB/TB)
Local TC,, = $28.35(THR, ) + $1.14(RM,, ) + $104.08(PO,,)

Express TC,, = $33.17(THR, ) + $0.99(RM,,) + $134.57(PO)(APB/TB)
Express TC, = $29.70(THR,) + $0.99(RM, ) + $134.57(PO)(BB/TB)
Express TC,, = $31.00(THR,,) + $0.99(RM,,) + $134.57(PO,,)

where

Tcp = total cost of peak period weekday ser-
vice, where peak period is defined as the
sum of the a.m. peak (6:00 a.m. to 8:59
a.,m.) plus the p.m. peak (3:00 p.m. to
5:59 p.m.),

TC, = total cost of off-peak period weekday
service, where off-peak period is de-
fined as all weekday service minus the
peak period service (see TC,),

TC., = total cost of weekend (24 br) service

(Saturday, Sunday, or holiday service),

THRp = total peak period weekday vehicle-hours,

total off-peak period weekday vehicle-

hours,

=
S

THR, = total weekend vehicle-hours,
RMp = peak period weekday revenue-miles,
RM, = off-peak period weekday revenue-miles,
RM, = total weekend revenue-miles,
PO = number of weekday bus pullouts,
PO,, = number of weekend bus pullouts,
APl = average peak period buses (a.m. peak buses
plus p.m. peak buses divided by 2),
BB = total base period buses (9:00 a.m. to 2:59

p.m.), and
TB = APB + BB,

As these equations indicate, the cost per hour of
weekday peak period service (local or express) is
marginally higher than the cost per hour of weekday
off-peak period service. The cost per hour of week-
end service is, essentially, the weighted average of
the weekday peak and off-peak hourly unit costs. For
all models, no attempt was made to differentiate be-
tween the peak and off-peak unit costs of the reve-
nue-mile and pullout variables, nor was any attempt
made to differentiate between the weekday and week-
end unit costs of the revenue-mile and pullout vari-
ables, Nevertheless, so that a distinction could be
made between the number of peak and off-peak bus
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pullouts at the line level, an index was developed
to adjust the pullout variables of the peak and off-
peak models on the basis of the relative number of
peak and base period buses (see final model formats).

Throughout the modeling process the concept of
having the "sum of the parts equal the whole" was
maintained. Estimates of a 1line's peak period
operating costs, therefore, must be added to the
off-peak period operating costs to derive total
daily operating costs. To estimate total system
operating expenses, the system operating cost model
(Equation 5) can be used or, through a series of
line-by-line calculations, each line's peak period,
off-peak period, and weekend operating costs can be
added together to produce the same result.

SUMMARY

The final models were tested by comparing the daily
peak and off-peak models with three traditional
models currently in use throughout SCRTD. The models
used for comparison were the 1984 Scatchard model,
the 1984 Stopher (UTPS) model, and the 1980 Gephart
model. The equations of each model, which have been
calibrated to SCRTD's FY 1983-1984 operating budget,
are

1984 Scatchard model

TC = $25 42(THR) + §1.74(TMI)

1984 Stopher (UTPS) model

TC = $44.00(RH) + $0.57(RM)(PVR)

1980 Gephart model

TC = $40.98(RH) + $173.37(BPO)

1984 Peak/off-peak models

Local TC, = $30.27(THR,) + $1.14(RM,,) $107.30(PO)(APB/TB)
Local TC, = $27.10(THR,,) + $1.14(RM,, ) + $107.30(PO)(BB/TB)
Local TC,, = $28.29(THR,,) + $1.14(RM,,) + $107.30(PO,,)
Express TC,, = $33.09(THR) + $0.99(RM,,) + $138.73(PO)(APB/TB)

Express TC, = $29.63(THR, ) + $0.99(RM, ) + $138.73(PO)(BB/TB)
Express TC,, = $30.93(THR,, ) + $0.99(RM,,) + $138.73(PO,,)

where
TC = total daily operating cost,
THR = total vehicle-hours,
TMI = total vehicle-miles,
RH = revenue vehicle-hours,
RM = revenue vehicle-miles,
PVR = a.m. peak-to-base vehicle ratio, and
BPO = number of bus pullouts.

TCp, TCos TCy, THRy, THR,, THR,, RMy, RM,, RM,, PO,
POy, APB, BB, and TB are as previously defined.

Because the service variables required as input
to the peak and off-peak models were not readily
available for every line in the system, three rela-
tively small but distinctly different lines were
used for the comparative analysis. The 495 line,
which provides peak period express service between
downtown Los Angeles and Diamond Bar, was chosen
because it typifies a type of service that is gen-
erally thought to have relatively high unit operat-
ing costs. The 495 line is a park-and-ride service
that runs from 5:12 a.m. to 8:54 a.m. and from 3:20
p.m. to 7:05 p.m. It does not have base period ser-
vice (i.e., between 9:00 a.m. and 3:00 p.m.). The
602 line, on the other hand, was chosen because of
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its unique daily schedule that requires more buses
in service during the off-peak period than during
either of the peak periods. Unit cost estimates as-
sociated with the 602 line were thought to be less
than average because of its nearly equal (and effi-
cient) spread of service throughout the day. The 602
line is the ({local) downtown Los Angeles minibus
shuttle. The third line selected was the 262 line,
which travels between South Gate and San Marino. The
262 line typifies one of the district's "average”
lines in terms of the relative amounts of service
scheduled during the peak and off-peak time periods.
Unit cost estimates associated with the 262 1line
were thought to closely approximate SCRTD's average
unit operating costs. The service variables required
to compare each of the three test lines are given in
Table 3. The results of the model comparisons are
given in Table 4.

TABLE 3 Daily Operating Statistics for Lines 262, 495, and
602 (FY 1983-1984)

Line 262 Line 495 Line 602

Bus requirements (a.m., base, p.m.) 5,4,6 10,010 7,12,9

Total vehicle-hours 79.6 49.8 98.3
Total peak period vehicle-hours 320 41.5 37.8
Total off-peak period vehicle-hours 476 83 70.5
Total revenue-hours 76.8 35.5 935
Total vehicle-miles 985 1,441 57
Total peak period revenue-miles 472 705 300
Total off-peak period revenue-miles 415 288 393
Total revenue-miles 887 993 693

In general, the statistics given in Table 4 sug-
gest that, to some extent, all of the models con-
sistently address line-by-line variations in unit
operating costs. Each model, for example, indicates
that the highest unit cost of the three test lines
is indeed produced by line 495, the lowest unit cost
by line 602, and the "median" unit cost by line 262.
Given the nature of the service scheduled for each
line (i.e., that line 495 provides peak period ser-
vice only and that 1line 602 provides relatively
little peak period service), the results are logical
as well as consistent. Comparisons of the magnitude
of each model's results, nevertheless, indicate that
significant differences exist among the model
designs.

Of the three models developed from system average
expenses (i.e., the 1984 Scatchard model, the 1984
Stopher model, and the 1980 Gephart model), the
model that explains the least variation in line cost
estimation is the 1984 Stopher model. The Stopher
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model estimates a unit cost difference of only 22
percent between the highest cost line (line 495) and
the lowest cost line (line 602)., The 1980 Gephart
model and the 1984 Scatchard model, on the other
hand, estimate a unit cost differential of nearly
100 percent between the same two lines. Apparently,
the GStopher model's overall purpose~-as an input
parameter to the UTPS modeling efforts of SCRTD--
has, in effect, constrained the modeling design.
Comparisons of the 1980 Gephart model and the 1984
Scatchard model indicate that, although both models
track closely together, the 1980 Gephart model tends
to associate somewhat higher operating expenses with
lines that operate relatively more peak service than
base service. The inclusion of a peak-related ser-
vice variable (bus pullouts) in the 1980 Gephart
model appears to account for the difference.

The results of the 1984 peak and off-peak models
indicate an even greater disparity in operating cost
estimates. From the unit cost estimates given in
Table 4, the difference in peak versus off-peak
period unit costs between the 495 line and the 602
line is 201 percent. Although the peak period cost
model estimated a peak hour unit cost (for line 495)
that was 18 percent greater than the highest average
daily cost estimate of the other models, the off-
peak period cost model estimated an off-peak period
unit cost (for line 602) nearly equal to the lowest
average daily cost estimate of the other models. As
indicated by these results, the peak and off-peak
models tend to address the marginal variations in
SCRID's services to a greater extent than do the
traditional unit cost models that are based on sys-
tem average expenditures.

Further, comparisons of the 1984 peak and offpeak
models indicate that not only does line 495 produce
the highest unit (hourly) operating cost of the
three test lines, it also has the largest difference
between peak and off-peak unit costs. The peak pe-
riod unit cost for line 495 is 83 percent greater
than the off-peak period unit cost. The peak-to-
off-peak unit cost differentials for lines 495, 262,
and 602 are 83, 39, and 13 percent, respectively
{(Table 4). Because the amount of variation between
the peak and off-peak unit costs is a function of a
line's peak-to-base operational efficiency, each
line's peak-to-off-peak unit cost differential can
be used as an indicator of potential passenger load-
ing efficiency. Assuming fares are equal on a per
passenger basis, the peak-to-off-peak unit cost dif-
ferential indicates the percentage of peak period
passengers required above the number of off-peak pe-
riod passengers to offset the higher peak period
operating costs. On an hourly unit cost basis, this
would indicate that for line 495, 83 percent more

TABLE 4 Comparison of SCRTD Operating Cost Models for FY 1983-1984 ($)

1984 1984 1980 1984 Peak/
Scatchard Stopher Gephart Off-Peak
Line 262
Total daily cost 3,737.00 4,011.00 4,361.00 4,020.00
Total daily cost/vehicle-hour 46.95 50.39 54.78
Total peak cost/vehicle-hour 60.67
Total off-peak cost/vehicle-hour 43.68
Line 495
Total daily cost 3,773.00 2,694.00 4,922.00 5,376.00
Total daily cost/vehicle-hour 75.76 54.10 98.84
Total peak cost/vehicle-hour 116.77
Total off-peak cost/vehicle-hour 63.98
Line 602
Total daily cost 3,816.00 4,344.00 4,525.00 4,002.00
Total daily cost/vehicle-hour 38.82 44.20 46.03
Total peak cost/vehicle-hour 43.86
Total off-peak cost/vehicle-hour 38.76
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passengers would be required to travel during the
peak than off-peak period to offset the peak period
operating costs. For 1lines 262 and 602, respec-
tively, approximately 39 and 13 percent more passen-
gers would be required to travel in the peak than
the off-peak periods.

Clearly, a cost centers modeling approach, based
on an understanding of the variations between local
and express services as well as peak and off-peak
operator pay-hours, has increased SCRTD's capability
to estimate marginal line-by-line operating costs.
Operating costs associated with different times of
day, different types of service, and different days
of operation can be identified. Given that even
greater variations in divisional expenses are known
to exist, sensitivity analyses by type of expense
account can also be performed. Cost-effectiveness
sensitivity analyses by bus type, for example, can
be developed if differences in fuel, tire, and other
expenses can be guantified. Although the development
of six distinct models has increased the difficulty

Abridgment
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of the cost estimation process, the increases in ac-
curacy appear to justify the disaggregate modeling
design. Although significant modifications of
SCRTD's labor agreements or service types, or both
will influence the degree of accuracy of the peak
and off-peak models, minor modifications can be ab-
sorbed in periodic calibrations of each model to the
SCRTD operating budget.
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Transit Routing and Scheduling Strategies for

Heavy Demand Corridors

PETER G. FURTH and F. BRIAN DAY

ABSTRACT

Efficient routing and scheduling strategies for heavy-demand corridors are de-
scribed. Examples are given. Four strategles pertain to local service: short-
turning, restricted zonal service, semirestricted zonal service, and limited-
stop zonal service. Zoning of express services and deadheading of both local

and express service are also discussed.

Bdvantages and disadvantages of the

strategies, and conditions favoring their adoption, are discussed.

Transit service in radial corridors can often take
advantage of a high level and concentration of de-
mand by employing routing and scheduling strategies
that are more efficient than the conventional local
route. For the purposes of this paper, a corridor is
the narrow area served by a single local route or by
a set of routes operating on the same street, and a
"heavy-demand corridor" is one in which peak passen-
ger volume is roughly eight or more busloads per
hour. Although service in such corridors will rarely
be identified through service standards as substan-
dard, it is nevertheless often possible to increase
its productivity significantly through the use of
routing and scheduling strategies tailored to the
markets. Because of the large amount of service of-
fered in these corridors, improved productivity here
can lead to substantial operating cost reductions.
Several of these strategies are described and their
advantages and disadvantages are discussed. Proposed
and actual examples of their applications are pre-
sented. A fuller description of these strategies is

found in Furth et al. (l). Procedures for analysis
and design are documented elsewhere (2-6).

ZONAL EXPRESS SERVICE

By separating the long-distance, central business
district (CBD)-oriented market from the remainder of
the transit market, the former can be more effi-
ciently served with express service. Express routes
are faster because they make fewer stops and can use
high-speed roads for the express portion. If they
can charge higher fares, they are all the more cost-
effective. However, lower design load factors re-
quired on some express routes can lower their pro-
ductivity.

If the demand for express service is at least six
or eight busloads per hour (i.e., large enough to
support at least two routes), express service can
often be made more efficient by splitting the ex-
press service area into zones and serving each zone
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with its own express route. There are three advan-
tages to zoning: (a) the routes serving the inner
zones do not travel the full length of the corridor,
(b) each route's service area is more concentrated
so that each trip requires fewer stops to fill a
bus, and (c) the outer zone routes can sometimes use
high-speed roads or take advantage of signal pro-
gression as they travel express over the inner
zones. The disadvantage of this strateqy is that
wait times will increase because the demand, and
hence frequency of service, will be only a fraction
of that of an unzoned express route serving the same
market.

SHORT-TURNING

The short-turn strategy consists of a system of two
(or more) service patterns along the same street in
which the shorter pattern is entirely overlapped by
the longer. The shorter pattern is commonly referred
to as a "short-turn" or "turn-back" variation of the
full-length pattern. No boarding or alighting re-
strictions are imposed on any sections of the
routes. This strategy is suitable for corridors in
which demand tapers off in the outer segments.
Operating cost is reduced because short-—turn trips
are substituted for full-length trips. Because of
the lowered frequency of full-length trips, wait
time increases for passengers whose trips are not
served by the short-turn pattern. Service level does
not change appreciably for those whose trips are
served by the short-turn pattern. This latter group
is called the "choice market" because they can use
either the short-turn or the full-length pattern de-
pending on which bus comes first.

The existence of a large choice market necessi-
tates schedule coordination between the service pat-
terns to ensure that each trip of a given pattern
has a (more or less) constant number of choice pas-
sengers waiting for it, or loads will be unbalanced.
Efficient schedule coordination is most easily at-
tained if each pattern has the same service fre-
quency so that they alternate within the overlapped
segment of the corridor (the portion served by both
patterns). The offset between the patterns deter-
mines how large a share of the choice market each
pattern gets. Because the full-length pattern has a
captive market of its own and uses larger vehicles,
short-turn trips should lead the full-length trips
by a small interval so that most of the choice mar-
ket uses the short-turn pattern. For example, full-
length trips might pass a checkpoint in the over-
lapped segment at 10, 20, 30 min after the hour and
so forth, and short-turn trips might pass that point
at R, 18, 28 min after the hour and so forth.

RESTRICTED ZONAL SERVICE

A major determinant of which strategy will be most
efficient for local service is the degree of down-
town orientation in the local transit market, mea~
sured by the ratio of the corridor's peak volume to
its uptown boardings (uptown alightings for the out-
bound direction in the p.m. peak), called the PV/UB
(PV/UA) ratio. Uptown boarding (alighting) is de-
fined as the volume of passengers boarding before
(alighting after) the peak volume point. A small
PV/UB ratio implies a lot of passenger turnover be-
fore the peak volume point and thus favors a strat-
egy such as short-turning that freely allows for
passenger replacement. However, when the PV/UB ratio
is near 1, few passengers alight before the peak
volume point, so allowance for turnover is not as
important.
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For restricted zonal service, as for the =zonal
express strategy, the corridor is divided into two
or more zones with a particular route designed to
serve each zone. Inbound buses on a restricted zonal
route begin at the outer boundary (farthest outlying
stop) of their service zone, operate locally within
the zone, and then remain on the local street as
they continue toward downtown. Unlike zonal express
service, the buses may stop at any stop on the trip
inbound to allow passengers to alight. Similarly,
outbound buses will stop at any stop to allow board-
ing only (no alighting) between the downtown and
their service zone; they then operate locally within
their service =zone. This arrangement is called a
local service strategy because it still makes it
possible to travel directly between any pair of bus
stops in the corridor.

Restricted zonal service, like zonal express ser-
vice,; lengthens wait times throughout the corridor
because all passengers must wait for the one route
that serves their origin-destination pair. However,
speeds increase for outer segment travelers because
their buses are able to skip many inner-segment
stops. In long, high-demand corridors, the reduction
in travel time can sometimes offset the longer wait
times for outer-segment travelers.

Like the short-turn strategy, the restricted
zonal strategy reduces the number of trips operating
in the outer segments of the corridor, thus reducing
vehicle requirements. Higher speeds on the longer
routes can further reduce vehicle-hours needed. How-
ever, some of these advantages are offset by the ef-
fect this strateqy has on the turnover of seats. For
example, once an inbound bus leaves its service
zone, no one may board to replace alighting passen-
gers. (The mirror-image behavior occurs on outbound
buses.) The peak load of a restricted zonal route
will therefore occur at or before the inner boundary
of its service zone. Thus, the load on the bus as it
enters the downtown will be less than the load it
carried leaving its service zone because of the
alighting that occurs as the bus operates in the re-
stricted mode. Therefore this strategy 1is best
suited to corridors with a high PV/UB ratio.

Restricted zonal service is used by the Massa-
chusetts Bay Transit Authority (MBTA) along Massa-
chusetts Avenue between Arlington Heights and Har-
vard Square in suburban Boston. The shorter route,
Route 77A, operates locally between the North Cam-
bridge terminal and Harvard Square. The longer
route, Route 77.4, acts as a local route between
Arlington Heights and North Cambridge and then goes
into restricted operation between the North Cam-
bridge terminal and Harvard Square. During the morn-
ing peak, Route 77A, which uses trolleybuses, makes
12 trips per hour with a cycle time of 40 min, re-
quiring eight trolleybuses. Route 77.4, using diesel
buses, makes 20 trips per hour with a cycle time of
75 min, requiring 25 buses. In comparison, a
full-length local route serving the entire corridor
would have a cycle time of about 80 min and would
have to make 30 trips per hour. (The £frequency of
this single route 1is slightly lower than the com-
bined frequencies of Routes 77A and 77.4 because it
would allow free turnover in the inner zone.) Thus,
a single local route would require about 40 buses,
21 percent more vehicles than the restricted zonal
system now in place. Passengers also benefit from
the restricted zonal configuration. Average wait
time in the corridor is only 1 min longer under the
zonal service than it would be with conventional
local service (2.2 min versus 1.2 min), and in-ve-
hicle time is about 5 min less under the zonal ser-
vice for passengers originating before the WNorth
Cambridge terminal and unchanged for those originat-
ing after North Cambridge.
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SEMIRESTRICTED ZONAL SERVICE

Inbound, semirestricted zonal service operates in a
zone configuration like restricted service but dif-
fers in that it permits vehicles, if they stop out-
side their service zone to let someone alight, to
let waiting passengers board. Thus, this strategy
overcomes the inefficiency of the restricted zonal
strategy by allowing for alighting passengers to be
replaced. However, unfortunately, the strategy will
not work in the outbound direction. The mirror image
of the inbound policy is that outbound, if a passen-
ger destined for an inner zone stop boarded an outer
zone bus, he would be allowed to alight at his stop
only if the bus happens to stop there to pick up a
passenger waiting to board. With this kind of un-
certainty, nobody traveling within the inner zone
could be expected to use an outer zone pattern.

The level of service impacts of this strateqy are
between those of the short-turn and the restricted
zonal strategy. This strategy is particularly at-
tractive in moderate length corridors with a PV/UB
ratio between 0.75 and 0.95. However, transit sys-
tems that have applied this strategy report that
passengers will often complain because a bus that
stopped to pick them up yesterday passed them by
today. Such pressure has, in some cases, led to the
discontinuation of the strategy. Another difficulty
is that in the outbound direction, a different
strategy, such as short-turning or restricted zonal
service, must be used. A strong public information
effort may be required to make this strategy suc-
cessful.

LIMITED-STOP ZONAL SERVICE

This strategy is well suited to long corridors and
does not require a high PV/UB ratio. Like zonal
routes in other strategies, a limited-stop pattern
has a service zone in which passengers may freely
board and alight at any stop. However, outside the
service zone, buses stop only at designated stops
generally spaced 0.50 to 1 mile apart (except in the
CBD, where every stop 1is usually designated). At
these stops, passengers may both board and alight.
The innermost route or pattern in a limited-stop
zonal configuration is simply a local pattern (i.e.,
it has no limited-stop segment). If there is a lot
of local traffic in the corridor, it is possible to
have a local route parallel the limited-stop route
the entire length of the corridor.

Like the short-turn strateqgy, this strategy gen-
erates a choice market of passengers who can use
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either the limited stop pattern or the local pat-
tern, whichever comes first. Many of these passen-
gers will walk greater distances to be able to use
the limited-stop pattern. Efficient service design
requires (inbound) that use of the limited-stop pat-
tern by choice passengers from the inner segment be
limited as closely as possible to just replacing
alighting outer segment travelers (the mirror image
applies outbound). To accomplish this objective,
several measures can be taken. In the outbound di-
rection, most of the boarding usually occurs in and
near the CBD, where limited-stop and local patterns
all travel at the same speed. Thus, schedules can be
coordinated as in the short-turn pattern to optimal-
ly share the choice market. In the inbound direc-
tion, schedule coordination can affect the division
of the choice market to some extent, but its effect
is limited because the buses operating limited stop
will overtake the local buses, so that a constant
offset cannot be maintained. Another feasible,
though undesirable, way to efficiently split the
choice market in the inbound direction is to simply
use crowding as a deterrent within the inner
segment. Finally, charging a higher fare on the lim-
ited-stop pattern, increasing the spacing of desig-
nated stops, and making only some CBD stops desig-
nated stops are all measures that will decrease the
limited-stop pattern's share of the choice market,
if that is needed.

An application of the limited-stop strategy is
found in the Wilshire Boulevard corridor of Los
Angeles, where Southern California Rapid Transit
District (SCRTD) Route 308 operates local from Santa
Monica to Beverly Hills and limited stop from there
to downtown Los Angeles. Between Beverly Hills and
downtown, the corridor is served by several 1local
routes in a quasi-short-turn system. Compared to a
simple short-turn system for the entire corridor,
the popular limited-stop configuration reduces one-
way travel time from end to end by 12 min, benefit-
ing both passenger and operator.

DEADHEADING

It is common practice for express routes to deadhead
in the reverse direction of travel. It is also pos-
sible for a local route to deadhead all of its trips
in the reverse direction, as long as reverse direc-
tion service can be provided by another route. For
example, in a two-zone system, the inner zone route
could deadhead all of its trips, leaving the full-
length route to provide local reverse direction ser-
vice (provided the reverse direction demand is 1low

TABLE 1 Advantages and Disadvantages of Local Service Operating Strategies

Semirestricted Zonal Limited-Stop Zonal

Short-Turn Restricted Zonal
Need for schedule coordination Vital None None May be valuable in
and strict adherence a.m.,; valuable or vi-
talin p.m.
Reliance on overtaking None Strong Moderate Strong
Wait time impact? Up by 90% in outer Up by 90% Up by 90% in outer seg- Up by 90% in outer
segment, by 20% throughout ment, by 20% in inner segment, by 20% in
in inner segment segment inner segment
In-vehicle time reduction None Considerable Moderate Considerable
Walk-distance impact None None None Up by 0.2 mile for
some outer segment
passengers
Difficulty in public comprehension Little Moderate Considerable Moderate
Most favorable conditions for
vehicle savings
PV /UB ratio (%) 40-90 90-100 80-99 Any
Corridor length Short Long Any Long
Ambient speed on transit route Slow Fast Fast Fast

aAverage impact to peak direction travelers in typical application.
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enough) . To avoid angering waiting passengers, many
systems make it a practice to deadhead vehicles on
streets that have no bus service.

Bnother deadheading option is to have only a
fraction of the runs on a route return in service
while the remainder deadhead. This strategy, called
"alternating deadheading," is studied in Furth (§6).
The simplest alternating deadheading schedule is to
have every other bus deadhead. In an application on

an available freeway, alternating deadheading saved
4 of 29 buses on a busy route.

COMPARISON OF LOCAL SERVICE STRATEGIES

Table 1 gives a summary of the four major strategies
for local service. Included are operational and pub-
lic information problems, level of service impacts,
and the conditions that most favor efficient opera-
tion of each strategy.
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Maintenance and Operating Costs of Small Buses

P. R. NAYAK, A. B. BOGHANI, D. W. PALMER, and P. G. GOTT

ABSTRACT

Maintenance and operating cost data are provided for small buses. These data
were obtained by analyzing the maintenance and fuel use records of 187 small
buses from 16 transit properties located in different parts of the country.
Specific cost data are provided for four types of small bus: vans and modified
vans, body on van chassis, body on truck chassils, and purpuse built. Bulh Lhe
labor hours and the materials cost are calculated on a per mile basis. The ef-
fects of climate and duty cycle on maintenance cost are evaluated. The proce-
dure used in collecting the data and the characteristics of the data bases
developed to store and analyze the data are described.

One of the important decisions facing small urban
area and rural transit decision makers, who are
interested in establishing new transit systems, is
whether to invest scarce public funds in lower-capi-
tal-cost, more-efficient, less-durable transit ve-
hicles or higher-capital-cost, less-energy-effi-
cient, more-durable ones. Although previous research
has provided reliable life-cycle cost and fuel use
estimates for taxi vehicles and full-size standard
transit vehicles, 1little information is available
for vanpool vehicles, medium-size transit vehicles,
or nonstandard, full-size transit vehicles (such as

body-on-chassis-type school buses converted for
transit use). If vehicle purchase decisions are to
be soundly based, life-cycle cost comparisons and
energy use information for those types of vehicles
are essential,

Toward this end Arthur D. Little, Inc., undertook
a project entitled "Small Transit Buses: A Manual
for Improved Purchasing, Use and Maintenance" under
the sponsorship of UMTA. This project was conducted
through the National Cooperative Transit Research
and Development Program. The general objective of
this research was to develop a workbook-style manual
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that can be used by local transit operators and to
identify key recommendations that might feasibly be
applied by transit operators, local governments,
states, and UMTA to substantially improve procure-
ment, appropriate use, and maintenance for small
transit buses. Furthermore, the manual was to assist
individuals in the cost-effective procurement,
maintenance, and operation of buses in a wide range
of local, institutional, service, and operating en-
vironments. The manual will be available shortly.

