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Foreword 

The seventeen papers in this Record, presented at the 1991 Annual Meeting of the Trans­
portation Research Board, have been grouped into two parts: Part I, Transit Management 
and Marketing; and Part II, Transit Planning. These papers provide a cross section of recent 
transit research that has been undertaken on these topics. 

The first three papers in Part I, two papers by Henderson et al. and one by Bregman and 
Hynes, describe studies performed to gain a better understanding of transit performance and 
operations. Service regularity for short headway operations, on-time performance (which is 
the most common service reliability measure used by transit managers), and comments and 
recommendations made by consumers at neighborhood transit workshops were evaluated. 
The papers include descriptions on how these indicators can be applied to improve transit 
operations. 

Barnum and Gleason review concepts from probability theory and drug-testing applicable 
to testing for multiple drugs use, apply these concepts to laboratory proficiency and trans­
portation drug-use data, and estimate the accuracy levels that could occur in transit agency 
drug testing programs. 

In the next two papers, Ambruso describes transit marketing programs to increase transit 
use in Portland, Oregon. Ambruso first reports on a marketing campaign to promote the use 
of a new park-and-ride lot and the express bus serving the lot. In the second paper she reports 
on a marketing promotion that targets new residents to influence their riding behavior before 
they make long-lasting commute pattern decisions. Andrle et al., in the last paper in Part I, 
discuss the lessons learned from a distance-based fare transit marketing demonstration. 

The papers in Part II cover a wide range of topics or transit planning. Mitric traces transit 
developments in Morocco during the 1980s. Black provides a dissenting view of the priva­
tization movement that has received mostly favorable reviews. McLeod et al. describe a 
multiple regression model that was used to analyze transit ridership in Honolulu. 

Taylor, in his paper on unjust equity, examines California's Transportation Development 
Act and its allocation formulas. He finds that the per capita formulas used in the allocation 
strongly favor lightly patronized suburban transit service over central city service . The next 
two papers concern the demand side of transit planning. Khasnabis et al. present the results 
of a private provider survey and demand-based market analysis used in the Detroit metro­
politan area. Sheskin reports on a survey of behavioral intent and actual behavior in transit 
use conducted for Metrorail in Miami . 

It is generally recognized that it is immensely difficult for transit to serve suburban areas 
as they are currently being developed. It appears that this will continue, as Beimborn et al. 
found in their analysis of an international city design competition. Of the more than 250 
entries from some 40 countries, less than half explicitly used public transit and only 12 percent 
were judged to have used it well. Moriarty et al. summarize the planning and innovative 
transportation program for the University of Illinois at Urbana-Champaign. The system 
integrates new campus bus routes with the existing regular routes of the local transit district. 

In a combined time-series and cross-sectional regression model to forecast transit ridership, 
Ferguson reports that significant serial and seasonal fluctuations were found in the transit 
service in Orange County, California, between 1973 and 1989. It was found, for example, 
that fares and gasoline prices had no significant effect on ridership, partly because more than 
70 percent of the travelers are captive riders who have no car available to them for commuting 
or other travel purposes. 

In the final paper, Fahey and Gray describe the emergency ferry service that was put into 
place in the San Francisco Bay area immediately following the Loma Prieta earthquake in 
October 1989. Also discussed is the development of a long-range plan for permanent Bay 
Area ferry service. 

vii 
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Regularity Indices for Evaluating 
Transit Performance 

GARY HENDERSON, PHILIP KWONG, AND HEBA ADKINS 

Service regularity mea ures for high-frequency transit arc non­
existent at many transi t operating agencies. Mea ures being u ed 
or those developed in theory are usually unsatisfactory for ne 
of two reasons: (a) tbey d not control for the iz of headway 
and tberefore cannot be used to compare one route wi.th another. 
or (b) they are not expressed on a normalized scale (i. e., bounded 
by 0 and 1). Two measures address the e problem : th headway 
regularity index and passenger wait index. These indices are an­
alyzed and compared both by mea.ns of mathematica l analy is of 
data from simulation and by data from actual ob ervation of bus 
routes in New York City. 

This research originated with the Metropolitan Transporta­
tion Authority (MTA) inspector general' examinatio n of the 
performance measurement sy tcm used by the w York 
City Transit Authori ty (NYCTA). At the time this work was 
done, the NYCT A had no mea ·ure of the ev nnes · of bus 
headways that was applied on a routine ba is to all bus service. 
The NYCTA did cakulate the percentage of excessive head­
way · for bus routes when schedule revisions were made. By 
exce ·sive headway, the NYCTA meant that the headway was 
more than 4 min greater than scheduled (J). This measure 
was used to demonstrate the effectiveness of the schedule 
revi ion program . The problem with this approach was that 
the 4-min standa rd had a different meaning when applied to 
service running every 2 min than it had for service running 
at 8- or 20-min intervals. Because the measure wa used only 
for bus routes when schedule revisions were made, it was not 
being used to test whether other operational initiatives were 
successful. 

The best previous regulari ty measure used by Lhe Y A 
for subways was ru h hour throughput - the pe rcen tage of 
train chedulcd that actually passed the ob e rvation p int 
durh1g a 1-hr interval. In practice, this measure becam a 
measure of service volume and de cribed little about the reg­
ularity of the in tervals during the given hour. 

A variety f measureme nt techn ique arc avai lable to eval­
uate the performance of freque ncy transit services. These 
techniques include calcu lating the percentage f exce sive 
headways (1) . average wai t (2,3), coefficien t of variation for 
headways ( 4), and excess waiting time and standardized excess 
waiting time (5). All these techniques are useful ana lytical 
tools, but they have two major drawbacks. 

Some of the measures depend on the average scheduled 
headway, that is, they have larger values for routes with larger 
headways. Therefore a comparison of routes with different 
scheduled headways is not useful. Other measures are math-

New York State Office of the Inspector General , Metropolitan Trans­
portation Authority , 100 Park Avenue, 14th Floor, New York, N.Y. 
10017. 

ematically independent of the average headway (e.g. , London 
Transit's standardized exce wait) or they at least control 
for headway variation (e.g., the headway coefficient of var­
iation). These indicators allow comparison of routes, but their 
mathematical expression makes them difficult to evaluate . 
They are not represented on a normalized ·cale, s the re is 
no set upper bound. Such mea ures are e pecially difficult for 
consumer to interpret, becau e it i. difficult t tell how far 
the service diverges from the optimum. For example, the 
headway coefficient of variation is generally between O and 
1 for bus routes, but at times it can exceed 1. 

Two measures are examined for evaluating transit ser­
vices-the headway regularity index (R) and the passenger 
wait index (W). Both indices control for the average headway 
and both are expressed on a normalized scale from 0 to 1.0. 
For perfect regularity, when all headways are equal b th 
mea ·ures equal 1.0. When all bu e · arrive bunch d rogcther, 
the value o[ both indices i 0. To ·implify applica tion of Gini 's 
ratio to transit services, the headway regularity index is de­
fined as one minus Gini's ratio (6, 7). The passenger wait index 
is the ratio of the actual average wait to the minimum average 
wait (which occurs for perfect regularity). 

These measures were examined by means of Monte Carlo 
simulations and other mathematical analysis . H eadway data 
were generated randomly under a series of conditions to test 
how different configurations of headways produced different 
values for the indices and to show how these values compared 
with each other and with the coefficient of variation. In ad­
dition, the properties of the indicators were analyzed by ex­
amining their instantaneous rates of change . 

The indices were explored also by applying them to em­
pirical data from three case studies conducted by the in pector 
gene ral's office for the MTA (8-10). The midday perfor­
mances of the following selected New York City bus routes 
were examined: the Bronx Bx28, Bx30, Bx41, and Bx55; 
Brooklyn B35 and B46; and Manhattan M2, M3 , M4, M7, 
Mll , Ml6, Q32, M34, and M79. These routes were observed 
on randomly selected workdays between March and Novem­
ber 1989. The times of bus arrivals were recorded to the 
nearest half-minute . 

HEADWAY REGULARITY INDEX 

Gini's ratio is used by economists and sociologists to measure 
the degree of income inequality within groups of people (6) . 
The ta. k for transportation is ·omewhat different, but the 
technique is anal.ogous. Inequalities in actual headways for 
bus routes are sought . To evaluate service quality and op-
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erational efficiency, the headway regularity index calculated 
for a given route can be compared with 1.0, the value of the 
index for perfectly regular service. Only actual headways are 
recommended for this analysis because adjusting the measure 
to compensate for scheduled unequal headways would put the 
results al odds with ' hat passengers waiting at a particular 
location would experience. 

The headway regularity index control for the averag ac­
tual headway. Just as the political economi ·r can compare one 
nation.' distribution of wealth with anotl1er' , with ut ref­
erence to which has the higher standard of living headway 
regularity for the Bx41 bus route can be compared with that 
for the Bx30, though the two routes have quite different av­
erage headways. 

Although a high value (near 1.0) for Gini's ratio indicates 
great income inequality, a high value (near 1.0) for R indicates 
regular service. A low value for R indicates irregular service 
and bus bunching. 

eve(al properties of G ini 's ratio mentioned in the Ency­
clopedia of Statistical Science (6) make the regularity index 
an attractive measure for evaluating transit performance. 

1. Transfers. Supervisory actions, such as holding back buses 
or turning them short, if successful, will redistribute headways 
and increase the value of the index. This process is useful in 

------t1est-iR-g-tht7-effeetiveness-of-road-supervisiorr. 
2. Scale Independence. Proportional addition or subtrac­

tion to all headways leaves the index unchanged . This means 
that schedule changes that increase or decrease the scheduled 
headway will not affect the index, except insofar as the changes 
improve or worsen service regularity. Scale independence also 
provides the justification for mathematical techniques for ag­
gregating time periods with different scheduled headways, 
e.g., combining peak and off-peak service in a composite 
measure. 

3. Normalization. The scale ranges from 0 to 1. All routes 
are calibrated to the same scale, making comparison possible. 
The upper limit provides a sense of how the given route com­
pares with optimum service regularity. 

4. Operationality. Because the index is straightforward, un­
ambiguous, and objective, different researchers with poten-

h co 
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tially different subjective interests will still produce the same 
measure of regularity. 

An illu trarion f th regularity index is shown in Figure 
1. The horizontal axi i the cumulative proportion of buses 
(headway ), ordered from the smalle t to the large t headway. 
The vertical axis represent the cum ulative pr portion of lhe 
total headway minutes nf the. individual bu es a they are 
arrayed on the x-axis. Expressing the. e axes a. proportions , 
instead of the number of minutes or the count of bu e con­
trols for headway size . 

The diagonal line i · !he functi n that de ·cribes per£ ctly 
regular service i.e. , each bus adds an equal p rcentage of 
headway minutes to the total headway. The curve below that , 
known as the Lorenz curve (11 ,12) , i the function that dc-
cribes actua l service. The black area represents the difference 

between actua l service and p rfectly regular service. The reg­
ularity index i the ratio of the haded area to the area of the 
entire triangle. Gini's ratio is the ratio of the black area to 
the entire triangle. 

ln thi diagram , the curve de cribing actual headway reg­
ularity indicate that the smallest 20 percent of the headways 
(bu e ) account for les than 5 percent of the total headway. 
The first 60 percent f the buse-, ranked from rhe smallest 
to largest headway, accounts for about 40 percent of the total 
headway. The R value for the data used to mak this diagram 
is 0.70. (The haded area equa l 70 percent of the triangle.) 

The c lass ical formu la for ini's ratio (4) is given in terms 
of an integral: 

g = 1 - 2 J LdF (1) 

The formula for the regularity index is 

R = 2 J LdF = 1 - g (2) 

where J LdF indicates the area under the curve for the actual 

observations, mea ·ured by calculating the definite integral. 
In the formula, L re pr' en ts the function (Lor nz curve) tbat 

• 
Shortfall From 
Ideal 

11'.J Actual 

0.1 0.2 O.J DA 0 .7 D.6 0.9 

Percent of Buses 

FIGURE I Calculation mctl1od for the regularity index. (Source: N.Y. State Office of the 
Inspector General for the MTA.) 
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describes the observed headways, and F represents the cu­
mulative distribution function for the buses (ordered from 
smaJlest to largest headway), i.e., the x-axis in Figure 1. 

However, the integral representation is not u. eful for cal­
culating the measure with real data sets. Therefore, the fol­
lowing shortcut formula for R was developed: 

R 1 
2 L (Ir, - H)r 

112H 
(3) 

where 

h, = series of headways; 

r = 1, ... n, the rank of the headways from smallest to 
largest; and 

H = mean headway . 

This formula is useful for calculating the regularity index on 
a standard spreadsheet computer program. In fact, attempt 
to array the data on the preadsheet to calculaie the index 
led to the discovery of the formula. 

PASSENGER WAIT INDEX 

The waiting time measures are applicable only to frequent 
service when it is assumed that passengers go to the stop 
without expectations of boarding a particular bus at a partic­
ular time (i.e., that passenger arrivals are Poisson distrib­
uted). When passengers are oriented to a scheduled time, 
different calculation methods are needed. At headways of 10 
min or more, regularity measures are probably less desirable 
than on-time performance measures, as reflected in the mea­
surement practices of London Transport (13). 

The passenger's wait is a function both of the scheduled 
headway and of the regularity of service. The average wait 
increases as service regularity decreases. This may not be 
obvious . If 10 buses arrive in 1 hr, the average headway is 6 
min no matter how regularly their arrivals are spaced . How­
ever, waiting times take into consideration the fact that pas­
sengers continually arrive at a bus stop and that more are 
affected by longer than by shorter headways . 

The formula for average waiting time commonly used in 
transportation analysis were developed by Welding (3) in 1957 
and further elaborated by Holroyd and Scraggs (2) in 1966. 
The formula Welding gave for average waiting time E(w) is 

2: hl 
E(w) = 2 L h, (4) 

where h1 is the set of observed headways (the time between 
buse ). The proper application of thi f rrnula assume that 
(a) passengers arrive randomly a t the stop (a repre ented by 
a Poisson distribution), and (b) they can board the first ve hicle 
that arrives . 

An alternative formula, showing that the average wait is a 
function of the coefficient of variation , is given by Bowman 
and Turnquist (4): 

H 
E(w) = 2 (1 + C}) (5) 
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where H is the mean observed headway and Cv is the coef­
ficient of variation-the standard devi ation of headways di­
vided by the mean headway (H). Therefore, C} is the vari­
ance of headways divided by H2. 

For example, for 10 buses scheduled in a 60-min period , 
the average headway is 6 min and the minimum average wait 
(under conditions of perfectly even service) is 3 min. How­
ever, if actual service is less than perfect, the actual average 
wait exceeds the minimum average wait. In Table 1, 20 dif­
ferent combinations are presented for sets of 10 headways 
covering 1 hr. Case 6 has an average wait of7.8 min, calculated 
using Equation 5. The more evenly distributed Case 17 has 
an average wait of 3.35 min. 

The average wait, though an extremely important measure 
for evaluating service, depends on the average scheduled 
headway; therefore, it is unsatisfactory for comparing routes. 
Planners at London Transit devised a measure that they called 
" standardized excess wait," which is mathematically indepen­
dent of the scheduled headway (5) . 

The formula for standardized excess waiting time is 

n - 1 
S = lnC (var h;) (6) 

where n is still the number of headways, and C is some con­
stant, equal to the scheduled headway of the service, or the 
mean observed headway at a chosen base point on the route . 

TABLE 1 TWENTY SETS OF HEADWAYS FROM 
MONTE CARLO SIMULATIONS 

Headway Rank Measures 

Case 1 4 10 R w CV 

]. 0 4 10 35 0.34 0.26 1.67 

2. 0 0 0 8 33 0.35 0. 29 1.56 

3. 0 0 0 2 2 9 30 0.35 0 .33 1.44 

4. 0 0 5 16 28 0.35 0.33 1.43 

5. 0 5 31 0.45 0 .33 1.42 

6. 2 5 7 28 0.4 ~ 0.39 1.26 

7. 0 4 D 13 18 0.49 0.53 0.94 

8. 9 23 0. 50 0.47 1.06 

D. 0 9 13 18 0 .50 0.54 0.92 

10. 7 27 0.52 0.41 1.20 

11. 7 8 8 18 O.Gl 0 .63 0.77 

12. 0 8 11 lG 0.61 O.G5 0.74 

13. 0 9 12 12 O.Gl 0. 68 0.68 

14. 0 6 8 8 9 10 0.73 0.81 0.49 

15. 9 10 0. 73 0.82 0.47 

JG. () _fl j 0.8!! 11. 37 

17. 8 9 0.!li o. ~.ln 11.0 1 

18. ll t\J 0 !HI n,:J.1 

in . 0.,,3 0 / JU O. l:J 

20. 5 0. % o .~m 0. 11 

So1m:~: New York Srntc OCfice of the ln'ipeclor General tor the Ml A tSen•ice Review Unit) 
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However, this measure returns to the problem of interpre­
tation for the coefficient of variation. Although a value of 0 
(indicating no headway variance) is clearly the optimum ser­
vice, S has no upper bound and the measure is not expressed 
in minutes or any other concrete unit of measurement. Also, 
the measure is intuitively difficult for the nonspecialist to grasp 
because increasing values indicate declining service, creating 
difficulties in explaining results to public officials or even 
senior management. Moreover, the method of determining 
the constant C is not clearly prescribed, so different research­
ers might have different results. London planners do not use 
this measure for public reports; their reports use average wait 
and average excess wait , both expressed in minutes. 

The passenger wait index addresses both problems of pre­
vious measures. It controls for the magnitude of the scheduled 
headway, and it is expressed on a scale from 0 to 1. This index 
is calculated as the minimum average wait divided by the 
actual average wait. Expressed in terms of the formula given 
by Bowman and Turnquist (4), 

1 
w = 1 + c.2 (7) 

Calculating W also identifies the proportion of the average 
wait that is greater than the minimum average wait. For ex­
ample, if W equals U.6U, then the minimum average wait is 
60 percent of the actual average wait. Taking the reciprocal 
(1/W) indicates that the actual average wait is 10/6 of the 
minimum wait. On average, passengers waited 67 percent 
longer than desirable. 

HEADWAY REGULARITY AND PASSENGER 
WAIT INDICES IN PRACTICE 

Figure 2 shows the regularity index and the passenger wait 
index for each route studied. The 15 routes are arrayed from 
least to most regular. All routes except the Bx55 were sched­
uled at nearly even intervals where the observations were 
made. The lowest scores were for the B46, M7, and B35 bus 

0.5J 

0.54 ....... 0.57 I -..• 

0.63 I 
0.63!= I ... =.,. ... =·:·:·;:::=,..= .... = ...... = .. ,;;;,. .. ,;:.= ... _=1 .... 
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Regularity Index 

846 
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M4 

BX41 
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M16 
M2 
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Mll 

BX55 
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routes. The highest score was for the Bx30 route. After the 
schedule of the Bx30 was revised by the NYCT A, the R value 
reached 0.90 and the Wvalue became 0.95. Before the sched­
ule change, for the Bx30 the R value was 0.82 and the W 
value was 0.87, still higher than for any other route measured. 
That these measures captured the improved regularity dem­
onstrates their relevance for evaluating operational and plan­
ning actions. 

The low level of service for many of these routes is the 
result of many factors. The NYCTA schedules , route config­
urations, and supervisory practices must be considered as con­
tributing factors. But other key causes of irregular bus service 
are external to agency operations; they are consequences of 
the social, economic, and political features of urban life. Mea­
sures of bus service quality therefore go beyond the respon­
sibility of transit providers and reach to broader political issues 
and the decisions made collectively regarding the role of pub­
lic transit. 

Regularity measures offer a way to assess the inconvenience 
experienced by transit riders from all causes and provide a 
way to measure progress in improving transit service by means 
of broader environmental, planning, and development poli­
cies. The effectiveness of the NYCT A's operating and sched­
uling changes can be assessed with these measures and re­
ported publicly. Assessment of the traffic control and parking 
enforcement policies of local urban transportation agencies 
on public transit service quality is also made possible. One 
measure for internal and external factors helps facilitate a 
unified effort. 

In general, the measures are in agreement regarding the 
quality of service. The differences in values are explained in 
the next section. The implications for choosing one regularity 
measure over another are discussed in the conclusion. 

INTERPRETING VALUES OF THE INDICES 

In order to understand the headway regularity and passenger 
wait indices more fully, a number of sets of randomly gen­
erated headways were studied. Table 1 presents 20 of the 
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FIGURE 2 Midday performance for selected New York City bus routes. (Source: 
N.Y. State Office of the Inspector General for the MTA.) 
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thousands of cases generated, chosen to illustrate the behavior 
of the measures at different service levels. These cases are 
ordered from least to most regular, according to the regularity 
index . The headways are ranked from smallest to largest. The 
10 headways in each set sum to 60 min. Cases 1 to 5 portray 
a level of service that is poorer than any bus routes yet ob­
served. The headway pattern combines several bunched buses 
with one or more extremely large headways. The R values 
are 0.34 to 0.45, whereas the W values never exceed 0.33. 
The variance of the headways is large. This level of service 
is obviously not acceptable; both measures reflect this . 

The service patterns in Cases 6 to 10 are similar to some 
patterns measured in practice that represent poor-quality ser­
vice . When R is around 0.50, W can be either greater or less 
than R. Although it is not shown in Table 1, if Wis held 
constant at 0.50 (when Cv is 1.0), R remains stable, varying 
only from 0.47 to 0.52. When W < 0.50, however , the R 
values can fluctuate considerably. For five cases (Cases 1 to 
5) with W = 0.33, the R values ranged from 0.34 to 0.45 . 
Outlying values-as in Cases 5 and 10-can have a large 
effect on the headway variance, and, consequently, on the 
wait index. 

In Cases 11 to 13, the wait index begins to exceed the 
regularity index. In Cases 14 to 18, W exceeds R by a con­
sistent amount, with the gap narrowing as both converge to 
1.0 in Cases 19 and 20. The headway patterns grow consis­
tently and obviously better, with Cv gradually tapering off 
toward 0. 

In the cases presented in Table 1, W < R when R < 0.40, 
and W > R when R > 0.60. This pattern reflects the conditions 
of the simulation program more than mathematical inevita­
bility. After many simulations, some of which were more 
consciously modeled as bus service, it became clear that W 
and R were typically about equal in the range below 0.45 , 
after which W increased slightly more rapidly than R up to 
0.90, when it tended to taper off. In all simulations, W ex­
ceeded R in the upper range of the scale, often as early as 
0.60. In all simulations, the rate of increase for W began to 
decline after 0.90. 

Figure 3 shows the differences in the rate of increase of the 
two measures. Beginning with Case 4 in Table 1 (R = 0.35 , 
W = 0.33), 1 min was repeatedly transferred from the highest 
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to the lowest headway until perfect regularity was achieved. 
One-minute transfers were used to analyze the behavior of 
the measure. This kind of micromanagement occurs in prac­
tice when dispatchers hold one of two bunched buses to re­
distribute the headway interval. Greater effect on the measure 
occurs when one bunched bus is used to split a large headway 
gap, also a common strategy of dispatchers. 

The two measures were equal at 0.74, after which W is 
always greater (until both reached 1.0). The average rate of 
increase for R is constant, although it fluctuates from one step 
to the next and declines slightly for higher values of R. The 
rate of increase for W starts out lower than that for R , but it 
is an increasing function until 0.90, when it begins to decline. 

The cause of this pattern is revealed by examination of the 
respective rates of change. For a set of headways (h; with rank 
r;, so that i = 1, . .. , n), with values x 1 , x2 , X3 , • •• , x 0 and 
mean headway H, a transfer of d minutes from h., to h 1 (i.e., 
from largest to smallest headway) will improve R by the fol­
lowing amount: 

when n is large (8) 

For the maximum change in R, r., - r1 = n - 1, the difference 
between ranks of the highest and lowest headways. The small­
est change in R would be obtained by redistributing time 
between consecutive headways, so the difference in rank would 
be 1. For example, a redistribution from the largest to the 
next largest headway (see Cases 1 and 4 in Table 1) would 
make a smaller change . In this case , the numerator would 
include rn - rn-1' which is the same as n - (n - 1) = 1. 
Therefore, for the case of minimum change : 

(9) 

Differences in rank are not independent of the actual head­
way values, because higher levels of regularity are marked by 
many even headways. For example, in Table 1, a transfer of 
1 min for Case 19 from highest to lowest would be from r8 to 
r3 , a difference in rank of 5. Such a transfer for Case 5 would 
give 9 as the difference in rank (rw - r1 = 9). Therefore, as 
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Consecutive Incremental Improvements 

FIGURE 3 Improving regularity by I-min increments. (Source: N.Y. State Office of the 
Inspector General for the MTA.) 
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R increases, the difference in rank between the headways 
involved in a transfer tends to narrow. The average rate of 
change at R therefore declines slightly as R improves. 

The rate of change of Wis less constant. Equation 10 yields 
the rate of change of the reciprocal of W, signified here as 
l/W. As the value of l/W increases with better se rvice [i.e., 
the difference between the largest (x,,) and smalle l (.r 1) head­
ways gets smaller], the change in 1/W decreases . Because the 
numerator of lhe equation is always negative, a decrease in 
(x,, - x 1) causes the numerator to get larger (i.e., less neg­
ative). 

li(l/W) 
2d(d - (x., - x1) ] 

nl-P 
(10) 

The formula for the rate of change of W is the following: 

li w = li(lJW) 
[1 + C} + li(l/W)] (1 + C}) 

(11) 

Figure 4 hows the rate of change for the wait index (W), 
for its reciproca l (1/W), and for the regularity index (R). A 
rolling average is used to iron out small fluctuations. The rate 
of change for 1/W is a nonlinear, constantly decreasing func­
tion, asymptotic to the x-axis. In the beginning, W increases 
about 0.017 with every minute transferred. W improves at a 
growing rate-depending on the value of C,,-to a maximum 
point; then its rate of increase declines. Between 0 .70 and 
0.90, the rate of increase peaks at 0.027 for every minute 
transferred. The value drops to 0.010 when W exceeds 0.97. 
The square of C" in Equation 11 makes the rate of change 
for W a parabolic function . 

CONCLUSIONS 

Two measures of service regularity are presented here , the 
headway regularity index (R) and the passenger wait index 
(W). They are suggested as desirable measures of perfor­
mance because they satisfy two conditions. First, they control 
for the mean headway, so they allow routes with different 
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characteristics to be compared . (They are not independent of 
the mean headway in the strict mathematical sense.) Second, 
they are expressed on a normalized scale from 0 to 1. 

Perhaps the most striking conclusion from comparative 
analysis of the two indices is the overall similarity of the results 
despite different calculation methods. Nevertheless, differ­
ences in behavior occur both for the values of the measures 
and for the rates of change. W is usually greater than H. in 
the ranges of values corresponding to the bus routes studied, 
and W reaches values over 0.90 more quickly than R. When 
R is between 0.45 and 0.55, W provides more information 
than R about service levels. With W, Cases 6-10 in Table 1 
can be distinguished, whereas with R they are lumped to­
gether. In a system where service is erratic, W may be more 
sensitive to improvement efforts. 

However, once W reaches 0.90, it becomes more difficult 
to improve the rating. R, on the other hand, is slow to reach 
0.90, but incremental improvements in regularity increase at 
nearly a constant rate. In Cases 19 and 20, a 1-min transfer 
from one headway to another increased R two p ints. R may 
be more appropriate for systems with good performance or 
situations for which it is possible to fine-tune the operations. 
W may be more adaptable to measuring change at lower levels 
of performance. 

The different behaviors of the two measures reflect the fact 
that each measure emphasizes different aspects of service. 
They differ primarily in that the wait index is a function of 
the headway variance. All the waiting time indicators, in­
cluding average waiting time, average headway, and the wait 
index , ·are more sensitive to outlying values and exhibit more 
nonlinearity than the regularity index. 

The difference in emphasis corresponds to the distinction 
between an operational view and the passengers' view. For 
passengers, the extremely large headway should figure prom­
inently in any account of performance. For operations man­
agers, the size of the deviation is only part of the problem; 
the number of buses deviating must also be considered be­
cause il indicates the number of managerial interventions re­
quired to restore regular service. 

Another practical consideration affects the decision re­
garding which index to choose. Because the wait index as-
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FIGURE 4 Changes in the regularity index. (Source: N. Y. State Office of the Inspector 
General for the MTA.) 
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sumes that the arrival pattern of passengers is Poisson dis­
tributed, it is inappropriate for infrequent transit services , 
when passengers can be assumed to know the schedule . Fur­
thermore, its application becomes problematic when crowding 
is severe enough to violate the second assumption, that pas­
sengers can board the first vehicle that arrives. The regularity 
index is not hindered by these caveats because it refers ex­
clusively to the headway distribution and ignores passenger 
arrival patterns. 

A psychological dimension must be included in the evalu­
ation of these indicators. The sensitivity of the wait index to 
extreme headways takes into consideration the riders' psy­
chology. Although pertinent research is lacking, it seems plau­
sible to assume, and it is consistent with personal experience, 
that after a long wait at a bus stop, each additional minute 
increases dissatisfaction with service disproportionately. Each 
additional minute's wait is increasingly frustrating and more 
conducive to anxiety about getting to one's destination or 
about whether the bus will ever come. Therefore, in Table 
1, the wait index correctly rates Cases 6 and 10 worse than 
Cases 7 and 9. Similarly, it is appropriate that the rate of 
improvement in W should decrease after 0.90. At that level 
of regularity (see Cases 19 and 20 in Table 1), the improve­
ment from a transfer of 1 min becomes difficult for passengers 
to discern , and small irregularities are less important . 

On the other hand, a strictly operational measure should 
avoid such psychological arguments . The headway regularity 
index is more straightforward in this respect. Because its rate 
of change is more constant, it is preferable when used as a 
variable in multivariate analysis. Furthermore, the property 
of R of scale independence allows use of techniques for ag­
gregating service at different time periods into a single com­
posite measure. Aggregation with W may be more proble­
matic. Finally, R is the only measure that can be used when 
it is known that passengers cannot board the first bus, unless 
other analytical techniques make it possible to calculate av­
erage wait under these conditions. 

The values of the indices differed when applied to actual 
service. The value of W exceeded that of R for almost all 
routes. For many of the routes, however, both indices were 
low, signifying poor performance. For example, for the B46 
route , both the R value of 0.53 and the W value of 0.58 clearly 
represented low-quality service as well as inefficient oper­
ation. 

The issue of what score indicates a good level of service is 
more complex. Experience with a large body of empirical data 
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would make the evaluation of service with these measures 
more meaningful. Once this type of data is acquired for a 
wide range of bus routes over time, analysts can group routes 
according to operating and environmental characteristics, and 
make comparisons between one route and another or between 
a given route last year and its performance this year. Such 
empirical data for route performance would also make it pos­
sible to set goals for individual routes that would serve as a 
basis for the evaluation of specific policies and managerial 
actions. 
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Subway Reliability and the Odds of 
Getting There on Time 

GARY HENDERSON, HEBA ADKINS, AND PHILIP KWONG 

T he most common ervice reliability measure-on-time perfor­
mance-ha · drawbacks tran it managers and consumers sho uld 
be aware of. By converting on-time perfomrnnce to odds ratios, 
a fresh look at what is meant by transit reliability is obtained . 
Although difference in on-time performance may seem s light 
measurement with odd ratio · can indicate quite different service 
level . Tran it managers, if they re ly exclusively n o n-time per­
formance and do not heed the !es on to be learned from odcl 
ra tio -, may be deceived when they estimate how much impr ve­
ment can be at:hieved with a parti.cul.ar policy or action. The 
magnitude of effect will vary with leve l of effort , depending on 
tbe initial level of reliability . 

Herein, reliability indicates timeliness (especially travel time), 
not the reliability of the rolling stock, infrastructure, or other 
separate components. In general, regularity measures are most 
useful in defining the reliability of high-frequency service, but 
the reliability of travel time is also a vital dimension of service. 
Timeliness of the passenger's trip is the end result of all the 
material and organizational aspects of transit service delivery; 
it is the consumer's experience at the point-of-service. Perhaps 
the most common performance measure in the transit industry 
for estimating timeliness is on-time performance. On-time 
performance is a useful and seemingly straightforward math­
ematical concept, but in some ways it distorts the perception 
of transit reliability . Reliability measurement can also be done 
by lransforming on-time performance into odds ratios , the 
odds of being on time. Adopting this concept of the gambling 
industry can reveal aspects of transit reliability relevant both 
to transit operators and to passengers. 

ODDS OF BEING ON TIME 

A statistician thinks of on-time performance as on-time prob­
ability . The percent of trains arriving on time is another way 
of saying the probability that a given train will arrive on time. 
Although trains can be late by varying amounts, there are no 
different shades of being on time. Once a standard is chosen, 
e.g., 5 min, every arrival, on the basis of this cutoff, can be 
classified as being late or being on time. On-time probability 
is a yes or no proposition, just as flipping a coin is heads or 
tails . A value of such a binary variable can be calculated as 
a ratio of successes lo failures (of on-time to late trains). This 
value is known as an odds ratio. 

For example , if 220 of 250 trains arrive on time , the on­
time probability is (220/250 = 0.88, or 88 percent) . The on-

New York State Office of the Inspector General, Metropolitan Trans­
portation Authority, 100 Park Avenue , 14th Floor, New York, N.Y. 
10017. 

time odds are the ratio of on-time trains to late trains , 220/ 
30 or 7 .3 to 1. This ratio is the same as that of the on-time 
probability to the late probability (0.88/0.12 = 7 .3). In math­
ematical terms, if P is the probability of being on time and 1 
- P the probability of being late , the odds of being on time 
are P/(1 - P) . 

On-time performance increases linearly , whereas the odds 
of being on time increase geometrically. If there are 250 trains, 
every on-time train contributes 0.4 percentage point to on­
time performance. So, if instead of 220 on-time trains, an 
operating adjustment makes it possible for 240 trains to arrive 
on time, on-time performance increases 8 percentage points 
(20 x 0.4), from 88 percent to a new level of 96 percent. On­
timc performance improved by 8/88, al.Juul 9 percent. The 
odds, however, increased from 7.3:1 to 24:1 (240/10) . Reli­
ability as measured by the odds improved by about 230 per­
cent [(24 - 7.3)/7.3]. 

Figure 1 shows the relationship between on-time probabil­
ities and odds. The line starts at 50 percent , at which the odds 
are 1:1. Below 50 percent on time , it is more appropriate to 
speak of the odds of being late, which is an identical curve, 
but inverted in the range from negative infinity to negative 
one . The rate of change (as measured by the slope of a line 
drawn tangent to the curve) around 60 percent on time is 
smaller than the rate of change at 85 percent. The odds are 
increasing slowly at 60 percent on time ; but as on-time perfor­
mance steadily improves to over 85 percent, the rate of change 
increases sharp I y. 

In fact, probabilities and odds say the same thing in dif­
ferent ways ; for the statistician, probabilities are usually the 
expression of choice. However, in describing transit reliability 
as passengers experience it, the odds ratio may be the measure 
that is in best accord with rider psychology . 

Furthermore, when transit managers determine what ac­
tions or investment of effort or resources will improve on­
time performance and wish to measure the size of the effects 
these actions will achieve, they prefer to consider odds ratios . 
This process also requires statisticians to determine the best 
technique for measuring the strength of causal factors in im­
proving reliability. 

PASSENGERS' VIEW 

The average passenger is not likely to conceive of the like­
lihood of arriving on time in the mathematically abstract terms 
of probability. The odds of being on time are more in harmony 
with the concrete experience of riders. Recently, the New 
York State Office of the Inspector General for the Metro-
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FIGURE l Odds ratios compared with probabilities. [Source: N. Y. State Office of 
the Inspector General for the MTA (Service Review Unit).] 

politan Transportation Authority (MTA) monitored waiting 
times for the Brooklyn B35 and B46 bus routes (1). The N •w 
York Times interviewed passengers and reported that riders 
thought of catching the B46 bus as the "lotto wait." The 
"chances of a (B46) bus .. . running on time are about the 
same as winning the lottery" (2). 

Odds ratios are represented in the most basic terms: how 
many days is the rider on time compared with how many days 
the rider is late. For example, a rider may recognize that he 
or she is late, say, once a week, which translates to being on 
time 4 days for every 1 day late, an odds ratio of 4:1. If on­
time performance is 60 percent , passengers are on time 3 days 
and late 2 days in a 5-day week, a 3-to-2 chance of being on 
time. At 80 percent on time, riders are late 1 day a week. At 
90 percent on time, 1 day in 2 weeks (more than double the 
reliability of the 80 percent level). Above 90 percent on time, 
a change in on-time performance has an enormous effect on 
the odds. For example , at 95 percent on time, riders are late 
once in 4 weeks. At 96 percent on time, riders are late once 
in 5 weeks; at 97 percent , once in 6'12 weeks; and at 99 percent 
on time, only once in 100 work days, a little more often than 
twice per year. At such high levels of on-time performance , 
passengers are late so infrequently that they may not even 
remember the last time they were late. 
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Some examples from a report by the inspector general for 
New York's MTA will illustrate the situation (3). Evaluating 
1988 morning rush hour subway service, the inspector gen­
eral's report found that the D/Q Manhattan-bound route was 
58 perc nt on time, 9 percentage points higher than in 1987, 
wherea the L Manhattan-bound route was 80 percent on time 
in 1988, 9 percentage points lower than in 1987. Although 
the magnitude of change of th - on-time performance of the 
two lines was the . ame in term · of percentage points , the 
difference in the change in reliability was great. Figures 2 and 
3 show that the change in the odds of being on time for the 
D/Q line was minimal-from 1to1.4-whereas the reliability 
of the L line declined by more than 50 percent-from 8.3 
to 4.1. 

A number of interesting conclusions can be made from the 
foregoing di cu sion. First, the difference in the quality of 
service belween a transit service that is 70 percent on time 
(six times late in 4 weeks) and one that is 95 percent on time 
(once late in 4 weeks) is extremely large. Reliability for the 
latter is eight times better, because the odds at 70 percent on 
time are 7:3 whereas the odds at 95 percent are 19:1, or 57:3 . 
Another implication is that when on-time performance is at 
a mediocre level, a large percentage point improvement is 
needed to make an impression on passengers. When on-time 

89 
.1987 

0 1988 

'L' 

FIGURE 2 On-time percentage for the D/Q and L lines. 
[Source: N. Y. State Office of the Inspector General for the MTA (Service Review Unit).] 
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FIGURE 3 Odds ratios for the D/Q and L lines. [Source: N.Y. State Office of the 
Inspector General for the MTA (Service Review Unit).] 

performance is high, small percentage point improvements in 
on-time performance have a great impact. However, as will 
be seen, the higher the level of reliability, the more resources 
are needed to improve on-time percentages . 

TRANSIT MANAGER'S VIEW 

It has been noted that small changes in on-time performance 
are more noticeable to passengers at higher levels of perfor­
mance. The improvement from 95 percent to 98 percent­
for which the odds of being on time increase 21/2 times from 
19:1 to 49:1-requires a level of effort (in terms of invest­
ment, operating costs, or degree of change in service config­
uration) similar to that needed to improve on-time perfor­
mance from 60 to 79 percent-for which the odds are 1.5:1 
and 3.8:1, respectively. Just as a change in on-time perfor­
mance from 95 to 98 percent is more significant for passengers 
than a change from 60 to 63 percent, this improvement re­
quires significantly more resources to achieve, all other things 
being equal. Lines operating at the 95 percent level of on­
time performance have few major equipment, infrastructure, 
or crew problems; lateness of trains is caused by much more 
subtle problems or by random occurrences. However, at the 
lower levels of reliability, an improvement in a major area 
would affect a large number of trains and significantly increase 
reliability. 

This fact has implications for any operational program for 
improving reliability. Clearly, the greatest payoff can be re­
alized by working on the worst lines (as long as they are not 
too bad) . If reliability is considered the result of a variety of 
policies or operating inputs , the same effect may not result 
from the same level of effort. Using the jargon of the stat­
istician, if reliability is the dependent variable in a causal 
model with a variety of other independent variables (e .g., 
mechanical reliability, track condition, service configurations, 
headways , and passenger loads), the relationship of reliability 
to each of the many causal factors is not a linear one. 

The statistical reason for this is that on-time probabilities 
are not continuous variables. They can increase or decrease 
only within a restricted range-from 0 to 1. In order to use 
on-time performance as a continuous variable, it must first 
be transformed so it will have an infinite range, as with the 

technique of logistic regression ( 4) . To ensure that there is 
no upper bound to restrict improvement in performance, on­
time probabilities are converted to odds ratios. Odds ratios 
stretch from zero to positive infinity . To ensure there is no 
lower bound, the odds ratios are transformed into logits by 
taking their natural logarithm. 

lo git 
p 

log. 1 _ p 

Logits extend from negative infinity to positive infinity . When 
the odds are exactly even-at 50 percent on time-the logit 
of on-time performance is 0. As shown in Figure 4, below 50 
percent on time the logit is negative ; above 50 percent on 
time , it is positive. The negative sign is appropriate , because 
below 50 percent on time, the likelihood is greater that riders 
will be late than on time. Figure 4 shows the nonlinear re­
lationship between on-time performance and logits of on-time 
performance . The changing slope of that curve indicates the 
changing degree of difficulty to improve reliability at different 
levels of reliability. 

In order to demonstrate how such a model would work, 
the results from a preliminary causal model of subway perfor­
mance can be examined using logistic regression. This model 
uses a few key variables like headway, mechanical reliability , 
merges, number of stops, etc. , not by any means a compre­
hensive set. Because the coefficients from the techniques of 
logistic regression are different, depending on the starting 
condition, it was estimated that an increase in headway of 1 
min would improve on-time performance by almost 5 per­
centage points for a route at 50 percent on time , but only 1 
percentage point for a route at 95 percent on time. Similarly, 
the addition of one merging route would decrease on-time 
performance 14 percentage points for a route at 50 percent 
on time but only 2.5 percentage points for a route at 95 percent 
on time. These coefficients are given not as valid estimates 
of the effects of these actions but rather to demonstrate the 
variability of the effect. A study to estimate the strength of 
such factors is in progress, and this effort will include a more 
comprehensive set of variables and a larger sample of data. 

Figure 4 also shows that when performance is below 10 
percent on time, a huge investment would be required to 
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FIGURE 4 Logit curve for on-time performance. [Source: N.Y. State Office of 
the Inspector General for the MTA (Service Review Unit).] 

improve performance. How could performance be so poor 
unless the infrastructure is in total disrepair, the rolling stock 
completely antiquated, or the workers utterly demoralized? 
When it is 50 percent on time, the slope is about level , sug­
gesting that the greatest impact on reliability for a given level 
of effort can be achieved. Above 90 percent on time, the 
reli.1bility logit rises steeply, indicating that additional in­
vestment will have diminishing returns. 

The shape of this curve also has implications for perfor­
mance goals for transit services. When performance is in the 
middle range (20 to 80 percent on time), large improvement 
in the on-time percentage is possible with the least amount 
of change in effort. When performance is above 90 percent, 
small percentage increments in on-time performance are sig­
nificant and only small improvement may be possible. There­
fore, operators need to set different targets for on-time perfor­
mance for different lines depending on the operating conditions 
and resources available for each line. Performance above 95 
percent may be an unrealistic goal for most routes, especially 
where merges and crowding are factors. 

CONCLUSION 

Service reliability is most commonly defined by the on-time 
performance of an operation . However, on-time probabilities 
hide the 1,611 effects of service performance on passengers. 

On-time performance percentages are less concrete and ex­
pressed less in daily real-life terms than ratios of how often 
passengers are late versus how often they are on time. By 
transforming on-time probabilities into odds ratios, transit 
operators can more effectively measure the reliability of the 
service delivered from the passengers' point of view. Odds 
ratios are more intuitively meaningful to passengers than on­
time probabilities, as well as being operationally relevant to 
operating agencies . Using odds ratios, operators can deter­
mine how to allocate their resources to achieve the greatest 
payoffs. 
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TransitTopics: Boston's Neighborhood 
Transit Service Workshop Program 

SUSAN BREGMAN AND MARY STANTON HYNES 

Transit providers need to hear directly from their users how every­
day transit service can better address their need .. TransitTopics 
is a program undertaken over the past 3 years by the City of 
Boston's Transportation Department. The department sponsors 
neighborhood workshops to enable residents to discuss transit 
service issues. Comments and recommendations made by work­
shop participants are consolidated in a rep rt and distributed to 
the public and Boston's regional transit agency, the Massachusetts 
Bay Transportation Authority (MBTA). The workshops have 
served as a forum for residents to discuss their concerns, and this 
has provided insight into transit service problems, along with 
recommendations for areawide and neighborhood-specific im­
provements. Suggestions have included bus route alterations to 
serve identified needs and new bu shelter locations. Key findings 
are that citizens very much appreciate peaking directly with pub­
lic officials and will re pond con tructively in a tructured etting. 
In addition , beyond giving credit for positive ervice changes, 
they offer a wealth of observation and opinion about transit 
and workable solutions to address specific problems. The program 
has also provided a strengthened working rel<1tionship between 
the city and the MBTA. 

The Boston Transportation Department (BTD) developed 
the TransitTopics program in 1988 to give neighborhood res­
idents a greater voice in transit planning decisions. The high­
light of the program is a series of workshops held in city 
neighborhoods each year to discuss local transit service issues, 
such as frequency and hours of service or route structure. 
Workshop comments and recommendations are consolidated 
in a report distributed to the public and the regional transit 
agency. 

The program was designed to complement ongoing efforts 
by the city and the Massachusetts Bay Transportation Au­
thority (MBTA), the regional transit agency that serves Bos­
ton and the surrounding metropolitan area, to discuss trans­
portation needs and projects. Although opportunities exist 
for community participation on major capital projects, there 
is often little occasion for transit riders to relate their concerns 
about everyday service. TransitTopics bridges this gap by cre­
ating a forum for transit users to communicate directly with 
public officials. 

The city, which has conducted the program since 1988, 
considers TransitTopics an important part of its transportation 
planning and advocacy role. The program has become a crit­
ical input to the city's annual recommendations to the MBTA, 
and the transit agency has been a positive and active partic­
ipant in the program since its inception. 

S. Bregman, Boston Transportation Department, Boston City Hall, 
Boston, Mass. 02201. M. S. Hynes, Howard/Stein-Hudson Associ­
ates, 38 Chauncy Street, Boston, Mass. 02111. 

BACKGROUND 

Role of Transit in Boston 

Public transportation plays a crucial role in supporting the 
social and economic vitality of Boston's neighborhoods, its 
commercial and industrial centers, and its downtown. In ad­
dition to being an essential part of the city's infrastructure, 
transit also serves the surrounding greater Boston commu­
nities. It provides commuters from outlying cities and towns 
with an alternative to automobile travel, removes a significant 
amount of traffic from city streets, and reduces the demand 
for a limited parking supply. 

Many city residents rely on transit for work, school, shop­
ping, and recreation trips. One out of three Boston residents 
depends on transit to get to work. About 70 percent of city 
residents work within the city boundaries; about 45 percent 
work in their own neighborhoods or downtown. Transit pro­
vides important connections for these residents to the eco­
nomic opportunities provided in the downtown and with the 
thriving commercial districts in their own neighborhoods. This 
access is especially important for the 39 percent of Boston 
residents who do not own a car. 

The MBTA provides an array of transit services throughout 
the Boston metropolitan area. It operates rapid transit and 
light-rail services (known as the Red, Orange, Blue, and Green 
Lines), as well as an extensive network of bus routes. In 
addition, it operates commuter rail lines, express buses, and 
commuter boats, which principally serve suburban residents 
who work in the Boston core; and it provides specialized door­
to-door transit services for the handicapped. In recent years, 
the MBT A has made a number of significant improvements 
to this transportation network, such as new and extended 
fixed-rail lines, major equipment purchases, and track and 
signal improvements. 

In order to help support the costs of providing public transit 
services, the City of Boston pays close to $50 million each 
year to support MBTA operations. This represents 42 percent 
of the total contributed by municipalities in the region; it is 
also a significant portion of the city's budget. Given the size 
and importance of this investment in the city and region, the 
city believes it is crucial that residents and other users receive 
high-quality transit services that meet their needs. 

City Transit Policy 

As part of its overall planning efforts, BTD has developed a 
number of programs and policies designed to encourage in­
creased use of public transportation. 
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Although the city does not provide transit service directly, 
city officials work closely with the MBT A to ensure the best 
possible transit service for Boston and its residents. As a 
member of the advisory board to the MBT A, the city plays 
a key role in reviewing the MBT A's annual operating budget. 
(Representatives of the 78 cities and towns served by the 
MBTA sit on the advisory board.) 

In addition, city officials participate in numerous MBTA 
long-range planning efforts for major construction projects. 
In many cases, city representatives serve on project advisory 
committees or present testimony at public hearings. At other 
times, the MBTA asks the city to review project plans. 

In contrast, there have been few comparable opportunities 
for city officials to have a voice in identifying transit service 
problems. Because its role has been generally limited to re­
viewing MBTA proposals, the city rarely has had an oppor­
tunity to initiate planning for new transit services. In the past, 
constituent complaints about MBT A service were usually for­
warded to the appropriate MBT A officials. The city had no 
other formalized way to address these concerns. 

Although similar opportunities exist for residents to par­
ticipate in longer-term transit planning efforts (again, partic­
ularly related to larger capital projects), city residents also 
have few occasions to identify everyday transit service prob­
lems and needs. 

Yet, it is these day-to-day aspects of transit service that 
touch the lives of Boston residents most directly. The relia­
bility of bus services, the cleanliness of stations, the helpful­
ness of drivers in giving information to riders, and other ser­
vice aspects are the most immediate and abiding contacts 
between the transit system and its users. 

The TransitTopics program provides an avenue for users 
to comment on how the system meets their needs. Tran­
sitTopics serves two major goals: 

• It provides a voice for the neighborhoods in articulating 
transit service needs and opportunities for improvement, and 

• It helps the city formulate an agenda and establish prior­
ities for transit service improvements to pursue them with 
MBTA. 

The TransitTopics program gives neighborhood residents 
and business representatives an opportunity to receive infor­
mation about the transit services in their neighborhood and, 
more important, to articulate their perceptions of the transit 
service problems and needs of their areas. Through this proc­
ess, the program can identify the priority issues and needs 
within the local neighborhoods along with systemwide issues. 

IMPLEMENTING THE PROGRAM 

Program Development 

In 1988, BTD initiated the pilot program for TransitTopics. 
In April of that year, the city invited community leaders to 
a reception to introduce the program and to garner their 
support for the upcoming workshops in their neighborhoods. 
Mayor Raymond L. Flynn was the keynote speaker at the 
event, voicing his commitment and enthusiasm for the 
program. 
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For the pilot program, workshops were held in a representa­
tive group of neighborhoods. Some areas had a high propor­
tion of transit-dependent residents (on the basis of automobile 
ownership, income levels, etc.). Others were generally well 
served by the MBTA, but a few improvements were in order. 
Still others were facing potentially disruptive highway con­
struction projects, and mitigating transit programs were being 
planned. Nine workshops were scheduled in the summer of 
1988. By combining two sets of neighborhoods with similar 
transit service and demographic characteristics, 12 of the city's 
16 neighborhoods were covered in the first year of the 
program. 

Before the program's second year, BTD staff developed a 
long-range plan to ensure that neighborhoods were covered 
regularly and that city council districts were covered equita­
bly. On the basis of this plan, a more focused second-year 
effort was undertaken, and workshops were held in four 
neighborhoods. In 1990, during the program's third year, BTD 
met with residents in six neighborhoods. 

Meeting Notification 

After the meetings were scheduled, BTD began the public 
notification process. Letters of invitation were sent to com­
munity residents, neighborhood organizations, and elected 
officials. In addition, meeting notices were posted at local 
community facilities and public buildings, and press releases 
were sent to local and citywide media. 

Workshop Format 

Meetings were kept as informal as possible. They opened with 
welcomes by city officials and acknowledgment of the pres­
ence of any elected officials and MBTA representatives. After 
a brief presentation about neighborhood demographics and 
transit services, the workshop facilitator discussed the ground 
rules. Agreed-on ground rules included the following: 

• Concerns should relate to transit service issues rather than 
major capital projects or minor maintenance complaints, 

•Everyone would have an equal opportunity to speak, 
•No one would be permitted to dominate the discussion, 
•All points of view would be welcomed, 
• Speakers should stick to the point, and 
• All would keep their comments as short as possible. 

Here the facilitator pointed out that silent people would be 
drawn out, and difficult or hostile behavior was discouraged. 
She said that the focus was to turn complaints into suggestions 
and priorities, and she urged people to be realistic and con­
structive about their expectations (e.g., they were to avoid 
impractical proposals of monorails or new routes in areas 
where there was limited ridership). 

After handing out index cards and requesting participants 
to write down what they considered their three most important 
transit service issues, the facilitator opened the discussion. 
Then, as the facilitator went around the table or room, each 
person was asked to present the first concern on his or her 
list, to be recorded on flip charts. The aim was to conduct a 
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1-min description of a particular issue , with the facilitator 
stepping in to move the discussion along when participants 
got bogged down in too much detail or disagreement. 

The facilitator repeated the procedure, asking individuals 
for their second and then third points on their index cards, 
discussing specifics briefly with the group, and then proceed­
ing to the next person. By moving on in this way, the facilitator 
could avoid having only a small number of people monopolize 
the discussion or cut short unnecessarily long discourses. 

Frequently, participants would highlight the same issue. 
These concerns were designated on the flip charts with stars, 
especially if others voiced their agreement. Both sides were 
recorded if opposing viewpoints were expressed. For exam­
ple, in one neighborhood, a few people were interested in 
changing the terminus of a bus route, whereas others felt that 
the existing route served the neighborhood well . Both com­
ments were recorded initially, but ultimately the entire group 
did not agree on this as a priority. 

The flip charts were used to record every comment , which 
helped organize the discussion and focus it on the major topics 
of concern to residents. In one meeting, where there was a 
large number of attendees, participants were divided into two 
discussion groups to give everyone ample opportunity to speak. 

After about an hour, residents were asked to review their 
comments and set priorities . In early meetings, residents often 
insisted that every suggestion was a priority and that they 
simply could not choose among them. In order to focus the 
decision-making process in subsequent meetings, participants 
received three colored press-on dots. They were asked to 
place the dots, individually or in combination, next to the 
issues they considered to be their priorities. 

Finally, the facilitator summarized the newly established 
priorities, thanked residents for their participation, and de­
scribed the next steps in the process. These include BTD's 
consolidating the recommendations from the different neigh­
borhoods into a summary report of each year's program find­
ings, and submitting these service recommendations to the 
MBT A for review and response . 

Role of the Facilitator 

The facilitator plays a key role in the workshops . The meetings 
specifically do not encompass a long detailed technical pres­
entation, and they are designed to avoid direct question-and­
answer sessions between the city , MBTA, and residents. The 
focus is on what residents and users have to say and how they 
feel the system can better suit their needs. 

The facilitator also works carefully at steering the conver­
sation away from putting MBT A observers on the spot and 
away from topics that are not appropriate for the workshop. 
Typically, these are areas that are not related directly to daily 
service issues. 

Some issues may be too large. For example, adding new 
fixed-rail lines or stations is not an appropriate area of dis­
cussion for TransitTopics workshops because the feasibility 
studies or environmental impact statements for large capital 
projects have their own public involvement process. 

Conversely, some concerns are too small (such as a single 
broken bus heater or vandalized bus stop sign) . For the latter 
category , individual complaints are recorded on index cards 
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and forwarded to the appropriate MBTA department. In \).d­
dition, for workshops where there were a number of such 
complaints, systemwide maintenance is listed as a separate 
issue in the meeting summaries. 

Workshop Materials 

Workshop participants receive a TransitPak consisting of the 
following materials: (a) a 15-page summary of neighborhood 
demographic characteristics and transit services prepared by 
BTD for each meeting; (b) a neighborhood map showing 
current transit routes and stations, again prepared by BTD; 
and (c) an assortment of MBTA informational materials. 

Demographic information is drawn from the U .S. Census, 
updated when necessary, on the basis of city data. This in­
formation includes the total residential population of a neigh­
borhood and its proportion of the city's population. Because 
people of different age groups have different transportation 
needs, population is also subdivided by age : school-age chil­
dren (under 18 years), adults (18 to 64 years), and elderly (65 
years and over). 

Data are also included on automobile ownership to indicate 
dependence on transit. In order to further illustrate the re­
lationship between work trips and transit, information is pre­
sented on how employees travel to their jobs and the general 
location of those jobs. 

Information about transit ridership is also included. Board­
ing counts for buses and rapid transit services are drawn from 
statistics compiled by the MBTA. Ridership at neighborhood 
transit stations and on local bus lines is compared to other 
services throughout the city. Information about fares and spe­
cial services is also included. MBT A schedule cards for buses 
in each community are reproduced for the packets. Finally, 
each packet includes a listing of useful addresses and tele­
phone numbers for the City of Boston and the MBTA, such 
as the MBTA's service information representatives, its com­
plaint or commendation number, and the city's neighborhood 
coordinators. 

Bus routes and transit lines are illustrated on a separate 
map included in the packets. A larger version of the map is 
also prepared for the group discussion. MBT A materials dis­
tributed in the TransitPaks include full- and pocket-sized sys­
tem maps and information on special needs services, com­
muter rail operations, fares, and the prepaid monthly pass 
program. 

Program Transition 

The city initially contracted with a consulting firm to help 
develop the program. The goal was for BTD to design a pilot 
program with technical assistance from consultants and then 
carry it forward, with BTD staff undertaking all the elements 
on a continuing basis. 

The consulting firm worked with city staff to develop the 
pilot program: formulating a strategy, running the meetings, 
designing materials (primarily handouts and maps), coordi­
nating logistics and format, and preparing the final report. 

Pleased with the response to the first year's workshops, 
BTD officials incorporated the program into ongoing in-house 
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planning efforts . Since the first year, BTD staff members have 
been successfully running the meetings and managing the pro­
gram. In order to prepare staff to do so, the department 
contracted with the original consulting firm to run a 2-day 
training session covering meeting facilitation and oral pres­
entation skills. 

PROGRAM RESULTS 

Program Findings 

The workshops have provided many insights into transit ser­
vice problems, along with recommendations for area-wide and 
neighborhood-specific service improvements. It was clear from 
the start that transit is a topic of great interest and importance 
to city dwellers and workers. Almost all participants have a 
wealth of observations and opinions about transit, and some 
have formulated solutions to address specific problems. 

Some underlying themes quickly emerged, and they have 
remained consistent over the 3 years of the program. 

• Citizens much appreciate the opportunity to communi­
cate their observations, concerns, and recommendations about 
transit service to those responsible for bringing about im­
provements. 

• Riders often see the MBT A personnel that they encoun­
ter daily as individuals. However, there is often confusion 
about the system and the different jurisdictional responsibil­
ities among agencies. Ultimately, residents are not sensitive 
to the bureaucratic process; they simply want to see their 
problems addressed. 

• Many citizens acknowledge the improvements that have 
been made in recent years in transit facilities and services, 
but they expect more to be done and more quickly. People 
are particularly puzzled and frustrated that apparently simple 
solutions to small problems can go unimplemented for years; 
and they are confounded by long delays in decisions and im­
plementation of key transit service improvements. 

The encouraging aspect of these themes is that even small 
actions that yield service improvements are likely to be rec­
ognized and appreciated by riders. In turn, there is hope that 
better service will foster more positive attitudes toward the 
MBT A. In fact, initial concerns on the part of both the city 
and the Authority that workshops might serve as forums for 
riders' frustrations, without generating constructive sugges­
tions, were not realized. 

TransitTopics in Action: Two Examples 

When developing the TransitTopics program, most of the 
workshops were expected to focus on specific local issues. 
Plenty of these did come up in the discussions such as crowding 
on a particular bus route, lack of coordination between bus 
and commuter rail schedules, and the need for a passenger 
shelter at a busy bus stop. 

But it was quickly discovered that residents saw the program 
as an opportunity to tackle issues that crossed neighborhood 
lines as well such as the need for better maintenance and 
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security at fixed-rail stations, a desire for improved access to 
service information, and the wish for more outreach and ac­
countability on the part of the MBT A. 

Highlighted in the following paragraphs are two specific 
concerns raised at TransitTopics meetings and the MBT A 
response to each . One concern focuses on a neighborhood 
bus route, and the other identifies a systemwide problem. 

Example: Mattapan Bus Service 

The first TransitTopics workshop was held in June 1988 in 
Boston's Mattapan neighborhood. At the time, eight bus routes 
ran through the area. Most served Mattapan Square, the ma­
jor commercial district, and provided connections to either 
the Red or Orange rapid-transit lines. 

Connections to the Red Line were quite direct, with an 
estimated one-way bus trip at 11 to 12 min. Passengers trans­
ferring to the Orange Line were not so fortunate . Although 
the line's southern terminus, Forest Hills, is only 10 to 15 min 
from Mattapan Square, local bus routes connected with two 
stations farther north. Schedule cards estimated bus travel 
time on these congested routes to be 23 to 41 min. 

Residents asked the MBT A to provide a direct bus con­
nection between Mattapan Square and Forest Hills. They 
asked the MBT A to pay particular attention to early-morning 
connections between bus and subway, noting that many neigh­
borhood residents use the Orange Line to reach their jobs in 
downtown hotels and restaurants. Quite a few of them must 
be on the job by 6:00 a.m., but existing connections to the 
Orange Line could not guarantee this access. 

In response to these requests, the MBTA examined bus 
service in the Mattapan corridor. After reviewing ridership 
patterns, the MBTA determined that a new bus serving Forest 
Hills, in conjunction with reconfiguration of existing routes, 
could improve connections to the Orange Line without re­
quiring additional resources. 

The MBT A proposed a new bus route between Mattapan 
and Forest Hills with a trip time of 10 to 19 min, depending 
on traffic. The schedule ensures that passengers can easily 
connect with the first few Orange Line runs of the day, both 
before 5:30 a.m., enabling them to reach downtown by 
6:00 a.m. 

The MBTA first announced these proposed changes in Sep­
tember 1989 at a public meeting cosponsored with BTD, where 
residents were asked to comment on the proposal. Other 
MBTA hearings followed, and the changes took effect in 
December of that year. Public response has been mixed. Al­
though passengers appreciate the new service to Forest Hills, 
those depending on other bus routes in the corridor feel that 
their service has been cut back too severely. As part of its 
ongoing review process, the MBT A will continue to look at 
service in this area and make refinements if warranted. 

Example: The Bus Stops Here 

Poor information and communication were among the most 
frequently and strongly voiced criticisms of transit service at 
most of the workshops. Patrons were especially critical of the 
lack of service information and asked the MBT A to make 
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maps and schedules more widely available . In particular, signs 
at all bus stops, with information about routes and schedules, 
were recommended. 

Admittedly, the plea for better informational signage did 
not originate with the TransitTopics program. This issue has 
been of long-standing concern, and transit advocates through­
out the region have been seeking improvements for 
some time. 

A local transportation management org;mization recently 
produced maps and chedules for area bus se rvices , posting 
them at MBTA bus stop . Subsequently, a newspaper edi­
torial praised these efforts and called on the MBT A to do the 
same throughout the region . Through the TransitTopics pro­
gram, the city added its voice to those requesting that this 
issue be addressed. 

The MBTA introduced its pilot bus stop sigoage program 
in spring 1990. During the first phase of the program imple­
mented during National Transportation Week, new signs with 
schedule and route information were placed along six bus 
routes. lnformal feedback from the pilot effort ha been pos­
itive. The MBT A currently has plans to evaluate the pro­
gram's effectiveness; program expansion is pending a favor­
able review. 

PRACTICAL LESSONS 

Much has been learned from running TransitTopics meetings 
over the last 3 years-about meeting logistics, publicity, and 
atmosphere. Although TransitTopics was the forum, the les­
sons can be transferred to virtually any public meeting. 

•You can never publicize a meeting too much. No matter 
how extensive you know your publicity has been, someone 
will criticize you for not giving adequate notice . 

•Try to reach people where they live. Not everyone is on 
an official mailing list, and not everyone reads the local news­
paper. This year, for the first time, notices were sent to com­
munity organizations for inclusion in their monthly calendars. 
Next year, an attempt will be made to take the advice of this 
year's meeting participants and work through local churches 
to publicize meetings . 

•Make sure people can get to the meeting. Not only is it 
essential to ensure that the meeting place is accessible to those 
with mobility impairments, but it is important to think about 
the time of day. Many elderly citizens are reluctant to attend 
meetings outside their homes at night . If you want to hear 
from seniors, schedule a meeting during the day or hold the 
meeting at a regularly attended location. 

• Consider cosponsoring the meeting with local civic groups. 
This gives the program an implied endorsement-and addi­
tional publicity. 

•Confirm the meeting room on the day before. It sounds 
obvious, but it is also easy to overlook until you encounter a 
locked door on a sweltering June evening. Once, the mistake 
was made of asking someone else to confirm the reservation -
and disaster was narrowly averted . 

• The optimum meeting size is 15 to 20 people. This allows 
free participation and generates a wide range of ideas and 
issues. If the session is too much smaller, issues may not be 
representative; larger, and the group becomes unwieldy. 

TRA NSPORTA TION R ESEARCH RECOR D 1297 

•A trained facilitator is essential to the success of the meet­
ing. He or she will keep the meeting focused on producing 
positive and constructive suggestions, draw out reluctant par­
ticipants, prevent others from dominating the discussion , and 
generally keep things moving. 

• A defined meeting structure can help avoid a disorganized 
and chaotic complaint session. A set agenda , including a spe­
cific timetable for each segment , will give the facilitator the 
tools to run the meeting effectively. Dry runs are particularly 
helpful. 

• Always follow up on questions. Nothing reinforces peo­
ple's frustrations with government agencies faster than failure 
to follow up on a request or a question . Sadly, many people 
have become cynical about government officials . Following 
up on requests or questions belies those suspicions. Addi­
tionally, people are appreciative (and usually surprised) with 
a phone call the next day to answer a question or provide 
some information. 

•Keep the meetings open, informal, and honest. A sense 
of humor helps keep things in perspective, and informal re­
freshments can help set a positive tone. 

PROGRAM EVALUATION 

The TransitTopics program has successfully brought together 
repre entative from the city, the MBTA, and the community 
in an open planning process. But, as with any new program, 
there is still room for improvement. Discussed in more detail 
in the following paragraphs is experience with public partic­
ipation . 

Neighborhood Participation 

Over the last 3 years, attendance at TransitTopics meetings 
has ranged from a low of 3 to a high of 35. Although the 
numbers of workshop participants were small relative to the 
resident population and the transit-riding public as a whole, 
their comments represent the views of citizens who are in­
tensely concerned about transit service improvements for 
themselves and their communities. 