The most important portion of this research proj-
ect, the part dealing with what the costs of main-
taining an operating small buses are and how these
costs were obtained, is described. This work re-
quired collecting data through visits to a number of
transit properties, developing data bases, and ana-
lyzing the data to obtain the required information.

DATA COLLECTION APPROACH

A review of the literature indicated that the preva-
lent method of estimating 1life-cycle maintenance
costs is as follows:

* List the principal vehicle components (e.g.,
engine, transmission);

¢ Estimate the number of miles between repair
or replacement of each component;

* Estimate the cost to repair or replace each
component;

* For each component, divide the expected 1life
mileage of the bus by the number of miles between
repair or replacement and multiply by the cost of
the component; and

* Add costs associated with each component.

This approach is particularly useful for compar-
ing components made by different manufacturers and
for scheduling preventive maintenance or inspec-
tions. However, it does not guarantee that the total
cost to maintain the bus will be measured, because a
large part of bus maintenance costs involves small
repairs, adjustments, and inspections. Also, a study
of component life requires a data collection period
at least as long as each component's life.

The approach used for this project has been to
attempt to measure total maintenance costs accu-
rately and to make the results applicable to a wide
range of bus types and operating conditions. This
was done in three steps:

* Develop a test plan that includes appropriate
combinations of bus types and operating conditions;

* Request the participation of transit proper-
ties that fulfill the requirements of the test plang;
and

* Visit the properties and record, in detail,
all work performed on specific buses during a period
of approximately 6 months.

These steps resulted in data bases containing a
complete maintenance history T"snapshot" covering 6
months for each bus studied. The 6-month period
amounted to about 10,000 miles per bus. This is cer-
tainly less than the mileage required to determine
the life of most bus components. However, it was as-
sumed that by studying several buses in similar
operating conditions and at different odometer mile-
ages the average maintenance costs under given con-
ditions could be estimated. In retrospect, this
assumption has held up reasonably well and the sta-
tistical confidence of the results can be improved
by simply adding more 6-month "snapshots" to the
data base.
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The data collection plan began with a broad defi-
nition of the many areas of cost (cost elements)
associated with operation and maintenance, such as
brake repair and engine tuneups. A list of the cost
elements, which an attempt was made to quantify,
follows:

* Body work,

Wheels,

Brakes,

Axles,

Suspension system,
Steering,

Interior,

Air conditioning,
Special equipment (wheelchair lifts),
Fare collection,
Voice communication,
* Fuel,

Chassis,

Bumpers,

* Windows and wipers,

* Doors,

* Engine,

* Fuel system,

* Electrical system,

* Exhaust,

* Engine cooling system,

* Driveline,

* Tires, and

* 0il.

Each cost element was then examined to determine the
principal factors (independent variables) that can
affect it. Some of the variables examined are bus
type, duty cycle, odometer mileage, and climate.

Then, on the advice of consultants familiar with
the U.S. transit industry, 27 properties were se-
lected that, together, fulfilled the requirements of
the data collection plan. Letters describing the
project and requesting their participation were then
mailed to the properties. Subsequently a telephone
call was made to each property to confirm their
willingness to support this research and to estab-
lish a schedule for on-site visits.

In preparation for visits to the properties, two
data collection forms were developed, one for char-
acterizing details of each bus and its operating
environment and one for recording the maintenance
performed on each bus. The bus characteristics data
collection form was seven pages long and included
space for entering engineering data as well as sub-
jective comments from interviews with personnel at
the transit properties. The maintenance reporting
form included space for the following items:

* Bus identification number;

* Time period covered;

* Odometer mileage range covered;

* Fuel consumed during period; and

* Information on all maintenance activities,
including (a) odometer reading, (b) job description,
(c) labor hours spent, (d) parts costs, and (e)
total job cost.

With the data forms in hand, investigators spent 1
day at each of the 27 selected properties. The prop-
erties surveyed are given in Table 1.

Two principal sources of information used during
the site visits were staff interviews and historical
work orders. Maintenance staff members were inter-
viewed for detalls of vehicle characteristics, duty
cycle descriptors, and maintenance experience. Rec-
ords of daily work orders were reviewed and, usual-
ly, photocopied as the source for maintenance labor
hours and parts costs. As might be expected, there
was a wide variation in the forms of the available
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TABLE 1 Properties Surveyed for Small
Bus Maintenance and Cost Data

Property Location

Included in Analysis

Care-A-Van Fort Coliins, Colo.
Transfort Fort Collins, Colo,
SEMTA, Macomb Detroit, Mich,

MTA Flint, Mich,
CY-Ride Ames, lowa

The Bus Greeley, Colo,

STS Saginaw, Mich.
GET Bakersfield, Calif,
TS Jacksun, Mich.
RTA Cleveland, Ohio
CCCTA Contra Costa, Calif.
TRT Norfolk, Va.
SEMTA, Port Huron Detroit, Mich.
Pierce Transit Tacoma, Wash.
Intercity Transit Olympia, Wash.
OCTD Orange County, Calif,

Not Included in Analysis

Public Service New Orleans, La,

SEMTA, Taylor Detroit, Mich.

Bay Metro Bay City, Mich,

SCAT El Paso, Tex.

TARC Louisville, Ky.

Metro Transit Kalamazoo, Mich,
SEMTA, Pontiac Detroit, Mich.

RTA Sumter, S.C,

SST Steamboat Springs, Colo.
The Ride Ann Arbor, Mich.

Road Runner Lowell, Mass,

data, from extensive computer files to handwritten
notes in a spiral binder. All forms were useful and
as much data as possible was gleaned from each
source. However, not all types of data were readily
available at each location. Maintenance record-keep-

* Computer files containing coded descriptions
of work done plus parts costs and labor hours;

* Individual handwritten work orders describing
work done, labor time, and parts replaced (and parts
costs) ;

* Summaries of parts costs and labor time, with
little detail of work done; and

* Tncomplete records of work done, perhaps with
no indication of odometer mileage.

The most common practice, by far, was the use of
individual work orders. These were usually €found,
ordered chronologically, near the shop area. Because
the time period of study was only the previous 6
months, all pertinent work orders were readily
available. The work orders collected are the basis
of billing and, often, maintenance scheduling at the
garages and seemed to be well kept. This gives con-
fidence in the completeness and accuracy of the data.

To prepare for the analysis, record-keeping pro-
cedures were established and two computer data bases
were developed. The primary purpose of record keep-
ing was to assure that all primary data were col-
lected completely, reviewed for quality control, and
available for analysis.

DATA REDUCTION

From the volume of information collected at each
property, several key parameters were selected for
tabulation and entry into two computer data bases,
the Vehicle Characteristics Data Base (BUS) and the
Maintenance Events Data Base (MAINT). BUS contains
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specifics of the vehicle design, the environment in
which the vehicle operates, and the service it per-
forms. MAINT is linked to BUS by a unique bus ID
number and contains the details of the maintenance
and operations events related to that specific bus,
The information in MAINT is set up with codes to de-
scribe each event, such as replace some gallons of
diesel fuel or repair the shocks on the front end,
and with the concurrent cost information, such as
number of gallons (with cost per gallon to be added
later) or labor hours plus materials costs.

The data file BUS contains the following elements
of information:

Bus ID number,

Authority ID number,

Climate,

Bus type,

* Bus make and model,

Year built,

Gross vehicle weight rating (GVWR),
Seating capacity,

Wheelchair provisions,

® Fuel type,

Brake type,

Average speed en route,

* Stops per mile,

®* Average peak passenger load,

* Duty oycle,

* Acquisition cost,

Resale value,

Maintenance records--beginning mileage,
Maintenance records--ending mileage, and

¢ Comments,

The data file MAINT contains the following ele-
ments of information:

* Bus ID number:;

® Origin of maintenance (e.g., scheduled or
driver report);

* Maintenance action (repair, replace, or in-
spect) ;

* Major system ID (e.g., electrical or front
end) ;

* Part ID (e.g., disc pads or muffler):

* Labor hours;

* Split, actual, not applicable, or estimated
(SANE) cost index for labor;

®* Materials cost;

* SANE index for materials cost;

¢ Contracted cost;

* SANE index for contracted cost;

* Total cost, nonstandard;

® SANE index for total cost:

®* Unit quantity; and
Unit cost.

More than 200 separate codes were used to encode
the maintenance data. For this analysis, the codes
were combined into seven bus systems:

* Brake and suspension,
Engine and driveline,

* Electrical,

* Body and interior,

* Wheelchair,

* Auxiliary equipment, and
* Unspecified.

Each work event was coded as repair, replacement,
or inspection, when the distinction could be made.
Records of fuel use were also contained in the MAINT

data base.
The SANE index for labor, referred to previously,

made it possible to account for the variability in
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the source of maintenance labor hours and costs.
Split record ("S") i1s used when the total labor
hours are obviously divided over two or more events.
For instance, if it is given that 3 hours were spent
changing spark plugs and fixing a flat tire, the 3
hours would be split between two records in MAINT
and the code "S" applied to the labor hours. Again,
this allows for rapid coding and an opportunity for
later quality control. Actual ("A") is used when the
information is accurate and complete, as in "1 hour
spent replacing a speedometer cable." Not applicable
("N") is used in circumstances where labor is not
charged, as during daily refueling. Estimated ("E")
is used when no specific details are available and
engineering judgment is required. For instance, if a
maintenance event was found that involved the re-
placement of a speedometer cable with no associated
labor charge, an "E" was entered next to a blank
labor hour field, which was later filled with an es-
timate of the time required.

These data bases were appropriate for rapid cod-
ing of the basic elements of the data collected.
They provided the basis for quality control and were
sufficient for the primary regression analyses.

Data were accumulated from 27 transit properties
representing 316 buses. However, not all properties
could provide complete details of maintenance labor
and parts costs. This necessitated dropping some
buses from further analysis. Analysis was actually
performed on 187 buses from 16 authorities (Table 1)
encompassing about 2.37 million bus-miles and 1,200
bus-months of operation, including more than 5,000
separate maintenance events.

In preparation for statistical data analysis, the
definitions of the independent parameters were re-
viewed and put in final form. The key independent
parameters are described in the following sections.

Bus Ter

The fleet of small transit buses was divided into
four categories:

1. Van--A standard, light-duty automotive ve-
hicle with no extensive body modifications beyond an
after-market raised roof or the addition of a wheel-
chair 1lift.

2. Body on van chassis--A light-duty van chassis
with a full passenger body; for example, a Collins
Omnibus body on a Dodge B-300 chassis.

3. Body on truck chassis--A complete bus body
built onto a truck chassis supplied by a major
vehicle and engine manufacturer; for example, a
Superior Transliner body on a GMC chassis.

4, Purpose built--A bus built onto a chassis or
frame specifically designed for that purpose and
built by the bus builder; for example, a TMC City-
cruiser.

Climate

Three climatological parameters were used to quan-
tify a "climate rating" for the general location of
each authority:

* BAnnual inches of snow,
* Annual degree-days, and
* Annual days of precipitation.

Each parameter represents an average of many years
of data at each location. The data were obtained
from National Oceanic and Atmospheric Administration
reports. One consideration is that this rating is
not tailored to the specific time range of the main-
tenance data collected, although it does represent
the general year-round climate the buses have been
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exposed to. Also, data for all individual cities are
not available so data from the nearest major city
were selected.

Table 2 gives a summary of the elements that make
up the climate rating code for each location. The
codes appear to accurately represent the climatolog-
ical differences between the various locations and
should be sufficient for investigating the broad ef-
fects of climate on maintenance costs. Three ratings
codes were used. Examples of each are given in Table
2%

TABLE 2 Summary of Climate Rating Code

Climate Characteristics

On average, less than 20 in, of snow and less than
4,000 degree-days® per year (e.g., Bakersfield,
Calif. and Norfolk, Va.).

On average, more than 4,000 degree-days and less
than 100 days of precipitation per year (e.g.,
Tacoma, Wash, and Fort Collins, Colo.).

On average, more than 20 in, of snow, more than
4,000 degree-days, and more than 100 days of
precipitation per year (e.g., Flint, Mich, and
Ames, lowa).

Mild (Code 1)

Moderate (Code 2)

Severe (Code 3)

Note: Climate data can be obtained from the National Oceanic and Atmospheric

Administration reports.

aDegree days" is determined as the sum of (65° F-average temperature during the
day) for gach day thal the average temperature is less than 65 F.

Duty Cycle

Several measures were available from which to syn-
thesize a duty cycle code. These included

* Averade speed while moving;

* Typical number of passenger stops per mile;

* Average peak passenger load, to be compared
with seating capacity;

* Maximum route speed; and

* Service descriptors (e.qg.,
elderly and handicapped, school tripper,
fixed route).

demand-response,
shuttle,

These measures were examined and found to be
highly correlated; that is, as one measure changed,
most of the others also changed in a predictable
fashion. The most fundamental descriptor of duty
cycle is the typical number of passenger stops per
mile. This appears to readily separate the basic
service areas. High numbers of stops per mile occur
in city or urban areas, medium numbers of stops per
mile indicate a low-density city or perhaps a subur-
ban area, and low numbers of stops per mile indicate
longer distance runs, as in rural areas, Higher
vehicle speeds tend to accompany lower stops per
mile. The wear that a bus must withstand is directly
related to the amount of stop-and-go action it en-
counters~-especially as evidenced by brake and
front-end work. As an example of its application,
this duty cycle descriptor allows a distinction be-
tween the maintenance costs for a high-mileage bus
that has "worked in the city" to one that has had
"an easier life." Table 3 gives definitions of var-
ious duty cycles.

TABLE 3 Summary of Duty Cycle Rating Code Characteristics

Duty Cycle Characteristics

On average, less than or equal to 1 stop per mile
(e.g., a rural elderly and handicapped route).

On average, more than 1 but fewer than 3 stops per
mile (e.g., a demand-response city route),

On average, more than or equal to 3 stops per
mile (e.g., a fixed city route),

Mild (Code 1)
Moderate (Code 2)

Severe (Code 3)
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TABLE 4 Total Maintenance Mileage and Number of Buses in the Data Bases

Bus Type

Vans Body on Van Chassis Body on Truck Chassis Purpose Built

Maintenance No.of Maintenance No.of Maintenance No. of Maintenance No. of
Duty Cycle  Miles Buses  Miles Buses  Miles Buses Miles Buses
Light 11,700 4 395,700 36 57,000 6 0 0
Medium 73,000 6 316,800 21 193,400 19 0 0
Heavy 83,500 8 20,700 3 12,300 1 1,203,000 83

Average Mileage

This is the midpoint of the mileage range of each
bus covered in the survey or, in general terms, the
mileage of each bus at the time of the survey. This
became a principal descriptor of maintenance costs,
following the hypothesis that buses cost more to
maintain as they age.

As described next, various statistical techniques
were applied to generate meaningful maintenance and
operating cost data on small buses.

SUMMARY OF RESULTS

The data bases contain the maintenance events and
costs for about 2,37 million miles of bus operation.
The data given in Table 4 indicate how these main-
tenance miles are distributed over the four bus
types and three duty cycles. The number of buses in
each combination is also shown. Although an attempt
was made to survey buses with a wide range of oper-
ating conditions, the distribution on Table 4 seems
to indicate the way bus types and duty cycles are
usually combined. All of the purpose-built buses are
used in heavy stop-and-go service. The body-on-
van-chassis buses are used principally in light and
medium service and the heavier body-on-truck-chassis
buses are used principally in medium-duty service.
Vans, perhaps because of their flexibility, appear
in all duty cycles.

These data bases can be used to obtain many dif-
ferent types of useful information. For the purpose
of developing a manual on small buses, they were an-
alyzed in several different ways as described
hereafter.

Figure 1 shows the 95 percent confidence ranges
of the total maintenance costs of the four types of
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FIGURE 1 Data scatter in total cost per mile for different bus
types.

small buses, which were obtained assuming a 1labor
rate of $10 per hour. As can be seen, the mainte-
nance cost for a body-on-truck-chassis bus may 1lie
between 16 and 28 cents per mile, whereas that for
vans may lie between 3.4 and 6.2 cents per mile. A
substantial portion of the variability is explained
by variations in climate, duty cycle, and cumulative
mileage, which are given in Tables 5 and 6.

Table 5 gives estimated maintenance requirements
for each type of small bus. In this table, the re-
quirements are expressed in terms of labor hours and
materials cost. From this table, it is easy to ob-
tain maintenance cost per mile estimates gilven the
bus type, climate severity, duty cycle characteris-
tics, and local labor rate in dollars per hour. It
can be seen from the table that maintenance require-
ments are generally strongly dependent on climate,
duty cycle, and bus type. In developing the costs in
Table 5 from the regression equations, the trends in
cost have been smoothed out in those cases in which
the equations provided results counter to engineer-
ing judgment and past knowledge of maintenance costs.

The labor hours and materials cost for body-on-
van-chassis buses is shown independent of climate
severity. This is not because climate severity is
not considered an important variable for this bus
type but because sufficient data were not available
to determine a statistically wvalid relationship.
Similar comments apply to the materials cost for
purpose-built buses.

Using the data bases, the effects of bus odometer
mileage on the maintenance requirements can also be
determined (Table 6). To incorporate mileage ef-
fects, simply multiply the labor hours and materials

TABLE 5 Small Bus Maintenance Requirements

Van or Body on  Body on
Duty Modified Van Truck Purpose
Climate Cycle Van Chassis Chassis Built

Labor Hours per 100 Miles

Mild Mild 0.17 0.46 0.61 0.29
Moderate 0.22 0.57 0.77 0.38
Severe 0.27 0.71 0.96 0.50
Moderate Mild 0.22 0.46 0.79 0.31
Moderate 0.28 0.57 0.99 0.41
Severe 0.35 0.71 1.23 0.54
Severe Mild 0.30 0.46 1.08 0.33
Moderate 0.38 0.57 1.36 0.44
Severe 0.48 0.71 1.69 0.58

Materials Cost per Mile (1983 cents)

Mild Mild 1.2 4.3 5.9 2.6
Moderate 1.3 4.7 6.5 39
Severe 1.4 5.2 7.1 6.0
Moderate Mild 1.2 4.3 6.1 2.6
Moderate 1.4 4.7 6.8 3.9
Severe 1.5 5.2 Fud 6.0
Severe Mild 1.6 4.3 8.1 2.6
Moderate 1.8 4.7 8.9 3.9
Severe 2.0 5.2 9.8 6.0
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TABLE 6 Mileage Factors
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Mileage Factor for Labor Hour

Mileage Factor for Materials Cost

Van or Body on  Body on Van or Body on  Body on

Mileage at Start Modified Van Truck Purpose Modified Van Truck Purpose
of the Year Van Chassis Chassis Buiit Van Chassis Chassis Built
0-10,000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
10,000-20,000 1.00 1.05 1.05 1.01 | 1.1 1.01 1.01
20,000-30,000 1.00 L1 1.10 1.02 | 1.2 1,03 1.02
30,000-40,000 1.00 1.16 1.14 1.03 1 1.3 1.04 1,03
40,000-50,000 1.00 1.22 1.19 1.04 | 1.4 1.05 1,04
50,000-60,000 1.00 1.27 1.24 1.0§ 1 1.5 1.06 1.05
60,000-70,000 1.00 1.33 1.29 1.06 1 1.6 1.08 1.06
70,000-80,000 1.00 1.38 1.34 1.07 1 L7 1.09 1.07
80,000-90,000 N/A? 1.44 1.38 1.08 | 1.8 1.1 1.08
90,000-100,000b N/A® 1.49 1.43 1.09 | 1.9 1.12 1.09
2A1 vans in the survey had fewer than 80,000 odometer miles.

bAbove 100,000 miles, use the following formulas: Mileage factor for labor hours = 1 + {n/100) x (mileage/10,000) and mileage fac-
tor for materials cost = 1 + (m/100) x (mileage/10,000) where n is 0, 5.5, 4.8, and 1 for van or modified van, body on van chassis,
body on truck chassis, and purpose built, respectively, and m is 0, 10, 1.3, and 1 for van or modified van, body on van chassis, body

on truck chassis, and purpose built, respectively.

cost obtained from Table 5 by appropriate mileage
factors given in Table 6.

The data collected included the quantity of fuel
consumed by each bus during the period studied. This
allows an estimation of miles per gallon (MPG) for
each bus type. The average values are given in Table
7

TABLE 7 Average MPG of Different Types of

Small Buses
Standard
Average Deviation,

Bus Type Fuel Type MPG MPG

Van Gasoline 8.9 6.3

Body on van Gasoline 6.5 1.7

Body on truck Gasoline 51 1.8
Purpose built Diesel 6.1 2.8
Purpose built Gasoline 3.6 0.0

In addition to these general results, the data
base can be used to obtain more detailed information
on maintenance cost. An example is given in Table 8.
In this table, the maintenance cost is given in
terms of cents per mile, assuming a labor rate of
$10 per hour. As can be seen, a body-on-truck small
bus is more expensive to maintain than the other
types, and vans are the least expensive. Also, main-
tenance of brakes and suspension and engine and
driveline dominate the overall maintenance require-
ments.

The maintenance cost results presented in these
tables are statistical averages of data that, in

TABLE 8 Total Maintenance Cost per Mile by Bus Type
and System (cents per mile)

Body on Body on  Purpose
System Van Van Truck Built
Unspecified 1.12 1.03 2.44 2.58
Brakes and suspension 1.24 3.53 6.15 4.00
Engine and driveline 1.03 2.34 7.59 2.65
Electrical 0.44 1.07 2.19 1.51
Body and interior 0.42 0.54 0.82 1.74
Wheelchair 0.32 0.39 L.15 0.55
Auxiliary equipment 0.15 0.34 1.76 0.91
Total 4.72 9.24 22.10 13.94

Note: Cost per mile is calculated as: sum of parts cost + labor @ $10 hr)/Sum
of maintenance miles.

fact, have a significant amount of scatter. The rea-
sons for the scatter are

* The maintenance survey period, about 4 to 8
months, is not always long enough to capture many of
the major maintenance events for every bus.

* One bus may have entered a period of inten-
sive renovation and consequently had a low mileage
during that period of time. Another bus, in similar
conditions, may have accumulated higher mileage, be-
cause little major maintenance work was performed.

* The make and model of the bus can signifi-
cantly affect maintenance costs. Proper specifica-
tion and quality of design, manufacture, and as-
sembly are obviously important but could not be
adequately addressed in this study.

The data in Figure 1 suggest that the following
approximate 95 percent confidence bands be applied
to the mean values of total maintenance cost per
mile derived from Tables 5 and 6: *35 percent for
vans, *10 percent for body-on-van-chassis, 30
percent for body-on-truck-chassis, and %20 percent
for purpose built.

It is believed that the data presented will prove

valuable in making decisions about the purchase,
maintenance, and operation of small buses. However,
it is recommended that any quantitative analysis

performed using these data be tempered with the
user's own experience or that of others in the tran-
sit industry.

CONCLUSIONS AND RECOMMENDATIONS

Maintenance and operating cost data for small buses
have been provided. In addition, the process of
gathering the data and the characteristics of the
data bases developed to analyze these data have been
discussed. Specific data provided in this paper are

* Small bus maintenance cost per mile in terms
of labor hours and materials costs for different bus
types, climate severity, and duty cycle characteris-
tics;

* Small bus fuel use;

* Effects of odometer
cost per mile; and

* Maintenance cost per mile for different sys-
tems for each bus type.

mileage on maintenance

In addition, the potential for using the data
base for developing maintenance and operating cost
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data that are specific to a particular application
has been demonstrated.
It is recommended that this effort be continued
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small buses are examined to evaluate their reliabil~
ity. The end result of such a study will be esti-
mates of reliability of various bus types, expressed

because the usefulness of the data bases will de-
cline over time unless they are periodically modi-
fied to

in terms of time-to-failure and time-to-repair sta-

tistics for different components.

* Add information on new types of small transit
buses entering the market and

* Update information on maintenance and operat-
ing costs of buses already included in the data
bases.
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Revitalizing Express Bus Services in a Suburban
Community: A Public-Private Partnership

CRAIG T. LEINER, RAYMOND AMBROSE, and LAWRENCE E. JACKSON

ABSTRACT

In response to rapidly deteriorating privately owned and operated express bus
service, Prince William County, Virginia, developed a program designed to sta-
bilize and improve services. The program, conceived by a citizens advisory com-
mittee and initiated with state and local funding, uses a public-private part-
nership whereby the 1local goverinment purchases and remanufactures suburban
coaches and then leases the coaches to a private operator. Lease fees are nomi-
nal, and the private operator is contractually obligated to the local govern-
ment to provide all necessary coach maintenance. Thus the local government in
effect provides a capital subsidy to a private operator and helps provide reli-
able public transportation without becoming the actual provider. The local gov-
ernment reviews routes and schedules and assists in marketing but does not
defray operating costs. To date, the county has remanufactured and leased 10
suburban coaches to a local private operator. This has resulted in the availa-
bility of more reliable, more comfortable, and safer express bus service for
county commuters. Express bus patronage is increasing, and the county hopes to
remanufacture and lease an additional 10 coaches. The program appears to be
successful and incorporates several strategies that may be of interest to sub-
urban jurisdictions considering initiatives in express bus operations.

Prince William County, Virginia, is a rapidly devel- tance in recent years. Throughout the 1970s a pri-
oping suburban jurisdiction in the Washington, D.C., vate operator provided express bus services from the
metropolitan area with a 1980 population of 144,700. residential eastern part of the county. However, in
Two Interstate highways, I-95 and I-66, provide ac- the late 1970s and early 1980s, deteriorating roll-
cess to key employment centers in Washington as well ing stock, under capitalization, mediocre manage-
as to the Pentagon, Crystal City, Rosslyn, and ment, and severe winter weather contributed to un-
Tysons Corner. Although most daily work trips from reliable and uncomfortable service. County residents
Prince William County are made by single-occupant were presented with the alternative of participating

vehicles, other modes have assumed greater impor- in ridesharing arrangements that were sponsored by a
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local government ridesharing matching service. Be-
cause carpools and vanpools are permitted access to
the I-95 high-occupancy-vehicle (HOV) 1lanes, it is
not surprising that many commuters began to ride-
share instead of using the express bus.