In general , participation has been dominated by a few fa­
miliar faces-people who are active in several organizations 
and attend most community meetings . Frequently, these par­
ticipants conveyed the views of local civic groups and neigh­
borhood associations. In this respect, those who participated 
can be viewed as reflecting the weight and depth of citizen 
concerns and offering guidance to city policy makers. But the 
intended strategy of attracting transit users who may not par­
ticipate regularly in other civic activities has not been entirely 
successful. 

Drawbacks to good attendance can include a range of rea­
sons unrelated to program design. Some residents may have 
no specific concerns about transit service overall; in fact, re­
cent MBT A ridership surveys indicate a high level of customer 
satisfaction . Other residents may feel powerless about ef­
fecting changes. Additionally, some people may have trouble 
attending night meetings, especially working parents and others 
who have little time to devote to civic activities. 
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The city will continue to investigate ways of increasing at­
tendance, including obtaining feedback directly from resi­
dents about workable techniques. As the program evolves, 
the city continues to expand its efforts to publicize the meet­
ings and to attract a wide cross-section of participants. 

The initial approach was typical of most city meetings. No­
tices were sent out to community leaders and elected officials, 
pre sieleases were placed in local and city-wide new papers, 
and notices were sent to the city's public-acce s cable news 
program. When possible, fliers were distributed at other 
neighborhood meetings. Notices were passed out experimen­
tally at neighborhood subway station but thi approach was 
quickly deemed unsuccessful. (In fact, the meeting for which 
this technique was used was one of the mo ·t poorly attended.) 

It was discovered quite early that a major promotional cam­
paign is necessary; there can never be too much publicity. 
Using a range of techniques is important. Using both standard 
methods, such as news releases, as well as less traditional ones 
(e.g., an insert in a local group's mailing) is critical. Even so, 
there is always some critici m that individuals did not receive 
enough notice or only heard about the meeting from a 
neighbor. 

Techniques to increase participation currently under con­
sideration include personal phone calls to neighborhood lead­
ers a few days before the workshops. These will have a double 
purpose: first, to remind people about the meetings and en­
courage their attendance, and second, to solicit their assist­
ance in recruiting their neighbors and associates for the meet­
ing. Also, telephone calls to local newspapers and other media 
should also be placed well in advance of the workshops to 
make sure these outlets are publicizing the workshops. 

These efforts should serve to increase attendance substan­
tially. Experience derived from other public participation pro­
grams held in the city and the region indicates that a series 
of personal telephone calls is an effective means of boosting 
attendance at public meetings. 

But, ultimately, the most effective means of increasing par­
ticipation will be demonstrating the program's success re­
garding identifiable transit service improvements in response 
to workshop requests. 

In-House Program Management 

The transition from consultant to in-house program manage­
ment has proven extremely successful. Initially, the consulting 
firm worked with city staff to develop a framework for the 
program, prepare meeting materials, and produce the final 
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report. City officials opened and closed each public meeting, 
and the consultants served as facilitators. 

To ensure a smooth transition to the program's second year, 
the city contracted with the same consulting firm to train staff 
in meeting facilitation skills. BTD staff built upon the first­
year framework to produce the second-year program, adding 
a few refinements and innovations along the way. 

The city saves substantial out-of-pocket expenses, and use 
of staff time has not increased significantly. In the program's 
first year, staff spent considerable time in meeting with con­
sultants and reviewing materials. Because major decisions 
about the program format had been worked out in the first 
year, city staff members were able to devote about the same 
amount of time in subsequent years to running the program 
directly. 

CONCLUSIONS 

TransitTopics has increased public awareness of the city's role 
in advocating transit improvements. The program has enabled 
the city to formalize its transit planning efforts in a highly 
visible forum. Because the TransitTopics program is designed 
to bridge the gap between the transit-riding public and the 
MBTA, it complements MBTA planning efforts by creating 
an ongoing forum for discussing transit operations in Boston. 

The tangible results of the program are but one measure 
of its success. The new bus routes, shelters, and signs are 
visible reminders of the importance of incorporating public 
participation into the planning process. Equally important, 
the program has strengthened the working relationship be­
tween the city and the MBT A . By encouraging the MBT A 
to respond more directly to the concerns of its riders, the 
program has opened additional lines of communication be­
tween the city, the MBTA, and the riding public. MBTA 
representatives have attended every neighborhood workshop 
over the past 3 years, and they have expressed their appre­
ciation for the opportunity to listen to citizen comments and 
concerns in a constructive setting. 

Indeed, TransitTopics has helped encourage the MBTA to 
seek advice directly from its patrons. Not only has the MBT A 
begun to list participation in TransitTopics as evidence of its 
own efforts to solicit public input, but the transit authority 
has recently developed a similar program of its own. In No­
vember 1990, the MBT A sponsored a TransitTopics meeting 
in the city of Somerville. No better evidence of the impact of 
the TransitTopics program exists. 

Publication of this paper sponsored by Commillee on Transit Man­
agement and Performance. 
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Determining Transit Drug Test Accuracy: 
The Multidrug Case 

DAROLD T. BARNUM AND }OHN M. GLEASON 

The accuracy of simultaneous testing for two or more drugs of 
abuse is analyzed. Probability theory and drug-testing accuracy 
concepts applicable to the testing for multiple drugs are reviewed, 
these concepts are applied to laboratory proficiency and trans­
portation drug usage data, and accuracy levels are estimated that 
could occur in transit agency drug testing programs that simul­
taneously test for five different abused substances. The finding 
of this analysis is that as the number of drugs tested for increases, 
the probability that a positive test result is erroneous (the false 
accusation rate) increases significantly. For example, the false 
accusation rate when testing for five drugs is about 4 times the 
false accusation rate when testing for one drug. Therefore, it is 
suggested that if transit system decision makers wish to obtain 
certain maximum false accusation rates at their own organiza­
tions, they must adapt laboratory sensitivity and specificity rates 
for the number of drugs actually being tested for. 

In U.S . workplaces in general , and in transportation orga­
nizations in particular, the testing of job applicants and em­
ployees for drugs of abuse continues to play a central role in 
the battle to eliminate the use of illegal drugs (1-10). How­
ever , if drug tests are to be an acceptable method of detecting 
the use of unlawful substances, they must accurately discrim­
inate between those who are using drugs and those who are 
not. If the tests are not sensitive enough to identify most of 
those taking drugs, they will neither discourage drug use nor 
eliminate abusers from the workforce. 

More importantly, the tests must be sufficiently specific to 
classify most nonusers as such. Otherwise, many who are 
innocent of drug use will be falsely accused. The U .S. systems 
of justice and of workplace jurisprudence both require that 
workers must be presumed innocent of infractions until proved 
guilty with compelling evidence (11-16). That is , if drug tests 
are to be an acceptable way of identifying drug users, they 
must not classify many people who do not abuse drugs as drug 
users. That is, there should be a low probability that someone 
who tests positive is a nonuser, which is referred to as a low 
false accusation rate . 

Recently, Barnum and Gleason (17,18) discussed methods 
by which transit decision makers could set the maximum false 
accusation rates that would occur in their organizations. Thus, 
if a decision maker wanted no more than one false positive 
out of every 1,000 people testing positive, representing a max­
imum false accusation rate of 0.001 , then the methods pro­
posed would permit this goal to be achieved. 

This earlier work, consistent with research on testing ac­
curacy (11 ,19,20), developed accuracy estimates based on for-
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rnulas that implicitly assume that a single test is conducted 
for the presence or absence of drugs. That is, they assume 
that each specimen is subjected to one test, and the results 
of this test will be positive if drugs are present and negative 
if drugs are absent . In fact, often multiple tests are conducted 
simultaneously on a specimen, because different substances 
are used to identify the presence of each drug of interest. 

The purpose of this paper is to examine appropriate pro­
cedures for dealing with simultaneous tests for multiple drugs, 
because it is most typical for transit and other transportation 
modes to test for five illegal substances. That is, the U.S. 
Department of Transportation (DOT) mandates that most 
transportation modes simultaneously test for five illegal drugs: 
amphetamines, marijuana, cocaine, opiates, and phencycli­
dine (21). Although urban transit systems are not now covered 
by such regulations , most already test simultaneously for the 
same five drugs . Moreover, legislation has been proposed that 
would require all to do so by law (6). 

The procedures discussed incorporate probability concepts 
that are appropriate under conditions of testing for multiple 
drugs, and issues are identified that have not been previously 
considered in the drug testing literature. The procedures may 
be incorporated into the processes suggested by Barnum and 
Gleason (17,18) to enable transit decision makers to obtain 
false accusation rates no greater than the level they find 
acceptable. 

UNDERLYING PROBABILITY THEORY 

Under proper drug testing protocol , a specimen is first screened 
for the presence of a drug . If the specimen tests negative for 
the drug on the screening test, then no more testing is done 
and it is assumed that the specimen does not contain the drug. 
However , if the specimen tests positive for the drug on the 
screen, then a confirmation test is conducted. If the specimen 
tests negative for the drug on this confirmation test, then it 
is assumed that the drug is not present; if it tests positive for 
the drug on this confirmation test, then it is assumed the drug 
is present. In other words, if a specimen screens negative, it 
is assumed to contain no drugs. Likewise, if a specimen screens 
positive but tests negative on the confirmation, it is assumed 
to contain no drugs. Only if the specimen tests positive on 
both the screen and confirmation, is it assumed to contain 
drugs. It is hereinafter assumed that the preceding protocol 
always has been used to reach test outcomes. 

Carefully note that use of the words "one test" refers to 
one complete test for one drug, which has screening and con­
firmation components. 
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Now, the situation when one test for one drug is being 
conducted can be reviewed. Excellent detailed descriptions 
of this process , from differing perspectives, have been pro­
vided (11,19,20,22). 

When a specimen is tested for a given drug, one of four 
outcomes must occur. If the drug is not present in the spec­
imen, the specimen may test negative, resulting in a true 
negative; or it may test positive, resulting in a false positive. 
Likewise, if the drug is present in the specimen , the specimen 
may test positive, resulting in a true positive; or it may test 
negative, resulting in a false negative . These four possible 
testing outcomes are referred to as individual test outcomes, 
because they refer to conducting one test of the specimen for 
one specific drug. (If the specimen is tested for several drugs , 
as is discussed later in this section, then there will be an 
individual test outcome for each of the drugs involved. At 
this point, however, it continues to be assumed that only one 
drug is being tested for.) 

Three measures of drug testing accuracy are used in the 
health-related professions: sensitivity, specificity, and predictive 
value. In the following formulas, a positive test result is rep­
resented by a + sign, a negative test result is represented by a 
- sign, a specimen truly containing a drug is represented by a 
D, and a truly drug-free specimen is represented by an N. 

Sensitivity is the probability that a specimen containing a 
drug will test positive for that drug. Thus, it is the probability 
of obtaining a true positive. The notation for the probability 
of a positive test result, given that the specimen contains the 
drug, is 

Sensitivity = P( +ID) . (1) 

Specificity is the probability that a specimen not containing 
a drug will test negative for that drug, or the probability of 
obtaining a true negative. The notation for the probability of 
a negative test result , given the specimen does not contain 
the drug, is 

Specificity = P( - IN) . (2) 

Thus, sensitivity measures the ability of the test to correctly 
report the presence of a drug , whereas specificity measures 
the ability of the test to correctly report the absence of a drug. 
Ideally, sensitivity and specificity would both be equal to 1.0, 
meaning that every drugged specimen tests positive and every 
nondrugged specimen tests negative. 

Another important concept , although not used in studies 
measuring laboratory proficiency, is the predictive value of a 
test. For drug tests, the positive predictive value is the prob­
ability that the drug is present in a specimen, given that the 
test yielded a positive result for that drug. 

Positive predictive value = P(D[ +) (3) 

For example, if 90 out of every 100 people testing positive 
for a drug truly have the drug in their specimens, then the 
positive predictive value of the test would be 0.90. The prob­
ability that people with positive test results truly do not have 
the drug in their specimens would be 0.10. Therefore, if a 
drug test has a positive predictive value of X, then the prob-
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ability is (1 - X) that a person testing positive is free of that 
drug. 

Thus, by maximizing the positive predictive value of a test, 
the probability is minimized that specimens testing positive 
are actually drug-free . Herein, this probability that specimens 
testing positive are drug-free is called the false accusation rate. 
That is, 

False accusation rate = P(N[ +) 

= 1 - Positive predictive value ( 4) 

This concept is key to determining whether a positive result 
on a drug test provides sufficient evidence of drug usage. If, 
for example, positive results on a test are known to be untrue 
in one out of every 10 cases (that is, the false accusation rate 
= 0.1) , then a positive test probably would not be considered 
sufficient evidence to accuse a person of drug use. More im­
portantly, if one wishes to protect the innocent from false 
accusation, then it is the positive predictive value of the test 
(or, analogously, the false accusation rate) that is of prime 
concern. 

All of these concepts implicitly assume that one test for 
one drug is being conducted (with that test consisting of two 
parts when a specimen screens positive). That is, the concepts 
do not account for the situation where tests for several drugs 
are being conducted simultaneously. The situation can be 
extended to the case of testing for more than one drug, a 
topic that to our knowledge has not been addressed in any 
other publication. 

Consider, therefore, a specimen that will be tested for mul­
tiple drugs. It either contains none of these drugs or contains 
one of them . Although it is easy to extend the theory to cases 
where more than one drug is present in a specimen, the nec­
essary empirical data to make use of this extension are not 
available . Luckily, the final results would be little affected by 
the inclusion of more than one drug in a specimen, so the 
significance of specimens containing several drugs has little 
practical implication. 

Further, only those cases are considered in which an error 
in the test for any one drug occurs independently of errors in 
the tests for any of the other drugs. That is, the errors are 
mutually independent, so the probability of any error is un­
related to the presence of other errors. More formally, if X; 
represents a false test result for Drugi, then for n drugs, 

P(Xi. Xz, X3, ... , Xn) 

= P(X1)P(Xz)P(X3) ... P(Xn) (5) 

Thus, systematic errors such as the following are not included 
in this paper's analysis: cases where conditions causing spec­
imens to test falsely positive for one drug increase the prob­
ability of the specimen's testing falsely positive for other drugs, 
and cases where conditions causing specimens to test falsely 
negative for one drug increase the probability of the specimens 
testing falsely negative for other drugs. Such systematic errors 
are important, and would increase the total error rate to a 
level higher than that caused by mutually independent errors 
alone; however, examination of systematic and other sources 
of error are beyond the scope of this paper. 
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In the multidrug case, a specimen either will contain no 
drugs or will contain one of the drugs being tested for. If it 
contains no drugs, one of two outcomes must occur: (1) it 
will test negative for all of the drugs, or (2) it will test positive 
for at least one of the drugs. 

If the specimen contains one of the drugs of interest, one 
of four outcomes must occur: (1) the specimen will test pos­
itive for the drug it contains and negative for the other drugs, 
(2) the specimen will test positive for the drug it contains and 
positive for at least one of the other drugs, (3) the specimen 
will test negative for the drug it contains and positive for at 
least one of the other drugs, or (4) the specimen will test 
negative for all of the drugs. These results, which are pre­
sented in Table 1, are discussed in the following paragraphs. 

First, consider the case where no drugs are present in the 
specimen. If it tests negative for all drugs, then there are true 
individual negatives for each of the drugs and a true group 
negative for the specimen. If, however, a drug-free specimen 
tests positive for at least one drug, then there are true indi­
vidual negatives for drugs that had negative test results, false 
individual positives for drugs that had positive test results, 
and consequently a false group positive for the specimen (be­
cause the specimen itself will be declared to be positive when 
indeed it is not). 

Now, consider the case where Drugi is present in the spec­
imen, where Drug i could be any one of the substances being 
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tested for. If the specimen tests positive for Drug i and neg­
ative for the others, then there is a true individual positive 
result and several true individual negative results, leading to 
a true group positive (and a specimen that is declared posi­
tive). If the specimen tests negative for all drugs, then there 
is a false individual negative result and several true individual 
negative results, leading to a false group negative (and a spec­
imen that is declared negative incorrectly). These outcomes 
are fairly easy to interpret; the remaining two possibilities are 
more difficult. 

Again assuming Drug i is present, consider the outcome in 
which the specimen tests positive both for Drug i and at least 
one of the absent drugs. Here, there is one true individual 
positive and at least one false individual positive, with the 
remainder of the outcomes being true individual negatives. 
The specimen would be declared positive; this outcome is 
classified as a true group positive, because the specimen in­
deed tests positive for the drug it contains. 

Likewise, consider the outcome in which the specimen tests 
negative for Drug i and positive for at least one of the absent 
drugs. There is one false individual negative and at least one 
false individual positive, with the remainder of the outcomes 
being true individual negatives. The specimen would be de­
clared positive. This outcome is classified as a true group 
positive, because a specimen containing a drug tests positive 
for a drug, even though it is the wrong drug. 

TABLE 1 POSSIBLE OUTCOMES WHEN TESTING A SPECIMEN FOR MULTIPLE DRUGS 

TRUE SPECIMEN STATE 

No Drugs Present 

Drug Present 

POSSIBLE TEST OUTCOMES 

- for al 1 drugs 

+ for one or more drugs 

+for drug i, and 
- for absent drugs 

+for drug i , and 
+ for one or more 

of absent drugs 

- for drug i, and 
+ for one or more 

of absent drugs 

- for all drugs 

SPECIMEN CLASSIFICATION 

true group negative 

false group positive 

true group positive 

true group positive 

true group positive 

false group negative 
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Note that a multiple-test outcome i classified herein a a 
true group positive whenever the sample tests positive for the 
drug it contains, regardles of the cla ·sification of the other 
drugs. The multiple outcome is also classified herein as a true 
group positive whenever the sample tests falsel.Y negative for 
the drug it contains and falsely positive for one or more of 
the other drugs. Others may want to modify the-se two clas­
sifications, a. they have more to do with what one believes 
is justice than with probability concept . Ass en later, how­
ever, both of these outcomes have such small probabilities of 
occurrence that their classification makes little practical dif­
ference. 

Now, for the multiple drug case the individual probabilities 
can be developed for each of the six possible identified out­
comes. As already noted , only mutually independent events 
are considered. 

First, consider the two possible test outcome for a speci­
men that contains no drugs. The probability that this specimen 
will test negative for all drugs is equal to the probability that 
it test negative for the first drug, times the probability that 
it tests negative for the second drug times the probability 
that it tests negative for the third drug and so on. 

Recall that the probability that a ample test negative for 
a drug it does not contain, or a trne negative is the individual 
specificity rate. Assume that the individual specificity rate-s 
are equal for all of the drugs, that is, (individual specificity), 
= (individual specificity)z = . .. = (individual specificity),, 
= (individual specificity).,.. The subscripted number identify 
the drug test to which the specificity applie , that is, the in­
dividual spe.cificity of the test for Drug l, the individual spec­
ificity of the te t for Drug 2, and so on . The ubscript µ 
indicates the mean pecifici.ty value for all of the tests. This 
as umption of equal individual specificities can be written 

Of course pecificity may vary by drug. But, because there 
is no goocl evidence that individual specificities differ , the 
insufficient reason approach to decision making suggest that 
individual specificities be assumed equal. 

Now, assume tests are being co.nducted for n drugs (which 
means that n tests one for each drug, must be conducted). 
The probability that the pecimen will te t negative for all 
drugs i the individual specificity rate raised to the nth power 
because all individual specificirie are identical and a el e­
where, errors are as urned to be random and mutually inde­
pendent. This parameter is group specificity, as opposed to 
individual specificity that concern a te ·t for a ingle 
drug. Thus, 

Group Specificity 

= [(Individual Specificity)µ]" = [P( -jN).,.]" (7) 

Consider a case in which the individual specificity for each 
drug is 0.999 (the individual fa lse po itive rate of each te t 
for a drug i 0.001) . Thi value means that for aJ1y one f the 
drugs , out of every 1,000 samples that do not contain thal 
drug, 999 will test negative for that drug and 1 will te t po itive 
for that drug. Iffive different drugs are being le Led for then 
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the group specificity for those five drugs would be (0. 999)5 

= 0.9950. 
Once the group specificity rate (the probability of all neg­

ative test results, given that none of the drugs are truly pres­
ent) is estimated , this value can be used to identify the prob­
ability that this drugless sample will test positive for at least 
one drug. Of course, if the specimen tests positive for even 
one of the drugs, it will be declared positive. Because the 
specimen truly does not ~ontain drugs, this result will be in­
correct and hence will be a false positive. Because in this case 
the false positive applies to a specimen that has been tested 
for several drugs, this event is called a "group false positive." 
Recall that the individual false positive probability equals 
(1 - individual specificity); thus, the group false positive rate 
equals (1 - group specificity). 

For example, recall that in the previous example the group 
specificity rate for five drugs was 0.9950. The probability that 
the specimen wiIJ test positive for at least one of the five drugs 
(the group false positive rate) is (1 - 0.9950) = 0.0050. 

To summarize, the two possible outcomes of a drug test on 
a truly drug-free specimen have been examined. The specimen 
can test negative for all of then drugs being tested for, or it 
can test positive for one or more of the n drugs. The prob­
ability that it will test negative for all of the drugs is the group 
specificity rate, which is simply the mean individual specificity 
rate of the drugs being tested for, raised to the nth power. 
The probability that the specimen will register at least one 
positive is the group false positive rate, which is 1 minus the 
group specificity rate. Finally, the probability that a person 
will falsely test positive for at least one drug increases as the 
number of drugs being tested for increases. 

Now consider the case of tests for multiple drugs, where 
the specimen indeed contains one of these drugs. One of four 
outcomes must occur, as presented in Table 1. In order to 
develop the probabilities of these four outcomes, it is again 
necessary to start with the individual sensitivity and specificity 
rates. As before, on the basis of the principle of insufficient 
reason, the tests for aIJ drugs are assumed to have identical 
individual sensitivities and identical individual specificities. 

First, consider the case in which a total of n drugs are being 
tested for and the specimen correctly tests positive for the 
drug it contains and negative for the n - 1 drugs that it does 
not contain. The probability of this occurring equals the in­
dividual sensitivity rate for the drug in the specimen, times 
the individual specificity rate for the remaining drugs raised 
to the n - 1 power. That is, in testing for n drugs, if only 
Drug i is in the sample, then the probability of a positive test 
result on Drug i and negative test results for the other 
drugs is 

P( +;/D;)*[P(-jN).,.)"- 1 

[j = 1, 2, ... , n; j 4= i] (8) 

where + 1 indicate · a positive rest re ult on Drug i, D1 repre-
ents the presence f Drug i in the specimen, Ni indicate 

Drug j i not pre ent in the specimen , and - 1 indicate a 
negative test for Drug j . Note that when a probability ha. a 
µfor the subscript , then the probability i equal for all drug , 
and therefore the particular drug involved i immaterial. 
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In ther ' ord" Group Sensitivity Part One = (Individual 
en itivity) • (l11divi(l11al Specificity)''- 1

• Because all drugs ar · 
assumed to have identical true individual sensitivities and 
identical true individual specificities, the mean values are sim­
ply estimated from empi rical laborat ry pr ficiency studies , 
:u1cl do not need to be obtained for each drug. The resulr is 
only a partial measure of group sensitivity ecau e as i · d -
scribed later, other events also contribute to total group sen­
sitivity. 

As ·umc, for example that a . pe 1men i · being tested for 
five drugs, that their individual scnsi tivitie. are all 0.9. and 
that their individual specificities are all 0.999. A - ume a l o 
that the pecimen contains one of the drugs. The HOup Sen-
itivity Part One, or the probability that the sample will te t 

p sitive for the drug it con tain and negative for the four 
others, is (0.9) * (0.999)4 = 0.8964. 

econd, consider the probability that asp cimen containing 
a drug will test positive for that drug, and will te l p sitive 
for ne o.r more of the drug that it does not con tain . This 
probability is the probability that there will be a true positive 
for the drug that the specimen co11tains, and at least one false 
positive for the other drugs. The pro.bability of a true positi e 
for the drug in the specimen will again be the individual en­
silivity rate. The probability of at least one fol e po ilive for 
the 11 - 1 remaining drugs will be 1 minu the probability of 
obtaining all true negatives, that is, [1 - (Individual peci­
ficity)" - 1]. Thu , 

P( + 1, + on one or more others ID1, N) 

[j=l,2, ... ,n;j*i] (9) 

Because this group contains both true and false positives, it 
cannot unambiguously be classified into either a true or false 
category. However, because the objective of the test is to 
identify drug users, and this event does in fact identify a drug 
user, it is classified as a true group positive result. Hence, 
Equation 9, as Equation 8, is a partial measure of group 
sensitivity. The equation can be written in words as Group 
Sensitivity Part Two = (Individual Sensitivity) * [1 - (Indi­
vidual Specificity)" - 1]. 

Consider, for example, the case of testing for five drugs 
with the same individual specificity and sensitivity as before. 
Then the Group Sensitivity Part Two would be (0.9) * (1 -
0.9994

) = 0.0036. 
Third, the probability of obtaining a false negative for the 

drug in the specimen and one or more false positives for the 
other drugs must be calculated. This probability is the product 
of two terms: (1 - Individual Sensitivity), and [1 - (Indi­
vidual Specificity)"- 1], that is, 

P( - ,, + on one or more others ID1, N) 

[j = 1, 2, ... , n;j * i] (10) 

This event includes false negatives, false positives, and po­
tentially one or more true negatives, making its correct clas-
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sification even m re difficult than the previou one. Agajn 
assuming that the main purpose f te ting is to identify drug 
users , and because thi , re ult does indeed identify drug users , 
it will be classified as a true group positive. Becau e it con­
tributes to total group sensitivity, it can be written in words 
as Group ensiriviry Pan Three = (1 - Individual Sensitivity) 
• [1 - (Individual pecificity)" - 1]. 

Using the same assumptions as previously the probability 
of this event is (0.1) * (1 - 0.9994

) = 0.0004. 
The total group sensitivity probability is the sum of the 

probabili ties of these three events occurring, or, in other words, 
the um of Group Sensitivity Part One, Part Two, and Part 
Three. That i , 

Group Sensitivity = P(at least one + Jat least one D) 

Note that this definiti n i con istent with the meaning of 
individual e n ·itivity . Ju t as individual ·en ·i tivity i the prob­
ability of a po itive test result given a drug is being used, 
group sensitivity is the probability of one or more positive 
test result . given tlrnt a drug is being used. - r the examples 
given , the probability of a true group positive or gr up en-
itivity , i 0.8964 + 0.0036 + 0.0004 = 0.9004. The formulas 

for determining group specificity and sensitivity are presented 
in Table 2. 

For completeness, the probability that a specimen with one 
drug will test negative for all drugs is calculated. This is the 
probability that there will be a false negative for the drug in 
question and true negatives for the remaining drugs of inter­
est. The probability of a false negative is ne minus rhe prob­
ability of a true positive, or, in other words, one minus the 
sensitivity rate; and the probability of a true negative is the 
pecificity rate. Thus, the group probability is the probability 

of a false individual negative , time the probability of a true 
individual negative raised to then - 1 power , where n drug 
are being tested ~ r. 

P(-;, -AD;, N) = P(-;ID;) * [P(-IN)µJn-l 

U = 1, 2, .. ., n; j * i] (11) 

Assume, as before, that the individual sensitivity rate is 0.9, 
that the individual peci'ficity rate i. 0.999, lhar five drugs a re 
being tested for , and tha.i tbe pecimen conrnins a drug. T hen 
the probability that th . ample will test negative for that drug 
and negative for the four !her is 0.1) • (0.9 9}1 = 0.0996. 
Given that a drug is in the specimen, four events could occur, 
so the total probabilit . of the e four events must equal L.O. 
When this last probability i · add d t the previous three (0.0996 
+ 0.9004) , the total i ind ed 1.0. 

Finally, con ider the false accusation rate for the multidrug 
case. On the basis of the classification scheme used herein. 
the group false accusation rate is the probability of not being 
on any drug, given one or more positive test results: 

Group false accusation rate = P(N;lat least one + ,) 

[i = 1, 2, .. ., n] (12) 

Thus, the more drugs being tested for, the more chances that 
one of them will test positive. The exact relationship between 
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TABLE 2 FORMULAS FOR COMPUTING GROUP SENSITIVITY AND SPECIFICITY 

ACCURACY MEASURE FORMULA 

GROUP SPECIFICITY (Individual Specif1c1ty)n 

GROUP SENSITIVITY 

= Grp Sensitivity I 

+Grp Sensitivity II 

(Indiv. Sens1tivity)*(Indiv. Spec1f1c1ty)n-1 

(Indiv. Sensitivity)*[l-(Indiv. Specificity)n-11 

+Grp Sensitivity III [ 1-(Ind iv. Sens it i v1 ty)] * [ 1- (Indi v. Spec1fi ci ty)n-1] 

Note: It is assumed that the tests for all drugs have the same individual 
specificities, that the tests for all drugs have the same individual 
sensitivities, and that errors are mutually independent and random. 

the number of drugs and the probability of a false positive 
specimen is illustrated later with transportation data. That is, 
the theory is used to estimate the potential real-world differ­
ences caused by testing for various numbers of drugs. 

DRUG ABUSE BY TRANSPORTATION WORKERS 

Transportation employee drug use rates vary greatly, de­
pending on such factors as whether the tests are conducted 
randomly, postaccident, or for cause, and on the basis of such 
factors as age, gender, the drugs being tested for, and so on. 
Usually, an organization's positive rate will be lowest for its 
random tests and highest for its for-cause testing. Rates tend 
to be much lower for females, workers over 35, and workers 
in certain regions of the country. Also, because usage rates 
have declined over the years, more recent estimates tend to 
be lower than older ones (23,24). 

In order to identify some appropriate ranges for transit 
properties in the early 1990s, a few recent rates from transit 
and other transportation organizations are reported. Aver­
ages for the transit industry as a whole, or for any particular 
transit agency or a subset of its employees, may be higher or 
lower than the rates presented. 

Drug usage rates based on the random testing of Class I 
railroad employees during 1990 have ranged from 0.3 to 10 
percent, with an average of 3 to 4 percent, according to the 
Federal Railroad Administration (25). One urban transit 
property in an area with very high drug use conducted random 
testing during January 1990 and found a drug usage rate of 
2.7 percent. 

Random drug tests of 65,000 current transportation em­
ployees during 1990 in a variety of transportation industries 
by Smith-Kline Beecham Clinical Laboratories showed a pos­
itive rate of 3.1 percent. This percentage, according to DOT 
officials, did not take into account those taking legal pre­
scription drugs or the large variety of legitimate conditions 
that can result in false positive test results that normally are 

screened out in medical reviews of the tests. Thus, DOT 
estimated that the true positive rate was only about half of 
the 3.1 percent figure, or 1.55 percent (26). 

Finally, DOT administered 9,941 tests to its own employ­
ees, all but 29 random, between 30 September 1989 and 31 
March 1990. Of these, 26 were positive, for an overall rate 
of 0.26 percent (27) . The drug u age rate of DOT employee 
is probably lower than thi . Given that the 29 nonrandom 
te t were probably te ·ts fo r cause, and given that DOT' ex­
perience is about half of for-cau c test are positive , about 
14 positive results would be expected fr m the 29 nonrandom 
tests. This leaves 26 - 14 = 12 po itive test re ult coming 
from the 9,941 - 29 = 9,912 random tests, for a rate of 
12/9,912 = 0.0012, or 0.12 percent. 

ACCURACY OF DRUG TESTING 

Because of the concerns over whether testing correctly iden­
tifies the presence or absence of drugs, a number of laboratory 
proficiency studies have been conducted. Prepared samples 
(called "challenges") are sent to laboratories to determine 
their testing accuracy. When the laboratories cannot distin­
guish the challenges from normal specimens received for rou­
tine testing, the study is a "blind" one. When the laboratories 
know which specimens are challenges, the study is called 
"open." Herein, the concern is with how laboratories perform 
under normal operating conditions, so only blind studies are 
relevant. 

Rather than review all laboratory proficiency studies, es­
timates from a 1988 article published in the Journal of the 
American Medical Association (JAMA) are used (28). The 
study on which this article was based is considered to be the 
most relevant to date, because it is recent, it followed a valid 
research design, and it truly was a blind study. 

A more recent study was conducted by the American As­
sociation for Clinical Chemistry (29). This was a well­
conducted study, but it was not a truly blind study. Ten per-
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cent of the laboratories in this study knew exactly which client 
would be submitting the challenges. An additional percent­
age, the magnitude of which was not identified in the article, 
knew that one of two clients would be submitting the chal­
lenges. Thus , although the laboratories did not know precisely 
which specimens were challenges, many of the laboratories 
did know precisely which clients would be submitting the 
challenges. While the study does indicate what the best lab­
oratories in the country can do when they know they are being 
tested, it does not necessarily indicate what the laboratories 
might do under routine day-to-day testing of regular speci­
mens from normal clients. Comprehensive discussions of the 
applicability to transit of other laboratory proficiency studies 
has been provided by Barnum and Gleason (17,18) and by 
Allen (30). Those concerned with quality assurance issues and 
false result rates are referred to these three publications. 

On the basis of calculations from data presented for the 
blind phase of the JAMA laboratory proficiency study (28), 
the mean individual false positive rate (number of false pos­
itives divided by number of negative challenges) was 0.0016, 
representing findings on the proportion of drugless specimens 
where drugs were incorrectly reported to be present . (A "neg­
ative challenge" is a specimen that does not contain a drug 
being tested for by the study.) This statistic is an estimate of 
P( +IN),..., and is equivalent to a mean individual specificity 
level of 99.84 percent. There is no evidence that the presence 
of a false positive for one drug is related to the presence of 
false positives for the other drugs. 

The mean individual false negative rate (number of false 
negatives divided by number of positive challenges) was 0.3114 
in the JAMA study (28). (A "positive challenge" is a specimen 
that does contain a drug being tested for by the study.) This 
statistic estimates P( -ID),..., and reflects a mean individual 
sensitivity level of 68.86 percent. There is no evidence that 
the presence of a false negative for one drug is related to the 
presence of false negatives for other drugs. 

Although the 1988 JAMA results (28) are used for illus­
trative purposes, these accuracy levels are not necessarily the 
averages one would find in the transit industry or at any given 
property. Accuracy for the industry as a whole or for an 
individual property may be higher or lower than the JAMA 
results. 

As of July 1991, DOT regulations on drug testing still ex­
clude transit. So, the rigorous uniform standards and National 
Institute on Drug Abuse (NIDA) laboratory certification pro­
cedures that DOT mandates for many transportation modes 
do not apply to transit agencies, and many properties do not 
follow such procedures. For example, a 1990 survey of 203 
transit agencies from 44 states found that only 70 percent said 
they always confirmed positive test results, and only 37 per­
cent said that they permitted employees to submit another 
sample from the original specimen to a laboratory of the 
employee's choice in the event of a positive test result (1). 
Moreover, not all properties use NIDA-certified laboratories 
(18). 

If uniform transit standards eventually were required by 
DOT, as has been proposed (6), most transit properties would 
be expected to suffer from much lower false positive and false 
negative rates than were present in the JAMA study. But, 
even though DOT procedures often would result in extremely 
high accuracy, both false positives and false negatives un-
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doubtedly still would occur. These could be the result of ran­
dom and mutually independent laboratory errors, or could 
be caused by problems in the chain of custody, systematic 
laboratory errors, or in the misinterpretation of laboratory 
results by the medical review officer (MRO). 

For example, there have been reports of serious divergence 
between laboratory procedures theoretically required by DOT 
and actual practice, as discussed in detail in two recent GAO 
reports (21 ,31) . Moreover, there have been a number of false 
positives reported. In one such case , an MRO discovered the 
false result, and the following investigation uncovered a num­
ber of other incorrect positives that previously had gone un­
detected (32). In another report, the false results were only 
discovered when a worker, removed from his job several months 
earlier as the result of the test, filed a grievance through his 
union. The investigation of the grievance showed that the test 
was in error (33). In this situation also, the uncovering of this 
one case led to many more that had remained undetected by 
MROs and had not been challenged by the falsely accused 
workers . These cases are examples of faulty gas chromatog­
raphy/mass spectrometry (GC/MS) procedures, and the re­
sulting systematic errors are much easier to discover than the 
mutually independent laboratory errors that are analyzed here. 
Although such systematic errors probably represent a very 
small percentage of the total tests conducted, they show that 
undetected false positives can and do occur under DOT reg­
ulations. Furthermore, although their discussion is beyond 
the scope of this article, the possibilities for errors beyond 
the laboratory, caused by factors such as logistic and chain­
of-custody problems, are also significant. 

Likewise , although DOT wisely included provisions for re­
quiring interpretation of results by MROs in its mandated 
procedures, and such analyses clearly are very valuable in 
reducing false positive errors, MRO interpretations are also 
subject to error (34) . 

In summary, false positives and false negatives undoubtedly 
occur under current transit industry practices, and undoubt­
edly would occur even if the uniform industry procedures were 
mandated by DOT. The actual laboratory error rates are 
expected to be much lower if the procedures are subject to 
DOT regulation, but such errors still would occur. The actual 
error rates in 1990, a period when the transit industry was 
not regulated by DOT, may be lower or higher than the ones 
reported by the JAMA study (28). 

Again, JAMA results are used for illustration only, and the 
results do not necessarily represent the average for the in­
dustry as a whole or the results to be expected at any specific 
transit property. 

Moreover, no matter how high the mutually independent 
random error rates actually are , false accusation rates can be 
lowered to acceptable levels by using sufficient reconfirma­
tions of the results with currently nvailablc technology. 

FALSE ACCUSATION RATES IN TESTING FOR 
MULTIPLE DRUGS 

Consider the impact on the false accusation rate of testing for 
from 1 to 10 drugs, in which the drug usage rate for the target 
workforce is 3.0 percent, and in which the individual speci­
ficity and individual sensitivity are based on the JAMA (28) 
results , as presented in Table 3. 
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TARLE 3 GROUP FALSE ACCUSATION RATES BY NUMBER OF DRUGS TESTED 

[1] (2) [4] 
ll OF STATE 
TESTS 

(3) 
P(State) Group Sensitivity, & 

Group False Pos Rate 

[5] 
P(GS)*P(S), & 
P(GFPR)*P(S) 

[6] 
P(SI+ .... ) 

Drugs 0.03 0.688600 0.020658 0.930 
No Drugs 0.97 0.001600 0.001552 0 . 070 

Total 1.00 P(+) = 0.022210 1.000 

2 Drugs 0.03 0.689098 0.020673 0.870 
No Drugs 0.97 0.003197 0.003102 0.130 

Total 1.00 P( +) = 0.023774 1.000 

3 Drugs 0.03 0.689596 0.020688 0.817 
No Drugs 0.97 0.004792 0.004649 0. 183 

Total 1. 00 P(+) = 0.025336 1.000 

4 Drugs 0.03 0.690092 0.020703 o. 770 
No Drugs 0 . 97 0.006385 0.006193 0.230 

Total 1. 00 P(+) = 0.026896 1.000 

5 Drugs 0.03 0.690588 0.020718 0.728 
No Drugs 0.97 0.007974 0.007735 0. 272 

Total 1. 00 P(+) = 0.028453 1.000 

6 Drugs 0.03 0.691083 0.020732 0.601 
No Drugs 0.97 0.009562 0.009275 0.309 

Total 1. 00 P(+) = 0.030007 1.000 

7 Drugs 0 . 03 0.691578 0.020747 0.657 
No Drugs 0.97 0. 011146 0.010812 0.343 

Total 1. 00 P(+) = 0.031559 1.000 

8 Drugs 0 . 03 0.692071 0.020762 0.627 
No Drugs 0 . 97 0.012729 0.012347 0.373 

Total 1. 00 P(+) = 0.033109 1.000 

9 Drugs 0.03 0.692564 0 . 020777 0.600 
No Drugs 0.97 0.014308 0 . 013879 0.400 

Total 1. 00 P( +) = 0.034656 1.000 

10 Drugs 0.03 0.693056 0.020792 0 . 574 
No Drugs 0.97 0.15885 0.015409 0 . 426 

Total 1. 00 P(+) = 0.036200 1. 000 

In the first case in the table, one drug is being tested for. for drugs is 0.020658, whereas the probability that a person 
As indicated in Column 2, a urine specimen must be in one truly is not on drugs and tests positive for drugs is 0.001552. 
of two states: either it contains a drug or it contains no drugs. The sum of these two probabilities, denoted by P( +) and 
The specimen has a 0.03 probability of being in the first state, equal to 0.022210, is the probability of a positive test result. 
and a 0.97 probability of being in the second, as indicated in Dividing each of the numbers in Column 5 by P( +) yields 
Column 3. These probabilities imply that 3.0 percent of the the numbers in Column 6, which are the probabilities of being 
target population uses drugs. The next column, Column 4, in the particular states , given a positive test result. Thus, the 
identifies the probability of the urine specimen's testing pos- probability that specimens that test positive will contain a drug 
itive for the drug when the drug truly is present (0.6886), and is 0.930, meaning the test has a positive predictive value of 
when there truly are no drugs in the sample (0.0016). That 93.0 percent. The probability that specimens that test positive 
is, P( +IN) = 0.0016, and P( +ID) = 0.6886. (The rates in will truly contain no drugs is 0.070, meaning the test has a 
Column 4 are calculated using the formulas in Table 2, and false accusation rate of 7 .0 percent. That is, P(DI +) = 0.930, 
are based on the fact that the false positive rate = 1 - and P(NI +) = 0.070, with the two probabilities totaling 1.0. 
specificity.) The false accusation rates presented are based on illustra-

The num~ers in Column 5 are the products of the numbers tive rates for drug usage , individual sensitivity, and individual 
in Columns 3 and 4. That is , for the population being tested , specificity, and are not necessarily applicable to any particular 
the probability that a person truly is on drugs and tests positive transit agency. But, all the illustrative rates are ones that could 
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occur in some circumstances. Because of the extremely serious 
consequences of false accusations of drug use, an employer 
would be wise to ensure for itself that such estimated rates, 
or similar rates, do not apply to its case . 

In the first case discussed, as previously noted, it is assumed 
that only one drug is being tested for, similar to the assump­
tions that led to all of the outcomes discussed by Barnum and 
Gleason (17,18). However, the situation changes when the 
number of drugs being tested for increases. As indicated in 
Table 3, as the number of drugs tested for increases, the false 
accusation rate increases. As seen frorri Column 6, the one­
drug false accusation rate of 7 .0 percent increases to 27 .2 
percent (almost 4 times the one-drug rate) when S drugs are 
tested for, and the rate increases to 42.6 percent (over 6 times 
the one-drug rate) when tests for 10 drugs are involved. 

It is easy to lower the false accusation rates to acceptable 
levels with automatic multiple confirmation testing, as dis­
cussed by Barnum and Gleason (17,18), but use of automatic 
multiple confirmation is not often required. Although em­
ployees are sometimes allowed the opportunity to request a 
second confirmation, the fact that they must request it makes 
it less likely to occur. The empirical evidence suggests that 
many falsely accused employees may not request second con­
firmations (32,33) . This fact is not too surprising, because 
many have been told that the tests are foolproof. And, in 
many cases, the employees themselves have to pay for the 
second confirmation. Moreover , sometimes more than two 
confirmations may be necessary, a circumstance that is not 
typically provided for. 

CONCLUSIONS AND IMPLICATIONS OF THE 
STUDY 

Past research in drug testing accuracy (17,18) has highlighted 
the importance of identifying the percentage of those testing 
positive who are not on drugs, herein called the false accu­
sation rate. However , the impact on this rate of the number 
of different drugs being tested for has never been addressed. 
As indicated in the examples , the false accusation rate in­
creases at approximately the same rate as the number of drugs 
being tested for. That is, the false accusation rate for five 
drugs is about 4 times the false accusation rate for one drug . 
Because, in the past, false accusation rates have been based 
on the implicit assumption that one drug is being tested for, 
the rates presented have badly understated the true facts. 

False accusation rates caused by random and mutually inde­
pendent errors can be lowered to any desired level by several 
different means. But, to truly achieve the required rate, it is 
necessary to take into consideration the number of drugs being 
tested for. 

In ordt:i tu attain a false accusation rate below some desired 
maximum when testing for multiple drugs, the following steps 
must be taken . 

1. Determine the maximum false accusation rate that is 
considered acceptable by the relevant decision makers (in­
cluding union representatives , if applicable) . 

2. Estimate the lowest likely rate of drug usage by the work­
ers to be tested. 
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3. Estimate the highest likely individual false positive and 
false negative rates for the organization involved. 

4. Using the estimated individual false positive and false 
negative rates, the number of drugs to be tested for, and the 
pertinent formulas , estimate the group false positive and group 
false negative rates. 

5. Assuming that one test includes a screen and confir­
mation, and using the expected drug usage rate and the group 
false positive and false negative rates, estimate the actual false 
accusation rate. 

6. Compare the actual false accusation rate to the maximum 
acceptable rate. If the latter is higher , the procedure is suf­
ficiently accurate . If the former is higher, the procedure is 
not sufficiently accurate ; either additional confirmations of 
positive tests must be conducted, individual specificity or sen­
sitivity must be increased, or fewer drugs must be tested for. 

This process ensures that false accusations caused by ran­
dom and mutually independent laboratory errors occur at a 
lower rate than the desired maximum . It does not address 
systematic errors or errors occurring outside of the laboratory. 
These too are important, and could make the total error rate 
substantially higher, but are beyond the scope of this paper. 

In closing, we would like to make a few personal obser­
vations. We feel that DOT is working hard to establish rig­
orous and just testing standards, and the DOT-mandated pro­
cedures, once fully implemented, will likely result in substantial 
improvements in average test accuracy in the transportation 
modes to which they apply. These error rates can be expected 
to be substantially lower than those reported by JAMA (28). 

In the authors' opinion however, there will never be perfect 
accuracy in drug testing, and there does not need to be. Some 
individuals will be falsely accused and convicted under all 
systems of justice. It is not by chance that both the American 
legal and workplace jurisprudence systems have identified 
levels of proof that range from preponderance of evidence, 
to clear and convincing evidence, to proof beyond a reason­
able doubt (with the increasingly higher standards being ap­
plied as punishments become more severe). But, even for the 
most severe punishments, absolutely perfect proof is not re­
quired , and it is expected that there will be cases of error. 
The critical question is not how to avoid false accusations, 
which is impossible unless everyone is assumed innocent , but 
how to be sure that the errors that do occur will be at an 
acceptably low rate. One good way to achieve desired error 
rates is to control them by methods such as those identified 
in this paper. 
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DISCUSSION 

DONNA R. SMITH 
Drug Enforcement and Program Compliance, U.S. Department of 
Transportation, 400 Seventh St., S. W., Washington, D. C. 20590. 

The authors' conclusion that the false accusation rate (FAR) 
is an appropriate measure of drug testing accuracy is mis­
leading. According to the authors' definition, the FAR is a 
function of the sensitivity and specificity of drug testing and 
the prevalence of drug use in the population being tested. 
Drug use prevalence does not affect laboratory accuracy. The 
application of the author's statistical methodologies to work­
place drug testing is also based on experience from clinical 
diagnostic testing, which is not necessarily germane to ana­
lytical toxicology. Furthermore, the conclusions are based on 
an assumption that random testing errors occur at an equal 
rate for any combination of drugs being tested for. This as­
sumption does not consider the procedures available to con­
trol for rcindom errors in an independent serial testing pro­
tocol. 

The procedures required in National Institute on Drug Abuse 
(NIDA) certified laboratories control for random laboratory 
error, in part, by the independent administration of two types 
of testing methodologies [immunoassay and gas chromatog­
raphy/mass spectrometry (GC/MS)]. Specimens that are pos­
itive on the immunoassay are then tested using a separate 
aliquot subjected to GC/MS confirmation; it is not simply a 
continuation of the testing process using the same aliquot. 
Thus, the assumption that random laboratory error can be 
determined on the basis of dependent factors in the testing 
process is unsubstantiated. The authors use the insufficient 
reason approach to make their assumption that the individual 
specificity, sensitivity, and predictive value for each drug tested 
for are equal. In fact, sensitivity, specificity, and predictive 
values are very different for the various classes of drugs. 

Although the authors emphasize that their many assump­
tions may not apply to DOT-mandated testing conducted in 
NIDA-certified laboratories, they claim that their conclusions 



30 

and recommendations are universally applicable to drug test­
ing in the workplace. This progression is questionable. DOT 
does not assert that random laboratory errors are impossible. 
However, current procedures and NIDA laboratory protocols 
that respond to different sensitivity and specificity rates for 
individual drugs through controlled cutoff levels; independent 
serial testing procedures; and internal laboratory controls, 
standards, and calibration greatly minimize random labora­
tory error. 

The authors discuss false positive rates, FAR values, and 
false conviction rates (the latter, undefined). False positive 
rates are based on laboratory findings (i.e., identifying a drug 
or drug metabolite when it is in fact not present) and are not 
based on whether or not the individual illicitly used a con­
trolled substance. When a specimen contains an identified 
drug or metabolite, the determination of whether that me­
tabolite got there as a result of prescribed medication or illicit 
drug use has no relationship to its being a false positive. 

Blind proficiency data from DOT-mandated testing have 
yet to produce a false positive . There have been reported 
false negatives. The authors' observation of the lack of pub­
lished data on the blind proficiency testing program for DOT­
mandated testing is valid. The blind proficiency program is 
not a one-shot research design. It is a programmatic require­
ment and the only source of information for the results is from 
the individual employers participating in the ongoing profi­
ciency testing program . There is no evidence to support that 
employers are withholding information concerning false pos­
itive events in the blind proficiency programs. The employer­
supplied blind proficiency specimens, the NIDA proficiency 
testing program, and the laboratories' own internal open and 
blind proficiency testing programs combine to provide a com­
prehensive quality control program that monitors laboratory 
accuracy (and random laboratory error) on an ongoing basis. 

Because of the factors discussed by the authors and the 
findings in the Journal of the American Medical Association 
(JAMA) articles cited by the authors, DOT and NIDA adopted 
the rigorous standards and procedures that currently exist in 
NIDA-certified laboratories. The GAO reports cited by the 
authors did not explore the issue of laboratory accuracy or 
random laboratory error. GAO's concern was the implemen­
tation of workplace drug testing policies and programs. The 
analytic framework used in the authors ' paper is somewhat 
inappropriate for viewing the accuracy of a workplace drug 
testing program. It is more appropriate for use in medical 
diagnostic work. In medical diagnosis, the positive predictive 
value (PPV) has an individualistic interpretation (i.e., the 
probability that an individual has a disease given that they 
test positive on whatever indicative test is performed). In a 
medical diagnosis scenario, the prevalence of the disease plays 
a critical role in interpreting a test result. In assessing drug 
testing programs, the prevalence of drug use in the population 
should not necessarily play a role in the accuracy of the testing 
methodology. This should be done on the basis of the test 
(analytic process) itself (i .e., the false positive rate or false 
negative rate). 

The FAR is given as the number of false positives divided 
by the number testing positive. The number testing positive 
is influenced by the prevalence rate . A larger prevalence rate 
should, therefore, have a smaller FAR than a program with 
a small prevalence rate-even though both may have the 
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same number of false positives. The FAR does not therefore 
present an equitable evaluation across the universe of drug 
testing programs. Drug use prevalence is thus irrelevant to 
drug testing methodology accuracy. 

False positive rates are derived from laboratory accuracy 
and reliability and are not affected by drug prevalence or 
incidence rates. The protection of the individual employee is 
paramount in any workplace drug testing program and that 
is why DOT believes that the rigorous procedures and stan­
dards imposed on NIDA-certified drug testing laboratories 
are essential. Hopefully, the transit industry, though not cur­
rently required to adopt DOT and NIDA guidelines, will 
pursue the use of such standards in their nonregulated pro­
grams. 

Authors' Closure 

Dr. Smith's remarks almost entirely concern DOT and NIDA 
procedures, yet, as she admits, these procedures currently are 
inapplicable to transit . Moreover, she does not address the 
topic of our paper: the relationship between the number of 
drugs tested for and the percentage of people who are falsely 
accused of drug use. That is, even if everything Dr. Smith 
said were true, it would have no bearing on transit and no 
bearing on the accuracy of testing for multiple drugs. Further, 
her discussion contains many incorrect and misleading state­
ments. Unfortunately, treatment of all these issues is pre­
cluded by the space limit placed on our response. 

The objective of our paper was to exhibit the impact that 
testing for several drugs, rather than for one drug, has on the 
accuracy of the drug-testing process. Because of the way in 
which sensitivity and specificity have been calculated here­
tofore, ail prior drug testing analyses have implicitly assumed 
that a specimen was being tested for only one drug. That is, 
past analyses have failed to take into account the simple laws 
of probability that prevail in cases in which specimens are 
tested for several drugs. Our concern was to point out the 
probabilistic implications of the multiple-drug case, in order 
that potential problems could be dealt with in the design of 
accurate testing processes. Our conclusion was that an in­
crease in the number of drugs tested for in a specimen also 
increases the probability that a given specimen will be falsely 
classified as positive. Dr. Smith never addresses this conclu­
sion or the discussion justifying it. 

Dr. Smith states "DOT does not assert that random lab­
oratory errors are impossible. However, current procedures 
and NIDA laboratory protocols .. . greatly minimize random 
laboratory error." Thus, the discussant acknowledges that 
random errors can occur. It is notable, however, that DOT's 
blind proficiency sampling procedure has not been powerful 
enough to discover any false positives, although false positives 
have been reported by others (J ,p.8). 

We agree with Dr. Smith's statement that drug use prev­
alence does not affect laboratory accuracy-however, we never 
claimed it did. Our point, in the current paper and in previous 
papers (2,3), is that sensitivity and specificity rates should not 
be viewed in the absolute. Rather, the impact of sensitivity 
and specificity must be viewed from the perspective of their 
interaction with drug use prevalence rates, as determined by 
a Bayesian analysis. Clearly, as indicated by the results pro-
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vided in our previous paper (2), which deals with the Bayesian 
concepts, the false accusation rates differ depending on prev­
alence of drug use. That is, for given sensitivity and specificity 
levels, the false accusation rate will be higher in groups with 
low drug use prevalence than in high-prevalence groups. 

By focusing on laboratory error rates, Dr. Smith misses the 
critical point. Laboratory accuracy is only a means to an end, 
the end being to avoid false accusations. For example, the 
fact that a laboratory reports only one false positive out of 
every million drug-free samples is completely irrelevant if this 
still results in 9 out of every 10 positives being false accusa­
tions. A given laboratory accuracy level may result in very 
high or very low false accusation rates. It is important to start 
with acceptable false accusation rates and work backwards to 
the laboratory accuracy levels required for each target group. 
Our effort has been to suggest procedures to identify the 
potential impact of random errors on various target groups, 
and to suggest processes to deal with these potential errors. 
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We appreciate Dr. Smith's discussion, and the opportunity it 
has given us to reemphasize these issues. 
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Tualatin Park-and-Ride Lot 
Program Evaluation 

CAROL AMBRUSO 

In September 1988, Tri-Met opened a new park-and-ride lot near 
1-5 on the southwest side of Tri-Met's service district. The lot 
was built to serve residents of the suburban community of Tual­
atin. It provides 204 parking spaces and a covered waiting area. 
A campaign was undertaken to promote the new lot and the Line 
96 express bus, which provides nonstop, 20-min service from the 
park-and-ride lot to downtown Portland. Research undertaken 
to assess the effectiveness of the promotion included counting 
the number of cars in the park-and-ride lot, the number of pas­
sengers who boarded Line 96 at the park-and-ride lot , and the 
total passengers on board Line 96. Surveys were conducted of 
passengers on board Line 96 and persons who received a direct 
mail promotional packet. Major conclusions of the study were as 
follows: (a) Use of the lot increased steadily from September 19, 
1988 (the day the lot opened), until it reached capacity in mid­
January . (b) Ridership on Line 96 increased by 283 percent be­
tween September 5, 1988, and January 24, 1989. 

On September 19, 1988, Tri-Met opened a new park-and-ride 
lot at the junction of I-5 and Lower Boones Ferry Road. The 
lot was built to serve residents of the suburban community of 
Tualatin located on the southwest side of Tri-Met's service 
district. Figure 1 shows the location of the park-and-ride lot 
in relation to the Line 96 route and the downtown Portland 
bus mall. This lot provides 204 parking spaces and a covered 
waiting area for Tualatin area residents. It effectively replaced 
the 80-space parking lot on Seneca Street in the city of Tual­
atin. Just before the park-and-ride lot opened (on September 
6), three inbound and two outbound trips were added to the 
Line 96 Tualatin-Wilsonville bus route. Also, the number of 
articulated buses on this route was increased from two to five. 

In addition to promoting the new park-and-ride lot, a de­
cision was made to also promote Line 96 as express service. 
From the park-and-ride lot, Line 96 provides nonstop, 20-
min service to downtown Portland on weekdays during peak 
hours. Although service from Tualatin to downtown Portland 
has always been nonstop, this service heretofore had not been 
promoted as express service. Several promotional activities 
took place before and after the park-and-ride lot opened, as 
follows: 

1. August 10, 1988. Large information signs were placed 
at the park-and-ride lot construction site. These signs in­
formed the public when the lot would open and what type of 
service Tri-Met would provide from the lot. 

2. August 18, 1988. Posters promoting the Line 96 express 
service and the Line 38 Boones Ferry service were sent to all 
downtown Portland employers of 50 or more persons. Posters 

Tri-County Metropolitan Transportation District of Oregon, Public 
Services Division, 4012 S.E. 17th Avenue, Portland, Oreg. 97202. 

were also sent to employers in Tualatin and Wilsonville to 
promote service to reverse commuters (persons not traveling 
in the peak direction). 

3. August 31 and September 15, 1988. A representative 
from Tri-Met's rideshare program conducted on-site pro-
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motions at the South Center Business Park in Tualatin. In­
dividual trip plans were developed for approximately 150 
persons. 

4. September 8 1988. Pathfinder signs directing commuters 
to the park-and-ride lot were strategically placed in the Tual­
atin and Lake Oswego areas. 

5. September 1988. Individual , handwritten letters and a 
day pass were sent to 35 persons who had inquired about the 
new park-and-ride lot while it was under construction. 

6. September 1988. Signs were posted at the S neca treel 
park-and-ride lot advising patron rhe lot would no longer be 
served and directing them LO park at the new park-and-ride 
lot beginning September 19. 

7. September 19, 1988. The park-and-ride lot was officially 
opened with a welcoming committee from Tri-Met serving 
coffee and doughnuts. 

8. October 14, 1988. A direct-mail packet was sent to 9,549 
residents in the Tualatin-Wilsonville area. The packet con­
tained a letter informing residents about the new park-and­
ride lot and the express service to downtown Portland, em­
phasizing the benefits to the commuter of riding. The packet 
also contained a map of the bus route, a Line 96 schedule, a 
ticket for five free days of riding on Tri-Met if the first trip 
of each day began on Line 96, and an offer of 25 percent off 
any book purchased at Book Merchants just for using all five 
free days of riding. 

9. October 16, 1988. A newspaper advertisement regarding 
the Tualatin park-and-ride lot and the Line 96 express service 
was placed in the local paper, the River City Press. At the 
bottom of the advertisement was a coupon readers could re­
turn for the direct-mail packet described earlier. 

10. October, 1988. A short news article regarding the new 
park-and-ride lot was placed in the Commuter. This paper is 
delivered to Salem-bound commuter who were members of 
Tri-Met's carpool data base, government offices in Salem, the 
state library, and Salem City Hall. 

11. Late October 1988. A letter promoting the park-and­
ride lot as a carpool staging area was sent to all commuters 
from Portland to Salem who were listed in the Tri-Met carpool 
data base. 

RESEARCH METHODOLOGY 

The objectives of the promotion were to increase use of both 
the Tualatin park-and-ride lot and the Line 96 express service. 

The research undertaken to assess the effectiveness of the 
promotion was multifaceted. Individual components of the 
research were as follows: 

1. The number of cars parked at the Tualatin park-and­
ride lot were counted from the week after the lot opened 
through the second week of January. 

2. The number of passengers boarding and alighting at the 
Tualatin park-and-ride lot and the number of passengers aboard 
the bus when it left the lot were counted periodically between 
September 5, 1988, and January 26, 1989. 

3. The actual number of newspaper advertisement coupons 
and tickets redeemed for a discounted book were recorded . 

4. A questionnaire was distributed on board Line 96 to 
determine when passengers began riding Line 96 and why. 
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5. A survey was sent to the 9,549 persons who were mailed 
the direct-mail packet. 

The results of each research component and conclusions and 
recommendations regarding the effectiveness of the direct­
mail promotion are described in the following sections. 

RESULTS OF RESEARCH 

Park-and-Ride Lot Counts 

The number of cars using the Tualatin park-and-ride lot in­
creased steadily after the Jot opened on September 19, 1988. 
By the begi nning of 19 9. the lot was con i tently at or near 
capacity. Initially many of the cars may have bel nged to 
per ons moving from the 80-space Seneca Street lot. How­
ever, it is clear that patronage f the Tualat in park-and-ride 
lot increased well beyond the number who previously used 
the Seneca Street Jot. Although no hard data exists, in ad­
dition to those who park and ride Line 96, Tri-Met has learned 
that several groups are using the lot as a staging area for 
carpool . 

Figure 2 shows the average daily use of the Tualatin park­
and-ride lot on weekday from September 26, 1988, through 
January20, 1989. The harp drop , hown in Week 16 i. becau. e 
only J day was counted that week-December 27. In alt 
lik lih od the low count that day was caused by the holiday 
season when many people take time off work. 

Load Counts at Tualatin Park-and-Ride Lot 

Load counts taken on September 5, 1988 (before the Tualatin 
park-and-ride lot opened), indicated that the number o.f per-
ons riding into downcown Portland between 6:20 and 8:00 

a.m. on tl1e Li"ne 96 Tualatin-Wit onviUe expre · was 126. A 
shown in Figure 3, this number increased steadily since the 
lot opened. Load counts on January 24, 19 9, indicated that 
the number of inbound passenger on the Tualatin-Wil ·on ville 
bus was 356, an in rease of 283 percent. 

The number of pas engers boarding at the park-and-ride 
lot during morning peak hour was al o recorded . When the 
lot opened on eptember 19, 1988, only 44 per ons b. arded 
the Line 96 bus at the new park-and-ride lot. By September 
27, this number had more than doubled, and on January 24, 
1989, 224 passengers boarded inbound Line 96 buses between 
6:20 and 8:00 a.m. at the park-and-ride lot. 

The number of persons traveling from downtown Portland 
to Tualatin in the morning hours has remained fairly constant. 
On October 11, 1988, 49 passengers rode outbound Line 96 
buses in the morning. This number increased to 68 on No­
vember 30, 1988, and then decreased to 52 on January 
24, 1989. 

Newspaper Coupon and Ticket Redemption 

On October 16, 1988, an advertisement was placed in the 
River City Press, a local newspaper. At the bottom of this 
advertisement was a coupon that could be redeemed for the 
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direct-mail packet mentioned earlier. Overall, 67 newspaper 
coupons were redeemed. 

On October 14, 1988, the direct-mail packet was sent to 
9,549 persons in the Tua.latin-Wil onville area. The packet 
contained a letter informing residents of the new park-and­
ride lot and the Line 96 express service to downtown Portland. 
The packet also contained a map of the bus route, a Line 96 
schedule, and a ticket for five free days of riding if the first 
trip of the day was on Line 96. When all 5 days of riding had 
been used, the passenger could redeem the ticket for 25 per­
cent off any book purchased at Book Merchants. 

Including the persons who redeemed the new paper ad­
vertisement coupons, a total of 9,616 tickets for five free days 
of riding were sent out. Only 31 were redeemed for a dis­
count book. 

Line 96 On-Board Survey 

On December 7, 1988, Dan Gargan and Associates conducted 
a survey of passengers o.n morning trips on Line 96. In all , 
286 surveys were completed , repre enting 76 percent of the 
morning pa senger that day. The maximum margin of error 
for a survey of this size is ± 6 percent at the 95 percent con­
fidence level. 

More than 40 percent of respondents began riding Line 96 
after the Tualatin park-and-ride lot opened. New passengers 
said they were prompted to try Tri-Met to save money on 
parking (28 percent) , to avoid driving has les (27 percent), 
or because they did not have a car available (J 7 percent). A 
handful of persons mentioned getting a free ticket in the mail 
or word of mouth as their initial reason for riding. 
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Respondents were given a list of ways in which they may 
have heard about the Tualatin park-and-ride lot and express 
service on Line 96. The sources of information that respon­
dents most often remembered are presented in Table 1. 

More than half (59 percent) of the new riders boarded the 
bus at the Tualatin park-and-ride lot. By comparison, 38 per­
cent of all riders boarded at the lot; the remainder boarded 
at other points along the route. 

The majority (59 percent) of new passengers drove to the 
bus line (including 46 percent who drove to the new park­
and-ride lot), 16 walked to a bus stop, 14 percent were dropped 
off by car, and 11 percent transferred from a bus or MAX 
train. Among all passengers, 46 percent drove to the bus line, 
27 percent walked, 11 percent were dropped off by car, and 
14 percent transferred from another Tri-Met vehicle. 

The majority of respondents who transferred from a bus or 
MAX train (83 percent) were reverse commuters-that is, 
persons who were traveling outbound in the morning on Line 
96 from downtown Portland. 

More than 90 percent of all passengers were riding the bus 
to work. An additional 5 percent were going to school. There 
was no difference in trip purpose between new passengers 
and those who started riding before the park-and-ride lot 
opened. Although outbound passengers made trips primarily 
either to work or home, inbound passengers also made trips 
to school, to see the doctor, and for other purposes. 

The most popular method of fare payment was a monthly 
pass. This method was favored by 45 percent of all riders and 
42 percent of new riders. One-third of the riders in both 
groups use tickets and 19 percent of all riders pay with cash, 
compared with 22 percent of new riders. 

TABLE 1 ON-BOARD SURVEY SOURCES OF INFORMATION 

Do you recall hearing about the Tualatin Park & Ride lot and express 
service on the Line 96 Wilsonville-Tualatin from ... 

Driving by the Park & Ride lot 

A friend or co-worker 

A packet in the mail 

A sign at the old Seneca St Park & Ride 

An ad in the local newspaper 

Your bus driver 

A personalized letter from Tri-Met 

A poster at work 

An article or ad in the Conunuter 

A Tri-Met representative at work 

Other 

New 
Riders 

(N-118) 

77% 

35 

28 

3 

13 

4 

10 

3 

0 

2 

12 

All 
Respondents 

(N-286) 

71% 

28 

25 

18 

16 

13 

11 

3 

2 

1 

11 
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Outbound passen ers were substantially more likely to pay 
with cash and less likely to use tickets than inbouod passen­
gers. Pass usage among members of these two groups was not 
substantially different. The di parity between groups relating 
to the use of cash versus tickets may be cau. ed by the sub­
stantially lower incomes of outbound passengers. 