This contributed to a further decline in patron-
age, so in an effort to stabilize and improve ex-
press bus service, a Prince William County citizen
advisory committee, the Mass Transportation Commit-—
tee (MTC) began to examine the problem. The MTC,
created on August 31, 1973, by the Prince William
Board of County Supervisors (PWBOCS), is comprised
of up to 15 county residents appointed by the county
supervisors. To encourage coordination with other
committees, the by-laws specify that one member be
from the County Planning Commission, one from the
Highway Safety Committee, and that there be an ex
officio supervisor from the county board. Typically,
this supervisor is also the county's representative
at the Transportation Planning Board, which is the
metropolitan planning organization for the region.
The MTC's responsibilities include

* Making recommendations to the Board of County
Supervisors on the subject of mass transportation,
which can be taken to include "commuter transit, bus
service, rail service, mini-bus service, metro ser-
vice, dial-a-bus service, carpools, and other public
or private modes of transit; and shall include con-
sideration of vehicles, transfer points, stops,
routes, fees, regulations, applicable laws, sta-
tions, ramps, exclusive bus lanes, parking for users
of mass transit services; and shall also include
federal and state programs and grants for mass
transportation; and other matters related to the
above" (by-laws of the MTC);

* Promoting the development of
transportation services in the county;

* Cooperating and working with public and pri-
vate sectors throughout the county and region to im-
prove levels of mass transportation services in the
county;

¢ Serving as a clearinghouse for ideas and
sugdestions for improving mass transportation ser-
vices in the county, and acting as the county's
point of contact with local, state, and federal
agencies on matters related to mass transportation;
and

* Studying ways in
services may be improved.

viable mass

which mass transportation

In the past, the MTC helped to develop the tran-
sit element of the county's comprehensive plan and
to promote ridesharing. The MTC with state and local
funding has helped to establish an interest free
"start-up” loan for vanpool operators, and a ride-
sharing coordinator position in the County Planning
Office was established as a result of MTC efforts.
Moreover, several MTC officials were instrumental in
the development of the Virginia vanpool association.
The vanpool association, a private organization, now
provides information on financing, forming, operat-
ing, maintaining, and ride-matching for members.
With these activities, the county has achieved an
extraordinarily high rate of ridesharing. In fact,
Prince William County in 1980 had the highest rate
of ridesharing in the Washington, D.C., area: 37
percent.

In June 1981 the MTC began its most ambitious
project to date. The project was suggested by a mem-
ber who was aware of state funding available and who
had the idea of obtaining 20 remanufactured buses.
These buses would be owned by the county but leased
to one or more private operators in an effort to
stabilize service. Project MOVE was initiated to
help "Make Our Vehicles Efficient." A subcommittee
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of three individuals was assigned to develop a pro-
posal for the Board of County Supervisors. The sub-
committee was composed of a lawyer, a highway safety
engineer, and a regional transportation commission
official. One subcommittee member addressed legal
questions that would be raised with the county at-
torney. The other subcommittee members talked to
manufacturers and transit authorities to obtain es-
timates of costs and to learn about the availability
of buses and the scope of remanufacturing that would
be desirable. The scope of the project as initially
proposed called for an estimated 20 vehicles, 40 ft
in length with a seating capacity of 53 passengers
at an investment of $70,000 per vehicle. This unit
investment of $70,000 was expected to provide an ex-
tended economically useful 1life of 6 to 8 years of
service. Several public transit agencies including
Detroit, New Orleans, Philadelphia, Chicago, Wash-
ington Metropolitan Area Transit Authority, and New
Jersey Transit had recently embarked on coach re-
manufacturing and this estimate was consistent with
their costs.

Thus, the MTC subcommittee determined that there
was a need to maintain an inventory of high-occu-
pancy coaches to make the most efficient use of
highway investments. This capability is even more
critical if highway funding shortfalls delay the ex-
tension of high-occupancy-vehicle (HOV) lanes on
I-95.

The subcommittee report was endorsed by the full
MTC, which then recommended that the Prince William
County Board of Supervisors initiate an application
of $1.4 million in Capital Assistance to Mass Tran-
sit under the provisions of Item 640.D of the 1981-
1982 Biennial Budget of the Commonwealth of Vir-
ginia. The vehicles were expected to provide an ex-
tended economically useful life of 6 to 8 years of
service. As noted previously, these vehicles would
be leased under competitive bidding procedures to a
private transit operator for exclusive use in com-
muter service between the county and employment cen-
ters in metropolitan Washington. As originally con-
ceived, operating lease conditions were not to cover
routes or fares, nor provide county financing for
operation. Lease conditions would require mainte-
nance of equipment, appropriate insurance, and reim-
bursement of all county expenses for administration
of the project. It was hoped that the successful
bidder would provide the funds for the 5 percent
local match reguired to obtain state aid for mass
transportation.

To summarize, the rationale behind this project
was based on the need to provide reliable, comfort-
able, and flexible service; to address the deterio-
rating condition of the existing rolling stock of
the financially ailing private company; and to help
relieve congestion on major routes such as I-95.

The proposal was endorsed by the full MTC in
November 1981 and, after lobbying of the Board of
County Supervisors, the project was presented in
December 1981 and the board approved the program
concept and directed county staff to prepare the
appropriate documentation for state officials.

Accordingly, a grant application was drafted, and
in early 1982 the Prince William Board of County
Supervisors approved, by a narrow margin, the formal
submission of a $1.4 million grant application to
the Virginia Department of Highways and Transporta-
tion (VDH&T). The initial grant application gen-
erated several conferences between state and local
transportation staff. One issue, the source of the
local match, was of concern to state officials. The
citizens committee had hoped that the private opera-
tor would provide the required local 5 percent
match. However, in order to provide funds, state of-
ficials needed a local match from the public sector.
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In effect, Prince William County, a fiscally con-
servative local government, would be required to
provide approximately $70,000 in local funds,

These staff conferences set the stage for a work
session with the Prince William Board of County
Supervisors (PWBOCS), at which time state procedures
and guidelines were communicated to local elected
officials. This work session was instrumental in
explaining to 1local decision makers the fiscal,
operational, and policy implications of pursuing the
grant application. It is important to note here that
these discussions with state public transportation
officlals were typified by candid and constructive
exchanges, which contributed to the establishment of
a positive working relationship between state and
local staff.

In late spring 1982 the PWBOCS reaffirmed its
desire to seek state funding for the program and
subsequently directed county staff to pursue the
grant application. Thus state officials, in June
1982, were evaluating a $1.4 million grant applica-
tion to be funded under the Experimental Aid for
Public Transportation program. Pursuant to the pro-
gram's funding formula, if the grant were approved,
the state would reimburse the county for up to 95
percent of total program costs, and the county would
be responsible for the remaining 5 percent.

The review process culminated in a recommendation
from VDH&T staff that the Virginia Highway and
Transportation Commission approve the grant applica-
tion. Consequently, in August 1982, the commission
approved $1.4 million in funding for the Prince Wil-
liam County Commuter Bus Program.

APPROACH

Shortly after the grant award and execution of the
necessary state-local agreements, staff began work
on the two key program elements: vehicle procurement
and selection of one Or more private operators.

Vehicle Procurement

Because many of the program tasks, particularly
those involving coach specifications and preventive
maintenance programs, required knowledge or skills
unavailable at the local staff level, a decision was
made to seek consultant assistance. Consultant par-
ticipation was structured such that local staff were
actually doing much of the "legwork": forming con-
tacts with individuals in the remanufacturing indus-
try and with key staff of public transit authorities
that were already involved in coach remanufacturing
either through in-house programs or by private con-
tractor. At the beginning the consultant's role was
mainly to provide a technical check on the products
developed by local staff. This was intended to allow
the staff to develop as much technical expertise as
possible. For example, the consultants provided re-
sources and guidance in developing remanufacturing
specifications and reviewed the final product, but
the actual specifications were developed at the
local 1level so that they were tailored to local
needs. More extensive consultant assistance was em-—
ployed during the actual remanufacturing process.
This on-line inspection was important to ensure con-
tractor compliance with the county's specifications
and to ensure quality control.

A significant decision about vehicle procurement
was made at this stage. A turnkey approach was
adopted whereby the remanufacturer would be reguired
to locate and purchase vehicles in addition to re-
manufacturing. This approach eliminated several
firms that were unwilling to locate vehicles. Also
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at this time staff were beginning to focus on the
type of coach necessary for operations. Although
over-the-road, three-axle coaches were attractive,
it was thought that a suburban configuration with
overhead reading lights, all forward-facing seats,
and under locker loaders, was most appropriate.

At this stage county staff began to develop re-
manufacturing specifications. Drawing from documents
supplied by other transit authorities and discus-
sions with industry representatives, the county in
conjunction with its consultants began the task of
developing comprehensive specifications that would
later be incorporated in a bid document. Because a
basic objective of the program was to provide safe,
reliable, and comfortable public transportation,
rigorous specifications were drafted. The major
coach components specified for remanufacturing were
(a) power module, including engine, transmission,
and accessories; (b) steering system, including uni-
versal-joint assemblies and drag 1link assemblies;
(c) heating, ventilating, and air conditioning sys-
tem; (d) suspension, axles, and differential; (e)
brakes, wheels, and wheel bearings; (f) fuel tank
and line; (g) exhaust system; (h) electrical system;
(i) structure (underframing) including bulkheads;
and (j) exterior surface and interior, including
seats, rubber floor covering, and paint.

These vehicle remanufacturing specifications were
incorporated into a bid document that was issued in
the late spring of 1983, Three responses were re-
ceived: two from remanufacturers in the northeast
and one from a firm in the midwest. One bid was im-
mediately declared nonresponsive because it clearly
failed to respond to the program goals and was not
accompanied by the required bid bond. Of the two re-
maining bids, one was certified as responsive, but
it was feared that the unit cost, in excess of
$100,000 per coach, would provide far fewer coaches
than needed. The remaining bid also exceeded budget
but not as significantly. However, the bid proposed
remanufacturing General HMotois Corporation (GMC)
transit diesel hydraulic (TDH) vehicles, which are a
basic transit configuration. The issue of whether to
accept a TDH tock several weeks to resolve, and:
after a meeting of state and local officials and the
consultants, it was decided that the county would
exercise its option of not awarding a bid.

At this point the county was faced with a private
operator that was barely solvent and a delay of sev-
eral months before the project could be rebid. Con-
sequently, the MTC held a special meeting that was
attended by approximately 100 concerned commuters.
Although the meeting was often heated, it was valu-
able in providing citizens with accurate information
on the program's timetable.

The remanufacturing specifications were soon re-
bid using a more flexible procedure: competitive
sealed proposals. This approach allowed for limited
negotiation and evaluation of factors other than
unit cost, such as quality of work and delivery
schedule, and resulted in selection of a midwest
remanufacturer at a significantly lower unit cost of
$73,000. (The complete remanufacturing specifica-
tions are given in the appendix.)

Shortly after the contract between the county and
the remanufacturing firm was executed, a preproduc-
tion meeting of the remanufacturer, county staff,
and the consultant management and inspection team
was held at the bus remanufacturing facility. Re-
finement of the specifications and a production
schedule were discussed. The contractor and the on-
line inspector had to agree on the staging of the
remanufacturing process, the interpretation of re-
building in application to specific components, the
testing procedures to be followed, tolerances per-—
mitted, and instrumentation used to conduct the
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tests. Because more than one inspector would be
assigned to the project at different periods, it was
essential to adopt basic uniform inspection proce-
dures in order to avert any production delays that
could result from contrasting styles or methods used
by subsequent inspectors.

A production schedule was presented by the re-
manufacturer that showed a project completion date
of 3.5 months. The consultant questioned the feasi-
bility of the schedule, indicating that it was
overly ambitious and without contingency considera-
tions. Despite the reservations of the inspector,
the remanufacturer was confident that the targeted
completion date was within the capabilities of the
firm's production crews.

Production on the county project began in the
final week of January 1984, and delivery of the
first bus was anticipated in mid-February. A request
for a 2-week extension of the delivery date was sub-
mitted by the firm to compensate for severe inclem-
ent weather that had delayed supplier shipments. The
first vehicle was not received by the county until
the final week in March. It was later learned that
many of delays were due to financial constraints af-
fecting the firm. As of this writing, the county has
taken delivery of 10 of the 20 buses slated for re-
manufacture.

As each bus was received by the county, a post-
delivery inspection was performed by a team consist-
ing of the inspector, the operator's maintenance
personnel, and county staff. All defects were re-~
corded and reported to the firm's quality control
staff. Also, the county's on-site inspector was
alerted to specific problems discovered after de-
livery. This created an effective feedback loop, so
similar problems could be avoided on remaining
coaches. When the postdelivery inspection had been
completed, the acceptance of the coach was certified
and county officials released payment of the coach.

Operator Selection

The process of selecting a private passenger trans-
portation carrier to operate the remanufactured
coaches was undertaken by the county in tandem with
the advertisement of the second bus remanufacture
request for proposals (RFP). It was decided that
citizen involvement would continue through this
phase of the project.

Operator RFP

A Citizens Coordinating Committee (CCC) was ap-
pointed by the Board of County Supervisors to serve
as the steering committee in the solicitation and
selection of a commuter bus operator. A draft RFP
was developed by the planning staff and distributed
to CCC members for review and comment. The RFP pack-
age was designed for the solicitation of carriers
that had sufficient administrative, maintenance, and
operational experience in the bus service industry.
Background information about corporate status, per-
sonnel organization; certification by the Interstate
Commerce Commission and the Virginia State Corpora-
tion Commission; and a submission of the financial
condition of the company were required of each firm
offering a proposal. Details regarding the bidders'
operating capabilities in the following areas were
also requested in the RFP document:

* Existing facilities and bus fleet size and
composition,

* Maintenance capabilities,

* Existing services provided by the operator,
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¢ Services proposed for Prince William County,

¢ Lease fee proposal, and

* Experience of firm and existing contractual
obligations.

A weighted evaluation system that indicated how
the offeror's proposal would be judged was included
in the RFP. The criterion of greatest value was the
operator's ability to provide safe over-the-road
operations. This criterion accounted for 65 percent
of the total rating scheme and included the opera-
tor's competence in maintaining the motor coaches as
well as his effectiveness in providing for an ade-
quate driver training and safety program. The bid-
der's financial capabilities and service (route and
schedule) proposal, which formed the remaining items
of the evaluation criteria, assumed weighted values
of 20 percent and 15 percent, respectively.

The operator RFP was advertised for bid in Octo-
ber 1983 with 1 month allowed for receipt of pro-
posals from prospective bidders. On the closing
date, November 9, the County Purchasing Office had
received two proposals from interested firms. (A
total of 35 RFP documents had been sent to firms re-
questing an RFP package.) Along with the RFP, a sam-
ple lease agreement, also developed by the staff,
was included in the proposal mailout.

Proposal Evaluations and Operator Selection

The Citizens Coordinating Committee members, who
monitored development of the RFP document and opera-
tor lease agreement, received copies of both propos-
als and were asked by the staff to assess the merits
of each individually. It was agreed at that point
that the committee would invite each operator to
make a verbal presentation at the next CCC meet-
ing. Both bidders consented to meet with the commit-
tee and present their submission.

In early December the CCC convened subsequent to
the presentations by the operators and voted unani-
mously to select Washington Motor Coach Inc. (WMC),
a company that was currently providing commuter bus
service in the county, as the operator for the bus
lease program. The CCC recommendation of WMC as the
program operator was submitted to and approved by
the Board of County Supervisors on January 17, 1984,
The Virginia Department of Highways and Transporta-
tion, after a thorough review of the proposals, con-
curred with the selection and authorized county exe-
cution of the service-lease agreement with WMC,.

Lease Agreement

The drafting of a lease document, which would pri-
marily govern the use of the buses as well as insti-
tute scheduled vehicle maintenance controls and ser-
vice reporting requirements, was undertaken by the
planning staff before the operator RFP solicitation.
A number of vehicle lease arrangements between pub-
lic transit properties and contracting parties (both
public and private) were examined for their appli-
cability to the lease program envisioned by county
officials. The lease contract that appeared closest
in character to the county's effort was the agree-
ment that existed between WNew Jersey Transit and
various individual private operators that supplied
commuter services with vehicles rented from that
state's Public Transit Organization. Many of the
terms and conditions were, in effect, adapted for
use in the county's contract.

The lease agreement, through the terms set forth
in it, was designed to achieve the following goals:

¢ Assure that the equipment is used for program-
specific purposes,
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* Assure that the public investment in the equip-
ment is protected, and
* Promote the efficient use of the equipment.

The conditions highlighted next were included in the
lease in order to accomplish these program goals:

Use of Vehicle

The motor coaches are restricted to commuter trans-
portation service. All other uses, with the excep-
tion of special purchase of service or emergency
transportation authorized by the county, are re-
stricted. State guidelines prohibit the use of the
coaches for charter service.

Maintenance and Repairs

The operator is responsible for maintenance and re-
pair of the buses. A scheduled routine preventive
maintenance program is incorporated as part of the
lease. A maintenance reporting system regquired of
the operator enables the county to monitor operator
performance.

Insurance

The operator is required to carry an insurance pol-
icy that includes minimum liability coverage of $10
million. The county reserves the right to approve
the insurance carrier or the policy in whole or in
part. The operator agrees to hold the county harm-
less from all loss or damage.

Service Coverage and Reporting Requirements

The operator and the county agree to joint approval
of all route and schedule development 1n the county.

The operator is responsible for keeping service
and financial records of the company's performance.
A summary of these data is repcrted tc the county's
Bus Operations Review Subcommittee (BORS}).

The draft lease agreement was reviewed by the
CCC, the County Finance and Purchasing Offices, the
County Insurance Broker, the County Attorney's Of-
fice, and the VDH&T. A final lease was completed in
January 1984 and executed in April before the de-
livery of the first bus from the remanufacturer.

OPERATIONS AND SERVICE MONITORING

April 5, 1984, marked the initial day of service
with the first county-leased coach. The vehicle was
planned for rotation among the 12 service runs on
the operator's three routes until more remanufac-
tured buses were delivered to the county. This would
permit the widest exposure to the system's riders.
Passenger reaction to the coach was extremely favor-
able.

Data Reporting

The monitoring of bus operations focused on three
areas of reporting: service information, level of
maintenance, and financial records review. Each of
these items is a reporting requirement in the lease
agreement. Data-specific reports are detailed as
follows:

* Service reporting includes daily ridership
figures, daily driver manifest, daily rider check
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(random) , documentation ‘of passenger complaints, and
accident reports.

* Maintenance reporting includes daily bus
driver vehicle safety report, fuel and oil consump-
tion report, mechanic work orders, preventive main-
tenance service schedules, vehicle road call report,
and a monthly unit maintenance expense summary.

* Financial reporting includes a quarterly com-
pany balance sheet and income and expense reports.
These statements are prepared by the operator's ac-
countant and are not publicly disclosed but are

reviewed by the county's Bus Operations Review Sub-
committee.

Because WMC 1is a small concern, much of these
data had not been recorded before the execution of
the lease. Bus maintenance files had not been kept
for any of the units because of the limited adminis-
trative staff. Service documentation had been
limited to ridership figures and revenue totals. The
reporting requirements of the lease necessitated ex-
panding the administrative staff from two to three
persons, two of whom also drive the buses.

Company Organization

A breakdown of WMC personnel should emphasize that
each of its 25 employees including the president of
the firm can be classified as a driver; however, a
more accurate division of labor, which reflects the
actual duties and responsibilities of the work
force, is given in the following table:

No. of
Category Status Employees
Administrative,
clerical 3
Drivers 9 full time

7 part time 16

S o o D
meciainics dlld ve=

hicle service 4 full time
personnel 2 part time _6
Total employees 25

Operating with nonunion personnel, the owner of
WMC is able to contain labor expenses sufficiently
to allow for committing the majority of the com-
pany's resocurces to commuter bus service. The abil-
ity to continue operating with a large part-time
contingent in the labor force is critical in local
commuter bus service, which dJdoes not provide the
larger profit margins of charter service. WNearly
one-half of the drivers who are part-time employees
are actually full-time workers in the Washington
metropolitan area. They receive a $7.00 fee for each
one-way trip driven. As worker~drivers, their re-
sponsibilities entail driving a morning scheduled
run, parking the bus, and returning in the afternoon
from their full-time position to make a scheduled
evening run. Full-time driving staff receive $13.00
for each one-way commuter run made.

Full-time drivers will generally have additional
duties that can include bus maintenance, record
keeping, dispatching, and interim charter and con-
tract driving. Several of the worker-drivers are em-
ployed by the federal government and occasionally
are required to go on out-of-town work-related
assignments. This has created driver scheduling
problems for the operator who is unable to obtain
immediate back-up assistance on short notice. Never-
theless, the decision of the company to use worker-
drivers bears significantly on WMC's ability to keep
labor costs at approximately 38 percent of the
firm's total expenditures.
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Routes and Schedules

WMC currently operates service on three base routes
in the county. Seventeen daily commuter runs are
provided on the three routes. The majority of com-
muter bus stops are concentrated along major arte-
rial roads. Five formal commuter lots and numerous
informal lots are the major staging areas for pas-
senger boarding and alighting. All commuter desti-
nations are limited to the major employment cores in
Northern Virginia and Washington, D.C.

Initially, it was agreed to in the lease that the
county and the operator would jointly approve all
revisions or modifications of commuter routes and
schedules. To date, the operator has had the inde-
pendence of developing these changes without a great
deal of input from the county other than submitting
them for review to a bus operations committee. It
has been observed, however, that many of the deci-
sions regarding routes and schedules made by WMC
hinge more on operator experience than on the use of
accepted route planning and scheduling techniques.
If the system is to sustain an orderly route expan-
sion and as the scheduling system requires greater
sophistication in its planning, it may be necessary
for the county to assume a larger role in this as-
pect of service development by supplying the neces-
sary expertise.

Fares

Passenger fares for the commuter bus service vary
from a daily round-trip ticket range of $7.00 to
$9.00 to the weekly 1l0-ride discount pass range of
$20.00 to $23.00. The operator is somewhat limited
in establishing his fare structure by the fares
charged by vanpool and carpool operators. The ride-
sharing network in the county is well organized and
the fares set by the bus operator must be compet-
itive to avoid a loss of ridership. Thus the need to
include fare controls in the lease agreement was de-
termined to be an unnecessary regulation.

According to the latest financial data provided
by the operator, commuter fare revenues comprised
more than 95 percent of the total income earned by
WMC in 1984.

Ridership

Table 1 gives WMC's ridership since the operator
formally assumed the provision of commuter bus ser-
vice in September 1983. As noted earlier, the county
bus lease program began in April 1984.

TABLE 1 Washington Motor Coach Commuter Service
Passenger Trip Summaries

Average Average Monthly  Monthly

Daily Daily Total Total

Trips Trips Trips Trips Year-to-Date

1984% 1983 1984 1983 Trips 1984
January 744 15,640 15,640
February 731 14,635 30,275
March 767 16,885 47,160
April 800 16,811 63,971
May 822 18,101 82,072
June 844 17,726 99,798
July 857 17,998 117,796
August 908 20,888 136,684
September 1,102 665 19,552 9,988 158,236
October 1,053 716 23,168 14,332 181,404
November 802 15,245
December F57 12,883

aAverage daily passenger trips are based on the service days for each month.
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This is not the place to speculate on the reasons
why the increase in ridership has occurred. An ef-
fort to measure passenger satisfaction with the ser-
vice is planned in the near future and may provide
the county and the operator with some insight into
the specific reasons for the increased usage of bus
service by county commuters.

Passengers per vehicle trip at the present time
reflect a systemwide average of approximately 29
riders (October 1983) or roughly 60 percent of
vehicle capacity. This average has remained fairly
constant throughout the operator's history of ser-
vice despite the enhancement in the level of service
during that time (total daily commuter runs have
risen from 24 daily one-way vehicle trips to 36 one-
way vehicle trips since September 1983). What is
somewhat surprising is that the bus operator has
maintained the 60 percent seat occupancy with a
minimal effort to market the service and attract new
passengers during expansion.

Marketing

The operator is essentially responsible for pro-
moting and advertising the service; however, the
county has assisted WMC in distributing route and
schedule information through its COMMUTERIDE pro-
gram. COMMUTERIDE is a combined effort by the county
ridesharing and commuter bus programs to assist
residents of Prince William County in seeking alter-
native means of commuting to their places of employ-
ment. Acting as a broker for commuter services, the
COMMUTERIDE office will supply ride-matching ser-
vices for carpool and vanpool requests and also will
provide commuter bus schedule information. Because
pooling services are a directly competing mode, WMC
is not overly comfortable with the idea of the dual
promotion; however, the county is committed to the
combined approach because it provides the commuter
with a wider range of alternatives for the journey
to work. To date, both the ridesharing and commuter
bus programs have sustained patronage growth.

The operator has chosen not to advertise the bus
service to any great extent; instead WMC has largely
relied on the county and word of mouth to communi-
cate the availability of service. Approximately one-
tenth of 1 percent of the total company expenditures
have gone toward the purchase of advertisement. The
county through its Commuter Bus Administrative bud-
get has committed funds on a limited basis, which
may be used to match WMC revenues for the purchase
of advertising for the bus service. This incentive
to advertise commuter bus transportation has not af-
fected WMC's decision to refrain from developing a
marketing program for its service.

Bugs Maintenance Program

At the time that a proposal was submitted by WMC for
the operation of the county buses, the company was
having all of its major repairs and corrective main-
tenance performed by a private firm located about 40
miles south of the county. This was of some concern
to the operator selection committee because of the
number of non-revenue-miles that would be accumu-
lated by the buses. Before the execution of the
lease agreement WMC was able to secure occupancy at
the bus storage and maintenance facility that was
vacated by a previous operator. The facility is
centrally located in the highly populated eastern
section of the county.

With the physical capabilities to perform all
forms of maintenance, the owner of WMC began to em-
ploy both full- and part-time mechanics. Consequent-
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ly, the problem of accrual of non-revenue-miles has
been eliminated.

The operator's maintenance facility consists of
four maintenance bays (two with pits) and one bus
wash lane. Maintenance employees are specialists in
engine and transmission servicing (including rebuild
projects), alr conditioning, bedy work and painting,
and electrical troubleshooting. Part-time special-
ists perform many of the maintenance tasks during
the evening hours.

The preventive maintenance (PM) program was im—
plemented shortly after the execution of the lease.
PM inspections are scheduled at 5,000-mile intervals
or at least once each month, whichever occurs first.
Driver manifest sheets are used to track upcoming
PM. The filing system responsibilities are assigned
to a driver with the company. An analysis of the ef-
ficiency and effectiveness of the operator's main-
tenance program has not been undertaken as of this
time.

Service Profitability

The operator’s financial reports indicate that, be-
tween April and August 1984, the company maintained
an even balance between expenditures and revenues
while significantly reducing its outstanding debt.
As mentioned previously, the vast majority of income
(95 percent) is received from commuter operations.
Before April 1984, however, the operator had accrued
earlier losses that can to a great extent be at-
tributed to the 1in~house bus revitalization program
that the WMC undertook to increase the fleet rolling
stock. Many of these coaches are in marginal "re-
vitalized"” condition and probably will be sold or
retired when the additional 10 county coaches are
available for lease.

Although the Commuter Bus Program does not in-
volve the support of an operating subsidy through
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a form of capital assistance to the operator. If
calculated over the expected 6-year life of each
coach and assuming an average passenger occupancy
rate of 60 percent as a constant, the subsidy per
trip is approximately $0.79 per passenger. Annual-
ized in dollars for a 20-bus fleet at the same pas-
senger occupancy rate, the subsidy would equal
$231,889.00 or about 36 percent of the total pro-
jected revenue. How these estimates relate to the
firm's costs is more difficult to determine because
the operator will probably incur additional expendi-
tures through program growth (e.g., implementation
of an employee fringe benefits program). At current
levels of spending, however, the operator is in a
position to realize a profit, and this assessment is
supported by WMC's most recent monthly income and
expenditure statement.
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SUMMARY, OBSERVATIONS, AND RECOMMENDATIONS
It is thought possible to present recommendations in

three areas: program and policy development, vehicle
procurement, and operations.

Program and Policy Development

* Citizen involvement, if properly structured,
can provide expertise to assist in the development
of innovative public transportation programs and is
often critical in persuading decision makers to pur-
sue experimental programs.

¢ Adequate institutional support 1is necessary
to initiate a program in a timely fashion. Prince
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William County was not able to bring to bear the re-
sources of an established transit entity. Specifi-
cally, the lack of purchasing and fiscal staff with
transit experlence was a continuing weakness. County
legal staff, however, very quickly got "up to speed”
and provided positive support. In lieu of project
engineers; the county had te rely on the expertise
of private consultants. Consultant participation
created weaknesses in project management.

* Continued progress reports, in this case to
the MTC, ensure continued citizen participation in
the program.

Vehicle Procurement

* Continued evaluation is needed to compare the
long-term benefits of remanufacturing buses versus
purchasing new buses. The procurement of remanufac-
tured coaches may be an appropriate approach if pas-
senger demand and funding constraints preclude the
purchase of new coaches. The county was able to pur-
chase remanufactured coaches at about half the cost
of new coaches. Typically, remanufacturing is a
fleet replacement technique and not used for program
start-up. Although it is preferable to begin a pro~-
gram with new coaches, the Prince William County ap-
proach appears to be cost-effective.

* The 1level of remanufacturing is the key
determinant of unit cost. Coach restoration ranges
from low-cost, cosmetic work (seats, paint, glass)
to rebuilding of major components (power train) to
complete remanufacturing (including structural
work). Prince William County desired a comprehen-
sive, thorough remanufacturing, and contractors'
bids were priced accordingly.

* The method of procurement also influences
cost. Use of a competitive sealed proposal approach
allows flexibility and limited negotiation of speci-
fications and price. Prince William County was able
to execute a remanufacturing contract within budget
using this method.

* Geographic proximity of the remanufacturer
emerged as a more significant factor than originally
anticipated. Travel to the midwest from Northern
Virginia was expensive and time consuming. Using a
firm within 1 hour flying time would have allowed
for more effective project management.

* The number of on-line inspectors should be
carefully limited. The county's consultant used an
excessive number of production line inspectors; this
led to problems with the consistent application of
standards.,

Operations

¢ Although the authors are not able to pinpoint
the exact factors that have contributed to the in-
crease 1n commuter bus ridership at this time, it
can be assumed that it is a result of some service
improvement and may indicate a longer term reverse
trend toward the use of commuter bus service by
residents of the county.

* The development of bus routes and schedules
has largely been performed by the operator with the
county reviewing the service proposals. The respon-
sibility for this aspect of service development may
requlre reevaluation by the county if the program is
to sustain an orderly and systematic growth.

* In the county RFP for the solicitation of
operators, it was reguired that a prospective opera-
tor ensure that the necessary facilities be secured
for operating and maintaining the vehicles (ideally
to be located in the county to avoid accumulating
substantial deadhead mileage). It should be noted
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that such facilities (storage and maintenance) are
often limited in their availability and it is recom-
mended that potential sites be investigated before
the solicitation of operators to ensure that the of-
ferors can in fact locate such a facility. Notifica-
tion in the RFP of county involvement in the site
location could have generated a greater response by
interested operators.

* To date, the operator has chosen not to com-
mit moneys to marketing the program to any great
degree, even with 1limited county matching funds
available to do so. Because the county desires to
achieve maximum vehicle use by its commuting resi-
dents and in light of the value of the capital sub-
sidy, the operator may be requested to place greater
emphasis on promoting the service.

* The program at this time does appear to have
the potential for profit accrual by the operator. It
is premature to estimate to what extent profits can
be realized. Much will depend on the operator's
ability to manage his resources if and when new
growth occurs.

* The roles of the operator and the county are
still being defined and will evolve further as the
experiment matures. Unless circumstances dictate
otherwise, the goal of the program will be to main-
tain the bus service as a function of the private
operator.

* Much attention is being focused on the pub-
lic-private partnership that has been used to meet
the need for improved express bus service in the
county. The success or failure of the program will
largely be dependent on the balance achieved between
the partners. The carrier has demonstrated his abil-
ity to control those operating costs (particularly
labor costs) generally found to be much greater in
the public sector or in a unionized environment.
Some of the cost containment is necessary as a mat-
ter of survival. On the other hand, the public sec-
tor must ensure that the prospects for continued
efficient private bus operations are buoyed by as-
sisting the program when it is essential to do so,
or suffer the consequences of an inferior or inade-
quate service.

CONCLUSION

To date, the county has remanufactured and leased 10
suburban coaches to a local private operator. This
has resulted in the availability of more reliable
and comfortable and safer express bus service for
county commuters. Express bus patronage is increas-~
ing, and the county hopes to remanufacture and lease
an additional 10 coaches.

This paper in some respects is a preliminary
evaluation of the Prince William County Commuter Bus
program. However, because the program appears to be
successful and incorporates several approaches that
may be of interest to suburban jurisdictions con-
sidering involvement in express bus operations, the
authors are disseminating information in a timely
fashion in the hope that other 1local and state
transportation agencies may f£ind it useful.
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APPENDIX: PRINCE WILLIAM COUNTY REMANUFACTURING
SPECIFICATIONS FOR SUBURBAN COACHES

Power Module: Engine, Transmission, and
Cooling System (accessories)

Engine

Remove, disassemble, inspect, and remanufacture 8V-
71 engine and fluid fan drive to Detroit DNDiesel Al-
lison (DDA) specifications, using original equipment
manufacturer (OEM) parts; 6V-71 engines are not ac-
ceptable. Remanufacturing is to be performed by an
authorized DDA contractor, in accordance with cur-
rent DDA specifications. All seals, hoses, gaskets,
and filter elements are to be replaced with new
parts. The remanufactured engine is to be tested
using a dynamometer; no engine will be considered
remanufactured until dynamometer test results indi-
cate the engine meets or exceeds specifications out-
lined by the engine manufacturer and that it will
perform properly under service conditions. A copy of
the dynamometer test result is to be submitted to
the county or the county's authorized representative.

The following engine rebuild tasks are to be per-
formed in accordance with current DDA specifications
and procedures:

1. Cylinder block., Clean and degrease; scale and
flush; pressure test. Measure and repair all irregu-
larities; no welding or pinning allowed on cooling
system.

2. Crankshaft. Clean, inspect, and magnaflux.
Crankshaft journals and crank pins shall be preci-
sion chrome-plated to standard diameter.

3. Piston, liners, and connecting rods. Pistons
and liners will all be replaced with new DDA kits.
Connecting rods are to be reconditioned.

4, Oil pump. 0il pumps are to be completely re-
conditioned.

5. Camshafts. Clean, inspect, and magnaflux cam-
shaft. Precision grinding may be used to maximum DDA
allowable specification. All new bushings, bearings,
seals, and thrust washers are to be used.

6. Gear train and idler gear. Timing idler and
drive gears will be replaced with new DDA parts, in-
cluding new bearings and thrust washers.

7. Flywheel. Flywheels are to be cleaned, in-
spected, and replaced when necessary.

8. Cylinder heads. Cylinder heads shall be
cleaned, degreased, scaled and flushed, and magna-
fluxed. No welding or pinning repair is acceptable.
All valves, guides, springs, keepers, followers,
rollers, locks, and injector tubes to be replaced
with new DDA parts, as necessary, and rebuilt.

9. Flywheel vibration damper. To be rebuilt with
new DDA parts to current DDA specifications,

10. Injectors. All injectors are to be replaced
with rebuilt C55 units.
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11. Fan and drive. Shall be completely recondi-
tioned, including crankshaft dampers.

12. Blowers. To be completely reconditioned, in-
cluding new bearings, gaskets and seals, and new
blower drive shaft.

13. Fuel pump. To be completely rebuilt.

14. Governor and cover. To be completely rebuilt,
including new bushings, bearings, and seals,

15. Water pump. To be completely reconditioned,
including new gaskets, bearings, seals, and impeller.

16. Thermostats. All thermostats to be replaced
with new.

17. 0il cooler core. To be flushed, cleaned, and
tested. Any faulty elements are to be replaced with
new assemblies.

18. 0il relief and regulator valves. Shall be re-
placed with new assemblies.

Accessories, such as engine mounts and cradle,
are to be replaced with remanufactured parts. En-
gines are to be painted DDA green. All oil hoses are
to be replaced by new Strato-Flex Teflon No. 246
hoses. All engines are to be protected against low
o0il pressure and high water temperature by the in-
stallation of a Motor Guard Engine Shut Down System.
The engine shut down system should have provisions
for restarting the engine and moving the vehicle off
the road.

Transmission

Disassemble, inspect, and remanufacture manual
transmission to DDA specifications; all parts that
are removed are to be replaced with OEM parts. Re-
manufacturing is to be performed by an authorized
DDA contractor or by the contractor. Remanufacturing
by the contractor is acceptable, subject to review
and approval by the county. The remanufactured
transmission is to be run in on a dynamometer; no
transmission will be considered remanufactured until
dynamometer test results indicate that the transmis-
sion meets or exceeds specifications as ocutlined by
the transmission manufacturer and that it will per-
form properly under service conditions. All filters
and filter assemblies, seals, gaskets, bearings, and
bushings are to be replaced with new parts. Uew
shift governors are to be installed. Vehicles must
be able to attain a top speed of 60 to 65 mph with
the engine properly governed.

The following components are to be replaced or
repaired as necessary (optional transmission speci-
fication):

Filter assembly,

U-joint assembly,

Transmission housing,

Control valve,

* Converter housing cover,
Converter housing,

Direct and hydraulic clutch,
Shifter fork and shift gears, and
* Bevel drive gears.

Cooling System and Radiator

The radiator is to be disassembled, cleaned, in-
spected, repaired as necessary, rebuilt, and pres-
sure tested. As needed repairs will not remove over
10 percent of radiating capacity, new OEM cores are
to be installed. All connecting hoses are to be re-
placed with new silicone hoses Strato-Flex Silicon
No. 4214, new gaskets and two (2) new clamps at the
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end of each connection. Radiator tanks and fittings
are to be case iron or brass. New thermostats and
transmission water lines are to be installed.

Air Systems

The air systems are to be purged of all foreign
material, dirt, water, and so forth. The air com-
pressor is to be a remanufactured B-1 TuFlo 700 size
with ball bearing crankshaft. The air compressor
governors shall be relocated on the left-hand hanger
support and shall be preset for 135 psi.

0il-Cooled Generator

Remove, disassemble, clean, inspect, and rebuild to
Delco-Remy specifications. Test each unit under full
load after rebuilding and provide the county with
written certification of satisfactory performance.

Steering System

Provide new OEM steering U-joint assemblies, new
drag link end assemblies, and new drag link tube as-
semblies. New hoses and fittings are to be provided
throughout the steering system.

The steering column, overaxle steering box, and
propeller shaft are to be rebuilt using new seals
and Dbearings. All parts, including steering
knuckles, are to be magnafluxed and inspected, and
any components appearing defective will be re-
placed with new OEM parts.

Heating, Ventilating, and Air Conditioning

The heating, ventilation, and air conditioning sys-
tems are to be remanufactured to restore original
performance levels. All lines are to be inspected
and restored as required.

Heating and Ventilating

The heating system is to be entirely rebuilt, with
rebuilt heating cores, rebuilt heater blower motors,
rebuilt defroster motors, core and housing, rebuilt
heater compartment doors, and reconditioned valves.
New filters, seals, and hoses are to be provided as
part of the heating system rebuild. The circulation
pump and motor are to be restored and relocated to
the engine compartment.
Recondition heater/defroster core as follows:

* Thoroughly clean by submerging in hot radia-
tor cleaning solution.

* Repair as needed; repairs will not remove
over 10 percent of radiating service.

* Straighten inlet and outlet pipes.

* Reassemble and test at 15 to 18 psi.

* Straighten pins and paint black.

* Install with new silicone hoses.

* Recondition water modulating valve; circulat-
ing pump and motor will be restored and relocated to
the engine compartment.

* Recondition wventilation blower motors, in-
stalling new blower motor relays.

* Recondition ventilation heater cores, install
new hoses, clamps, and sealing compound.

* Clean and recondition heater
doors.

compar tment
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Air Conditioning

The air conditioning system is to be entirely re-
built, using new brackets, filters, hoses, fittings,
expansion valves, and seals. A new air conditioning
compressor, the TRANE Model CROG-1500-2A, or equiva-
lent, is to be installed in conformance with the
original equipment shown on the line ticket for each
coach. New clutch and driver shafts are to be in-
stalled. All wiring and piping is to be properly
aligned and supported to prevent vibration, chafing,
and crimping.

The following components are to be restored or
replaced with new OEM parts. The exact nature of the
restoration will depend on whether the system is hy-
draulic or electrical.

¢ Remanufactured condenser pump (hydraulic sys-

tem) or

* New AC condenser alternator driver assembly
and new alternator (electrical system) and

* Remanufactured condenser motor (hydraulic
system) or

* New AC condenser fan drive motor assembly

(electrical system).

Front and Rear Axles and Suspension Including
Steering: Differential

Where appropriate, components of the steering are to
be magnafluxed and inspected, and any components ap-
pearing defective are to be replaced with new OEM
parts.

Front Axle and Suspension

* Install new steering knuckle kingpins, bush-
ings, kingpin bearings, tie rod assemblies, and
front axle bumpers.

* Replace, with new parts, radius rod bushings,
lateral rod bushings, upper radius rod bracket,
leveling valves and linkages, bellows, piston, shock
absorber assemblies, clamps, and bellows support as-
semblies.

Rear Axle and Suspension

* Install new gaskets, seals, and axle bumper
assemblies; install new rear axle housing, as neces-
sary.

* Replace, with new parts, radius rod bushings,
lateral rod bushings, upper radius rod bracket,
leveling valves and linkages, bellows, piston, shock
absorber assemblies, clamps, and bellows support as-
semblies.

* Axle shafts are to be removed, cleaned, and
inspected. Damaged or twisted axle shafts are to be
replaced with new axle shafts.

Differential and Carrier Assembly

Inspect and repair as necessary differential and
carrier assembly. Differential is to be remanu-
factured as necessary so that it meets or exceeds
the original manufacturer's specifications.

Brakes, Wheels, Bearings, and Tires

Brakes

Front and rear brakes are to be returned to stan-
dard. This includes new brake drums, linings, shoes,
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camshafts, slack adjusters, anchor pins, bushings,
seals, brakeshoe return springs, and brake chamber
agsemblies. Front and rear hubs are to be inspected
and replaced, if necessary. In addition, the follow-
ing components of the brake system are to be re-
placed with new OEM parts:

* Brake application valve,

* Brake relay valve,

* U-bolts,

¢ Teflon hose assemblies with stainless steel
braiding, and

* Valves (such as check valves and quick release
valves).

The parking brake is to be returned to standard.
This includes a new drum, linings, shoe, anchor
pins, bushings, seals, brake return springs, slack
adjuster level, link pins, and parking brake control
parts (as required).

American Brake Block (ABB) 80 mixture or equiva-
lent is required. The air tanks are to be inspected
and repaired as necessary.

Wheels and Bearings

All wheels are to be inspected for deformation and
out of roundness and worn or elongated bolt holes,
and are to be replaced as necessary. All wheel studs
are to be replaced. All cup and cones, inner and
outer, are to be replaced with new parts. All
wipers, seals, and gaskets are to be replaced by new
parts. Wheel bearings and races are to be replaced
with new parts.

Tires

Bidders should assume bias, over-the-road, 14-ply
rating tires will be used. All tires and rims should
be standard throughout the vehicles proposed.

Fuel System

The fuel tank and all lines are to be flushed and
cleaned., All fuel 1lines are to be 1inspected for
crimping, chafing, or other damage and replaced as
necessary. The fuel tank is to be inspected and re-
paired as necessary. New pins on fuel filters and
strainers are to be installed throughout the fuel
system.

Exhaust System

BAll exhaust system components are to be replaced
with new OEM parts. This includes new mufflers; new
tailpipes and exhaust pipes; and new gaskets,
clamps, and grommets. Left-hand and right-hand mani-
folds are to be inspected and replaced if necessary.

Electrical System

The electrical system will be completely inspected
and tested to OEM specifications, including, but not
limited to, the following:

* Visual inspection,

* Continuity test,

®* Ohmmeter test, and

* Other tests as necessary.

Any defects found by the contractor or county in-
spector involving the main wiring looms and har-
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nesses will require replacement (or repair) with new
wiring looms and harnesses that meet or exceed orig-
inal capacity. All subwiring looms and harnesses
will be replaced in accordance with OEM specifica-
tions and standards.

For new electrical circuits, wiring diagrams are
tc be submitted to the county or its authorized
representative for approval. Wire is to be of the
original size or larger. Insulation is to be cross-
link polyethylene and color coded so that the cir-
cuit of each wire can be readily determined at any
point along the wire.

All wiring is to be properly grouped and in-
stalled so as to permit ease of replacement. Wiring
is not to be run through metal or other parts of the
structure, except where unavoidable; at such points
rubber bushings are to be provided.

All electrical switches, relays, circuit
breakers, solenoids, dash gauges, lenses, and bulbs
are to be replaced with new parts. Lamp assemblies,
sealed beam assemblies, cables are to be replaced
with new OEM parts. Amphenol connectors are to be
inspected and replaced as necessary.

The starter, alternator, and voltage regulator
are to be remanufactured so that they meet or exceed
the original manufacturer's specifications.

Batteries are to be replaced with new batteries
that conform to OEM specifications. The existing
battery cable is to be replaced with new 4/0 size
battery cable, and the battery tray is to be re-
placed with a new tray constructed of steel and
coated with corrosion resistant material.

All internal lighting power packs are to be con-
verted to individual ballast operation.

Structure
Underframing

Lift venicle and remove all mechanical and electri-
cal components, clean thoroughly and sandblast all
underframing so as to expose the metal for complete
inspection.

All engine bulkheads will be replaced using new
steel bulkheads, new engine mounting brackets, new
angles, new reinforcement plates, new closure
panels, new support assemblies, new beams, and new
longitudinal plates.

All remaining defects or excessive wear and tear
found in the underframing/structure due to corro-
sion, fatigue, age, or abnormal use will be replaced
completely in order to restore underframing/struc-
ture to meet OEM and county standards. The decision
to replace all bulkheads other than the engine bulk-
head will be based on the following conditions:

* If more than 15 percent of each bulkhead is
in need of repair, it will be removed and replaced
with a new bulkhead.

* If less than 15 percent of the bulkhead is
defective, it may be repaired as necessary.

Replacement will be determined by the county in-
spector and the contractor's quality control depart-
ment. All new replacement bulkheads must be of steel
composition.

Floor

All floor covering will be removed to expose ply-
wood. Contractor and county inspector will make a
complete inspection of the condition of the plywood
and the contractor will replace those sections that
are deteriorated or do not meet OEM standards.
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New black rubber flooring will be installed over
plywood covering the rear reinforcing plate. The
floor will be bolted down; if this is not possible,
it must be screwed down with self-tapping screws.

Roof, Upper and Lower Posts
The posts, carlines, stiffeners, strainers, rein-

forcements, and panels are to be inspected and re-
placed with new parts as necessary.

Body Interior and Exterior, Doors,
Seats, and Paint

The body interior, exterior structure, windows,
doors, seats, and related items are to be completely
restored in accordance with the following sections:

Body Interior

The interior is to be completely restored, with new
moldings. All front stepwells will be replaced. All
wheelhousings that are determined to be substandard
by the contractor or the county inspector will be
replaced as necessary. New rubber floor covering
(aisle, toe board, and underseats) and platform
plate, ribbed rubber stepwell treads, and window
glazing will be installed. Additional interior items
are to be replaced as necessary, including, but not
limited to, the following components:

* Interior panels;
* Crown panels;
* Windows: side, intermediate, drivers (windows
are to be operable);
* Brake and accelerator pedals;
* Alr ducts;
* Grab rails;
* Trim molding;
Window channels and seals; and
Destination signs; channel
harness.

filler, rubber

The driver's compartment is to be inspected and
restored with new speedometers, pedal treads, and
switches.

Body Exterior

The exterior of the body is to be completely re-
stored, using new lenses, mirrors, wiper system
(blades, arms, and motor), bezels, bumpers (Fire-
stone Help bumpers), grilles, and reflectors. Trans-
mission doors, radiator doors, rear end closure
doors, and all other access doors are to be replaced
as necessary with reconditioned parts. The following
items are to be inspected and replaced as necessary:

* Towing brackets,
* Fluted panels,

* Skirt panels, and
* Roof panels.

Doors

Single front door vehicles are required. Doors and
door mechanisms are to be inspected and restored as
necessary using new bearings, bushings, rollers,
pins, seals, retainers, and shims. Door glass is to
be replaced as necessary.
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Seats

Reclining or semireclining, high-back, cushioned
seats are to be installed. All passenger seats must
be forward facing. Seats are to be reupholstered,
and seat assemblies including frames, reclining
mechanisms, and adjustable headrests and footrests
if so equipped are to be inspected and replaced with
new parts or repaired. Additional seating specifica-
tions such as color arrangement, manner of attach-
ment, and accessories will be specified by the coun-
ty at a 1later date. Overhead package racks and
individual reading lights are required. Vinyl/cloth
box seats with supported expanded vinyl 4502 to the
vard with Fifth Quality 4916 fabric for the cloth
are required. Armrests and headrests should be vinyl.
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Paint, Trim, Striping, and Undercoating

The bus interior and exterior are to be painted ac-
cording to the graphics scheme specified by Prince
William County.

Striping and decals are to be installed according
to the graphics scheme specified by Prince William
County.

NDetailed painting and graphic specifications will
be provided by the county at a later date. However,
the bidder should submit the cost of a standard
three color paint scheme. Exterior and interior
paint is to be Dulux paint (Alkyd enamel) or an ap-
proved equivalent.

The bus understructure is to be undercoated with
Tectyl 165G or an approved equivalent.

Life-Cycle Costing in the Transit Industry

ALLEN R. COOK, T. H. MAZE, UTPAL DUTTA, and MARK GLANDON

ABSTRACT

Life-cycle costing is an economic evaluation scheme that accounts for capital,
operating, and maintenance costs during the usable life of transit vehicles.
Cost containment is a major concern of transit agencies, and life-cycle costing
has the potential to facilitate significant decreases in transit agency budgets
as well as to enhance future budget planning and cost forecasting. However, a
1983 General Accounting Office (GAO) survey of 186 transit agencies found that
most agencies lacked experience with and understanding of the procedures. The
GAO concluded that most agencies lacked adequate technical information and ade-
quately trained staff. In this paper an independent analysis of the original
GAO data is reported. The analysis found that many agencies still keep largely
manual operating and maintenance records. Some do not collect this information
by individual bus. Seven prerequisites to good life-cycle costing procurement

are presented.

Present practices in life-cycle cost procurement in
the American bus transit industry are reviewed. The
role of life-cycle costing is discussed first. There
follows an analysis of the types of maintenance in-
formation collected by transit agencies and their
experiences with life-cycle costing as reported in a
1983 General Accounting Office survey of 186 transit
bus fleet operators in the United States. The paper
concludes with a review of seven prerequisites for
good life-cycle cost procurement.

LIFE-CYCLE COST PROCUREMENT

Background

Life-cycle costing is an economic evaluation scheme
that accounts for capital, operating, and mainte-
nance costs during the usable life of an investment.
In theory, it is both a common-sense approach to
equipment procurement and a well-established evalua-

tion procedure in engineering economics. Most pri-
vate equipment investment and replacement decisions
instinctively incorporate at least a recognition, if
not a formal accounting, of life-cycle costing.

In practice, at least in the public sector, life-
cycle costing has been promoted as an innovative al-
ternative to equipment procurement based on minimum
initial capital cost, the "lowest bid" (1). In the
federal government life-cycle costing has been used
for military procurement by the Department of De-
fense since the 1960s (l). It is also used by the
General Services Administration for the purchase of
such standardized items as typewriters and office
supplies.

UMTA, in response to congressional dictates,
first required life~cycle costing for the purchase
of transit vehicles in 1982 (Federal Register, Vol.
47, No. 33, Feb, 18, 1982, pp. 7361-7364), and
later, in 1983, UMTA made it optional. A 1983 Gen-
eral Accounting Office (GAO) report (2) castigated
UMTA for not documenting the cost-effectiveness of
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life-cycle costing, although it conceded that UMTA
previously had expressed similar reservations to
Congress.

Both UMTA and GAO agreed that most transit agen-
cies lacked the technical information, resources,
and staff expertise to adequately undertake a life-
cycle procurement program. The GAC report noted that
for many transit agencies the program was costly to
implement and occasionally delayed vehicle procure-
ment. However, because the federal government funds
most of the capital investment, it is in the best
interests of all concerned, including the taxpayer,
that this investment be protected through adequate
procurement and maintenance management systems.
Life-cycle costing can facilitate both programs.

Cost Factors in Transit Bus Operations

Bus operating and maintenance expenses are signifi-
cant elements in transit agency budgets. A 1983 UMTA
report estimated transit bus operating and mainte-
nance costs as follows, on the basis of 1981 Section
15 reports (3):

Percentage of

Cost Cateqory Total
Operator labor (wages, benefits) 46
Vehicle maintenance

Labor 15

Materials and supplies 6
Fuel and lubricants 10
Other 23
Total 100

Those costs directly associated with the operation
of transit vehicles, fuel and maintenance, were 31
percent of the total, and this amounted to an annual
national expenditure of more than $1.3 billion in
1981.

Individual pubiic transit agencies report figures
similar to these national statistics. In FY 1983
these costs amounted to about 34 percent of the
total operating expenses for the Central Oklahoma
Transportation and Parking Authority in Oklahoma
City. Jones (4) cited fiscal year cost projections
from 1981 to 1985 for Tri-~Met in Portland, Oregon,
of which about 27 percent was for maintenance and
fuel costs. Peskin (5) projected that bus vehicle
maintenance costs (including <£fuel) f£for Houston's
Metropolitan Transit Authority would be 45.8 percent
of total operating costs in 2000.