Demographic characteristics for respondents to the Line 96 
on-board survey are presented in Table 2. 

More than half (51 percent) of all respondents said they 
were very satisfied with service on Line 96, and over one­
third (37 percent) were somewhat satisfied. New riders ex­
pressed a slightly higher level of satisfaction than did the total 
sample. When asked why they were satisfied or dissatisfied 
with the service, more than one-quarter said the service was 
fast, and 21 percent said it was convenient. Problems men­
tioned included late buse (20 percent), not enough runs (18 
percent), and overcrowding (11 percent). 

When asked how service on Line 96 could be improved, 
57 percent of those who responded to the question suggested 
adding runs, 24 percent wanted larger buses, and 11 percent 
wanted on-time performance. One respondent asked for 
coffee. 

A lthough requests for larger buses were to alleviate per­
ceived overcrowding, requests for more runs related to a need 
for midday, evening, and weekend service that Tri-Met does 
not currently provide. 
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Direct Mail Survey 

Response to Direct Mail Packet 

On December 2, 1988, Tri-Met sent a mail-back survey to 
the 9 549 persons who were sent a direct-mail packet. A total 
of 1,149 completed surveys were returned, yielding a response 
rate of 12 percent. The maximum mar,gin of error for a survey 
of this size is ± 3 percent at the 95 percent confidence level. 

Three out of four survey respondents (75 percent) remem­
bered receiving the direct mail packet. The packet seems to 
have been fairly appealing to respondents . Among those who 
remembered getting the packet , two-thirds (67 percent) said 
they read all of it , and an additional 10 percent reported 
readiug at lea. t half. Only 3 percent said they did n t read 
any of the packet. 

Respondents who received the packet said the schedule was 
the mo t useful information (37 percent) , followed by th free 
ticket (30 percent) and the informational letter (26 percent) . 

Free Ticket Use 

When asked who, if anyone, used the free ticket, 72 percent 
said it was not used. Not surprisingly, the majority of these 
respondents were nonriders (86 percent) . An additional 10 

TABLE 2 ON-BOARD SURVEY DEMOGRAPHIC CHARACTERISTICS OF 
LINE 96 PASSENGERS 

All New Inbound Outbound 
Characterist;!,c Riders Riders Riders Riders 

(N=286) (N-118) (N- 234) (N=52 ) 
AGE 

16 and Under 0.8% 0.0% 0.9% 0.0% 

17 to 24 10.9 15.5 11 . 4 8.5 

25 to 34 32.9 39.1 31. 3 40.4 

35 to 44 32.6 28.2 33.6 27.7 

45 to 54 17.4 14.5 16.6 21. 3 

55 to 64 4.3 0.9 4.7 2 . 1 

65 and Over 1. 2 1. 8 1.4 0.0 

INCOME 

Under $10,000 7.3% 7.8% 2.7% 26 .1% 

$10,000 to $19,999 20.1 21. 6 l'.> .4 39.l 

$20,000 to $29,999 17.5 11. 8 17.6 17.4 

$30,000 to $39,999 23.5 25.5 26.6 10.9 

$40,000 to $49,999 14.1 11. 8 16 . 5 4 . 3 

$50,000 or More 17.5 21. 6 21. 3 2.2 

* Percentages may not add to 100 due to rounding. 
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percent were persons whose riding frequency has remained 
constant. A closer look at this smaller group shows that more 
than half ride Tri-Met at least 30 times per month. In all 
likelihood, these respondents did not use the free ticket be­
cause they had purchased a monthly pass. 

In addition to the tickets that were not used, nearly one 
respondent in five (19 percent) reported using the free ticket 
personally 6 percent gave it away and 3 percent were used 
by someone in the respondent ' · family. Among tho e who 
used the tickets persona lly, 22 percent were nonriders before 
the promotion who reported riding two or more times per 
month after the promotion . More than one-third of these 
former nonriders (15 persons) changed their riding frequency 
from 0 transit trips per month to 30 or more. 

Almost all respondents who personally used the free pass 
commute to work or school at least 4 days per week. When 
asked how many free days of riding they used, 68 percent 
reported u ing all 5 days . Eight percent used 4 days, 7 percent 
used 3 days, 9 percent used 2 day ' and 8 percent used 1 day. 

Among respondents who used the free ticket, 20 percent 
(30 person ) reported redeeming the ticket for a discount book 
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coupon. Tri-Met actually received 31 tickets . The closeness 
of these numbers indicates that almost all of the people who 
received the free book also filled out and returned a survey. 
This finding is supported by the marketing theory that persons 
are more likely to complete and return a form if they are 
rewarded with something they perceive as valuable. More­
over, research shows that certain types of people are generally 
more likely to respond to a survey or other research format 
than other types of people. 

The direct mail survey provides some interesting results 
related to respondents' commute mode before and after the 
promotion. Table 3 presents the riding frequencies and com­
mute modes both of free ticket users and all survey respon­
dents before and after the promotion. 

Although Table 3 indicates trends in commute mode and 
riding frequency, it is incomplete in that it only pre ent over­
all totals , not individual fluctuations. For example, under" All 
Respondents," the table indicates lilt! change in overall rid­
ing frequency from before the promotion to after the pro­
motion. When looking at individual respondents however , 
results indicate that 10 percent of those who did not ride Tri-

TABLE3 DIRECT-MAIL SURVEY RIDING FREQUENCY AND COMMUTE 
MODE BEFORE AND AFTER PROMOTION 

FREE TICKET USERS ALL RESPONDENTS 
(N-160) (N-1,149) 

Before After Before After 
Characteristic Promotion Promotion Promotion Promotion 

COMMUTER STATUS 

Commuter 96% 93% 

Non-Commuter 4 7 

COMMUTE MODE 

Drive Alone 30% 21% 70% 70% 

Carpool 19 15 11 10 

Tri-Met 48 62 15 17 

Other 3 3 5 4 

RIDING FREQUENCY 
(Trips per Month) 

0- 1 39% 21% 79% 78% 

2- 6 6 6 5 4 

7-12 5 11 2 4 

13-29 17 17 4 4 

30-99 33 45 10 11 

Not Available. 

* Percentages may not add to 100 due to rounding. 
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Met before the promotion made two or more transit trips 
following the promotion and 2 percent of all survey respon­
dents increa ed their riding frequency. 

During the same time period , almost 4 percent of survey 
respondent decreased their riding frequency. The greatest 
number of the e were persons in the light rider category (2 
to 6 trips per month) . Member of thi group may have been 
per 011 • who used transit once or twice in 'eptember becau. e 
their regular tran portation method was not available (i. e., 
their car broke down) . Other explanations for decreased rid­
ing frequency in December include normal attrition and an 
increased perception of the need for a car to do errands and 
holiday shopping. 

Tualatin Park-and-Ride Lot Use 

Increasing ridership on the Line 96 bus was only one objective 
of the promotion. The second objective was to promote use 
of the Tualatin park-and-ride lot. When asked how they usu­
ally get to the bus or MAX line, 30 percent of those who ride 
Tri-Met said they drive to the Tualatin park-and-ride lot, 34 
percent walk to a bus stop, 16 percent drive to a bus stop, 7 
percent drive to another park-and-ride lot, 7 percent are 
dropped at a bus stop, and 6 percent reach Tri-Met vehicles 
by other means. 

The level of transfer activity indicated by the survey is low 
in comparison with the total system. One reason for this is 
because the survey was sent to persons in the Tualatin area 
who generally commute in to Portland to work and may then 
transfer to another bus or MAX. The survey was not sent to 
persons in Portland who may transfer to Line 96 on their way 
to jobs in Tualatin. 

The number of persons who currently drive to the Tualatin 
park-and-ride lot includes nearly three-quarters of those who 
previously parked at the Seneca Street park-and-ride and two-
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thirds of all new riders . Almost three-quarters of respondents 
who used the free ticket said they began or ended their trips 
at the Tualatin park-and-ride lot. 

Sources of Information 

Respondents were given a list of ways in which they may have 
heard about the Tualatin park-and-ride lot and express service 
on Line 96. The sources of information that the respondents 
remembered is presented in Table 4. These sources are listed 
in descending order by the percentage of all respondents who 
recalled that particular source. 

Personalized letters were sent to only 35 persons who had 
inquired about the park-and-ride lot while it was under con­
struction. Comments on the survey form indicated that re­
spondents probably believed this category referred to the in­
formational letter in the packet. This belief accounts for the 
high level of recall of the personalized letter . 

In addition to the sources presented in Table 4, respondents 
were asked if they had seen a Tri-Met advertisement in the 
local paper in October. In all, 21 percent of survey respon­
dents said they remembered seeing the October 16 adver­
tisement that appeared in the River City Press. The adver­
tisement did not generate a large response. Of those who 
remembered seeing the advertisement, only 7 percent (15 
persons) reported sending in the order form at the bottom. 
Tri-Met actually received 67 order forms, including those re­
ceived from persons not sent the direct mail packet. 

Satisfaction with Tri-Met Service 

Nearly one-third of all survey respondents said they were very 
satisfied with Tri-Met service; an additional 43 percent were 
somewhat satisfied. When asked why they were or were not 
satisfied, 18 percent cited a need for more service-partic-

TABLE 4 DIRECT-MAIL SURVEY SOURCES OF INFORMATION 

Q. Do you recall hearing about the Tualatin Park & Ride lot and express 
service on the Line 96 Wilsonville-Tualatin from . .. 

New All All 
Infor mat ion Source Riders Riders BesQondents 

(N~46) (N=243) (N=l , 149) 

Driving by the Park & Ride lot 70% 67% 75% 

A personalized letter fr om Tri-Met 51 44 38 

A friend or co-worker 23 20 12 

A s i gn at the old Park & Ride lot 0 10 8 

A Tri-Met Representative at work 8 5 3 

Your bus driver 3 10 3 

An article or ad in the Commuter 0 3 2 

A poster at work 0 3 2 

Other 14 12 7 
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ularly midday, evenings after 7 p.m. , and weekends. Nine 
percent (9 percent) said there is no service to their de tinalion , 
8 percent said Tri-Met provides a needed service , and 5 per­
cent said they like the express service. 

New riders were considerably more positive in their as­
sessment of Tri-Met service. More than half (51 percent) of 
all new riders said they were very satisfied with Tri-Met ser­
vice; 39 percent were somewhat satisfied. When asked why 
they were satisfied or dissatisfied 32 percent said there wa 
a need for more service, 1.3 percent aid bu es are reliable ~ 
percent mentioned the service was convenient, 6 percent said 
buses are late, and 5 percent said thev like the expre. service. 

Demographic Characteristics of Survey Respondents 

Table 5 presents the demographic characteristics of all direct 
mail survey respondents, all riders, new riders only, and fre(' 
ticket users. 

CONCLUSIONS 

The Tualatin park-and-ride lot promotion was one of the mos 
comprehensive promotions ever done at Tri-Met and the ef­
fort appears to have paid off. 

Use of the new lot increased steadily from September 19, 
1988 (the day the lot opened), until it reached capacity in 
mid-January. 

Ridership on Line 96 increased substantially. Not only did 
use of the park-and-ride lot increase, but according to the on­
board survey, the direct mail survey, and load counts at the 
Tualatin park-and-ride lot, ridership on Line 96 increased 
substantially. Load counts show an increase in ridership of 
283 percent between September 5, 1988, and January 24, 
1989. 

The pervasiveness of information contributed greatly to the 
success of the new lot and express service. For sources from 
which respondents both to the one-board survey and to the 
direct mail survey got their information about the park-and­
ride lot, their number and location appeared to vary. For 
example, nearly half of the new riders got their information 
from a single source. However, when asked what that source 
was, 48 percent said driving by the lot, 23 percent mentioned 
a letter from Tri-Met, 14 percent heard from a friend or co­
worker, 10 percent heard from a Tri-Met representative at 
work, and 5 percent heard about the lot from a source not 
listed. 

The information sources that reached the greatest number 
of people were the large information signs placed at the park­
and-ride lot during construction, the direct mail packets, and 
a Tri-Met representative at the South Center Business Park 
in Tualatin. 

For persons who already rode the bus, other important 
sources of information were the bus driver and signs placed 
at the old Seneca Street park-and-ride lot. 

Free tickets provided necessary incentive for trying the bus. 
When respondents to the on-board survey who were new bus 
riders were asked why they initially started riding the bus, 
most mentioned saving money on parking, avoiding driving 
hassles, or lack of an available car. Few mentioned getting a 
free ticket in the mail. The direct mail survey indicated, how­
ever, that among the persons who used the free ticket per­
sonally, 22 percent were nonriders before the promotion. Thi~ 
finding indicates that although respondents may believe they 
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TABLE 5 DIRECT-MAIL SURVEY DEMOGRAPHIC 
CHARACTERISTICS OF VARIOUS RESPONDENT GROUPS 

Characteristic 

Commuter Status 

Commuter 
Noncommuter 

New 
Riders 
(%) 
(N=46) 

94 
6 

All 
Riders 
(%) 
(N=243) 

93 
7 

Postpromotion Commute Mode 

Drive Alone 36 14 
Carpool 7 12 
Tri-Met 55 69 
Other 3 5 

Riding Frequency (Trips per Month) 

0-1 0 0 
2-6 29 20 
7-12 13 14 

13-29 19 17 
30-99 39 49 

Gender 

Male 44 41 
Female 56 59 

Age 

16 and under 0 0 
17-24 11 13 
25-34 30 25 
35-44 27 28 
45-54 12 15 
55-64 7 7 
65 and over 12 11 

Income 

Less than $10,000 10 7 
$10,000 to $14,999 8 6 
$15,000 to $24,999 13 19 
$25,000 to $34,999 26 17 
$35,000 to $49,999 21 24 
$50,000 or More 23 27 

Free 
Ticket All 
Users Respon_dents 
(%) (%) 
(N= 160) (N= 1,149) 

96 93 
4 7 

21 70 
15 9 
62 17 

3 4 

18 78 
6 4 

11 4 
18 4 
48 11 

37 47 
63 53 

0 0 
7 5 

32 21 
30 30 
16 16 
10 11 
6 17 

6 4 
2 6 

19 16 
15 20 
29 26 
29 29 

NOTE: Percentages may not add to 100 because of rounding error. 

begin riding for another reason, getting a free ticket may be 
just enough incentive to lure would-be riders onto Tri-Met. 

Demographic characteristics of new riders did not vary sig­
nificantly from those of all riders except that a higher per­
centage of new riders still drive alone to work and make fewer 
transit trips per month than other riders. 

Probably the single most important factor in the overall 
success of this project was the nature of the product itself. 
Line 96 provides direct, nonstop service from the Tualatin 
park-and-ride lot (with easy freeway access) to downtown 
Portland. It is unlikely most persons could reach their des­
tination faster if they drove themselves. In addition, parking 
at the park-and-ride lot is free whereas parking downtown 
can cost more than $100 per month . 

One indicator of the quality of the product is that 28 percent 
of the respondents to the on-board survey said they heard 
about the park-and-ride Jot and Line 96 express service from 
a friend or co-worker. This finding also reinforces the notion 
that word of mouth is a strong advertising tool. 

Publication of this paper sponsored by Committee on Public Trans­
portation Marketing and Fare Policy. 
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Direct-Mail Marketing to New Residents 

CAROL AMBRUSO 

In January 1989, Tri-Met began monthly direct-mail marketing 
to new re-sidents in 24 target zip codes that were selected for their 
excellent transit ervicc. "ach month , new re ·idenls in these zip 
codes are sent a direct mail packet containing a coup n for JO 
Cree Tri-Met tickets. One-half of the I ackets als contain an offer 
f r Tri-Met lo plan a transi t trip of the respondent' . ch osing. 
The purpose of the promotion is to capture new rider and retain 
per on who rode transit before moving at the ame or higher 
riding frequency . Nonridcr and those whose riding frequency 
decli ned after moving were sent an additio rrnl offer of discount · 
011 a monthly pass and Tri-Met ticket. and a coup n for a free 
Tran portation Guide . A din:ct-mail survey to eva luate the pro­
motion wns sent to respondents to the January and February 1989 
mailings . . 1 ey finding from the study were a follows: a) the 

riginal offer received a 30 percent respClnsc; (b) over one-third 
of nonrider before the promoti n rode Tri-Met at lea ·1 twice in 
a month fo llowing the promotion, including 17 percent who rode 
7 or more times; (c) more than half of those who were transit 
rider before moving were retained at the same or greater fre­
quency. The promotion ' ucces. demonstniies that moving is a 
prime tim · to cff ct changes in modes of tran po.rcation. This 
promotion succeeded because Tri-Mt.:t carefully ·elected th tar­
ger market and pr rnoted a good product by providing it to per· 
on at a time when they were making major lifes tyle hangcs. 

Every year, thousands of people move into new residences 
in the Portland metropolitan area-from outside the area and 
from within . Some of these persons use transit, some have 
used it in the past, and some have never used it. In January 
1989, the Tri-County Metropolitan Transportation District of 
Oregon (Tri-Met) launched a direct-mail marketing campaign 
targeting these new residents. The idea behind the campaign 
was to market transit to persons at a time when they were 
making major lifestyle changes. This time seemed a golden 
opportunity to capture new riders and reinforce riding be· 
havior among those who used transit before they moved. The 
promotion and the results of evaluative research are de­
scribed. 

PROMOTION DESIGN 

Tri-Met selected new residents in 24 zip codes as the target 
audiem:e for the promotion. The zip codes chosen were those 
with particularly good transit service. Tri-Met chose these zip 
codes because the agency wished to eliminate as many barriers 
to riding (including inconvenient service) as possible to elicit 
the greatest response . A mailing house in Philadelphia that 
specializes in new-resident promotions was hired to obtain 
the names and addresses of new residents in the target zip 

Tri-County Metropolitan District of Oregon, Public Services Divi­
sion, 4012 S.E. 17th Avenue, Portland, Oreg. 97202. 

codes and to mail promotional packets. Each month, Tri-Met 
sends the promotional packet to persons moving into the se­
lected zip codes. At the onset of the promotion, Tri-Met sent 
packets to all persons who had moved into the area within 
the past 6 months . 

The promotional packet contained the following: 

• A letter outlining the personal benefits of riding transit, 
•A packet of information about riding Tri-Met , and 
• A response coupon that could be redeemed for 10 free 

Tri-Met tickets. 

A short survey to elicit cursory information about the re­
spondent's transit usage appeared on the reverse of each re· 
sponse coupon. One-half of the promotional packets also of­
fered to plan a trip on Tri-Met for the respondent. Tri-Met 
did not offer trip plans to all new residents for two reasons. 
First , the agency was uncertain whether there were sufficient 
staff to plan all requested trip , given au tmknown re ponse 
level. Second the agency wi hed to determine if the trip­
planning offer made a significant difference in the verall 
response to the promotional packet . 

Tri-Met fulfilled the requests for tickets, information, and 
trip plans usually within 2 days of receiving the coupons. 
Information packets senc to per ns who did not r quest a 
trjp plan contained a brochure describing how to ride, a list 
of ticket and schedule outlets, a piece de cribing community 
benefit of mass transit, and a customer comment card. Re· 
spondents who requested a trip plan received instructions and 
schedule information for making the requested trip in addition 
to the materials listed earlier. 

The names, addresses, and responses to the coupon survey 
were entered into a data base and segmented into three groups: 

1. Persons who did not ride transit either before or after 
moving; 

2. Persons who rode transit 20 or more times a month be­
fore moving but less than 20 times per month after moving; 
and 

3. Persons who rode Tri-Met 20 or more times per month 
before and after moving. 

Members of the first two groups (62 percent of all respond­
ents) were selected to receive a follow-up offer because they 
were members of the primary target group (i.e., nonriders or 
riders whose riding frequency had decreased). 

The follow-up offer consisted of three different coupons 
offering one-half off the price of a book of 10 Tri-Met tickets, 
25 percent off the price of a monthly pass, and 50 percent off 
a Tri-Met guide and map. A graphic presentation of the pro­
motion strategy is shown in Figure 1. 
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MAILING LIST GENERATED 
24 Zip Codes with 
Excellent Service 

I 
I l 

Local Movers Distance Movers 
Moves Within the Moves into the Transit 

Trensit District District from Outside 

I I 
I I I 

Offer A Offer B Offer A Offer B 
Trip Plenning 8 Info Transit lnformetion Trip Planning 8 Info Transit lnformetion 

Non-Riders 

Non-Riders Before and 
After Move 

Discount 
Coupon Offer 

FIGURE 1 New residents promotion flowchart. 

Response 
Fulfillment 

70 Free Tickets, Trip 
Plan and Transit Info 

Diminished 
Use Riders 

Riding Decreased After 
Move 

Discount 
Coupon Offer 

I 
Continued 
Use Riders 

Riding Continued at 
Same Level After Move 
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PROMOTION OBJECTIVES 

The primary objective of the program was to increase rider­
ship by retaining existing riders and capturing new riders. The 
specific objectives that follow were developed on the basis of 
the experience of other transit properties with similar pro­
grams. 

5. Have 50 percent of the initial respondents who were 
riders continue riding Tri-Met at the same or greater fre­
quency. 

1. Generate a 15 percent response rate to the initial mailing. 
2. Have 50 percent of the initial respondents make use of 

the promotional offer. 
3. Have 10 percent of the initial respondents make use of 

the follow-up offer. 
4. Have 10 percent of the initial respondents who did not 

previously use transit become regular transit riders . (A regular 
rider is defined as a person who makes seven or more transit 
trips per month). 

STUDY METHODOLOGY 

The research design to evaluate the effectiveness of the pro­
motion included the following: 

• A short survey on the back of the initial response coupon. 
The survey obtained cursory information about each respond­
ent's transit usage before and after moving. Tri-Met used this 
information to select those to receive the follow-up offer. 
Each coupon also contained a unique identification code that 
appeared on other research materials, allowing Tri-Met to 
track each respondent throughout the project. 
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• A tally of response coupons returned from the initial offer 
each month. This tally allowed Tri-Met to determine the re­
sponse rate to the initial mailing on a monthly basis. 

• A research mailing sent to respondents to the January 
and February initial mailings who met the criteria to receive 
a follow-up offer. 

• A record of coupons from the follow-up offer that were 
redeemed. 

A secondary research goal was to quantify the amount of 
revenue (in actual tickets used) Tri-Met gave away. This amount 
is important for estimating ridership as estimates are revenue 
based. 

STUDY RESULTS 

Response to the Initial Mailing of the Promotional 
Packet 

In January and February 1989, 6,816 promotional packets 
were mailed to new residents in the Portland area. A total of 
2,241 persons (32 percent) responded. Experience with direct­
mail promotions and research has indicated a definite bias in 
responses to promotions of this type. In general, only persons 
with at least marginal interest in the product or service being 
offered respond. In this instance, many nonriders were elim­
inated from further promotions or scrutiny because they did 
not respond to the initial mailing. 

Responses to the initial offer far exceeded Tri-Met's goal 
of 15 percent. In January and February 1989, the response 
rate was greater than 30 percent. The overall response rate 
for the first 4 months was 30 percent. 

The response rate for Offer A (trip planning) was con­
sistently 3 percentage points lower than for Offer B (infor­
mation only). Although this difference in response rates is 
not large, the consistency of response differences is interest­
ing. Perhaps some recipients of Offer A thought they were 
required Lu re4uesl a trip plan to obtain the free tickets and 
were unable or unwilling to do so. 
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The trip planning aspect of Offer A was somewhat less 
appeal ing to respondent than Offer B (information only). In 
the first 4 months of the promotion, only 39 percent of those 
who were offered trip planning actually submitted a trip plan 
request. The remainder requested int rmation only. Am ng 
those who did request a trip plan, only 18 percent were per­
sons who moved from outside the Tri-Met service district. 
The remainder were persons who made local moves. This 
finding reinforces the idea that trip planning is a desirable 
service for persons changing residences no matter how long 
they have lived in the general area . 

Figure 2 hows the re ponse to the initial mailing for each 
of the fir t 4 m nths of the promotion broken down by offer. 
The grouping on the far right represent the combined re­
spon e for all 4 month . The r verse of the re pon e coupon 
in the initial offer contained a hort que tionnaire designed 
to yie ld cursory transit usage information about the re -pond­
ent. 

In all, 42 percent of respondents to the initial mailing were 
nonriders after moving, including 7 percent who rode transit 
before they moved. The remaining 58 percent of respondents 
reported riding Tri-Met at least two times per month after 
moving. 

Although it is difficult to pinpoint the rea on for a change 
in travel behavior, there i evidence to suggest that m ving 
from one h me to another may precipitate ju t uch a change . 
fn a November 1988 poll {Tri-Met Altitude and Aware.ne 
Study), 9 percent of resp ndents who had stopped riding Tri­
Met cited moving as their primary rea on. Re ponses to the 
coupon survey indicated that 42 percent of all resp ndent, 
changed their travel behavior whe11 they moved ; 28 percent 
increased their tran it travel frequency and 14 percent either 
stopped riding trnn it or decreased their transit u age. Fully 
8 percent of respondent who did not ride tran it before mov­
ing began riding more than 20 times per month even before 
receiving the promotion. 

The target audience for the follow-up offer was selected on 
the basis of information from the coupon survey regarding 
transit use before and after moving. Table 1 presents thf 
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FIGURE 2 Percent response to initial mailing by offer. 
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TABLE 1 NEW RESIDENTS TRANSIT USAGE-SEGMENTATION FOR FOLLOW-UP 
MAILING 

Transit Trips Per Month After Move 

Count 
Tot Pct 

0-10 

11-20 

21-30 

31+ 

Column 
Total 

0-10 

2466 
55.4 

126 
2 . 8 

74 
1. 7 

196 
4 . 4 

2862 
64.3 

11-20 

226 
5.1 

191 
4.3 

42 
.9 

64 
1.4 

523 
11. 7 

- Tar_get Group for Follow-up Offer 

target audience for the follow-up offer for the first 4 months 
of the promotion. 

Follow-up offer recipients were nonriders before and after 
moving, riders who used transit fewer than 11 times per month, 
and riders whose transit usage decreased to less than 20 trips 
per month after moving. 

Tri-Met mailed follow-up offers containing three discount 
coupons in late April to 1,387 of the 2,241 January and Feb­
ruary respondents to the initial mailing. The coupons expired 
on August 15, 1989. By the end of May, 150 coupons had 
been redeemed , as follows: 

Coupon Type 

50 percent off, one book of Tri-Met ticket 
25 percent off, one regular Tri-Met monthly pass 
50 percent off, one Tri-Met transportation guide 
Total 

Coupons 
Redeemed 

75 
45 

_JQ 
150 

Because each respondent could redeem one, two, or three 
coupons, and because coupons were redeemed at various pass 
and ticket outlets, calculating an exact response rate was not 
possible. Coupon redemptions in May indicate a response rate 
between 5 and 11 percent. 

Direct Mail Survey Results 

At the end of April, direct mail surveys were sent to the 1,387 
respondents who were selected to receive the follow-up offer. 
Separate surveys were sent to persons who initially received 
Offer A (trip planning) and persons who received Offer B 
(information only) . A total of 472 surveys were returned for 
a response rate from the target group of 33 percent. The 
maximum margin of error for a sample of this size is ± 4.5 
percent at the 95 percent confidence level. 

21-30 

97 
2.2 

27 
. 6 

105 
2.4 

33 
. 7 

262 
5.9 

31+ 

268 
6.0 

35 
. 8 

26 
. 6 

476 
10.7 

805 
18 : 1 

Row 
Total 

3057 

379 

247 

769 

4452 
100 . 0 

Overall Response to Information Packets 

In all, the packets sent to respondents to the original mailing 
were perceived as being very useful. All respondents were 
sent 10 free tickets; a list of pass, ticket, and schedule outlets; 
and a brochure outlining how to ride Tri-Met. In addition, 
Offer A respondents who requested a trip plan were sent 
instructions for making the trip they requested and appro­
priate schedule information. Table 2 presents each packet 
information piece by perceived usefulness. 

Respondents thought the packet provided complete infor­
mation. When asked, "Is there anything else Tri-Met could 
provide you with to help make using buses or MAX easier 
or more pleasant?", the most common response was "nothing 
else" (33 percent of all comments). Other comments men­
tioned often were "you're doing a good job" (10 percent), a 
need for more service (9 percent), a need for route or schedule 
information (8 percent), "thanks for the tickets" (6 percent), 
"send more free tickets" (6 percent) , and safety or security 
concerns (5 percent). 

Response to Trip Planning Offer 

In all, 16 percent of the survey respondents actually requested 
a trip plan when responding to the original mailing. This 
number represents just over one-third of the respondents who 
were sent Offer A (trip planning) . 

Respondents who remembered requesting a trip plan were 
asked a series of questions related to that trip. Their responses 
must be viewed with caution. Because the number of respond­
ents who remembered asking for a trip plan is so small (n = 

51), the margin of error for these responses increases to ± 14 
percent. Therefore, the following discussion should be viewed 
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TABLE 2 USEFULNESS OF PACKET INFORMATION 

Very Not at 
Information Pi ece Useful 2. l !!. All Useful 

10 Free Tickets 
Group l (Trip Plans) 90% 4% 4% 1% 1% 
Group 2 (No Trip Pl ans) 92 5 2 1 0 

List of Schedule Outlets 
Group l 34 16 24 10 15 
Group 2 32 13 27 7 21 

How to Ride Brochure 
Group l 31 22 29 9 9 
Group 2 21 23 33 10 13 

Trip Plan Information* 
Group l 49 20 17 10 4 

Bus/MAX Schedule* 
Group l 65 18 10 3 4 

* Sent only to persons who requested a trip plan 

as an indicator only and should not be assigned statistical 
validity. 

More than half of the respondents who remembered re­
ceiving a trip plan actually made the trip. The majority of 
these were work trips (54 percent), followed by shopping (12 
percent), and school (8 percent). Nearly all respondents found 
that their trip planning information was easy to understand 
(84 percent very easy, 14 percent somewhat easy, 2 percent 
somewhat difficult). Three-quarters of those who made their 
requested trip were local movers, whereas one-quarter were 
persons moving into the Tri-Met district. 

Persons who did not make the trip they requested were 
asked why not. Reasons mentioned in order were as follows: 
no need (35 percent), used my car (18 percent), takes too 
long (13 percent), no time (6 percent), no service (6 percent), 
and plan to later (6 percent). Comments written in the survey 
margins indicated that several respondents took advantage of 
the trip planning offer to obtain information on riding transit 
in the event of bad weather or a car breakdown, etc. 

TABLE 3 FREE TICKET USAGE (N = 408) 

Free Ticket Usage 

All respondents were asked who used the free tickets. Three­
quarters of all respondents reported using at least one ticket 
personally, 35 percent gave one or more tickets to a household 
member, 12 percent gave at least one ticket to someone out­
side the household, and 28 percent plan to use their tickets 
at a later date. 

Table 3 presents the actual number of tickets used and by 
whom. Each respondent received 10 tickets, which were dis­
tributed among the various user groups mentioned. A total 
of 4,080 tickets were distributed, 6 percent of which were 
unaccounted for. 

Changes in Transit Usage 

As disrnsscu earlier, moving is a prime time to intervene to 
affect transit ridership. In all, 47 percent of respondents to 

USER GROUP 

NUMBER 
OF Household Gave Plan Don't Plan 
TICKETS Respondent Member Away to Use to Use Total 

1 14 10 6 4 0 34 
2 100 78 34 24 2 238 
3 36 12 3 9 0 60 
4 140 80 16 56 0 292 
5 175 125 30 65 0 395 
6 138 72 6 132 0 348 
7 63 14 7 42 0 126 
8 152 80 32 96 0 360 
9 18 18 9 45 0 90 

10 1.250 290 120 250 _o_ 1. 910 

TOTAL 2,086 779 263 723 2 3,853 
Pct of Tot . 51% 19% 6% 18% 0% 94% 
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the direct-mail promotion changed their transit riding behav­
ior at the time they moved; 17 percent increased their riding 
frequency; and 30 percent decreased their riding frequency . 

The promotion appears to have had a significant effect on 
respondents' transit usage. After moving, 60 percent of ex­
isting riders decreased their riding frequency or stopped riding 
altogether. After receiving the promotion, 16 percent of these 
respondents began riding transit with the same or greater 
frequency than they had before they moved . Among nonrid­
ers, 37 percent began riding after receiving the promotion. 

Overall, then, between the time respondents mailed in the 
coupon for 10 free tickets and the time they answered the 
survey (about 3 months later), 42 percent increased their tran­
sit usage , 31 percent continued to ride about the same amount, 
12 percent decreased their transit usage, and 14 percent re­
mained nonriders. 

When asked if they ride more or less often after receiving 
the promotion, 41 percent said they ride more often, 2 percent 
said they ride less often, and 58 percent ride about the same 
amount as before. This 58 percent includes persons who were 
nonriders both before and after the promotion. 

Table 4 presents respondents' transit usage before moving , 
after moving, and after receiving the free tickets. As indi­
cated, 43 percent of persons who were nonriders before mov­
ing began using transit after they moved. An additional 37 
percent began riding after they received the free tickets. There 
was a substantial drop-off in riding frequency among riders 
(particularly among frequency and heavy riders) after moving. 
The promotion seems to have mitigated some of this drop­
off although riding frequency in the higher categories did not 
return to previous levels. 

After looking at the effectiveness of the promotion overall, 
Tri-Met evaluated the effectiveness of each of the two offers 
in persuading persons to use Tri-Met. Offer A (trip planning) 
appears to have been slightly more persuasive than Offer B 
(information only) both among riders and nonriders. In all, 
69 percent of Offer A recipients who were nonriders after 
moving began riding Tri-Met. By comparison, 65 percent of 
Offer B recipients who were nonriders after moving began 
riding Tri-Met. 
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Among those who rode Tri-Met after moving, 27 percent 
of Offer A recipients increased their transit usage compared 
with 21 percent of Offer B recipients. Both offers were ef­
fective at retaining existing riders at the same level of transit 
usage they had before the promotion. 

There appears to be little relationship between transit usage 
decreases and the offer riders received. Twenty-one percent 
of respondents who were riders after moving decreased their 
transit usage . These riders were divided evenly between those 
who received Offer A and those who received Offer B. More 
than half of these riders began riding on their own initiative 
after moving and either decreased their riding frequency or 
stopped riding altogether after a short period of time. 

Demographic Characteristics of Respondents 

Demographic characteristics of respondents are presented in 
Table 5. Respondents are divided into three groups: nonrid­
ers, new riders, and old riders. Nonriders are persons who 
did not ride transit before or after moving. New riders are 
persons who did not ride transit before moving, but began 
riding after moving and before receiving the promotion. Old 
riders are persons who used transit before and after moving. 

Demographic characteristics of new riders are similar to 
those of existing Tri-Met riders. The majority of new riders 
are 25 to 44 years old, earn less than $30,000 per year, rent 
their residences, and are employed. New riders are less likely 
to work in a professional occupation and more likely to be a 
manager, secretary, student, or retired. 

Persons who used transit before the promotion appear to 
be somewhat more mobile than nonriders or those who just 
began riding as evidenced by the differences in length of res­
idence presented in Table 5. 

In looking at where new riders come from, it is important 
to note that they are spread throughout the target zip codes. 
These zip codes were chosen because they offered some of 
the best transit service in the district. Once again, a good 
product was key to successful marketing. 

TABLE 4 CHANGES IN TRANSIT USAGE OVER TIME, BY RIDER AND 
NONRIDER BEFORE MOVING 

RIDERSHIP 
STATUS BEFORE Light Occasional Frequent Heavy 
PROMOTION Non-R;!,der Ri der Rider Rider Rider 

NON-RIDERS (n~254) 

(0-1 Trips/Month) 
Before Moving 100% 0% 0% 0% 0% 
After Moving 57 23 7 5 8 
After Promotion 20 37 15 15 13 

RIDERS (n-137) 
Before Moving 0% 13% 12% 22% 53% 
After Moving 19 21 16 17 27 
After Promotion 10 22 18 15 35 

ALL RESPONDENTS 
Be fore Moving 64% 5% 4% 8% 19% 
After Moving 42 23 10 9 16 
After Promotion 17 32 16 14 21 



TABLE 5 DEMOGRAPHIC CHARACTERISTICS OF SURVEY RESPONDENTS 

RIDERSHIP STATUS AFTER PROMOTION 

All Non- New Old I 
CHARACTERI STI C Res 12ondents Riders Riders Riders 

AGE 
18 and Under 2% 0% 4% 0% 
19 to 24 12 5 12 15 
25 to 34 31 41 32 26 
35 to 44 27 36 24 29 
45 to 54 10 7 9 12 
55 to 64 7 7 8 6 
65 and Over ...lL _ s_ ...lL --1.L 

100% 100% 100% 100% 

INCOME 
Less than $10,000 16% 7% 16% 19% 
$10,000 to $15,000 15 12 11 20 
$15,000 to $20,000 14 12 11 17 
$20,000 to $25,000 11 12 13 9 
$25,000 to $30,000 10 12 12 8 
$30 , 000 to $40 , 000 17 26 16 16 
$40 , 000 to $50,000 6 7 7 5 
More than $50,000 ...lL --1.L _ll_ _ 6_ 

100% 100% 100% 100% 

OWN/RENT HOME 
Own 33% 41% 39% 21% 
Rent _£]_ ___22.__ ___ti_ -1!L 

100% 100% 100% 100% 

DISTANCE OF MOVE 
Inside District 80% 79% 77% 84% 
From Outside District -1Q_ -1L ...l.L ...1.§_ 

100% 100% 100% 100% 

LENGTH OF RESIDENCE 
Less than 6 Months 46% 44% 44% 54% 
7 to 12 Months 44 43 44 36 
1 to 2 Years 3 3 4 3 
3 to 5 Years 4 8 4 3 
More than 5 Years _4_ _ 3_ _5_ _ 3 _ 

100% 100% 100% 100% 

JOB ClASSIFICATION 
Professional 32% 46% 35% 24% 
Management 10 7 13 8 
Sales 5 5 4 5 
Secretarial 11 0 12 15 
Laborer 4 7 2 8 
Technician 7 3 6 9 
Student 9 12 11 4 
Retired 12 7 11 14 
Unemployed 4 3 4 4 
Other _ 6_ __!Q_ _ 2_ J.Q_ 

100% 100% 100% 100% 

RIDERSHIP STATUS BEFORE 
MOVE 

Non-Rider 64% 100% 100% 0% 
Light Rider 5 0 0 13 
Occasional Rider 4 0 0 12 
Frequent Rider 4 0 0 22 
Heavy Rider ~ _ o_ _o_ _ll._ 

100% 100% 100% 100% 

TABLE 5 (continued on next page) 
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TABLE 5 (continued) 

RIDERSHIP STATUS AFTER PROMOTION 

All Non- New Old I 
CHARACTERISTIC Res2ondents Riders Riders Riders 

RIDERSHIP STATUS AFTER MOVE 
Non-Rider 42% 
Light Rider 23 
Occasional Rider 10 
Frequent Rider 9 
Heavy Rider -1.L 

100% 

RIDERSHIP STATUS AFTER 
PROMOTION 

Non-Rider 17% 
Light Rider 32 
Occasional Rider 16 
Frequent Rider 14 
Heavy Rider -1L 

100% 

OFFER RECEIVED 
A: Trip Planning 46% 
B: Information Packet 2L 

100% 

COST-BENEFIT ANALYSIS 

The purpose of this cost-benefit analysis was to determine the 
cost to Tri-Met. for each new rider captured and each rider 
who was convinced to continue riding transit with the same 
or greater frequency as a result of the promotion . Costs were 
divided into three categories: 

1. Development and production, 
2. Mailing costs, and 
3. Revenue lost or given away. 

Labor costs for work done by Tri-Met staff are not included. 
Other labor costs are included in the appropriate categories. 

Development and Production Costs 

Development and production costs refer to the monies as­
sociated with designing the creative approach and printing the 
finished materials. The development and production costs for 
the promotion totaled $10,048.69, including costs for the orig­
inal offer, the follow-up coupon offer, and the information 
packets. 

The costs of the original offer ($2,347 .50) and the follow­
up coupon offer ($6,598.44) were prorated over 2 years 
($8,945.94 per 24 months = $372.75/month), because they 
were printed in sufficient quantity to cover monthly mailings 
for that time period. 

Information packet materials were prorated over 6 months 
($1,102.75 per 6 months = $183.79/month). After prorating, 
the total monthly development and production cost for the 
promotion was $556.54. Total development costs for January 
and February are calculated as follows: 

100% 46% 19% 
0 28 21 
0 9 16 
0 6 17 

_o_ -1L __n_ 
100% 100% 100% 

100% 3% 10% 
0 45 22 
0 19 18 
0 17 15 

_o_ -1L _.TI_ 
100% 100% 100% 

48% 50% 42% 
2L _2Q_ -2L 
100% 100% 100% 

Item 

Original offer 
Follow-up coupon offer 
Information packet materials 
Total production/development 

costs 

Mailing Costs 

Cost($) 

195.63 
549.87 
367.58 

1,113.08 

Cost per 
Month 
($) 

97 .81 
274.93 
183.79 
556 .54 

Mailing costs include postage and fees charged by the mailing 
house. Mailing costs for January and February were as 
follows: 

Item 

Original offer 
Follow-up coupon offer 
Total mailing costs 

Revenue Lost or Given Away 

Cost($) 

2,862 .08 
548.08 

3,410.16 

Lost revenue is revenue Tri-Met would have collected in the 
course of normal operations had there been no promotion. 
For example , if Tri-Met gives a book of 10 all-zone tickets to 
a regular Tri-Met rider, Tri-Met loses $10 .50 (ticket book 
price) that the rider would otherwise have paid through pur­
chasing tickets or paying the cash fare. 

Revenue given away refers to the value of tickets or cou­
pons given to persons who would not have purchased them 
otherwise. From the 6,816 original offers mailed, Tri-Met 
received 2,193 responses. Everyone who responded was sent 
an information packet containing a book of 10 all-zone tickets 
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valued at $10.50 each, for a total value of $23,026.50. Of the 
2,193 persons who responded, 806 persons rode Tri-Met at 
least 11 times per month after moving. It is reasonable to 
assume that these persons used the free tickets instead of a 
fare they would normally purchase-resulting in lost revenue 
to Tri-Met. 

806 Nontarget respondents · $10.50 

= $8,463.00 (lost revenue) 

For purposes of allocating the remaining ticket revenues into 
lost revenue or revenue given away, the remaining 1,387 per­
sons in Tri-Met's target market were divided into three groups 
based on survey returns: 

1. New riders and riders retained at the same or higher 
level as a result of the promotion (n = 587). 

2. Nonriders and persons who rode fewer than 7 times per 
month following the promotion (n = 408). 

3. Persons who rode Tri-Met before moving whose riding 
frequency decreased or remained constant despite the pro­
motion. All respondents in this category still ride 7 or more 
times per month (n = 392). 

Ticket revenue from Groups A and B is considered to be 
revenue given away because the tickets would probably not 
have been purchased if there were no promotion. 

Ticket revenue from Group C is considered to be lost rev­
enue because members of this group would probably have 
paid for their rides if they had not had the free tickets . 

Ticket revenue given away (995 · $10.50) = $10,447 .50 

Lost ticket revenue (392 · $10.50) = $4,116.00 

Another source of revenue that must be considered is the 
follow-up coupon offer. This offer contained three coupons 
for three different discounts: 50 percent off a book of 10 
tickets, 25 percent off a monthly pass, and 50 percent off a 
transportation guide. 

In the month after the follow-up offer was sent to January 
and February respondents, coupons were redeemed for 26 
two-zone passes , 19 all-zone passes , 49 books of two-zone 
tickets, 26 books of all-zone tickets, and 30 transportation 
guides. The total amount discounted off the regular price was 
$701.50. (This cost could be higher as respondents had 3.5 
months to redeem their coupons). Because it is not possible 
to know which respondents used these coupons, this money 
is considered to be revenue given away. 

Totalrevenuegivenaway($10,447.50 + $701.50) = $11 ,149.00 

Totalrevenuelost($8,463.00 + $4,116.00) = $12,579.00 

Cost Per Rider Attracted or Retained 

When determining the cost per person on the mailing list and 
the cost per new rider attracted or retained, only actual costs 
to Tri-Met are included. Because "revenue given away" would 
not have been collected in the absence of this promotion, it 
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is not a farebox loss to Tri-Met and hence is excluded from 
the cost calculations. The total cost to Tri-Met for the new 
residents promotion in January and February is computed as 
follows: 

Item 

Development and production 
Mailing 
Lost revenue 
Total 

Cost($) 

1,113.08 
3,410.16 

12.579.00 
17,102.24 

Total cost per new rider or rider retained = $29.13 

Total cost per person on the mailing list = $ 2.50 

CONCLUSIONS 

Assessments of how well the promotion worked to achieve 
the stated objective were as follows: 

1. Generate a 15 percent response to the initial mailing. 

Responses to the initial offer more than doubled Tri-Met's 
objective of 15 percent in January and February. The overall 
response rate for the first 4 months of the promotion was 30 
percent. 

2. Have 50 percent of the initial respondents make use of 
the promotional offer. 

Three-quarters (75 percent) of all respondents to the survey 
reported using at least one of the free tickets. In addition, 
respondents to the initial mailing who were not selected to 
receive the follow-up offer were persons who ride Tri-Met 11 
or more times per month. It is reasonable to assume that all 
these respondents used at least one free ticket, bringing the 
total number of initial respondents who used the promotional 
offer to well over 50 percent. 

3. Have 10 percent of the initial respondents make use. of 
the follow-up offer . 

In all, 1,387 follow-up offers were sent in late April to targeted 
respondents to the January and February initial mailings. In 
May, 150 coupons were redeemed. Because respondents could 
redeem one, two, or three coupons, it was impossible to cal­
culate an exact response rate. The response rate was between 
5 and 11 percent of the target group on the basis of coupon 
redemptions in May. The response rate for the entire group 
of initial respondents (n = 2,241) was between 2 and 7 
percent. 

4. Have 10 percent of the initial respondents who did not 
previously use transit become regular transit riders . (A regular 
rider is defined as a person who makes seven or more transit 
trips per month.) 

Again, the promotion was successful beyond Tri-Met's ex­
pectations. Among all nonriders, 37 percent said they rode 
Tri-Met at least twice per month following the promotion 
including 17 percent who rode at least seven times per month. 
In fact, 5 percent of all nonriders began riding Tri-Met 30 or 
more times per month after receiving the promotion . 
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5. Have 50 percent of the initial respondents who were 
riders continue riding Tri-Met at the same or greater fre­
quency. 

In all, 64 percent of persons who were transit riders before 
moving were retained at the same or greater frequency. Many 
of these respondents were not included as part of the target 
market for the follow-up offer because they were already 
riding of their own volition at least 11 times per month after 
moving. 

For riders who were selected to receive the follow-up cou­
pon, 56 percent of those surveyed who used transit before 
moving continued to ride at least as much as they had before . 
However, only 16 percent of these retained riders can be 
attributed to the promotion . The remainder resumed riding 
at the same frequency before receiving the promotion. 

There is no statistically significant difference in the ability 
of Offers A and B to attract new riders or retain existing ones. 
Offer A (trip planning) consistently received an initial re­
sponse three percentage points below the response to Offer 
B. Among persons who responded to the initial offer, there 
was little difference in the number persuaded to ride transit 
as a result of receiving one offer or the other. 

The information packets were complete. When asked what 
else Tri-Met could do to make using transit easier, the most 
common response was "nothing else." Respondents found 
the free tickets to be the most useful item in the packet. The 
majority of those who received trip plans said the schedule 
information was also very useful. 

More than half of the free tickets were used personally by 
the respondents, 19 percent were used by someone in the 
respondent's household, and respondents planned to use 18 
percent of the tickets at a later date. Only 6 percent of all 
tickets were given to someone outside the respondent's house­
hold. 

Tri-Met plans to conduct a study of new riders captured 
through the new residents promotion to determine how long 

49 

they continue to use transit. The study involves contacting 
new riders once each quarter for an entire year. It is scheduled 
to begin in January 1991. Information from this study will 
help Tri-Met to further evaluate the costs and benefits of this 
type of promotion. The cost of attracting new riders and re­
taining existing ones was relatively inexpensive. After includ­
ing revenue from giving tickets to regular riders, the cost per 
rider captured or retained was $29.13. Tri-Met may wish to 
lower the amount of lost revenue, and thus, cost per rider 
attracted or retained, by decreasing the number of free tickets 
offered from 10 to 5. It is not possible to predict what effect, 
if any, decreasing the number of tickets offered will have on 
response rates. 

Tri-Met may wish to consider expanding the program to 
include more zip codes. Expanding the program will probably 
result in a lower overall response rate because transit service 
in other areas is not quite as good as that in the currently 
targeted zip codes. On the other hand, the program will reach 
more people, resulting in more exposure , and possibly a higher 
number of new riders . 

Tri-Met did an excellent job of ferreting out its target mar­
ket. The blanket mailing to new residents appealed to persons 
at a time when they were making major lifestyle changes. 
Experience tells us that those who responded were persons 
with an elevated interest in using transit. Of the respondents 
to the initial mailing, 65 percent were nonriders before they 
moved. 

The new residents program overall was highly successful. 
Tri-Met's expectations were exceeded in four out of five ob­
jective areas. In addition to selecting a prime target market, 
the key to the promotion's success was providing complete 
information about a good product to persons at a time when 
they were making major lifestyle changes. 

Publication of this paper sponsored by Committee on Public Trans­
portation Marketing and Fare Policy. 
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Lessons from the Broome County 
Distance-Based Fare Demonstration: 
Effects of Zone Fares and Off-Peak 
Discounts on Ridership, Revenue, 
Pass Sales, and Public Opinion 

STEPHEN ANDRLE, JANET KRAUS, AND FRANK SPIELBERG 

The Broome County, New York, Department of Public Trans­
portation was the test site for an UMT A-sponsored demonstra­
tion of distance-based fares over the period L986 through 1988. 
Binghamton is the major city in Broome County. The service 
area al o include. the ciLie of Endicoll and John on City and 
the Town of Vestal. Over the demon. lralion p riod tw rare 
changes were pul in place. An interim fare . tructure was in effecr 
in Calendar Year 1987 that featured half-fares for all riders in 
the off-peak period. A fare increase including the introduction 
of zon fares was implemented in January 1988. The full range 
of dcm nstration activity is discussed- off-peak fare reduction, 
introduction of .zone hauge , i::ffi::d n pass s11lcs driver reaction , 
pubLic reaction, and effect on university student ridership. The 
events of Lhe demonstration are so intertwined that it is dif£icult 
to separate one topic from the other and still have a meaningful 
discus ion. The impact of each element, therefore, is discussed 
as it relates to the whole. The demonstration showed that zone 
fares can be introduced effectively in a small transit system such 
as Broome County Transit. However, revenue effects are small. 
Whether or not to adopt zone fares should depend primarily on 
a system's policy regarding fare differentiation. 

When transit systems were privately owned, distance-based 
or zone fare systems were common. Many large cities retained 
zone fares after public takeover because of the length of their 
routes . Small- and medium-sized systems generally opted for 
simple, flat fares, particularly when outside funding support 
became available. Broome County Transit, in New York, had 
a zone system in the past but had not used distance-based 
fares since becoming publicly owned. 

Broome County Transit (BC Transit) is the fixed-route ser­
vice component of the Broome County Department of Public 
Transportation. It provides service on 13 regular routes and 
4 additional peak commuter routes with a fleet of 40 buses. 
Service is available throughout the tri-city area of Ringh;im­
ton, Johnson City, and Endicott, plus the Town of Vestal. Its 
service area population is approximately 215,000. 

As part of an UMTA-funded demonstration, BC Transit 
reintroduced zone fares in January 1988. A year's worth of 
data are now available to permit a full evalualiuu uf lht: uew 

S. Andrle and F. Spielberg, SG Associates, Inc., 4200 Daniels Av­
enue, Annandale, Va. 22003. J. Kraus, Mundie & Associates Inc. , 
1700 Sansom St. , Suite 601, Philadelphia , Pa. 19103. 

distance-based fare structure . Information un Lhe implemen­
tation process also is available. 

Although the demonstration began in 1986, implementation 
of the distance-based fares was delayed 18 months by the one­
time availability of special funds from New York State . The 
funds had to be spent in 1987, so a fare restructuring and 
decrease were implemented in 1987. When the zone fares and 
a fare increase were implemented in January 1988, these changes 
followed a period of artificially low fares in 1987, rather than 
the 1986 base period. The chronology cle;irly complicates the 
interpretation of results and mixes the impact of zone fares 
with the impact of other fare restructuring changes. 

OVERVIEW OF THE FARE STRUCTURE 

This demonstration has a complicated fare history. Table 1 
presents the fares in effect at the beginning of the demon­
stration in 1986, the interim 1987 fare structure, and the 1988 
zone-based fare structure that was the subject of the dem­
onstration. In 1987, half-fares were introduced in the midday 
base period for all riders, rather than just senior citizens and 
handicapped individuals. This measure actually was a 5-cent 
fare increase for seniors in the midday . The other big change 
in 1987 was extending the half-fare senior citizen fare to the 
full day. 

In 1988, fares were increased as presented in Table 1, but 
half-fare was retained for all midday riders . The principle 
features of the 1988 demonstration fare policy are as follows: 

•Peak-period fares were increased by 20 percent from 50 
to 60 cents; 

• Zone fares were introduced at 10 cents per crossing in 
the peak period and 5 cents in the off-peak period; 

•Half-fares of 30 cents (and zone fares of 5 cents) were 
available to all riders in the off-peak period, eliminating a 
special fare for senior citizens and disabled persons; 

• Prepaid fores such us monthly pusses and tokens ex­
empted the rider from zone charges; and 

• Transfers remained free. 

This fare structure offset the 20 percent peak fare increase 
with the low off-peak fare. A large peak-base differential was 
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TABLE 1 BC TRANSIT FARE STRUCTURES 

C ATEGO.RY 

ADULT CASH 
Regular Route 

Peak 
Base 

Zone Crossing 
Peak 
Base 

Commuter Route 

E &HCASH 
Peak 
Base 

STUDENT CASH 

TRANSFERS 

PREPAID MEDIA 
Tokens (20) 

Tickets: Commuter Ten Ride 

Monthly Passes 
Regular Route 
Commuter Route 
E&H 
Student 

Yea 
1986 

$ .50 
.40 

.75 

.50 

.20 

.35 

Free 

9.00 

6.75 

18.00 
27.00 

r jo Effect 
1987 1988 

$.50 
.25 

.90 

.25 

.25 

Free 

9.00 

6.75 

18.00 

$ .60 
.30 

.10 

.05 

1.00 

.60 (a) 

.30 (a) 

Free 

12.00 

9.00 

24.00 

16.00 
16.00 

(a) special identification no longer required 

established. In 1986, the fare was 50 cents in the peak and 
40 cents in the off-peak. In 1988, it was 60 cents peak and 30 
cents base plus zone charges. 

EXPECTATIONS 

What were the expectations for zone fares? The primary ex­
pectation was pricing flexibility. BC Transit management saw 
distance-pricing as a way to expand alternatives to periodic 
across-the-board fare increases. When this project began in 
1986, BC Transit already had a time-of-day differential, a 
peak-base fare for all riders and a half-fare midday discount 
for senior citizens and disabled persons. It also had a discount 
student fare and free transfers. Zone fares added another 
pricing option to an already differentiated fare structure. 

It also was hoped that pass and token sales would increase 
as a result of the policy to excuse zone charges for prepaid 
media users. There are many operational and financial ad­
vantages with the increased use of prepaid fares such as im­
proved boarding times and better cash flow. 

The traditional reason for introducing distance-based fares 
is to relate the cost of a ride to the resources consumed in 
providing it, resulting in improved fare equity. There had 
never been any public complaints about the inequity of the 
flat fare system in Broome County, however, so improving 
fare equity was not the primary motivating force. As originally 
conceived, the zone fare demonstration would have included 
a fare reduction for short trips as well as an increase for long 
trips. This element was dropped in favor of the reduced mid-

day fare. Because of the sharp increase in peak fares in 1988 
and the deep midday discount introduced both in 1987 and 
1988, it was not possible to isolate trip-length effects of zone 
fares. 

DATA LIMITATIONS 

Student riders are an important element of total ridership. 
Students at the State University of New York (SUNY) at 
Binghamton comprised 34. 7 percent of BC Transit's ridership 
in 1986. They paid their fare with a special tc:iken. If they did 
not have a token, they showed a student ID and paid a 35-
cent cash fare. The 1987 fare structure eliminated this cash 
fare option because the base period fare was only a quarter. 
Further, the contract between SUNY and BC Transit was 
modified in 1987, eliminating student tokens and enabling any 
student to ride free by showing an ID. The result of all these 
changes is an apparent drop in the percentage of total rider­
ship that students represented, primarily because those who 
used to pay the special 35-cent cash fare could no longer be 
identified separately in the drivers' counts. According to the 
dashboard counts, the proportion of student riders dropped 
sharply. 

Student 
Year Riders (%) 

1986 34.7 
1987 20.6 
1988 22.4 
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There was no reason to expect such a drop. Rather, the effect 
was a result of changing the method of fare payment. 

This is important because the zone fare impact analysis was 
conducted primarily on nonstudent ridership. Students riding 
free were not impacted by the 1988 fare structure change, 
and, therefore, their behavior should not have been included. 
Further, student revenue for the free riders was not reported 
with farebox revenue. It was reported as contract revenue 
and was a negotiated annual amount that does not reflect 
actual ridership. For these reasons, student riders were ex­
cluded from the analysis as much as possible. As the pro­
portions indicated, however, the ability to accurately identify 
all student riders was lost in 1987. Some students appeared 
in the farebox ridership and revenue statistics for 1987 and 
1988. For example, there was a 24 percent jump in nonstudent 
ridership in 1987. At first glance , this appeared to be caused 
by the lower off-peak fares. On closer examination, it was 
learned that total ridership increased only 2.1 percent, leading 
to the surmise that at least part of the increase in nonschool 
riders was caused by the classification problem. 

AGGREGATE RIDERSHIP AND REVENUE 
IMPACTS 

In the 3-year trend in total monthly ridership and net (non­
school) ridership shown in Figure 1, net ridership increased 
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beginning in January 1987. No dramatic change occurred in 
total ridership. This is further proof of the measurement effect 
of dropping the student cash fare. 

Table 2 presents system-wide ridership, nonschool rider­
ship, and revenue for the 3 years of the demonstration. Cal­
culating the straight line elasticities on these composite data 
yields -0.213 for 1986-87 and -0.244 for 1987-1988. The 
straight-line elasticity is defined as the percentage change in 
ridership divided by the percentage change in revenue. 

Even though the 1986-1987 case involves a fare decrease 
and the 1987-1988 case involves a fare increase, the elastic­
ities are very similar and fall into the expected range. In their 
extensive reference on elasticities , Mayworm and Lago (J) 
report the mean elasticity over a sample of 67 cases as -0.28 
± 0.16. They also observe that "elasticities for fare increases 
do not differ from those for fare decreases." With results 
consistent with their findings, the Broome County demon­
stration adds another data point to their work. 

For only nonstudent riders, the elasticity for 1987-1988, 
when the zone fares were introduced, was -0.359. This also 
is within the range reported by Mayworm and Lago (1). It 
also conforms to the industry-wide one-third rule of thumb 
known as the "Simpson & Curtin formula." 

The elasticity for the 1986-1987 fare decrease cannot be 
calculated directly because of the problem with the classifi­
cation of student fares discussed previously. Nonetheless , as 

(a) Net is Total Ridership minus Students 

J F M A M J J A S 0 N D J F M A M J J A S 0 N D J F M A M J J A S 0 N D 

1986 1987 1988 

FIGURE 1 Ridership trends. 

TABLE 2 TOTAL AND NONSTUDENT RIDERSHIP AND REVENUE 

Total Ridership Nonschool Ridership Farebox Revenue 

Year Number Change(%) Number Change (%) Amount($) Change(%) 

1986 3,075,563 2,007,810 812,305 
1987 3,139,753 2.09 2,492,743 24.15 732,583 (9.81) 
1988 3,007,674 (4.21) 2,338,610 (6.18) 858,462 17.20 
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a test, the 1987 nonschool ridership was estimated by assuming 
that students remain the same proportion of total ridership 
and by applying the 1986 student percentage (34.7 percent) 
to the 1987 aggregate ridership (3,139,753) . Calculating the 
elasticity for 1986-1987 using the resultant estimate of non­
school riders (2,050,259) yields an elasticity of - 0.232. This, 
too, is within the expected range. 

Mayworm and Lago (J) also report that there is some evi­
dence that fare elasticities are smaller for fare decreases than 
for fare increases, but their data would not conclusively sup­
port such a finding. The Binghamton data calculated on non­
school riders also suggest a lower elasticity for a fare decrease, 
but the values lie within the confidence interval of the data 
assembled by Mayworm and Lago (J). No definitive statement 
can be made on the basis of the Binghamton results. 

As expected, revenues were down during the 1987 interim 
fare changes and increased in January 1988 when fares were 
increased and zone fares implemented. The 3-year trend line 
is shown in Figure 2. Revenue from pass sales increased slightly 
as a proportion of total farebox revenues, mostly because of 
the introduction of new pass media. Pass sales will be dis­
cussed in more detail later. 

RIDERSHIP AND REVENUE BY TIME PERIOD 

Before the demonstration project, BC Transit had established 
a peak/off-peak fare differential. The fare changes that oc­
curred during the demonstration further discounted the off­
peak trip. Thus, some riders could be expected to shift dis­
cretionary trips from the weekday peak to the weekday 
off-peak and Saturday. (No service is operated on Sunday.) 
As the information in Table 3 indicates, during the baseline 
period of 1986, peak riders represented 49.9 percent of total 
riders and 50.0 percent of net riders (excluding students). A 
slight shift toward the off-peak did occur in two successive 
years. By 1988, peak passengers had declined to 45.7 percent 
of all riders and 46.3 percent of net (nonstudent) riders. 
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TABLE 3 RIDERSHIP BY TIME PERIOD 

Percent of Total Ridership 
.lfill2 .ll!a1. lfill8. 

Weekday 
Peak 50.2 47.3 45.8 
Base 43.2 45.7 47.2 

Subtotal 93.4 93.0 93.0 

Saturday 6.6 7.0 7.0 

TOTAL 100.0 100.0 100.0 

Total Ridership 1,387,584 1,345,599 1,347,350 

E1m:!lnlt Qf N!lt Ilidersbi12 Ca l 
.lfill2 .illfil 1988. 

Weekday 
Peak 50.2 47.3 46.5 
Base 42.4 45.0 45.6 

Subtotal 93.0 92.3 92.1 

Saturday 7.0 7.7 7.9 

TOTAL 100.0 100.0 100.0 

Total Ridership 826,951 1,015,838 979,255 

(a) net ridership excludes students 

The highest proporcion of all riders (including students) in 
1988 is the weekday base period. It has increased its share of 
all passengers from 43.5 percent in 1986 to 47.2 percent in 
1988. As stated earlier, 45.0 percent of all riders in 1988 were 
carried in the weekday peak period. Saturday ridership rose 
from 6.6 percent in 1986 to 7 .1 percent of all riders in 1988. 

Similar proportions exist for the net (nonstudent) riders. 
When students are removed from the total, the peak period 

JFMAMJJASONDJFMAMJJASONDJFMAMJJASOND 
1986 1987 1988 

FIGURE 2 Revenue trends. 
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remains the highest proportion with 46.3 percent of net rid­
ership. Weekday base-period riders are 46.0 percent of 1988 
net passengers. The Saturday percentage increased from 7 .0 
percent in 1986 to 7.7 percent in 1988. 

As Table 4 indicates , fare elasticities also can be calculated 
for the peak and base periods. The response to the 1987 
midday fare change was in the range expected. There was no 
fare change in the peak period. Hence , no elasticity is re­
ported. The 1988 elasticities are quite low, indicating that 
fewer people were lost to the fare increase than would be 
expected. 

It is speculated that this apparent insensitivity to fare was 
in part caused by the turbulence in fares over the 3-year 
period. The elasticity calculated for the 1986-to-1988 fare change 
was in the normal range . 

Period 

Peak 
Base 

1986-1988 
Fare Elasticity 

-0.388 
-0.424 

Finally, the deeply discounted off-peak fares did succeed 
in shifting three to four percent of riders from the peak to 
the base period as well as in increasing total ridership for 1987 
by about 2.1 pen;enl (see Table 1). The impact of the off­
peak fare reduction was an increase in ridership, all of it 
coming in the off-peak. As presented in Table 5, peak-period 
ridership declined in 1987, whereas total ridership increased. 

PROPORTION OF RIDERS AFFECTED BY ZONE 
FARES 

Fare zones were placed approximately 3 miles from the Bing­
hamton central business district (CBD) at boundaries between 
Binghamton and the other municipalities in the service area. 
A pulse transfer system is used in downtown Binghamton, 
and most routes are through-routed. The CBD is not consid­
ered a zone boundary, so riders do not pay a zone charge 
until they cross a municipal boundary . 

On average, about 35 percent of riders pay a zone charge. 
The distribution by time of day, determined by dashboard 
counts, is as follows: 

TABLE 4 PEAK- AND BASE-PERIOD ELASTICITIES 

Traffic 
Fare Change Elasticity 

Period 1986- 1987 1987- 1988 

Peak - 0 .183 
Base -0.264 -0.090 

TABLE 5 TOTAL RIDERSHIP BY TIME PERIOD 

Traffic 
Period 1986 1987 1988 

Peak 1,534,706 1,463,125 1,374 ,507 
Base 1,337,870 1,459,985 1,419,622 
Saturday 202,987 216,643 213,545 
Total 3,075,563 3,139,753 3,007,674 
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Time of Day 

a.m. peak 
Midday 

Percent Paying 
Zon e Charge (%) 

p.m. peak 
Night 
Saturday 
System average 

33 
32 
35 
46 
39 
35 

RIDERSHIP BY MONTHLY PASS USERS 

It was speculated that monthly passes would become more 
attractive in the zone fare structure. BC Transit drivers count 
each time a passenger boards using a monthly pass. According 
to these driver counts, boardings by pass users have almost 
doubled since the baseline period, as follows: 

Boardings by 
Year Pass Users Change(%) 

1986 149,566 
1987 175,158 17.1 
1988 311,869 78.1 

However, there is more than one type of pass being counted 
in this category. The fare changes included the introduction 
of a student pass and an elderly and handicapped pass, in­
tended for those reduced fare riders who must ride frequently 
during the peak period. Their boardings are included in the 
total. By comparison, the 1986 boardings represent only adult 
pass users. Thus, some of the increase is attributable to the 
new passes. 

A review of the actual number of passes sold can further 
distinguish these trends. The overall growth in the number of 
passes sold follows percentages similar to pass boardings. 

Total 
Year Passes Sold Change(%) 

1986 2,335 
1987 2,991 28.1 
1988 5,206 74 .1 

As stated, not all passes are sold to full fare riders. In 1988, 
adult full-fare passes were only 45.8 percent of the total of 
5,206 passes sold; student passes accounted for 29.4 percent 
of the total; and the new elderly and handicapped pass ac­
counted for 24.8 percent of the total. 

Most relevant to the demonstration is the trend in sales of 
adult full-fare passes. The number of passes sold increased 
by 7.3 percent from 1987 to 1988. Recognizing the downturn 
in sales in 1987, the sales level in 1988 was 2.1 percent higher 
than the 1986 baseline period. 

Full-Fare 
Year Passes Sold Change(%) 

1986 2,335 
1987 2,222 4.8 
1988 2,384 7.3 

With the expansion of the pass program has come a lower 
average usage rate for passes , in part a reflection of their 
greater use by reduced fare riders who may buy passes for 
convenience and not always exceed the breakeven point in 
the pass price. To illustrate, the 311,869 boardings by pass 
users in 1988 correspond to a total of 5,206 passes sold, for 
an average of 60 boardings per pass . This usage rate is similar 
to that of 1987, when a total of 2,991 passes were sold and 
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175,158 boardings were counted. However, in 1986, when 
only adult passes existed, 2,335 passes were sold and 149,566 
boardings were recorded, for a rate of 64 boardings per pass. 

Because a related objective is to move more passengers 
from cash to prepaid fares, BC Transit is succeeding. Pass 
user trips have increased from 5.6 percent of all revenue pas­
sengers in 1986 to 8. 7 percent in 1988. 

INSTITUTIONAL IMPACTS 

In addition to the quantitative impacts, Broome County's new 
distance-based fare structure can be assessed with respect to 
its impact on service users and providers. These impact areas 
include passenger satisfaction, fare payment abuse, driver ac­
ceptance, and internal record keeping. 

Passenger Satisfaction 

The reaction of riders to the fare changes can be measured 
by two techniques-responses to the attitudinal questions on 
the on-board survey conducted annually during the demon­
stration and comments registered by individuals directly with 
BC Transit personnel. 

On-Board Survey Results 

The surveys conducted in 1987 and 1988 included questions 
to gauge the attitudes of passengers toward BC Transit. One 
of the most notable findings from the on-board survey was 
the change in attitudes about the fare structure. In 1987, when 
off-peak fares were reduced for all riders, almost 60 percent 
indicated they were very satisfied with the fares. Only about 
5 percent were not satisfied. But in 1988, after the zone fare 
structure was implemented along with other fare increases, 
38 percent said they were not satisfied. Only 21 percent said 
they were very satisfied. The balance of 41 percent said the 
fares were okay. 

Attitude Toward 
Percentage 

Fare Structure 1987 1988 

Very satisfied 59 21 
Service OK 33 41 
Not satisfied 5 38 
No response 3 
Total 100 100 

Thus, although the majority continued to give the fare struc­
ture a positive rating, the extent of the riders' satisfaction is 
much lower in the 1988 survey than in the 1987 survey. These 
results are not surprising, as the 1987 survey followed a fare 
decrease and the 1988 survey followed an increase. 

Individual Comments 

BC Transit reported that it received fewer negative comments 
than anticipated to the new zone fare structure. Most of the 
complaints were from elderly and handicapped (E & H) rid­
ers. The new fare structure eliminated a separate fare category 
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for these riders by establishing an off-peak fare for all riders 
equal to one-half of the full peak fare. However, in so doing, 
E & H riders traveling during the peak would now have to 
pay the full fare, reversing the policy change in 1987 to extend 
E & H fares to all hours. 

In response to the concerns of E & H riders who had to 
travel in the peak period, BC Transit added a $16 monthly 
E & H pass in March 1988, 2 months after the new fare 
structure was implemented. The pass price is high for those 
traveling only in the off-peak but attractive to those who make 
many peak trips. 

In general, however, most riders understood and accepted 
the system's need to increase fares to generate additional 
revenue. The amount charged, even with zones, remains rel­
atively low for the average rider. Further, regular riders can 
avoid zone charges by using passes and tokens. 

Fare Payment Abuse 

BC Transit reported no significant problems with underpay­
ment or other fare-beating techniques as a result of the zone 
fare structure even though enforcement was by the honor 
system. Any payment abuse that may have occurred, there­
fore, fell within generally acceptable levels. 

Driver Acceptance 

Implementation of the zone fare structure was a smooth and 
orderly process. To a large extent, this is attributable to the 
advance planning and preparation undertaken by BC Transit. 
Some of the more significant activities include the following: 

• Preparation of the Driver's Manual for the Zone Fare 
System. This booklet explains how and when to charge zone 
fares as well as how to fill out the new daily trip sheet. The 
manual also contains a map of each route showing where the 
zone lines are drawn . The manual was designed to be carried 
on board by the driver. In addition to receiving the manual, 
each driver participated in a training session on zone fares. 

• Preparation of the Passenger Guide to the New Zone Fare 
System. This pamphlet presents the new fare structure, ex­
plains how the zone charges work, and shows all zone lines 
on individual route schematic maps. This guide was available 
on board buses, at BC Junction, and through BC Transit's 
other passenger information outlets. 

•Posting of Zone Decals on All Bus Stop Signs. As part 
of the zone fare structure implementation, BC Transit posted 
a color-coded triangle on bus stop signs showing in which 
particular zone the stop was located. The symbols were highly 
visible and helped to orient riders and drivers to the zone 
lines. This action helped reduce potential payment disputes 
resulting from a lack of information. 

The driver is the primary person with whom the rider in­
teracts. In the case of a fare change, they can receive the 
brunt of the passengers' negative reactions. However, in this 
case, riders were well informed of the change and drivers had 
little difficulty. As a result of their training, they also were 
prepared to inform riders and enforce the new fares. 
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Recording Keeping 

BC Transit's established procedures include a driver count of 
all passenger boardings by major fare categories. Drivers used 
a key pad installed on the farebox for these counts. At the 
end of each trip, they transfer the totals to their daily trip 
sheet and reset the counter. 

Because these thorough procedures were already in place, 
only minor modifications were needed to accommodate the 
zone fare structure. Essentially, the counting buttons and the 
trip sheet columns were redefined to incorporate zone cross­
ings. These adaptations occurred throughout all record­
keeping activities for ridership and revenue reconciliation . As 
information is provided for each trip, staff can aggregate the 
results into peak and off-peak periods as well as the major 
fare categories. A monthly summary is prepared as part of 
BC Transit's routine management information reports. 

CONCLUSIONS 

The Broome County demonstration has shown a number of 
things about distance-based fares: 

• It is possible to implement a zone fare system without 
seriously disrupting riders, drivers, or system revenue. Though 
there may be phase-in problems, these are overcome readily. 

• The increase in total ridership resulting from an off-peak 
discount calculated on aggregate statistics can be expected to 
conform to fare change elasticities at the low end of the nor­
mally expected range: -0.20 to -0.25. 

• Elasticities to fare changes implemented through zone 
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charges are in the range expected for any fare change when 
calculated on the resultant average fare. 

• Zone fares do not have the potential to dramatically in­
crease revenue in a small- to medium-sized system, because 
only about 30 percent of the riders will pay zone fares. 

• A sharp off-peak discount on the order of half-fare will 
shift about 3 to 4 percent of riders to the off-peak and increase 
total ridership slightly. Revenues will fall about 10 percent 
while ridership increases about 2 percent. 

• Adult full-fare passengers do not increase their purchase 
of transit passes significantly when zone fares are introduced, 
even if zone fares are forgiven for pass users. An increase in 
pass sales did result from the introduction of new passes for 
students and senior citizens, which also exempted the user 
from zone charges. 

The findings from the Binghamton demonstration indicate 
that transit systems of this size that adopt a policy of fare 
differentiation can introduce zone fares at no detriment. Mod­
est revenue gains and ridership losses can be expected as with 
any price increase. However, if the system has adopted a 
philosophy of fare simplicity, there is no compelling reason 
to abandon that philosophy on the basis of these results, as 
the revenue impacts of zone fares were not large. 
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Crisis and Recovery: Urban Public 
Transport in Morocco 

SLOBODAN MITRIC 

The development in urban public transport in Morocco in the 
1980s, with focus on the two largest cities, Ca ' abJanca and Ra?at , 
are traced. In view of the near collap e of tran port services 
provided by municipal enterprises in the early 1980s. and their 
difficult financial ituation, the underlying problems of infrequent 
fare adjustments, failure to compensate the en.ter~rises f?r. the 
low ocial fares of school children, and orga111zat1onal ng1dlty 
inbercnt to the public . ector, are identified. Several .e~1rly prop­
o itions expected to resolve the urban l~an ·port c~1 1 ar~ d1s­
cu sed, including the market segmentation expemnent 1~t.ro­
duced by the Rabat municipal tran port company (the provision 
of seat-only, double-fare services), and plan ro construct ~ew 
urban rail system in the two citie . An approach that was im­
plemented in 1985 ha become a su~ce. s story il1 No~th ~frica. 
It includes the deregulation o[ public transport erv1ces in Ca­
sablanca and Rabat, in which private operators are allowed to 
break the public enterpri e monopoly, albeit only in the fir t­
clas ( eat-only) market. The principal issues remaining 5 year 
into the experience with deregulation , notab~y what to do \.virh 
insolvent public euterprises how to help th pnvate ector achieve 
its full potential, and how to protect the most vulnerable trav­
elers-the urban poor- are reviewed. 

Throughout the past decade, urban transport problems in the 
two largest Moroccan cities, Casablanca and Rabat, have at­
tracted much attention in the professional community. The 
earliest interest centered on the difficulties experienced by 
the municipal transport companies (MTCs), which for some 
20 years served the eight largest Moroccan cities, operating 
largely as monopolies (1-7). By the late 1970s, the majority 
of the companies were in chronically poor financial condition 
and unable to maintain service at past levels, much less to 
expand capacity to meet the increa. ing demand for urban 
travel. The second wave of re earcb foll wed the 1984 deci­
sion by the Moroccan government to start deregulating this 
sector and the subsequent start-up of private transport op­
erations in Casablanca and Rabat (8-11). Somewhat in the 
background, but no less real, has been yet another subject, 
the feasibility of rail-based systems for the two cities, ad­
dressed mainly in consultants' reports (12-14). 

Five years into the experience with deregulation, with the 
private sector flourising, the authorities are on the threshold 
of important decisions concerning the destiny of MTCs, the 
expansion of private sector operations into different services 
and other cities, and the introduction of new, rail-based modes. 

On the basis of a larger study (15), the preceding themes 
are integrated into a broader, policy-oriented picture. From 
the examples of Casablanca and Rabat, factors are identified 
that have contributed to urban transport problems in Mo­
rocco, reasons are highlighted for the demise of municipal 
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transport enterprises, and the early experience with the new 
private operators is reviewed. Future directions for the de­
velopment of urban public tran ' port in the country are then 
outlined and discussed. The field work for the study, con­
sisting mainly of in-depth interviews in the two cities, was 
carried out in early 1988; statistical data were generally those 
available at the end of 1986 (in Rabat) and in 1987 (in Ca­
sablanca). 

THE COUNTRY AND URBAN BACKGROUND 

Morocco has about 23 million people, and expects to reach 
32 million by the year 2000. It belong to the group of lower 
middle-income economies (1987 GNP per capita was $620), 
growing at about 3 percent per annum, just above the pop­
ulation growth rate. After a balance of payments crisis in 1983, 
with foreign debt reaching about 70 percent of GNP, the 
country embarked on a macroeconomic stabilization program 
and a series of supporting sectoral adjustments. These changes 
have started giving positive results in terms of reducing bud­
getary sub idies, rationalizing public investment, and increas­
ing export , while controlling inflation and maintaining per 
capita incomes. 

Moroccan cities have been growing faster than rural areas ; 
urban population is currently 44 percent of the total and is 
expected to reach 50 percent by the end of the century . Much 
of the growth has been through in-migration from the coun­
tryside, the new arrivals settling down at the urban fringe. 
Casablanca, with 2.5 million people in 1985, is the dominant 
urban area economically, politically, and culturally. The Ra­
bat urban area has about 1 million, and another 10 cities have 
populations between 100,000 and 500,000. Three-fourths of 
all urban jobs are in the private sector, where arti anal and 
commercial jobs dominate. 

DEMAND AND SUPPLY CHARACTERISTICS OF 
URBAN TRANSPORT 

Demand for travel is determined by the population growth 
and structure, the cultural and work habits, incomes, and 
urban spatial patterns. Apart from the rapid growth, two 
a pect of Morocco's urban population are vital for under-
tandin~ transport problems here: (a) the predominance of 

young people (50 percent of total are under working age); 
and (b) the high incidence of poverty, with 28 pecent of people 
under the urban poverty threshold of 2,473 Moroccan Dir­
hams (Dh) (equivalent to $246) expenditure per person, per 
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year. The young generate massive demand for school-related 
travel, while both youth and poverty lead to a powerful down­
ward pressure on public transport fares. Average incomes are 
low: in 1985, an average urban hou ehold spent Dh 26,667 
($2,650) and the minimum guaranteed monthly wage was abou1 
Dh 820 ($81). Consequently, car ownership rates are low as 
well-about 50 cars per 1,000 population in larger cities, and 
20 to 30 cars per 1,000 population in smaller cities. The local 
life style, with its habitual two-shift work and school day, 
poses a heavy load on the urban transport system. 

Moroccan ci ties are characterized by two cemel's lhat typ­
ically coexist ·ide by side: the traditional medina with high 
population densities and narrow m andcring streets fie mostly 
for walking, t1nd the modern downtown , witb its bi h-risc 
commercial buildings and rectangular grid-type street net­
works. These centers generate strong radial demands, easy 
to serve by public transport in smaller cities; as the cities 
expand, the lower-income residents and newly arrived mi­
grants who dwell in peripheral communities find their center­
bound trip. incrca ingly long. Industrial estates, located away 
fro m downtown po e a different problem, that of interpe­
.ripheral connections for indu trial workers. 

Because a great majority of people (80 percent of house­
holds in Casablanca) do not own cars, the brunt of the demand 
falls on public transport, two-wheel vehicles, and walking. 
Surveys carried out in the 1975-1980 period indicated that 
walking accounted for a large proportion of dai ly trips, be­
tween 50 percent in Casablanca and 84 percen t in Tangier 
(1). The m dal share of public transport wa modest 30 to 
35 percent of nonwalking trips in larger cities and approaching 
50 percent in mailer ones. Two-wheel vehicle share was im­
portant at 26 to 27 percent of nonwalking trips in the largest 
cities, and up to 66 percent in Marrakech. Altogether, the 
mobility rates were low (0.95 nonwalking trip · per per on per 
day and les . depending on U1e city) reflecting uppres ·ed 
demand for travel. The key facto.rs underlyi11g the situa1ion 
included a low upply of conventional pub.lie tran port services 
(prevailing until the mid-1 980. ), re latively high fares , and the 
untapped potential of paratransit modes (taxis and various 
types of small, shared vehicles). 

From 1964, when the first MT was created in Ca ablanca 
u1Hi l 1985 wh n private companies were reintroduced (again 
in asablanca), MT s were basically the monopoly providers 
of conventional Iran port services in eight major cities. Nei­
ther in the 1964-1979 period, when they were covering their 
co t ·,nor in the post-1979 period, when the majority of MT s 
were in a difficult financial position, did the supply of . ervices 
approach reasonable levels. In larger cities, ratios of 4,000 to 
6,000 inhabitants per bus in circulation prevailed , agaillst a 
modest n rm {adopted by the Government) of ne standard­
sized bus for each 3,000 inhabitants. 

With the exception of schoolchildren and everal cat gories 
of tate employees who pay sharply discounted fares, regular 
passengers pay fares that are far from low relative to their 
incomes, especially when their daily work journey requires 
tran fers. On the basis of Casablanca data from 1985 minimal 
travel requirements would take about 11 percent of revenues 
for urban households at the 30th percentile, but about 30 
percent for f, milies among the poorest 10 percent. A person 
at the poverty thresh Id would spend abo ut 24 percent of his 
or her expenditures on bus fares . 

TRANSPORTATION RESEARCH RECORD 1297 

Paratransit mode , widespread in many large cities of the 
developing world ns cheap and efficient alternativ s to con­
ventional public tran port, arc largely absent in M rocco . 
Even th most accepted among paratransit modes, the taxi, 
is in short supply because of tight regulations that limit market 
entry and imp e low fares. If the definition of paratransit is 
stretched m what, then one of its form ha been flourish­
ing: the transp rt for own-account. T he e are bu fie t op­
erated by government agenci and oth r large empl yer · for 
the benefit o.f their workers. 

SECTORAL INSTITUTIONS 

As the patron of local government in Morocco, the Ministry 
of Interior (MOI) has a comprehensive, upervis ry authority 

ver urban transport, both functional and financial. Thi au­
thority extends over all activities of MTCs, the taxis, traffic 
management, police, and urban planning. The Ministry of 
Finance (MFIN) exercises a strict accounting control over 
MTCs (a priori permissions even for the smallest payments 
are required , in addition to normal audits), but apparently 
does not get involved in policy. Interventions of the Ministry 
of Tl'an port (MTR) aJe limited to the intercity network and 
stop at the city gates. 

The purview of the MOI includes the creation of MTCs, 
appointment of their managing directors and members of the 
board approval of operating budget and investment plans, 
and authorization of fare changes. MOl also grant operating 
and capital ·ubsidies, and helps to arrange loans through the 
Fonds d' ·quipements mmunal (FE ) a public infra ·truc­
ture fund lending to l cal governments and their agencie . 
Within the MOI, an urban transport division, located within 
the directorate for municipal companies and franchises, is 
respon ible for MT s. This division collects and analyze· op­
erational and financial data of MTCs with rea onable effi­
ciency but lack both the capacily and the mandate to develop 
policies and lobby for their adoption by the de ision 111ak.1:rs. 

At the urban area I vel, the government i .. orgnnized in 
two interweaving branches: (a) provincial representing the 
national government and head d by officia ls appointed by the 
MOI · and (b) municipal , I cally elected. A province typically 
cover everal urban areas (in addition to rural municipali­
ties). Only the agglomerations of asablanca and Rabat are 
larg enough to have their own provincial governments, Wi­
laya (corresponding to French prefecture ) ; a Corre p nding 
elected body for the. e agglomerations is made up of elected 
officials of their constituent municipalities. For all practical 
purposes, major administrative and technical functions are in 
the hands of the provincial governments. In matters related 
to urban transport (as in all other ector ) the Wilaya officials 
(governor , ecretarics-general) execute p Jicies adopted by 
the MOL The role f elected officials in urban transport ap­
pears to be limit d largely t demands for rout and s rvic 
changes. A proces f decentralizataion is underway in which 
financial re ources and the deci ion-making power ar eing 
progressively shifted from the national to local g vcrnment. , 
which at pre·ent dispose of only 5 percent fall 1 ublic expen­
ditures in M rocco. ne of the major stumbling blocks in this 
process is low technical and managerial capacity of the mu­
nicipalities. In the field of urban public transport and traffic 
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management, this capacity is minimal at present not only in 
smaller cities, but even in the largest ones. 

DIMENSIONS OF A CRISIS: MUNICIPAL 
TRANSPORT COMPANIES 

Eight MTCs employ more than 7 000 people carrying more 
than 1 million pas engers per day , and bring in about Dh 433 
million (U.S. $4 million) in revenue per year (Table l). 
According to size they fall into three groups: Casablanca 
leads with 380 serviceable buses (of which 320 are in circu­
lation; Rabat follows with 176 (about 150 in circulation, of 
which only 81 are standard buses); Fez i close with 150 bu cs 
(110 in circulation) ; and U1e remaining five are . mall with 27 
to 73 buses (20 to 60 in circulation). Most of these companie 
once operated larger fleets: a ablanca had about 550 busc 
in 1982 (452 in circulation) and Rabal had 185 buse in 1983 
(176 in c.irculation , of which 150 were tandard buse ). 

Judged in terms of fleet and staff productivity some MTCs 
(Fez Marrakech and Agadir) perform reasonab.ly we ll , with 
annual trip length falling between 77,000 and 95 ,000 km per 
bus in circulation, and daily loads exceeding 1,200 passengers 
per bus. They employ between seven and eight taff per bus 
in service, which is on the high ide but acceptable for firms 
with a low level of outside services. The proportion of active 
fleet that is in daily circulation exceeds 85 percent, suggesting 
effective maintenance services. Other MTCs are not doing as 
well-some are evidently overstaffed (13 employees per bus 
in circulation in Tangiers; 10 in Casablanca, Rabat, and 
Meknes) , or have inefficient maintenance depa rtment ( nly 
59 percent of the active fleet circulates in Tangiers). Ln four 
companies, the number of passengers per bu. -kilometer ex­
ceeds five, indicative of severe bus overloadi.ng. Still, with the 
exception ofTangiers MTC, which has clearly inferi r re ults, 
these companies show positive results in at least ome di­
mensions of performance . 

Since the late 1970s, MTCs have suffered from chronic 
financial difficulties. Only two (Fez, Agadir) have consistently 
managed to cover their total operating costs from fare reve­
nues . At the other extreme, Rabat and Tangiers have yet to 
meet their direct operating costs. The remaining four often 
covered their direct costs, but rarely, if ever, covered the total. 
The Jong-term impact of operating losses is reflected in the 
debt-assets ratio. Of the four largest companies, three have 
debts substantially larger than the value of assets (155 percent 
in Casablanca, 175 percent in Rabat, and 191 percent in Mar­
rakech); smaller companies, with the exception of Agadir, do 
not fare much better. In 1986, the total accumulated debt was 
about Dh 340 million . Short-term debts account for between 
60 and 100 percent of the total debt, a sure sign of unresolved 
financial relations at the policy level. 

The lack of financial capacity has been the prime factor 
behind the failure of MTCs to renew, much less expand, their 
fleets in the face of growing demands for transport. On the 
service side, this problem has resulted in excessive waiting 
times, overcrowded terminals and buses (sometimes with loads 
higher than 150 pass ng rs), and ticket fraud. Other impacts 
include a shift to other modes and walking, and a loss of 
mobility, particularly serious in large cities. The negative im­
pact of all this on living standards and access to jobs for 
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individuals, as well as aggregate costs to the urban economy 
in terms of diminished productivity and sheer time lost, while 
incalculable, is likely to be enormous. 

Causes of Deficit 

Behind the operating losse of MTCs lie intertwined problems 
both on the co t and revenue sides. The following account is 
based on a review of the two largest MTCs, in Casablanca 
and Rabat. Bearing in mind the pitfalls of making interna­
tional compari on even with bctler data than available here, 
average co t (per bus-kil meter) of these r.v companies 
appear to be two to three times higher than in many companies 
in Africa and Asia and have a ratio of about I :2 to costs of 
bus companies in French cities (with the ratio of GNPs for 
the two countries being 1:13) (16,17). The underlying prob­
lems, on the cost side, are as follows. 

1. First, there were problems caused by the nature of the 
administrative system to which MTCs belong. Like all public 
enterprises in Morocco, MTCs have operated in a highly con­
strained organizational environment. The degree of outside 
control has been overpowering and, conversely, the manage­
ment has had a narrow maneuvering space and little account­
ability. The MOT controlled inve tments, fares, and higher­
! vel appointments; local authoritie imposed route and 
service policies; the MFrN controlled all expenditure with 
ex ante in additi n to ex post , audits· the Ministry of Indu try 
controlled both local purchasing and imports. 

2. Second, there have been problems related to personnel. 
The staff of MTCs have enjoyed a status akin to that of civil 
servants, with salaries and benefits superior to those of most 
bus passengers. Labor costs accounted for about 40 to 50 
p rcent of perating costs, high for a low-income country. 
Past hiring practices were not always motivated by enterprise 
needs. Once employed and past a pr bation period, employ­
ees could be fired only for serious refractions of duty. This 
made it impossible to reduce staff in parallel with fleet re­
duction, or as an austerity measure . The promotion system 
was based largely on seniority. All this has led to overstaffing, 
and a work force both laden with long-time employees and 
short on skilled workers and experienced managers. Difficult 
operating condition , a drop in sa larie in real lerms in the 
1980s, and a gen ral erosion of the MTC stalus have all con­
tributed to I w staff morale, ab. cnteei m, vandali ·m, and 
poor productivity. Ca ablanca and Rabat MTCs use 130 to 
140 staff to produce 1 million bus-km, compared with 60 staff 
for better companies the world around (18). (However, Fez, 
Marntkech, and Agadir MT are much better at 80 to 90 
staff per 1 million bus-km) . 

3. Third, the continuing deficit itself has acted to increase 
operating c sts. The shortag of investment funds meant that 
buses were used beyond their economic life; severe over­
crowding also increased the rate of breakdown (in addition 
to losses of revenue caused by fraud). Maintenance tools and 
materials could not be replaced or modernized, and data pro­
cessing equipment and productivity-aimed technical assist­
ance could not be purchased. Difficulties with buying spare 
parts has immobilized many buses for long periods of time, 



TABLE 1 PRINCIPAL MOROCCAN CITIES AND THEIR PUBLIC TRANSPORT ENTERPRISES 
========================================================================================= 
POPULATION/AUTO O'WNERSHIP Casa Rabat Fes Marrak Meknes Tanger Safi Agadir 

========================================================================================= 
1985 Area population (000) 
1985 Auto registrations (000) 

PUBLIC TRANSPORT COMPANY DATA 

=============================== 

2456 1018 
132 54 

Year of creation 1964 1965 
AIYlual passengers (mill) 200 61 
Daily passengers (000) 549 168 
Active fleet (buses) 380 203 
Buses in circulation 320 146 
Annual (million) kms run 23 11 
Staff 3238 1470 
Operating revenues CDh million) 202 69 
Operating costs (Dh million) 199 84 
Total assets CDh million) 128 60 
Total debt CDh mill ion) 198 104 
Short-term debt (Dh million) 110 62 

RATIOS 

=============================== 
Autos/1,000 population 
Population/PTC bus in service 
Passengers/Bus-kilometre 

54 53 
7675 6973 

9 5 

483 
12 

472 
12 

1971 1968 
61 24 

167 65 
150 60 
110 53 

9 5 

758 448 
55 28 
51 28 
na 8 
na 15 
na 12 

25 25 
4391 8906 

7 5 

Daily passengers/bus in service 1715 1148 1522 1222 
88 

95 
8 

89 
53 

100 

Buses in circ/Active fleet(%) 84 
1,000 km/bus in circ/year 72 
Staff/Bus in service 10 
Staff/Million bus-km 140 
1,000 passengers/staff 62 
Revenues/costs(%) 101 
Average costs (Oh/bus-km) 8.6 
Average revenue (Oh/passenger) 1.0 
Total debt/assets (%) 155 
Short term debt/total debt (%) 55 

72 73 
77 84 
10 7 

131 82 
42 81 
81 107 

7.5 5.5 
1.1 0.9 
175 
59 

5.6 
1.2 

191 
80 

338 
10 

298 
13 

208 
5 

120 
6 

1968 1965 1977 1976 
20 8 10 27 
55 22 27 73 
55 27 42 73 
41 16 36 62 
3 2 6 

397 209 244 477 
20 9 12 38 
22 11 13 38 
10 5 7 10 
9 4 7 3 

9 2 3 2 

30 44 

8244 18625 
7 7 

1346 1353 
75 59 
74 70 
10 13 

131 187 
51 38 
92 80 

7.1 10.1 
1.0 1.1 

85 74 
100 59 

24 
5778 

5 
762 
86 
62 

7 

110 
41 
95 

5.9 
1.2 

93 
42 

50 
1935 

5 

1181 
85 
89 

8 

86 
56 

101 
6.8 
1.4 

30 
62 

==·====.============-=========·==-==-======================================================= 
Year to which data apply 87 86 86 85/86 85/86 84/85 85/86 85/86 

========================================================================================= 
Notes: 

(1) When a bi-annual period is given in the last row, generally the balance sheet 
alone is from the earlier year. Year-to-year variability is considerable. 

(2) For orientation, the average exchange rate per USS was Dh 9.10 in 1986 and 
8.36 in 1987. 
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or perm an ntly. MTC Rabat is a striking example of this with 
a book fleet of299 buse , of which only 176 are active. Finally , 
the lack of working capital pu hed MTCs to rely on short­
term loans, whose higher interest rates provided an extra push 
to cost escalation. 

On the revenue side, the generic reason for deficits has 
been the failure of the government to pay full compensation 
for various constraints imposed on MTCs for social and po­
litical reasons. To start with, regular (nondiscount) fares were 
kept at level that did not reflect cost . The government in­
frequently gave approval to increase fares (five times since 
1965 in Rabat) allowing revenues to fall far behin.d in real 
terms (6). This policy was particularly erious at the time of 
the second oil price shock of 1977-1980, and the related 
increase in the world price of industrial products to which 
bus companies are particularly sensitive. When approved , the 
scale of fare increa es was at times so high ( 40 to 43 percent) 
that it led to substantial losses of patronage (and revenue). 

The second major constraint on the revenue had to do with 
the so-called "social" fares. Several categories of passengers 
have benefitted through free rides or inexpensive passes. In 
Rabat in 1986, subscribers accounted for about 29 percent of 
all trips, but onl.y for 6 percent of revenue; in Casablanca (in 
1987), the corresponding number were 19 and 4 percent. 
Even if the pa . enger tatistics are not fully credible the c 
ratios reflect an actual average fare that i d va tating [or the 
finance of MTCs. The situation has deteriorated even further 
with the recent flight of regular-fare passengers to private 
operator . The largest group among the privileged are school­
children and university student . In Casablanca in 1987, monthly 
passes for unlimited rides cost Dh 40 ($4.78) for choolchil­
dren and Dh 50 ($5.98) for students (doubled in 1986, a first 
increase for this pass in many years). With conservative as­
sumptions on trip frequency (even without counting the tran • 
fers) , thi amounts to a discount of about 64 percent off Dh 
1.20 ($0.14) for the cheapest regular ticket. The correspond­
ing compensation, had the government paid it , would have 
amounted to about Db 14.6 million ($1.75 million). higher 
than the most historic deficits of the company. 

The subsidies actually received by MTCs did not bear any 
relation to losses from various constraints on fares. In this 
light, the cro s-subsidy from regular-fare passengers to dis­
count-fare pas engers has been enormous; this largely ex­
plains why regular fares have been high enough to be onerous 
for lower-income people, while at the same time failing to 
cover operating cost of MT 

The Rabat company has received about Dh 30 million since 
1977 mainly in the form of capital grants to purchase equip­
ment. (The exchange rate to the U.S. dollar was Dh 4.50 in 
1977 and Dh 8.36 in 1977.) Compare this subsidy to the com­
pany's accumulated debt of Dh 105 million ($11.5 million). 
Casablanca , with its greater size and a debt of about Dh 200 
million ($23.9 million), received relatively less help about 
Dh 17 million capital grants and about Dh 26 million in op­
erating u b idies, all of these in the 19 0-1982 period. It is 
not clear whether the government was unable to contribute 
more, or the MOI was not strong enough to win enough 
support for MTCs in intermini terial budgetary battles. ln any 
case no direct subsidies were given after 1982, thi being a 
period of intense budgetary crisis in Morocco. 
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In addition to capital grants, loans from the FEC could be 
considered as aid, because they were given to companies that 
were clearly not creditworthy. Data from the 1976-1987 pe­
riod for Casablanca MT indicate that the FEC was the main 
source of investment funds at 65 percent, followed by equity 
fund at 26 percent and Government grants at 9 percent. 
When MTCs fell back in loan repayments in 1982, the FEC 
stopped granting them further loans until 1985, when the 
deci ion to reintroduce private operators was accompanied 
by a fare increase for the MTCs, and some new loans by the 
FEC were authorized. 

Financial aid in the form of capital grants and loans was 
not enough to permit the MTC. to renew and expand their 
fleets and support faci lities . Because there were no operating 
. ubsidies, MTCs dealt with working capital shortage by tak­
ing short-tenn Loan · and using practices normally con idered 
illegal: failing to pay suppliers of goods and service , . ocial 
security contributions, taxe and insurance premiums. For 
Casablanca th last two categories accounted for 60 percent 
of the short-term debt in 1987. This is a particularly inefficient 
form of covert subsidy, creating a complicated web of arrears 
and contributing to erosion of the overall financial discipline 
in the public sector. 

Prederegulation on Attempts to Resolve the Urban 
Transport Crisis 

The list of ideas and approache used or just considered by 
the government of Morocco tor solve or al lea t lessen public 
lfan port problems of the countTy's large cities before em­
barking on the deregulation , would have only rwo ignificant 
entries. One of these , the introduction of first-cla ervices 
in Rabat MTC was actually implemented. The other entry, 
making large-scale investment in new transport tcchnologie , 
bas been intermittently considered but never act d on. 

First-cl a. s ervices of mid ize bu es operating in seat-only 
mode al fares roughly lwice the regular fare were c nceived 
by th management of the MT Rabat a a way of bypas. ing 
the blockage of social fares for their tandard ervices. The 
underlying assumption wa 1hat many pas engers w uld both 
be able and willing to pay higher fares for better services. The 
revenue fr m these new services wa xpected to cover their 
operating co ·t , with enough to spare to cross-sub ·idize reg­
ular services. Starling with 40 minibuses at the end of 1984, 
fir t-cla vehicles grew rapidly to b come 46 percent of the 
fleet owned by the MT Rabat by the end of 1986. The impact 
of fir t-class ervice wa con iderable: already in ihe fir t 
year of operation, there were 4.5 million first-class trips com· 
pared with 69 million trips for regular services. l n 1986, when 
the patronage of former ervices collap ed to less lhan 36 
million full-fare-paying passenger , firsr-cla service limbed 
to nearly 8 million. 1f any pr fit · were made however, they 
were not used to support regular operation bul to expand 
further the fir t-cla services. Thus improved service for 
better-off pas engers was achieved only at the cost of furlher 
erosion of service for regular passengers. This experiment in 
market egmentation provided pre iou experience for the 
coming deregulation of the sector; it would be bitterly ironic 
if in the longer rnn it al ·ode troyed the urvival chances of 
MTC Rabat. 
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The ther ignificant approach proposed, investing in new 
transport technologie · in the lwo cities · derived it in pirati n 
from th evident lack of capa ity and I.ow travel speed of 
MT bus ervices (12 - 14). In a common mi reading of a 
policy problem as a vehicle technology problem , it was be­
lieved that mil-based systems would correct both of the earlier 
hortcomings. Of the three most recent proposals, two in­

cluded light-rail lines for a ablanca and Rabat, and the third 
involved a rapid transit system for Casablanca. The envisioned 
lines were 13 to 15 km long; light-rail alignment were mostly 
at grade whereas the rapid tran it pr posal combined un­
derground , at-grade, and elevated secti n . apilal co ts of 
the proposed y tems ranged from $150 million for the light­
rail Lo $300 million for the rapid transit. The peak-hour pa­
tronage forecas t for the 1990 was of the order of 8 000 to 
10 000 passengers. The consultant · estimated that fares sim­
ilar to those then charged by MTCs would suffice to cover 
direct operating costs of these new systems. 

The government has not acted as yet on any of the! e pro­
p als,. probably becau e of high capital co ts and low pa -
seng r volumes forecast by fea ibility · tudies. The projected 
capital costs of ·everal hundred miUion dollar would be sub­
stantially higher than anything the government had ·invested 
in nrhan transport over the previous two decades and fi­
nancing would be a major issue as well. Peak demand fore­
casts under 10,000 passengers per hour must have come as a 
disappointment and a surprise to the authorities, given severe 
overcrowding of bu es witnessed daily n the str cts of Rabat 
and asablanca. It is understood that yet newer pr po als for 
a metro in asablanca have been put forward i.nce 1988; that 
an attractive financing package might emerge in tandem with 
a mdy whose co t estimates would be low enough and pa­
tronage foreca. ts lrigh enough i still possible. 

RECOVERY: DEREGULATION IN CASABLANCA 
AND RABAT 

The return of private opern tors to the two major cities, an­
nounced in mid-1984, should be ecn as part and parcel of 
t11e macroeconomic stabilization program and the reform of 
the public enterprises undertaken at that Lime. The proces 
of deregulatit)fl was carried out at an unprecedented . peed 
reflecting a firm commitment by rhe authorities to this op­
tion- private services to b , tarted in a ablanca already by 
July 1985 and in Rabat by March 1986. 

Companies with appropriate technical and financial refer­
ence · were invited to bid for frrst-class s rvices n cx i ling 
MT routes. Vehicles were limited to 25-seatcr bu e , r 
larger. Each bidder was to propose the minimum-sized fl et 
to be placed in service, allowing at least 20 percent re erve. 
Line frequencies and time tables were also to be submitted 
for approval by the local authorities (the Wilaya). Bidders 
were invited to propose fares for each line, an annual conces­
sion fee, and f rm 1las for the revision of fares and fees with 
a proviso that Lh e would be "homogenized" over the. crvice 
network. 

Five companies were initially authorized in Casablanca (in­
creasing to eight by L9 ) and six in Rabat. Award were 
made for groups of service routes, in an attempt Lo mix and 
match routes with high and low passenger demand. Only one 
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company was awarded a contract for any one rout· (in ad­
dilion to MT services) though the terms allowed a possi­
bility of award Lo lhird partie . Initial authorizations were 
made for al out 150 buse in each city (c mpared to MT 
fleets of 150 in Rabat and 320 in asablanca). pecial permits 
for importing buses were granted LO the n wop rators. The 
adopted fares were equivalent to first-class fares (Dh 2.2) 
charged by the MT Rabat. The concession fee adopted in 

a abla11ca was v11riable and equal to percent of traffic 
revenues, requiring that private operators turn in their ac­
counts to local authorities. After indications that a variable 
fee would pose an enforcement problem, a flat concession fee 
of Dh 15,000 per line was used in Rabat. Contracts included 
a fare revision formula: fares could be revised annually, fol­
lowing an perator's reque t, provided that the increase cal­
culated by the formula was 5 percent or higher . 

Some of the entrepreneur · came from within the pa, ·enger 
tran port profession (intercity or tourism). Others wer freighl 
carriers or had some relation to tran port (e.g., bu · manu­
facture). The remaining' private bus operators came from field 
like insurance and had no experience in the sector, but were 
accepted for their ample resources and g d standing in the 
bu iness community. The ource of financing were equally 
a diverse. omm rcial banks were initially reluctant to get 
involved, fhu forcing bidders to rely on equiry fund only. 
Thi limited acce to the market to large, well-to-do com­
panies. Family-owned equity played an important role in Ra­
bat as well but by that time the busin s community a s s ed 
their risks to be lower and decided to participate, which per­
mitted a mixture of suppliers' credits, commercial bank loans, 
and leasing credit. The decrease in risk estimates wa onsid­
erable cau ing intere t rate to fall from 27 to 14 percent (19). 

There ha not b en any formal monitoring of the co t and 
benefits of the deregulation. But, n the ba is of circumstan­
tial evidence, the whole experience must be judged an overall 
uccess. The growth i11 the private fleet has been impressive. 

By the encl of 1987 about 200 private buse were operating 
in Rabat and 520 in 01s::ihlimca , up .from initial levels of ab ut 
150 in each city. When added to 150 and 320 MTC-owned 
buses in Rabat and asablanca, respectively, the govern­
ments supply target (one bu. in circulation for each 3,000 
peo1 le) wa · reached, even without counting buse for wn­
account tran port. he picture is, of cour e , less impre ive 
when seen in terms of pas •eng r space because many private 
buses are midsize and standees are not allowed. Still scr ice 
availabil ity and quality hav improved visibly. ev non MT 
buses. The worst of the wai ting lines have di appeared from 
street and termina ls (8- 10). oncerning them, rk l ·har of 
the private p rators, a recent lower-bound estimate for Ca­
, ablanca, based on revenues reported for tax purposes, is 
ab ut one-third (78 million passengers in 1988 versus 185 
million carried by the MTC (20). 

The principal beneficiaries of the deregulation on the de­
mand side include all passengers who could afford to switch 
to fir t-cla · services. vidently many inhabitant of the two 
cities could and did. Som among them though. might have 
preferred t use impr ved regular-cla s ervicc , at fare 
somewhere between the first-cla and the current regular 
fares. Tbe same may be trne of many passenger. who re­
mained on MT buses and who after the initial relief, are 
seeing their benefit dwindle. Finally there ha been little 
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relief to passengers to whom prevailing regular fares have 
been onerous or unaffordable. 

In addition to undisputable benefits to first-class passen­
gers, other benefits of the deregulation have accru d to the 
national economy: first, the resource mobilization involved 
about Dh 450 ($45) million inv ted in flee! by the private 
sector (an order-of-magnitude estimate made by this writer) 
releasing public re ources for other u es; . econd there has 
been a reduction io demand for public subsidy, because a 
large proportion of urban travel is now carried under market 
conditions; third, some 4,000 new jobs have been created; 
and fourth, the government has new fi cal revenues from fees 
and taxes. Finally, the urban transport business must have 
been profitable to private operators, seeing their numbers 
multiplied so quickly. 

What has been the impact of private competitors on the 
MTCs? Answers appear to differ considerably from one city 
to the other. The fo llowing statistics illustrate this, but much 
caution is warranted-the noise caused by a fare increase in 
August 1986· MTC fl et c nstraints, especially important in 
Rabat · and brevity of the ad ju ·tment period mu t be remem­
bered. In 1985, MT Rabat carried 75. 7 million trips , of which 
5.2 million were in first class vehicles; in 1986, when private 
companie operated only three quarters of t.h.e year, th total 
declined by 19 percent to 61..2 million . Change by market 
egment varied widely: first-clas trip increased from 5.2 to 

7.9 mjllion (a 34 percent increa e, fueled by a 47 percent 
increase in fleet and a 3 percent increase in kilometrage) . 
Tbe tandard passenger at regular fares declined from 52.1 
to 35. 7 million (a loss of about 32 percent) wherea traffic 
of monthly pa s holders lost ab ut 4 percent. Th fl eet in 
circulation has sunk to 149 bu e (in 1986) of which only 81 
were standard buses (compare to 149 such buses in 1983). 
Reve nue fell by S percent and cost grew by 3 percent, despite 
a hiring freeze that kept th staff under the 1982 leve l· the 
resul!ing operating deficit wa a historic high of Dh 15.7 mil­
lion . A t the end of 1986 against current a set of Dh 8.9 
million and fixed assets of Dh 50.6 million, the company owed 
Dh 104.5 of which 59 percent was accounts payable and short­
term debt. Arrears owed the FEC (Oh 18.1 million at the 
end of 1987) were the largest of all municipal compaJ1y debt­
or . The large negative dlfferen c between current as ·ets and 
current liabilities explains why MTC Rabat ha difficulties 
meeting its salary obligations and has stopped preventive 
maintenance. In short, this operator is ailing. 

MTC Casablanca has weathered the entry of private op­
erators differently . Following the initial 13 percent loss of 
passenge r · in 1985 (al o <lffected by a 43 percent fare increas 
in 1984), all pa. enger categories increased in Ca ablanca in 
subsequent years but more so in the ocial fare category (24 
percent since 1984). Total traffic in 1987 is till about 9 rercent 
less than in 1983, but at a diffe rent level of supply .. pace on 
public buses, vacated by people transferring to first-class ser­
vices is evidently being filled by new passengers paying reg­
ular fares and by increased travel of monthly pass holders . 
With traffic on the upswing and boosted by two successive 
fare increases, the revenues posted a record Dh 200 million 
in 1987. Unit costs fell in nominal terms, a result of higher 
productivity (daily kilometers per bus went from 160 to 197; 
fleet availability wen! from 72 to 84 percent; kilometers run 
perstaffwent from 6,698 to 7 ,123). After 10 years ofoperating 
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losses, the company posted a surplus in 1987. Fare increases 
and fresh FEC loans in 1985 and 1987 helped, but did not 
account alone for this turnaround in Casablanca, as the Rabat 
experienced mon trated. The competition seems to have been 
a hot of adrenalin to the MTC asablanca management, and 
they tried to compete as best they could within the narrow 
confines of local and national government regulations im­
posed on this sector: they evidently both had good ideas and 
the courage to implement them. 

Among problems encountered o far, . ome are not unusual 
in a transition period (which does not make them any les 
eriou ) and ol11ers reflect the speed with which the whole 

process was implemented. C mplaints again t private oper­
ators center on violation of service agreement - example 
include overserving profitable routes, underserving lower­
volume routes, leaving terminals only when full (rather than 
according to chedules) not foll wing agreed routes and tops, 
and accepting standing passengers. To the MTCs, this i · 'dis­
loyal competition " particularly ungrateful in view of gen r­
ous technical assistance provided by MTC asablanca to help 
the new companies in the start-up (11). The downside of 
greater staff productivity (and lower pay) of private operators 
has been reckles driving of private buses, resulting in 455 
accidents involving private buses in Casablanca in 1987. Over­
lapping service routes in asablanca cau ed numerou · con­
flicts among private operator. , a problem avoided in Rabat 
by a more careful parceling of routes. On the administrative 
side, probl m aro e in c nnection with the tipulation that 
private operators should submit their accounts for review by 
the loc,al government and with the ex po t imposition of an 
admini, trative tax in addition to the agreed conces ion fee. 
Income tax collection has also been a problem, but this is not 
specific to the urban transport sector. 

CONTINUING TOWARD RECOVERY 

Three sets of interrelated issues loom large at the current 
crossroads in the evolution of Morocco's urban public trans­
port. The first set is demand related, c nce rning <liver e ub­
group of public tran port use rs and would-be u ers partic­
ularly lower-income traveler . The econd set refers to urban 
public transport modes, their organization ownership, and 
techn logy. The third set has to do with g vernment insti­
tutions in the sector. 

Demand Aspects 

If it is accepted that the problems of better-to-do public trans­
port pa. ·engers have been resolved in a la ting manner , pa -
·engers remailliog on MTC buse and those who are only 
latent travelers are till. awaiting better days. Whether ticket­
paying or pass-h !ding, MTC clients have become somewhat 
better off as a result of deregulation, but their benefits may 
dwindle quickly in the ab ence of a quick action to rehabilitate 
MTCs. Already the c passengers face a decrca. ing ·upply of 
service (particularly in Rabat) , and at fare. that may claim 
a significant portion f earning. for . ome pe pie. With an 
increasing proportion of MT trips belonging to groups pay­
ing social fare , passengers paying regular fares can only ex-
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pect their fares to increase, even if services deteriorate. More­
over as evident from con iderable losses of patronage following 
fare increase the existing regular far are entirely out of 
reach of some egments of the population. 

Also, as noted earlier, some passengers who have shifted 
to the first-class ervices would probably prefer using belt r­
quality services f the regular type (standing permitted). All 
in all , like everywhere else in the world , trong demand for 
improved regular ervices al affordaMe fare· must ex i t in 
Casablanca and Rabat. The question is: Who is going to sup­
ply these services, the public or the private sector? An alter­
native way to pose this question would be this: What can be 
done to enable the lower-income strata to pay the level of 
fares neces. ary to finance rea onable services? 

The problem of affordability is difficult to assail from the 
demand side. One short-run option that could be explored is 
thal of introducing a system of targeted subsidies for the truly 
needy . egment of the population , the hope being that the 
elimination · f indi criminate sub idies would take some pre -
sure off of fares. Also in the hort run , the adoption of a 
single-shift day for chool and work w uld redu e the need 
to trave l in the peak . In the longer run, th • hope is that 
economic devdopment of Morocco , parcicularly employment 
creation programs, will go on increasing the minimum in­
c mes, thus lifting the affordability threshold for travel. Al ·o, 
the ongoing improvements in zoning and ther aspects of 
urban planning decision may result in land u e deci ions that 
would reduce journey lengths for some disadvantaged urban 
residents. 

Developments on the Supply Side 

In contrast to the demand side, options in the realm of urban 
transport mode · are numerou. and promi ing. T hese are re­
viewed according Lo a mix d ownership and techn logical 
classification: MT , private op.era tors services for tran port 
on own-account, paratransit mocles, ilnd new technologies . 

What to Do with MTCs 

The destiny of MTCs is a central issue. Most of them are 
insolvent, underequipped, and overstaffed. There are lal'ge 
economic and cial co. t · tied to th continuing exi tcnce of 
MT · in their current state. Yet they perform a valuable 
service for the mass of population , make social object ive 
(a rguably) a. i r r achieve own considerable Oeet :rnd fa­
cilities, and emp,loy thou ands of pe pie. Three broad evo­
lutionary prions for MT ·tand out: re tru turing under 
public ownership dive titure and a mixed-ownership ap­
proach. 

Restructuring Under Public Ownership Restructuring under 
public ownership would include writing off public debts of 
MTCs and reprogramming their other debts ; agreeing on a 
mechanism through which the Government would compen­
sate the companies for the imposition of various socially and 
politically inspired constraints (notably those imposed on fares); 
setting up productivity targets to minimize the link between 
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subsidies and inefficient ope-ration ; and adopting development 
plans f r MT organization, staff, m lhod., and phy ical as­
sets . The programs for individual companie · w uld be doc­
umented in performance contracts, signed by the MOI and 
the company management ln parallel with company-based 
actions, a regulatory overhaul would be undertaken lo in­
crease the commercial independence of MTCs as a group. 
The positive asp cts of this approach include the retention of 
a strnng public voice in ervice p licie of MT and the 
lowest transition costs (e.g. minimal ·taff reduction ). n 
the nega tive side, the national budget might be unable to 
provide fund. needed to rehabilitate and upgrade MT in 
financia l and physical tem1 , and to pay regular sub idies, 
unless a drastic hange in prioriLie occurs. Even if the funds 
were forthcoming, the probability that the public sector could 
ever post significant productivity gain may be low. Al ·o, 
in titutional capacity and discipline needed to prepare and 
implement the nece ary reforms would be con iderable; the 
risk is that reform w uld get bogged down and never achieve 
its objectives. 

Divestiture T his approach would mean turning urban pub­
lic transport over entirely to the private sector, u ing a tend­
ering approach already tried in Ca ablanca and Rabat , with 
the Government retaining only a supervi ory role to maintain 
a market environmeill and to ensur that ocial objective · are 
achieved. This approach would involve e lling the plant and 
equipment of MT to private buyer and u ing the proceeds 
to settle the MTCs' out tanding debts. The major pro !em 
wi.th this approach would be high, possibly prohibitive social 
and political costs of layi ng off MT employees; no precedent 
for this course of action exist in North Africa. Otherwise 
Lhi approach would make the lightest claim on public fund 
in the hort run , becau e only mode t one-time exp nditure 
would be needed for debt settlements in exces of what the 
sale of MT a . et would bring. The private sector would 
brrng o promise of considerably luwt:r production costs, thus 
potentially better ervices and lower fares for all types of 
ervices. The flip side of the coin has increa d ri ks f car­

telization and neglecting social o bjectives. The monitoring 
e ffort to ensure that rules of the game are followed would be 
costly to organize and difficult to sustain. The success or other­
wi ' e of thi approach (and of the curr nt partial deregu lation) 
would hinge on the freedom of private operators to et fare 
though this issue cann l be itv idecl under any option, in­
cluding the continuation of the ·talll qu . T he dang rs in­
volved with controlled fares have been illu tra ted earlier. The 
risk with deregulated fares would be that, at worst, lower­
income strata mighr b priced out of the public transport 
market altogether especially on low-volume routes. (Shou ld 
th.is happen , the Government would have to provide direct 
. ubsidy to affected groups and subsidize operations n low­
v lume routes. but with omp titive award of service, as in 
the United Kingdom). The is ue is, of course, to steer a pru­
dent cour e between the Scylla o! affordabilit for passengers 
and Charybdis of financial viabi lity for operat r . 

Restructuring of MTCs with Mixed Public-Private Owner­
ship This approach would be a compromise in which the 
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private partner would bring in funds and expertise in exchange 
for guaranteed profits and managerial fees . The Government 
would retain a direct presence in service and fare deci ·ion , 
and staff reductions would be minor. Difficulties should be 
anticipated in finding inv tors under this approach the risk 
being that social policies and budg tary responsibilities would 
be handled by different parts of the Government casting 
doubt over the received financial guarantees. 

Future of Private Operators 

Assuming that coexistence of private entrepreneurs and MT 
would continue, many of the current problem are a matter 
for fine tuning. Of the truly vital issues, two were mentioned 
under the divestiture option above i.e., how much free rein 
wouJd be allowed in fare setting and w uld the publi au­
thoritie be able to supervise the adherence to ervice agree­
ments. The fare is u will be tested soon , in view of the 
forthcoming overhau l and replacement decisions of the pri­
vate sector. A major longer-run que! tion for private perator 
concerns the expan i n of their services into the regular (as 
opposed to fir, t-class) market. Thi · process would bring them 
into direct competition with MT , a well as among them­
selves. 

Paratransit 

Certain forms of paratransit are too well developed in Mo­
rocco wherea others are developed poorly or not at a ll. Own­
account transport ervices belong to the former group , like ly 
the most expen ive public transport mode in Morocco. If the 
Government wishes to subsidize its employe , this sh uld be 
done at least cost. Taxis and diverse flexiroute arrangements, 
using minibuses and large automobiles , belong to a group not 
only neglected, but downright repres. ed; o pportunity costs of 
this policy must be large , both in transport service and the 
employment dimension. Paratransit is the ultimate market 
mode in urban transport, in the sense that it i adaptable to 

a wide range of services and at a vcu·iety of price· (and thus 
to a corresponding range of incomes). The evidence i con­
vincing that people in citie tha t p rmit and foster paratran it 
alongside the conventional public tran port modes enjoy much 
higher levels of personal mobility than where paratran it is 
absent (19) . A deregulation of this mode is thus long overdue . 

Rail-Based Transport Modes 

When they operate in a protected right-of-way th e modes 
have greater capacity , travel speed , comfort and safety than 
the conventional treet bus operations. They can also have 
real and beneficial. but difficult to measure impact n urban 
life a11d growth. Under certain conditions of con tniction costs, 
operating efficiency, and patronage they can come close to 
being ec nomically and financi ally viable (2 / . ll do not 
appeitr that nough of these conditions could be met at present 
in Ca ablanca and Rabat part icularly not the patr nage and 
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fares needed for a reasonable recovery of c t . M re ver 
impacts of a new metro or a light-ra il system therein would 
b limited to one or tw major corridor ; problems with the 
MTCs and , generally problems caused by inadequate ·ector 
policies, would remain. Only th stakes would be higher. 
T hese sophi ticated y terns them elves would require effi­
cient organization and maJrngement t achieve their full po­
tential. Otherwise, because of their considerable inve tment 
cost , U1ey would end up crea ting even greater losses than 
has been the case with MTCs. Two p sible counterargument 
to these would be that (a) the magnitude of investment in ra il 
technology would imp se it own d.iscipline on the policy pro­
ce and contribute to the resolution of the long-standing tug­
of-war between ocial objective and budget rea lities in Mo­
rocco; and (b) rail-based projects would seem important enough 
to reclaim major ci ty street from the g1:neral traffic and re­
serve them for public tran port vehicles only (as wa · done in 
Tuni ). Both counterargument imply that large-scale inve t­
ment · should be used as means of changing public policie 
(concerning transit fares or exclusivity of the street right-of­
way). Thi· being both a risky and a poor u e of scarce capital. 
large- cale inve tment hould no t be eriously con idered in 
Moroccan ci ties before ther refo rms have brought a mea ur 
of steady- talc viability into public and private ecl r urban 
transport operations. 

The Institutional Dimension 

Considerable institutional capacity would be required to guide 
the evolution of the urban public transport sector in Morocco 
through policy and investment options outlined earlier. The 
history of MTCs demonstrate that past public policies and 
action have been neither consistent nor comprehensive. The 
consistency has been most conspicuously absent in the area 
of fare setting and the related c mpensation. As for compre­
hensiveness, whole areas of intervention (traffic and parking 
management, automobile registration and taxation , stagger­
ing of work hours , using one-shift chool day } h:we been 
hardly touc11ed, or not at all. Some of the difficulties reflect 
a government wiU1 a br ad scope of intere l to the detriment 
of the managerial prerogatives of public enterprise and local 
authorities, and creating bottlenecks in their own activities. 
Other problems can be traced to a lack of technical capacity 
in the national and local institutions managing the urban trans­
port , ector. Engi neeri ng and ec nomic knO\ -how r urban 
public transport es ential for developing a good policy , is not 
well represented in the MO! , nor in city governments. Ao 
important related area , urban traffic management. i not ev n 
acknowledged as a distinct profession in Morocco. 

Independent of the exact stategy elected for the treatment 
of the MT s, or the deta iled compo ition of the overall p licy 
the fir t priority on the road to recovery is an investment in 
the institutional system itself. Assuming that the requisite 
political consensus is reached, institutional development should 
be done by building up the technical capacity both of national 
and local government personnel , the latter in parallel with 
gradually decentralizing the resource generation and the de­
cision making. At the national level , new forms of cooperation 
among ministries and other relevant institutions should be 
sought to ensure consistency of actions. 
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Privatization of Urban Transit: 
A Different Perspective 

ALAN BLACK 

Althoug~ urban mas transportation began in the private sector, 
the public ector l1ad taken over most U.S. transit system by 
19~0 . !h~ Reagan admioisrr_ation reversed thi trend by making 
pnva11zat1on of ~rans1t a maJor policy approach. This policy has 
been controversial; 1t has been opposed by many transit o([icials , 
so.me members of Congre s, and especially labor union . T here 
are numerous opportunities for private enterprise to become in­
volved in mass Iran it, and the process bas taken place increa . 
ingly in recent years. Privatization ge1s many favorable reviews; 
i.t is . laimed ~lat private firm are more economic efficient, pro· 
ducuve flexible, and innovative in providing transit ervice. The 
emph~i has been. on cost savings because tran it opera ting co ts 
have risen greatly in recent decades. 11here is ample evidence that 
private firm often achieve lower costs. ·n1ere has been liltle 1udy 
of the re.as~n.s for the cost saving . Th existence of unions may 
be the s1gn1f1caat factor rather than whether the enterprise is 
public or private. The limited data avai lable show that nonunion 
private wor~er~ recei~e much less compen ation than public 
workers. U010111zed private workers foll i11 between. The welfare 
of transit worke.rs hould be a malter of public concern. One 
important i: uc i~ whether private firms are exploiting their em­
ployees. TlllS topic deserve further tudy because tran it workers 
shou ld not houlder an undue burden for reducing th subsidies 
for transit service. 

Privatization of urban transit was one of the major changes 
in transportation policy initiated during the 1980 . Mo 1 re­
ports of expel'iences with privatization have emphasized the 
cost savings achieved when public transit authorities contract 
with private companies to replace services they formerly op­
erated themselves. There has been relatively little study of 
the reasons for the economies, but there is growing evidence 
that they arise becau e mo t private firn1 u e nonunion labor 
and offer lower wages and benefits. Privatization i therefore 
examined from the perspective of the impact oo transit 
workers. 

BACKGROUND 

Urban mass transportation iD thi country originated wbolly 
in the private. ector. All of the early means of transit of Lhe 
19th century- the omnibus, the horsecar the cablecar the 
electric streetcar, and the elevated railway- were bui lt , owned 
and operated by private companies. Entrepreneur took the 
risks; some failed but many made large profits. AL first, there 
was intense competition, but over time stronger companies 
bought out weaker ones, and monopolies emerged in many 
cities. 

Urban Planning Program, University of Kansas, Lawrence Kans. 
66045. , 

Public involvement in urban transit began with the con-
traction of subways , which required huge capital invest· 

ments. T he first ubway in Boston and New York were built 
with public fund , and long-term lease were given to private 
companies tO operate them. The first municipal government 
to operate mass transit ervice was San Franci co , which in 
1912 formed the San FraDcisco Municipal Railway t.o build 
two tunnels and operate treetcar route in the western part 
of the city (1). Soon after, the treet railways in Seattle and 
Detroit became publicly operated . New York built an incle· 
pendent ubway y ·tem that wa publicly owned and ope.rated 
from the tart. Private rran it companies were not popular at 
the time because they had been involved in many scandals 
expo ed by crusading journalists. 

The usual reactioD of government to cases of private cor­
ruption was to regulat the private firms more rriclly, rather 
than to take them over. By 1940 only 20 transit system in 
the country (2 percent of the total) were publicly owned (2). 
New York City bought out two private companies lhat year 
and made the whole subway system public. A few other larg · 
cities did likewise: Cleveland created a public transit system 
in 1942 hicago in 1946, and Bost n the f llowing year. 

During the 1950 , transit ridership fell precipitously, and 
many privale companie · began to lose money. When they 
rai ed fares, patronage declined furtJ1er leading to another 
fare hike and a vicious cycle ensued. Eventually many com­
panies went out of busines , and hundred of ' mailer citie 
lost all transit service . ln some larger cities where transit wa 
considered e sential private firms were taken over by gov­
ernment or given subsiuies to keep them going although often 
at a reduced scale. 

The Urban Mass Transportation Act of 1964 introduced 
federal grant for capital investment in tran it , and they could 
be used to buy out private companies. All remaining large 
private transil firms, plu many mailer one , went into public 
ownership during the 1960s and 1970s. By 1983, there were 
599 publicly owned systems representing 58 percent f all 
systems in the country. They owned 93 percent of the vehicles ; 
operated 95 percent of tbe vehicle-miles and carried 95 per­
cent of the passenger trip (2). 

The Urban Ma Transportation Act included two protec­
tions for private enterpri e. Section 3(c) restricted the use of 
federal fund "for th peration of mass transportation fa­
cilities or equipment in competition with or supplementary 
to, the scrvic provided by an existing ma transportation 
c mpany." Section 8(e) .required that federally aided tran -
portation plans and program ".hall encourage to the maxi­
mum extent feasible the participation of private enterprise. " 
There were some efforts to avoid negative impacts on private 
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taxi companies, but otherwise little was made of these pro­
visions. 

In most metrop Ii tao rtrea , all transit ervices were brought 
u.nder one public tran. it aulh riLy . Mo t planners considered 
this desirable , as it permitted comprehen ive planning and 
better c ordination of services. Federnl program. encouraged 
thi : Federal a:id had to go to public bodies excepl f r , ervices 
for elderly and handicapped) , and propo eel change. had to 
fit into a metropolitan transporta tion plan. 

However the transit agencie were monopolie that could 
be indifferent to changing demand and ho ti le to competition. 
For example, the Washington Melropolitan Area Tran it Au­
thority refu eel to pr vide service to the new town of Reston , 
Virginia, claiming the rout wou.ld not be cost- ffective . In 
1968, some Reston residents formed a commuter club and 
hired a private company to run express buses to downtown 
Wa hington (3). 

The Reagan administration greatly revamped tran ·p · rta­
tion policies. According to Smerk, "Mass transit is often viewed 
by the White House and the U.S. Department of Transp r­
tation as a particularly good example of wasteful allocation 
of resources by the public sector" (J ,p.87). The administration 
repeatedly tried to termi nate federal operating . ubsidie for 
transil. .ongres · resisted and the subsidic continued, but at 
lower levels. The budg t f the Urban Mass Tran ·portation 
Administration (UMTA) declined steadily during the L9 0 . 

The admini tration e pou eel a policy of privatizing urban 
tran it even though hi, t ri ally most private firms had left 
the bu iness voluntarily. ln J984, UMTA i sued a policy that 
"charged localities with tJ1e re ponsibility of demon trating 
that they were actively encouraging private firms to particir ate 
in the provi ion of new and re tructured loca l ervices. Unle 'S 
UMTA was satisfied on this score, localities would not be 
able to obtain or retain matching fund . for these ervices" 
(4,p.9). ln 1986 UMTA published gu idelines requiring ap­
plicant for transit aid to submit documentation of their pri­
vatization effort , including analysis of wheth re i ting public 
ervice could be provided by private operators. 

This policy ha been ppo ed by many tran it officials. some 
member of Congress, and e~p.ecially labor union . Hence , in 
the words of Teal , privatization has 'produced the most in­
tense controversy of any federal transit policy initiative of the 
past twenty years" (5 ,p.10). 

LABOR UNIONS 

An account of the role of labor unions in the Iran ·i1 industry 
is appropriate. The industry has been highly rganized since 
early in thi c rHur)r. The largest national union of transit 
workers n w called the Amalgamated Transit Union, was 
formed in 1$92. A econd major union, the Tran. port Work­
er Union , was created in 1934 and has jurisdi'ction in ew 
York , Philadelphia, and a few other large cities. Mo:rc than 
95 percent f publi lrnnsit sysl~rns in lhe c untry h, ve 
unions (6). 

In the last 25 years, the unions have obtained substantial 
increases in wages irnd ben fits. Although mm1y locals pref r 
arbitration as the mean f re olving contract disputes, Lrike 
do occur. They cause great disruption in large cities that are 
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transit dependent (as happened in New York City in 1966 
and 1980). Because of Section 13(c) of the Urban Mass Tran -
portation Act (tbe labor protection clause) locals must ign 
off on application for federa l transit aid made by their em­
ployers. Allegedly thi clause gives union great p wer in 
bargaining with transit authorities. although thi i a ubject 
of debate. However, there is no doubt that the trength of 
the uni ns i a major rea o.n why operating costs have risen 
sharply. 

Work rule. are important and may be elaborately specified 
in labor contracts . Transit worker· usually receive premium 
payment f r unattractive a ignment . Becaus the demand 
for transit serv.ice is concentrated in two peak periods a day, 
it would be ad antageous for management to put many op­
erator, on split hift , with an unpaid break in the middle of 
the day. Workers find this schedule objectionable, so most 
contracts include premium payment· ba ed on tbe spread from 
first reporting to leaving for the day. Typical are th rules at 
the Ma · ·achu elt Bay Transportation Auth rity (MBTA): if 
the spread exceed 10 hours time-and-a-half is paid for the 
11th and 12th hour. , and double time for the 13th hour. A 
spread beyond 13 hours is prohibited. 