Inadequacy of Common Bus Costing Models

Conventional bus costing models, typically developed
with other objectives in mind, are generally unable
to extract these factors. Both Cherwony et al. (§6)
and Kemp et al. (7) have reviewed the state of the
art in bus costing models. Most of these models ap-
pear to be based on average costs per vehicle-mile
or vehicle-hour and are intended for use in making
service provision decisions about things 1like route
and headway changes.

Such models assume that a bus is a bus and they
do not address different bus models or alternative
maintenance policies. Kemp et al. (7,p.29) complain
that present models are inadequate even for level of
service decisions:

Much of the information in the bus cost-
ing literature is not directly relevant
to practical problems of this nature.
Many studies have suffered from a lack of
attention to the reasons for wanting cost
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information and to the relation between

the information and the decisions being

made.
The same argument could be made for their utility in
life-cycle costing analysis. Ortner (8) reviewed
eight urban transit operating cost models and found
that all were unreliable 1in forecasting future
operating costs.

Cherwony et al. noted in 1982 that more recent
research in bus costing has emphasized labor costs
because transit is a labor-intensive industry: "Not
surprisingly, the latest research places a common
tocus on examining the major cost element ot transit
service: drivers' wages"™ (6,p.59). They conclude:
"With greater emphasis on cost containment and re-
source allocation in the future, planners will need
to understand the factors that influence bus operat-
ing costs" (6,pp.59-60). Kemp et al. (7,p.29) con-
tend that future bus costing procedures must be more
responsive to what they call "innovation”:

By comparison with service changes that
use only procedures and types of re-
sources already in use, innovation in-
volves some new feature in the way output
is produced. For instance, transit man-
agement might be asking whether new types
of buses can be substituted for old,
whether cheaper sources of labor might be
used, whether a new way of organizing
services might be beneficial, and so on.
Bus operators face make or buy decisions;
for example, they must decide whether to
contract for maintenance work or provide
it in-house.

One example of a more responsive costing frame-
work is suggested by Peskin (5) and used to project
the costs of significant transit alternatives (e.g.,
bus-only options, options that inciude 1ignt raiil
service) to the year 2000 for the Metropolitan Tran-
sit Authority in Houston. Costs are allocated in
this model to administrative units {(e.g., mainte-
nance and operations) and labor categories, hence
making it possible to extract the cost implications
of different vehicle technologies and management
strategies. It is interesting to contrast Peskin's
application of the term "cost allocation" with Cher-
wony et al. (6) who Fallocate” costs to aggregate
measures of transit service, such as vehicle-miles
and number of peak service vehicles. Another example
is provided by Jones (4) who describes a costing
methodology used by Tri-Met to forecast revenues and
costs 5 years in advance. This methodology is also
based on labor, administrative, operational, and
maintenance components.

Applications of Life~Cycle Costing

Seldon (1) described six primary uses for life-cycle
costing, which have been adapted to the transit in-
dustry:

Long-Range Planning and Budgeting

As Seldon notes, gathering the data needed to do
life-cycle analysis forces an agency to clarify and
identify the operational and maintenance cost ele-
ments of a transit organization. This should facili-
tate the projection of agency budgets over a long
period of time, as demonstrated by Jones (4) and
Peskin (5) -

| 1]
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Comparison of Competing Programs

Life-cycle costing can provide some of the informa-
tion needed for broader policy making, such as pro-
posals to implement light rail services as an alter-
native to expanded bus service. Other examples
include decisions to purchase different types of
buses (e.g., vans, articulated buses, minibuses) or
proposals to purchase used or remanufactured buses.

Comparison of Maintenance Strategies

There are alternatives in maintenance management
that are best analyzed in the long range, in keeping
with the life-cycle costing approach. These include
analysis of the levels of maintenance to be per-
formed as a function of equipment life and policies
with regard to the use of in-house maintenance ex-
pertise instead of contracting for some maintenance
work from outsiders.

Decisions About Replacement of Aging Equipment

There is a variety of strategies for determining
when to replace aging vehicles [Rueda and Miller (9)
compare six of the more popular models] and most
would benefit from the information needed for life-
cycle costing. Life-cycle costing would enable tran-
sit agencies to more effectively implement and moni-
tor a particular procurement strategy.

Control over an Ongoing Program

The effective management of any program requires
adequate information on what aspects of the organi-
zation contribute to costs. Life-cycle costing im-
plies the development of a data base that should
facilitate the ongoing monitoring of organizational
performance. In the 1980s this is of particular sig-
nificance to transit agencies that are experiencing
soaring operating deficits at a time of diminished
financial resources. Cost containment is a primary
objective of contemporary transit service provision.

Selection Among Competing Contractors

Finally, life-cycle costing, in principle, is the
rational economic approach to evaluating alternative
bids for equipment, including transit buses. Seldon
in 1979 anticipated the questions that UMTA and GAO
were grappling with 5 years later: Can explicit per-
formance requirements be written? Are enough his-
torical data available? 1Is the additional time
required for life-cycle costing acceptable? Do both
the buyer and the seller have the management re-
sources to carry out the analysis?

Example Application

Figure 1 shows one potential product of a life-cycle
costing information base. The average capital,
operating, and maintenance costs per mile over the
lifetimes of 120 automobiles owned by the Oklahoma
Department of Transportation were modeled and
graphed in the figure for a range of hypothetical
original purchase prices. The operating and mainte-
nance costs per mile were modeled as a function of
mileage. Differences in the operating characteris-
tics of automobile models were factored out using
dummy variables. The hypothetical purchase prices
($6,000 to $16,000) were divided by the mileages and
added to the average operating and maintenance costs.
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Note that the average cost minimums of all six
curves are at approximately the same mileage, about
71,000 to 78,000 miles, which is a range of 9 per-
cent of the mean mileage. Total average costs per
mile at the minimums vary from $0.21 to $0.33 per
mile, a range of 44 percent of the mean value, and
the assumed purchase prices vary from $6,000 to
$16,000, a range of 91 percent of the mean value.
Note that the large variations in purchase price
have a relatively small impact on the total average
cost and an insignificant impact on the optimal re-
placement mileages. This example demonstrates that
the original capital cost of a vehicle is not as
important as the operating and maintenance costs in-
curred over time.

Such information is useful for long-range plan-
ning and budgeting and for decisions about vehicle
replacement, two of Seldon's applications for life-
cycle costing. Because unexpected problems can occur
with vehicles, this information is equally useful
for the annual planning of vehicle replacement. The
costs associated with retaining vehicles that have
incurred unexpectedly large operating and mainte-
nance expenses can be compared with those of new re-
placements each budget vyear, regardless of the
remaining useful 1lives of the older vehicles.
Furthermore, this information can be used to support
transit agency contentions that some information
supplied by manufacturers is inaccurate or that cer-
tain components or bus models should be avoided. The
only real assurance that transit agencies have that
data supplied by manufacturers are accurate is con-
firmation from actual operating experience.

Summary

Cost containment is a major concern of the transit
industry in the 1980s. Present bus costing models
tend to be unresponsive to some of the larger issues
confronting transit agencies, notably significant
and rising operating and maintenance costs. The fed-
eral government is halfheartedly encouraging the
transit industry to engage in life-cycle costing
procurement in hopes that it can help transit agen-
cies save money and get a better grasp of the cost
drivers in transit operations. In the past, life-
cycle costing has been promoted as a strategy that
can respond to these issues and concerns.

TRANSIT INDUSTRY EXPERIENCE WITH LIFE-CYCLE
COSTING

Background

In 1983 the GAO undertook a survey of 186 transit
operators with motor bus fleets to support their re-
port, "Cost Effectiveness of Life-Cycle Process in
Buying Transit Vehicles Questionable” (2). The GAO
used this information to support their contentions
that transit operators lacked sufficient guidelines
and information to adequately do the job. The ques-
tionnaire responses presented in this paper were ob-
tained from independent statistical analysis of the
GAO questionnaire results and represent information
not reported in the GAO report.

The GAO data were used to determine the extent of
computerization of maintenance records by transit
agencies, the types of maintenance data collected,
and the difficulties agency personnel have encoun-
tered in doing life-cycle costing. This information
helped in the formulation of the seven prerequisites
to life-cycle costing that conclude the paper.

The respondents represented approximately 53.8
percent of the estimated 346 transit systems eli-
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FIGURF. 1 Example life-cycle costing analysis.

gible to receive federal financial assistance to
purchase buses and included most of the largest bus
fleet operators, For purposes of statistical analy-
sis the transit systems were grouped into four fleet
size ranges: less than 25, 25 to 99, 100 to 999, and
1,000 or more vehicles. The majority of these bus
fleet operators, regardless of fleet size, have
buses made by more than one manufacturer. In most
fleets the average fleet age tends to be 7 to 9
years.

Uce of Computcr-Based Operating and
Maintenance Records

The 186 transit agency respondents were asked if
their operating and maintenance cost and frequency
of occurrence records were kept manually or on a
computer. Surprisingly, four systems (2.2 percent of
the total) indicated that they kept no cost records
at all, and 19 systems (10.2 percent) kept no fre-
quency of occurrence records. There was no particu-~
lar correlation of lack of record keeping and size
of the motor bus fleet, although all operators with
more than 1,000 buses kept records.

Tables 1 and 2 give the type of record-keeping
system, by size of bus fleet, for cost and frequency
of occurrence records, respectively. In both tables
a statistically significant interaction between the
variables is present; the larger the bus fleet is
the more likely it is that records are computerized.
However, in this age of rapidly advancing computer

technology, it is somewhat startling to note that 77
operators (42.3 percent) kept manual cost records
only in 1983 and 91 (54.5 percent) kept only manual
frequency of occurrence records.

Only about one-fourth of the sampled transit
agencies have gone largely to computerized record-
keeping systems. Only four operators (2.2 percent of
the total 186) reported fully computerized cost rec-
ords, and only six (3.2 percent) had fully computer-
ized freguency of occurrence recocds.

Vehicle Classifications in Record Keeping

The GAO asked if the respondents kept their operat-
ing and maintenance records by individual bus, bus
model, total fleet, or some combination thereof.
Agencies that at least aggregate their records by
bus model can use their own past experience in the
life-cycle costing procurement process; those that
keep individual bus records are in an even better
position do so. Furthermore, the latter operators
can relate operating and maintenance histories and
costs to the operating environment and service char-
acteristics experienced by each bus.

The majority of bus operators who kept records
did so by individual bus. GAO requested the record
type for the following factors: fuel, tires, engine
oil, brakes, transmission, engine, air conditioning,
preventive maintenance, and chassis. Responses were
virtually identical for all factors except tires,
which typically are leased from manufacturers or

| 8/
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TABLE 1 How Bus Operating and Maintenance Cost Records Are Kept

Size of Motor Bus Fleet

Less More than
Record Type than 25 25 to 99 100 to 999 1,000 Total
Only manual 35 23 16 3 77
records (59.3%) (38.3%) (32.0%) (23.1%) (42.3%)
Mostly manual
but some 15 22 15 6 58
computerized (25.4%) (36.7%) (30.0%) (46.1%) (31.9%)
Mostly or all 9 15 19 4 47
computerized (15.3%) (25.0%) (38.0%) (30.8%) (25.8%)
Total 59 60 50 13 182
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%)

Chi-square = 14.305. 4. £. = 6. prob. =

0.0264, significant

TABLE 2 How Bus Operating and Maintenance Frequency of Occurrence Records Are Kept

Size of Motor Bus Fleet

Less More than
Record Type than 25 25 to 99 100 to 999 1,000 Total
Only manual 38 28 22 3 91
records (71.7%) (53.9%) (44.9%) (23.1%) (54.5%)
Mostly manual
but some 9 14 11 7 41
computerized (17.0%) (26.9%) (22.5%) (53.8%) (24.5%)
Mostly or all
computerized 6 10 16 3 35
(11.3%) (19.2%) (32.6%) (23.1%) (21.0%)
Total 53 52 49 13 167
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%)

Chi-square = 17.703, 4. f£. = 6, prob. 0.0070, highly significant

distributors. The transmission records reported
hereafter are representative of the remaining oper-
ating and maintenance factors.

The data given in Table 3 indicate a highly sig-
nificant interaction between vehicle classification
and size of the bus fleet; the larger the fleet the
less likely agencies were to keep transmission cost
records by individual bus. Overall, 68.9 percent of
those operators that kept transmission records (115
operators) did so by individual bus. Fifty-two
operators (31.1 percent) kept transmission cost rec-
ords by total fleet or bus model only; 47 of the 52
kept their records by total fleet only. Smaller
operators were more 1likely to keep individual bus
records; only half of the nation's largest transit
fleet operators bother to collect the information
for each bus.

The same patterns did not prevail with frequency
of occurrence records; transit agencies were much
more likely to keep these records by individual bus.
Furthermore, there were no significant interactions
by size of the bus fleet, as indicated by the data

given in Table 4 for transmission records. These re-
sponses should not be a surprise because frequency
of occurrence records are most relevant for the
analysis of vehicle and parts histories, whereas
cost records are developed primarily for accounting
purposes.

Eighty-nine percent of the operators (145) kept
transmission frequency of occurrence records by in-
dividual bus. Relatively few operators aggregated
this information for the whole fleet, and 15 (8.1
percent) kept fleet transmission records only.

Difficulties with Life-Cycle Costing Procurement

On the basis of their questionnaire survey and addi-
tional discussions with transit agencies, the GAO
identified 43 agencies with past or present exper-
ience in life-cycle cost procurement (2). The GAO
concluded that many of these operators had exper-
ienced higher costs and delays in bus procurement
because of life-cycle costing. The lack of standard-
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TABLE 3 Vehicle Classification for Cost Records Kept of Transmissions

Size of Motor Bus Fleet

Vehicle Less More than
Classification than 25 25 to 99 100 to 999 1,000 Total
Py total fleet
or by bus 15 10 21 6 52
model only (28.8%) (17.5%) (45.7%) (50.0%) (31.1%)
Individual bus 37 47 25 6 115
(71.2%) (82.5%) (54.3%) (50.0%) (68.9%)
Total 52 57 46 12 167
(100.0%) (100.0%) (100.0%) (100.0%) (100,0%)

Chi-square = 11.55, d. £f. = 3, prob. = 0.0091, highly significant

TABLE 4 Vehicle Classification for Frequency of Occurrence Records Kept of Transmissions

Size of Motor Bus Fleet

Vehicle Less More than
Classification than 25 25 to 99 100 to 999 1,000 Total
Ry total fleet
or by bus 6 4 8 0 18
model only (11.5%) (8.0%) (16.7%) ( 0.0%) (11.0%)
Individual bus 46 46 40 13 145
(88.5%) (92.0%) (83.3%) (100.0%) (89.0%)
Total 52 50 a8 i 163
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
Chi-square = 3.643, d. t. = 3, prob. = 0.3026, no significance

ized vehicle performance data hampered the agencies
in preparing and evaluating their procurement re-
quests and made it difficult for the GAO to assess
the economic benefits of life-cycle costing procure-
ment. The GAO noted that UMTA had not prescribed
specific procurement guidelines and that there was
inadequate information on bus operating and mainte-
nance costs.

Finally, transit agencies typically reported that
they lacked sutticient staff expertise tou adeguately
evaluate life-cycle cost information. The GAO re-
ported that 36 of the 43 transit systems had ob-
tained outside technical and legal assistance, typi-
cally from UMTA, other transit systems, private
consultants, and the American Public Transit Asso-
ciation.

Among 173 questionnaire respondents to the gues-—
tion, "How difficult will it be for your transit
system to prepare a LCC procurement bid for motor
buses given the cost data your transit system cur-
rently maintains?" more than 40 percent indicated
that they would experience great or very great dif-
ficulty, or that it would be impossible. A tabula-
tion of the responses is given in Table 5.

The size of the bus fleet made no difference in
the reported degree of difficulty, but past experi-
ence in life-cycle costing did make a difference.
The data in Table 6 indicate the statistically sig-
nificant relationship between degree of difficulty
and past experience. Interestingly, 22.4 percent of

the experienced agencies still found the task to be
of very great difficulty or impossible. Finally,
there was no significant relationship at all between
the availability of computerized records and the
degree of difficulty.

With respect to frequency of occurrence records,
the degree of difficulty responses were similar, al-
though there was a significant interaction with bus
fleet size, as the data given in Table 7 indicate.
The smallest fleet operators tended to report
greater difficulty than the 1larger operators. As
with the cost records, it made no difference in dif-
ficulty whether records were kept manually or by
computer.

Understanding of Life-Cycle Cost Procurement

The GAO asked operators how well their staff under-
stood the current life-cycle costing requirement.
Their responses are given in Tables 8 and 9. Only 35
of the respondents (18.8 percent) stated that they
had a "great amount" of or a "thorough"™ understand-
ing, and the interaction in Table 8 indicates that
understanding increased with the size of the transit
operation. Less than 10 percent of the operators of
fleets of less than 25 buses had a great amount of
or a thorough understanding. It is 1likely that
larger agencies have more knowledgeable staff mem-
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TABLE 5 Difficulty of Preparing a LCC Procurement Bid for Motor Buses on the Basis of
Currently Maintained Cost Data

Degree of Difficulty Number of Respondents

Little or no 10 (5.8%)
Some 25 (14.4%)
Moderate 65 (37.6%)
Great 38 (22.0%)
Very great 28 (16.2%)
Impossible 7 (4.0%)
Total 173 (100.0%)

TABLE 6 Difficulty in Preparing a Life-Cycle Costing Procurement with Cost Data Based on
Agency Experience

Transit System

Transit System

Degree of Has or is Making Has Never Made
Difficulty an LCC Procurement an LCC Procurement Total
Some, little, 18 18 36
or none (31.0%) (15.1%) (20.3%)
Moderate 15 51 66
(25.9%) (42.9%) (37.3%)
Great 12 28 40
(20.7%) (23.,5%) (22.6%)
Very great or 13 22 35
impossible (22.4%) (18.5%) (19.8%)
Total 58 119 177
(100.0%) (100.0%) (100.0%)
Chi-square = 8.316, d. £. = 3, prob. = 0.0399, significant
TABLE 7 Difficulty in Preparing a Life-Cycle Costing Procurement Using Frequency of
Occurrence Maintenance Records
Size of Bus Fleet
Degree of Less 100 or
Difficulty than 25 25 to 99 more Total
Some, little, or 11 12 21 44
none (19.0%) (21.4%) (33.9%) (25.0%)
Moderate 14 26 17 57
(24.1%) (46.3%) (27.4%) (32.4%)
Great 18 9 14 41
(31.0%) (16.1%) (22.6%) (23.3%)
Very great ox 15 9 10 34
impossible (25.9%) (16.1%) (lo.1%) (19.3%)
Total 58 56 62 176
(100.0%) (100.0%) (100.0%) (100.0%)
Chi-square = .859, 4. f. = 6, prob. 0.0453, significant
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TABLE 8 How Well Transit System Staff Understand Life-Cycle Costing

Size of Motor Bus Fleet

Degree of Less 100 or
Understanding than 25 25 to 9% more Total
Limited 29 19 9 57
(47.5%) (31.2%) (14.1%) (30.7%)
Some 11 16 io 37
(18.0%) (26.2%) (15.6%) (19.9%)
Moderate amount 15 17 25 57
(24.6%) (27.9%) (39.1%) (30.7%)
Great amount or 6 9 20 35
thorough ( 9.8%) (14.8%) (31.2%) (18.8%)
Total 61 61 64 186
(100.0%) (100.0%) (100.0%) (100.0%)

Chi-square = 42.124, d. f. = 6, prob. 0.0005, highly significant

TABLE 9 How Well Do Transit System Staff Understand Life-Cycle Costing Based on Agency
Experience?

Transit System Transit System
Degree of Has or is Making Has Never Made
Understanding an LCC Procurement an LCC Procurement Total
Limited 5 49 54
(8.5%) (40.2%) (29.8%)
some 8 28 34
(13.6%) (23.0%) (19.9%)
Moderate 22 33 56
(39.0%) (27.0%) (30.9%)
Great 10 9 19
(17.0%) (7.4%) (10.5%)
Thorough 13 3 16
(22.0%) (2.5%) (8.8%)
Total 59 122 181
(100.0%) (100.0%) {100.0%)

Chi-square = 37.689, 4. f. = 4, prob. = 0.0000001, highly signiticant

bers or have a greater ability to make use of out-
side consultants.

Not surprisingly, experience with 1life-cycle
costing made a difference in the degree of under-
standing, as indicated by the extremely highly sig-
nificant interaction shown in Table 9. However, it
is evident in both Tables 8 and 9 that all too many
transit agencies were experiencing problems with
life-cycle costing. Even among the experienced agen-
cies, more than 20 percent of the respondents had
only "limited" or "some" understanding of the pro-
cess (Table 9).

Transit Agency Support for Life-Cycle Costing

Respondents were asked if they favored or opposed
life-cycle cost procurement requirements for motor

buses. Fifty-seven percent of those who answered the
question were neutral or favored them to some
degree. Responses were about the same regardless of
the size of the bus fleet and past experience with
the procedures, although proportionately fewer ex-—
perienced respondents were neutral on the subject.
In terms of degree of difficulty, those who favored
life-cycle costing tended to have, or expected to
have, less difficulty with the requirements, al-
though the interaction was not statistically sig-
nificant.

Summary

Significant numbers of transit operators still kept
manual or mostly manual operating and maintenance

Lo



Cook et al.

records in 1983, making it less convenient for them
to do life-cycle costing analyses. Large fleet oper-
ators, were even less likely to have computerized
records. Furthermore, many agencies did not keep
such records by individual bus. Finally, many opera-
tors, even some of those with experience, have dif-
ficulty with the life-cycle costing procedures. The
existence of computerized maintenance records did
not appear to help transit agencies in easing their
difficulties with the procedures. The GAO found that
transit agencies lacked guidelines and many of them
lacked adequate staff expertise to do the job satis-
factorily. It was concluded that this has led to
added expense and delays in bus procurement with no
guarantees that the buses so obtained will cost less
over their operating lives.

PREREQUISITES TO LIFE-CYCLE COSTING
Kain et al. (10,p.2) noted:

The success of life cycle costing in the
procurement of buses depends upon several
factors. First, the property must have
the ability to identify, measure, and
evaluate the factors affecting its cur-
rent operating and maintenance costs.
Second, the bus manufacturers must demon-
strate the ability to identify, quantify,
and support their estimates of the cost
impact which bus design changes will have
on a property's operating and maintenance
costs. Third, harmonious working rela-
tionships between the manufacturers and
the properties must exist.

The GRAO study (2) concluded that none of these fac-
tors were particularly present in the American tran-
sit industry today.

The following prerequisites to successful life-
cycle cost procurement therefore appear to be in
order on the basis of the comments of the GAO and
the questionnaire responses summarized previously.

1. Standard and uniform guidelines for 1life-
cycle costing procurement are necessary both to
facilitate the task for the operator and to encour-
age manufacturers to provide appropriate informa-
tion. This would promote transit agency understand-
ing and either enable their own staff to do the work
or facilitate the use of outside expertise.

2. Transit operators need adequate records to
support the procedures and monitor the results when
buses have been procured. In addition, comprehensive
cost and frequency of occurrence records would en-
able the efficient management of transit operations,
a worthy objective in its own right. Such records
should be computerized to facilitate statistical and
economic analysis with mathematical models appropri-
ate to the available data. For example, meaningful
cost and frequency of repair predictions can be ac-
complished with a relatively small number of cases
(e.g., 10 to 20 buses), but the analysis is best
done on a computer.

3. Transit agencies should integrate their oper-
ating and maintenance records with both long-range
and annual budget and operations planning. As noted
earlier, Seldon described a variety of applications
for life-cycle costing information in planning.

4. Cost and frequency of occurrence records
should be collected for individual buses. A south-
western transit agency maintenance manager, respon-
sible for a fleet of 100 buses, told the authors
that 100 buses was about the limit of his ability to
be personally familiar with each vehicle's mainte-
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nance history without the help of a good record-
keeping system. With computer-based records, summa-
ries can easily be provided for bus fleet and model
totals.

Transit agencies typically expect bus manufac-
turers to provide frequency of occurrence informa-
tion for the major maintenance tasks and components
in a bus. For example, Table 10 gives the cost
drivers used in the bus procurement process by the
Central Oklahoma Transportation and Parking Author-
ity (COTPA). The major cost drivers, as interpreted
by COTPA, are fuel and oil consumption, tires, pre-
ventive maintenance, brake relining, engine repair,
transmission repair, and air conditioning repair.
The associated costs are itemized for each bid re-
ceived. Other aspects of comparative evaluation in-
cluded performance criteria (service support, com-
pliance with specifications, and delivery dates) and
component standardization, and these aspects are
included in the bid evaluations by means of a rating
scheme.

Although the information on these major cost
drivers is obtained from the manufacturer, it can be
helpful to the transit agency to have its own tabu-
lations. Conscientious transit operators, including
COTPA, are alert to and commonly specify specific
types and brands of components (e.g., air condition-
ing units or engines) in their bid specifications
because of past maintenance experiences, either
within the agency or reported by other agencies.
Maintaining a data base of frequency of occurrence
statistics for the transit agency's own fleet can
only facilitate the procurement process. It gives
the agency a basis for assessing the wvalidity of
manufacturer claims or justifying the specification
of specific components. It also enables the agency
to account for local climatic and bus duty cycle
conditions.

Cost and frequency of occurrence maintenance rec-
ords are useful for planning and annual budget
analysis as well as life-cycle procurement. It is
probably not feasible to account for every component
of a bus in life-cycle costing because too much in-
formation could defeat the objectives of life-cycle
cost procurement. The analysis of these other com-
ponents (e.g., body parts, door components, passen-—
ger seats), however, can aid in monitoring the per-
formance of the maintenance shop. Particularly
troublesome components (e.g., body components that
corrode) could be identified and thus included in
future bus procurement specifications.

5. The time value of money should be considered
in life-cycle cost procurement, mainly because of
the long time period involved (12 years typical bus
life) and the magnitude of fuel and maintenance
costs that are incurred over time. This was demon-
strated earlier in the example shown in Figure 1.
The GAO noted that few transit operators included
the present worth of future expenditures. Uncertain-
ties about such things as future fuel prices and
maintenance expenses are best accounted for by the
thoughtful and conservative use of economic prin-
ciples.

6. None of this is easy to implement without
adequate staff expertise and the availability of
training courses and guidelines. Tables 6 and 7 in-
dicate that good records alone are not enough. Man-
agement information systems and a capable supporting
staff should be recognized as fundamental components
of transit agency administration.

7. Top-level management support is needed be-
cause life-cycle costing departs from traditional
procurement practices and requires more staff time
to prepare and evaluate. Management must be willing
to provide the staff and training resources needed
to satisfy prerequisite six.
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TABLE 10 Life-Cycle Cost Procurement Information Required from Manufacturers by Central

Oklahoma Transportation and Parking Authority

COST FACTOR INFORMATTION REQUIRED &

FUEL CONSUMPTION Fuel economy in miles per gallon based
on specified fuel economy test
operations.