Transit workers often have guaranteed minimum pay. In 
many cases, they are guaranteed at lea t 8 h ur ' pay for any 
day in which they must report for work. These guarantees 
originated as a way to dissuade management from u ing part­
time workers. In th pa t decade , most public transit agencie 
have seCllred the right to hir part-time workers who do not 
receive the guarantees. However this trend has not produced 
the anti.cipated cost saving for two rea 'On : (a) many c n­
tracts limit the number of part-timer. to ome small percent­
age of full-time worker , and (b) often management has made 
conce. sions in wages lo get the right to hire part-timers (7). 

Many transit workers routine.ly receive overtime pay, and 
some of them regard it as a prerequi ite or eni rity. The 
difficulty of scheduling transit ervice creates thi · situation. 
Often there are short pieces of work late in the day, and it 
is more economicRI to pay overtime than to put on another 
operator. Thi is one reason why unions arc opposed to part­
time worker . 

Most public transit worker r ceive generou fringe benefit · 
of the usual types: health in urance pen. ion , sick leave, 
holiday-, and vacations. The cost of fringe ben fit. can am unt 
to 50 percent of the direct wage bill. Absenteei m has been 
a chronic problem in the inclu try, and sick pay is a major 
expense. Vacation start at a modest level, but workers with 
20 years' experience may be entitled to 5 or 6 weeks off a 
year. 

It is a matter of opinion whether union workers deserve 
these reward . There has been some public reaction against 
them. Tn 1980, the Massachusetts legislature passed the Mm1-
ageme111 Right Ac/ which overrode key provi ·ions of con­
tracts between the MBTA and its unions. Am ng other things 
the Jaw prohibited co. t-of-livin adju tment in wag and 
authorized contracting with private firm. and hiring part-time 
employees. 

The justification for work rules is disputed. Schwieterman, 
a proponent of privatization, charged that "the most extreme 
examples of featherbedding, which have long disappeared 
from other sectors of the transportation industry, remain in-
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tact in the U.S. transit industry" (8,p.1). But Barnum, an 
expert on transit labor, stated, "There have been few reports 
of extensive 'featherbedding' in the transit industry, as is al­
leged to occur on the railroads. There is little opportunity for 
such practices in bus systems .. .. Little featherbedding has 
been alleged on the rapid rail lines either" (6). 

The unions have strenuously fought privatization. Teal stated, 
"It is a rare transit agency that can engage in service con­
tracting without a major struggle with its labor force" (9,p.34). 
Although Section 13(c) protects job rights of existing transit 
workers, it does not cover newly created jobs. If a private 
firm gets a contract from a public agency, it is free to hire 
nonunion workers. The unions may find themselves with a 
shrinking portion of the transit labor force if private com­
panies get more and more of the business . 

OPPORTUNITIES FOR PRIVATE ENTERPRISE 

There are numerous opportunities for private firms in urban 
transit. Actually they never totally left transit; many com­
panies have continued to function in the field in various ca­
pacities, but they have remained in the background and have 
gotten little notice. The transit authorities have created the 
impression that all mass transit is public, which is not correct. 

In some places, private firms supply all transit service under 
contract to public bodies. There are four private professional 
management firms that specialize in this business; they run 
20 to 25 percent of the publicly owned systems. This includes 
some sizable operations; private companies provide all bus 
service in Honolulu, Phoenix, and Westchester County , New 
York. 

More commonly, transit authorities contract with private 
companies for only part of their service or for certain specific 
functions. Smerk (1) described the following opportunities 
for the private sector: 

1. Use of private firms to perform support activities, such 
as building and vehicle maintenance, vehicle cleaning, print­
ing of schedules, advertising, and accounting. 

2. Provision of demand-responsive transit, such as dial-a­
ride or shared taxi. According to a national survey conducted 
in 1985, one-third of all demand-responsive services are con­
tracted to private firms (10). Often these services are supplied 
by taxi companies, which have the most experience in pro­
viding door-to-door service. A majority of special services for 
the elderly and handicapped are run by private firms. Some 
transit agencies have replaced fixed routes that had low rid­
ership with demand-responsive service provided by private 
carriers. Examples are routes in low-density areas and evening 
and weekend service. 

3. Long commuter runs from residential areas to the central 
business district. Several private railroads continue to operate 
commuter trains under contract to public agencies, but the 
most common examples are express buses that run only in 
the peak period and peak direction . Private firms offer such 
services in Boston, New York, Chicago , Houston , Los An­
geles, and several other cities. Often these routes tap high­
or upper-middle-income areas and have high fares. Some of 
these services are subsidized, but some are not; this form of 
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transit can be profitable (11) . Some transit authorities wel­
come it because it skims off part of peak-period demand. The 
marginal cost of peak-period service is high because extra 
equipment and personnel are needed for a few hours a day 
and remain idle otherwise. 

4. Joint development at transit stations. This idea is not 
new-it was done in some early subways-but it has received 
attention in recent years as a way of increasing income for 
transit agencies. An example from Atlanta is ReSurgens Plaza, 
a 27-story office building erected over the Lenox rail station. 
Passengers leaving trains walk a few feet to elevators that go 
to any floor of the building. The developer leased air rights 
from 40 ft above ground upward, plus toeholds for the col­
umns that support the building. 

5. Contracting out ordinary fixed routes to private opera­
tors . This is the notion that has gotten the most publicity 
about privatization. The idea is to solicit bids to operate in­
dividual routes. Supposedly private firms competing with each 
other will become more efficient to submit low bids, and the 
public will benefit from the improved efficiency. This ap­
proach has been implemented in many places. Perhaps the 
largest test is taking place in Denver; in 1988 the state leg­
islature mandated that the Denver Regional Transportation 
District privatize at least 20 percent of its bus service. 

Another scenario occurs in unique situations: A private 
company provides a specialized transit service as an adjunct 
of a larger enterprise . In Fort Worth, the Tandy Corporation 
runs free streetcars between a large parking lot and Tandy 
Center, a downtown shopping mall. For $7 million, the de­
veloper of Harbour Island in Tampa Bay built an automated 
people-mover that connects with downtown. After 15 years , 
it will be transferred to the transit authority for $1. Privately 
financed people-movers are also under construction at the 
Las Colinas new town near Dallas and in Las Vegas. In these 
cases, the transit system serves a real estate development from 
which the private firms benefit. Generally, the transit service 
itself is not expected to make money. 

ARGUMENTS FOR PRIVATIZATION 

Proponents of privatization do not claim private enterprise is 
always superior to public operation. In the past, they note, 
many private transit companies suffered from bad or corrupt 
management, and many were monopolies . The real issue is 
monopoly versus competition. As Teal noted, "Monopoly 
organization, particularly when combined with dedicated transit 
subsidies , insulates transit managers from economic or polit­
ical pressures to stress cost-effectiveness when making service 
delivery decisions" (9,p.34). 

When transit authorities have dedicated sources of funding, 
as many do , they may have little incentive to cut costs (12) . 
A transit district that levies a sales tax receives the same 
amount of money whether or not it is efficient. It is not feasible 
to pass on cost savings by lowering the tax rate . The tax 
revenues are earmarked for the transit district and cannot be 
used for other public purposes. (However, if the agency has 
a tight budget, it may be highly interested in cost savings.) 

Specific claims for privatization of transit are as follows: 
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1. It lowers the costs of providing transit service. Although 
a private firm under contract makes a profit, it costs are so 
much lower that the transit authority spends less money, 
and the public pays less in taxes . This is the most impor­
tant argument because the operating costs of public transit 
systems have soared in recent years, causing many financial 
crises (13). 

2. Private firms are more efficient than public agencies . 
According to former UMT A Administrator Ralph Stanley, 
"We've taken a look at the economics of running a bus system, 
and shown beyond a doubt that it's more efficient to be run 
privately" (14,p.12). It is argued that private firms have better 
management because compensation is more closely related to 
performance and not limited by rigid pay scales. 

3. Private firms have higher productivity than public agen­
cies . There are several measures of productivity in transit, 
such as vehicle-miles supplied per worker or passengers car­
ried per worker. The recent record of transit has not been 
good. By most measures, productivity has been stagnant or 
has actually declined . Even when there have been increases, 
they have been less than increases in costs (13). 

4. Private firms are more flexible than public agencies. They 
can adapt to changing situations better and more quickly. 
Private companies are less hampered by bureaucratic pro­
cedures and more immune to political influence. A private 
boss can fire a worker who is performing badly, but this may 
be difficult in a civil service system. A private manager tries 
to cut out parts of the business that lose money; public officials 
are reluctant to cut services because of the political risk. 

5. Private firms are more innovative, more responsive to 
changes in demand, more willing to take risks. For example, 
in New York City, a multitude of private services has emerged 
spontaneously to fill gaps left by the Transit Authority (15) . 
Private entrepreneurs are motivated by the possibility of large 
profits; public employees do not have this incentive and are 
more concerned with security. They can suffer harsh penalties 
for being wrong, so it is wisest to follow the rules and maintain 
the status quo. 

These arguments are based on the virtues of competition, 
and some people have questioned the extent to which pri­
vatization produces competition. Because the public sector 
has long dominated urban transit , there are relatively few 
private firms equipped to supply bus service to the general 
public. Sometimes there have been no responses to a call for 
bids, or only a single response. 

Hence, competitive bidding may not occur; many contracts 
are negotiated. Although the majority of contracts are for 1 
year, often contracts are renewed without seeking new bids. 
It is alleged that some firms "low-ball" their first bids, mean­
ing they offer an initial price below what they would have to 
charge in the long run to be profitable ( 4). In this way, they 
establish market position and can raise prices later. 

However, it is argued that free entry to the market poses 
the threat of potential competition, which forces a monopoly 
to act in a competitive manner. Morlok stated that "there 
need not be overt competition between prospective service 
producers to provide the pressure necessary to keep costs low. 
All that is necessary is the possibility that another firm could 
enter the market if the present producer became inefficient" 
(16,p.56). 
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COMPARISON OF PUBLIC AND PRIVATE COSTS 

There have been many studies comparing the costs of transit 
services operated by public agencies and private companies. 
It is difficult to make fair comparisons because so many factors 
vary. As Teal noted, " Only in the case where a private op­
erator replaces or is a substitute for public agency operation 
of an entire public transportation service can any precision 
be attached to cost savings" (9,p.32). This case is rare ; many 
comparisons involve different cities or different routes. Al­
though the costs of private firms are known from contracts, 
it is much harder to determine public agency costs for indi­
vidual routes that are only part of a system. Often, these are 
estimated from cost allocation models that involve consid­
erable uncertainty. 

There are systematic biases that can mask the comparison 
of public versus private. Costs tend to be lower in small cities 
than in large metropolitan areas, partly because wage rates 
are lower. Generally unit costs are lower for small systems 
than large ones; there do not appear to be economies of scale 
in bus operation (16). The private operations are small to 
medium-sized; all of the large systems in the country are 
public. 

Teal has probably collected the most data on comparative 
costs. In one paper, he concluded that "private sector con­
tracting can produce cost savings of 15 to 60 percent" (9,p.28) . 
For all-day, fixed-route bus systems, he found that private 
contractors achieved savings ranging from 22 to 54 percent . 
For commuter bus services, private contractors had cost 
advantages ranging from 25 to 58 percent. For demand­
responsive service for the general public, the cost savings were 
around 50 percent, with one exception. 

Later, Teal conducted a national mail survey of public tran­
sit sponsors which yielded more than 800 responses (10). About 
35 percent of the agencies contracted for at least part of their 
service. The survey revealed small differences between av­
erage public and private costs; for small systems (up to 50 
vehicles), private costs were less than 10 percent lowt:r. For 
medium-sized systems, cost advantages of private firms ranged 
from 9 to 23 percent. 

Morlok reviewed several studies and concluded that "those 
cases in which competitive bidding was used resulted in private 
firms being able to produce the transit service at a lower 
cost-typically about 50 percent less-than the public re­
gional authority could" (16,p.56). He noted that some private 
firms with noncompetitive contracts were more expensive than 
public agencies. 

In New York City, six private companies operate local bus 
service, primarily in Queens. Researchers at Columbia Uni­
versity studied these firms and compared them with the TA. 
They found that "The private companies as a group are con­
sistently more efficient and more cost-effective than the 
NYCTA. In 1984, operating cost per vehicle-mile for the 
privates was 76 percent of the TA level, while the privates 
obtained 74 percent more vehicle-miles per employee hour" 
(17,p.562). 

Rosenbloom has done extensive research on transportation 
services for the elderly and handicapped, an area in which 
private firms have been active for many years. She found that 
cost per trip spans a wide range both for private and public 
providers and there is considerable overlap (18). 
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WHY PRIVATE COSTS ARE LOWER 

Thus there is considerable evidence that private firms can 
supply transit services at lower cost than public agencies. 
Whether this outcome is desirable, as advocates of privati­
zation see it, depends on why private costs are lower. There 
has been little research designed to probe the reasons why 
private firms have lower costs and to measure their impacts. 

Critics of privatization have suggested that the cost com­
parisons are specious. Sclar et al. ( 4) argued that there is a 
bias because the fully allocated costs of a public system are 
compared with the incremental costs of a private firm for 
operating one or a few routes. The public costs include over­
head, administration, planning, etc ., whereas the private costs 
do not. 

Another argument is that private firms lower the quality of 
service. Teal noted that, "the fact that negative experiences 
do occur gives credence to the belief of many transit managers 
that service quality can be a problem in contracting" (9,p.35) . 
Hence the public agency should carefully specify quality stan­
dards in contracts and monitor performance of private firms. 
This extra effort means that the private firms' costs are not 
the full costs of contracting. 

These points are valid, but they cannot explain all of the 
large cost differences reported. Undoubtedly, some private 
companies do manage better than public agencies. Here are 
some examples: (a) private firms use smaller vehicles (mini­
buses and vans) that are sufficient for low demand, whereas 
a transit authority may have only full-sized buses available; 
(b) the privates spend less on spare parts (federal aid makes 
it attractive for public agencies to stock parts); (c) the privates 
schedule their workforce more efficiently, paying less over­
time and keeping fewer operators on standby; and (d) private 
firms use part-time workers much more than public agencies. 

It appears that many private firms have lower overhead. In 
part, this is because they tend to be small enterprises, and 
evidence suggests there are diseconomies of scale in bus sys­
tems. It is often alleged that public agencies are swollen bu­
reaucracies with redundant staff, and it may be true. Whatever 
the reason, private companies seem to have fewer employees 
who are not engaged in the actual delivery of transportation 
services. 

Political interference raises costs in some public transit sys­
tems. In particular, proposals to reduce service often generate 
neighborhood protests that reach the ears of elected officials. 
Transit authority boards of directors are frequently political 
appointees who are sensitive to such reactions. In addition, 
there are patronage jobs at some transit agencies. 

However, the major reason why private costs are lower is 
that the workers receive less income. Transit service is labor­
intensive; nationally, labor costs (including fringe benefits) 
made up 72 percent of operating costs in 1988 (2). Despite 
publicity about energy costs , they account for less than 10 
percent of operating costs. The main way to reduce total costs 
is to cut labor costs. As Rosenbloom noted, "Some of the 
current cost advantages enjoyed by private providers are sim­
ply a result of lower labor costs and not more efficient man­
agement or production" (18,p.44). 

The private companies achieve lower labor costs mainly 
because they use nonunion labor, pay lower wages, and offer 
fewer benefits . For example, ous drivers for the Kansas City 
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Area Transportation Authority, who have a union , get a top 
scale of $13.07 per hour. In nearby Johnson County, Kansas, 
where a private firm supplies the service and there is no union, 
the maximum wage is $7.00 an hour. According to a Florida 
union official, private firms "can hire people easily for half 
the price that they pay our people" (14,p.68). 

The presence or absence of unions may be the significant 
factor, rather than whether the enterprise is public or private. 
What is needed to clarify the issue is a 2 x 2 table comparing 
union versus nonunion as well as public versus private. Be­
cause almost all public transit agencies have unions, the cell 
for public, nonunion systems would be virtually empty. 

That workers at some private transit companies do have 
unions is especially true of older companies that escaped the 
transition to public ownership. The spread of transit unions 
occurred in the era when the transit industry was mostly in 
the private sector. But today, private company locals are small 
and weak compared to those at large public transit authorities. 
A union that can severely disrupt the daily travel pattern of 
a major metropolis is to be feared; one that controls a minor 
bus service has little clout. 

Although there has been no national comparison of transit 
labor costs , there is one relevant study. Peterson et al. (19) 
collected data on transit worker compensation in eight met­
ropolitan areas (Boston, Chicago, Detroit, Houston, Los An­
geles, New York, Seattle, and Washington) . This sample was 
not systematic, but these areas contained 35 percent of public 
bus operators in the country and 95 percent of rail operators. 
The study showed that on the average, the compensation level 
(wages plus fringe benefits) for unionized bus drivers at pri­
vate companies was 21 percent less than for public agency bus 
drivers. Compensation for nonunionized bus drivers at private 
companies was 45 percent lower than for drivers at public 
systems. 

In the Boston area, 16 private companies as well as the 
MBTA offer bus service. In 1988, the maximum hourly wage 
for an MBTA bus driver was $14.63. Nine private companies 
with unions paid drivers an average top wage of $10.00 per 
hour. The average for seven private companies without unions 
was $8.79. 

Lower labor costs stem from differences in fringe benefits 
and work rules as well as hourly wage rates. Herzenberg (20) 
did a detailed cost analysis of 12 MBT A bus routes that were 
considered good candidates for privatization. She concluded 
that the MBTA could save about $12,000 a day by contracting 
with private firms to provide drivers and maintenance (this is 
equivalent to at least $3 million a year) . The total was broken 
down as follows: $2,000 to $4,000 from the difference in basic 
wage rates, $3,700 from fringe benefits, $1 ,400 from work 
rules, and $3,000 to $4,000 from maintenance labor costs . 

The New York case mentioned earlier is interesting because 
all of the private companies were unionized and their wage 
rates were close to what the transit authority paid. Even so, 
the private firms had much lower labor costs, largely because 
of work rules; they did not pay penalties for split shifts, re­
sulting in a 30 percent saving in operator costs (17). 

THE IMPACT ON TRANSIT WORKERS 

Most writers on privatization realize that cost reductions result 
from lower wages and using nonunion workers , but many see 
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no objection to this. Some argue that the private company 
workers are satisfied because they might not have jobs other­
wise, and there are compensating advantages. Morlok (16) 
suggested several reasons why employees of small private 
firms might be content with their situation: 

1. "Workers seem willing to trade off the increased rec­
ognition of their work and importance of their position in a 
smaller firm for somewhat lower wages." 

2. "There is probably less chance of a labor-management 
agreement in small firms specifying regulations that lead to 
some workers being paid for time during which no work is 
performed. In a small firm, there tends to be a lack of ano­
nymity among workers, and workers in jobs that require a 
full effort would be aware and resentful of other workers with 
an easy job or nothing to do." 

3. "Firms that are successful in keeping wages low seem to 
choose their workers carefully. Often they try to hire persons 
who want to work part time only and who are not the main 
breadwinners for their families." 

With regard to the last point, a study of part-time operators 
at public transit agencies found that the majority would prefer 
full-time work (7). It was expected that most part-timers would 
be college students , retirees, or mothers of young children 
who wanted permanent part-time work. Instead, most were 
people unable to find any full-time jobs. The supply of part­
time workers responded to the economic cycle; it went up 
when the unemployment rate was high, and down when it 
was low. Possibly, private firms do better at recruiting people 
who truly want part-time work, but it is not proven. 

Others believe that unionized transit workers are overpaid 
and get extravagant benefits. Transit operators are semiskilled 
blue-collar workers ; there are no education requirements and 
their training is brief. However, they bear a sizable respon­
sibility for public safety and their work is not easy . It is difficult 
to determine fair wages by comparing with other occupations. 
Peterson et al. (19) fouml Lhal in Lhe eight metropolitan areas 
they studied, on the average public bus drivers received com­
pensation 5 percent greater than public elementary school 
teachers, but 20 percent less than police officers. 

Some investigators have pointed disparagingly to the high 
absenteeism record of public transit workers. Fielding (21) 
claimed that private transit companies have less absenteeism, 
and this is a major reason for their lower costs. Most transit 
labor contracts impose a waiting period before workers re­
ceive any sick pay, and then they must submit a doctor's 
confirmation . It is common for transit workers to take unpaid 
days off; this procedure is positively correlated with the avail­
ability of overtime (22). 

Absenteeism stems at least in part from occupational health 
hazards. In a review of numerous studies , Long and Perry 
found that, "transit operators appear to be more susceptible 
to health disorders such as hypertension, gastrointestinal dis­
orders, nervous disorders, and back problems than a variety 
of occupational groups" (22 ,p.257). · Major factors contrib­
uting to stress are exposure to violence, dealing with difficult 
passengers, and pressure to keep to schedule in congested 
traffic. 

Some regard privatization as a way to break the power of 
transit unions and force concessions. Schwieterman and Scho-
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fer recommended that "government should use the presence· 
of the private sector as a basis for strengthening its bargaining 
position with organized labor and contract carriers. Efforts 
to modernize work rules, eliminate featherbedding, allow split­
shifts and other cost containment measures should be inten­
sified" (23 ,p.36). 

Transit privatization has also occurred in Britain, which 
deregulated all local bus services outside Greater London in 
1986. According to Gomez-Ibanez and Meyer, "The clearest 
losers from deregulation so far have been unionized local bus 
workers since they have suffered reductions in both their wage 
and premium rates and in the levels of total employment" 
(24,p.93). 

Some believe the situation is temporary; eventually em­
ployees of private transit firms will form unions and their 
wages will go up . This process is uncertain. Teal commented, 
"the prospects for organizing the employees of the private 
contractor are not particularly bright, as a policy of compet­
itive procurement of services will favor private companies with 
low-to-moderate wages" (5 ,p.11). That is, companies that pay 
higher wages won't get much business. 

The transit unions have indeed secured substantial wage 
increases and other henefits for their members in the past 25 
years. It is debatable whether these benefits should be cur­
tailed. It may seem appealing to achieve efficiency by elim­
inating work rules that invoke penalties for split shifts. But 
split shifts are unpleasant; there may be a span of 13 hours 
between first reporting to work and finally leaving for the 
day. It is reasonable that some financial compensation be 
given for working under undesirable conditions. 

The welfare of transit workers should be a matter of public 
concern. For one thing, there are increasing proportions of 
blacks, Hispanics , and women in the transit labor force. The 
issues about privatization involve ethics and equity, not just 
efficiency and economy. One important issue is whether pri­
vate firms are taking advantage of their employees. 

This topic deserves more research. There should be a com­
prehensive comparison of public and private transit operators 
with regard to basic wage rates, fringe benefits, work rules 
(including premium payments), and use of part-time workers. 
Also needed is investigation of the quality of work life for 
employees of private transit firms. Evidence on this could 
come from surveys and interviews, but also from data on 
attrition, absenteeism, on-the-job injuries, grievances , and 
attempts to organize unions. 

CONCLUSIONS 

There are advantages in encouraging private firms to enter 
the transit business. In some cases, they do operate services 
more efficiently, probably because they are less affected by 
bureaucratic and political constraints. There is no compelling 
reason why public transit authorities should be monopolies , 
although they should be given the opportunity to coordinate 
private services with their own operations. The existence of 
private competitors should stimulate transit authorities to im­
prove their marketing and management. Some of the cost­
saving measures used by private companies could be adopted 
by public agencies . 

The reason for the cost savings reported for private firms 
needs more thorough study. The savings may have been 
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achieved largely at the expense of transit workers. Herzenberg 
framed the issue well: "Policy makers deciding whether or 
not to subcontract private operators to provide drivers and 
maintenance services should understand that, in doing so, 
they are implying that the wages and working conditions for 
MBT A drivers are less reasonable than those for private com­
pany drivers" (20,p.130). 

The role of labor unions is an important aspect of priva­
tization that has been neglected. A policy on privatization 
implies a position on unions. Those who favor collective bar­
gaining should be skeptical about privatization. Those who 
think unions have achieved too much power should find pri­
vatization agreeable. In either case, the existence of unions 
is a fact of life that transit policy makers cannot ignore. 

More important is the question whether privatization leads 
to exploitation of transit workers. Transit subsidies are often 
justified on the grounds that they redistribute income to the 
disadvantaged. Privatization shifts some of the burden for this 
from the general taxpaying public to those individuals who 
are employed in the transit industry (and who themselves may 
be poor, female, or minority). 

There is reason to fear that private firms exploit their work­
ers by paying them less than the public authorities and offering 
less desirable working conditions. This topic deserves further 
research. If it is true, and privatization is to continue, then 
legislators should consider arranging some protection for the 
employees of private transit companies. 
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Multivariate Time-Series Model of 
Transit Ridership Based on Historical, 
Aggregate Data: The Past, Present 
and Future of Honolulu 

MALCOLM S. McLEOD, JR., KEVIN J. FLANNELLY, LAURA FLANNELLY, 

AND ROBERT W. BEHNKE 

Historical data on a small numb r of economic demographic, 
and tran pol'lation v, riable from 1958 to 1986 were an;ilyzcd by 
multiple regressi n technique to develop two models for fore­
casting tran~it ridership in Honolulu. A model predicting revenue 
trips and another for linked trips were consistent in their deter­
mination that the same five variables could account for 97 to 98 
percent of the variance in bus ridership over this 29-year period. 
The four major variables were per capita income, employment, 
fares, and size of bus fleet, with a dummy variable included for 
strikes. The income elasticity for transit demand was found to be 
negative , indicating that mass tran it is an inferior good. The 
model foreca ts a continuing declin • in bu · ride1 hip for Hono­
lulu , mainly caused by this effect. The foreca ting model$ for 
rapid transit rider hip forH nolulu are examined, and al.ternative 
approaches to assessing demand elasticities are discussed. The 
advantages of using aggregate historical data and regression anal­
yses for developing inexpensive forecasting models from time 
series data are emphasized. 

Two multivariate models to forecast transit ridership for Hon­
olulu using aggregate variables are presented and discussed 
with respect to different modeling approaches and thei1 ap­
plications. The two models use the statistical technique of 
multiple regression that is widely used in economic forecasting 
and model construction in the other social sciences (1,2). This 
approach is most commonly used in transportation to study 
trends in time series data (3-7) and it is particularly useful 
for analyzing secondary sources of historical data (8,9). As 
such, it is well suited for long-range planning and it can be a 
valuable tool for transportation planners who have only lim­
ited resources available to them . 

ELASTICITY OF TRANSIT DEMAND 

The demand for transit (transit ridership), like that for any 
product, is related to two variables: price and income. The 
price relationship is best known. The demand for a product 

M. S. McLeod, Jr., Hawaii Pacific University, 1166 Fort Street Mall, 
Honolulu, Hawaii 96813. K. J. Flannelly, Center for Psychosocial 
Research , 777 Kapiolani Blvd., Suite 1824, Honolulu , Hawaii 96813. 
L. Flannelly, University of Hawaii , Webster Hall, Room 411, 2528 
The Mall, Honolulu, Hawaii 96822. R. W. Behnke, Aegis Trans­
portation Information Systems, 1188 Bishop Street, Suite 911, Hon­
olulu, Hawaii 96813. 

is inversely related to its price; or simply, the lower the price 
the higher the quantity demanded. Although the direction of 
this relationship is universal, the degree to which demand for 
a product changes with price-i.e., its price elasticity-varies 
considerably. If a given percentage change in price results in 
a proportionate or higher change in demand, the price elas­
ticity is said to be elastic . If a percentage change in price 
results in a proportionally smaller change in demand (less 
than 1:1 ratio), the elasticity is said to be inelastic. 

The concept of elasticity has important implications for 
transit operators. If the price elasticity of transit is elastic, 
then lowering fares (price) would increase ridership and rev­
enues, whereas increasing fares would decrease both mea­
sures . If, however, demand is inelastic, lowering fares would 
increase ridership but decrease revenues, because the per­
centage increase in ridership would not be large enough to 
compensate for the drop in fares. Raising fares , on the other 
hand, would actually increase revenues despite decreasing 
ridership, because the ridership loss would be proportionally 
less than the fare increase. 

The negative relationship between fare and ridership has 
been confirmed by many studies and the demand for mass 
transit is clearly inelastic (5,6,10-13). Fare elasticities for 
mass transit rarely are less than - 0. 70, with elasticities in the 
range of -0.20 to -0.60 being most common (10-13,14) . 

The second economic variable that must be considered in 
transit planning is income. Although income is recognized as 
an important variable determining choice of travel mode (J 1), 
only a few studies (e.g., 6,15) have analyzed income elasticity 
with respect to transit ridership. 

The income elasticity of most products is positive in that 
the demand for them increases with income. Some products, 
however, have a negative income elasticity in that demand 
for them decreases as income rises. Such products are called 
"inferior goods." 

The income elasticity of a product is important for long­
range planning purposes, because, if a product has a negative 
income elasticity and income is expected to rise, then long­
run demand for that product can be expected to decline. This 
should be a matter of some concern to transit planners because 
transit may be an inferior good. 

National demographic data on transit patronage suggest 
that fixed-route buses and trains are inferior goods (16,17), 
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but few studies have calculated the income elasticity of transit 
ridership. Gaudry (6) found a negative income elasticity for 
transit in Montreal, but the effect of income in his ridership 
model was not significant . Gordon and Willson's (8) inter­
national analysis of rail transit, as well as other studies, pro­
vide indirect evidence that transit demand has a negative 
income elasticity (12,15). 

DEMAND ELASTICITY AND TRANSIT SERVICE 

The service characteristics of transit systems provide the sup­
ply functions that contribute to transit patronage (i.e., rider­
ship). The service characteristic that has been found to be 
most influential in predicting ridership is the quantity of ser­
vice (7,11,13). Carstens and Csanyi's (18) analysis of bus 
ridership in 13 Iowa cities indicated that revenue ridership 
was highly elastic in terms of miles of service. The results of 
other studies are not as optimistic. Although Rose (7) reports 
that the service elasticity for ridership on the Chicago rail 
system is both positive and elastic (elasticity = 1.84), his 
demand measure was not limited to revenue ridership . In 
other U.S . cities that have been examined (13,19), the rela­
tionship between transit ridership and miles of service, though 
positive, is inelastic (0.21 to 0.87). Although Kemp's survey 
of 35 demonstration projects reveals that transit ridership is 
more sensitive to changes in service than it is to fares, it 
appears from his survey that the increased revenues resulting 
from service increases are not enough to offset their cost . 

Other factors also contribute to transit demand, and ser­
vice measures of transit supply appear to play only a minor 
role in mode choice when demographic variables, such as in­
come and automobile ownership, are taken into account 
(6,8,12,15,18). Demographic factors may also influence the 
effects of other variables. Fare elasticity, for instance, appears 
to vary inversely with city population size (12,18). 

AVAILABLE AND SELECTED MEASURES 

Various historical data were available from the start of Hon­
olulu's all-bus transit system in 1957 (trolley service ended in 
1956) to the present , including revenue passengers and total 
annual ridership (20-24). The only service measure available 
for this span of time was size of bus fleet (number of buses). 
Although it is admittedly a crude measure of service, it is the 
sole service factor that is used in policy proposals about future 
bus operations. 

Four of the historical variables that were available are also 
forecast by the Department of Business and Economic De­
velopment (DBED) through the year 2010 (25). These vari­
ables are per capita income, population, number of visitors 
(tourists), and civilian employment (actual number of jobs 
held). Per capita income was naturally included in the model 
for determining income elasticity. Because the other three 
variables were all highly correlated, it was decided to start 
the model with only one of them. Employment was chosen 
because it was closely related to transit demand both in theory 
and practice. Other relevant variables for which data were 
available included number of registered passenger vehicles, 
gasoline prices, and bus fare . Bus fare was another natural 
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choice for the model variable but the fare structure for the 
bus system posed some of the same problems encountered by 
Bates (3) . Nevertheless, the average fare calculated from of­
ficial estimates of passengers in different fare categories was 
comparable to that reported in recent annual reports of 
the Honolulu bus system. A dummy variable was entered 
into the model to account for two strikes of over 1 month's 
duration. 

BUS RIDERSHIP MODELS 

Two models were constructed using the statistical technique 
of least squares multiple regression . The first of these was 
developed to predict annual passenger revenue-trips (R-TRIPS) 
and the second to predict annual linked trips (L-TRIPS), or 
initial boardings. 

Revenue Trips Model 

The revenue-trips model consisted of five variables : (a) the 
natural logarithm (In) of the number of civilian jobs (JOBS), 
(b) In of per capita income in 1982 dollars (INCOME), (c) 
In of fare in 1982 dollars, ( d) In of the number of buses in 
the bus fleet (BUSES), and (e) a dummy variable for strikes 
(STRIKES). 

The full model for annual revenue trips is expressed as 
follows , with all values given in $ millions: 

R-TRIPS = -118.9 + 52.2(JOBS)- 60.9(INCOME) 

- 27.8(FARE) + 7.9(BUSES) 

- 4.4 (STRIKES) (1) 

On the basis of 29 observations, the model has an adjusted 
R2 value of 0.97. The t-statistic values for the respective vari­
ables were 2.26, 4.26 , 5.02, 5.37, 3.19, and 2.12. The first 
three variables are significant at the p < 0.001 level. The t­
value for BUSES is significant at p < 0.005, whereas STRIKES 
has a probability p = 0.05. The goodness-of-fit between the 
model's estimates and the actual data is shown in Figure 1 
(1967 and 1971 were strike years). The inclusion of other 
variables, such as tourists, registered passenger vehicles, and 
gasoline prices, did not significantly improve the model. As 
indicated by the formula, per capita income, fares, and strikes 
all have inverse relationships with revenue ridership, as would 
be expected. Numbers of jobs and buses, on the other hand, 
are positively related to revenue passengers. 

A better understanding of the effects of these variables can 
be gleaned by looking at their elasticities, which yield direct 
estimates of their effects on ridership in standardized form. 
According to the model for revenue trips, the employment 
elasticity is 1.04, which means that each 10 percent increase 
in employment should result in a 10.4 percent increase in 
ridership. Increases in per capita income, on the other hand, 
have a negative effect on ridership. Given the model's esti­
mated income elasticity of -0.98, a 10 percent increase in 
income should yield a 9.8 percent decrease in ridership. 

Because the fare elasticity was - 0.56, each 10 percent de­
crease in fare is expected to yield a 5.6 percent increase in 
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FIGURE 1 Actual and estimated annual revenue trips with forecasts for 
1957 and 1987 to 1989. 

ridership . Because Honolulu's bus system has had only a few 
small fare increases over the past 33 years, fares have con­
tinually declined in real dollars, helping to maintain ridership. 
But, because the fare elasticity is inelastic, the decline in fares 
produced decreased revenues. 

The service elasticity, based on the number of buses, is 
0.25. Hence, a 10 percent increase in number of buses can 
be expected to increase ridership only 2.5 percent. Of course, 
number of buses is only a crude measure of service, as stated 
earlier. Vehicle-miles of service would provide a more sen­
sitive measure of service and, given past research, would likely 
produce a higher service elasticity than that found here 
(7,19,26) . Nevertheless, for the years in which mileage data 
are available (1970 to 1989), the correlation between miles of 
service and number of buses is quite high, r = 0.93. 

Linked Trips Model 

Honolulu, like other cities, offers free bus passes to the elderly 
and handicapped, and free riders constitute just over 20 per­
cent of all initial boardings. A second model was developed, 
therefore, to predict the total number of annual linked trips 
(revenue passengers plus free riders) . Linked trips were de­
rived from total annual trips by applying the correction factor 
for transfers used in the forecasting methodology for the Hon­
olulu Rapid Transit Development Project (27), which was 
based on a 1986 on-board survey of bus riders. 

The same five factors were found to predict linked trips as 
accurately as they did revenue trips. Adding other variables 
to the model, such as tourists, registered passenger vehicles, 
gasoline prices, and the percentage of free riders, did not 
improve it. 

The model for annual linked trips (L-TRIPS) is as follows: 

L-TRIPS = -118.3 + 38.2 (JOBS) - 44.1 (INCOME) 

36.0 (FARE) + 10.6 (BUSES) 

4.1 (STRIKES) (2) 

Again, the model is based on 29 observations , with all 
coefficients given in $ millions. The respective t values are 
2.30, 3.17, 3.71, 7.09, 4.38, and 2.02. The adjusted R2 value 
for the model is 0.98. As before, the effects of INCOME and 
FARE are all significant at the p < 0.001 level; the effect of 
STRIKES is only marginally significant at p < 0.06. In the 
present model, however, the t value for BUSES is significant 
at the p < 0.001 level, whereas JOBS has a probability of p 
< 0.005. Although the directions of the effects are the same 
in the second model as they are in the first, the coefficients 
derived from the two models differ, as do the elasticities . 

The employment elasticity in the linked trips model is only 
0.64, compared to 1.04 in the revenue trips model , indicating 
that employment does not have as strong an effect on total 
linked trips. Likewise, per capita income, with an elasticity 
of -0.59, has less of a negative effect on linked trips than it 
does on revenue trips. These differences are consistent with 
the fact that a substantial portion of the added trips in the 
linked trips model are attributable to elderly passengers using 
free bus passes. 

The fare elasticity ( -0.61) and service elasticity (0.28) for 
the linked trips model changed relatively little from those 
found for revenue trips . All of the elasticities calculated are 
long run and relatively inelastic , indicating that increases in 
bus ridership cannot be expected in the foreseeable future . 

Although there are differences in the elasticities of the two 
models, they do not lead to sharply divergent predictions. In 
fact, the forecasts from each model tend to parallel each other 
(see Figure 2). Furthermore, the signs of the coefficients of 
both models are consistent with what would be expected from 
the theory of consumer behavior and the literature on travel 
demand elasticities. 

HUS RIDERSHIP FORECASTS 

The two models were tested against actual ridership in 1957 
and years 1987 through 1989. These tests are shown for the 
first model in Figure 1, where they are labeled forecasts . The 
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FIGURE 2 Forecasts of annual revenue trips and linked trips with current 
fares and buses. 

goodness-of-fit for the models was further tested by calculat­
ing the mean absolute percentage error (MAPE) between 
model estimates and actual ridership for all years in the series 
(2) . The MAPE was 5 percent in each case, confirming the 
high level of accuracy of the models. Both models, however, 
tend to overestimate current ridership, which has declined in 
the last few years. This recent downturn in ridership marks 
a significant trend (z = 3.44, p < 0.001), according to the 
change-point test (28), that is not predicted by the model. 

Even so, the models do predict declining future ridership 
on Honolulu's bus system. Using DBED projections of per 
capita income and employment, the models forecast a reduc­
tion both in revenue trips and linked trips, holding fares and 
size of bus fleet constant. 

The forecasted decreases in ridership are partially caused 
by the high negative income elasticity. Because the service 
elasticity is relatively inelastic, it would appear that significant 
increases in ridership can only be gained through substantial 
increases in bus fleet size. However, this result assumes that 
the bus fleet has been used in a way that maximizes service 
per bus and that number of buses is an adequate measure of 
service . If buses have been used inefficiently in the past or 
number of buses, per se, is a poor measure of service, the 
prediction may not be as dire. Because there is some evidence 
that recent decreases in ridership may be associated with less 
efficient use of the bus fleet (e .g., reassigning buses from 
urban trunk lines to express service for suburban commuters), 
improving service could offset declining ridership to some 
degree. 

Decreases in real fare can be expected to continue to in­
crease ridership, but at the expense of declining revenues. 
This process, unfortunately, increases the gap between rev­
enues and costs. Although increases in employment have a 
positive effect on ridership, these expected gains tend to be 
counterbalanced by the income effect. 

RAPID TRANSIT MODELS 

The ridership forecasts for the proposed rapid transit system 
for Honolulu are derived from a model described by Brand 

and Benham (29), sometimes referred to as an incremental 
model (27). The Brand and Benham model has been empir­
ically verified in a Maryland study, in which it proved quite 
useful for directly comparing the outcomes of different transit 
alternatives. However, there are some problems with the ap­
plication of the model to Honolulu. Brand and Benham (29) 
cautioned that long-run elasticities should be used in any ap­
plication of the model and that the elasticities used should be 
appropriate for the study area. 

Unfortunately, no long-run elasticities derived specifically 
for Honolulu are used in making Honolulu's ridership pro­
jections (27). Although the incremental model used for these 
projections uses some of the same actual and projected de­
mographic data that were tested in the models (fare , em­
ployment, population, and visitors), the long-run elasticities 
of these variables for transit in Honolulu have not been taken 
into account by project planners (27). Instead, the model 
arbitrarily assigns an elasticity of unity to population and em­
ployment changes to estimate their combined effects on transit 
ridership. Summed to form a single variable, the percentage 
change in population plus employment between the base (1985) 
and target (2005) years is used as a growth factor for fore­
casting transit ridership, aside from the affects of service var­
iables. As such, the model essentially assumes that transit 
ridership will grow in the future, provided that population 
and employment increase. 

Although it is likely that improvements in transit service 
will increase ridership, findings do not support the assumption 
of growth that is embedded in the model now being used (27). 
The models indicate that transit ridership does not simply 
grow with increases either in population or employment. In 
both models, the income elasticity was opposite in sign and 
almost equal in magnitude to the elasticity for employment . 
That, as explained earlier, is mainly why the models forecast 
declining bus ridership as employment and income increase 
in the future. 

The analyses also challenge the propriety of combining em­
ployment and population data into a single variable. Because 
these two variables are highly intercorrelated, they cannot 
simply be added together, or summed. Doing so falsely mag-
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nifies their effects. Any linear combination of these factors 
that does not remove their common variance is statistically 
invalid. If their shared variance is removed, the added pre­
dictive value of population data, once employment values are 
known, is trivial. 

Of course, the two models presented cannot be directly 
applied to forecasting ridership for the proposed rapid transit 
system. However, they do point to some deficiencies in the 
present model. The general trends for transit found in both 
models may be better estimates of future transit ridership. 
Related analyses, in which Gordon and Willson's (8) light­
rail model was applied to Honolulu, also support this view 
(30) . Thus, the potential improvements in transit service af­
forded by a rapid transit system may operate within the con­
text of decreasing transit ridership and they may have to be 
sufficient to overcome this downward trend. 

PROBLEMS IN ELASTICITY ESTIMATION 

Studies attempting to measure the elasticity of transit-demand 
have used a variety of research approaches and analytical 
techniques. For example, many studies of fare elasticity have 
used data from quasi-experimental demonstration projects in 
which fare is directly manipulated as an independent variable, 
or from "natural experiments" in which the effects of fare 
changes on transit ridership are observed ( 4,12,31). Another 
common research method is the cross-sectional analysis of 
travel behavior in some specified area at a given point in time 
using direct observation or survey methods (11,12). The third 
major approach in transportation research is the multivariate 
time series study, which, like cross-sectional research, at­
tempts to determine the influence of a number of independent 
variables on travel behavior ( 4-8). 

There are advantages and disadvantages to each type of 
research, including costs in terms of time and effort involved 
in data collection and analysis, data accuracy, and the relia­
bility and generalizability of the results. 

Some of the problems associated with different kinds of 
studies of transit demand are worth mentioning. The natural 
experiment, for example, cannot clearly differentiate between 
the effects of the independent variable and possible effects of 
extraneous variables, which may include seasonal variations, 
secular trends, and variations in supply and service adjust­
ments that may occur during the same period of time (11). 
True quasi-experimental designs are able to overcome this 
problem of identification by measuring all relevant variables 
to see if a change in some extraneous variable is likely to 
account for, or contribute to, the observed change in the 
dependent variable. 

A second type of problem is more common, even when a 
valid quasi-experimental design is used. Often data are col­
lected only for two points in time that are separated by a 
relatively brief interval-typically a few months at best 
(11,12,18); however, see the report by Lassow (31). In such 
cases , the time interval between the before and after (or pre­
and posttreatment) measures of ridership provide only short­
term elasticities ( 4) that may not accurately reflect long-term 
elasticities, and therefore may not meet long-term planning 
needs (11). The heart of the problem is the shrinkage ratio, 
which, when calculated in this way represents a point elastic-
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ity, and it is not possible to estimate long-term elasticity from 
a single point on a demand curve (7,32). 

Cross-sectional studies suffer from a similar problem: be­
cause data are collected for a single point in time, they do 
not provide an estimate of long-term elasticity (7,32,33). Still, 
cross-sectional models are widely used, despite this drawback, 
because they usually take into account a broader number of 
variables (34), and the elasticities derived from such models 
often agree with expectations (6,11). However, they have 
been faulted for failing to provide an estimate of error of the 
parameter values used in the models, and there is no reason 
to believe that elasticities derived from current conditions will 
hold true outside the range of these initial conditions (11) . 
Finally, because cross-sectional models are usually derived 
from survey research, they are, typically, quite expensive to 
conduct, and they are prone to various sources of error com­
mon to this methodology (19). 

Time series models, using regression analysis, are generally 
less data intensive and can use data that already exist. Several 
useful forecasting models, incorporating various combinations 
of these factors, have been developed in recent years. These 
models, however, have been designed to model rail ridership 
(5,7,8,35), whereas the majority of mass transit is provided 
by bus systems. There are two limitations to this type of 
modeling, according to some planners. The first is that they 
usually consider only a small number of variables (34). 

Two problems come into play to limit the number of var­
iables that can be used in regression or time series models. 
The first problem is the availability of information over a 
sufficiently long period of time to validate the model. The 
second problem is multicollinearity (35), which means in es­
sence that the independent variables of interest may be so 
highly correlated that they cannot be used together (2). This 
problem limited the variables used in the models and it raises 
concerns about the incremental model now used to forecast 
rapid transit ridership for Honolulu (27) . Three of the four 
variables predicted by DBED (i.e., employment, population, 
and tourists) are so highly intercorrelated only one of them 
can be used in a given model; entering the others into the 
model did not improve its predictive ability. 

The second criticism of time series regression models is that 
the aggregate data on which they are usually based do not 
provide a sufficient level of detail to meet the needs of transit 
operators ( 6). 

The number of variables used in a model is irrelevant if the 
model is soundly based on economic theory and the model is 
a good historical predictor. As for the second point, different 
levels of detail are required for daily operations, project plan­
ning, and long-term planning. Long-term planning requires a 
look at long-term trends, and therefore requires a level of 
analysis commensurate with this objective. This result is best 
achieved by using historical data at the aggregate level. Ag­
gregate data have the added advantage of having smaller sam­
pling errors (19). 

CONCLUSIONS 

The economic definition of demand, which states that the 
quantity demanded of a good is inversely proportional to its 
price, has been used. Transportation planners sometimes lose 
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sight of this principle, tending to view demand as simply a 
volume of customers. In keeping with an economic perspec­
tive, income would be expected to have considerable influence 
on demand for transit. This was confirmed by the model, 
which indicates that the income elasticity for mass transit is 
negative and, therefore, that mass transit is an inferior good. 

Most attempts to measure transit demand rely on cross­
sectional studies. This usually entails expensive surveying 
techniques to collection information on age, sex, income, etc., 
and using that data to estimate the potential ridership of a 
particular system. Although every forecasting method has 
problems associated with it, cross-sectional studies seem to 
be particularly ill suited for meeting long-term planning needs, 
because they can provide only short-term elasticities. Ben­
Akiva and Morikawa (19) have recently indicated how some 
of the shortcomings of cross-sectional surveys can be com­
pensated for by combining this approach with results from 
aggregate analyses. Even so, the time and expense of surveys 
still make them prohibitive. Time series analysis provides an 
indirect, less costly way of observing consumer behavior by 
using statistical records of behavior. However, this method, 
like other nonexperimental methods, suffers from the iden­
tification problem. This problem can be overcome by gath­
ering historical data on the major variables likely to affect 
transit demand and then by using the least squares multiple 
regression technique to get a fairly good and inexpensive es­
timate of their relative influence. 
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DISCUSSION 

WILLIAM A. DAVIDSON 
Barton-Aschman Associates, Inc., 100 Park Center Plaza, Suite 
450, San Jose, Calif. 95113. 

In the introductory section of this paper on empirical research 
in forecasting transit demand in Honolulu, the authors state 
that this approach is "well-suited for long-range planning." T 
would argue that the formulation and variable selection em­
bodied in this model limits its application, at best, to relatively 
small variations in the existing structure and provision of bus 
service. 

LONG-RANGE PLANNING LIMITATIONS 

The Department of Transportation Services (DTS) of the city 
and County of Honolulu is currently involved in the prelim­
inary engineering stage of the planning and design of a rapid 
transit system. The model structure outlined by the authors, 
with size of bus fleet as its only service-related variable, in­
herently lacks the ability to reflect the improved level of ser­
vice and corridor capacity provided by this proposed invest­
ment. At a practical design level, the model is not sensitive, 
for example, to variations in alignment or station location. 
Even at a conceptual level, the unique opportunity for the 
capture of significant levels of additional (or the latent de­
mand of) non-horrie based and visitor tripmaking by the rail 
system cannot be addressed by this approach. Extending this 
methodology to the analysis and evaluation of a rapid transit 
system would certainly be neither possible nor appropriate. 

STRUCTURAL CONCERNS 

Within any mathematical modeling framework (i.e., regres­
sion, cross-classification, logit), the inclusion and representa­
tion of an explanatory variable must be based on a logical 
and understandable hypothesis. The authors describe, in some 
detail, their basis and hypothesis for including each of the 
four model variables (employment, income, fare, and bus 
fleet size). However, no discussion is provided to substantiate 
the use of a natural logarithmic transformation for all of the 
variables. The net effect of this transformation is to reduce 
the variation and sensitivity of the changes in each variable 
over time. Unfortunately, the authors do not include any 
summaries of observed data for any of the 29 data points 
(years), and, therefore, it is not possible to examine the prop­
erties of the data either before or after their transformation. 
Even without such information or discussion, use of the nat­
ural logarithmic transformation would seem to seriously un­
dermine the analysis. 

From a statistical point of view, the authors indicate a rather 
substantial R2 value for both forms of the model (i.e., revenue 
and linked trips). However, it would be beneficial to under­
stand the relative contribution of each variable to the value 
of this statistic. Beyond employment, does each of the ad­
ditional variables (income, fare, and size of bus fleet) add to 
the explanatory power? To what extent are the variables in­
tercorrelated? Alternatively, if the dependent model variable 
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were specified, for example, as annual trips per employee, 
then would the formulation and statistical results of the regres­
sion be of considerably more value? 

CAUSAL RELATIONSHIPS 

Beyond the mathematical properties of the model, and not­
withstanding the limitations apparent for long-range fore­
casting, the choice of the four model variables themselves 
provides some concern as well. Although a measure of em­
ployment level is certainly an important factor in the choice 
of trip destination, the choice of mode (specifically, transit) 
is substantially affected by the density of that employment 
and the corresponding cost and supply of parking. With only 
total employment as a key model variable, these additional 
factors are not considered. 

The use of income in the model reflects a level of transit 
usage that decreases as income increases. However, the 1986 
On-Board Rider Survey indicated a rather substantial level 
of "choice" riders. That is, the choice to use transit in Hon­
olulu goes well beyond the lack of an automobile or, simply, 
the relative tradeoffbetween time and cost. In fact, the system 
carries an atypical number of relatively higher-income pas­
sengers. 

The single service variable, size of bus fleet, measures the 
quantity, not the quality, of service. Essentially, regardless 
of how buses are allocated to the system, the model responds 
with an identical result. This is because the variable is insen­
sitive to the level of service provided by the competing transit 
and highway systems. 

Finally, the use of fares as the only cost variable ignores 
the tradeoff between transit fare and automobile (operating 
and parking) costs. 

CONCLUSIONS 

Although the empirical research conducted by the authors 
may be appropriately applicable to generalized policy plan­
ning for the existing bus system in Honolulu, particular care 
needs to be taken in extending the conclusions suggested by 
the model beyond the explanatory capabilities of the model. 
Clearly the model cannot be applied in a setting that contem­
plates the construction of a rapid transit system. 

Authors' Closure 

We are happy to see that our paper stirred such concern about 
mass transit ridership forecasts for Honolulu, as evidenced 
by the immediate response to it (J). While our model ex­
pressly deals with Honolulu's bus system, we believe that our 
findings have implications for the fixed-guideway rapid transit 
system that is proposed for parts of the city. 

LONG-RANGE PLANNING NEEDS AND GOALS 

We agree with the discussant that our approach is best suited 
for general policy planning and that it is not applicable at the 
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project level. But his criticisms fail to distinguish between the 
goals and data needs of long- and short-term methodologies, 
which we discussed. 

The goals of long-range planning are to understand the 
variables that affect demand for a product and to estimate 
how changes in these variables will affect future demand. Our 
models do this by determining the relative influences of key 
variables on mass transit ridership (demand) in Honolulu and 
by showing the consequences of future trends (2) on transit 
ridership. As we would not try to deduce from these trends 
where to place a bus stop, neither would we try to deduce 
where to put a particular train station . This is a question for 
the practical design level of project planning, as Davidson 
acknowledges. From a long-range planning perspective, how­
ever, the question is not where to build a train station but 
whether any should be built at all. The plans for the Honolulu 
rail transit system ignore significant, local (3,4) and national 
(5) transit trends, while their model gets lost in details (6). 

It is not common practice to publish summaries of raw data 
and the discussant's complaint that we did not do so not only 
ignores the fact that the data sources were cited, but that the 
data are the same as those used by, and (in some cases) come 
from, the Honolulu Department of Transportation Services 
(DTS) . Because the discussant quotes findings from an un­
published DTS survey, he surely must have ready access to 
all the data we used in constructing our models. 

RELIABILITY OF MODEL FORECASTS 

A concern was raised that the data transformations we made 
could reduce our models' sensitivity to changes in their var­
iables over time. The transformation we used is a standard 
statistical procedure to linearize regressors (7,8) and the al­
most perfect fit of our model's estimates with actual ridership 
over a 30-year span, shown in Figure 1 of our paper, attests 
to the fact that the model is quite sensitive to changes in these 
variables. 

The question of sensitivity should rightly be asked about 
the DTS model. The DTS model uses the same aggregated 
employment and population data we used but it disaggregates 
them into 190 traffic analysis zones (T AZs) for a base year 
(1985) and a target year (2005). Population and employment 
within each zone are summed to form a composite variable, 
and the percentage increase in this composite between the 
base and target years is used as a growth factor. Transit ri­
dership for the base year is multiplied by the growth factor 
to estimate ridership for the target year (6) . Because there 
are few zones in which the composite decreases , transit ri­
dership is predicted to grow, independent of service and cost. 
Apart from the potential error in disaggregating the data and 
the probable impropriety of using this composite, which we 
discuss in our paper, one might ask how sensitive such a model 
is to observed changes over time? 

Three distinct ridership trends are clear in Figure 1 of our 
report: a 20.5 percent decrease between 1957 and 1970 (ig­
noring the strike years); a 150.5 percent increase between 
1972 and 1982; and a 1.4 percent decrease from 1982 to 1988. 
During the same time periods, the employment-population 
composite increased 50.9, 17.2, and 9.9 percent, respectively. 

83 

Given the importance assigned to this composite as a growth 
factor in the DTS model , it is unlikely that it would be able 
to predict these past ridership trends. 

Another statistical criticism was made that we did not pro­
vide enough information for the reader to determine the rel­
ative contributions of the variables to the models . This is not 
true. The direction and magnitude of the effects of each var­
iable are provided by the formulas and elasticities, whereas 
their t and p values indicate that each makes a unique, sig­
nificant contribution to the model. If it was common practice 
to list the partial correlation coefficients, we would have in­
cluded them as well, but doing so would convey basically the 
same information in different form (7,8). 

The adjusted R2 values for the models demonstrate their 
statistical reliability, and we also presented measures of error 
for each model. In contrast, DTS provides no measurements 
of model error, nor has it done a sensitivity analysis to see 
how the model is affected by different assumptions about 
population and employment growth. DTS has not even tested 
the model's basic assumption that population plus employ­
ment is a good predictor of ridership. 

In order to test this assumption, we summed base year 
transit trips into and out of each TAZ and regressed these 
values on the composite population and employment data for 
each of the 190 T AZs in the base year. The results of this 
analysis produced an R2 value of 0.10, which indicates that 
the composite accounts for just 10 percent of the zonal var­
iation in transit trips. With such a weak association between 
these variables, it is difficult even to predict base year trips 
from the base year employment and population data . The 
error rate of the predicted values, in terms of their mean 
absolute percentage error (MAPE), was above 120 percent. 
Is it likely that this model can accurately predict the future? 

MODELING AND CAUSAL RELATIONSHIPS 

The problem of assigning causality is particularly difficult 
whenever nonexperimental methods are used, as we discussed 
at some length in our paper. This, as we explained, is why 
the explanatory variables we chose were based on economic 
theory. In the absence of a theoretical framework, any num­
ber or manner of variables might be included in a model. 
Several recent studies point to the importance of transit ve­
hicle size on ridership (9,10), yet this variable is not included 
in the DTS model. How might this variable effect DTS's 
ridership projections? 

We repeatedly noted that bus fleet size provides only a 
crude measure of service , but it may not be as crude as some 
would think. Although data on vehicle-miles of service only 
go back to 1970, from 1970 to 1989 (the last year of our model) 
the correlation between number of buses and miles of service 
is r = 0.93. Despite the suggestion to the contrary, we ex­
amined the affects of automobile costs and availability, but 
they do not add to the explanatory power of the model; nor 
does the number of visitors. The suggestion that income must 
not influence ridership because the bus system has an "atyp­
ical number of relatively higher-income passengers" falls under 
the rubric of the fallacy of composition: i.e., erroneously gen­
eralizing from the parts to the whole. 
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CONCLUSIONS 

We certainly do not believe that our models would apply to 
new and innovative transit alternatives like those being pur­
sued in California and elsewhere. Nor have we advocated that 
our models be used to forecast ridership for Honolulu's fixed­
guideway system. They were intended to model fixed-route, 
fixed-schedule mass transit, in short, a bus system. Because 
a fixed-guideway system epitomizes these transit character­
istics, however, our models may have more relevance for such 
a system that we credit them with having. 

Our findings regarding the ridership trends of the Honolulu 
bus system are consistent with forecasts used by Gordon and 
Willson (11) in other cities. 
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Unjust Equity: An Examination of 
California's Transportation 
Development Act 

BRIAN D. TAYLOR 

Federal sub idic · of public transit , particularly transit operations, 
are declining and the re. ponsibility for upp rting transit i fall ing 
increasingly on st·a1cs and I calilie .. In alifornia, the Transpor­
tation Development Act (TDA) ha become the ·tatc prin ipal 
source of transit operating subsidie ·. It i f und that the trict 
per capita al.location formulas of lhc TDA strongly fav r lightly 
patronized uburban transit service over more heavily patronized 
ervice in the central cities. Transi t riders in San ·rancisco, for 

example, receive a TDA ubsidy or $0.13 per trip, whereas the 
TDA subsidy to transit patron · in su.burban Livermore i over 
$5.00 per trip. The built-in suburban bia or rhe TDA i the result 
of partisan compromises made to secure passage of the Act m 
1971- compromi cs to a suage a Republican governor opposed 
to new taxes- and to include the intere ts of rural and suburban 
counties. The result has been a proliferation in alifornia f new, 
well-funded, and expanding suburban transir operators lhdt <it­
tract few riders whereas older , bcavily patronized central city 
u·ansit operat r arc forced ro ut ervice I ecause of funding 
hortfalls. This paper concludes by proposing a more efficient 

and equitable method for allocating TDA funds than rhe urrent 
formula, which, in the name of equity, provides all Caljfornians 
with a "fair share" of public transit whether or not they use it. 

An extraordinary amount has been written about the rise, 
fall, and (halting) resurrection of urban public transit in the 
United States. Much of the work on transit's resurrection from 
the 1960s to date has focused on the significant role federal 
subsidy programs have had in shaping modern public transit. 
Productivity declines, increased labor costs, the expansion of 
service, and the overcapitalization of operations have all been 
traced to the influence of federal subsidies (1-4). 

However, for most of the 1980s federal support of public 
transit has been declining. Federal transit operating subsidies, 
in particular, have dropped dramatically. Between 1979 and 
1987, federal operating assistance was cut 48.7 percent in 
current dollars; considering the effects of inflation, the drop 
was nearly 70 percent in just 8 years (5). 

Table 1 presents a testimony both to the Reagan admin­
istration's commitment to federalism in general and distaste 
for transit operating assistance in particular. Although infla­
tion-adjusted passenger fare revenues and total revenues have 
grown in concert since 1979, there has been a dramatic shift 
in operating subsidies from the federal government to states 
and localities. 

California has mirrored this trend toward state and local 
funding, and the burden of supporting public transit opera-

Graduate School of Architecture and Urban Planning; University of 
California, Los Angeles ; Los Angeles, Calif. 90024. 

tions in California has been borne largely by the state's Trans­
portation Development Act (TDA). In the 10 years from fiscal 
year 1978-1979 to fiscal year 1988-1989, inflation-adjusted 
federal support of transit operations in California decreased 
55.7 percent, whereas TDA funding of transit operations in­
creased 32. 7 percent in real dollars. Federal funds now ac­
count for only 6.1 percent of all transit operating revenues in 
California, compared to a 24.4 percent share for the TDA. 
Last year (fiscal year 1988-1989), nearly $500 million in op­
erating funds were allocated to California public transit op­
erators, making the TDA by far the largest source of operating 
subsidies in the state (6, 7) and the largest nonfederal public 
transit funding program in the country (interview with James 
Mills, Dec. 6, 1990). Even when funding for transit capital 
(where tbe TDA plays a comparatively mall role) i included, 
TDA funds accounted for 20.9 percent of all California transit 
revenues in fiscal year 1988-1989, compared with 19. 7 per­
cent for all federal transit funding programs (6). 

Beyond the sheer magnitude of TDA funding, however, 
the particular regulations by which TDA funds are allocated 
have uniquely shaped and-one could argue-distorted the 
provisions of public transit in California. The TDA has been 
a boon for suburban transit in California , particularly in af­
fluent counties with low levels of transit ridership. The strict 
expenditure formulas of the TDA require that funds (which 
come from the sales tax) be expended in the same county 
where they are collected. Even within counties, TDA allo­
cations to transit operators are made on the basis of popu­
lation and not ridership , a method that strongly favors lightly 
patronized suburban transit operators. 

Several authors have noted the role transit subsidies have 
played in the expansion of suburban public transit (2 ,8). Sub­
sidies have helped keep fares low, and encouraged the growth 
of flat fares and unlimited ride passes that favor long-distance, 
suburban commuters (9). Wachs (8) observed that the grow­
ing number of suburban representatives on transit boards and 
commissions consistently demand increased transit service in 
the areas they represent: 

Effectively representing their constituencies, who do contrib­
ute a growing proportion of transit subsidy support, their ad­
vocacy results in systematic shifts of transit service toward 
relatively expensive and highly subsidized peak-hour runs be­
tween subu rbs and downtown, and toward relatively lightly 
used suburban local services. 

In California, the suburbanization of transit service is pro­
nounced, politically driven, and primarily the result of the 
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TABLE 1 INFLATION-ADJUSTED NATIONAL TRENDS IN PUBLIC TRANSIT OPERATING REVENUES 
(IN BILLIONS OF 1984 DOLLARS) 

1979 

Source 
of Funds Amount($) Percent(%) 

Fares 3,218 37 
Federal 2,657 31 
State and local 2,752 32 
Total 8,627 100 

SouRCE: Metropolitan Transportation Commission , Oakland, Calif. (6 ,7). 

TDA. This examination of the TDA's effect on public transit 
in California finds that the compromises necessary to secure 
the Act's passage have created a politically popular but un­
economic funding program. First, the political debate and 
subsequent compromi e that preceded the passage of the 
TDA in 1971-compromises that appealed to the partisan, 
rural, and suburban interests in the state-are traced. A case 
study of the San Francisco Bay Area is then used to indicate 
how the TDA allocation regulati.ons dramatically underfund 
heavily patronized central city transit service in favor of lightly 
patronized suburban operations. The result is a proliferation 
of new, well-funded, and expanding suburban transit opera­
tors that attract few patrons, whereas older, central city transit 
operators, in pite of heavy ridership, are forced lo cut service 
because of funding shortfalls. In the name of equity, the TDA 
is decidedly unfair; the suburban bias ensures that all Cali­
fornians get a "fair share" of public transit whether or not 
they use it. 

ANTECEDENTS TO THE TDA: CALIFORNIA IN 
THE EARLY 1970s 

California's long-term financial commitment to public trans­
portation was born out of the unique social and political con­
ditions in California of the early 1970s: 

• There was broad public concern with air pollution and 
support for government efforts to improve air quality by re­
ducing dependence on the private automobile ; 

• The major urban transit operators in California (partic­
ularly the Southern California Rapid Transit District) were 
in financial distress and in need of operating subsidies; and 

• The opportunity existed to extend the state sales tax to 
gasoline and create a substantial new funding source for trans­
portation. 

These conditions, discussed in turn in the following para­
graph ·, combined in 1971 to motivate the pa sage of the Mill -
Alquist-Deddeh Transportation Development Act. Thi Act 
exkodccl the , I t x II t d by the , tat to gasoline and 
earmarked 4.2 percent of sales tax revenues from all sales (Y4 
cent of the 6-cent state sales tax) for public transportation, 
community transit services (for the elderly and disabled), and 
bicycle and pedestrian facilities (under certain conditions, TDA 
funds can be used for streets and roads); the focus of the 
TDA, however, was public transit, which received 83.5 per­
cent of the funds allocated for the 1988-1989 fiscal year (6). 

1987 Percent 
Change, 
1979 to 

Amount($) Percent(%) 1987 (%) 

4,315 36 +34 
810 7 -70 

6 794 57 +147 
11,919 100 +38 

Air Pollution 

Public concern with air pollution grew as urban air quality 
declined significantly in the postwar years, particularly in the 
Los Angeles air basin in which vehicle travel increased 268 
percent between 1950 and 1970 (10) and the early standard 
of the federal Clean Air Act of 1970 were exceeded over 200 
days per year. Tbe foci of early (and mo t ub. equent) air 
quality regulation wer on tationary sources of pollution 
and emission control devices on new car ·. On the demand 
side, the revival of public transit became the cause celebre; 
conventional wisdom held that clean, efficient urban transit 
was needed in California to lure people out of their cars and 
create a balanced transportation system (interview with Wil­
liam Hein, March 27, 1990). 

Funding Shortfalls 

The financial distress of California's large transit operators 
was uniquely shaped by the early years of federal transit sub­
sidies. Federal support of public transit began in 1961 with 
the passage of the Urban Mass Transportation Act (UMTA). 
For the first 13 years of the rapidly expanding UMTA pro­
gram, however, ft: uc.m1l tian it fund could only be used for 
the purchase of rolling stock and capital equipment; UMTA 
fund could not be u ed to upport transit operations. Thi 
left transit operators around the country, the Southern Cal­
ifornia Rapid Transit District among them, without the fi­
nancial resources to operate an expanding fleet of new, fed­
erally financed buses (interview with Arthur Bauer, July 27, 
1990). Up to 1974, the federal government clearly saw transit 
operating subsidies as the responsibility of states and localities 
(11). In California, that responsibility was assumed primarily 
by the TDA. 

New Fund Source 

Finally, a financial opportunity existed because the state sales 
tax, which applied to diesel fuels, did not include gasoline. 
Extending an existing tax (the sales tax) to a heavily taxed 
commodity (gasoline) to finance transportation (public tran­
sit) was a politically palatable proposal (interviews with Ar­
thur Bauer and James Mills). Turning a palatable proposal 
into reality, however, required a number of strategic com­
promises by the Act's legislative authors to appeal to the 
state's Republican, rural, and suburban interests-compro-
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mises that made the TOA heavily biased toward California's 
more affluent suburbs and against the state's penurious central 
cities. 

TDA AND THE ART OF COMPROMISE 

The primary obstacle facing the Democratic triumvirate spon­
soring the TDA was a conservative Republican governor 
(Ronald Reagan) opposed to new taxes. When first ap­
proached with the TDA, Governor Reagan wanted the pro­
posal put before the voters. Knowing that it was unlikely that 
voters statewide would support a measure so clearly intended 
for central city transit users, Legislators Mills, Alquist , and 
Deddeh sought to modify the transit sales tax proposal both 
to satisfy the governor and avoid a plebiscite . 

The first step was to technically designate the Y4 cent of the 
sales tax for the TDA as a "local tax" instead of a state tax. 
At the time, California had a uniform 5 percent sales tax in 
all 58 counties (4 percent state, and 1 percent local) . When 
the sales tax was extended to gasoline by the TDA, the state­
local split of sales tax was also changed to 3.75 percent state 
and 1.25 percent local. The additional 0.25 percent local tax, 
however, was not very local ; expenditure of these funds was 
made subject to state statutes and administrative code of the 
TDA. 

In order to further assuage the governor, each of Califor­
nia's 58 county boards of supervisors voted whether to extend 
the sales tax to gasoline and accept an additional 0.25 percent 
of the sales tax for TDA expenditures. The vote, however, 
did not offer the county supervisors much of a choice . At the 
time, the California Franchise Tax Board required that the 
sales tax be uniform in all counties (this has since been changed 
to allow special county sales taxes for transportation) ; if a 
county did not agree to the uniform state sales tax (which was 
a nickel at the time), then that county forfeited all state­
collected sales tax revenues. The county supervisors were thus 
given a choice whether to extend the sales tax to gasoline and 
accept an additional 0.25 percent local funds for the TOA, 
or forgo all local sales tax revenues . Given this choice, it is 
not surprising that the counties voted unanimously for the 
TDA and thus satisfied Governor Reagan's desire for a local 
vote. 

Rural and suburban counties, however, were not simply 
strong-armed into supporting a transit funding program for 
the central cities. The TOA was fashioned to appeal to the 
interests of rural and suburban counties. The appeal to rural 
interests was straightforward; small counties would be per­
mitted to use some of their TOA funds for road projects. 
Counties with 1970 populations below 500,000 can use TDA 
funds for streets and roads if the presiding transportation 
planning agency determines that there are no "unmet transit 
needs that are reasonable to meet" (12). (The unmet needs 
process was actually added to the TDA later as administrative 
code because many rural counties were not funding public 
transit and using all of their TOA funds for streets and roads.) 
Such determinations are nearly automatic in rural counties 
and about half of TDA funds collected in these counties (but 
less than 15 percent of TDA funds statewide) are used for 
streets and roads purposes. 

More important than the rural streets and roads concession, 
however, are the strict return-to-source provisions in the Act. 
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In order to make the TDA a local tax, the Act creates a Local 
Transportation Fund (LTF) for TDA funds generated in each 
county (12); because the LTF is a local fund, TDA funds 
generated in rural and suburban counties cannot be moved 
across county lines for use by transit operators in urban coun­
ties. 

The Act further restricts the movement of funds by re­
quiring that revenues be apportioned to transit operators within 
counties on the basis of service area population only (12). 
[The state's largest county, Los Angeles (LA), is an exception. 
The apportionment rules for LA County were amended in 
1980 to dovetail with the passage of a county transportation 
sales tax, which, among other things, was intended to hold 
down transit fares. TDA funds are apportioned to LA County 
transit operators using a formula that gives 50 percent weight 
to the ratio of fare revenue to operating cost ratio and 50 
percent weight to the operator's share of county-wide transit 
route mileage (12)]. This process means that transit operators 
are limited (a) to TDA funds generated in the county or 
counties they serve , and (b) to a share of TDA funds pro­
portional to the ratio of their service area population to the 
total county population. 

Although these return-to-source provisions appealed to the 
Republican governor and the parochial interests of the county 
supervisors, they also locked a suburban bias into the TDA 
in perpetuity. This bias exists because TDA funds are strictly 
allocated on a per capita basis, but per capita transit ridership 
varies greatly from city to suburb. Transit use is highest in 
central city areas where parking is restricted, fewer people 
have access to automobiles, and employment and population 
densities are highest; TDA funds, however , do not vary with 
transit ridership. The result is an extraordinary windfall for 
transit operators in suburban areas with low per capita levels 
of ridership; a windfall that is made clear in the following 
case study of the San Francisco Bay Area. 

EFFECT OF THE TDA IN THE SAN FRANCISCO 
BAY AREA 

With a population in excess of 5 million, the nine-county San 
Francisco Bay Area is the nation's fourth largest metropolitan 
area . Seventeen major public transit operators and dozens of 
smaller public and private operators carry over 1.5 million 
passengers per day on a fleet of almost 4,000 vehicles. 

The Bay Area is unique both in the large number of public 
transit operators and in the absence of a single dominant 
system. The San Francisco Municipal Railway, the oldest pub­
licly owned transit system in the U.S., comes closest. Muni 
serves less than 15 percent of the region's population , but 
carries over half the transit users . 

Table 2 presents the Bay Area's 17 transit operators by 
type. The two central city operators serve the densely settled 
cities and inner-ring suburbs of San Francisco, Oakland, 
Berkeley , Richmond, and Hayward. The trunk-line rail op­
erators provide commuter rail service to the five southern Bay 
Area counties. The large suburban operators serve the ex­
tensively developed suburbs of San Mateo, Santa Clara , and 
Marin Counties. Finally, the small suburban operators pro­
vide service in the rapidly developing, far-flung suburbs of 
Sonoma, Napa, Solano, and eastern Contra Costa and Ala­
meda Counties. 
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TABLE 2 PUBLIC TRANSIT IN THE SAN FRANCISCO BAY AREA (FY 1987-1988) 

Annual Ridership 

Regional 
Number Share(%) 

Central City Operators 

San Francisco Muni 245,053,000 55.1 
AC Transit 61,308,000 13.8 

Trunk-Line Rail Operators 

BART 61,737,800 13.9 
CalTrain 5,595 ,900 1.3 

Large Suburban Operators 

Santa Clara County Transit 35,200,000 7 .9 
Sam Trans 18,048,100 4.1 
Golden Gate Transit 8,784,200 2.0 

Small Suburban Operators 

County Connection (CCCTA) 3,724,600 0.8 
Vallejo Transit 1,498,000 0.3 
Santa Rosa CityBus 1,267,000 0.3 
Sonoma County Transit 771,500 0.2 
TriDelta (ECCTA) 460,700 0.1 
Napa VINE 439,400 0.1 
Wheels (LA VT A) 395,200 0.1 
Union City Flea 393 ,500 0.1 
Fairfield Transit 271,400 0.1 
WestCAT (WCCCTA) 194,100 0.0 
Total 445,142,400 100.0 

SOURCE: Metropolitan Transportation Commission, Oakland, Calif. (6,7) . 

Nearly $1 billion is spent each year by these 17 Bay Area 
transit operators, about $750 million of which goes to oper­
ations. About $240 million in fares are collected each year; 
the remaining 68.1 percent of operating costs and 100.0 per­
cent of capital costs are paid with subsidies. All told, in excess 
of $700 million in transit subsidies are expended in the San 
Francisco Bay Area each year. 

At first glance, the TDA appears to have only a moJerale 
role in the Bay Area. The regional aggregation of subsidies 
presented in Table 3, however, tends to underrepresent the 
impact of the TDA in three respects: (a) TDA funds are used 
primarily for transit operations and play only a small role in 
capital expenditures; (b) the two trunk-line rail systems­
BART and CalTrain-receive virtually no TDA funds (and 
are excluded from the following analysis); the TDA's major 
role is in local transit; and (c) the sheer magnitude of San 
Francisco Muni, which receives less than 15 percent of its 
revenues from TDA funds, tends to wash out the effect of 
the Act on the other operators. 

Total Operating Cost Fare Revenue 

Regional Regional 
Amount($) Share (%) Amount($) Share (%) 

236,913,100 31.5 71,287,000 29 .7 
122,310,000 16.2 44,278,000 18.4 

167,775,000 22.3 78,474,400 32.7 
25,883,100 3.4 9,119,300 3.8 

103 ,348 ,400 13.7 11,307,300 4.7 
34,543,400 4.6 7,797,500 3.2 
37,187,200 4.9 13,669,100 5.7 

10,670,200 1.4 1,718,600 0.7 
2,118,500 0.3 578,300 0.2 
2,261,100 0.3 502,700 0.2 
2,714,800 0.4 551,600 0.2 
1,734,400 0.2 170,100 0.1 

741,000 0.1 130,000 0.1 
2,180,900 0.3 125,900 0.1 
1,064,700 0.1 145,200 0.1 

635,800 0.1 113,700 0.0 
925 100 0.1 87 500 0.0 

753,006,700 100.0 240 ,056,200 100.0 

Figures 1 and 2 show that the impact of the TDA, however, 
is far from uniform. Figure 1 shows TOA funds as a proportion 
of each operator's total operating subsidies and Figure 2 the 
proportion of total operating costs covered by TDA funds. 
Figure 1 indicates that for 11 of the 15 operators, TOA funds 
make up at least half of all operating subsidies. Figure 2 shows 
that for all but two operators, at least one-third of all operating 
costs are funded by the TDA. 

The transit operators listed in these figures are arranged 
left to right by the number of passengers carried. Given this 
arrangement, one could surmise that the big operators simply 
have a larger pool of financial resources from which to draw, 
and are thus less dependent on the TOA. This is, however, 
not the case. Although the larger operators do draw on a 
wider range of financial resources, they do so out of necessity 
rather than privilege. 

This point can be demonstrated by differentiating dedicated 
transit funding externally supplied to operators by federal, 
state, and regional agencies, from discretionary funds that 

TABLE 3 SAN FRANCISCO BAY AREA PUBLIC TRANSIT SUBSIDIES (FY 1987-1988) 

TOA Federal Other State/Local 
Total 

Type Amount($) Percent(%) Amount($) Percent( %) Amount($) Percen t(%) ($) 

Operations 125,751,544 24.0 30,677,850 5.9 367,773,139 70.2 524,202 ,533 
Capital 3525.086 2.0 136.44 .206 77.0 37.328,808 21.1 J77.29S, 100 
Total 129,276,630 18.4 167,122,056 23.8 405,101,947 57.7 701,500,633 

NOTE: The vast majority of other operating subsidies in FY 1987-88 came from the BART sales tax ($121,904,000), the San Francisco general fund 
($115,656,000), and the Santa Clara County transportation sales tax ($56 ,585,000). 
SOURCE: Metropolitan Transportation Commission, Oakland, Calif. (6,7) . 
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FIGURE 1 TDA as a percentage of total operating 
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FIGURE 2 Percentage of total operating costs 
funded by the TDA. 
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operators must secure locally. For Figure 3, all operating 
revenues are defined as either external or local. External 
revenues-federal, state (including TDA), and regional sub· 
sidies-are dedicated funds allocated on a formula basis. Lo­
cal revenues-fares, charter revenues, municipal general funds, 
local property taxes, and local sales taxes-require a local 
commitment to transit and can vary quite significantly from 
year to year. Local revenues require an active financial com­
mitment to public transit at the local level, but external funds 
are "free" -they are available regardless of the local com­
mitment to transit. 

The issue of local commitment is fairly straightforward. In 
high-transit-use areas like San Francisco, localities have little 
choice but to devote substantial local resources to transit. In 
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FIGURE 3 Local commitment to transit-revenues 
from fares and local sources. 
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FIGURE 4 Service effectiveness-total passengers per 
vehicle-hour. 
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FIGURE 5 Transit ridership per capita by Bay Area 
operator. 
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low-transit-use areas, the services can exist almost entirely on 
external support-primarily TDA funds. 

Beyond the gross ridership figures presented in Table 2, 
the service effectiveness of each operator is shown in Figure 
4, using the traditional measure of total passengers per rev­
enue vehicle-hour of service. 

The larger operators do not have more riders simply be­
cause they have more buses. Ridership per vehicle-hour fol­
lows a predictable pattern of decay from densely settled San 
Francisco to the sprawling suburbs. This pattern is even more 
sharply contrasted in Figure 5, which shows per capita transit 
ridership for each operator's service area. 

Figure 5 is especially important. Remember that TDA funds 
are apportioned to each operator on the basis of population, 
not ridership. Figure 5 indicates that each dollar of TDA 
subsidy supports 3 transit riders in Livermore and 329 transit 
riders in San Francisco. 

This pattern of TDA apportionments holds within counties 
as well. Table 4 shows that in Contra Costa Country, for 
example, four operators-AC Transit, the County Connec­
tion, TriDelta and WestCAT-divide the annual TDA ap­
portionment on the basis of service area population. AC Tran­
sit, which serves the largest black and low-income areas in 
the county, has cut service each of the past 4 years to avert 
a deficit. In each of those years, the County Connection and 
TriDelta accrued surpluses of TDA funds; the excess funds 
were added to reserves that now number in the millions for 
each operator. 

(Demographic transit ridership information is limited, but 
fragmentary evidence suggests that the suburban bias of the 
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TABLE 4 RIDERSHIP, FARES , AND TOA FUNDS IN CONTRA COSTA COUNTY (FY 1987-1988) 

Annual Passe ngers Fare Revenues TOA Apportionment Apportionment 
of TOA per 

Operator Number Share (%) Amount($) Share(%) Amount($) Share (%) Passenger ($) 

AC Transit 6,297,432 58.8 3,661,952 64 .9 2,939,055 20.5 0.47 
County Connection (CCCTA) 3,788,700 35.4 1,736 ,000 30 .8 8,002,325 55.7 2 .11 
TriDelta (ECCTA) 427,700 4.0 166,100 2.9 2,390,046 16.6 5.59 
WestCAT (WCCCTA) 189.000 1.8 75,500 1.3 1,034,661 7.2 5.47 
Total 10,702,832 100.0 5,639,552 100.0 14,366,087 100.0 IT4 
Nons: The County Connection and TriDelta did not use all of their apportioned TDA funds in FY 1987-1988. The AC Transit figures arc for the 
Contra Costa portion of AC's service area only. 
SOURCE: Metropolitan Transportation Commission Oakland, Calif. (6,7) . 

TDA indirectly favors non-Hispanic white transit riders over 
nonwhite patrons. Combining the TDA revenues, ridership, 
and ethnic composition of adjacent AC Transit (65 .5 percent 
nonwhite ridership) and the County Connection (39 .5 percent 
nonwhite ridership) indicates that the TDA subsidy per white 
passenger is $0.79, compared with $0.71 for nonwhite riders. 
This difference is probably underestimated because of the 
significant size difference between these two transit operators; 
demographic data for similarly sized central city and suburban 
operators would probably reveal an ethnic bias much greater 
than the 12 percent found here .) 

This inverse relationship between service effectiveness and 
TDA funding is shown clearly in Figure 6, which indicates 
that the TDA's return-to-source provision allows very high 
levels of transit funding in low-density, automobile-dependent 
suburban areas. With funding available, these areas put ser­
vice on the streets that goes largely unused. The paradoxical 
effect of TDA funding on Bay Area public transit operations 
is presented in Table 5. 

The clear majority of the region's transit patrons on San 
Francisco's Muni pay $0.85 fares and receive TDA subsidies 
of $0.13 per ride , whereas passengers in one of the area's 
newest suburbs pay $0.60 to board a LA VT A bus and receive 
a $5.08 TDA subsidy per ride. In the absence of the TDA, 
the heavily patronized Muni , which receives an annual city 
general fund contribution nearly four times its TDA appor­
tionment ($164.37 per capita per year), would continue to 
operate. On the other hand, it is likely that suburban oper­
ators such as Wheels (LA VT A), TriDelta (ECCT A), WestCAT 
(WCCCTA), and the Union City Flea would not exist were 
not 80 + percent of their costs covered by the TDA. 
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Transit Operators in FY 1987-88 

FIGURE 6 A comparative plot of TDA subsidies and 
service effectiveness. 

POLICY RECOMMENDATIONS 

When recommending improvements to federal transit subsidy 
programs, most authors have called for more flexible, perfor­
mance-based programs that target benefits to the transit user, 
not the transit operator (1-3,9,15,16) . The TDA is clearly in 
need of reform; as currently structured, it is a politically pop­
ular, financially wasteful transit subsidy program. 

In order to allow greater flexibility, promote improved per­
formance, and target benefits to the transit user, one sug­
gestion would be to match TDA funds to fare revenues; this 
would encourage operators to set fares and offer service that 
would maximize fare revenues. Such a program would pro­
mote both increased ridership and cost control by rewarding 
operators for attracting paying customers. Riders would ben­
efit with TDA subsidies proportional to their patronage. 

A TDA fare-matching program for local transit operators 
in the Bay Area is presented in Table 6. This example real­
locates TDA transit subsidies for Bay Area operators only; 
it does not include funds that would be shifted into the region 
from other parts of the state . The result, as one would expect, 
is a significant shift in funds from the suburbs to the central 
city . 

The immediate effect of this proposal would be to move 
funding from unproductive suburban service to heavily pa­
tronized San Francisco. Suburban operators would raise fares, 
which are currently about 40 percent lower than San Francisco 
Muni or Golden Gate Transit, to increase revenues. In order 
to retain transit service, suburban areas would have to con­
tribute local funds to the smaller systems and would probably 
experiment with more cost-effective alternatives to suburban 
fixed-route service (the five largest Bay Area systems cur­
rently receive substantial local funding) . More locally gen­
erated revenues and less "free" TDA money would encourage 
suburban operators to focus more on attracting riders and less 
on operating empty buses. The long-term effect of matching 
TDA funds to fare revenues would be increased ridership and 
fare revenues, improved productivity, and improved transit 
service for the vast majority of transit users. 

The likelihood, however, of implementing this or any sim­
ilar restructuring of the TDA is slim. Wachs (8) notes that 
calls to restructure transit subsidy programs on efficiency and 
effectiveness grounds do not address the political considera­
tions of subsidy programs and usually fall on deaf ears. In­
deed, the motivations to include rural and suburban funding 
guarantees in the TDA have not diminished in the nearly 20 
years since its passage; if anything, statewide politics have 
grown more parochial since 1971. 
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TABLE 5 COUNTERVAILING PATTERNS OF TOA FUNDING AND SERVICE EFFECTIVENESS (FY 1987-1988) 

Percent of TOA 
Annual Ridership Passengers Operations Subsidy 
per per Funded by per 

Operator Capita Vehicle-Hour TOA(%) Passenger ($) 

Central City Operators 

San Francisco Muni 329.2 78.2 13 .8 0.13 
AC Transit 56.5 32.5 33 .2 0.66 
Average 192.8 55.3 23.5 0.40 

Large Suburban Operators 

Santa Clara County Transit 24.8 25 .5 33.2 0.97 
Sam Trans 27.8 30.1 33.1 0.63 
Golden Gate Transit 28.3 24.6 18.3 0.78 
Average 27.0 26.7 28.2 0.79 

Small Suburban Operators 

County Connection (CCCTA) 8.5 15.7 70.0 2.01 
Vallejo Transit 14.0 25.8 54.3 0.77 
Santa Rosa CityBus 9.9 20.9 51.6 0.92 
Sonoma County Transit 6.2 15.1 71.7 2.52 
TriDelta (ECCTA) 3.3 10.3 88.2 3.32 
Napa VINE 7.5 18.6 40.3 0.68 
Wheels (LAVTA) 3.0 8.3' 92.0 5.08 
Union City Flea 7.9 15.3 82 .1 2.22 
Fairfield Transit 3.0 15.4 49.8 1.17 
WestCAT (WCCCTA) 3.8 6.5 88.l 4.20 
Average ---r0 ITT 68.8 2.29 

NOTES: Golden Gate Bridge Tolls provide 60.5 percent of Golden Gate Transit's subsidies. Vallejo, Santa Rosa, Sonoma, Napa, and Fairfield arc in 
counties that spend TDA funds on streets and roads. 
SOURCE: Metropolitan Transportation Commission, Oakland, Calif. (6,7). 

TABLE 6 PROPOSED REDISTRIBUTION OF TOA FUNDS IN THE SAN FRANCISCO BAY AREA (FY 1987-1988) 

Fare Revenues 

Transit Operator Amount($) Share(%) 

San Francisco Muni 71,176,000 51.2 
AC Transit 30,124,000 21.7 
Santa Clara County Transit 11,338,000 8.2 
Sam Trans 7,797,000 5.6 
Golden Gate 14,444,000 10.4 
County Connection (CCCTA) 1,719,000 1.2 
Vallejo Transit 555,000 0.4 
Santa Rosa CityBus 503,000 0.4 
Sonoma County Transit 541,000 0.4 
TriDelta (ECCTA) 171,000 0.1 
Napa (VINE) 130,000 0.1 
Wheels (LAVTA) 126,000 0.1 
Union City Flea 145,000 0.1 
Fairfield Transit 114,000 0.1 
WestCAT (WCCCTA) 87.000 0.1 
Total 138,970,000 100.0 

SOURCE: Metropolitan Transportation Commission, Oakland, Calif. (6,7) . 

CONCLUSION 

Although the preamble of the TDA seems unambiguous, "The 
Legislature hereby finds and declares that it is in the interest 
of the State that funds available for transit development be 
fully expended to meet the transit needs that exist in California" 
(emphasis added) (12), it is clear that transit needs are defined 
quite differently in economic and political realms. The TDA 
is not economic; in the name of fairness, the TDA pours 
millions of dollars each year into underutilized suburban tran-

FY 1987-88 TOA Proportional Percent 
Allocation ($) TOA Allocation ($) Change(%) 

17,056,000 56,060,895 228.7 
25,315,000 23,726,795 -6.3 
34,313,000 8,930,235 -74.0 
11,563,000 6,141,210 -46.9 
6,817,000 11,376,637 66.9 
3,788,000 1,353,949 -64.3 
1,215,000 437, 138 -64.0 
1,236,000 396, 181 -67.9 
2,113,000 426,112 -79.8 
1,581,000 134,686 -91.5 

296,000 102,392 -65.4 
2,007,000 99,242 -95.1 

984,000 114,207 -88.4 
306,000 89,790 -70.7 
868,000 68 524 -92.1 

109,458,000 109,458,000 -------0.0 

sit systems around the state, systems that might not exist 
without TDA funding. In politics, however, the TDA works. 
In the past, rural and suburban legislators have opposed the 
shifting of TDA funds across county lines on fairness grounds, 
and will likely continue to do so. 

Although one can argue that a minimum level of transit 
service should be provided in all parts of metropolitan areas, 
this examination of California's TDA has shown that ubiq­
uitous metropolitan transit service is an expensive proposi­
tion. 
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Developing Markets for Transit 
Privatization for Suburban Travel in 
Large Metropolitan Areas 

SNEHAMAY l<HASNABIS, BHARAT B. CHAUDHRY, MARK E. NEITHERCUT, 

AND NEVA A. NAHAN 

A procedure for identifying markets for transit privatizari n and 
a case study application are described. The procedure focu s on 
zone pairs with high travel demand and uses a set of explanatory 
v;iriables to identify potential markets . Next, these markets are 
selectively merged to provide a set of viable sectors where transit 
privatization appears fea ible. The pr cedure was applied on the 
Detroit metropolitan area to demonstrate its applicahility. Ini­
tially over 50 candidate markets for transit privatizalion for sub­
urban travel were identified that were later narrowed down to 
14. These 14 markets, when analyzed in detail , resulted in a total 
of five sectors where privatization appears feasible . A two-phase 
survey among local transportation providers was conducted to 
assess the interest and capability of private providers, and then 
to match providers with markets identified. The data require­
ments for the procedure include information on zonal network, 
land use, and congestion levels. Because most planning agencies 
are likely to have access to these data, transferability of the pro­
cedure to other metropolitan areas does not appear to be a 
problem. 

During the last two decades, the mass transportation industry 
in the United States has undergone dramatic changes , many 
brought about by the nation's changing demographics, con­
tinued suburbanization, and gradual decentralization of urban 
activities. Although the relative prominence of the central 
business district (CBD) as an employment center continued, 
changing land use patterns were instrumental in the devel­
opment of major focal points of activities in the suburbs . As 
a result, the urban travel patterns changed from radial desire 
lines to widely dispersed movements between many suburban 
centers to the extent that conventional transit services became 
ineffective in meeting travel needs . 

Concurrently with the problem of changing travel patterns, 
the transit industry had to face another major crisis: financing. 
Shortfall in transit operations has grown by a factor of 15 
during the last 20 years in spite of modest increases in ridership 
and in fare-box revenue. The estimated current annual deficit 
of $4 to $5 billion nationwide is covered by an array of federal 
grant programs and local and state tax subsidies. In brief, the 
cost of providing transit services in an environment of diverse 
travel desires and in an era of shrinking federal subsidies has 
grown much more rapidly than operating revenues. 

The trend toward suburbanization, which started in the late 
1950s after the advent of the Interstate highway program, is 
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still continuing. Current estimates are that our suburbs con­
tain approximately half of the U.S. population; this figure is 
expected to grow to 75 percent by the turn of the century. 
By the same token , employment opportunities in the suburbs 
have increased by a factor of two during the last decade; 
however, few individuals live and work in the same suburb. 
Other important demographic changes include a reduction in 
household size, and increases in automobile ownership and 
in median income. The combined effect of demographic and 
land use changes has been an overwhelming increase in sub­
urban auto traffic. 

The widely diverse travel patterns in our metropolitan cen­
ters, along with continued increases in operating expenses 
have posed serious financial problems to public transportation 
agencies. Transit agencies in the United States have been 
hard-pressed to meet the travel demands oriented to the cen­
tral city, with little resources available to address the emerging 
travel needs between suburban communities. Privatization is 
considered by many as a viable tool for improving suburban 
mobility; however, there are not many examples of successful 
implementation of such programs in the United States. 

On the basis of an analysis of current literature and review 
of case studies (1-3), it appears that the idea of delivering 
transportation through private contracting for suburban travel 
is viable provided these options are exercised under the ap­
propriate institutional setting. A recent UMT A report ( 4) 
reviewed six examples of private sector involvement in four 
cities (Chicago, Cleveland, Dallas, and Los Angeles) includ­
ing local business, community groups, major developers, and 
private providers. The study concluded, "All the cases can 
be characterized as promising innovation because obstacles 
both from governmental and the business sectors were over­
come as planning processes with broader private sector par­
ticipation were established." 

This study also indicates that although privatization is a 
viable option, there remains a set of planning, economic, and 
institutional barriers that must be overcome before privati­
zation receives a more widespread application as a tool for 
alleviating suburban congestion problems. These barriers in­
clude among other factors: lack of an organizational structure 
to promote privatization at the regional level, lack of any 
technique to identify markets for transit privatization , and 
lack of standardized monitoring techniques to ensure quality 
control of privatized transit services. 

This list is by no means exhaustive; however, these repres­
ent typical barriers that must be overcome to ensure greater 
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application of priveltization concepts (5). The broad purp<> c 
i to develop a procedure for evaluating potential cransit mar­
kets between suburban centers in large metropolitan cities 
(6). The Detroit metropolitan area was used as a case study 
site for this proposed methodology. A procedure for devel­
oping markets for transit privatization (as developed in that 
study) is described along with a case study demonstration on 
a large metropolitan area. 

RESEARCH METHODOLOGY 

The exp!!rience of tran it operators in the United ' tates during 
the 1970- 1990 era clearly ·uggests that it is virtually impos­
sible to provide any type of transit services without public 
subsidy. Thus, it is unlikely that private sector involvement 
in the transit market will eliminate the need for subsidy. How­
ever, transit privatization may help attain improved quality 
of service, reduced need for operating subsidies, additional 
transit demand, and greater interest and participation among 
the local business community in the resolutio11 of the trans­
portation problem of the community. 

This research approach is based on the premise that the 
prerequisite for a successful transportation program is the 
identification of specific markets; matching the market, the 
provider, and specific type of service; and ensuring that ap­
propriate . ervice standards are maintained once the program 
is implemented. The research approach has four major ele­
ments: (a) market identification, (b) assessing the degree of 
interest among providers, (c) matching markets with provid­
ers, and ( d) development of operating plans. 

A key ingredient to successful private participation is the 
ability of the transit agency to match unmet travel needs with 
interested private providers. The first step in this study is the 
identification of these unmet transit areas. The process of 
identification includes a review of the travel demand data at 
a regional level, updating the travel demand to reflect current 
land use and transportation features and identifying specific 
production and attraction centers within the study area that 
are instrumental in generating heavy travel. The journey to 
work census data, known as the Urban Transportation Plan­
ning Package (UTPP), was found to be an important source 
of information for work trips. The market identification pro­
cess is built on two important hypotheses: (a) markets for 
privatization are likely to be those zone pairs that are at the 
higher end of the demand distribution, and (b) among zone 
pairs depicting the higher demand, those that represent high 
congestion levels and longer travel times are likely to be can­
didates for privatization. 

Having identified the potential markets in the study area, 
the next step would be to place these in order relative to their 
success potential in I rivatization efforts. Thi rank ordering 
require the developm nt of a set of criteria and applying the 
criteria to the candidate zone pairs. An empirically based 
methodo.logy was developed to rank the candidate zone pairs 
in term of their success potential for privatization. 

Next, in an effort to assess the degree of interest in partic­
ipating in privatization efforts, a two-stage telephone survey 
was conducted among private transportation providers in 
southeast Michigan. Stage I of the survey was directed toward 
the development of a data base of potential providers and 
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understanding their capabilities, preferences, and percep­
tions. Stage II was conducted only among a small subsample 
of respondents from the first survey and was directed toward 
obtaining route-specific information. These two surveys are 
discussed in greater detail in the next section. 

The markets identified following these procedures were 
compared with provider interest in these markets. This pro­
cess resulted in a subset of the prioritized markets with greater 
potentials for success because of provider interest. Operating 
plans for a number of the viable market-provider combina­
tions were developed, including projected ridership, fares, 
routes, schedules, and fleet size. 

DETROIT CASE STUDY 

The Detroit metropolitan area was chosen for applying this 
methodology because it typifies in many ways the changes in 
land use and travel patterns that characterize today's growing 
metropolis in the United States. Further, concerted efforts 
are currently underway by the regional planning agency, the 
Southeast Michigan Council of Governments (SEMCOG), as 
well as the regional transit agency Suburban Mobility Au­
thority for Regional Transportation (SMART) to plan and 
operate public transportation services on a selective basis 
through private contractors. 

Study Area 

The Detroit region lies in southeastern Michigan and was 
ranked as the fifth largest urban area in the United States in 
1980 with a population of approximately 5.0 million people. 
It also ranks as the seventh in terms of population density of 
urbanized areas. Detroit is the focus of the U.S. automotive 
industry with the three largest automobile manufacturers hav­
ing their corporate headquarters within the region . Although 
it ranks 7th in terms of population, it also ranks 18th out of 
a total of 20 relative to transit service, as measured by the 
number of vehicle-miles of transit service per capita, as well 
as by local transit dollars per capita. 

In spite of the lack of transit dominance, public transpor­
tation throughout southeast Michigan served more than 77 
million riders in 1987. Fixed-route large bus service accounted 
for the bulk (97 percent) of this service, the remaining 3 
percent being carried by a variety of small bus and taxi op­
eration programs, collectively referred to as paratransit ser­
vices. 

Travel Demand Estimation 

The first step toward market identification for privatized tran­
sit service was an assessment of projected travel demand in 
the study area for the year 1990. A decision was made at the 
outset of this project to use work trip (journey to work) data 
that are available from the census reports through the use of 
the UTPP files. The decision was based on the premise that 
the markets for privatization are more likely to be focused 
around work trips because of the regularity and fixed nature 
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of these trips, as opposed to other types of trips (e.g ., shop­
ping) that are more variable both temporally and spatially. 

The 1980 UTPP data file for Detroit contained work trip 
data during the peak 2 hours by specific areal units termed 
"Traffic Analysis Zones" (TAZs). SEMCOG, as a part of its 
continuing planning activities, has created a work-trip data 
base for minor civil divisions (MCDs), by aggregating the 
TAZs. Further, the three-county study area contained a total 
of 251 MCDs and a larger number of T AZs. The object of 
this study being to examine the suburban transit market, a 
decision was made to exclude from the study the city of De­
troit, because the study was not concerned with trips origi­
nating at or destined for Detroit. 

A total of 41 new areal units, termed as P-zones (abbre­
viated from privatization zones) were specifically created by 
combining MCDs. Factors considered in combining MCDs to 
P-zones included similarity in land uses, geographic proxim­
ity, and the general stipulation that the size of a P-zone will 
not exceed a 6-mi2 block. 
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1980 Work Trip Data 

A sample of the UTPP file for Troy MCD (P-zone 12), pres­
ented in Table 1, indicates that in 1980, a total of 51 ,526 
workers commuted to Troy (a major suburban community in 
the study area) on an average weekday for work purpose from 
various MCDs within the study area during the a.m. peak 
hours. Table 1 presents a number of MCDs that contributed 
significantly to the work trip destinations in Troy. Similar data 
for all MCDs in the study area are available in the SEMCOG 
file. Software was developed as part of this project to convert 
the UTPP work trip data from the MCD level to the P-zone 
level on the basis of the following principles: 

1. Trips interchanging between MCDs that made up a given 
P-zone were designated as intrazonal trips. 

2. All other trips either originating at or destined to the 
MCDs comprising a given P-zone were assigned to that P­
zone for the purpose of constructing interzonal trips. 

TABLE 1 DISTRIBUTION OF DAILY WORK DESTINATIONS TO 
TROY FROM SEVEN COUNTY COMMUNITIES BASED ON 1980 UTPP 
PART IV DATA 

Home MCD 

Allen Park 
Avon Twp. 
Berkley 
Beverley Hills 
Bingham Fanns 
Birmingham 
Bloomfield Twp. 
Canton Twp. 
Centerline 
Chesterfield Twp. 
Clawson 
Clinton Twp. 
Commerce Twp. 
Dearborn 
Dearborn Hts. 
Detroit 
East Detroit 
Fannington 
Farmington Hills 
Ferndale 
Franklin 
Fraser 
Garden City 
Grosse Pointe 
Grosse Pointe 
Farms 
Grosse Pointe Park 
Grosse Pointe 
Woods 
Hamtramck 
Harper Woods 
Harrison Twp. 
Haiel Park 
Highland Park 
Huntington Woods 
Inkster 
Keego Harbor 
Lake Angelus 
Lathrup Village 
Lincoln Park 
Livonia 
Madison Hts. 
Marysville 
Melvindale 
Mt. Clemens 
Source: SEMCOG 
and UTPP files 

Daily Workers to 
Trov 

109 
1811 
660 
255 

9 
1000 
1705 

153 
138 
99 

1484 
1088 

90 
278 
190 

4256 
290 
74 

691 
998 
103 
234 

75 
26 

164 

152 
164 

125 
94 

261 
690 
94 

107 
28 
72 
22 

109 
63 

497 
2405 

21 
37 
96 

Home MCD Daily Work..,rs lu 
Troy 

New Baltimore 25 
Nonhville 6 
Nonhville Twp. 85 
Novi 207 
Oak Park 734 
Orchard Lake 36 
Pleasant Ridge 77 
Plymouth 13 
Plymouth Twp. 25 
Pontiac 615 
Pontiac Twp. 369 
Redford Twp. 292 
River Rouge II 
Riverview 54 
Rochester 408 
Rockwood 29 
Romulus 12 
Roseville 472 
Royal Oak 4273 
Royal Oak Twp. 49 
Shelby Twp. 851 
Southfield 1074 
Southgate 45 
St. Clair 7 
St. Clair Shores 797 

Sterling Hts. 4627 
Sylvan Lake 28 

Taylor 102 
Trenton 25 
Troy 8944 
Utica 167 
Walled Lake 16 
Warren 3875 
Waterford Twp . 796 
Wayne 10 
West Bloomfield 907 
Weslland 143 
White Lake Twp. 131 
Wixom 20 
Wolverine Lake 37 
Woodhaven 36 
Wyandotte 64 
York Twp. 15 

Total 51,526 
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1990 Projected Work-Trip Data 

The Fratar technique of growth factor analysis was used to 
update the 1980 UTPP data base to reflect 1990 conditions 
using the MINUTP software developed by FHWA. Although 
more ophisticated techniques for travel de1m111<1 modeling 
are current ly available, the growth factor technique was used 
for its ·implicity ca c of a1 plication, and data avai lability. 

Factors Influencing Potential Markets 

The most important factors con tributing to the viability of 
markets were c nsidered to be tra el demand, travel time, 
congestion levels, and land use densities. The relevance of 
these factors is discussed in the following paragraphs. 

Travel Demand 

The output of the Fratar model indicated the peak 2-hr travel 
demand (TD) expressed as number of workers that varied 
from a low of 0 to a high of 28,500 di tribtlled among the 
1,681 cells (P-zone pairs) of the travel demand matrix. The 
identification of transit markets for privatization is based on 
the premise that for a market to be viable there must be 
sufficient travel demand between the two zones. Further, even 
though much of this demand is met through the use of the 
private automobile, by ad pting proper marketing techniques 
it is possible to capture fractions ofthi · dem~rnd for the transit 
mode. 

In an effort to narrow down the choice of markets from 
1,681 zone pairs to a more manageable size, the number of 
workers commuting between these zones was recast in the 
form of a frequency distribution in increments of 250. It was 
found that for 95 percent of the P-zone pairs, travel demand 
(expressed in the number of workers commuting during the 
a.m. peak period) was less than 2,500. The remaining 5 per­
cent had their d<tily a.m. peak demand ranging from 2,500 to 
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28,500 (Table 2). Because the object of this analysis was to 
identify high travel demand corridors, the 95 percentile value 
of the frequency distribution of 2,500 commuters was selected 
as the cutoff point. Thus, a total of 81 P-zone pairs (5 percent 
of 1,681 original pairs), being the high travel demand corridors 
in this area, were identified as the candidate markets. 

On further analysis of the candidate markets, it was found 
that of the 81 P-zone pairs, 28 are intrazonal in nature and 
53 are interzonal. A decision was made to concentrate on the 
53 interzonal P-zone pairs as more likely candidates for fixed­
route transit markets. The 28 intrazonal pairs were eliminated 
from further considerations, primarily because these trips were 
not long enough (being intrazonal in nature) to warrant fixed­
route services, although these could possibly be candidates 
for paratransit services. The question of paratransit markets 
was not explored in this study. 

Travel Time Distribution 

Next to travel demand, zonal travel time was considered a 
critical factor in determining potential transit market. It was 
hypothesized that given a similar travel demand between two 
zone pairs, a larger portion of the market is likely to be 
captured by transit from the zone pair with longer travel time. 
An implicit assumption is that a typical urban traveler is more 
likely to change his travel mode from the automobile to transit 
when travel time is excessive. 

Congestion Levels 

Congestion levels along the major travel corridors for each 
zonal interchange were also considered a factor contributing 
to transit market potential. The implicit assumption is that 
higher congestion levels experienced by the automobile driver 
would be more conducive to transit travel. SEMCOG, as part 
of its long-range planning effort, rated each 111ajur lravd cor­
ridor in the Detroit area on congestion ratings of high (H), 

TABLE 2 DISTRIBUTION OF TRAVEL DEMAND BY P-ZONE PAIRS 

Demand Rance No. or P-Zones/Pairs % Frequency Cumulative Frequency 

0-0 602 38.64 38.64 
1 · 250 553 35.49 74.13 

251 - 500 128 8.22 82.35 
501 . 750 55 5.35 85.88 
751. 1000 35 2.25 88.13 

1001. 1250 22 1.41 89.54 
1251 - 1500 21 1.35 90.89 
1501 - 1750 24 1.54 92.43 
1751. 2000 9 0.58 93.00 
2001 - 2250 11 0.71 93.71 
2251. 2500 17 1.09 94.8l) 
2501 - 2750 8 0.51 95.31 
2751- 3000 4 0.26 95.57 
3001 . 3250 5 0.32 95.89 
3251 . 3500 8 0.51 96.41 

I I I I 
I I I I 
I I I I 

27001 . 27250 0 0.00 99.94 
27251 . 27 500 0 0.00 99.94 
27501 - 27750 0 0.00 99.94 
27751. 28000 0 0.00 99.94 
28001 - 28250 0 0.00 99.94 
28251 . 28500 1 0.06 100.00 
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medium (M), and low (L). This rating was based on the per­
centile distribution of the vehicle miles of travel (VMT) the 
corridor carried during the peak hours on a given day as a 
function of a total of 83 major travel corridors in the region 
(7). This information was used to assign congestion levels to 
the major travel corridors of the candidate transit markets. 

Revised Travel Time 

Next, travel time and congestion levels were compiled into 
one composite factor entitled "revised travel time" (RTT). 
Congestion level, as determined on a qualitative scale of high, 
medium, and low from the SEMCOG data base, did not 
directly lend itself to the same level of quantitative analysis 
as the other two factors, travel time and travel demand. Fur­
ther, travel time and congestion level essentially depict the 
same phenomenon, travel impedance. Last, the off-peak travel 
time as computed from the SEMCOG network data base, did 
not accurately reflect the relative effect of congestion , because 
off-peak travel time is computed for free flow traffic condi­
tions. On the basis of these factors, it was decided to increase 
the travel time on highly congested corridors (rated H) by 50 
percent and that on the medium congested (M) corridors by 
25 percent. The travel time on corridors with low levels of 
congestion (L) were considered unaffected by congestion fac­
tors. The revised travel times were considered to be depictive 
of travel congestions during peak hours of congestion. 

Land Use Density 

It was postulated that zones where activities are clustered 
together would make better candidates for transit services as 
opposed to zones where activities are more dispersed. The 
rationale for this hypothesis was that zones with clustered 
activities (activities concentrated around one or a few focal 
points) would lend themselves to a more efficient pickup and 
drop-off of passengers to minimize walking distance between 
the bus stop and the trip origin or destination point. By con­
trast, a zone with dispersed activity patterns would either 
require many pickup or drop-off points or would result in 
longer walking distances. 

A review of the available land activity data did not result 
in any indicator variable that could satisfactorily reflect the 
effect of clustering versus dispersal. As such a decision was 
made to use density of land activities as a surrogate to clus­
tering with the presumption that higher densities are indica­
tive of greater clustering and vice versa. For each zonal travel 
interchange, population density (PD) of the origin zone (Zone 
i) and the employment density (ED) of the destination zone 
(Zone j) were taken as the surrogate variables. 

Priority Ranking of Markets 

The 53 candidate markets identified in decreasing order of 
travel demand in Table 3 were rank ordered using the fol­
lowing variables as discussed earlier: travel demand , revised 
travel time, population density, and employment density . 
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Two types of priority ranking techniques were used: The 
scoring method and the scaling method. 

Rank Ordering by the Scoring Method 

In this method, a score ranging from 1 to 53 was assigned to 
each of the four variables , representing the 53 P-zone pairs, 
a score of 1 being the highest and 53 being the lowest. the 
algorithm used was as follows: 

4 

s, = 2: wjx,1 
1 ~ 1 

where 

(i = 1 through 53; j 

S1 = score of the ith P-zone pair , 

1 through 4) 

X,1 = score assigned to the jth variable of the ith P-zone 
pair, and 

W1 = weight assigned to the jth variable. 

The software used for developing the final rankings is ca­
pable of utilizing any user-specified weights for any variable. 
Two weighting schemes are reported here. In the first scheme, 
travel demand being considered the most important variable 
was assigned the highest weight (W, = 4) followed by revised 
travel time (W2 = 2) . The two density variables were assigned 
equal weights of unity. the P-zone pair with the lowest score 
is to be considered the best by this method. The resulting 
data of the 53 P-zone pairs are presented in decreasing order 
of their ranging in Table 4 (Rank 1 considered better than 
Rank 2) . 

In Scheme 2, an unweighted ranking was followed (i .e., all 
variables having equal weights). It was found that there was 
reasonable correspondence between overall ranking obtained 
by weighted versus unweighted scheme . This was borne out 
by the fact that as many as 17 of the first 20 P-zone pairs were 
common in both the tables . This indicates that overall, the 
weighting scheme did not significantly affect final ranking. 

Rank Ordering by the Scaling Method 

By this method, each of the four variables was rated on a 
scale of 1 to 20, depending on the specific numeric value of 
the variable. For the purpose of scaling, the range of values 
for a given variable was divided into 20 equal intervals, so 
that each interval could be assigned a value ranging between 
1 to 20. Thus, each variable for a P-zone pair was assigned a 
value of 1 to 20; the values were not mutually exclusive be­
cause the same value could be assigned for a given variable 
to more than one P-zone pair. By the same token, a specific 
value or set of values within the range of 1 to 20 could be 
missing for a particular variable, depending on its distribution. 
The algorithm used is as follows : 

4 

v. = 2: w1s,1 
i = l 

where 

V; = scaled value of the ith P-zone pair, 



TABLE 3 CANDIDATE MARKETS FOR PRIVATIZATION LISTED RY 
P-ZONE PAIRS IN DECREASING ORDER OF DEMAND 

P-Zone Name Demand (No. of rravel l'ime 111 Cunges-
Pairs Commuters) Minutes (and lion 

Routes) Level 

2-3 Waterford-Pontiac 14501-14750 10.5 (M59) H 
(14581) 

13 - 21 Sterling Hts.- 10501-10750 14.25 (M53, Ford H 
Cen terl in e/W arre n (10620) Rd.) 

32 - 33 Dearborn Hts. - 9751 - 10000 (9889) 12.88(M153) H 
Dearborn Garden 
City 

22 - 21 East Det. - Warren 9001-9250 (9080) 10.26 (1-94, 12 H 
Mile) 

18 - 12 Royal Oak-Troy 8501 - 8750 (8565) 13.46 (1-75, 16 M 
Mile) 

14 - 21 Mt. Clemens - 8001-8250 (8222) 18.92 (1-96, 12 H 
Warren Mile) 

36 - 33 Southgate-Dearborn 7001-7250 (7217) 13.55 (1-94, M 
Southfield) 

31 - 25 Westland - Livonia 7001 - 7250 (7158) 12.22 (I-274 or M 
Newburgh) 

13 - 12 Sterling Hts.-Troy 7001 -7250 (7126) 15.10 (16 Mile) H 
36 - 37 Southgate-River 6251-6500 (6402) 12.79 (I-75) M 

Rouge 
18 - 17 Royal Oak- 6251-6500 (6336) 14.14 (12 Mile, M 

Southfield Telegraph Rd.) 
19 - 17 Ferndale-Southfield 5501-5750 (5534) 13.85 (8 Mile, H 

Telegraph Rd.) 
14 - 22 Mt. Clemens-East 5501-5750 (5691) 13.30 (M3, U.S. M 

Det. 25) 
21 - 12 Warren-Troy 5251-5500 (5361) 20.55 (12 Mile, I- M 

75) 
16 - 17 Farmington- 5251-5500 (5465) 11.09 (8 Mile, H 

Southfield Middlebelt) 
38 - 37 Grosse Ile-River 5001-5250 (5052) 18.87 (I-75) M 

Rouge 
37 - 36 River Rouge- 5001-5250 (5033) 12.79 (1-75) M 

Southgate 
25 - 16 Livonia-Fam1ington 5001-5250 (5221) 13.72 (Framington L 

or Merriman) 
38 - 36 Grosse Ile-Southgate 4501-4750 (4659) 15.76 (Outer Drive) L 
37 - 33 River Rouge- 4251-4250 (4097) 13.81 (Outhcr M 

Dearborn Drive, Southfield) 
32 - 25 Dearborn Hts.- 4251-4500 (4362) 14.86 (Ml53, M 

Livonia Inkster) 
25 - 17 Livonia-Southfield 4001-4250 ( 4053) 20.92 (Middlebelt, M 

8 Mile 
23 - 22 St. Clair Shores-East 4001-4250 (4090) 8.26 (Gratiot) M 

Det. 
23 - 21 St. Clair Shores- 4001 - 4250 (4053) 14.92 (I-696, M53) M 

Warren 
25 - 33 Livonia-Dearborn 3751-4000 (3781) 19,69 (Middlebelt, M 

Ford Rd. on Ml53) 
21 - 22 Warren-East Det. 3571-4000 (3819) I 0.26 (8 Mile, M H 

53) 
21 - 13 Warren-Sterling Hts. 3751-4000 (3943) 14.25 (M53) H 
14- 13 Mt. Clemens- 3501-3750 (3597) 10.18 (Livernois) M 

Sterling Hts. 
5 - 12 Rochester-Troy 3501-3750 (3597) 10.18 (Livernois) M 

37 - 38 River Rouge-Grosse 3251-3500 (3312) 18.87 (M85) M 
Ile 

36 - 38 Southgate-Grosse lie 3251-2500 15.76 M 
32- 31 Dearborn Hts- 3251-3500 (3406) 9.34 (Ford Rd.) M 

Westland 
31 - 33 Westland-Dearborn 3251-2500 (3461) 16.29 (Ford Rd.) M 
19 - 18 Ferndale-Royal Oak 3251-3500 (3325) 7.59 (9 Mile) M 
18 - 21 Royal Oak-Warren 3251-3500 (3474) 15.67 (8 Mile, H 

M53) 
10- 17 Bloomfield Hills- 3251- 3500 (3396) 16.36 (Telegraph H 

Southfield Rd.) 
26 - 25 Redford-Livonia 3001-3250 (3210) 11.13 (1-96) M 
24 - 25 Nonhville-Livonia 3001-3250 (3223) 16,65 (1-96) 1 
20 - 12 Madison Hts.-Troy 3001-3250 (3144) 11.60 (John R.) M 

8 - 16 Walled Lake- 3001-3250 (3198) 23.24 (Pontiac M 
Farmington Trail, Haggeny, I-

696) 
30 - 25 Canton-Livonia 2751-3000 (2889) 16.68 (1-275, 196) M 
26 - 17 Redford-Southfield 2571-3000 (2969) 15.84 (Telegraph) H 
12- 21 Troy-Warren 2751-3000 (2953) 20.55 (l-75, 12 M 

Mile) 

Rev1secl 
Travel 
Time 

(min.) 

15.75 

21 .40 

19.30 

15.40 

16.8 

28.4 

16.9 

15.3 

22.7 
16_0 

17.7 

20.8 

16.6 

25.7 

16.6 

23.6 

16.0 

13.72 

15.76 
17.3 

18.6 

26.2 

IO 3 

18.7 

24.6 

15.4 

21.4 
12.7 

12.7 
23.6 

19.7 
11.7 

20.4 
9.5 

23.5 

24.5 

13.9 
16.65 
14.5 
29.1 

20.9 
23_8 
25.7 

TABLE 3 (conlinued on next page) 



TABLE 3 (Continued) 

P-Z one Name Demand (No. of Travel Time in Conges - Revise d 
Pairs Commuters) Minutes (and ti on T ravel 

Routes) Level Time 
(min .) 

32- 17 Dearborn Hts.- 250 I -3000 (}.7 37) 25.27 (Telegraph H 37.9 
Southfield Rd.) 

22-14 EastDet.-Mt. 2501-27 50 (2669) 13.37 (Gratiot) M 16.7 
Clemens 

19-21 Ferndale-Warren 2501-2750 (2706) 16.21 (8 Mile, H 24.3 

15 - 16 Novi-Farmington 2501-2750 (2671) 
M53) 
I 5.73 (1696) M 19.7 

12 - 17 Troy-Southfield 2501-2750 (2647) 23.70 (I-75, 12- H 35.6 

5 - 3 Rochester-Pontiac 2501-2750 (2643) 
Mile) 
12.38 (Rochester M 15.5 
Rd. , M59) 

TABLE 4 PRIORITY RANKING OF 53 CANDIDATE MARKETS BY 
SCORING METHOD (WEIGHTED) 

ltnnk 1'-Zonc Nnmc 
Pair 

I 14-21 Mt. Clemens· Warren 
2 13-21 Sterling I Its.-Warren 
3 32-33 Dearborn Hts.-Dearborn 
4 21-12 Warren-Troy 
5 13-12 Sterling Hts.-Troy 
6 18-12 Royal Oak-Troy 
7 19-17 Ferndale-Southfield 
8 36-33 Southgate-Dearborn 
9 2-3 Waterford-Pontiac 
10 18-17 Royal Oak-Southfield 
II 22-21 East Detroit-Warren 
12 25-17 Livonia-Southfield 
13 38-37 Grosse Ile-River Rouge 
14 36-37 Southgate-River Rouge 
15 14-22 Mt. Clemens-East Detroit 
16 25-33 Livonia-Dearborn 
17 37-33 River Rouge-Dearborn 
18 31-25 Westland-Livonia 
19 9-17 W. Bloomfield-Southfield 
20 38-33 Grosse I le-Dearborn 
21 16-17 Farn1ington-Southfield 
22 32-35 Dearborn Hts.-Livonia 
23 23-21 St. Clair Shores-Warren 
24 14-13 Mt. Clemens-Sterling Hts. 
25 37-36 River Rouge-Southgate 
26 21-13 Warren-Sterling Hts. 
27 18-21 Royal Oak-Warren 
28 19-12 Ferndale-Troy 
29 38-36 Grosse Ile-Southgate 
30 25-16 Livonia-Farmington 
31 10-17 Bloomfield H.-Southfield 
32 32-17 Dearborn Hts.-Southfield 
33 23-22 St. Clair Shores-East Det. 
34 31-33 Westland-Dearborn 
35 37-38 River Rouge-Grosse Ile 
36 21-22 Warren-East Detroit 
37 26-17 Redford-Southfield 
38 36-38 Southgate-Grosse lie 
39 8-16 WaJJe<l Lake-Farn1ington 
40 12-21 Troy-Warren 
41 18-21 Ferndale-Warren 
42 12-17 Troy-Southfield 
43 18-19 Royal Oak-Ferndale 
44 5-12 Rochester-Troy 
45 30-25 Canton-Livonia 
46 24-25 Northville-Livonia 
47 19-18 Ferndale-Royal Oak 
48 32-31 Dearborn Hts.-Westland 
49 26-25 Redford-Livonia 
50 20-12 Madison Hts.-Troy 
51 22-14 East Det.-Mt.Clemens 
52 15-16 Novi-Farmington 
53 5-3 Rochester-Pontiac 

TD= Travel Demand, RTT =Revised Trovcl Time 
PD= Poputotion Density, ED=Employmenl Density 

Scor e to r each varmb lc Compos ite 
TD RTT PD E D Score 

(4TD+2H T 
+ PD +EO ) 

6 5 1(1 4 54 
2 19 13 4 63 
3 27 6 I 73 

15 7 9 6 89 
9 18 13 6 91 
5 33 3 6 95 

13 23 1 3 102 
7 32 11 I 104 
I 41 21 2 109 

II 30 3 3 110 
4 43 5 4 111 

22 6 15 3 118 
17 15 19 9 126 
10 38 11 9 136 
12 36 16 10 146 
28 10 15 I 148 
21 31 2 I 149 

8 45 17 11 150 
25 13 23 3 152 
31 4 19 1 152 
14 37 20 3 152 
20 29 6 11 155 
24 28 4 4 160 
29 9 16 14 164 
18 39 2 13 165 
26 19 9 14 165 
33 17 3 4 173 
34 21 I 6 185 
19 40 19 13 188 
16 48 15 16 191 
38 II 26 3 203 
48 l 6 3 203 
23 51 4 10 208 
36 24 17 I 210 
40 15 2 20 212 
27 44 9 JO 215 
45 14 7 3 218 
35 25 11 20 221 
43 3 27 16 221 
46 8 18 4 222 
49 12 1 4 225 
52 2 18 3 233 
32 52 3 7 242 
30 49 25 6 249 
47 22 22 11 265 
41 25 24 11 269 
39 53 1 8 271 
37 50 6 21 275 
42 27 7 11 280 
44 46 8 6 282 
51 34 5 18 295 
50 26 28 16 296 
53 42 25 2 323 
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S;i scale value assigned to the jth variable of the ith P­
zone pair, and 

Wi weight assigned to the jth variable. 

The P-zone pair with the lowest scale value is to be con­
sidered the best, and vice versa. As in the scoring method, 
the software used for the scaling method can incorporate any 
weighting factor as specified by the user. Table 5 presents the 
result of the application of the scaling method by the weighted 
scheme (using the same set of weights) . As in the previous 
case, it was found that although for a given P-zone pair, the 
rankings obtained are different between the weighted and 
unweighted scheme, overall there was a remarkable corre­
spondence between the weighted and unweighted scores. 
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Significance Test 

The Spearman rank correlation test was used to determine if 
there is a significant difference between the relative rankings 
obtained by (a) the scoring versus the scaling method, and 
(b) the weighted versus the unweighted method. It is a stan­
dard statistical technique frequently used for testing the de­
gree of association between two sets of rankings assigned on 
a number of test objects. The Spearman rank correlation 
coefficient, r,, is calculated as follows: 

rs 

TABLE 5 PRIORITY RANKING OF 53 CANDIDATE MARKETS BY 
SCALING METHOD (WEIGHTED) 

kank P-Zone Name 
Pair 

I 2-3 Waterford-Pontiac 
2 32-33 Dearborn Hts.-Dearbom 
3 13-21 Sterling Hts.-Warren 
4 14-21 Mt. Clemens-Warren 
5 18-12 Royal Oak-Troy 
6 22-21 East Detroit-Warren 
7 18-17 Royal Oak-Southfield 
8 32-17 Dearborn Hts.-Southfield 
9 36-33 Southgate-Dearborn 
10 19-17 Ferndale-Southfield 
II 21-12 Warren-Troy 
12 12-17 Troy-Southfield 
13 13-12 Sterling Hts.-Troy 
14 37-33 River Rouge-Dearborn 
15 25-17 Livonia-Southfield 
16 18-21 Royal Oak-Warren 
17 38-33 Grosse Ile-Dearborn 
18 19-21 Ferndale-Warren 
19 19-12 Ferndale-Troy 
20 26-17 Redford-Southfield 
21 23-21 St. Clair Shores-Warren 
22 31-25 Westleand-Livonia 
23 36-37 Southgate-River Rouge 
24 25-33 Livonia-Dearborn 
25 16-17 Farmington-Southfield 
26 9-17 W. Bloomfield-Southfield 
27 28-27 Grosse Ile-River Rouge 
28 37-36 River Rough-Southgate 
29 14-22 Mt. Clemens-East Detroit 
30 10-17 Bloomfield H.-Southfield 
31 32-25 Dearborn Hts.-Livonia 
32 37-38 River Rouge-Grosse Ile 
33 31-33 Westland-Dearborn 
34 12-21 Troy-Warren 
35 21-13 Warren-Sterling Hts. 
36 23-22 St. Clair Shores-East Det. 
37 18-19 Royal Oak-Ferndale 
38 14-13 Mr. Clemens-Sterling Hts. 
39 20-12 Madison Hts.-Troy 
40 21-22 Warren-East Detroit 
41 19-18 Ferndale-Royal Oak 
42 25-16 Livonia-Farmington 
43 36-38 Southgate-Grosse Ile 
44 8-16 Walled Lake-Farmington 
45 5-3 Rochester-Pontiac 
46 38-36 Grosse Ile-Southgate 
47 26-25 Redford-Livonia 
48 22-14 East Detroit-Mt. Clemens 
49 30-25 Canton-Livonia 
50 5-12 Rochester-Troy 
51 32-31 Dearborn Hts.-Westland 
52 24-25 Northville-Livonia 
53 15-16 Novi-Farmington 

TD =Travel Demand, RTI =Revised Travel Time 
PD =Population Density, ED=Employment Density 

Score ior each variable Composite 
TD RTT PD ED Score 

(4TD+2RT 
+PD+ED) 

I 16 15 I 52 
8 14 5 I 66 
7 14 12 6 74 

11 7 14 6 78 
11 15 I 6 81 
10 16 4 6 82 
14 15 I 2 89 
20 1 5 2 89 
13 15 10 I 93 
16 13 I 3 94 
16 9 8 6 96 
20 2 15 2 101 
13 16 12 6 102 
18 15 I I 104 
18 9 13 2 105 
19 11 I 6 105 
19 7 15 I 106 
20 10 I 5 106 
19 12 I 6 107 
20 10 5 3 107 
18 14 2 6 108 
13 16 14 11 109 
14 16 10 11 109 
19 10 13 I 110 
16 15 15 2 Ill 
18 10 17 2 111 
16 11 15 11 112 
16 16 I 16 113 
15 15 14 II 115 
19 10 17 2 115 
18 14 5 12 117 
19 II I 18 117 
19 13 14 I 117 
20 9 15 6 119 
18 12 8 16 120 
18 20 2 11 125 
19 20 I 9 126 
19 10 14 16 126 
20 17 6 6 126 
19 16 8 11 127 
19 20 I II 128 
16 18 13 16 129 
19 13 10 18 130 
20 7 20 16 130 
20 16 17 1 130 
17 16 15 16 131 
20 17 5 12 131 
20 15 4 18 132 
20 12 17 12 133 
19 18 17 6 135 
19 19 5 18 137 
20 15 17 12 139 
20 13 20 16 142 
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in which D; = difference between ranks associated with the 
object i; and n = number of objects (zone pairs). 

The criterion for establishing a degree of association was 
selected as 0.80 to interpret the results. If the value of r, was 
above 0.80, it was concluded that there was a high degree of 
association between the two separate rankings. The correla­
tion test indicated that (a) there is no significant difference 
between the relative rankings of the stations by the scoring 
method and the scaling method, and (b) there is no significant 
difference between the relative rankings obtained by the un­
weighted versus the weighted schemes. 

Provider Survey 

The purpose of the survey was to assess the interest among 
providers of transportation in privatization projects. The pop­
ulation under study included any for-profit providers in trans­
portation in the seven counties in southeast Michigan . The 
study included two separate surveys that were administered 
as Phase I and Phase II. 

Phase I Survey Method and Results 

The objective in Phase I survey was to describe the project 
to the transportation providers and determine their level of 
interest in private contracting to provide public transportation 
services between suburbs . A total of 292 companies were 
identified and up to five attempts were made to conduct 
the interview. A business would be included if it was a for­
profit main office of a transportation provider in southeast 
Michigan. 

Of the initial 292 companies, 78 did not fit this criteria 
(being branch offices, nonprofit firms, and out of business 
since the directory was published). Telephone interviews were 
conducted with 113 of the 214 firms, for a cooperation rate 
of 53 percent. Of the remaining 101 firms, 56 refused to par­
ticipate, and 45 were unavailable after five attempts (passive 
refusal). 

Of the 113 companies that were interviewed in this phase, 
86 (76 percent) were interested in providing public transpor­
tation services under contract with a public agency. The in­
terested firms provide a variety of services, with charters and 
demand-response service the most common. The majority of 
these firms also provide airport and other scheduled services 
as well as vacation and travel tours. 

A variety of options was presented to determine what might 
make the bidding process even more attractive to all of the 
firms, including those who initially expressed disinterest. Not 
surprisingly, most firms would be more interested if they were 
guaranteed a minimum payment and if outside revenue was 
provided. More than half of the companies indicated that 
priority bus lanes would also make bidding more attractive. 
In order to summarize the results in the Phase I survey, it 
was found that private operators are generally interested in 
working with public agencies on contractual transit services; 
that these operators have at their disposal underutilized ve­
hicular fleet and that with proper incentives, the private en­
terprise can be attracted to the field of public transportation. 
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Phase II Survey Method and Results 

The objective for Phase II was to target specific markets for 
the specific suppliers . Twenty companies from Phase I were 
identified that had the resources and interest in contractual 
services with the public transportation agency. These com­
panies were provided with 10 potentially high travel demand 
routes on the basis of initial results of market analysis to 
determine interest in providing services on them. 

The Phase II survey was designed to provide more specific 
information to those that had expressed an interest in pro­
posed routes. The 20 companies that were interviewed in 
Phase II were provided with a list of potential routes and 
asked if they would be interested in providing service along 
them. Overall, the majority of the firms were interested in 
providing services along most of the proposed routes. 

Not surprisingly, companies are willing to accept a smaller 
dollar per hour rate if the agency provides the vehicle. Almost 
all of the firms liked the idea of an incentive clause that would 
encourage providers to provider better service and generate 
additional ridership. A majority of firms also agree that a 
penalty clause that attaches fines and penalties to correct and 
discipline substandard services would be effective . Almost all 
of the companies agreed that penalty clauses would be effec­
tive in ensuring prompt service, as well as in maintaining a 
standard in vehicle maintenance. 

The Phase II survey confirmed the findings of the earlier 
survey, with the additional stipulation that given route-spe­
cific information, private operators are more likely to provide 
definitive answers on their role in public transportation. Fur­
ther, as the following section indicates, the preference and 
interest expressed by the private sector can be used to develop 
transit operating plans. 

Establishing Potential Markets 

Because there was no major difference in the results obtained 
by weighted versus unweighted schemes, a decision was made 
to use the results of the weighted scheme for establishing 
potential transit markets. A review of the top 20 P-zone pairs 
in Table 4 (scoring method) and in Table 5 (scaling method) 
revealed that as many as 14 out of these 20 were common in 
both tables. These common P-zone pairs were then identified 
as potential markets for privatization. 

Operating Plans 

The 14 markets were then merged in various combinations 
on the basis of contiguity of routes to provide a total of nine 
sectors for privatization. Complete operating plans were de­
veloped for five of the nine sectors (including fleet size, head­
way, speed, fare-box revenue, and operating cost). 

The demand data compiled from UTPP files indicated the 
expected number of workers commuting between P-zones 
during the a.m. peak two hours . It was also assumed the same 
number of workers would travel between the same P-zones 
during the p.m. peak period. The premise of this study is that 
by providing high-quality transit services, it may be possible 
to capture fractions of the travel demand market for transit. 
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On the basis of discussions with local transit agencies and 
experience in other areas, it was felt that a range of 3 to 15 
percent of market capture by transit of the current demand 
would represent a realistic scenario. Further, it is generally 
agreed by transit experts that actual market capture by a new 
transit service is likely to start at a low end; however, service 
quality becomes the ultimate determining factor of transit 
ridership over the long run. 