OIL CONSUMPTION Consumption (excluding o0il changes) in
miles per quart

TIRES Number of tires (brand specified by
COTPA) required for 500,000 miles of
anticipated bus use

BRAKE RELINING Parts and labor for life of bus,

(front and rear) including expected interval in miles
between replacements and overhauls
PREVENTIVE MAINTENANCE
0il change & filter Parts and labor, expected intervals
Engine air filter Parts and labor, expected intervals
Engine Tune-up Parts and labor, expected intervals
Transmission Parts and labor, expected intervals
Air conditioning Parts and labor, expected intervals
Chassis lubrication Farts and labor, expected intervals
Differential Parts and labor, expected intervals
Brake adjustment Parts and labor, expected intervals

ENGINE REPLACEMENT Parts and labor, expected intervals
AND OVERHAUL

TRANSMISSTION REPLACEMENT Parts and labor, expected intervals
AND OVERHAUL

AIR CONDITIONING COMPRESSOR
REFLACEMENT AND CVERHA Partc and laber, cxpected intervals

a . "
The manufacturer is required to tabulate all of the above costs and
maintenance performance intervals and provide total maintenance costs for
the life of the bus using labor, fuel, and o0il costs supplied by COTPA as
well as miscellaneous maintenance practices information.

CONCLUSIONS from UMTA. Computing expenses were donated by the

Life-cycle cost procurement is a rational economic
approach to the selection of transit vehicles. The
data base needed to support the process has a vari-
ety of other uses in maintenance planning and opera-
tional management.

At present most transit agencies lack the infor-
mation needed to facilitate life-cycle costing, and
even experienced agencies have difficulty with it.
The development of computer-based operating and
maintenance records, coupled with adequately trained
support staff, is among the prerequisites to suc-
cessful implementation of life-cycle costing. Be-

significant elements of transit budgets, both an-
nually and over the long term, life-cycle costing
has the potential to generate significant savings to

University of Oklahoma.

Frank Zbylski

The Central Oklahoma
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Use of Cooperatives for Alternative Rural Passenger
Transportation: Report on a New York Study

EILEEN S. STOMMES

ABSTRACT

The New York State Department of Agriculture and Markets conducted a study to
examine the feasibility of using the cooperative concept to provide rural pas-
senger transportation. On the basis of interviews with transportation providers
in two study counties and an analysis of transportation in each county, three
transportation alternatives using the cooperative approach were developed. The
first alternative provides for a cooperative composed of public and private
human service adency transportation providers and the users of that transporta-
tion service. The study details the activities such a cooperative may progres-
sively undertake, beginning with a simple clearinghouse function and moving to-
ward a cooperative that would assume all transportation responsibilities for
its members. The second cooperative concept relies on a service club or civic
organization to provide rural passenger transportation. Composed of service
club members, human service agencies, and community residents needing transpor-
tation, the cooperative would depend on volunteers to maintain a transportation
network for rural residents. A third alternative incorporates rural postal car-
riers in either the human service agency cooperative or the service club co-
operative. Rural postal delivery routes extend into virtually all isolated
rural areas and are a ready-made transportation system that can augment exist-
ing passenger transportation services at a low cost. By providing an array of
flexible organizational options to supplement existing transportation resources
at a low cost the cooperative approach can offer transportation alternatives,
which are subject to local control and responsive to local conditions, to rural
areas.

The need for effective rural passenger transporta-
tion gained national attention only recently. Be-
ginning with rural Poverty Program transportation
projects in the late 1960s, interest in rural pas-
senger transportation had developed by 1973 into the
Section 147 Rural Highway Public Transportation
Demonstration Program. As the first national program
to explicitly recognize rural transportation needs,

it was designed to test a variety of transportation
methods to fit highly variable rural transportation
needs. By 1978 the Section 18 Program, the Formula
Grant Program for Areas other than Urbanized, became
the first full-scale federal program providing
assistance for transportation in rural areas (1,2).
As part of its continuing interest in developing
alternative approaches to providing rural passender
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transportation, the Office of Service and Methods
Demonstration of UMTA funded a study in cooperation
with the U.S. Department of Agriculture Office of
Transportation to examine the feasibility of using
cooperatives for rural passenger transportation. The
New York State Department of Agriculture and Markets
had previously conducted studies to determine the
potential for using cooperatives to provide freight
transportation service in areas where rail service
has been abandoned, and those studies had indicated
that cooperatives can provide a viable mechanism for
retaining vital transportation service for rural and
agricultural industries (3-5).

STUDY OBJECTIVE

The overall study objective is to evaluate the po-
tential for using the cooperative concept to provide
rural passenger transportation. The study was to ex-
amine the feasibility of

* Using vehicles for a combination of freight
and passenger service,

* Using new or existing cooperative organiza-
tions to provide passenger transportation, and

* Determining the feasibility of coordinating
the use of existing private or public vehicles and
resources.

A constraint on implementing any program that
might result from the study is that no new federal
funds would be available. However, use of 1local,
state, or private funding could be considered.

RURAL PASSENGER TRANSPORTATION IN NEW YORK

National statistics indicate that 15 percent of
rural households do not own a car, 57 percent of the
rural poor do not own a car, and 52 percent of
households with a car own one car only, leaving the
family without transportation when the car is used
for work (6). Data for New York reflect the national
pattern.

A 1981 report by the New York State Legislative
Commission on critical transportation choices (7,8)
indicated that nearly half the state's rural coun-
ties lacked 1local public transportation. On the
average, 40.4 percent of the population in rural
counties living in urban places of more than 2,500
population had no access to public transportation.
The lack of such local transportation is particular-
1y troublesome for the rural elderly because 39 per-
cent of elderly households have no access to a car
and 77 percent of single elderly females have no
available automobile.

Although the report indicated that 93 percent of
rural places are served by an intercity bus system,
examination of bus schedules reveals many inconve-
niences for the traveler who often must stay over-
night in order to conduct necessary activities.
Other than intercity and local transportation
authorities and systems, rural transportation need
in New York has largely been defined at the county
level by social services agencies that attempt to
meet specialized client needs on an as-needed basis.

No reliable estimates of the total amount of
funds expended for social service agency transporta-
tion exist. However, a 1973 study of special transit
services for human service agencies estimated the
cost at between $80 and $100 million annually. A
1981 Office for the Aging study estimated an annual
expenditure of more than $800,000 for transportation
in 30 rural counties. The Institute for Public
Transportation (3) found more than 110 programs in
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the state providing transportation services for a
variety of specified clients.

The statistics indicate that New York is allocat-
ing substantial public funds to provide svecialized
transportation services for rural residents not cur-
rently served by the existing transportation system.
Yet lack of sufficient funding means the agencies
can only provide transportation services for man-
dated programs, leaving many other eligible rural
residents without access to transportation and,
hence, needed services. Further, the continued in-
ability of rural residents not eligible for social
service agency programs to obtain necessary trans-
portation for employment, medical care, and shopping
merits a fresh examination of new mechanisms to re-
structure more traditional transportation services.

SUMMARY DEFINITION OF A COOPERATIVE

Cooperatives have long been part of rural American
life, providing agricultural producers with a mecha-
nism for marketing products, obtaining production
inputs, and supplying the various services necessary
to operate a highly capitalized agriculture. Co-
operatives have also played an important role in
rural electrification.

Although the cooperative concept can be defined
in various ways (10,11), the following definition
[Savage and Volkin cited in Cooperative Principles
and Legal Foundations (10,p.2)] describes in some
detail what a cooperative consists of:

A cooperative is a voluntary contractual
organization of persons having a mutual
ownership interest in providing them~
selves a needed service(s) on a non-prof-
it basis. It is usually organized as a
legal entity to accomplish an economic
objective through joint participation of
its members. . . . the investment and
operation risks, benefits gained, or
losses incurred are shared equitably by
its members in proportion to their use of
the cooperative's services. A cooperative
is democratically controlled by its mem-
bers on the basis of their status as mem-
ber users and not as investors in the
capital structure of the cooperative.

In New York, the Cooperative Corporations Law,
Section 3(c), defines a cooperative as "A corpora-
tion organized . . . for the cooperative rendering
of mutual help and service to its members." The law
authorizes the formation of general cooperatives,
membership cooperatives, and agricultural coopera-~
tives (12).

There is no general federal incorporation statute
for cooperatives, so a cooperative wishing to incor-
porate must do so under an appropriate state law.
Along with a general incorporation statute, all
states have a "cooperative" statute under which a
cooperative may incorporate (10,p.14;13). In evalu-
ating the feasibility of using cooperatives in rural
transportation, it is first necessary to review ap-
plicable state statutes because several state laws
may limit cooperative functions.

Cooperatives were mostly confined to agricultural
producer organizations and rural electrification as-
sociations until the passage of the Economic Act and
the Appalachian Regional Development Act of 1965.
Cooperatives now include "buying clubs . . . con-
sumer stores, craft, credit, fishing, forestry,
health, housing, legal services, memorial, migrant
labor, mutual insurance, sewer, water" (14), and a
wide range of other activities. Cooperatives are
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being looked to in rural areas as an economic devel-
opment tool for medium to low resource producers
(15) .

Yet, with the exception of the Green Eagle Pro-
gram in North Carolina and the South Anne Arundel
County Project in Maryland (16,p.80), the cooper-
ative concept has had limited application in rural
passenger transportation. However, in a period of
diminishing overall federal support and of dereg-
ulation of various transportation modes, a fresh as-
sessment of the potential use of cooperatives may
encourage the development of innovative mechanisms
for delivering passenger transportation services.

APPLICATION OF THE CONCEPT

The cooperative, long used in rural America to meet
rural needs, is especially well adapted to meet
rural passenger transportation needs. A cooperative
structure, layered into existing transportation
providers and users, has the potential to change the
organization and distribution of transportation re-
sources, thereby closing some of the gap between
need and access. Several characteristics of the co-
operative structure help improve the £fit between
rural passenger transportation need and existing re-
sources.

Key to a cooperative organization is member-user
ownership and operation in conjunction with the co-
operative's primary function of providing service to
its members. The result is a highly flexible local
organization that is responsive to member needs. The
members-users define the organizational structure,
determine its objectives, set membership criteria,
and control its operation.

Although a cooperative can be formed without re-
gard for geographic boundaries, it is suggested that
an appropriate organizational level for a rural
transportation cooperative would be the county. Many
organizations currently providing transportation are
organized at the county level, including many human
service organizations. Although many trips are
intracounty in nature, much out-of-county travel is
fairly well defined by commuting patterns, medical
facilities, or shopping areas; these trips are being
accommodated by county-level transportation pro-
viders.

Such a cooperative, by pulling together existing
county-level transportation users and resources,
could bring about certain efficiencies. For example,
by coordinating the purchase of vehicle supplies
such as fuel, tires, and parts, the cooperative
could reduce costs through discount buying arrange-
ments.

The cooperative structure can thus be a highly
flexible organization responsive to local needs and
conditions. Member owned and controlled, it can
tailor its particular objectives and functions to
member preferences. By streamlining certain trans-
portation tasks, it can simplify the provision of
transportation and create certain efficiencies in
transportation delivery.

CRITERIA FOR COUNTY SELECTION

Early in the study process, it was determined that
two representative areas would be selected for de-
tailed analysis. Because the study was to develop a
conceptual approach for use in rural areas national-
ly, the selection process required the use of cri-
teria that could be applied in a variety of rural
settings. From the beginning of the project, the
study team coordinated its activitiles closely with
the staff of the New York State Department of Trans-
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portation (NYSDOT), and relied on their expertise
and knowledge of state and local transportation re-
sources.

On the basis of administrative and demographic
criteria, the county was chosen as the geographic
unit for study. The county is a jurisdictional unit
for which a range of data is collected, including
the population census, economic information, and hu-
man services data. Many state agencies are organized
on a county basis, as are many private organiza-
tions. The geographic area of a county is also like-
ly to provide a mix of passenger needs that could
form a viable base for a transportation cooperative.

Specific criteria used to select counties for
study included

* A large rural population,

* A demonstrated need for passenger mobility,
* Centers of trade and commerce, and

* A current transportation network.

The county selection process took place in four
stages. The first step involved elimination of
strictly urban counties. In the second phase, coun-
ties ranking high on a transportation disadvantaged
measure were selected for closer examination. (Ira
Kaye, Rural Transportation Specialist, developed the
transportation disadvantaged measure to derive an
estimate of transportation needs. Using the 1980
Census of Population and Housing data, the measure
included population older than 65, disabled and
handicapped population, percentage in poverty, and
those with no car or one car.) In the third step the
Section 18 Service Plans provided by NYSDOT were
used to determine availability of transportation re-
sources. NYSDOT then reviewed the counties selected
strictly on the basis of available transportation
and lack of transportation resources and suggested
appropriate study counties based on their first-hand
experience with those counties.

STUDY COUNTIES

As a result of the previously discussed methodology,
two rural counties were selected for study--Cortland
and Otsego. Although these counties are similar in
many respects, each exhibits a different pattern of
transportation needs and a different use of avail-
able resources to meet those needs.

Cortland County

Cortland County, located in the south-central part
of the state, has a population of 48,820. As mea—-
sured by the transportation disadvantaged index,
21.4 percent of the population lacked adequate ac-
cess to transportation. Eleven percent of its popu-
lation is older than 65; 54 percent of households
have no car or one car.

The largest population center is the city of
Cortland, the county seat. Secondary centers, Homer
and McGraw, are clustered close to Cortland, and
Marathon is located in the south-central part of the
county. Approximately half the county population is
concentrated in the Cortland-Homer-McGraw area, with
the remainder scattered throughout the county in
villages of fewer than 2,500 population or in the
open country.

Public transportation is provided by Greyhound
along the north-south axis of Interstate 81, which
passes through Cortland north to Syracuse and south
to Binghamton. A second route connects Cortland with
Ithaca. Taxi service is provided in Cortland by a
taxi company with 10 vehicles and is largely limited
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to the Cortland area because of the high cost of
providing service in the more distant areas.

Human service agencies providing transportation
service include +the J.M. Murray Center for the
Handicapped, the Department of Social Services, the
Retired Senior Citizen Volunteer Program, the Office
for the Aging, the Community Action Program of Cort-
land County, and Head Start. Individuals who are not
eligible for the programs administered by those
agencies and who live off I-81 or Route 13 have no
access to transportation if they do not have an
automobile. Because the I-8l and Route 13 bus routes
cover only the western edge of the county and travel
west from Cortland, the major portion of the county
east of I-81 has no access to public transportation.

Otsego County

Otsego County is located on the eastern edge of New
York's southern tier, a mountainous and generally
hilly terrain. The 1980 population was 59,075. The
county's largest population center is Oneonta, lo-
cated on the southeastern edge of the county, with
the county seat located at Cooperstown, approxi-
mately 20 miles to the north of Oneonta. Several
other populated areas, including Unadilla, Sche-
nevus, Laurens, and Oteqgo, are located along I-88,
the southeastern boundary of the county. Richfield
Springs is located in the north-central part of the
county, and several less populated centers are scat-
tered throughout the county.

M lnw cm Sombile  wemrimm i i
Twenty—=eight percent ¢f the county population is

transportation disadvantaged, with 14 percent of the
population older than 65. Fifty-four percent of the
households have zero or one car. Eighty-one percent
of county residents work within the county, and 24
percent of those who work away from home use a car-
pool.

a s provided by three inter-
city bus companies. Adirondack Trailways serves
towns along the central part of the county. Pine
Hill Trailways serves Oneonta. Greyhound serves
towns along I-88, the central part of the county,
and several towns along the northeastern edge of the
county. The eastern and western halves of the county
are not served by the bus lines. Three taxi com-
panies serve Oneonta, and two companies are located
in Cooperstown. Because of deadhead costs associated
with rural trips, taxi service is largely confined
to Oneonta and Cooperstown.

The human service agencies providing transporta-
tion service include the Office for the Aging, the
Department of Social Services, Opportunities for
Otsego, the Community Action Program (CAP), and the
Association for Retarded Children. Taxis and staff
cars are used to transport clients on an as-needed
basis,

anae
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STUDY PROCEDURE

After the selection of Cortland and Otsego counties
was made, initial field trips were made to each of
the counties to inform the county supervisor and the
cooperative extension agent of the project. The
county supervisors were invited to bring along
either other county legislators or county staff. It
was believed that it was necessary to inform the
county supervisor as the leading county political
officer to avert potential misunderstanding and to
solicit suggestions about possible contacts or in-
formation sources, or both, that might have been
overlooked during initial project analysis. The co-
operative extension agent in a rural county is gen-
erally a person who has contacts with a wide variety
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of groups and individuals and can provide useful
leads on contacts and information sources.

Following the initial meetings, project staff
visited the major transportation providers in each
county and, using a standard questionnaire, obtained
information on eligible clientele; location of that
clientele; number, condition, and use of vehicles:
funding or program restrictions; and coordinating
transportation services and insurance limitations.
Respondents were also asked to comment on whether a
cooperative transportation program might be accept-
able and feasible.

The results of the surveys can be briefly sum-
marized as follows:

¢ Transportation was provided through a combi-
nation of taxi companies, agency-owned vehicles,
agency employees' cars, and volunteers.

* Clientele was concentrated in the more popu-
lated areas.

* Transportation was arranged for the most part
on an ad hoc basis as needed, with many organiza-
tions counting only actual out-of-pocket expendi-
tures (vehicle maintenance, contract payments, and
so forth) for transportation but not including staff
or director time spent scheduling or providing
transportation.

* Each agency indicated that they were able to
provide transportation only for mandated trips
(i.e., Medicaid Foster Care visits) and that there
were people unable to access their services because
the agency lacked transportation resources.

* Fach agency indicated a strona preference for
giving up their transportation responsibilities and
said they would favor an arrangement whereby they
could refer clients to a transportation provider
whom they could reimburse for services rendered.

* No funding restrictions on transportation co-
ordination were found, although vehicles purchased
with program funds were required to fill program
needs first before agency vehicles could be used in
a coordinated arrangement.

* Insurance presented no problem; each agency
was able to secure adequate insurance, apparently at
a sustainable cost.

THE COOPERATIVE AS COORDINATING MECHANISM

A major study mandate was the development of alter-
natives to rural passenger transportation that did
not call for additional federal funds. That mandate
led naturally to an interest in exploring the pos-
sibility of coordination. Although all agencies in-
terviewed in the two counties indicated a strong
interest in coordination, actual coordination
activities were limited for the most part to pur-
chase of service contracts, indicating that coordi-
nation needs to depend on more than interest and
even a desire to coordinate (17). Another factor
appeared to be the simple lack of funds and time
available to understaffed agencies for planning and
coordination of transportation. The agencies also
appeared to be a bit unclear about the extent to
which they could coordinate transportation across
agencies: the application of the federal and state
regulations appeared somewhat hazy at the county
level on several issues surrounding client transpor-
tation.

Because the number of agencies providing trans-—
portation in each county is not high, coordination
can be more easily accomplished than in a county
with many transportation providers. The agencies had
common clients; for example, CAP clients overlapped
to some extent with Social Service clients, and the
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Office of the Aging had overlap with Social Services
as well as with certain CAP activities.

Each county also had a Human Services Council, an
umbrella organization that met monthly to discuss
problems common to all agencies and to develop ap-
propriate responses to those problems. As a result,
agencies are aware of their interdependence as well
as of service failures and unmet needs that cut
across agency boundaries.

The overlap of transportation services and agency
clients and agency awareness of their interdepen-
dency creates an environment in which coordination
can successfully occur. Use of the cooperative con-
cept as a coordination mechanism can take place
across a randge of transportation activities and
functions. Because coordination would involve only
transportation and not programmatic activities re-
quiring substantial policy decision-maker input, the
probability of successful coordination may be quite
high in the two counties.

Potential Applications

The following cooperative organizations progress
from information exchange activities to a full-scale
consolidation of agency transportation. It is be-
lieved that effective coordination requires time be-
fore the cooperating agencies are comfortable work-
ing together. Because the emphasis is on beginning
with a low-key coordination effort, agencies will
not be subjected to inordinate time and funding
pressures to initiate a large-scale program. Each
agency retains its control over its transportation
resources.

Cooperative Clearinghouse

A first-level cooperative would engage in what could
be termed clearinghouse activities. Each agency now
has a 1list of clients who need transportation and
the type of transportation they require. The co-
operating agencies could pool client 1lists and
assign an individual in each agency to be respon-
sible for gathering information on client trips.
Geographic "pools" could be formed to transport all
clients from cooperating agencies to common destina-
tions on specified days of the month.

Purchase of a microcomputer would greatly facili-
tate the organization, storage, and use of informa-
tion now stored on 5 in. x 7 in. file cards. Compi-
lation of transportation needs, along with client
eligibility, would allow an individual to verify
eligibility, check transportation requests from the
same location, and schedule a trip with minimum ef-
fort. Software packages are being developed for
rural passenger transportation. If no software pro-
gram is available, local colleges and universities
could be tapped to develop a package as a computer
science course requirement or as a community service
project.

Cooperative for Administrative Activities

One step beyond a clearinghouse is a cooperative
that performs common transportation administrative
activities. Bookkeeping, accounting, client trans-
portation record-keeping requirements, purchase of
service billings, and vehicle use records could be
handled by a cooperative. Vehicle records could be
kept by the cooperative and vehicle maintenance
scheduled according to state or vehicle require-
ments. At this level of coordination, each agency
retains full control over its vehicles and other
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transportation resources. Providers bill users for
services rendered, but the administrative functions
could be conducted cooperatively.

Cooperative Vehicle Maintenance and Repair

Each agency now bears individually full responsibil-
ity for vehicle maintenance and repair. A coopera-
tive could keep records on all vehicles owned by its
members and schedule the required maintenance when
recommended. A parts inventory could be maintained,
with a potential for a discount on volume purchases.
A fleet rate could be negotiated for vehicle main-
tenance and repair. If local garages object to loss
of business because individual agencies now go to
one facility, a standard rate for repair by eligible
garages could be established at the county level.

Cooperative Fleet Purchase

While retaining agency vehicle ownership, the co-
operative could explore the potential for joint
fleet purchase of vehicles when replacement vehicles
are needed. The objective would be to move toward a
standard vehicle that meets the majority of the
needs of all agencies. Such a purchase strategy
would be responsive to local transportation needs
while maximizing purchasing power of individual
agencies. Maintenance of a fleet of standardized
vehicles would be more cost effective because dis-
count parts purchase and fleet rates could be more
easily attained than with a fleet of diverse, non-
standard vehicles.

Consolidated Agency Transportation Cooperative

The ultimate passenger transportation cooperative
would be what is termed a consolidated system, an
organization in which the cooperative owns and oper-
ates the vehicles for member agencies. At this level
of coordination, the cooperative is fully respon-
sible for performing all transportation functions
for member agencies. It is important to note that,
in a cooperative arrangement, the members jointly
own the vehicles and other related transportation
resources. Member agencies retain control over ve-
hicle purchase, maintenance, repair, and deployment.
They do not lose control; they delegate control as
if to a transportation unit within their own agency.

In addition to cost efficiencies brought about by
discount purchasing, fleet rates for maintenance and
repair, and reduction of redundant routes, a co-
operative may also be able to obtain lower insurance
rates.

Interagency Coordination: Advantages and

Difficulties

Before developing a cooperative structure to assume
responsibility for certain transportation-related
services, agencies would need to consider both the
advantages and the difficulties associated with co-
ordination. Advantages include

time spent by directors and
in providing transportation

* Reduction of
staff of each agency
service and

* Possible cost
joint vehicle maintenance,
joint routing and scheduling.

reduction brought about by
joint bookkeeping, and
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Although coordination can bring about cost sav-
ings, there are several difficulties or barriers
that may inhibit implementation:

* Agencies that own vehicles may be reluctant
to lose control over their use;

® Differences in funding sources, funding
cycles, accounting procedures, and reporting stan-
dards may complicate financial and billing proce-
dures; and

* An immediate financial incentive, a strong
mandate to coordinate by funding sources or an im-
minent loss of transportation funding, can highlight
the need to coordinate transportation; lack of any
immediate incentive or need encourages continuing
the status quo.

SERVICE CLUB COOPERATIVE

The service club cooperative concept uses a civic
organization or several such organizations to pro-
vide rural passenger transportation. (The service
club cooperative concept is based on the work of
Judith Kuba of the Transit Division of NYSDOT.)
Civic organizations or service clubs such as Rotary,
Lions, Kiwanis, or the Junior League are chartered
to provide community service. Establishing a rural
passenger cooperative could be done as a community
service.

Membership

Membership in the service club cooperative would be
open to any community residents interested in imple-
menting a volunteer transportation system. Member-
ship would consist of three classes: riders, volun-
teer drivers, and volunteers to perform certain ad-
ministration and operation tasks. Individuals could
concurrently noid membership in all thiee Glasses.

Membership fees for riding members could be con-
tributed by the individual or a third party. Riding
members could earn a reduction in their fees by vol-
unteering to perform administration or operation
tasks. Membership fees for volunteer drivers would
be the lowest on the schedule because drivers would
contribute time and the use of their personal
vehicles.

Organization

In the state of New York, the cooperative could be
organized as an organization separate from the ser-
vice club under the provisions of the Not~-For-Profit
Corporation Law. The operation of the cooperative
would need to be consistent with requirements speci-
fied in the New York State Business Corporations
Law, the Transportation Corporation Law, and the
Transportation Law. Articles of incorporation and
by-laws would be submitted to the New York State De-
partment of State for review and approval. The New
York procedure is briefly outlined as an example of
the categories of laws that may affect a service
club transportation cooperative. Because each state
has its own cooperative statute, interested organi-
zations would need to review appropriate state stat-
utes before moving to establish a passenger cooper-
ative.

A primary advantage in setting up a separate not-
for-profit corporation is that liability for the
management and operation of the transportation sys-
tem would be limited to the cooperative and would be
independent of the sponsoring organization. The dis-
advantages include incurring legal costs to file a
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certificate of incorporation and develop by-laws for
the cooperative and obtaining liability insurance
coverage for the cooperative.

An alternate organizational structure would be
for an already incorporated service organization to
amend its articles of incorporation to include a
statement of purpose to permit the operation of a
volunteer transportation service. However, before
making such an amendment, a civic organization needs
to consider the liability implications for the or-
ganization because the organization may become 1i-
able for operating and managing the system.

The service club cooperative would be governed by
a policy board elected by vote of the general mem-
bership with by-laws adopted by the general member-
ship. It is suggested that committees be established
from the general membership to

* Recruit members;

* Supervise driver selection and training;

* Manage finances;

* Coordinate volunteer operation activities
including scheduling, dispatching, and routing; and

* Direct public relations and fund-raising
activities.

Other committees could be established to divide
cooperative management responsibilities and tasks in
a different manner. However, each of the committees
outlined would perform specific functions necessary
to the operation of a cooperative that uses volun-
teers for drivers and other operating responsibili-
sary to facilitate the effective operation of an
organization that relies on volunteers.