The business plan represented in this report is based on a 
modest market capture of 5 percent of the travel demand for 
express bus service with no intermittent stop between the P­
zones. Table 6 presents data on expected ridership (based on 
a 5 percent market capture), individual segment lengths for 
each sector. A review of Table 6 indicates that ridership on 
Sectors 1, 2, 3, 5, and 7 is reasonably balanced between dif­
ferent segments (P-zone pairs) of these sectors. In Sectors 4, 
8, and 9, on the other hand, there is a much greater lack of 
balance in ridership between different segments. Sector 6 is 
the only sector that is based on a singular market in one 
direction with negligible ridership in the reverse direction. 

In developing business plans, the computation of size of 
bus fleet is based on the ridership at the maximum loading 
section (MLS). A lack of balance in ridership between dif­
ferent segments is likely to reduce the cost-effectiveness of 
the system, because of the large vacancy rate at the low­
ridership segments. Thus, efforts to develop business plans 
for this project were limited to Sectors 1, 2, 3, 5, and 7 only. 
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Fleet Size, Headway, and Cycle Time 

Using methodologies followed by transit agencies and sug­
gested in textbooks, the fleet size, headway, and cycle times 
for each of the five sectors were computed (8). The following 
formulations were used in these computations: 

Nv ::::: (Dp x Q)/(Vc x 60) 

H = Q/Nv 

where 

Nv number of buses required (fleet size), 
Dp = hourly passenger demand at the maximum loading 

section (MLS), 
Q cycle time (min) = Td + Ts + Tc, 

Td driving time (min), 
Ts = boarding and unboarding time (min), 
Tc = layover time (min), 
H = headway (min), and 

Ve = number of passengers by each bus. 

As indicated earlier, the value or Dp was taken as the 
demand at the MLS compiled from information presented in 
Table 6. The following set of assumed values was used in 
computing the headway and fleet size. 

TABLE 6 EXPECTED RIDERSHIP DATA BY P-ZONE PAIRS FOR NINE SECTORS ON THE BASIS OF A 5 PERCENT 
MARKET CAPTURE RATE 

Sector P-Zone Demand (Peak- Distance P-Zone Demand (Peak- Distance P-Zone 
Hour Ridership) (miles) Hour (miles) 

Ridership) 

• 1 14-Mt. Clemens 592 9.44 13-Sterling 531 7.03 21-Warren 
Hts. 

21-Warren 274 7.03 13-Sterling 104 9.44 14-Mt. Clemens 
Hts. 

• 2 14-Mt. Clemens 696 8 .25 22-East Detroit 454 5.38 21-Warren 
21 -Warren 268 5 .36 22-East Detroit 134 6.25 14-Mt. Clemens 

• 3 13-Sterling Hts. 356 7.42 12-Troy 148 11. 75 21-Warren 
21 -Warren 197 7.03 13-Sterling 

Hts. 

4 20-Madison Hts. 69 3.69 16-Royal Oak 428 7.17 12-Troy 

• 5 18-Royal Oak 176 3.44 19-Ferndale 277 6.28 17-Southfield 
17-Southfield 116 6 .26 19-Ferndale 166 3.44 16-Royal Oak 

6 25-Livonia 671 6.79 16-Farmington 274 6.92 17-Southfield 

• 7 38-Grosse lie 919 8.6 36-Southgate 320 6.44 37-River Rouge 
37-River Rouge 215 8.32 33-Dearborn 
33-Dearborn 31 8.32 37-River Rouge 252 6.44 36-Southgate 
36-Southgate 174 8.6 38-Grosse lie 
36-Southgate 541 8.26 33-Dearborn 

8 33 -Dearborn 495 7.88 32-Dearborn 70 7.88 33-Dearborn 
His. 

9 2-Waterford 729 6.25 3-Pontiac 42 6.25 2-Waterford 
• Selected for Developing Business Plans 
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Dp = Hourly demand at the MLS (based on a 5 percent 
market capture), 

Ve = 50 passengers per bus (no standees), 
Vm = 30 mph (maximum speed), 
Tc = 2.5 to 5.5 min . 

It was also assumed that during the off-peak hours the 
demand would be reduced by 50 percent. Thus, 50 percent 
of the fleet size of that computed for peak-hour operation 
would be required for off-peak operation at twice the head­
way_ Last, the most important a ·su111ption was that express, 
nonstop ervice w uld be provided between the P-zone pairs 
with an eff rt to maintain an average speed becwe n 20 aucl 
25 mph. Local services may provide additional revenue, par­
ticularly because they allow a seat to be sold several times. 
However, the assumption of express, nonstop service is con­
sistent with the presumed existence of markets for zone pairs 
with longer travel times as explained earlier. The basic op­
erating data compiled for the five sectors are presented in 
Table 7. 

Operating Cost and Revenue Data 

Operating cost and revenue were compiled for privatized tran­
sit operation for the following scenario using the fleet and 
headway data presented in Table 7. 

Peak-hour services are to be provided during a.m. two hours 
(7 :00 to 9:00 a.m.) and p.m. lWo hours (4 :00 lO 6:00 p.m.). 
Off-peak hour ervices are lo be provided for even hours (9:00 
lo 4:00 p.m.) al lwice 1hc peak-hour headway wi1h 50 perCCLll 
size of OceL The private contractor will lrnve the complete 
re ·ponsibilily of providing bu es ($caring capacity 50), oper­
ating, and main tenance (including vehicle storage) services for 
a contrnc1m1I rate of 70 per bu -hour. ( Ole: This con1ractual 
rate was purposely assumed to be higher than the hourly rate 
quoted by the providers during the survey, to offset unforeseen 
increases in energy, price, inflation, etc.) The transit agency 
will have the responsibility of monitoring the contract , col­
lecting fare-box revenue, ensuring proper service level, and 

developing and en~ rcing quality standards for a 20 percent 
overhead. The effective hourly ra1e (or providing servic · would 
thu amoullt to $84 per bour (including ovcrhc<td) . Although 
fleet size i computed using 100 percent vehicle occupancy at 
the MLS, a coJ1 scrvmivc e. timat of 70 percent vehicle oc­
cupancy wa used for computi ng fare-box revenue. bu fare 
ranging from $0.75 lo $1.50 per ride was assumed . Services 
arc lo be provided for 255 working days per year. Fare-box 
revenue was computed for four peak hour using the peak­
hour ridership data. For seven hour · of off-pe:ik operation , 
fare-box revenue was e ti1nated as 50 percent of peak-period 
revenue. 

103 

Independent of the privatization approach, the costs of the 
operating services were also derived by the fully allocated cc). t 
(FAC) method , a techniqu, incrca ingly applied by transit 
agencies when all the co t element· are apportioned into dif­
ferent variables (8). The FAC model developed for large 
buses for the regional transit agency SMART was used to 
compile operating cost data (9): 

SMART Agency Model: 

FAC = $1.025X + $21.03Y + $80,516Z 

where 

FAC annual fully allocated cost, 
X = annual total vehicle-miles, 
Y = annual total vehicle-hours, and 
Z = number of hours required to provide peak service. 

The data compiled on operating cost and revenue are pres­
ented in Table 8. The annual operating cost derived by the 
FAC method in all the five cases analyzed is somewhat higher 
than the cost of privatized operations as computed under the 
appropriations stated earlier. In all the ca es analyzed, deficits 
are incurred because of a shortfall b tween operating cost and 
fare-box revenue. The data presented in Table 8 are based 
on two conservative assumptions: (a) an hourly rate of $84 
of operating cost, and (b) 70 percent vehicle occupancy. Con-

TABLE 7 BASIC OPERATING DATA FOR FIVE PROPOSED SECTORS 

Sector Peak/Off-Peak Dp MLS Headway (II) Cycle Time Fleet Size Av. Speed 
(Passengers/ (i-j pair) (minutes) (Q) {# of buses) (mph) 

Hour minutes 

p 472 13 - 21 6 96-100 1 6 20 .0 

0 236 13-21 1 2 84 7 23 .5 

2 p 433 22-21 6 66-70 1 1 23 .5 

0 217 22-21 1 2 60 5 27 .3 

3 p 178 1 3 - 1 2 12 60 -7 0 5 22.5 

0 89 13-12 30 60 3 26.2 

5 p 1 39 1 9-1 7 15 60-70 4 16 .5 

0 70 1 9-17 40 60 2 19 .5 

7 p 5 03 26 - 27 5 100 1 7 28 . 1 

0 252 3 6-37 1 0 80 - 85 8 33.0 
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TABLE 8 COMPARISON OF FARE BOX REVENUE AND OPERATING COST 

Annual O~erating Cost % Prolil {Deficit) 

Sector Fleet Size Hourly Rate Fully Allocated Annual Fare-box Hourly Rate Fully Allocated 
Peak/Off-Peak Method Cost Method Revenue Method Cost Method 

$84/hour (70% $84/hour) 
occu anc 

P-1 6 $2,420,460 $2,746,595 .00 $934,715.25 (61 .4%) (66.0%) 

0 -7 

2 P-11 $1,692,180 $1,872,206.90 $989,068 .50 (41 .6%) (66 .0%) 

0-5 

3 P-5 $728,280 $817,742.95 $275,285.50 (48.5%) (54.1 %) 

0-2 

5 P-4 $642,600 $635,377.40 $347,807.25 (45.9%) (45.3%) 

0-2 

7 P-1 7 $2,656,080 $3,612 ,311.00 $1,255,212.00 (52.7%) (65.3%) 

0-8 

siderable reduction in deficit can be attained by reducing the 
hourly rate for operating cost and increasing the vehicle oc­
cupancy. For example, in Sector 1, a reduction in hourly rate 
from $84 to $45 alone would bring about a reduction in deficit 
from 61.4 to 27.9 percent. 

CONCLUSIONS 

The widely diverse travel patterns in our metropolitan centers, 
along with continued increase in operating expenses, have 
posed serious financial problems to our public transportation 
agencies. Privatization is considered by many as a viable luul 
for improving suburban mobility; however, there are not many 
examples of successful implementation of such programs in 
the United States today. 

A procedure for identifying markets for transit privatization 
and a case study application on a large metropolitan area are 
described. First, a demand-based approach was developed 
that identifies spatial groups in the study area in the form of 
zone pairs with high travel demand. A procedure for iden­
tifying potential markets from these high demand sectors was 
identified by considering other explanatory variables, e.g., 
travel time, congestion levels, and land use density. Thia! , a 
procedure for identifying interested private providers was de­
veloped through a two-phase survey . Last, operating plans 
were developed on the basis of an assumed market capture 
from all available modes by transit service to be provided by 
the private agency. 

This methodology was applied to the Detroit suburban area, 
focusing primarily on the travel demands between suburban 
communities in the three-county Detroit metropolitan area. 
The analysis resulted in a total of 53 candidate markets that 
were narrowed down to 14 potentia l markets b two indepen­
dent priority ranking procedures. These markets were then 
merged in various combinations to provide a total of five 

sectors in which privatization of transit service appears fea­
sible. This is further attested by a positive provider response 
that was conducted as a part of this study. 

The data requirements for the proposed procedure include 
information on zonal travel, network, land use, and conges­
tion levels. Because most planning agencies are likely to have 
access to this type of information, the procedure appears to 
be transferable for application at most regional and local 
levels. 

It can be argued that the proposed methodology of market 
identification does not specifically address the question of user 
choice between public versus private operation. Because any 
user preference survey was beyond the scope of the project, 
the privatization aspect, as used by the authors, is indeed a 
policy decision, serving as a starting point for the analysis 
presented. It is the basic premise of this research that high­
quality transit services, whether private, public, or privately 
operated under public control, have a higher potential of 
penetrating the market that is currently dominated by the 
private automobile. The authors' justification of associating 
privatization with these markets is borne out by considerable 
suggestive evidence in the literature that privatization, be­
cause of is competitive environment, is likely to result in 
higher quality of service. 

ACKNOWLEDGMENTS 

The study from which this paper is developed was made pos­
sible through a grant provided by the University Research 
and Training Program of UMTA, U.S. Department of Trans­
portation. Matching support was also provided by the College 
of Urban , Labor, and Metropolitan Affairs, Wayne State Uni­
versity. The authors would like to express their appreciation 
to the above agencies for their support of the transportation 
research program at Wayne State University. Also, the sug-



Khasnabis et al. 

gestions and assistance provided by SEMCOG and SMART 
during the study are gratefully acknowledged. 

REFERENCES 

1. Dellibovi Speaks on Privatization. Metro Executive Dialogue, Metro 
Magazine, May/June 1988. 

2. Caner-Goble Associntcs. Expanding the Use of Private Sector Pro­
viders in Rural, Small Urban & Suburban Area. UMTA, U.S. 
Department of Transportation. 

3. C. A. Lave. Urban Transit: The Private Challenge to Public Trans­
portation. 

4. Rice Center. Private Sector Involvements in Urban Transportation. 
DOT-1-87-09. UMTA, U.S. Department of Transportation, Dec. 
1986. 

5. American Bus Association. The Potential for Optimizing Public 
Transit Service Through Competitive Contracting. UMTA, U.S. 
Department of Transportation, 1987. 

105 

6. S. Khasnabis and B. Chaudhry. Privatization of Transit Services 
Between Suburban Communities in the Detroit Metropolitan Area: 
A Marketing Approach. Final Report, UMTA, U.S. Department 
of Transportation, 1990. 

7. Regional and Corridor Planning for Four Million. Southeast Mich­
igan Council of Governments (SEMCOG), April 1989. 

8. V. Vuchic et al. Transit Operating Manual. Pennsylvania De­
partment of Transportation, 1978. 

9. Comparing Costs to Operate Public Transportation Services. 
Southeast Michigan Council of Governments (SEMCOG), May 
1989. 

The authors are responsible for the contents of this paper. The opinions 
and comments are those of the authors and do not necessarily reflect 
the official policies of any one of the supporting agencies. 

Publication of this paper sponsored by Committee on Public Trans­
portation Planning and Development. 



106 TRANSPORTATION RESEARCH RECORD 1297 

Relationship Between Surveyed 
Behavioral Intent and Actual 
Behavior in Transit Usage 

IRA M. SHESKIN 

Ju. t before Miami ' Meir roil opened , ridership projections for 
the syst m indicated that (depending on pricing assumptions) as 
many a 202.000 riders might us the y tem daily. With thi in 
mind , the Univer. ity of Marylm1cl ( M) planned to underwkc 
expensive improvements next to University Station. In 1983, a 
pretransii urv ~y wa. undertake n on the UM m·1in campu to 
discern the probabi lity that the campus community would u. c 
Merr mil. The overa ll conclusion wa that 5,796 pt:r ons ex­
pre ed an int ntion 10 ucce s the campus using Me trorail "ar 
least one time per rn nth or less." Applying a ru le fro m the 
Iran por1a1ion plam1ing literature suggested that 427 persons would 
rnke Metrorail to campus on a rat1domly selected weekday. In 
1987 a po 11ransit ·urvey was conducted n1 the M Metrorail 
station. All persons disembarking Metrorail and entering UM 
property were counted. Approximately 313 interviews were com­
pl ted . The results indicate that about 350 person, were riding 
Mctrorail to UM each day in L987, a numb r wi thin :.111 acceptable 
level of error f the 427 per ons predicted from the behavioral 
intent question n the 1983 urvey. n important pt i11t i · that 
the tudent body changed a Imo ·t completely in the 4-year span. 
The principal implication i. that the rule of dividing by a number 

etween and 5 (4 was u,cd in this study) i <111 ·lcc1m1te guide 
eveu when considering populations that change between the time 
of a prctransit ·urve-y a1 cl the in ·titution Of the Iran it service, 
such as is true with students, the elderly , employees, and other 
groups. 

Most transportation surveys ask a significant battery of ques­
tions concerning attitudes toward transportation, attributes 
of respondents (demographics, au.to mobile ownership, hous­
ing type, etc.), and travel behavior. Models are then used to 
relate attitudes and attributes to travel behavior to predict 
travel demand. The results of two surveys are reported. The 
pretransit survey was conducted in 1983, just before the open­
ing of Metrorail in Miami (Dade County). The posttransit 
survey was conducted in 1987. 

Just before Metrorail opened in Miami , ridership projec­
tions for the system indicated that (depending on pricing as­
sumptions) as many as 202 ,000 riders might use the system 
daily. With this figure in mind, the University of Miami (UM) 
planned to undertake landscaping and other improvements 
in the area of the campus next to University Station. Signif­
icant discussions also occurred concerning the relocation of 
certain campus functions to locations closer to Metrorail. Be­
cause of the significant expenditures involved in these plans, 
a pretransit survey was undertaken on the UM main campus 
in April 1983 of administrators, faculty, staff, and students to 

Department of Geography, Box 248152, University of Miami, Coral 
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discern the probability that each group would take Metrorail 
to campus. The overall conclusion from this study was that 
5,796 persons expressed an intention to access campus using 
Metrorail "at least one time per month or less." Applying a 
rule from the transportation planning literature that implies 
that actual behavior will be one-fourth of expressed behav­
ioral intent, suggested that 427 persons should take Metrorail 
to campus on a randomly selected weekday. 

In 1987, an intercept survey (the posttransit survey) was 
conducted at the UM Metrorail station. All persons disem­
barking Metrorail and entering University property were 
counted as using Metrorail to access the campus. An attempt 
was made to interview each of these persons . Approximately 
313 interviews were completed. Interviewing occurred both 
on a Tuesday and a Wednesday because class schedules dif­
fered between Monday, Wednesday , and Friday , on the one 
hand, and Tuesday and Thursday, on the other hand. Ques­
tions were asked conce rning each respondent's status (faculty, 
student, staff, visitor , etc.), destination on campus , frequency 
of riding Metrorail, availability of automobile, and possession 
of a monthly Metrorail pass . Time of the day the trip was 
made , gender, and race were obtained via observation. 

The results of the posttransit survey indicated that about 
350 persons were riding Metrorail to UM each day in 1987, 
a number within an acceptable level of error of the 427 persons 
predicted from the behavioral intent questions on the 1983 
survey. An important point is that the student body changed 
almost completely in the 4-year span. The principal impli­
cation is that the rule of dividing by a number between 3 and 
5 (4 was used in this study) is an accurate guide even when 
considering populations that change between the time of a 
pretransit survey and the institution of the transit service, such 
as is true with students, the elderly, employees, and other 
groups. 

BACKGROUND LITERATURE 

Much of the previous theoretical basis for this study has been 
proffered in the work of Ajzen and Fishbein (1). Their ·'The­
ory of Reasoned Action" assumes that human beings are 
rational and make systematic use of available information. 
The ultimate goal of the theory is to predict and understand 
an individual's behavior. First, the behavior is clearly defined 
and the determinants of the behavior are examined. Second, 
the theory assumes that most actions are under volitional 
control and, that intention to perform a behavior is the im-
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mediate determinant of the action. In order to predict whether 
an individual will perform a given behavior, they forward the 
idea that the "simplest and probably most efficient approach 
is to ask him whether he intends to (perform the behavior)." 
Although there may not always be perfect correspondence 
between intention and behavior, they suggest that a person 
will usually act in accordance with his or her intention . 

A person's intention to perform a given behavior is seen 
as a function of two basic determinants, the personal factor 
and the subjective norm . The personal factor is the individ­
ual's positive or negative evaluation of performing the be­
havior vis-a-vis the manner in which performing the behavior 
will affect him personally. This evaluation is affected by a 
person's behavioral beliefs, that is , their attitude is affected 
by what they believe will be the result if they adopt the be­
havior. With respect to modal choice, clearly some individuals 
will have a positive attitude toward use of a rail system, whereas 
others would view its use in a negative fashion. The trans­
portation planning literature includes many factors that help 
to shape these attitudes: trip time , trip length, gender, race, 
occupational status, income, education, and a host of other 
geographic and demographic variables . 

The second determinant of behavior (the subjective norm) 
is based on the individual's perception of the social pressures 
placed on him or her to perform a given behavior. Generally 
speaking, people are more likely to perform a behavior (or 
to indicate on a questionnaire that they will perform a be­
havior) if they view social pressures to do so as positive. These 
subjective norms are also a function of beliefs, termed nor­
mative beliefs . Normative beliefs refer to the beliefs con­
cerning the social pressures that one might feel either to per­
form, or not perform, a given behavior. In terms of the use 
of a rail rapid transit system, the social pressures may be 
viewed as both positive and negative . On the one hand , per­
sons riding rail transit receive positive social gratification be­
cause much of society views this as positive from an energy 
and environment-saving perspective. On the other hand, many 
persons attach a social stigma to the use of public transit. In 
the particular case described, the university population may 
be imbued with some degree of social conscience that may 
lead to a positive answer to a question about intent to use 
transit. On the other hand, among students, peer pressure 
may be strong. Students are in a stage of their life cycle when 
they are beginning to "strike out on their own" and the au­
tomobile is a strong symbol of this independence. 

Despite the promise of this theory of behavior prediction, 
only a minority of travel surveys have asked "behavioral intent 
questions," in which respondents are queried directly as to 
whether they intend to use a particular transit service in the 
future. The extent to which direct questions about intent to 
use a transit system can be used to predict actual future be­
havior is examined. Some questions about behavioral inten­
tions might be included in a survey as a procedure for measur­
ing attitudes , or as a way of assessing the outcome of an 
individual's attempt to combine underlying attitudes with per­
ceived situational exigencies . However, the main purpose of 
asking questions about behavioral intentions lies in the hope 
that intentions will act as valid predictors of future behavior. 
Just as questions about past behavior (via a travel diary, for 
example) might be used to recover information that would 
otherwise be unavailable, questions about behavioral intent 
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offer a means to study behavior that is unavailable because 
it has not yet occurred (ridership on a system before system 
implementation). 

Such exercises at prophesy are bound to be hazardous , 
however , for even when present intentions are obtained ac­
curately, circumstances can always change in a way that upsets 
the best-laid plans (2) . Kelley and Mirer (3) and Schwartz ( 4) 
provide evidence that the gap between behavioral intent and 
actual behavior widens as the distance into the future of the 
projected behavior increases. Predictions are more successful 
when the respondent has direct experience with the kind of 
act asked about rather than encountering it only as a survey 
question (5). This suggests two things in the current context. 
First, purely hypothetical questions about intentions are less 
likely to be useful for prediction than are questions about 
intentions concerning recurrent events. Thus, if a person has 
been using public transit for the work trip, a question about 
continued use of this mode into the future probably will yield 
a result with a high degree of predictive value. Second, ques­
tions about the demand for a mode of transit with which 
people have previous experience should provide more reliable 
information than for a new mode. In the current context, 
respondents were being asked to assess the likelihood that 
they would ride a new rail rapid transit system with which no 
one was yet familiar. This, in and of itself, suggests that the 
predictive value of the behavioral intent questions may be 
limited. 

This assessment stands in contrast, however, to some voting 
studies. When asked whether one will vote in a given election , 
many will overstate their propensity to vote to please the 
interviewer (6). But when likely voters are asked for whom 
they will vote, close correspondence is found between inten­
tion and behavior (7) . 

A significant literature exists in which behavioral intention 
is surmised from questions about attitudes (8,9). The strength 
of the attitude-behavior relationship is shown to vary greatly 
depending on the topic covered, the time involved , the nature 
of the measurement of both the attitudes and behaviors, and 
a wide variety of other factors (2). 

Two studies from the transportation literature bear directly 
on the problem to be described. Hartgen and Kreck (10) 
examined the problem of forecasting the probable usage of 
innovative transportation services, such as dial-a-bus and park­
and-ride, in a variety of urban and rural environments. Instead 
of asking behavioral intent directly , they study current be­
havior in the city in question as well as behavior in other 
locales in which the innovative transportation system is al­
ready in operation. 

The most important study with respect to the current prob­
lem is by Couture and Dooley (11). Their major conclusion 
confirms the findings of earlier studies: that reported prior 
intentions to use a new service often significantly overstate 
actual use once the service has been implemented (12) . This 
overstatement is seen as deriving from respondents' lack of 
experience with the new mode and from changing attitudes. 
More specifically, the study concluded that (a) intentions (to 
use transit) overstate actual behavior; (b) negative intentions 
are better indicators of nonuse than positive indicators are of 
use; and (c) situational factors (e.g., automobile and transit 
accessibility) are important determinants of modal choice. 
Couture and Dooley (11) suggest that actual behavior can be 
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predicted from behavioral intent by dividing behavioral intent 
by a number between 3 and 5. 

As an example, for a proposed bus system in Danville, 
Illinois, 85 percent of the women in the sample and 71 percent 
of the men indicated that they intended to use transit. Ac­
tually, only 35 percent of the women and 24 percent of the 
men used it. These results translate into approximately three 
intenders for every actual user and confirm the assertion that 
intention overstates behavior. The results also show that 37 
percent of those who said they intended to use transit did use 
it, whereas 84 percent of those who did not intend to use 
transit in fact did not. Couture and Dooley (11) also found 
that those indicating intent to use transit more frequently 
were, in fact, more likely to use transit than those indicating 
that they would be occasional users. This result would imply, 
for this study, that greater faith could be put in answers im­
plying that a respondent would use the Metrorail system 
"everyday" over those answering, say, "about two days a 
week." 

MODELING FRAMEWORK 

Figure 1 shows the conceptual framework for this study. The 
major question being asked is the extent to which expressed 
behavioral intent can predict actual behavior. Behavioral in­
tent may be viewed as affected by attitudes, perceptions, and 
beliefs, by demographics, by current behavior, and by the 
level of knowledge that respondents possess of the future 
system. Respondents' general attitudes toward public transit, 
their perceptions of its appeal, and their beliefs as to its cost, 
comfort, and convenience will clearly influence expressed be­
havioral intent. Previous literature suggests that demograph­
ics, particularly age and gender, should have a significant 
influence on expressed behavioral intent. As well, it seems 
logical to assume that respondents who are more familiar with 
a proposed transit system can better judge their likelihood of 
using the system. Finally, current behavior should act as a 
reasonable predictor of future transit use: those currently us­
ing buses, for example, to access campus are more likely to 
use rail transit in the future. 

Actual behavior is obviously influenced by the same set of 
factors identified earlier as affecting behavioral intent. Actual 
behavior also will be influenced by the actual environment in 
which the behavioral decision is made. Actual behavior con­
tinues to be affected by attitudes, perceptions, beliefs, de-
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FIGURE 1 Conceptual Framework. 
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mographics, and the level of knowledge of the system, al­
though this level is likely to be heightened by the opening of 
the system. The real question is the extent to which these 
factors can be used to predict actual behavior on the basis of 
expressed behavioral intent. 

BACKGROUND ON THE METRORAIL SYSTEM 

Metropolitan Dade County Florida's Metrorail system is an 
integrated multimodal public transit system consisting of a 21-
mi elevated-rail rapid transit line, a 2.1-mi downtown people­
mover (Metromover), and a bus system originally proposed 
to expand from 550 to 1,000 vehicles. (This expansion never 
occurred.) The rail line runs from the expanding Dadeland 
Shopping Center in the south, past UM to the western fringe 
of the central business district (CBD), where it connects to 
Metromover. From the CBD, the line proceeds north to the 
UM Medical School, through Liberty City, and into Hialeah. 

Just before Metrorail opened in Miami in 1984, ridership 
projections for the system indicated that (depending on pric­
ing assumptions) as many as 202,000 riders might use the 
system daily. When the system first opened, 6,000 to 8,000 
passengers per day were reported; by 1989, the number had 
increased to about 35,000 per day. Although an analysis of 
the reasons for the failure to attract the projected number of 
riders is beyond the scope of the current research, it is im­
portant to realize when examining the results reported in the 
following sections that ridership on the entire system is dismal. 

METHODOLOGY 

The results of two surveys are reported. The pretransit survey 
was conducted in 1983, just before the opening of Metrorail 
in Miami (Dade County). The posttransit survey was con­
ducted in 1987. 

1983 Pretransit Survey 

With the 202,000 riders per day projection in mind, UM planned 
to undertake improvements in the area of the campus next 
to University Station. Because of the significant expenditures 
involved in these plans, a pretransit survey was undertaken 
on the UM main campus in April 1983, of administrators, 
faculty, staff, and students, to discern the probability that 
each group would take Metrorail to campus. A questionnaire 
was developed, using a feedback process involving two review 
cycles including various faculty and administrators. It was then 
pilot tested with three geography classes. It was also reviewed 
by knowledgeable Dade County personnel, leading to a ques­
tionnaire in which five types of questions were asked: travel 
to and from campus, parking, midday travel, potential Metro­
rail usage, and questions identifying the respondent as to 
employment status, gender, and student status. 

Five campus user groups were identified: faculty, students, 
staff, administrators, and visitors, although no attempt was 
made to obtain information from the final group. It was de­
cided to undertake a blanket sample of all faculty, adminis­
tration, and staff both for political and logistical reasons. Such 
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was not so for the 13,000 students. Here, a random sample 
of 70 class sections of the 2,748 offerings was selected and a 
blanket sample done in each randomly selected class section. 
Overall, at least a 62 percent response rate was achieved from 
the nonstudent groups; 100 percent of the students cooper­
ated. Only for part-time faculty was the response rate unsat­
isfactory. Note , however, that one possible bias introduced 
by nonresponse is that nonrespondents may be less likely to 
ride than respondents. For this reason , the pretransit survey 
may be expected to overestimate ridership. 

Because of the differing response rates among user groups 
and because students were sampled only at a 5.5 percent rate , 
weighting factors were devised so that the reported university­
wide results properly reflect the relative sizes of the different 
user groups presented in Table 1. 

The questions concerning behavioral intent provided a range 
of options, and some suggested frequencies for what was then 
considered the most likely scenario. Optimally, more scenar­
ios and more frequency choices might have been presented. 
Yet, the practical aspects of survey research suggested to the 
survey designers that only a limited number of questions could 
be asked without trying the respondents' patience. 

1987 Posttransit Survey 

In 1987, an intercept survey (the posttransit survey) was con­
ducted at the UM Metrorail station. All persons disembarking 
Metrorail and entering university property were counted as 
using Metrorail to access the campus. An attempt was made 
to interview each of these persons. Approximately 313 inter­
cept interviews were completed. Interviewing occurred on 
both a Tuesday and a Wednesday, because class schedules 
differ between Monday, Wednesday, and Friday, on the one 
hand, and Tuesday and Thursday, on the other. Questions 
were asked concerning each respondent's status (faculty, stu­
dent, staff, visitor, etc.), destination on campus, frequency 
of riding Metrorail, availability of automobile, and possession 
of a monthly Metrorail pass. Time of the day the trip was 
made, gender, and race were obtained via observation . 
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An important issue is related to the fact that 4 years elapsed 
between the pretransit and posttransit surveys. Clearly , over 
this 4-year period , almost all the student body changed, as 
did a good portion of the adm inistration, faculty, and staff of 
the University. Thu , the ampling universe for the pretransit 
survey is different from the universe for the posttransit survey. 
This change in universe may help explain any differences 
between the expressed behavioral intent of the pretransit sur­
vey and the observed behavior of the posttransit survey. Al­
though this argument is rea onable, it is more than balanced 
by the fact Lhat while the individuals had changed, the stu­
dents, as a gr up , did not change significantly during this 
period. 

More important , this situation (of a changing population 
between the time of a survey and the implementation of a 
transit program) is not unique to a student population . Cer­
tainly, the time delay between surveying employees for a 
vanpool or carpool program and the implementation of such 
a program also may be considerable. The actua l population 
whose behavior would be measured by the postvanpool survey 

· will have changed because of employee turnover . A second 
example of this situatio.n can be illustrated with the 1>lanning 
of Metrorail itself. Between the time data collection first be­
gan (l964 Miami Urba n Area Tran portation , tudy) and the 
comple.tion of Metrorail (19 4) the Dade ounty population 
increased from le·s than 1 million to over l ,700,000. AL , it 
is not difficult to believe that (given that about 20 percent of 
Americans move each year) many of the 1 million persons in 
residence in 1964 were no longer Dade County residents in 
1983. Similar figures probably could be cited for many major 
transit systems. Thus, the idea of a changing universe between 
data collection and project implementation is probably the 
norm rather than the exception. 

One potential problem was that different methodologies 
were used in the pre- and posttransit surveys. Thus, differ­
ences in the results of the two surveys could be related to 
differences in the methodologies. Finances, however , made 
it impossible to repeat the 1983 effort in 1987. In addition, 
observing 1987 behavior may lead to a more accurate ridership 
estimate than sampling respondents. Unfortunately as well, 

TABLE 1 CAMPUS POPULATION AND RESPONSE RATES 

Coral Gables % of Number of 
Campus Campus Surveys Response 

User Group Population Population Returned Rate 

Graduate 3,617 22.7% 153 100% 

Undergraduate 9,469 59.5 557 100% 

Student Total 13,086 82.2 710 100%' 

Staff 1,500 9.4 1021 ~I 
Administration 350 2.2 

II 
272 I 1 1. I tv 11 

Full-time Faculty 750 4.7 426 56.8% 

Part-time Faculty 238 1.5 42 17.6% 

Total 15,924b 100.0% 2,471 

'All students asked to cooperate did . The 710 responses is a 5 .4% random sample of all 
students. 
bAccounting for vacation and sick leave and the number of days per week people come to 
campus imply 14,600 persons coming to campus each day, exclusive of visitors. 
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the 1987 methodology did not allow for collections of de­
mographics comparable to the 1983 survey. 

Note as well that the posttransit survey was only completed 
for 2 days and that some possibility exists that these 2 days 
were not representative. Optimally, a larger sample of days 
might have been included. Two factors seem to obviate the 
need for a larger sample of days. First, Dade County ridership 
figures indicat d little daily variation in boarding at the UM 
Metrorail station. Second , the numbers of riders observed on 
each of the two sampled days were almost exactly equal. 

RESULTS OF THE PRETRANSIT SURVEY 

Because the pretransit survey was to be administered to fac­
ulty (who constantly complain about demands on their time) 
as well as to students at the beginning of classes , it became 
imperative to minimize the length of the questionnaire. Thus, 
questions designed to predict behavior on the basis of atti­
tudes, perceptions, beliefs, and level of knowledge of the 
proposed system were not included. Rather, questions were 
limited to an examination of current bchavi r. to ques­
tions of behavioral intent, and to just two demographic-rype 
queries . 

Current Travel Behavior 

This section summarizes some major findings of the study, 
with respect to current travel behavior , which convinced the 
author (13) to treat the behavioral intent results with some 
degree of conservatism. Table 2 indicates that 91.5 percent 
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of the UM community arrived on campus by car, with the 
majority (88 percent) parking n campus. nly 1.5 percent 
used the bu 10 get to campu o n the day o n which they 
completed 1he form . Table indicates thm only about ..+ per­
cen l u ·ed a bu even as fe1 as 20 time in a year: <'3 percent 
had never u ed a bu to acces campu in the past year. Table 
4 indicates 1hat even half thos p r. on who did not use a car 
to access campus did, in fact, have a car available; Table 5 
indicates that 90 percent of the UM community po sess a 
driver's license. None of this portends well for rapid transit : 
most transportation surveys indicate that a good portion of 
transit riders are "captives," i.e., they have no other options 
except tran it (14) . T hi. is not . o for the UM communit . Jn 
addition, the 11 percent f the UM community wh carpool 
to cDmpu (Table 6) are le like ly to switch 10 tran it becau e 
they already enjoy a somewhat inexpensive group journey to 
school. 

Table 7 indicates that, unlike most large employment cen­
ters, only 45 pen.lent arrived during the m ming peak period 
(7:00 to 9:00 a.m.) · only 28 percent left in the evening peak 
( 4:00 to 6:00 p.m.) (Table ). The implic<'ltion of this infor­
mnti n i ' that much of the UM populati n traveled during 
the off-peak period. when rapid transit headways are greate l 
~md road traffic i , lightest. 

Tabl 9 indicates tha t 71 percent of the campus c mmunity 
spent 6 min or less finding parking. 80 percent were within a 
6-min walk of their first building d tination on campus (Table 
10). Thus, a serious parking problem that would certainly 
encourage transit usage (as it does in many CBDs) did not 
exist on the UM campus . 

One aspect of current behavior that did portend well for 
Metrorail usage is the percentage of persons (49 percent) 

TABLE 2 HOW DID YOU GET TO THIS CAMPUS TODAY? 

Mode Faculty Student Starr Administration Total 

Car-parked 88.l % 89.4% 77.4% 88.6% 87.8% 

Car-dropped off 3.7 2.2 12.8 4.7 3.7 

Walk 2.5 3.9 2.1 1.6 3.5 

Bus 1.6 1.1 4.2 2.7 1.5 

Other 4. 1 3.4 3.5 2.4 3.4 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 

TABLE 3 HAVE YOU TAKEN METROBUS TO OR FROM THIS CAMPUS 
IN THE PAST YEAR? 

Frequency Faculty Student Staff Administration Total 

Never 87.0% 83.l % 79.0% 85.l % 83.0% 

1 - 2 times 7.4 5.0 6.9 5.2 5.3 

3 - 10 3.6 6.7 4.6 3.3 6.2 

11 - 20 .2 1.5 1.1 .0 1.4 

More than 20 1.8 3.7 8.5 6.3 4.1 

Total 100.0% 100.0% 100.0% 100.0% 100.0 
% 

Summary: 1 + times 13.0% 16.9% 21.0% 14.9% 17.0% 



TABLE 4 DID YOU HA VE A CAR AVAILABLE TO COME TO THIS 
CAMPUS TODAY? 

Of Those Not Using a Car Today: 

Faculty Student Staff Administration Total 

No 22.1% 45.5% 79.5% 52.9% 48.9% 

Yes 77.9 54.5 20.5 47.1 51.1 

Of All Persons, Whether They Used a Car Today or Not: 

No 1.8 3.8 7.8 3.5 4.1 

Yes 98.2 96.2 92.2 96.5 95.9 

TABLE 5 DO YOU HAVE A DRIVER'S LICENSE VALID FOR USE IN 
FLORIDA? 

Faculty Student Staff Administration Total 

No 9.3% 9.6% 15.7% 4.8% 10.1 % 

Yes 90.7 90.4 84.3 95.2 89.9 

fABLE 6 DID YOU (WILL YOU) CARPOOL WITH SOMEONE TODAY? 

Faculty Student Staff Administrati . 

No 94.3% 89.7% 83.3% 90.9% 89.3% 

To & From Campus 5.0 7.0 11.8 7.1 7.4 

To Campus .4 1.9 2.9 .8 1.9 

To Leave Campus .4 1.4 2.0 1.2 1.4 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 

TABLE 7 APPROXIMATELY WHEN DID YOU ARRIVE ON CAMPUS 
TODAY? 

Tiffie Faculty Student Staff Administration Total 

Before 9 AM 58.9% 35.9% 79.8% 81.l % 44.6% 

9 AM - Noon 32.9 44 .5 6.7 12.5 38.0 

Noon - 4 PM 6.6 6.8 4.5 5.6 6.3 

4PM-6PM .6 10.0 3.2 .8 8.1 

After 6 PM 1.1 2.8 5.8 .0 2.9 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 

TABLE 8 APPROXIMATELY WHEN DID YOU EXPECT TO LEA VE THIS 
CAMPUS AT THE END OF YOUR UNIVERSITY DAY? 

~ Faculty Student Staff Administration Total 

Before 9 AM 2.8% 1.8% 6.6% 1.6% 2.4% 

9 AM - Noon 2.7 5.8 .3 .0 4.7 

Noon - 4 PM 19.3 32.6 16.0 3.5 28.6 

4PM-6PM 49.7 18.8 63.8 70.2 28.3 

After 6 PM 25.5 41.0 13.3 24.7 35.9 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 

II 
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TABLE 9 HOW MANY MINUTES DID IT TAKE YOU TO FIND A PARKING 
SPACE TODAY? 

nme Faculty Student Staff Administration Total 

0-3 83.0% 45.0% 81.0% 81.4% 53.0% 

4 - 6 8.1 20.5 11.5 9.1 18.0 

7 - 10 4.2 13.2 5.8 3.5 11.3 

11 - 20 3.2 12.7 1.3 3.5 10.5 

Over 20 1.5 8.7 .4 2.3 7.2 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 

Summary: < 6 min 91.1% 65.5% 92.5% 90.5% 71.0% 

TABLE 10 HOW MANY MINUTES DID IT TAKE YOU TO WALK FROM THE 
CAR TO THE FIRST BUILDING YOU WENT TO ON CAMPUS? 

Time Faculty Student 

0-3 69.7% 31.7% 

4 - 6 22.9 ' 44.0 

7 - 10 5.8 18.5 

11 - 20 1.5 4.7 

Over 20 .0 1.0 

Total 100.0% 100.0% 

Summary: < 6 min 92.6% 75.7% 

indicating that they leave the campus and return at least one 
time at some point during the day (termed a "midday trip") 
(Table 11). Questions about the destinations of these trips led 
to the conclusion that at least 38 percent of such trips could 
be made by Metrorail (in that they are to destinations that 
are accessible by Metrorail). Table 12 indicates that 25 percent 
of the midday tripmakers would have used Metrorail for their 
midday travel had it been available on the survey day. On 
the other hand, Table 13 indicates that 89 percent of midday 
trips are made currently by car, implying that about 44 percent 
of campus personnel leave campus by car during the midday­
many to locations that are not accessible to Metrorail. Cer­
tainly, persons who need their car for travel during the day 
are less likely to leave their car behind in the morning and 
use Metrorail. 

Overall, the questions concerning current travel behavior 
suggested that ridership of Metrorail by the UM community 
could not be expected to be significant. 

Staff Administration Total 

71.5% 70.2% 40.8% 

21.5 24.8 39.0 

4.7 4.6 15.4 

1.9 .4 4.0 

.4 .0 .8 

100.0% 100.0% 100.0% 

93.0% 95.0 01-

Behavioral Intent to Use Metrorail 

Table 14 presents the results of a question with a series of 
conditions that were, at the time the questionnaire went to 
print, the Dade County staff recommendations for Metrorail 
pricing. (The adopted fare was, in fact, $1.00 each way and 
parking was free during the 1987 posttransit survey.) Table 
14 indicates that approximately 31 percent of the UM com­
munity expected to use Metrorail; 11 percent would use it 
"once a month or less"; 10 percent, "l-7 times per month"; 
5.4 percent, about twice per week; and 4.4 percent, "every­
day." Behavioral intent is certainly much higher among stu­
dent groups (34 percent planning to use it at least "once a 
month or less") than nonstudent groups (18 to 20 percent). 
Note as well that, of those persons expressing an interest in 
riding 36 percent would use it "once a month or less"; 32 
percent, "1-7 times per month"; 17 percent, about twice per 
week; and 14 percent, "everyday." 

TABLE 11 HAVE YOU LEFT THIS CAMPUS AND RETURNED (OR DO 
YOU EXPECT TO LEA VE THIS CAMPUS AND RETURN) ANY TIME 
TODAY? 

Faculty Student Staff Administration Total 

No 61.8% 50.0% 58.6% 28.6% 51.l % 

Yes, once 31.8 41.1 36.3 52.8 40.3 

Yes, 2+ times 6.5 8.9 5.1 18.6 8.6 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 
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TABLE 12 IF METRORAIL WERE AVAILABLE TODAY, WOULD YOU 
HA VE USED IT FOR THIS MIDDAY TRIP? 

Faculty Student Staff Administration 

No 82.5% 72 .4% 83.7% 81.l % 74.1% 

Yes 17.5 27.6 16.3 18.9 25.9 

TABLE 13 WHAT MEANS OF TRANSPORTATION DID YOU (WILL YOU) 
USE ON YOUR MIDDAY TRIP? 

Mode Faculty Student Staff Administration Total 

Car 84.0% 76.1% 74.1 % 79.2% 76.5% 

Car pool 10.8 12. 2 15.3 8.3 12.3 

Walk 1.9 6.5 2.7 8.9 6.0 

Bus .0 1.6 4.8 1.0 1.8 

Other 3.3 3.5 3.1 2.6 3.4 

Total 100.0 % 100.0% 100.0% 100.0% 100.0% 

TABLE 14 SUPPOSE METRORAIL OPENS JANUARY 1, 1984; THE PRICE OF 
GAS REMAINS AS IT IS NOW; METRORAIL COSTS $2.00 ROUND TRIP, PLUS 
25 CENTS FOR TRANSFERS TO AND FROM THE BUS; PARKING AT A 
METRORAIL STATION IS $1.00/DAY. WOULD YOU USE METRORAIL TO 
GO TO AND FROM THIS CAMPUS? 

Frequency Faculty Student StaIT Administration Total Total• 

Never 80.3% 66.1 % 82.7% 82.0% 69.0% 

I/month or less 6.8 12.4 4.5 4.8 I I.I 35.8% 

I - 7 
times/month 5.3 11.3 3.9 4.4 10.0 32.2 

2X/week 3.5 5.9 3.5 1.5 5.4 17.4 

Every Day 4.1 4.2 5.4 7.4 4.4 14.2 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

'Excluding persons never riding. Thus, the interpretation is that 35.8% of persons who indicated 
that they will ride indicated that they will ride I/month or less. 

Table 15 presents behavioral intent to use Metrorail under 
various pricing structures. Note that as the total cost (round 
trip fare plus parking) increases from $1.00 to $2.00 to $3.00 
to $3.50 to $4.00, intended usage decreases from 50 percent 
to 40 percent to 20 percent to under 5 percent. Thus, the 
campus community-particularly the students-appears to 
be price sensitive. 

On the basis of the literature review and the generally neg­
ative indications about future transit use that arise from the 
study of current campus travel behavior, projected behavior 
was put at 25 percent of behavioral intent. Table 16 indicates 
that at a $2.00 total cost , 5,796 UM persons expressed an 
intent to use Metrorail "at least one time per month or less." 
Projected behavior was, then, that 1,449 persons would use 
Metrorail "at least one time per month or less." 

Given that 1,449 were to use Metrorail in a given month, 
calculations of how many of these persons one should expect 
to encounter on a random selected day are presented in Table 
17 and indicate that we should expect 427 riders per day. 

Demographic Variables 

Space on the questionnaire precluded the inclusion of many 
demographic variables. In addition, the variance in age for 
students is minimal. Only two demographic variables were 
included . The first was occupation. Table 14 indicates that 
expressed behavioral intention does vary significantly be­
tween students (66 percent never) and the other groups (80 
to 82 percent never). Finally, in a result not in a table, 5 times 
as many males as females expressed intent to use the system, 
suggesting a concern with safety. 

RESULTS OF THE POSTTRANSIT SURVEY 

The results of the posttransit survey indicated that only about 
350 persons were riding Metrorail to the UM each day in 
1987, a number that is within the same ballpark as the 427 
figure projected by the Couture and Dooley (11) rule. This 
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TABLE 15 IF INSTEAD, THE ROUND TRIP COST (INCLUDING 
METRORAIL FARE, BUS TRANSFERS, AND PARKING) WAS $1.00, $2 .00, 
$3.00, $3.50, OR $4.00, WOULD YOU USE METRORAIL? 

Round Trip Cost Faculty Student Staff Administration Total II 
$1.00 32.4% 54.5% 32.5% 29.7% 50.4% 

$2.00 26.3% 43.0% 24.4% 21.6% 39.7% 

$3.00 12.9% 21.4% 12.8% 13.3% 19.8% 

$3.50 11.I % 8.9% 6.6% 10.5% 8.9% 

$4.00 6.5% 4.8% 3.4% 2.7% 4.7% 

TABLE 16 BEHAVIORAL INTENT AND PROJECTED BEHAVIOR­
NUMBER OF USERS 

Behavioral Intent Projected Behavior 

Round Trio Cost % Yes #Users % Yes #Users 

$1.00 50.4% 7,358 12.6% 1,840 

$2.00 39.7% 5,796 9.9% 1,449 

$3.00 19.8% 2,891 5.0% 722 

$3.50 8.9% 1,299 2.2% 325 

$4.00 4.7% 686 1.2% 172 

TABLE 17 PROJECTION OF DAILY RIDERSHIP 

Frequency Percentage #of Users Project Daily Riders 

1/month or less 35.8% 524 24' 

1 - 7 times/month 32.2 467 96b 

2X/week 17.4 252 101' 

Every Day 14.2 206 206• 

Total 100.0% 1,449 427 

'Assumes that about 22 weekdays exist per month. 524 divided by 22 = 24. 
bAssumes that each person average 4.5 times per month. 4.5/22 of 467 = 64. 
'Assumes that each person rides 40% of the time (2 of 5 weekdays) . .4 times 252 = 101. 
•Assumes that each person rides each day. 

is certainly an encouraging result· and suggests that survey 
research can be used as an effective tool for making ridership 
projections, even in instances when the population of interest 
changes significantly between the time of the survey and the 
implementation of the transit system. 

Several additional findings are of interest: 

1. Of the 350 riders, 70 percent were students, 13 percent 
were staff, 12 percent were administrators or faculty, and 6 
percent were visitors to campus. This finding is consistent 
with the pretransit survey, which indicated that a greater per­
centage of students were likely to use the system. 

2. 60 percent rode Metrorail daily amt 87 percent rode 
Metrorail both to and from campus. This is consistent with 
the idea that behavioral intent is more reliable for respondents 
who indicated that they would ride everyday. 

3. 42 percent had a car available. 
4. 54 percent were males. This is interesting because males 

outnumbered females by 5 to 1 in the group expressing an 
intent to ride transit in the pretransit survey. 

5. 29 percent were black, 58 percent were white, and 14 
percent were others. 

6. Most of the ridership was during the morning peak. 

SUMMARY AND CONCLUSIONS 

Previous research examining some methods for predicting be­
havior with questionnaires has been reviewed and a concep­
tual framework (Figure 1) outlining the various types of fac­
tors that have been used to assess behavioral intent has been 
described. Such research indicates that the percentage ex­
pressing positive intentions to use transit must be divided by 
a number between 3 and 5 to mirror actual behavior. The 
results of two surveys have also been reported. The pre transit 
survey was conducted in 1983, just before the opening of 
Metrorail in Miami (Dade County). The posttransit survey 
was conducted in 1987. 

Just before Metrorail opened in Miami, ridership projec­
tions for the system indicated that (depending on pricing as-
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sumptions) as many as 202,000 riders might use the system 
daily. A pretransit survey was undertaken on the UM main 
campus in April 1983 of administrators, faculty, staff, and 
students to discern the probability that each group would take 
Metrorail to campus. The overall conclusion from this study 
was that 5,800 persons expressed an intention to access cam­
pus using Metrorail at least "once a month or less." Applying 
a rule from the literature and survey information concerning 
projected frequency of use led to a prediction of 427 riders 
expected on a randomly selected weekday. 

In 1987, an intercept survey (the posttransit survey) was 
conducted at the UM Metrorail station. All persons disem­
barking Metrorail and entering university property were counted 
as using Metrorail to access the campus. An attempt was made 
to interview each of these persons. Approximately 313 inter­
views were completed. 

The results of the posttransit survey indicate that only about 
350 persons were riding Metrorail to UM each day in 1987, 
quite close to the 427 passengers predicted by the model, 
particularly because respondents in 1983 were asked to assess 
the likelihood that they would ride a system with which no 
one was yet familiar. These results are encouraging for the 
continued use of behavioral intent questions in predicting 
transit ridership. 

Clearly, in spite of advances in transportation modeling, 
transportation planners still do not have a series of models 
that make accurate predictions of travel demand and modal 
split. The results clearly argue for further research into the 
use of behavioral intention questions in modal choice mod­
eling. 
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Transit-Sensitive Suburban Land Use 
Design: Results of a Competition 

EDWARD BEIMBORN, HARVEY RABINOWITZ, CHARLES MROTEK, AND 

SHUMING YAN 

The International City Design Competition (ICDC) is analyzed 
to determine the extent to which public transit was included by 
planners, architects, and engineers in their visions of the future 
for suburban areas. The ICDC provided an opportunity for ex­
perts in urban design to present concepts for the form of cities 
in the year 2020. The ICDC generated over 250 entries from over 
40 countries. An analysis of the suburban portion of the ICDC 
is described to determine how (or if) public transit was considered 
and to partially identify that state of the practice of land use 
design as it relates to transit. Results of the analysis indicated 
that, in general, entrants favored a town center, with neighbor­
hood or crossroads approach in their designs of the suburban area 
with limited use of corridor development patterns. Increased open 
space and a mixture of housing types were also frequently used. 
However, the analysis showed a limited use of public transit as 
a factor in suburban planning. Only 43 percent of the proposals 
evaluated explicitly used public transit and only 12 percent of the 
proposals evaluated were judged to have used it appropriately. 
Bu transit , park and ride services, or commuter rail were seldom 
considered as an option for suburban areas. Further analysis of 
planning handbooks or guides and accreditation criteria for ed­
ucational programs related to land use planning showed little 
explicit consideration for public transit. These results imply that 
the state of the art for using public transit as a land use design 
consideration is poor and that, if this view holds, little change is 
expected in the automobile-dominated suburbs in the future. 

There has been a rapid growth in the level and complexity of 
suburban activity during the past decades. Suburban areas 
that used to be thought of as bedroom communities for com­
muters into a central city have now become multifunctional 
areas with a full range of employment, business, and insti­
tutional activity, some of which rival downtown areas. A di­
verse set of activities covering all aspects of modern life have 
become available in suburban areas along with all of their 
associated problems. No longer are suburban streets quiet 
avenues. They have become crowded arterials with severe 
traffic congestion and safety problems. There is a critical need 
to develop means of public transport that can be used to 
relieve these problems as well as to provide better mobility 
for residents and workers in suburban areas. 

Efforts to incorporate public transport into suburban ac­
tivity centers have had limited success. Travel patterns are 

E. Beimborn and C. Mrotek, Center for Urban Transportation Stud­
ies, University of Wisconsin-Milwaukee, P.O. Box 784, Milwaukee, 
Wis. 53201. H. Rabinowitz, School of Architecture and Urban Plan­
ning, University of Wisconsin-Milwaukee, P.O. Box 784, Milwau­
kee, Wis. 53201. S. Yan, OKI Regional Council of Governments, 
801-B West 8th Street , Suite 400, Cincinnati , Ohio 45203. 

highly diverse, with trips from many origins to many desti­
nations and few concentrated corridors of demand . Activity 
centers and trip generators are poorly tied to each other and 
scattered in many locations. Buildings are difficult to access 
by transit or by foot in an automobile-dominated world. Tran­
sit is not typically considered in land development , planning, 
and implementation decisions and it is difficult to retrofit 
transit into a suburban environment. 

Most work on the problem of transit in suburban areas to 
date has concentrated on the development of new methods 
of operation or administration of public transit services in 
suburban areas . Demonstration projects have been attempted 
and new services have been offered with the hope of finding 
effective transit solutions to suburban travel problems. Al­
though these efforts certainly have merit, they often ignore 
the underlying land use design issues that are the root of 
transportation problems. Land use decisions are made, site 
designs are approved, and projects are implemented with little 
or no regard for public transportation, on the assumption that 
the automobile is the only mode of transportation available. 
Little systematic work has been done to develop land use 
patterns that can be designed in response to transit needs. 
Work done in the United States (Seattle Metro, Snohomish 
County (1,2)] and in Canada (BC Transit (3)] provide limited 
guidance, but the real estate developer or local planner who 
wishes to design projects to facilitate transit use has little 
information available. The purpose will be to examine how 
urban designers and planners view the role of transit and 
transit-responsive land use and to point out future trends and 
directions in these areas. 

The objective will be to investigate the state of the art of 
suburban land use planning to determine the extent to which 
public transportation is considered. This will be done by ex­
amination of the entries submitted in the International City 
Design Competition (ICDC) as well as a partial look at the 
basic literature in the form of planning textbooks and stan­
dards. The ICDC was an international urban design contest 
that provided an opportunity for design professionals to pre­
sent their visions of how future cities should be designed. 
These entries provide a glimpse into the current thinking of 
professionals involved with land use design and decision mak­
ing and can help to indicate how future land use planning will 
occur. Approaches used in the suburban design component 
of this competition, in nearly 200 entries from over 40 coun­
tries, are summarized. In addition , criteria were developed 
that can be used to assess whether a design is transit sensitive. 
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CRITERIA FOR TRANSIT-SENSITIVE DESIGN 

Transit can be successful in attracting usage away from the 
automobile if it provides a user-oriented service. User-ori­
ented transit operates directly between passengers' origins 
and destinations without transfer, at a convenient schedule, 
and at a price that is competitive with the automobile. Transit 
stops should be easily accessible to building entrances to min­
imize walking and there should be clear pathways that connect 
activity points and transit services. Transit-sensitive land use , 
then, recognizes these factors and provides convenient con­
nections between land uses and transit services. Furthermore, 
trip ends are concentrated in convenient locations to provide 
a sufficient market for transit services. In order to determine 
the extent to which the ICDC entries were sensitive to factors 
that lead to successful transit, a set of criteria were developed . 
These criteria related to concentrations of trip ends, pedes­
trian movement, and ease of operation of the transit service. 
They are as follows: 

1. Density of Land Use . Are densities feasible for transit 
utilization? 

2. Number of People. Is the total number of people who 
live or work sufficient within the market area of a transit stop 
or route (Y4-mi radius)? 

3. Concentrated Locations. Are the locations of housing, 
employment, commercial activity, etc., concentrated in re­
lationship to potential transit lines? 

4. Pedestrian Orientation. To what extent does the design 
consider pedestrian movement? 

5. Minimize Walking. Does the design provide logical path­
ways that connect land uses with the location of potential 
transit services so that overall walking is minimized? 

6. Through Routing. Does the location of streets permit 
easy movement of transit vehicles into and out of the area 
without backtracking or circuitous routing? 

7. Turns Required. How many turns are required for transit 
vehicles to serve the area? Fewer turns are better. 

8. Right-of-Way Available. Are rights-of-way (either streets 
or guideways) that can be used for transit services provided? 

9. Overall Feasibility. An aggregate indicator, combining 
the other criteria into a single value. . 

10. Evidence of Transit. Is transit mentioned in the text or 
graphics accompanying the design or is transit service appar­
ent from the presentation of information 

Each design was systematically reviewed according to these 
criteria to assess the degree to which people considered transit 
in land use design. Over 200 projects in the competition were 
evaluated for a variety of transit and land use attributes of 
the suburban portion of the competition. Because of the wide 
range of the proposals, three pretest stages were required to 
develop an appropriate evaluation form. Two research as­
sistants examined the suburban aspects of the proposals, not­
ing project attributes on standard survey forms; the survey 
forms included multiple criteria to measure the characteristics 
of each proposal; interobserver reliability and sampling 
throughout the project were assessed by the principal inves­
tigators. Some 82 (31 percent) of the projects were eliminated 
from the survey because they did not address the suburban 
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element of the competition, they presented highly abstract or 
incomplete solutions, or the submissions were unavailable for 
examination. 

THEICDC 

Description 

The ICDC was conducted by the School of Architecture and 
Urban Planning at the University of Wisconsin-Milwaukee 
to develop innovative ideas for cities of the future ( 4). This 
international competition, held in 1988-1989, provided $125,000 
in prize money to winning proposals chosen by a renowned 
jury of planners and scholars. The competitors were "chal­
lenged to create innovative and credible visions for Milwaukee 
in the year 2020." In addition, these solutions were to be 
usable in similar settings throughout the world. Planners, ar­
chitects, and designers put forth their concepts and visions of 
the city of the future addressing the urban center, an older 
neighborhood, and a relatively undeveloped suburban fringe 
area. 

Milwaukee was chosen as the site of the competition be­
cause it is representative of many cities that experienced rapid 
economic development and growth tied to manufacturing dur­
ing the past century. Such cities are currently going through 
profound changes in their economic structure as they move 
from a manufacturing to a service base. The competition's 
program directed entrants to develop "innovative proposals 
that responded to the social and economic forces of today." 

The suburban element of the competition involved the de­
sign of a portion of the City of Oak Creek, south of the City 
of Milwaukee. An area of land approximately -% mi square, 
with an existing mixed land use of residential development, 
with large agricultural areas and open space, was used as the 
competition site. Approximately 70 percent of the land was 
in nonurban use. The area was chosen to represent suburban 
areas with potential for development. lt is located near a 
major freeway corridor, has a freight rail line, as well as 
several arterial roadways passing through it, and is near Mil­
waukee's airport. 

Competitors were asked to outline their vision of the area 
in terms of expected changes in land use, rate of development, 
relationship to the metropolitan area, size of projects, degree 
of replacement of existing development and preservation of 
the natural environment. This program for the future would 
then provide a basis for the physical layout of land uses 
and infrastructure for the area. Entries were submitted on 
standard-sized boards that contained a written and graphical 
presentation of the designs. The use of public transit was up 
to each of the competitors. 

ICDC Evaluation Results 

Characteristics of Entries 

Over 250 entries were received from architects, planners , and 
engineers from 45 different countries. The United States con­
tributed 81 participants; other North American countries had 
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22; Eastern Europe, 44; South America, 13; Asia/Pacific, 39; 
and other (Africa/Middle East) had 10 entrants. A number 
of submittals had several countries represented on the same 
team. The competitors represented a diverse group composed 
of professionals and students, academics, and practitioners, 
first-time competitors as well as winners of 30 other compe­
titions. Typical team size was two to four members with 75 
percent of the participants practicing professionals and 20 
percent students. Architects were represented on 83 percent 
of the teams, urban planners on 42 percent, engineers on 8 
percent, and landscape architects on 11 percent. Private firms 
contributed 38 percent of the entries, public agencies 11 per­
cent, university faculty 27 percent, and students 39 percent. 
Competitors were urged to form interdisciplinary teams, and 
many of the higher-ranked solutions came from international 
teams composed of architects, engineers, planners, and art­
ists. Overall, 3 teams won gold medals and shared a prize of 
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$75,000, 4 silver medal teams shared $50,000, and 15 teams 
won honorable mentions. Collectively, the winning entries 
represented Argentina, Australia, Austria, Brazil, Canada, 
China, India, Japan, Poland, and the United States. 

Suburban Design Approach 

A total of 182 entries were analyzed to determine their ap­
proach to suburban land use design. These entries were those 
that planned for growth in the area and excluded ones that 
proposed removal of existing development or did not address 
the suburban portion of the competition. The general char­
acteristics of the designs are shown in Figures 1-4. 

Design Approach The overall approach used by entrants 
is shown in Figure 1. The most frequently used concept, seen 
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FIGURE 1 ICDC suburban entries-design approach. 
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FIGURE 3 ICDC suburban entries-use of open space. 
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in over half the submissions, was a village center approach. 
These designs attempted to create a town center with multiple 
activities. Similar concepts, to create several neighborhood 
focal points or to use a crossroads development pattern, was 
used by about 40 percent of the entries (some used multiple 
concepts). Development along transportation corridors was 
used by about 20 percent of the entries. Typically the designs 
would include mixed land uses with a central area for shopping 
and employment. Many proposals concentrated development 
on a portion of the site and left substantial open space. 

Commercial Land Use Entrants also favored a centralized 
approach for commercial development (Figure 2), with 62 
percent of the entries using a high-activity node and 49 percent 
using a nonconventional activity center, both mixed-use con­
cepts at different levels of intensity. Entertainment and rec­
reational concepts were used by 34 percent of the entrants, 
and conventional shopping center concepts were used by 26 
percent. Development along corridors either as a strip com­
mercial area or along the rail corridor was rare, with less than 
one-sixth of the entries using such an approach. 



120 

Open Space ·nt rants pr posed extensive u~e of open space 
· igure 3) with nenrly two-th ird f the entrants pmp sing t 

increase the area of parks an I greenbe lts an I half including 
increased woodland areas. Permanent agricultural use was 
proposed ~y about one-fourth of the entries. 

Housing Types A mixture of housing types was used by 
the entrants (Figure 4) . Generally, entrants favored higher 
densities that are typical in American suburbs. Multifamily 
housing was included in 62 percent of the designs, single fam­
ily housing in 53 percent, moderate density housing in 47 
percent, and townhouses in 40 percent. Housing in the form 
of high-rise buildings was, however, relatively rare, appearing 
in about 11 percent of the designs. 

Transportation Component Expansion of the street sys­
tem was the most frequently used transportation-related change 
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lt<Igure 5), with 77 percent of the entrants proposing it. In­
creased pedestrian circulation was proposed by 45 percent of 
the entrants, while an increase of parking was proposed by 
40 percent. Increases in transit or new transit links were pro­
posed by about one-third of the entrants. 

Mass Transit The major portion of the analysis was con­
cerned with whether transit was used and the quality of its 
use in the proposals. These results were disappointing for 
those who hope that the credible visions of design profes­
sionals in the future will include public transportation . The 
majority of entrants (57 percent) did not mention public tran­
sit either in the text or the graphics of their presentation . Of 
those that did include transit in their submissions, by far the 
most popular mode of transportation was light rail (Figure 
6), which was included in 31 percent of the entries. Bu 
perhaps the most likely mode for suburban areas , was men­
tioned by only 8 percent of the entrants, whereas park and 

Parking Transit Link Street 
Structure 

r ~ Unknown- B No-Change [ill Decrease • lncre~sel 
FIGURE 5 ICDC suburban entries-transportation-related changes. 
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ride was mentioned by only 4 percent. Other modes of transit 
were used by less than 10 percent of the entrants. In summary, 
few proposals included transit as an element of their design, 
and those who did include transit used light rail as the pre­
ferred mode. Use of bus, park and ride, and commuter rail­
the most commonly used modes of travel in the suburbs­
seldom entered the vision of the future in the minds of the 
design teams. 

Land Use/Transit Sensitivity The planning criteria dis­
cussed earlier were developed to determine if the entries were 
sensitive to factors that could lead to successful transit ser­
vices. These criteria were related to the categories of popu­
lation concentrations at trip ends, pedestrian movement, and 
ease of transit operation. Each entrant was assessed on these 
criteria on a 0 to 5 scale and an overall rating was developed 
as shown in Figure 7. Approximately 25 percent of the en­
trants proposed designs that had land use patterns that were 
judged as having a "good" sensitivity to transit, with a rating 
of 4 or 5; about 50 percent were judged "fair," with a rating 
of 3; and about 25 percent were judged as "poor," with a 
rating of 1 or 2. Those entries that explicitly mentioned transit 
were rated only marginally better in providing design attri­
butes conducive to transit success than those that did not 
include transit. Only 12 percent of all entrants both used 
transit and submitted designs that were evaluated as satisfac­
tory in their sensitivity to transit as a land use design factor. 