Service Orientation

The cooperative would need to fill requests for
transportation service 1in priority order because
arranging a trip would depend on the availability of
volunteer drivers. Ride requests for routine medical
appointments (nonemergency), social services, em-
ployment, and grocery shopping should be given pref-
erence.

Transportation service would be limited to fee-
paying riding members of the cooperative to ensure
the safety of both the drivers and their passengers.
Drivers would continue to be responsible for vehicle
registration, licensing, and insurance, and the co-
operative would purchase additional insurance to
cover the excess liability a driver would assume in
transporting riding members. The driver selection
and training committee would arrange for all certi-
fied drivers to participate in a defensive driver
training course, cardiopulmonary resuscitation
classes, and other safety programs. These procedures
would minimize risk factors commonly used by insur-
ance carriers to determine insurance premium rates
and thereby reduce insurance costs of the coopera-
tive.

Advantages and Disadvantages

The concept of a cooperative building on a local or-
ganization established to provide a community ser-
vice to set up a rural transportation network 1is
especially attractive. That no federal operating or
capital assistance is needed makes the concept even
more appealing. However, the advantages and disad-
vantages need to be considered by localities inter-
ested in implementing the service club concept.

| O]
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The advantages of the service club cooperative
center primarily on cost savings resulting from the
use of volunteers and joint community effort:

* Because of its dependence on volunteers the
cooperative could provide rural transportation at
reduced cost.

* Professionals who are members of the coopera-
tive could denote their service to assist the co-
operative. For example, an attorney could prepare
the articles of incorporation, by-laws, and any
other necessary legal work or an accountant could
set up the bookkeeping and accounting procedures.

* It brings private and public organizations
with a community service objective together to meet
a recognized community need. Civic organization mem-
bership often includes local government, business,
and agency officials; bringing the service club mem-
bership together with agencies needing transporta-
tion can draw the community together to develop
strategies to meet other local needs.

The disadvantages of the service club cooperative
rest on the difficulty of maintaining a sustained
volunteer effort:

* Because most civic organization members have
full-time employment, it may be difficult to as-
semble a sufficient number of volunteers to operate
a transportation cooperative on a daily basis.

®* Because primary liability coverage would re-
main with the volunteer driver, individuals may be
reluctant to volunteer as drivers; claims for per-
sonal injury or negligence resulting from an acci-
dent would be filed first against the volunteer's
insurance carrier.

POSTAL CONTRACT ROUTES AS COOPERATIVE VENTURES

The use of the rural postal contract route has been
gaining attention in recent years as a possible
transportation alternative in sparsely populated
rural areas (18-20). Highway contract routes are
contracted mail pickup and delivery routes serving
rural post offices. The carriers deliver mail, gen-
erally twice a day, to outlying post offices from
regional processing centers or larger post offices.
The processing centers and larger post offices are
located in populated areas that are also medical,
shopping, and human service centers. If passenger
service were added to the mail delivery routes, res-
idents of more isolated areas could use an already
established transportation system and could do so
with little additional cost.

Although the practice is not common in the United
States, postal buses are used for passenger trans-
portation in England, Scotland, Switzerland, Ger-
many, Austria, and Sweden. In Switzerland, Germany,
Bustria, and Sweden passenger service is confined to
bulk mail delivery along major truck lines. In Brit-
ain and Scotland the postal bus is used in town or
village mail delivery routes that connect to larger
urban centers, a situation more closely matching
rural transportation needs in the United States.

In the United States, few examples of the postal
bus exist. California has two such operations; both
offer passenger transportation as a secondary ser-—
vice. Both have remained limited in size: the Mount
Lassen Motor Transit Company transported 1,204 pas-
cengers in 1980, and the Kernville Stage and Freight
Lines averages two one-way trips per day six days a
week.

As part of the study effort, project staff met
with regional post office distribution center offi-
cials in Buffalo, New York. After they were briefed
on study objectives and the selected counties, the

59

postal officials indicated serious interest in pur-
suing coordination of postal service with passenger
transportation. They saw no restrictions on a postal
contract carrier also transporting passengers. The
only requirement was that the mail be carried in a
locked box or security compartment, a condition they
did not perceive as prohibiting the transportation
of passengers. They provided project staff with pos-
tal routes in Cortland and Otsego counties. The
material detailed vehicle requirements, delivery and
pick=-up locations, routes, and schedules.

Review of the routes in both counties indicated
that the postal service provides regular daily ser-
vice to many of the more isolated rural communities.
Although all the routes do not lead to county cen-
ters, they do link with larger centers where rural
residents could receive medical care, shop, or link
with transportation to county centers containing
human service agencies. Because postal routes in the
two study counties appeared to form feasible passen-
ger transportation routes or links to such routes,
cooperative structures using postal routes were
developed as rural transportation alternatives.

A Cooperative Opportunity

The potential for increased service and cost savings
accruing from the use of a coordinated postal-pas-
senger transportation service would apply to either
of the passenger transportation alternatives dis-
cussed previously. Each of the alternatives (i.e.,
the consolidated agency transportation cooperative
or the community service cooperative) could include
coordination of passenger service with postal routes.

The transportation cooperative would need to con-
tact postal carriers currently operating in the area
to determine whether joint operation was possible.
Time schedules for each route would be matched with
transportation needs of people living along those
routes.

Another possibility is to use the layover time of
the postal carrier to provide passenger transporta-
tion. Because many postal routes require service in
the morning and afternoon only, the carrier would be
available for service during the middle of the day.
Human service agency clients and other eligible
rural residents could be transported to service cen-
ters during this time.

After a passenger transportation cooperative be-
comes operational, it could bid on a postal con-
tract. The cooperative would keep its vehicles pro-
ductively employed and could generate more income
than with passenger transportation alone.

Advantages and Disadvantages

The coordination of postal routes with passenger
transportation has several advantages for rural pas-
senger transportation:

* The postal route offers a ready-made trans-
portation system to many isolated areas the resi-
dents of which have little or no access to transpor-
tation.

¢ Adding postal routes to existing agency
transportation service would cost little to imple-
ment and could expand transportation available to
rural residents.

®* Postal carriers would be able to earn addi-
tional income with little extra cost.

* Drivers are preselected by the Postal Service
and carry specified insurance coverage, thus elimi-
nating the need for agencies to screen drivers.



1

60

* A postal-passenger transportation cooperative
would be a local organization controlled by local
agencies and residents.

There may also be several disadvantages associ-
ated with postal-passenger cooperatives:

* Not all postal routes may be usable for pas-
senger transportation: they may not go to service
centers of interest to rural residents.

* Postal routes are set and no route deviations
are allowed to pick up individual passengers living
a distance from the post office.

SUMMARY AND CONCLUSIONS

A study conducted by the New York State Department
of Agriculture and Markets and funded by UMTA/SMD in
conjunction with the U.S. Department of Agriculture
Office of Transportation developed three cooperative
alternatives to provide rural passenger transporta-
tion.

Each cooperative alternative relies on local re-
sources, local interest, and local initiative. These
cooperative approaches would thus be under local
control and responsive to local conditions. Each ap-
proach, by combining available local resources in an
innovative organizational structure, can provide ad-
ditional low-cost transportation services to those
community residents without access to transporta-
tion. Although each alternative requires substantial
local input and dedication, each alternative also
provides local communities the opportunity to en-
hance necessary transportation services without mak-
ing significant financial outlays.
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Microcomputer Assistance for a Rural Transportation
Operation: The Tennessee Experience

ROBERT E. STAMMER, Jr., and R. V. GIANGRANDE

ABSTRACT

As microcomputers become increasingly popular, rural transportation operators
are anxious to know if microcomputers can improve their current bookkeeping and
operational analysis techniques. Present methods used by most of these opera-
tions are typically manual or performed by a mainframe computer through time-
sharing or consulting contractual arrangements. A few operations have experi-
mented with minicomputers or microcomputers. Primary objectives of a recently
conducted study were to investigate and evaluate commercially available data
base management software, adapt the most suitable software to a current opera-
tion in middle Tennessee, and develop a systematic and rather self-explanatory
package of software and accompanying instructions to simplify management analy-
sis procedures and generation of reports. One of the most significant contribu-
tions of this research will be the transferability of study results. The trans-
portation management program described has contributed to the development of a
more generic version that can be used by a large number of other rural trans-

portation operations across the country.

In this paper documentation is presented on how one
large rural transportation operation in middle Ten-
nessee recognized the potential assistance to be
derived from microcomputers, resisted initial pres-
sures to buy a system immediately, and through a
federally funded research project was able to gain
insights and purchase recommendations concerning
their unique needs. The agency subsequently obtained
a complete hardware and software system and is in
the process of integrating this new technology into
their operational scheme. Evaluations are continu-
ing, but the impacts of this agency's conversion to
microcomputer operations and many of the lessons
learned from and results of this research project
will be valuable to other rural transportation
facilities.

Background

The Transportation Systems Center of the U.S. De-
partment of Transportation initiated a funded re-
search project in 1984 to investigate the roles
microcomputers could play in the operations of rural
transportation operations. There were three major
reasons why this research was believed to be neces-
sarys:

1. Several rural transportation operations
across the country were purchasing microcomputers
and experimenting with software packages in an at-
tempt to manage their transportation operations more
efficiently;

2. The experiences, both successes and failures,
gained from these efforts were not being nationally
disseminated; and

3. Numeroue other rural trangportation opecratora
were interested in obtaining tested and widely ap-
plicable data base management software that was
available in the public domain.

Theretofore, the innovative transportation pioneers
experimenting with microcomputers had

1. Experienced problems with equipment,

2. Attempted to write their own programs in some
instances with varying degrees of success, and

3. Often discovered after installation of a file
management program that they really needed the in-
creased flexibility and power of a data base manage-
ment program.

After a search for a candidate agency among var-
ious rural ‘transportation agencies, the Upper
Cumberland Area Regional Transportation System
(UCARTS) in Algood, Tennessee, was selected. This
agency typically provides between 17,000 and 18,000
client trips per month with 38 vehicles serving a
l4-county rural area. The 1,500 to 2,000 clients
served during any month require services to many
different destinations throughout middle Tennessee.
In addition to the diversity of their operations,
UCARTS was selected as the project research site be-
cause

1. A microcomputer system was desired (and was
already being studied) to give the agency dgreater
in-house management and reporting capabilities;

2, Existing operational data were already being
compiled by a contractual arrangement with a main-
frame computer company (i.e., the transition from
large computer processing to a microcomputer should
be easier because UCARTS was acquainted with com-
puter data requirements and report capabilities); and

3. Experienced researchers knowledgeable about
rural transportation, the specific UCARTS operation,
and microcomputers were available nearby at Vander-
bilt University.

The willingness to work together of researchers
familiar with the UCARTS system and operators appre-
ciative of research benefits that could be derived
from their close regional proximity to one another
was a definite consideration in the U.S. Department
of Transportation selection of a final test site. Tt
was believed that these factors would increase the
likelihood of a successful research project.
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Research Development

Two important objectives in developing the microcom-
puter transportation package were

1. A sufficient information dissemination and
training period £for personnel inexperienced with
microcomputers, who would be the key daily operators
and must fully understand the system; and

2. An easily understood, menu-driven, and com-
mercially available data base management program
from which various functional transportation modules
could be created.

The researchers observed that the nonexistence of
computer skills and experience and a general appre-
hension about computers by rural agency personnel
appeared to be the norm. Because these premises were
accepted and attempts to overcome them were made in
a systematic manner, the 1likelihood of a rural
transportation operation successfully converting
from manual or contractual management operations to
an in-house computerized operation was enhanced.

A training scheme to gradually familiarize agency
personnel with the capabilities of a microcomputer
proved to be successful. Cornerstones of the educa-
tional process were

1. 1Initial introduction of games, word process-
ing, and simple basic programs to merely acquaint
personnel with the power and fun of microcomputers;

2. Development of a 1list of simple cures for
correcting those confusing situations frequently en-
countered by a neophyte operator; and

3. Designation of one key person who had total
control and authority over the use of the microcom-
puter.

By starting the educational process gradually and
using a variety of games and basic programs, the
natural inherent fears of a person unfamiliar with
and apprehensive about the microcomputer were over-
come. Advancement to other more complex activities
proceeded smoothly after the initial anxieties and
natural inertia of resistance to change had been
dispelled.

Compilation of a basic list of "what if" actions
proved to be extremely helpful. This help list con-
sisted of typical screen displays or error messages
along with simple sequential descriptions, in lay-
men's terms, of the procedures necessary to remedy
problems, or at least return the user to a recogniz-
able restarting point. Anyone who has ever dealt
with a computer of any type has experienced the
frustration caused by the coldness of that inanimate
collection of electronic gadgetry when it oimply re-
fused to respond to seemingly logical commands. By
developing the trouble-shooting commands for agency
personnel, researchers were able to minimize these
anxieties and create a useful crutch or security
blanket for the fledgling operator.

With regard to software development, the re-
searchers sought to chocse a gocd, adaptable data
base manager that was widely used and readily avail-
able in the commercial marketplace. By studying the
attributes of various data base managers before
final selection was made, researchers hoped to more
closely match program capabilities with system needs
and minimize later frustrations when information
from separate files could not be compatibly ac-
cessed. The selection of a popular data base manage-
ment software package would increase transferabil-
ity, availability, and training opportunities at
other operations across the country. Researchers
felt that these objectives were best satisfied by
ASTON-TATE's dBASE II software. Although no single
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data base manager could perform every function ex-
actly as analysts might have desired, the abilities
and popularity of 4BASE II appeared to most nearly
satisfy the majority of the desired objectives. An
IBM XT microcomputer was selected for this test
project.

Careful study of UCARTS procedures and opera-
tions, along with a study of potential improvements
in the current mainframe computer reports received
from their computer consultant, resulted in several
program development decisions. Figure 1 shows a fac-
simile of the main menu developed for the UCARTS
microcomputer program. This main menu follows im~-

MAIN MENU

KEY: FOR:

! DATA ENTRY

2 DATA BASE MANAGEMENT

3 PRINT REPORTS

4 POST TRIP DATA TO REPORT FILES
0 TERMINATE PROGRAM OPERATION

SELECT

FIGURE 1 UCARTS main menu selections.

mediately after the dispilay of two rather catchy,
color graphic logos showing pictures of the State of
Tennessee and a transit vehicle. The main menu in
Figure 1 shows that the system user has five basic
options. The user can enter trip data, modify or
create various microcomputer data files, generate
various reports for management decisions, post trip
data to intermediate files, or terminate operations
and exit the UCARTS program. Figure 2 shows three
first-level menus and their associated selection
possibilities. These first-level submenus are fol-
lowed by other submenus asking for further clarifi-
cation of desired actions such as the addition, mod-
ification, or deletion of various data (e.g., trip,
vehicle, or client records). By systematically typ-
ing a one-digit number in response to menu prompts
and user desires, the user can progress downward
through the program to a desired task. The user then
sees a screen requesting certain types of formatted
data. Merely pushing the entry key on the micro-
computer allows the user to return to the main menu,
from which other functions can be performed depend-
ing on the action needed and the corresponding path
selected.

FIELD TESTING AND SYSTEM REFINEMENTS

The research project is now in the final stages of
testing and refinement. Work has proceeded surpris-
ingly smoothly. The researchers would like to think
that this success is attributable to outstanding ca-
pabilities and proper planning. These traits may
have helped, but expert AdBASE II programming skills
of computer consultants responding to transportation
information desires, the 1luxury of redundant com-
puter report capabilities, and no critical time con-
straints or deadlines probably contributed more to
the overall success. The transferability of these
lessons to other transit properties could be benefi-
cial.

Rarely are transportation experts or system man-
agers experienced computer programmers, and vice

[ R
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DATA ENTRY MENU

KEY: FOR:

1 TRIP DATA ENTRY

2 IN~KIND SERVICE DATA ENTRY
3 UNMET SERVICE DATA ENTRY
SELECT
DATA BASE MANAGEMENT MENU
KEY: FOR:
1 CLIENT DATA BASE
2 DESTINATION CODE DATA BASE
3 VEHICLE DATA BASE
4 FUNDING SOURCE DATA BASE
5 SYSTEM CONSTANTS
& CLIENT AGE UPDATE
7 END OF MONTH/YEAR DATA RESET
SELECT ____
REPORTING MENU
KEY: FOR:
1 COUNTY SUMMARY DATA
2 VEHRICLE SUMMARY DATA
3 FUNDING SOURCE SUMMARY DATA
SELECT ___

FIGURE 2 UCARTS first-level submenn selections.

versa. Therefore, interaction and continuing feed-
back among all parties results in the most useful
computer programs. The continuance of an existing
mainframe computer contract in Algood and subsequent
comparison and improvement of microcomputer reports
have been beneficial. There is no immediate plan to
cancel the existing computer contract until all
field testing of UCARTS programs has been completed
and full-scale microcomputer operations are running
smoothly. In many other rural transportation opera-
tions the original technique for compiling informa-
tion and generating reports is a manual one. Regard-
less of the existing methodology, current techniques
should not be totally abandoned until an agency's
microcomputer programs are refined and fully opera-
tional. Even then a backup or emergency contingency
plan should be available.

A final luxury that this research has enjoyed is
a freedom from major time constraints. Many govern-—
ment agencies find themselves in the unfortunate
position of having to complete system installation
in too short a time; adequate testing is not per-
mitted; and old techniques are irreparably abandoned
too soon after implementation of the new system.

Since the field tests were begun several months
ago, two revisions to the original microcomputer
program have improved it. Installing a default cap-
ability for the trip funding source code has saved
many hours of key punching. Although UCARTS has sev-
eral funding sources from which to request client
trip reimbursement, the majority of all client trips
are charged to the FHWA Section 18 program. The key=-
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punch operator can now simply enter numeric trip
destination codes for different clients and vehicles
without repetitively entering code 018 after each
Section 18 charged trip. The few trips reimbursed
from other funding sources are recorded by simply
overriding the 018 default value and entering 020
for Title XX or another prescribed funding code. The
program has the flexibility to allow users to desig-
nate funding default values and other funding desig-
nations that correspond to their own operations.

Intermediate posting of client trips was a second
improvement in the process that was warranted on the
basis of field testing experiences. Although packing
or updating several report files occurred rather
rapidly, a disproportionate amount of the keypunch
operator's total time was spent waiting while report
files were updated after trip data for each client
were entered. The intermediate posting allows trip
data to be entered continuously until sufficient
nonproductive time for posting (e.g., during lunch
or at end of workday) is available. Thus, the opera-
tor requests an update when most desirahle and time
productivity is maximized by minimizing waiting time
during normal working hours. Both improvements have
greatly aided the data entry process and increased
total system productivity.

A final refinement in field data collection has
been the replacement of several data collection
forms with a single form. Drivers have appreciated
this change, which occurred only when UCARTS person-
nel started processing their own data. Before their
analysis of data processing requirements, they were
unaware of some of the repetitive and inefficient
data collection procedures that were being used.

INTERIM CONCLUSIONS

The entire process of converting the data processing
procedures of UCARTS to a microcomputer has been ex-
tremely successful. Previously inexperienced person-
nel have adapted well to microcomputer operations
and enthusiasm about the derived benefits and expec-
tations has remained high. The tailoring of commer-
cially available data base management software to
transportation management needs has been rewarding.

UCARTS personnel are even learning how to use
dBASE II terminology to program and generate sim-
plistic reports that answer site-specific management
questions. These increased skills have given UCARTS
personnel a useful, new management tool that allows
them to compile data from numerous files in almost
any imaginable format. These capabilities have been
used to generate different client listings that are
periodically updated by individual county dis-
patchers.

The last remaining major question before UCARTS
converts totally to microcomputer operations has
recently been answered. The question was about input
time requirements. How much time 1is required to
enter all the data for the l4-county system? Tests
just recently completed have shown that one data
keypuncher will be kept busy an average of 3 or 4
hours each day entering trip destinations and other
updated data. Thus, other functions can be easily
accommodated in the remaining 4 or 5 hours of a
typical workday. Time requirements for data entry
must be a serious consideration of any agency con-
sidering conversion to microcomputer operations. For
example, additional personnel, equipment, or remote
site entry by local dispatchers must be evaluated.
Similarly, small transit agencies with few vehicles
must carefully evaluate possible microcomputer time
and cost savings and increased efficiencies against
the total moneys and efforts required to implement
these changes.
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In retrospect, the decision to designate one per-
son as having absolute control was apparently in-
strumental in preventing a disproportionate number
of unnecessary users and computer use for word pro-
cessing, recreation, experimentation, or other non-
essential purposes. The addition of a microcomputer
by some agencies has been followed by many people
using it for word processing, even to the extent
that 1its original intended ©purpose was never
achieved or a second microcomputer had to be pur-
chased. This potential problem was averted at
UCARTS, primarily because the microcomputer was not
viewed as the whole agency's machine but was
assigned to a single individual.

ACHIEVED AND ANTICIPATED BENEFITS

The addition of the microcomputer to the UCARTS
operation has had, and should continue to have, pro-
found benefits. Benefits already received include

1. Increased availability of different manage-
ment reports,

2. Practically instantaneous generation of man-
agement reports,

3. Better understanding of total operational
procedures and data needs because of the internal
reviews performed in connection with processing re-
quirements, and

4, Improved data collection and monitoring pro-
cedures.

Benefits expected when the test period ends and full
operation begins include

1. Financial savings,

2. Data management of other agency programs be-
sides transportation by the UCARTS umbrella agency,
the Upper Cumberland Human Resources Agency, and

3. Increased marketing and funding potentials.

The first two benefits need little explanation,
but the increased marketing and funding potentials
represent interesting strategies. The UCARTS trans-
portation director anticipates that having better
and more accurate records of the clients transported
and trips provided in each county will enable the
agency to better identify those counties that are
not fully paying their share of the total transpor-
tation system costs. For example, county trip rec-~
ords can be used as leverage to prove to county
judges or chief county executives that their con-
stituents are being subsidized from other funding
sources. Thus, any connty official not willing to
pay an adequate proportional share of total cost
could face transportation service cutbacks to county
citizens. This greater accountability and increased
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funding potential will greatly assist the operations
of UCARTS.

FUTURE RESEARCH NEEDS

When the UCARTS software is fully operational, sev-
eral additional functions could further expand pro-
gram capabilities. Maintenance scheduling and rout-
ing modules should be investigated, along with any
significant improvements in the recently released,
updated data base management program called dBASE
ITI. If useful maintenance scheduling or routing
capabilities are available or the updated data base
manager demonstrates significant improvements in
capabilities or processing times, these improvements
should be implemented.

As the operational procedures become routine, and
if system travel demands increase, a final enhance-
ment worthy of consideration is networking. Individ-
ual inputing of data from the busier remote county
sites could become needed. Networking microcomputers
present both unique opportunities and problems. Net-
working should be initiated cautiously and only when
demand or logistics dictate multiple units at remote
sites.

SUMMARY

Thus far, the entire research project has progressed
efficiently and with no major problems. A more
generic version Of the tailored UCARTE program has
been developed in conjunction with the UCARTS test
project and will be available in the next few
months. This program will be marketed by the U.S.
Department of Transportation, Transportation Systems
Center on a national basis and will be public domain
software. A national training course using a test
case exampie and the gensric data base management
programs is currently being put in final form. The
training will introduce users to both the utility
and the capabilities of these recent software de-
velopments.

The research and microcomputer programs described
in this paper about Tennessee's experiences have
been major contributors to the creation of widely
available public domain programs that are adaptable
to a variety of rural transportation operations.
Subseguent papers will further document the utility
of these generic programs, although their capabili-
ties strongly resemble those tailored specifically
to UCARTS operations and described in this paper.

Publication of this paper sponsored by Committee on
Rural Public Transportation.

LI'E
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Small Transit Insurance Programs: Current
Status and the Group Purchase Alternative

THOMAS M. CORSI, PHILIP FANARA, Jr., and MERRILL J. ROBERTS

ABSTRACT

The recent development of a competitive market for transit insurance provides
an opportunity for small transit systems to achieve large savings in their in-
surance costs with a relatively small investment of time and resources to im-
prove their insurance awareness and to develop an effective marketing strategy.
Operating profiles, insurance expenditures, and accident rate information for
115 small transit systems are presented in order to provide a framework for a
more detailed discussion of their insurance procurement procedures and overall
risk management programs. Specific recommendations are developed on the basis
of an analysis of insurance procurement procedures of the small systems and the
carrier and agent service provided to them as well as a risk profile evaluation
for them. The alternative of group purchase, including an effective implementa-
tion scheme, is also discussed. The results demonstrate that one group of six
small transit systems in Maryland could have decreased their 1982 premiums for
primary and excess liability coverage by $94,744--a decrease of 55 percent--if
they had entered into a joint purchase program. A premium allocation scheme is
presented, which meets fairness tests and assures all members that every member
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will attempt to maintain excellent safety and loss control programs.

In view of the continuing pressures to limit govern-
ment spending at all levels, there is a definite
need for small transit systems to investigate a
variety of ways to decrease their operating costs.
The recent development of a competitive market for
transit insurance provides an opportunity for small
systems to explore insurance costs as an area for
reducing their overall costs, because these costs
typically represent an important component of the
total. The investigation of the insurance programs
of small transit systems, including the possibili-
ties of group purchase plans, is thus a timely en-
deavor.

Historically, there has been 1little effective
competition among suppliers in the transit insurance
market. Transit managers considered themselves for-—
tunate if they were able to find any insurance car-
rier interested in handling their business. Transit
managers, indeed, have asserted that the only in-
surance carriers seeking their business were those
who believed that writing the transit business was a
prerequisite for obtaining other city or county in-
surance business.

In the past several vyears, however, there has
been a significant increase in competition for the
transit insurance business among insurance sup-
pliers. The majority of transit operators, especial-
ly of small systems, has not been aware of this in-
creased competition for transit insurance business.
As results reported in this paper indicate, transit
operators have an opportunity to achieve large sav-
ings in their insurance costs with a relatively
small investment of time and resources to improve
their insurance awareness and to develop an effec-
tive marketing strategy. The major objective of this
paper is to discuss the existing insurance programs
of small transit systems nationwide and to make
specific suggestions for their improvement.

DATA BASE

During the summer and fall of 1983 the College of
Business and Management of the University of Mary-
land at the request of the state of Maryland's Mass
Transit Administration investigated and evaluated
the insurance purchasing programs of seven small ur-
ban and rural transit systems in the state.

As part of this investigation, operating profile,
insurance expenditure, and accident rate data were
collected for 115 small transit systems with up to
40 buses in their vehicle fleets. These systems were
included in UMTA's National Urban Mass Transporta-
tion Statistics, Second Annual Report (1). The 115
firms in the data base were sent questionnaires re-
questing information on insurance procurement, car-
rier and agent services, insurance premiums, and
losses from a recent vyear. Forty-eight (approxi-
mately 42 percent) answered the questions about in-
surance procurement and carrier and agent services.
However, only 16 provided the data on insurance pre-
miums and losses needed to perform a risk evaluation.

Throughout the paper, the primary focus will be
on the 115 small urban and rural transit systems as
well as on those who responded to the questionnaire
seeking more detailed insurance information. The re-
sults of the specific investigation of the Maryland
small transit systems, detailed in a separate report
(2), will be referred to only for illustrative or
comparative purposes.

OPERATING PROFILES: INSURANCE EXPENDITURES, AND
ACCIDENT RATES

A statistical analysis of the 115 small transit
operations was performed to produce a profile of
relevant aspects of their operations in order to es-
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tablish a context for a detailed discussion of in-
surance programs. The relevant variables available
in the UMTA statistical report cited earlier are
operating expenditures and number of buses as size
indicators, average age of the bus fleet, total
casualty and liability expenditures as a percentage
of total operating costs, and total accidents per
million vehicle-miles. The relationships involved
are given in Table 1.

As the data in Table 1 indicate, the 115 small
transit firms have an average annual operating ex-—
pense of $880,310 and a median expense of $741,500,
with values ranging from a low of $17,850 to a high
of about $4.2 million. About 20 percent of the small
transit systems have 10 or fewer buses, and another
20 percent have between 29 and 40 buses. The mean
number of buses among the firms is 19.4. The average
fleet age for the small transit firms is 8.8 years.
Approximately 20 percent of the systems, however,
have fleets with an average age of 5 years or less.
At the other extreme, approximately 20 percent have
fleets with an average age of 12 years or more, with
a maximum fleet age of 27.7 years.

TABLE 1 Selected Operating and Financial Data: Small
Transit Firms

Variable Mean Median Maximum
Operating expenses ($) 880,310 740,500 4,199,370
No. of buses 19.4 18.6 40

Fleet age (vears) 8.8 8.1 27.7

Casualty and liability expenses ($) 48,432 40,075 229,043
Casualty and liability expenses as

percentage of operating expenses 6.0 5.5 14.6
Accidents per million vehicle-miles 48.3 41.6 206.8

Note: Number of transit firms = 115,

System outlays for casualty and liability ex-
penses randge from a low of $13,680 to a high of
$229,043, with a mean expense of $48,432., Translat-
ing the absolute casualty and 1liability expenses
into a percentage of total operating expenses pro-
vides an indication of the importance of this cost
category. The 115 firms average 6.0 percent of their
operating expenses devoted to casualty and liability
expenses. However, about 10 percent of the firms de-
vote at least 10 percent of their operating expenses
to this category, with one firm spending 14.6 per-
cent in this category.

Small transit firms have an average of 48.3 acci-
dents per million vehicle-miles, ranging from a low
of no accidents (11 percent of the firms) to a high
of 207 accidents per million vehicle-miles. Eight
percent of the firms had 100 or more accidents per
million vehicle-miles.

The relationships among these variables are of
interest, particularly the influence of various fac-
tors on casualty and liability outlays. A reasonable
hypothesis or expectation is that casuwalty and 1li-
ability expenditures in both absolute terms and
relative to total operating expenses are influenced
by system size, fleet age, and accident rate. Ac-
cording to the statistical analysis, however, only
size shows a consistent relationship.

There is a strong positive relationship (with
high correlation coefficients and statistical sig-
nificance) between casualty and liability expendi-
tures and (a) total operating expenses (R = .67),
and (b) number of buses (R = .58). This simply con-
firms the expectation that the bigger the system in
terms of operating expenses and number of buses
operated, the greater the casualty and 1liability
outlays. However, there is a significant relation-
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ship between the percentage these outlays are of
total operating expenses and (a) operating expenses
(R =-.31), and (b) the number of buses operated
(R = -,35). As shown these coefficients are nega-
tive, indicating that smaller firms (as measured by
these indicators) are generally required to devote a
larger proportion of their resources to this func-
tion than are larger firms. This suggests either a
threshold effect, which requires a minimum amount of
expenditures for this purpose regardless of the
smallness of the operation, or economies of scale,
which stipulate that these expenditures do not in-
crease proportionately with size, or both.

The extremely low and statistically nonsignifi-
cant correlation coefficients confirm the random
relationship between casualty and liability expendi-
tures (in terms of operating expenses) and fleet age
(R = -.01) and accident rates (R = -,16).

The presentation of operating profile, insurance
expenditure, and accident data from the small tran-
sit firms provides a framework for the more detailed
discussion of the insurance programs of the small
systems. The data confirm that insurance expendi-
tures are an important identifiable component of
total operating costs and therefore are a target for
cost reduction. An analysis of the relationship
among the variables does not confirm any expecta-
tions of a linkage between accident rates or fleet
age and insurance expenditures. Thus, accident rates
and fleet age are not good predictors of the share
of a firm's operating expenses devoted to insurance
premiums. The statistical analysis only confirmed a
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relationship between firm size and insurance burden,

with smaller firms carrying a significantly greater
insurance burden than do large firms.

INSURANCE PROCUREMENT AND CARRIER AND
AGENT SERVICES

In this section are documented, for the small tran-

sit firms, (a) insurance procurement procedures and
{b) carrier and agent services provided.

Insurance Procurement Procedures

A major issue concerning the insurance procurement
procedures of small transit systems is the amount of
attention that the issue receives at the firm level
as indicated by the person who has the authority to
purchase the insurance. There is no question that
the transit managers, perhaps with the assistance of
or input from insurance specialists, should have the
primary knowledge of and ultimate responsibility for
procurement of the system's insurance. Without such
knowledge and responsibility, the manager is not in
a position to develop the kinds of programs and
policies that could make insurance procurement more
cost-effective.

Although slightly more than half (51 percent) of
the small transit systems reported in response to
the questionnaire that the manager or director of
the system has the insurance procurement authority,
a sizable share of the transit managers do not have
this authority. Table 2 gives the distribution of
firms on the basis of who has the authority to pur-
chase the system's insurance.

For most of the transit systems the managers of
which lack the authority to purchase insurance, this
authority rests with various departments or legisla-
tive bodies of the city or county in which the sys-
tem is located. The city or county departments or
bodies with the authority include the insurance
department, the finance and purchase office, the
government's purchasing agent, the city or county

[
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TABLE 2 Individual with Authority to Purchase
Transit Vehicle Insurance?

Title Percentage of Firms

Manager, director of system 51.
Insurance manager, city or county 17,
City finance and purchase office 8
Board of directors 8
City council 4
General management company 2
Board of public works 2
State insurance purchasing board 2
Purchasing agent for city 2

Total 100

1
8
9
59
5
2
2
2
2
.0

a .
Based on responses of 45 firms, 3 nonresponses.

council, the board of public works, and so forth.
However, the authority for insurance procurement is
too central to the task of transit management and
too intertwined with other system policies to remove
it from the transit manager's overall job responsi-
bilities.

A strong indication of the potential for acquir-
ing cost-effective transit insurance is given by
whether the transit insurance is purchased on its
own or in combination with insurance covering the
vehicles of other government entities. Grouping
transit vehicles with those of other government
agencies prohibits the assessment of the cost of
providing insurance to the transit vehicles by them-
selves and reflects the belief that insurance car-
riers will write policies for transit insurance only

if it is combined with other business. Insurance
companies with a major interest in transit in-
surance, however, are not interested in writing

policies covering vehicles of nontransit government
entities and will not bid on such combined business.
Officials of three out of four small transit systems
said in response to the gquestionnaire that they pur-
chase their transit vehicular insurance as a sepa-
rate policy instead of grouping it with other busi-
ness.

Certainly, competitive bids are a prerequisite to
obtaining cost-effective transit insurance. It is
hoped that a competitive situation will provide the
system with a choice of policies that fill its in-
surance needs. Officials of more than eight out of
ten firms said that their insurance policies are
subjected to a competitive bid process. No attempt
was made to determine whether the companies have ex-
perienced a wider choice of policies with the com-
petitive bidding process than they did before its
adoption. Among the firms with competitive bidding,
58 parcent have a l-year bid frequency, 2.5 percent
have a 2-year frequency, 37 percent have a 3-year
frequency, and 2.5 percent have a 5-year frequency.

The questionnaire included an item asking the
transit firms to identify the factors that the in-
surance carriers used as a basis for determining
their transit vehicle insurance premiums. Table 3 is
a checklist of possible influencing factors; it
gives the percentage of the firms that checked each
of the items listed on the questionnaire. More than
half of the firms selected passenger- and vehicle-
miles as the basis for premium determination and
about 42 percent also specified loss rate. Other im-
portant factors mentioned by at least 30 percent of
the firms are vehicle age and condition and nomber
of claims.

Carrier and Agent Services

Any evaluation of an insurance program should in-
clude information on the type and level of services
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TABLE 3 Basis for Premium: Small Transit Systems®

Percentage of Firms

Rating Factors Mentioning Factor

Revenue 14.6
Passenger- or vehicle-miles 50.0
Vehicle age and condition 333
Risk management program 12.5
Size of buses 25.0
No. of claims 33.3
Radius of operations 14.6
Loss ratio 41.7
Other (group purchase plan, composite rating) 18.8

a o "
Data from the 48 transit firms who answered questionnaire.

provided to the systems by the carriers and agents
who handle the business. There are wide differences
in the types of services provided. Those transit
systems with significantly fewer services from their
respective carrier or agent are at a distinct dis-
advantage in developing a cost-effective insurance
program.

A critical component of an overall program to re-
duce insurance risk is effective safety and loss
control inspections. Experienced insurance agents
can provide transit systems with a great service by
conducting safety and loss control inspections and
making suggestions about actions that transit man-
agers can take to reduce those losses. Only 4 per-
cent of the transit systems reported that their
insurance carriers or agents have no safety inspec-
tions during the course of a year (Table 3). About
61 percent have one or two inspections, an addi-
tional 7 percent have three, and 28 percent have
four or more.

Another important aspect of loss control and pre-
vention is an accurate picture of past losses so
that problem areas can be identified. Approximately
three out of four of the small transit systems re-
ported that their carrier or agent provides them
with regular 1loss experience reports. Certainly,
every transit manager needs to be aware of the
sources of insurance losses in order to prevent
their recurrence.

If insurance carriers and agents do nothing more
for the transit system, they should at least provide
efficient handling of the system's complaints. More
than nine out of ten of the transit systems respond-
ing to the questionnaire reported that their car-
riers or agents provide them with efficient claims
handling.

Finally, there are specific activities that have
been identified as components of an overall program
to obtain cost-effective transit insurance through
risk reduction. These include the establishment of
driver award programs and detailed driver record
checks as well as overall upgrading of system safety
programs., Carriers and agents can provide signifi-
cant assistance in these areas. Unfortunately, only
23 percent of the transit systems reported that
their carriers or agents assist in driver award pro-
grams, 40 percent said that they provide driver rec-
ord checks, and 50 percent mentioned that they help
upgrade system safety programs.

RISK PROFILE EVALUATION

Adequate risk management programs, involving (a)
risk identification, (b) risk control or elimina-
tion, (c) risk profile, and (d) the risk assumption
decision, are important for the transit system man-
ager. Although it is true that all transit managers
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have at least informal risk management procedures, a
formal process will aid in clarifying the risk man-
agement process. Although some specific components
of risk control or elimination (e.g., safety inspec-
tions, good driver awards, loss reports) have been
addressed, a risk profile for small trangit systems
is provided in this section. The risk profile is a
central tool to use in determining a firm's risk
assumption capabilities as well as its insurance
coverage requirements.

A risk profile is based on the detailed insurance
premium and 1loss history information provided by
personnel at 16 of the 48 small transil systems who
responded to the questionnaire. Where appropriate,
reference is made to the insurance premium and loss
history information provided by the Maryland firms.

A risk profile focuses on six key measurements
that are presented in the following paragraphs.

Cost-of-Risk Ratio

The cost of risk for a transit system, in general,
is a measure that should be comprised of the follow-
ing four components: (a) insurance premiums, (b)
costs of safety and loss control programs, (c) costs
of insurance administration, and (d) costs of unin-
sured losses for the year. The most important cost-
of-risk ratio is the total cost of risk divided by
the transit system's operating expenses.

Although total cost of risk includes all of the
four components, this analysis focuses only on the
cost of premiums. Data collection constraints pre-
vented the use of the other components. This omis-
sion is not a serious problem because premiums
usually comprise the largest proportion of these
costs and are always the component of greatest
interest.

Analysis of the 16 small transit systems indi-
cates that their average cost-cf-rick percentage is
3.33 with a standard deviation of 1.83. Thus, ap-
proximately 70 percent of the small transit systems
should have a cost-of-risk ratio (based on premiums
only) somewhere between 2.0 and 5.2 percent. The
average cost-of-risk percentage for the Maryland
firms is 9.1--high relative to the 16 sample firms.

Liability Premiums as a Percentage of
Operating Expenses

Ancther measure of premium levels is liability pre-
miums as a percentage of operating expenses. The 16
small transit systems have an average of 2.62 for
this ratio, whereas the average for the Maryland
transit systems is /.62 percent,

Collision and Comprehensive Premiums

Not unlike the ratio of liability premiums to ope-
rating expenses, the ratio of collision and compre-
hensive premiums to operating expenses is lower for
the 16 small transit firms than for the Maryland
transit systems. The average ratio for the Maryland
systems is 1.76 compared to the average ratio of
0.68 for the 16 small transit systems.

Casualty and Liability Losses

One measure of a firm's ability to withstand losses
is the ratio of total losses to the firm's operating
expenses. One recent study on transit insurance re-
ports: "One guideline is that fluctuations of 1% to
58 of the annual budget will not be considered
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materially or financially dislocating. . . . The
casualty and liability cost category of the transit
budget is the relevant item for a transit system"
{3,p.27). The study recommends that transit systems
adopt 1 percent of operating expenses as their risk
retention guideline. For the 16 small transit sys-
tems casualty and liability losses represent 0.7
percent of total operating expenses. For the Mary-
land firms this figure increases to 1.1 percent.

Collision Deductibles as a Percentage of
Operating Expense

Deductible levels are among the most difficult as-
pects of transit insurance to analyze, yet deduct-
ibles represent the most facile form of insurance
retention. The previous subsection provided some
general guidelines for deductibles.

The average collision deductible for the small
transit systems is $983, (However, one of the 16
small transit systems has a collision deductible of
$10,000, If this is included, the average collision
deductible for the small systems is $1,676.) The
Maryland firms have an average deductible of $650.

For the small firms, deductibles as a percentage
of operating expenses average 0.09 (or 0.13 with the
firm with a $10,000 deductible included), whereas
the average for the Maryland firms is 0.16. It is
clear that the 16 small transit systems as well as
the Maryland systems have an opportunity to increase
their collision deductibles considerably without
violating the risk self-retention guidelines men-
tioned in the previous subsection.

Loss Ratios

Loss ratios, central to an insurance analysis, com-
pare the amount of loss paid out in claims for 1
vear with the premiums paid for a particular layer
of insurance. They can be expressed as loss dollars
divided by premium dollars times 100.

Tracking loss ratios can be helpful to a transit
system in several ways. First, they can aid in de-
termining whether the system is in good position for
greater risk assumption. Second, loss ratios can be
used as a simple measure of the effectiveness of a
system's loss control program when properly tracked
over time. Third, loss ratios may aid the transit
manager in choosing alternative coverage levels.

The 16 small transit firms have an average pri-
mary liability loss ratio of 22.4 percent (excluding
one firm with a 775.0 percent ratio), whereas the
average for the Maryland firms is only 9.5 percent.
The loss ratio represents data for only 1 year. Al-
though it 1s more iwmportant to observe timc trends
and variability in loss ratios than to simply look
at performance during 1 year, small transit managers
have difficulty enough producing data for 1 year. It
is hoped that greater recognition of the importance
of loss rate information will lead to more compre-
hensive data collection.

SUMMARY AND CONCLUSIONS

A set of general principles regarding the risk man-
agement process as well as their application to the
small transit system are presented. The general
principles are based on previous reviews of transit
insurance as well as knowledge gained from this
study of the small transit systems nationwide as
well as the Maryland systems. The £inal principle
presented deals with the advantages of a joint pur-
chase alternative and a specific course of action
for its implementation.
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Purchase of Insurance

Transit managers should have direct responsibility

for the purchase of their vehicle insurance and
maintain required supporting records of coverage
levels, premiums, deductibles, loss histories, and

methods of premium determination.

Nearly half of the small transit systems who re-
sponded to our questionnaire indicated that no in-
dividual in the transit system has responsibility
for the purchase of transit vehicle insurance. Many
small systems give this responsibility to city or
county insurance directors who have responsibility
for the purchase of all county insurance. Transit
vehicle insurance is only a small part of their
total work effort.

Many small transit systems rely on insurance
agents to keep all their insurance records. Transit
systems, however, should not depend on agents but
should maintain their own insurance records includ-
ing specifically premiums, coverage levels, and loss
histories so they can calculate the straightforward
ratios previously described. The agent should pro-
vide the system with documentation about these mat-
ters in a form that permits their ready use in a
risk management program.

Specifications

Transit managers should be actively involved in the
preparation of insurance specifications as part of
the bidding process.

Many small transit systems rely heavily on their
agents to determine their coverage levels, deduct-
ibles, and other insurance matters. It is not un-
common for the agent who currently has the transit
company's vehicle insurance policy to review or even
collaborate in the writing of specifications for the
subsequent year's policy even though the agent will
be bidding for that business. The self-interest of
an agent who works on a commission basis may not
coincide with the best interests of the transit sys-
tem. On the basis of the analysis of the Maryland
systems, the agents do not advise the systems about
alternative 1levels of coverage and deductibles.
There is no evidence that the agents calculate for
the systems the type of ratios presented in the last
section for consideration in determining coverage
levels and deductibles.

Services

Carrier and agent services provided to transit sys-
tems should include all of the following: safety in-
spections, loss reports, efficient claims handling,
assistance with driver awards, checking of driver
records, and assistance with a safety upgrade pro-
gram.

The survey of small transit systems revealed that
only 23 percent receive assistance with driver
awards from their agents, only 40 percent have
agents who check driver records, and only 50 percent
have agents who assist with safety upgrade programs.
It is recommended that all transit systems become
aware of these services and include their agent's
willingness to provide them in an overall evaluation
of the agent.

Excess Liability

Small transit systems should obtain excess liability
coverage so that their total coverage ranges between
$2.5 million (minimum) and $5 million.
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The level of excess liability that should be held
by a transportation system is an extremely judg-
mental matter. Many experts indicate that there has
been an upward drift in types of risk in which a
loss could bankrupt a system. They encourage transit
systems to obtain a minimum of $5 million in total
liability coverage; this is probably too conserva-
tive for many small transit systems. The detailed
analysis of the Maryland systems indicated that ex-
cess liability should range between $2.5 million and
$5.0 million.

Self-Retention of Risks

Small transit systems should pursue the option of
self-retention of liability risks.

Assuming that there are no legal obstacles to a
self-retention risk program, the only apparent prob-
lem is budgetary. Transit managers avoid self-reten-
tion programs because of concern that amounts
budgeted and not used for paying claims will be
eliminated from the following year's budget.

If this obstacle can be overcome, transit man-
agers should give serious consideration to the adop-
tion of the 1 percent guideline for risk retention.
Previous studies indicate substantial premium sav-
ings available from modest increases in deductible
levels (3,p.8).

Lower Cost Insurance

Small transit systems should be able to use their
favorable loss ratios as a bargaining chip in their
effort to obtain lower cost insurance.

Insurers, in general, attempt to achieve a loss
ratio of 60 percent and use the other 40 percent of
the premium dollar for expenses and profit. As de-
tailed earlier, the loss experience of the small
transit systems is generally favorable. The 16 small
transit systems reporting detailed information had
an average loss ratio of 22.4 percent (excluding one
outlier firm).

Although data form the 16 firms covered only 1
year, the small transit systems have achieved re-
markably low loss ratios. The detailed analysis of
loss ratios for the Maryland systems, covering mul-
tiple years, confirmed an overall low loss ratio for
the small transit systems. It can be concluded that
providing transit insurance to the small transit
systems has been a highly profitable endeavor. The
implication is that favorable loss ratios should en-
able small transit systems to individually obtain
lower cost insurance.

Joint Purchase Program

A joint purchase program to tap the competitive mar-
ket for transit insurance should be investigated.

The recent large increases in insurance premiums
have stimulated interest in joint purchase programs
in order to pool risks and to offset otherwise high
premiums. This interest has encouraged a number of
insurance carriers, in cooperation with transit as-
sociations, to offer a variety of such insurance
packages that have numerous advantages in terms of
cost savings and improved services.

One such association, the United Bus Owners Asso-
ciation (UBOA), provided premium guotations for a
joint program covering six small Maryland transit
systems. Under the UBOA program, some Maryland tran-
sit systems could increase their liability protec-
tion and all could decrease their premiums as a
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group by a total of $94,744--a decrease of 55 per-
cent compared to 1982 premiums.

Given the significant cost advantages assoclated
with 2 group purchase plan as demonstrated in the
example of the Maryland systems, it is important to
understand why small transit systems have been slow
to respond to the opportunity for substantial sav-
ings. In addition to the problem of a lack of aware-
ness of insurance matters in general as well as of
the specifics of group purchase on the part of small
transit operators, there are three explanations for
the lack of response to the group purchase alterna-
tive on the part of the small transit systems.
First, legal and institutional barriers may prohibit
a group purchase program. Second, there are problems
concerning allocation of the joint premium among the
individual systems. Third, there is the problem of
moral hazard.

Legal and institutional barriers could be of
several different types. Some states have statutes
that simply prohibit government agencies from enter-
ing into joint ventures for insurance procurement
purposes. In addition, provincialism or regional
pride, which would simply prevent such agreements,
might exist. For example, a small system's good re-
lationship with a local broker would be threatened
in a group purchase scheme. More important, buyer
ignorance, as this study has shown, is widespread
throughout small transit systems. Most transit sys-
tems simply have not realized that substantial sav-
ings could be achieved in insurance procurement
through a joint purchase program.

Althongh the 1legal barrier could be overcome by
action of the state legislature, provincialism is a
more difficult obstacle to resolve. However, in the
future, as the potential savings increase, this bar-
rier might also be overcome. Widespread diffusion of
information about the insurance options that are
available has begun to raise the level of awareness
of potential buyers. As this information continues
to spread, buyer ignorance will tend to disappear.

The problem of fair allocation of the joint pre-
mium among the systems and moral hazard at first
seem inexorable ones. Unless each individual transit
system in the Jjoint agreement receives some savings
from the economies of scale, which it considers
fair, it will leave the group program. Moreover,
there has to be some mechanism that assures all mem-
bers that every member will attempt to maintain ex-
cellent safety and loss control programs. That is,
the moral hazard problem must be eliminated. The
joint purchase program presented hereafter addresses
the problems of fair allocation and moral hazard.

Initially, the joint premium should be allocated
on the basis of premiums paid by each system before
entering the joint ayreement. (The exact allocation
formula to be used will be discussed later.) Subse-
quently, every 3 years (or any other time period
agreed on), each system would be required to seek
bids for insuring that system alone. The lowest bid
that each system received would serve as a basis for
computing the portion of the joint premium each sys-
tem must pay. As will be shown, this method not only
provides for fairness in allocation of the joint
premium but, more important, rewards those systems
that improve or maintain safety and loss control.

To demonstrate the workings of this system, as-
sume that there are three small transit systems--A,
B, and C, Further, assume that the individual bids
they received for insurance are as given in Table 4
and that the premium for entering various joint
purchase agreements are as given in Table 5. Thus,
if all three transit systems purchased insurance
jointly, their premium would be $60,000 and sub-
stantial savings would be achieved., One simple
method that might be used to allocate the §60,000
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TABLE 4 Hypothetical Insurance
Premiums: Lowest Bid

System Lowest Bid Premium ($)
A 50,000
B 25,000
G 35,000
Total 110,000

TABLE 5 Hypothetical Insurance Premiums for
Joint Agreements

Premiums for Joint

System Combination Agreements (§)

A+B 45,000
A+C 45,000
B+C 50,000
A+B+C 60,000

would be to compute allocation factors based on the
premiums paid assuming no subceoalitions such as
A+B, B+C, C+A could be formed. Under this
method, the allocation factors, using only data in
Table 4, would be computed as follows:

F(A)=50,000/110,000 =045
F(B) = 25,000/110,000 = 0.23
F(C)=35,000/110,000 = 0.32
Tatal 1.00

where F(i) is the allocation factor for the ith
transit system. Under this scheme, transit systems
A, B, and C would pay 45, 23, and 32 percent,
respectively, of the $60,000 joint premium. That is,
the premiums paid by A, B, and C under the joint
aareement would be $27,000, $13,800, and $19,200,
respectively.

This simple allocation rule satisfies the follow-
ing axioms of fairness:

1. No transit system pays more than the lowest
bid individual premium that it could achieve by it-
self.

2. Every transit system shares in the savings
due to the joint purchase agreement.

3. The sum of the individual allocations is
equal to the joint purchase agreement premium.

4. The allocation is homogeneous of degree one
in premiums. That is, a 10 percent increase in the
lowest individual premium for all transit systems
results in a 10 percent increase in the final allo-
cation to each transit system.

Although this allocation rule satisfies some im-
portant fairness criteria, if the assumption of no
subcoalition formation is relaxed, the rule might
have a possible shortcoming. The £irst column in
Table 6 gives the premiums that would be paid by
both individuals and subcoalitions if this simple
rule were used (note that the subcoalition numbers
such as A + B are simply the sum of the premiums al-
located to A and B (i.e., for A + B, $27,000 +
$13,800 = $40,000). Column 2 gives the lowest bid
premiums that individual operators and subcoalitions
could achieve.

From the data in Table 6 it is clear that all
subcoalitions except A + C would be better off by
entering the joint purchase agreement (i.e., A + C,
by forming a subcoalition by themselves and not
joining the coalition A + B + C, would pay only
$45,000 in premiums. Under the allocation rule, A +
C by joining with C must pay $46,200).
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TABLE 6 Comparison of Premiums Under Allocation
Rule to Lowest Possible Premiums

System or Combina-  Premiums Under the Lowest Possible

tion Allocation Rule ($) Premium ($)
A 27,000 50,000
B 13,800 25,000
C 19,200 35,000
A+B 40,800 45,000
A+ C 46,200 45,000
B+C 43,000 50,000
A+B+C 60,000 60,000

Thus, although this simple rule works well where
no subcoalitions such as A + C can be formed, the
rule occasionally fails when the complexities of
subcoalitions are added. When the simple rule fails,
slightly more complex rules can be used such as the
Shapely Value and the Generalized Shapely Value. The
formula for premiums under the Shapely Value is

P;=2[(s-1)! (m-s) !/m!] [v(s)-v(s-1)]

where

P = ?remium for individual transit system
1;

s = number of members of subcoalitions (in
this case, s can equal 1, 2, or 3);

m = tota