With respect to the various criteria for transit (Figure 8), 
entrants who mentioned transit did best at providing sufficient 
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rights-of-way (73 percent judged as good) and poorest at min­
imizing walking distance (28 percent judged as good). Results 
were similar for those who did not mention transit; 63 percent 
did a satisfactory job of providing rights-of-way and only 18 
percent provided short walking distances to potential transit 
routes. In general, those who did not mention transit did 
poorer on pedestrian and transit operational criteria, but bet­
ter in criteria related to concentrations of trip ends than those 
who did mention transit. 

A comparison of the origins of participants versus their 
sensitivity to transit is shown in Figure 9. Entrants from the 
United States and North America designed land use for transit 
marginally better than entrants from elsewhere in the world . 
Interestingly, entrants from countries that already have ex­
tensive transit systems (eastern Europe and Asia/Pacific areas) 
used public transit concepts less frequently than entrants from 
other areas such as North America. 

EXISTING GUIDANCE FOR TRANSIT-SENSITIVE 
DESIGN 

The results of this analysis led to the examination of the extent 
to which public transit, as a land use design consideration, is 
mentioned in standard textbooks and guides often used by 
practicing planners or developers. Accordingly, a cross sec­
tion of this material as well as the accreditation criteria for 
planning architecture and engineering programs were exam­
ined to determine what the state of the practice is in transit 
sensitive land use design . The state of the practice differs from 
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FIGURE 7 ICDC suburban entries-land use/transit sensitivity. 
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the state of the art in that materials examined were widely 
available rather than found only in limited circulation journals 
or technical reports. 

Handbooks and Design Guides 

A review was made of a number of the standard textbooks 
and design guides used by planners and developers to provide 
information on project design. This review includeu material 
available to real estate developers, architects, and planners 
through professionals organizations as well as in the form of 
textbooks or handbooks. The purpose of the review was to 
determine what information , if any, was available to design 
for transit service and to find out how prominent the issue of 
transit service land use design is, especially in suburban areas. 

The results of this review (5-12) were disappointing. Public 
transit service in the suburbs is seldom, if ever, mentioned in 

planning texts and handbooks as a consideration or concern 
in the material reviewed . Generally, guidelines for land use 
design in the ·uburbs as ume that only auto mobile Iran p r­
la tion is available . Little informati n i provided about pub lic 
transit; in many cases it is not mentioned or, if it is mentioned, 
it is in a historical context. These materials are strong in their 
coverage of land use but weak in the role of public transit. 

Textbooks and handbooks in transportation and traffic en­
gineering (13-17) contain substantial materials on transit. 
Examples of such i n ~ rmation include turning radii , stopping 
zones and special design to ace mmodate higb-occupancy 
vehicle on stre ts and highways; however, little mention i 
made of land use design and con iderations in planning that 
w uld Clffcct the success of public transit. These materials are 
stronger in their coverage of transit , but weak in land use. 
There seems to be two different worlds-a world of land 
developers, architects, and planners who seldom think of tran­
sit, and a world of transit and traffic professionals who seldom 
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deal with broad land use issues. Although it is not possible 
to consult all standard sources, nor to know in fact what 
factors people consider in their design work, a review of the 
basic written body of work commonly available indicates that 
the typical practitioners involved in this field have few re­
sources available that would guide them to a strong consid­
eration of land use planning sensitive to public transit con­
cerns. 

Accreditation Criteria 

A review was also made of the criteria used to accredit ed­
ucational programs in architecture, planning, and engineer­
ing. Here again, little if any mention is made of public transit. 
For instance, the latest criteria for the accreditation of ar­
chitectural schools containing some 77 specific areas of study, 
including detail within each area, does not mention trans­
portation nor are any transportation-related subjects present. 
The criteria for schools and departments of planning in the 
United States is similar. No mention is made of the need to 
cover transportation topics . The results of this competition 
are consistent with the curricula. Public transit is not an issue 
when it comes to defining the basic body of knowledge needed 
to perform in these fields. 

CONCLUSIONS AND IMPLICATIONS 

In terms of the use of transit in future suburban planning, the 
results were disappointing. About two-fifths (43 percent) of 
the proposals evaluated explicitly used mass transit as an ele­
ment of suburban land use design; only 12 percent of the 
competitors included mass transportation and had a land use 
design that used transit appropriately. In the credible visions 
of most of the entrants, it appears that the automobile will 
continue to be the dominant form of future transportation in 
suburban areas. Entries from U.S. professionals were com­
parable to foreign entries in their ability to use transit . An 
additional review of commonly used handbooks and guide­
lines and accreditation criteria for academic programs in ar­
chitecture, planning, and engineering showed little, if any, 
concern for public transit as a land use design consideration. 

The entries to the ICDC are a selected sample of planners 
and architects, and the sample does not represent a careful 
sample of these professions. However, the goal of the com­
petition in encouraging visions of the future and the makeup 
of the competitors would suggest a progressive outlook. Fur­
thermore, the design competition was free of many constraints 
that could limit creativity in design. In view of this, the analysis 
of the projects was particularly frustrating in terms of the 
competitor's perception of the role of transit. Not only did 
relatively few competitors use mass transit in their designs , 
but a good portion of those that included transit did not use 
it appropriately. 

The consequences of this analysis are disturbing. Public 
transit does not seem to be a strong part of the vision of the 
future by those who will make many of the design decisions 
for the suburbs. Furthermore , it is not strongly considered in 
the basic resources, written or educational, that provide the 
fundamental body of information that these professionals use . 
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In a future with finite resources, an automobile-dominated 
world is assumed. Planning decisions are made with little 
thought of the potential role for other modes, especially tran­
sit or walking. Unless such trends are changed, serious prob­
lems will arise in the future in attempting to adapt and retrofit 
our suburban communities to changes in future resource avail­
ability. In order to provide a future in which transit plays a 
role, those involved in transit must make the others, who are 
largely responsible for land use design , aware of the benefits 
of transit and create a vision of the future that includes a 
broad set of transportation alternatives. 
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The I System: A Campus and Community 
Bus System for the University of Illinois 
at Champaign-Urbana 

JOSEPH A. MORIARTY, ROBERT PATTON, AND WILLIAM VOLK 

The planning and result of an innovative m bili ty and rran -
portation program for the University of lllinoi at Urbana­
Champaign , called the· I Sysrem," ar · summa.rized. The I System 
integrates a new system f circulating campus bus r utes with the 
existing regular routes of the local trnnsir-di. rrict. Both the cam­
pus and community routes are perated by the hampaign­
Urbana Ma ·s Transi t Di trict ( UMTD) . The l ystem is joi.ntly 
funded by a mandatory student transportation fee, the University 
of lllinoi. Parking Division and State of Illinois transit operating 
assistance . The primary component of the I Sy tem is that a valid 
tudent identification card becomes an un.limited acce. bu pass 

for both the ystem of new campus routes and the regular com­
munity-wide bus route.~. This integrated system help t combHt 
congestion and parking problems by intercepting ff-campus trips 
at the point of origin and providing acce to dispersed univer ·ity 
activi ty center., in turn redu ing the need for an automobile both 
for commuter trips to cnrnpus and intraca rnpus trips. The r su it's 
of the I y tern have been impressive: ridership for the UMTD 
has approximately doubted to 5.4 million pa senger trips per year. 
Becau c of the . ucce. s o'f the l ystern and compleme111ary Trans­
portati n System Management measure , demand for campus 
parking ha been reduced by 1,000 spaces. Con equently, $5 mil­
lion worth of new parking garag construction has been post­
poned . The I System is effective because of the unique partnership 
that was forged between the student , the univer. ity admini.stra­
tion , and the UMTD, which maximized rhc use of exi. Ling tran ·­
portation resources. 

The planning and results of the first year of ope ratio n of an 
innovative mobility program for the University of Illinois (U 
of I) campus that integral' s a ne\ y "tern of circulating cam­
pus bu route · with the existing regular community routes of 
the hampaign-Urbana Mass Tran ·it Di trict ( MTD) are 
described. The primary component of this integrated system, 
called the "I System," is that a valid U of I student identi­
fication card becomes an unlimited access bus pass both for 
the new campus routes and the regular community bus system. 
A small $10 fee for each semester is assessed on all students 
to fund the cost of additional service. The I System responds 
to unique congestion and mobility problems by intercepting 
off-campus trips with the regular community system, and en­
hances mobility on campus by providing access to dispersed 
university activity centers through the system of new campus 
routes. 

The results of the recently implemented campus-community 
I System demonstrate that transit can play a pivotal role in 

J. A . Moriarty, Cambridge Systematics, Inc., 222 Third Street, Cam­
bridge, Mass. 02142. R . Patton and W. Volk , Champaign-Urbana 
Mass Transit District, 801 East University Avenue, Urbana, Ill. 61801. 

improving campus mobility in a cost-effective manner. The I 
System is effective because of the partnership between the 
university and the local transit district , which maximizes the 
use of existing transportation resources. Ridership for the 
entire CUMTD system, campus routes , and community-wide 
routes has approximately doubled to over 5.4 million unlinked 
passengers per year. The CUMTD operating cost recovery 
ratio has increased to 33 percent. Because of the success of 
the I System and complementary transportation systems man­
agement (TSM) measures, the university has reduced the de­
mand for parking by over 1,000 spaces, postponing the need 
to construct $5 million worth of new parking. 

The establishment of a comprehensive campus-community 
bus system took over 5 years with three student-wide refer­
endums, a major change in transportation parking policy, and 
the active financial participation of the university administra­
tion. For students, faculty, and staff members, the new I 
System provides a cost-effective transportation alternative for 
commuting to campus and provides access to an increasingly 
expanding and disjointed campus. 

THE COMMUNITY AND CAMPUS CONTEXT 

The Champaign-Urbana Mass Transit District (CUMTD) is 
a special-purpose district providing transit services to the cities 
of Champaign and Urbana, Illinois , and to the U of I. The 
CUMTD has an active fleet of 50 buses, operating 10 weekday 
and Saturday routes, and 5 evening and Sunday routes . The 
annual operating budget is approximately $6 million. The 
CUMTD was created by a popular community referendum 
in 1971 following the termination of the privately owned bus 
service. 

Champaign and Urbana are twin cities that are located 
approximately 100 mi south of Chicago in east-central Illinois. 
The urbanized area encompasses approximately 35 mi2 . The 
U of I main campus area is located midway between Cham­
paign and Urbana (see Figure 1). The major trip generators 
are the university, downtown Champaign, downtown Urbana, 
Market Place Mall , County Fair Shopping Center, and Sun­
nycrest Mall. 

The Champaign-Urbana urbanized area has a population 
of approximately 100,000 and on a per capita basis is the 11th 
densest urban area in the country, following San Francisco, 
California (J). 

The U of I campus is approximately 700 acres in area, with 
180 major buildings. The campus area accommodates the Uni-
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FIGURE 1 Champaign-Urbana locational map and primary traffic generators. 

versity's 36,000 students and over 10,000 faculty and staff 
members. The U of I is the single largest employer in the 
urbanized area. Of the 36,000 students enrolled at the uni­
versity, only 10,000 live in university residence balls. Of the 
remaining 26,000 students who live off-campus, the majority 
reside within a 1-mi radius of the campus (2). In terms of 
employment, economic activity, and population, the U of I 
campus serves as the de facto central business district of the 
urbanized area. 

The CUMlU has taken advantage of this centralized ac· 
tivity and has oriented 9 of its 10 routes to the campus . Tb{ 
CUMTD system can be characterized as a modified timed· 
pulse system operating 7 days per week on 30-min headways 
during the base, and more frequently during the peak periods. 
From radiating points throughout the service district, the ter­
minal points in downtown Champaign and Urbana function 
as major transfer centers for routes that converge at the cam­
pus via the densely populated student residential areas (see 
Figure 2). 

Before the fall of 1989, average weekday ridership was 
approximately 10,000 unlinked passengers per day. Between 
1984 and 1989, annual ridership bas been in the general range 
of 3 million unlinked passengers per year (3) (see Figure 3) . 

The role of the university as a major centralized point of 
origin and destination for work and school trips was confirmed 
by a system-wide evaluation survey conducted in the spring 
of 1989. Results indicated a total of 34 percent of all surveyed 
weekday transit trip purposes were oriented to the University 

of Illinois campus, with 19 percent of these trips taken for 
university work purposes and 15 percent for university school 
purposes ( 4, p. 6). Table 1 presents a summary of service and 
user characteristics of the CUMTD regular route system. 

The UMTD wa . and continue to b . succes ful at pro­
viding trans it to and from the campu , but until recen t! had 
on ly limited uccess pro iding intracampa cransp rtati n. Th 
most notable exception was the Orchard Downs route, which 
provided ervice to married :>tud nl housing and undergrad· 
uate dormit ries on the southern periphery of campus. Service 
modifications and fare adju tmcnl had only marginal impact 
on increasing rillership. The management staff felt that 3 mil­
lion passengers per year was the plateau of ridership for tra­
ditional transit trips for the district. 

CAMPUS MOBILITY PROBLEMS 

Until recently, the U of I campus w:is compact and self­
contained, making walking and bicycling the mode of choice 
for intracampus travel. However, recent development pat­
terns have changed the compact Lructure f the campus. This 
has played a ignificant role in contributing to the m bility 
problem on campus. ew dcvel pment , including academic 
buildings and residential units. ha. ccu1'r~d in a di ·persed 
and uncoordiml! d manner. The majority of the. c diffuse 
'lctivity centers are located on the southern perimeter of cam­
pus up to 1 mi distant from the central campus area. 
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Because of these dispersed land use patterns, students, fac­
ulty, and staff grew more dependent on the private automobile 
to access these activity centers. The combination of high pop­
ulation density around the central campus area and the grow­
ing student dependence on the private automobile has created 
unique automobile congestion problems that are .usually as­
sociated with larger urbanized areas . Intersections adjacent 
to the university are characterized by failing levels of service 
with severe vehicular, bicycle, and pedestrian conflicts. This 
is especially evident at class interchange times, as well as 

High Student 
Housing 
Concentration 

during the traditional peak traffic periods. Over half of Cham­
paign-Urbana area, critical accident intersections are located 
on or near the U of I campus (5) . 

These campus congestion problems were exacerbated by 
the low cost of parking on campus that encouraged many 
students to drive to class and other university activities. For 
students that registered their cars with the university, there 
were a limited number of parking meters on campus for as 
low as 25 cents per hour. Student attitudes that were formed 
in suburban and rural areas also contributed to the congestion 
problem. It is possible that many believed they had a right to 
drive and expected that a place to park would be naturally 
provided. 

Another factor that contributed to campus congestion was 
the university policy of providing reserved low-cost parking 
for faculty and staff on campus as close to the work destination 
as possible. At $78 per year, the U of I had one of the lowest 
parking rates in the Big Ten, a rate unchanged for over 10 
years. These reserved parking spaces were allocated on a 
seniority basis. However, as the university has developed over 
the last 20 years, the supply of these reserved parking spaces 
had not kept pace with the demand. 

In 1989, 650 new faculty and staff members were placed on 
a waiting list for reserved parking spaces. According to the 
Division of Parking, new faculty or staff members could wait 
up to 3 years to secure a reserved parking space (6). Con­
sequently, for the interim, new faculty and staff members who 
wished to drive to campus were forced to park in remote 
stadium parking lots that were up to 1 mi away from the 
central campus. In order to provide access to these remote 
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TABLE 1 SUMMARY OF SERVICE CHARACTERISTICS BEFORE THE I SYSTEM 

Demographics* 
• Population in service area: 
• Population density: 
• Average distance to service: 

Service Characteristics** 
• Number of routes: 
• Average headways: 

Revenue and Subsidy** 
• Fares: 
• Passenger Revenue per 

Revenue Vehicle Hour: 
• Operating cost recovery ratio: 

94,245 
3,903 persons per square mile 
953 of residents in district are within 1/4 mile of 
a bus stop 

10 Weekday/Saturday, 5 Evening/Sunday 
30 mit,utes more frequent during peak periods 

$ .50 per trip 

$9.00 
253 

Funding 

Federal 
State 
Local 

Capital 

80% 
203 
03 

Operating 

173 
403 
183 

Ridership0 

• Average passengers per 
weekday: 

• Average Annual passengers: 

• Trip purpose:••• 

10,000 
2.7 million unlinked passenger trips 

- Work Trip to U of I: 
- School Trip to U of I: 
- Total U of I: 

193 
15% 
34% 

Other Work Trip: 21 % 
- Shopping: 8% 
- Parkland College: 5% 

Sodal\Recreational: 4% 
- High School Trip: 7% 
- Junior High School Trip: 2% 
- Other: 13% 
- No response: 6% 

• U.S. Bureau of the Census. Population and Land Area for the United States and Puerto Rico: 
1980-1970, PC 80-Sl-14. 

•• Operating Statistics. Champaign-Urban Mass Transit Transit District. Fiscal Year 1984 through 
1990. 

••• Barton-Aschman Associates, Inc. CU-MTD Strategic Planning and Performance Audit Study, 
August 1989. 

lots, the university operated its own remote-parking shuttle 
bus system. This remote shuttle system was underutilized be­
cause of low service frequencies and long trip time. 

Therefore, the mobility problem on the U of I campus 
consists of two interrelated components . The first is the prob­
lem associated with getting to and from campus, and the 
second is that once on campus, there is a general lack of 
accessibility to dispersed campus activity centers, especially 
for those without reserved parking privileges. As the univer­
sity has grown, these factors have combined to create increas­
ing conflict between vehicles and pedestrians, leading to a 
general deterioration in the transportation environment on 
campus for students, faculty, and staff members. 

CAMPUS EXPANSION PROGRAM 

During the mid-1980s, the university planned to implement 
a 10-year $250 million campus expansion and building pro-

gram . The development progrnm ca lied for over 20 new build­
ings on campus. Eight new buildings are currently being built 
or have been recently completed. The campus would have 
three distinct campus quadrangles: north, central , and south. 
Because the university is essentially land locked in the north 
and central areas of campus, most of the proposed buildings 
would be erected on existing surface parking lots. Conse­
quently, the majority of parking on the north and central areas 
of campus would have to be replaced with expensive parking 
garages, or displaced to remote stadium parking lots on the 
extreme southern edge of campus well over 1 mi from the 
central campus. Three proposed parking garages that would 
help relieve the parking problem were slated to be built after 
the completion of the new academic building. 

The U of I Parking Division has estimated that through the 
combination of new demand, loss of additional parking, and 
shortages from previous years, 1,391 spaces would be required 
by 1996 to meet reserved parking demand for faculty and staff 



Moriarty el al. 

members . These estimates did not address the growing park­
ing demand generated by graduate teaching assistants, re­
search assistants , and other students on campus (6). 

SERVICE CONCEPT 

In April 1985, the Board of Trustees of the CUMTD adopted 
as one of its goals to "increase the District's share of local 
transportation in established areas and pursue new oppor­
tunities for public transportation." An ongoing objective was 
to "establish programs to more effectively increase ridership 
to and from the University of Illinois campus." Both the 
Board and management staff felt that the CUMTD could play 
a pivotal role in providing a cost-effective solution to the 
growing campus parking, traffic, and mobility problem. 

Preliminary research was conducted to investigate how other 
university communities dealt with similar mobility problems. 
A survey of Big Ten universities and other major universities 
that provided campus bus service was conducted (see Table 
2). The results of the survey indicated highest ridership among 
the universities that did not charge a fare but recovered the 
cost of providing the service through a mandatory student 
transportation fee, or through the university general fund. 
The most noteworthy examples included the University of 
Minnesota, University of Michigan, University of Iowa, Uni­
versity of Georgia, and University of Massachusetts (7) . 

TABLE 2 CAMPUS BUS SERVICES 

Fleet Type of 
School Size Service Funding 

University of 31 Campus/ University 
Minnesota Community General Funds 

University of 35 Campus Only University 
Michigan General Funds 

Ohio State 13 Campus Only University 
University General Funds<U 

University of 17 Campus Only Mandatory Student 
Iowa Transmirtation Fee 

Other 1 

Indiana 17 Campus Only Fares and Passes 
University 

University of 29 Campus Only Mandatory Student 
Georgia Transportation Fee 

University of 36 Campus/ University 
Massachusetts Community General Funds 

Notes: 

(1) Night Service Funded by Residence hall fee. 
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A service concept emerged from this research that included 
the following components: 

• A comprehensive service that would integrate the existing 
community-wide service with new circulating intracampus 
routes. 

• Unlimited access to a free service. A student, faculty , or 
staff member ID would become an unlimited bus pass for the 
new campus routes and the regular 10-route community sys­
tem. 

• Short high-frequency campus routes , especially before 
and after the class interchange. 

• Service to remote parking lots . 
• Extended late night service. 
• A low-cost mandatory transportation fee would be as­

sessed for all students, faculty, and staff to fund this system . 

Because over 70 percent of students lived off campus, it 
was felt that a system that would integrate the regular CUMTD 
community routes with a new system of campus routes would 
comprehensively respond to the dual transportation needs of 
the university community. An integrated campus and com­
munity system would intercept campus-destined trips at the 
point of origin, thus avoiding a potential automobile commute 
altogether. In addition, high-frequency circulating intracam­
pus routes would reduce the need to depend on a car to access 
dispersed university activity centers and provide increased 

Recovery of Ridership 
Fares Operating Costs FY1985 

Free On-Campus 88% University 4,169,274 
75¢ Off-Campus 12% Farebox 

FreeFare 100% University 3,600,000 
Funded 

Free Fare 100% University 3,500,000 
Funded(I) 

Free Fare 58% Transportation Fee 3,350,000 
15% Parkin~ Revenue 
27% Other( 

40¢ Fare 98% Farebox 2,242,967 
$49 .50 /Semester 2% Other<3> 

Free Fare 100% Transportation 12,500,000 
Fee 

Free Fare 35% State 3,600,000 
25% Federal 
25.63 Parking Fees 
Otherc4> 

(2) Other includes: 12.5% State, 7.53 UMrA, and 7% University General Fund. 
(3) Other includes: 2% Advertising. 
(4) Other includes: 9.6% Student Fees and 4.8% University Funds. 

Survey conducted by the Planning Department of the Champaign-Urban Mas.s Transit District, 1985 • 1986. 
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mobility for students without access to an automobile. For 
automobile commuter who are forced to park in remote park­
ing lots, a high-frequency circulating bus route would provide 
a low-cost alternative to access the central campus area from 
the remote lots. 

Another important component that favored the CUMTD 
as the logical campus transportation provider was that the 
CUMTD had access to state of Illinois transit operating as­
sistance. Because of this state transit operating assistance, the 
CUMTD could reduce the total cost of providing the service 
to the campus community. As the established transit provider 
in the community, the CUMTD also had the necessary equip­
ment, maintenance facilities, labor, training capability, and 
overall management resources to easily expand service. The 
existing CUMTD services and infrastructure offered econo­
mies of scales that the university could not replicate in a cost­
effective manner. Furthermore , a campus hus service conce.pt 
was also included in the new campus development plan as a 
potential strategy to reduce automobile congestion and to 
preserve green spaces on campus. 

At the time when the campus-community bus service con­
cept was being formed, the CUMTD was invited to participate 
on a university-sponsored Campus Parking and Transporta-

Weekdays 
5 Minute Service 
7:30 am-5:30 pm 

FIGURE 4 # 21 Quad Route. 
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tion Committee. This committee was established to address 
the mobility problems on campus. Contrary to the recom­
mendations of the CUMTD, the Campus Parking and Trans­
portation Committee focused on parking as the answer for 
the campus transportation problem. The CUMTD felt that a 
parking-only solution would ignore the mobility needs of the 
students, clearly the largest campus population segment con­
tributing to and affected by the deteriorating transportation 
conditions on campus. In addition, the CUMTD felt that a 
parking-only solution would create more vehicular congestion 
rather than reducing it. The CUMTD also approached the 
chancellor and other university administration officials. The 
univer ity administration was intere ted in the campus-com­
munity bus service concept, but was unwilling to mandate a 
student transportation fee to help fund the system. However, 
the university administration would collect a transportation 
fee if the students voted for it. 

STUDENT REFERENDA 

Because students were largely ignored by the Campus Parking 
and Transportation Committee, but represented the largest 

Do 
Vet Med 

0 114 Mlle 112 Mlle 



Moriarty el al. 

group that would benefit from a campus-community bus ser­
vice, the CUMTD directly approached the Student Govern­
ment Association to place this concept on a campus-wide 
student referendum in December 1987. 

Working with a committee of student representatives , the 
campus-community transportation system plan evolved into 
the following components: 

• Quad circulator, 3- to 5-min service frequency (new route); 
• East-west circulator, 15- to 30-min frequency (new route); 
• Extended late-night service (until 2:00 a.m. on week-

ends); and 
•Unlimited access to existing CUMTD 10-route network. 

A valid student ID would become a bus pass for the new 
campus routes , as well as for the regular community system, 
and a $15 per semester mandatory fee would be assessed on 
all students to fund the cost of the system over 3 years . 

However, this referendum failed by 500 votes with over 
9,000 votes cast. The primary opposition to the plan revolved 
around the $15 nonrefundable mandatory fee and the 3-year 

Weekdays and Evenings 
15 Minute Service 

Saturday and Sunday 
30 Minute Service 

FIGURE 5 #22 Illini Route. 
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trial period. Even though the referendum was defeated , there 
were some significant positive repercussions: record voter 
turnout, campus-wide focus on the deteriorating aspect of 
mobility on campus , and heightened awareness on the part 
of the university administration that this concept was worth 
pursuing as a cost-effective means to help solve the trans­
portation problem on campus. 

After a change in the university administration , the campus­
community bus service plan was resurrected for another 
student-wide referendum in April 1989. At the same time, 
major building components of the campus expansion program 
were being initiated. The university administration was be­
ginning to realize the costs associated with replacing reserved 
surface lots with parking garages in the central campus area . 
Three 500-space parking structures were planned to replace 
the surface parking lots taken for the campus expansion pro­
gram. The cost of constructing parking garages was estimated 
at $11,000 per space . 

An important fact that the university had to consider was 
state legislation mandating that the Parking Division be a self­
supported unit on campus, which means the costs of oper-

0 

DD DOD 
DD~DD 

ODDO 

t 
D 

Vet Med 

1/4 Mlle 1/2 Mlle 
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ating, maintammg, and building parking were to be borne 
entirely by fees collected from university parkers . The pre­
vious fee structure only covered the operation and mainte­
nance of the existing surface lot system. No surplus parking 
revenue was generated to help fund new parking garage con­
struction. 

Consequently, by 1996 reserved parking rates on campus 
would have to be significantly increased to $250 annually to 
cover the costs of building these new garages (6) . Clearly, 
the university was looking for a more cost-effective solution 
to the parking and transportation problem on campus. 
After further consideration, the university agreed to be an 
active participant in the comprehensive CUMTD campus­
community transportation plan. 

Through the Parking Division, the university agreed to pro­
vide $180,000 of the $880,000 needed to operate the system, 
so that the mandatory student fee could be lowered to only 
$10 per semester. The university also intended to implement 
a range of complementary TSM strategies to help provide 
incentives to reduce the demand for faculty and staff reserve 
parking (8). The TSM strategies included the following: 

1. Reduced-rate mass transit district bus pass for $30 per 

Fall and Spring Semester 
5 Minute Service 

FIGURE 6 #23 Shuttle Route. 

0 
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year for faculty and staff members, an 80 percent reduction 
of the regular price of $150 per year. The university agreed 
to a $120 subsidy for an annual bus pass for faculty and staff 
parkers willing to forfeit all parking, rental , and waiting list 
privileges. 

2. Carpool and ride share permits for $30 per year. Each 
carpool must consist of at least three full-time faculty or staff 
members. Only a primary renter is issued a parking space; 
all other members of the carpool forfeit parking, rental, and 
waiting list privileges. 

3. Remote parking lot with shuttle service for $30 per year. 
University-provided shuttle service to remote lots that are on 
the southern periphery of campus. 

4. Increase all reserved space parking to $102 annually ef­
fective July 1, 1989, to $126 by July 1990 with escalating 
annual increases after 1990. 

With the active financial support of the university admin­
istration, the campus-community bus service concept was again 
put to a student vote. The critical changes since the first 
referendum were a reduced $10 per semester mandatory fee 
and a 1-year trial period. 

The April 1989 campus-community bus service referendum 

Vet Med 

1/4 Mlle 1/2 Mlle 
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was successful with 3,102 students voting for the campus­
community bus service out of 4,800 votes cast . 

RESULTS 

The new campus-community bus service, the I System, was 
implemented in August 1989 and included the following com­
ponents: 

• #21 Quad Route, weekdays 7:30 a.m. through 5:30 p.m., 
5-min service (Figure 4); 

• #22 Illini Route (Figure 5); 
-Weekday 7:00 a.m. through 2:00 a.m., 15-min service; 
-Saturday 12 noon through 6:00 p.m., 30-min service; 
-Saturday evening 6:00 p.m. through 2:00 a.m., 15-min 

service; 
-Sunday 12 noon through 6:00 p.m., 30 min service; 
-Sunday evening 6:00 p.m. through midnight, 15-min ser-

vice; 
• #23 Shuttle, weekdays 7:30 a.m. through 5:45 p.m., 5-

min service, university-operated (Figure 6). 

The I System has been an overwhelming success. Student 
rides taken during the first semester totaled 1.8 million. Of 
these, 800,000 were taken on the new campus network and 
1 million were taken on the city system. Between August and 
December of 1989, the #21 Quad Route averaged 120 pas­
sengers per revenue-hour, whereas the #22 Illini route av­
eraged 52 passengers per revenue hour. 

Since the implementation of the I System, the CUMTD has 
increased its productivity and its value to the community. A 
comparison of fiscal year 1989 to 1990 demonstrates the pos­
itive impact the new campus service has had on CUMTD 
system-wide efficiency and effectiveness. For fiscal year 1990, 
ridership has approximately doubled over the same period 
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for previous year, from 2,796,120 rides in 1989 to 5,449,317 
in 1990. In addition, operating revenues increased by 54 per­
cent, whereas operating expenses increased only by 21 per­
cent. Passenger revenue per revenue-vehicle-hour has in­
creased over 40 percent to $12.10 per revenue-vehicle-hour. 
Likewise, unlinked passenger trips per revenue-vehicle-hour 
have increased to over 40 trips per hour, an increase of ap­
proximately 64 percent over 1989 (J). Table 3 presents a 
comparative summary of the impacts of the new I System on 
significant operating statistics for fiscal years to date of 1989 
and 1990. 

Because of the success of the I System and supportive TSM 
measures, the university has postponed plans for the con­
struction of three 500-space parking structures at a cost of 
over $5 million. For less than 5 percent of the cost of con­
structing these parking garages, the university has subsidized 
623 full-time faculty and staff members' annual bus passes. 
Over 500 participants have enrolled in the university­
sponsored low-cost carpool, ride share program, and remote 
parking program. These programs, combined with the bus 
subsidy program, have reduced the demand for parking by 
over 1,000 spaces (8). By supporting these complementary 
programs, the university avoided the costly annual amorti­
zation, operating, and maintenance costs associated with the 
construction of new parking garages. 

Another related benefit of the I System has been the decline 
of student-registered vehicles on campus. According to the 
Parking Division there has been a 30 percent decrease of 
student-registered cars on campus from 6,523 in academic 
year 1988 to 4,558 in 1990 (see Figure 7). 

Finally, and most importantly , the students have a com­
prehensive transportation system that addresses their unique 
needs. For only $10 per semester, students have unlimited 
access to the university as well as to the city system, providing 
them with employment, housing, cultural, shopping, and rec­
reational opportunities that may have been previously denied. 

TABLE 3 IMPACTS OF THE NEW I SYSTEM ON CUMTD OPERATING STATISTICS. 
1989 VERSUS 1990 

Operating Revenues 

Operating Expenses 

Operating Cost 
Recovery Ratio 

Passenger Revenue per 
Revenue Vehicle Hour 

Ridership 
(Unlinked Trips) 

Unlinked Passenger 
Trips per Revenue 
Vehicle Hour 

Fiscal Year 
1989 

1,245,336 

4,818,256 

25.85% 

$8.64 

2,796,120 

24.71 

Fiscal Year Percent 
1990 Change 

1,925,125 54.6% 

5,841,604 21.2% 

32.96% 27.5% 

$12.10 40.0% 

5,449,317 94.9% 

40.71 64.8% 

Source: Operating Statistics, Champaign-Urbana Mass Transit District. Fiscal Year 1989 and 1990. 
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On campus, the I System provides an important link in an 
increasingly expanding and disjointed campus. 

A random survey of students was undertaken during the 
1990 spring semester to measure the level of usage and to 
mea ·ure tudents' perceptions of the campus communit bu. 
service. Over 75 pe rcent of the people surveyed indicated 
they had used the campus community service at least once 
during the school year, which , when factored up would repre­
sent 25,691 students that have at least tried the system. In 
general, over 70 percent of the respondents indicated they 
were satisfied to very satisfied with six of the categories; days 
on which buses run, hours buses run each day, vehicle comfort 
and cleanliness, vehicle safety, driver courtesy , and amount 
of service on campus. Of the three categories that had under 
a 70 percent satisfaction rate , the how often buses run cate­
gory still had over a 60 percent satisfaction rating. The only 
two categories that fell under the 60 percent satisfaction level 
were buses arriving on time at 58.6 percent and passenger 
capacity (over-crowding), 43.9 percent (9). 

NEW DIRECTIONS 

A third student-wide referendum held in March 1990 was 
successful in making the I System permanent. Of the 3,000 
votes cast, 88 percent voted for making the I System per­
manent with the establishment of a $13 per semester fee. In 
addition, the university agreed to increase its participation in 
the I System, providing $230,000 per year over 3 years. In 
the Fall of 1990, the CUMTD will tl'tke over the #23 remote 
parking shuttle ruule, previously operated by the university, 
representing 15,000 hours of extra service. 

The university is also committed to continue subsidizing 
bus passes , promoting low-cost parking for shared-ride users, 
remote parking with shuttle service and incremental increases 
in the cost of reserved faculty and staff parking. It has also 
raised meter rates from 25 to 50 cents per year while main­
taining a fee of $30 per year for parking in the remote com­
muter lot. 

6000 ·····-···"'""···· .. ········ 

TRANSPORT A TJON RESEARCH RECORD 1297 

CONCLUSION 

The successful results of the recently implemented campus­
community I System demonstrate that transit can play a new 
and leading role in improving mobility within an expanding 
and dispersed campus environment in a cost-effective manner. 
The establishment of the original concept to a permanent goal 
of campus-community bus system evolved over the course of 
5 years. It took three student referendums, a change in uni­
versity parking policy, and the active participation of the uni­
versity for the goal to be realized. 

Important insights can be gained from this experience, pri­
marily , that a successful plan must be comprehensive. Traffic 
patterns and the allocation of parking may be part of the 
problem as well as part of a solution. A system that responds 
to the mobility and safety needs of the students, faculty, and 
staff members needs to be designed. For the students, this is 
accomplished by a providing unlimited access using a free­
fare high-frequency circulating intracampus service that is in­
tegrated with the regular city system. This integrated campus­
community system intercepts off-campus students and other 
users at the point of origin, thus avoiding the attendant prob­
lems with automobile commuting to campus, and provides an 
easy system to access dispersed university activity centers . 

In addition, the success of the I System is linked to the 
complementary and comprehensive TSM measures imple­
mented by the university. These measures have included both 
incentives and disincentives, such as 80 percent employer­
subsidized transit passes, reduced parking rates for sharcd­
ride users and for parkers using remote parking lots, and 
finally , escalating increases in the cost of central campus re­
served parking spaces. 

The success of this program has resulted in the university's 
postponing the construction of $5 million worth of parking 
garages on campus. A comprehensive approach that maxi­
mizes the use of existing resources, with transit as a center­
piece, is a cost-effective solution to the traffic, transportation, 
and mobility problems that plague urbanizing universities. 
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Temporal Effects of Incidents on Transit 
Ridership in Orange County, California 
ERIK FERGUSON 

Aggregate level transit ridership forecasting models often are 
based on time series data, with potential serial autocorrelation 
properties that can bias parameter estimates upward and error 
estimates downward , and skew forecasting confidence intervals 
and their resulting interpretation significantly. A combined time 
series and cross-sectional regression model of transit ridership is 
developed that incorporates temporal variations as well as supply, 
demand, and pricing characteristics of the market for transit ser­
vices in Orange County, California, between 1973 and 1989. It 
was found that Orange County transit ridership exhibits signifi­
cant serial and seasonal fluctuations, which were captured in the 
model. The temporary and lingering effects of incidents were also 
tested. The 1979 oil shortage was shown to have a large positive 
impact on transit ridership , which dwindled quite rapidly once 
the oil shortage ended . A work stoppage of 6 weeks' duration in 
1981 had a large negative impact on transit ridership, which dwin­
dled only slowly. A shorter work stoppage in 1986, during which 
limited service was provided by transit agency administrative pe r­
sonnel, had a much smaller negalive imp::ic1 lhan the 1981 work 
stoppage, which dwindled much more rapidly . Trnnsit fare and 
gasoline pricing variables were found to have no significant effect 
on transit ridership in the preferred temporally based model. 
Transit fares did not increase much in real terms over the period 
covered, and did not reflect variations in transit service provided, 
being predicated on a simple county-wide flat fare basis. Over 
70 percent of all Orange County transit riders were captive riders 
in 1987, having no car available to them for commuting or other 
travel purposes, making the price of gasoline basically irrelevant 
to the majority of such transit riders in the shorter term. 

Many problem in urban and regional transportation analysis 
have imp rtant temporal dimensions. Foreca ·ting changes in 
employment, population, or travel behavior are just a few 
examples of ;ire;is where temporal processes and interactions 
may be important in identifying existing conditions, explain­
ing past tr nds, or forecasting future outcome of urban and 
regional policies and planning. Time series analysis is one 
method of explicitly incorporating temporal phenomena in 
regression analysis for forecasting purposes. Time series anal­
ysis often ili used as a projection me thod, based exclusively 
on the past performance f specific exogenous output varia­
bles . Policy input variables, such as spatial or socioecon mic 
variations in demand, often are not included in time series 
models, because of lack of data, lack of analysis software, 
or both. 

Cross-sectional models typically provide more opportuni­
ties for testing policy sensitivity. However, pa_rameters and 

nfidence interval estimated in cross-sectional mod ls may 
bia ed ·ignificantly, if serial amocorrelation i present. 

mbined time series and cro · -s ctional models offer tbe 

Graduate City Planning Program , College of Architecture , Georgia 
Institute of Technology , Atlanta, Ga. 30332-0158. 

possibility of providing policy sensitivity and controlling for 
temporal estimation biases simultaneously. Simultaneous 
time-series and cross-sectional regression analysis are applied 
to transit ridership forecasting, assuming only first-order, se­
rial autoregressive processes are involved (J). Three types of 
temporal variability are included in this analysis: 

1. First-order serially autoregressive impacts; 
2. First-order seasonally autoregressive impacts; and 
3. Permanent, temporary, and lingering impacts of inci­

dents over time. 

Quarterly transit ridership data are used to demonstrate 
how alternative model formulations can be evaluated in terms 
of descriptive ability (overall goodness of fit), serial autocor­
relation (parameter estimation bias), and predictive ability 
(forecast error). 

First, some of Lhe basic statistical and econometric princi­
ples required to conduct an exploratory analysis of this type 
are described. Second, various transit ridership model vari­
ations formulated to test these ideas using original data col­
lected in Orange County, California, are compared and con­
trasted. Finally, some of the policy and research implications 
derived from a comparative evaluation of the various model 
results are reported. 

DATA 

The data u ·ed in this analysi were taken from the Orange 
County Transit Di ·trict (0 D) aggregate, or system-wide 
transit ridership forecasting model. Variations on the tem­
poral model discussed here were tested by the author while 
employed by OCTD from 1986 to 1988. A version of the 
model discussed here was developed independently by the 
Center for Economic Research at Chapman College (2), and 
is now in use by OCTD for transit ridership forecasting pur­
poses. The Chapman College model is used to forecast transit 
ridership in Orange County 5 years in advance for financial 
and service planning purposes. In addition, the model is used 
to comply with the requirements of the regional transportation 
planning process, as administered by OCTD, the Southern 

alifornia Association of Governments, the Orange ounty 
Tran ·portation Commission, the State of California Depart­
ment of Transportation, and other responsible public agencies 
in the region . 

OCTD has been in operation for close to 20 years, begin­
ning in the fourth quarter of 1973, after the first Arab oil 
embargo occurred . Quarterly transit ridership data are de-
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rived from a unique, stratified random sample of driver trip 
sheets, and adjusted using method of fare payment and fare 
data. The accuracy of this data is good, with an expected 
annual statistical measurement error of not more than ± 2 
percent at the 95 percent confidence interval (3). Vehicle 
service miles, a supply measure, is even more accurate, as 
the length of all bus runs driven is known, and measured to 
within the nearest 10th of a vehicle-mile in service. Average 
county-wide employment figures, used in this analysis both 
as a reasonable and a reliable proxy measure of demand, are 
derived from Chapman College's annual forecast of Orange 
County employment, and are equally reliable in measure­
ment. Over half of all person-trips made on the Orange County 
transit system are work-related trips, with a large part of the 
remainder school and recreational activities. 

All other data used in this analysis are temporal in nature, 
and are not subject to sampling or measurement errors, at 
least not in the same sense that the cross-sectional variables 
just described might be . 

METHODOLOGY 

A variety of models are described, tested, and compared in 
this analysis. The principal types of models used include cross­
sectional models, first-order autoregressive models (4), com­
bined time series and cross-sectional models (5), seasonally 
adjusted combined models, and incident impact models. Eval­
uation measures include the traditional cross-sectional mea­
sures of overall goodness-of-fit and the magnitude and direc­
tion of independent variable effects, as well as two measures 
of serial autocorrelation, Durbin-Watson's d (6), for models 
without lagged endogenous variables (7), and Durbin's h (8), 
for models with lagged endogenous variables (9) . 

Basic Cross-Sectional and Time-Series Models 

A traditional cross-sectional transit ridership forecasting model 
is as follows: 

PAS, = b0 + b1 * VSM, + b2 • EMP, + e, (1) 

where 

PAS, = total transit ridership in time period I, 

VSM, = total vehicle service miles in time period t, 
EMP, = average service area employment in time pe-

riod t, 
e, = error in prediction associated with the obser­

vation of total transit ridership in time period 
t, and 

b0 , b1 , b2 = parameters to be estimated. 

A slight modification of this equation results in the familiar 
double-log econometric regression model, which provides di­
rect measures of the elasticity of demand for the dependent 
variable (total transit ridership) with respect to each indepen­
dent variable (total vehicle service-miles and average quar­
terly employment). The double-log model has proven to be 
useful for public and private policy sensitivity analysis in a 
variety of cases, and will be relied on throughout the re­
mainder of this analysis : 
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ln(P AS,) = b0 + b, • ln(VSM,) + b2 • ln(EMP,) + e, (2) 

If a time series variable, such as quarterly transit ridership, 
is subject to serial autocorrelation of the error terms in pre­
diction , the resulting parameter estimates may be severely 
biased, with overall goodness of fit measures and parameter 
standard error terms similarly biased by the existence of serial 
autocorrelation. A commonly used and powerful test of serial 
autocorrelation in regression analysis is Durbin-Watson's d: 

2: (e, - e,_, 2 

d = L (e,)2 (3) 

where 

d = Durbin-Watson's d, and 
e, _ 1 = error in prediction associated with the observation 

of total transit ridership in the preceding time pe­
riod, t - 1. 

Values of d around 2 indicate the existence of no significant 
serial autocorrelation. Values of d close to 0 suggest positive 
serial autocorrelation, whereas values of d close to 4 suggest 
negative serial autocorrelation. If significant serial autocor­
relation is identified, a lagged endogenous variable may be 
used to estimate an autoregressive time series regression model, 
on the basis of a normal first order autoregressive process, as 
follows: 

ln(PAS,) = b0 + b1 • ln(PAS,_ 1) (4) 

where PAS, _ 1 is the total transit ridership in the immediately 
preceding time period, t - 1. 

Such a model may still be biased by residual or higher order 
levels of serial autocorrelation. Durbin-Watson's d does not 
provide a reliable measure of serial autocorrelation in models 
that include lagged endogenous variables as independent var­
iables. In such cases, Durbin's h may be used in place of 
Durbin-Watson's d, as a more reliable indicator of serial au­
tocorrelation : 

[ 
T ]
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h = p * l - T • vaT (b.) 

where 

h = Durbin 's h; 
p = 1 - d/2; 

(5) 

T = total number of observations on which the 
regression model is based (not degrees of free­
dom), i.e., sample size; and 

var(b.) variance of b. , or square of the estimated stan­
dard error term for b., where b. is the parameter 
estimate of the first-order lagged endogenous 
variable [In(PAS, _ 1)] , regardless of whether any 
other serially related exogenous or endogenous 
variables are included in the model. 

A combined time series and cross-sectional transit ridership 
forecasting model would be as follows: 

ln(PAS,) = b0 + b 1 * ln(VSM,) + b2 * ln(EMP,) 

+ b3 * In(PAS,_ 1) + e, (6) 
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Other Types of Serial Processes 

In addition to first-order autoregressive processes, many other 
types of serial autocorrelation are theoretically possible. Dif­
ferenced models, in which the dependent variable is defined 
as the difference between ridership in time period t and ri­
dership in some previous time period, t - n, may also be 
relevant in some cases, as are moving-average models, in 
which the dependent variable is hypothesized to be influenced 
by the weighted average of transit ridership over several time 
periods, which may include before and after time periods in 
estimation. 

These analytically more complex types of models require 
the estimation of error terms in separate models are the use 
of instrumental variables in estimating final regression equa­
tions ( 4). Such models are usually neither necessary nor rel­
evant in practice, often do not require direct estimation in 
any case, and are not further considered here. This implies 
that the temporal processes influencing aggregate transit rid­
ership are relatively simple and straightforward, an assump­
tion that will be tested explicitly as part of the development 
of the final recommended transit ridership forecasting model. 

Seasonal Models 

A second type of direct serial autocorrelation is seasonal au­
toregressivity. In this example, the length of seasonality is 4, 
because there are four quarters in each year. One formulation 
of such a seasonal model, which retains a first-order, lagged 
endogenous variable and cross-sectional variables as before, 
is as follows: 

ln(PAS,) = b0 + b 1 * ln(VSM,) + b2 * ln(EMP,) 

+ b, * ln(PAS,_ 1) 

+ b4 * ln(PAS,_") + e, 

where n is the length of seasonality. 

(7) 

Alternatively, seasonality may be included in the model 
through the use of dummy variables. Each seasonal dummy 
variable tests for differences in transit ridership betweeu Lhal 
season and an arbitrary reference season, which may be any 
of the four quarters, as follows: 

ln(PAS,) = b0 + b, * ln(VSM,) + b2 • ln(EMP,) 

+ b3 * ln(PAS,_ 1) + b4 *SEA, 

+ b5 * SEA2 ... + bx* SEA"_, + e, (8) 

where SEAx is 1 if the observed total transit ridership or.r.mred 
in season n, and is 0 otherwise. 

The choice of which alternative seasonal model formulation 
to use may be influenced by the length of seasonality. When 
the number of seasons (quarters, months , weeks, days, hours, 
etc.) is relatively small, collinearity between the first-order 
autoregressive term and the seasonal term will tend to be 
higher, suggesting the use of seasonal dummy variables. When 
the number of seasons is relatively high, the loss of efficiency 
in model estimation because of the necessary inclusion of 
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n - 1 independent variables will tend to be higher, suggesting 
the use of a seasonally differenced term as an independent 
variable. 

Incident Models 

An incident is any event that disturbs the observed relation­
ships between a dependent variable and any or all of its as­
sociated time-series and cross-sectional explanatory variables. 
Examples of incidents in the transit industry might include a 
large scale restructuring of transit services (the introduction 
of a new rail service, where before there was none, for ex­
ample), significant fare restructuring, gas shortages, oil price 
increases, ambitious marketing programs, and perhaps the 
classic example, the transit work stoppage, or labor strike 
(JO). Such incidents may have transit ridership impacts which 
are positive or negative, abrupt or gradual, temporary or 
permanent, in nature. A simple model of any or all of these 
types of effects is as follows: 

ln(PAS,) = b0 + b 1 * ln(VSM,) + b2 * ln(EMP,) 

+ b1 * INCs * eCs - 1)•5 + e, (9) 

where 

IN Cs = 1 in time period s, during which the incident ac­
tually occurred and in all subsequent time periods 
as well, 0 otherwise; 

s time period, where s is measured in the standard 
time periods used in model construction, beginning 
with s = 1 in that time period during which the 
incident actually occurred; and 

o exponential decay parameter, theoretically or em­
pirically derived, which provides a measure of the 
(constant) rate at which an incident's effect changes 
over time (Table 1). 

It is possible thrit ;in inr.in~nt m:iy h;we one level of impact 
in the time period during which it occurs, and an entirely 
different level of impact in subsequent time periods. A good 
example of this is the effect of a work stoppage on transit 
ridership. It is common knowledge in the transit industry that 
work stoppages can affect transit ridership long after a strike 
has ended. While the strike is in progress, no transit service 
is provided at all, and thus no one may ride transit anywhere 
in the affected service area. Transit riders must then seek out 
alternative means of transportation (automobile, walking, 
etc.), or forgo their customary travel behavior. After the strike 
ends, individuals may choose to take one or more of the 
following actions for different types of trips : 

1. They may revert immediately to their former customary 
travel behavior (i.e., get back on the bus); 

2. They may permanently change their travel behavior (i.e., 
purchase a private automobile for their own personal use; or 

3. They may delay changing their behavior, but ultimately 
wind up reverting to their former customary travel behavior 
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TABLE I NUMERICAL RELATIONSHIP BETWEEN DELTA AND INCIDENT 
EFFECTS 

Value of delta 
(decay factor) Effect of incident over time 

Positive Permanent, and increasing over time. 

0 Permanent, and constant over time. 

Negative Temporary and lingering, that is, decreasing constantly over time. 

Negative and very large 
i.e., negative infinity) 

Temporary and abrupt, because the effect v~rnishes immediately, 
once the stimulus has been removed. 

(e.g., to keep up their end of a carpool arrangement for a 
certain length of time). 

Depending on the length and severity of the incident, indi­
vidual travellers may wait longer or shorter periods of time 
before returning to their former customary behavior patterns. 
It is difficult if not impossible to model different kinds of 
temporal processes that occur simultaneously, explicitly in the 
context of time series analysis, just as the effects of separate 
incidents that occur at the same time cannot be isolated in a 
single aggregate forecasting model. It is possible to separate 
the temporary effect of one incident from the more or less 
permanent aftereffects of that same incident as follows: 

ln(P AS,) = b0 + b1 * ln(VSM,) + b2 * ln(EMP,) 

where 

+ b3 * ln(PASr-1) + b4 *SEA, 

+ b5 * SEA2 + b6 * SEA3 

+ b7 * INCS + INCs+l * efS - l)•o + e, (10) 

IN Cs = 1 in time period s only, when the incident ac­
tually occurred, 0 otherwise; and 

INCs+ 1 = 1 in time period s + 1, immediately after the 
incident occurred, and 1 in all subsequent time 
periods, 0 otherwise. 

The analytical results of each of these types of transit ridership 
forecasting models will be compared in the next section, with 
conclusions drawn concerning model validity, and their po­
tential utility in public policy analysis. The primary data used 
in the model are shown in Figure 1. Orange County employ­
ment increased with few interruptions, from less than 500,000 
in 1973 to well over 1,000,000 in 1989. OCTD transit service 
(VSM) expanded rapidly during the 1970s, but remained vir­
tually constant during the 1980s. OCTD ridership nonetheless 
continued to increase in the 1980s, though at a much lower 
annual growth rate than in the 1970s. 

RESULTS 

Analytical results from a variety of model formulations are 
compared in terms of internal validity. Internal validity is 
composed of the statistical measures that explain the signif­
icance of estimated parameters, and the existence of measure­
ment errors associated with collinearity or serial autocorre-
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FIGURE 1 Orange County, California, trends. 

Iation. External validity could also be checked by comparing 
these model results with those from other transit ridership 
forecasting models, and actual transit performance in future 
time periods. 

Basic Models 

Table 2 presents results for basic cross-sectional, autoregres­
sive time-series, and combined transit ridership forecasting 
models. All three models show significant serial autocorre­
lation in the distribution of error terms, indicating that model 
parameters may be biased in terms of magnitude, confidence 
level, or both. Parameter estimates for the simple cross­
sectional and time series models are clearly too high by in­
dustry standards. Transit service elasticities generally range 
from + 0.3 to + 0. 7, whereas the estimated parameter for 
VSM in Model 1.1 is greater than + 1. The Model 1.2 results 
suggest that 90 percent of transit ridership is retained from 
one quarter to the next, but this is probably much too high 
as a measure of elasticity for individual transit riders . Model 
1.3 is clearly preferred, with more appropriate parameter es­
timates for all three of the included variables. However, serial 
autocorrelation appears to be a slight problem even in Model 
1.3. 

A few observations in each model indicate relatively high 
studentized residuals, identifying such observations as out­
liers. Heteroskedasticity (ordinary dependent variable auto­
correlation) does not appear to be a problem in any of the 
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TABLE 2 BASIC CROSS-SECTIONAL, TIME SERIES, AND COMBINED TRANSIT 
RIDERSHIP FORECASTING MODELS 

Alternative Model Formulations 1 

Model 1.1 1.2 1.3 

I ndependenl Cross- Time-
Variables Sectiona12 Series3 Combined4 

Intercept -4.708 0.926 -2.888 
ln(VSM1) 1.037 (0.043) 0.678 (0.095) 
ln(EMP1) 0.740 (0.082) 0.511 (0.101) 
ln(PAS1_1) 0.896 (0.023) 0.304 (0.078) 

Number of Observations 63 62 62 
Degrees of Freedom 60 60 58 
R2 0.9808 0.9633 0.9820 
Durbin-Watson's d 0.89 
Durbin's h 2.30 2.03 

1. The dependent variable in each case is ln(PAS1). 

2. Basic cross-sectional model, including measures of supply and cJern:mcJ. 
3. Basic first order autoregressive time-series model. 
4. Combined cross-sectional and time-series model. 

Note: Standard errors for all independent variables are given in parentheses next to each 
parameter estimate. All parameter estimates listed in this table are significant at the 0.05 
level of confidence or higher, using a one-tailed test. 

models. Serial autocorrelation is indicated when error terms 
tend to stay on one side or another of the origin (0), rather 
than bouncing back and fo1 th 1 amlumly. All three models 
exhibit serial autocorrelation. An additional step would be 
necessary to correct for continued serial autocorrelation in 
the combined model. However, error models and instrumen­
tal variables are to be avoided because of complexity and 
inconvenience in spreadsheet applications . Analysts might re­
fer to more sophisticated application techniques and computer 
software programs in such cases. 

Seasonal Models 

Table 3 presents results from combined cross-sectional and 
time series models with additional seasonally autoregressive 
terms introduced . There are two methods for incorporating 
seasonal autoregressivity into regression analysis, one using 
seasonally differenced variables, the other using seasonal 
dummy variables. Model 2.1 uses a seasonally differenced 
variable with the combined transit ridership forecasting model. 
Parameter estimates are generally lower for combined model 
variables, though Durbin 's his extremely high. This model is 
overdifferenced; collinearity between the seasonally and non­
seasonally differenced variables has biased parameter esti­
mates severely. Model 2.7. uses three seasonal dummy vari­
ables to account for ridership differences among quarters , 
with the fourth quarter as the implied baseline. Two of the 
three quarterly dummy variables are not significant, yet Dur­
bin's h is less than 1.64, implying that serial autocorrelation 
in the distribution of error terms is no longer a significant 
problem in model estimation. Thus, Model 2.2 is preferred 
over Model 2.1. 

Figures 2 and 3 show serial autocorrelation for Models 2.1 
and 2.2. Figure 2 shows the effect of overdifferencing on error 

terms in estimation. Figure 3 shows a notable reduction· in 
serial autocorrelation, but two observations associated with 
incidents clearly act as outliers in model estimation. In both 
graphs, error terms in prediction are shown in relation to the 
dependent variable on the x-axis, and temporally with a linear 
time path. 

Incident Models: Theoretical Tests 

Table 4 presents results from the combined model with sea­
sonal dummy variables and incident effects included. Model 
3.1 assumes the effects of all three incidents , the 1979 gas 
shortage and the 1981 and 1986 work stoppages, to be tem­
porary and abrupt, that is, that all effects vanish as soon as 
thl:' incident is over. Model 3.3 asmme& that the effects of all 
three incidents are permanent and abrupt, that is, that each 
incident has the same effect in all subsequent quarters that it 
has in the quarter in which it actually occurs. Model 3.2 as­
sumes that the effects of all three incidents are temporary but 
lingering, with the rate of decay (delta) arbitrarily set at -1, 
which assumes a constant decline in parameter significance 
of 68 percent per quarter. Signs are as expected for every 
variable in all three models, although the 1986 strike effect 
is not significant for either extreme case, nor is the 1979 gas 
shortage effect significant under a permanent effects scenario. 
The temporary, lingering effects scenario (Model 3.2) pro­
vides the best overall goodness of fit, and the lowest Durbin's 
h value, with all variables significant and all signs as expected. 

Incident Models: Empirical Tests 

Table 5 presents results from the combined model based on 
empirically tested (or bootstrapped) best-fit identification of 
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TABLE 3 SEASONAL TRANSIT RIDERSHIP FORECASTING MODELS 

Model 

Independent 
Variables 

Intercept 
ln(VSM) 
ln(EMP) 
ln(PAS1_1) 

ln(PAS1_4) 

SEA1 
SEA2 
SEA3 

Number of Observations 
Degrees of Freedom 
R2 
Durbin's h 

Alternative Model Formulations 1 

2.1 

Seasonal 
Difference 
Variable2 

-1.530 
0.467 (0.115) 
0.521 (0.116) 
0.106 (0.094 )® 
0.233 (0.077) 

59 
54 
0.9739 
7.92 

2.2 

Seasonal 
Dummy 
Vnriables3 

-2.252 
0.535 (0.085) 
0.430 (0.088) 
0.423 (0.071) 

0.022 (0.023)® 
0.124 (0.025) 
0.040 (0.024 )® 

62 
55 
0.9880 
1.30 

1. Tiie dcpcmlent variable in each case is 111(1' AS1). 

2. Including a seasonally differenced measure of 1ran. it ride rsh ip as an indepcmlem variable, 
in addition to the first orde r autoregressive term. 

3. Including three dummy variables represe nting relative tra nsit ridersh ip diffe rences between 
the first ;111d rourth, second a nd fqurth, and third and fourth quaner. of the year, 
respectively. 

Note: Standard errors for all independent variables are given in parentheses next to each 
parameter estimate. All parameter estimates listed in this table are significant at the 0.05 
level of confidence or higher, using a one-tailed test. Those pa rameter estimates marked 
with an @ are not significant at the 0.05 level. 
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FIGURE 2 Serial autocorrelation, Model 2.1. 

decay parameter values for each incident. Model 4.1 assumes 
exponential decay parameters to be the same for all incidents, 
whereas Model 4.2 relaxes this restriction, allowing all decay 
parameters to vary independently. Both of these models have 
higher R2 values, but also greater serial autocorrelation mea­
sures, than Model 3.3. Without any guidance on how to com­
bine these two model evaluation measures into one unique 
qualifier, modelers will have to choose between them when 
ambiguous results are achieved , as in this case. 

6.4 6.8 7.2 7.6 8 8 .4 8.8 9.2 
TRANSIT RIDER SHI P, In (000) 

FIGURE 3 Serial autocorrelation, Model 2.2. 

Incident Models: Abrupt and Lingering Effects 
Separated 

Table 6 presents analytical results with temporary (abrupt) 
and lingering (permanent) effects of each incident modeled 
separately using independent variables for each such effect. 
Model 5.1 includes all available observations in estimation, 
whereas Model 5.2 excludes the first two observations in the 
temporal sequence of quarterly OCTD ridership that has oc-



TABLE 4 INCIDENT-RELATED TRANSIT RIDERSHIP FORECASTING MODELS: 
THEORETICALLY DERIVED COMBINED EFFECTS 

Alternative Model Formulations 1 

Model 3.1 3.2 3.3 

Temporary Temporary, Constant, 
Independent Abrupt Lingering Permanent 
Variables EITects2 EITects3 EITects~ 

Intercept -1.853 -2.458 -4.500 
Jn(VSM) 0.441 (0.072) 0.549 (0.067) 0.689 (0.077) 
Jn(EMP) 0.380 (0.070) 0.462 (0.069) 0.783 (0.137) 
ln(PAS1_1) 0.504 (0.060). 0.408 (0.056) 0.271 (0.067) 
SEA1 0.033 (0.019) 0.032 (0.018) 0.032 (0.019) 
SEA2 0.113 (0.020) 0.108 (0.019) 0.111 (0.021) 
SEA3 0.033 (0.019) 0.032 (0.018) 0.048 (0.020) 
GAS79 •. I 0.217 (0.053) 0.234 (0.049) 0.038 (0.032)® 
STR81 -0.253 (0.056) -0.192 (0.049) -0.146 (0.027) a,I 
STR86 •. 1 -0.073 (0.054)® -0.091 (0.050) -0.020 (0.029)® 

Number of Observations 62 62 62 
Degrees of Freedom 52 52 52 
R2 0.9932 0.9935 0.9923 
Durbin's h 0.42 0.16 1.61 

1. The dependent variable in each cru;e is l11(PAS1). 

2. Assuming that the exponential decay parameter for each independent lingering effect 
variable i equal to negative infinity. In essence, each incident affects transit ridership 
on ly in that quarter in which the incident actually occurs. Immediately thereafter, the 
incident's effect on transit ridership reduce to zero, and remains there. 

3. A~suming that the exponential decay parameter for each independent lingering eCfect 
variable is equal to -1.0. 

4. Assuming that the exponential decay parameter for each independent lingering effect 
vnrinhl~ i~ l'.x;irtly i:-qunl to zero. In essence, each incident uffccts transit ridership 
permanently by a given percentage, beginning in that quarter in which the incident 
actually occurs, and continuing forever arter. 

Note: Standard errors for all independent variables are given in parentheses next to each 
parameter estimate. All parameter estimates listed in this table are significant at the 0.05 
level of confidence or higher, using a one-tailed test. Those parameter estimates marked 
with an @ are not significant at the 0.05 level. 



TABLE 5 INCIDENT-RELATED TRANSIT RIDERSHIP FORECASTING MODELS: 
EMPIRICALLY DERIVED COMBINED EFFECTS 

Model 

Independent 
Variables 

Intercept 
ln(VSM) 
ln(EMP) 
ln(PAS1_1) 

SEA1 
SEA2 
SEA3 
GAS790 •1 
STR8 l0 •1 
STR860 ,1 

Numher of Observations 
Degrees of Freedom 
R2 
Durbin's h 

Alternative Model Formulations 1 

4.1 

Equal Exponential 
Decay Paramelers2 

-3.529 
0.714 (0.064) 
0.609 (0.073) 
0.265 (0.054) 
0.034 (0.016) 
0.105 (0.017) 
0.041 (0.017) 
0.159 (0.031) 

-0.191 (0.031) 
-0.094 (0.036) 

62 
52 
0.9946 
0.27 

4.2 

Varying Exponential 
Decay Paramctcrs3 

-4.237 
0.772 (0.059) 
0.694 (0.0(i7) 
0.229 (0.048) 
O.O:l2 (0.014) 
O.IJ95 (0.016) 
O.OJ9 (0.015) 
0.200 (0.039) 

-0.157 (0.024) 
-0.129 (0.033) 

62 
52 
0.9957 
1.47 

1. The dependent viiriahle in each cusi: is ln(PAS ). 
2. Assuming that the exponential decay parameter for each combined abrupt, lingering effect 

variable is equal w -0.20. This as. umption maximizes goodness of fit (R 2
), given that 

the exponential decay parameters for all incident variahles must be exactly identical. 
Derived through iteration. 

3. Assuming that the exponential decay parameter for the 1979 gas shortage variable is 
equal to -0.68. for the 1911 I work stoppage v:1riahlc is equal to -0.0(>, aml for the 1986 
work stoppage variahle i~ equal to -0.21. These assumptions ma~imizc gonuncs.-of-fi t 
(R2), given tli~1t exponential decay parameters for incident vari11hlcs arc :tlluwc<.I to vary 
in<.lepen<.lently. This solution was arrive<.! at through an itera tive process, beginning with 
marginal adju. tmcn1s in the exponential decay parameters fo r each of the 1hree Incident 
v;1ri;ihles sequcniially, and enuing when no further exponential uccay parameter 
adjustment yielded an increase in R~. The itcrutive order in which :1Llj l1s t111ents were 
made did not affect the final oulcome in this example. Fuilure to converge to a unique 
solution, independent of the path taken, might have intlicat d model specification 
problems, which were not in evidence here. 

Note: Standard errors for all independent variables are given in parentheses next to each 
parameter estimate. All parameter estimates listed in this table are significant at the 0.05 
level of confidence or higher, using a one-tailed test. 
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TABLE 6 INCIDENT-RELATED TRANSIT RIDERSHIP FORECASTING MODELS: 
ABRUPT AND LINGERING EFFECTS SEPARATED 

Alternative Model Formulations1 

Model S.l S.2 

All First Two 
Independent Observations Observations 
Variables Employed2 Removed3 

Intercept -4.215 -4.532 
ln(VSM) 0.725 (0.072) 0.824 (0.072) 
ln(EMP) 0.707 (0.077) 0.707 (0.071) 
ln(PAS,_,) 0.262 (0.060) 0.207 (0.055) 
SEA1 0.040 (0.014) 0.030 (0.013) 
SE~ 0.101 (0.015) 0.094 (0.014) 
SEA3 0.039 (0.015) 0.038 (0.013) 
GAS798 

0.187 (0.041) 0.192 (0.036) 
STR8l4 

-0.227 (0.044) -0.197 (0.039) 
STR86A -0.073 (0.042) -0.068 (0.037) 
GAS791 0.110 (0.042) 0.119 (0.037) 
STR811 -0.131 (0.025) -0.152 (0.024) 
STR861 -0.151 (0.037) -0.154 (0.033) 

Number of Observations 62 60 
Degrees of Freedom 49 47 
R2 0.9962 0.9957 
Durbin's h 1.56 0.89 

1. The dependent vari11hlc in each case is ln(PAS,). 
2. The empirically derived exponential decay parameters which provided the best overall 

goodness-of-fi t in Model 5.1 were -infinity for the 1979 gas shortage lingering effects 
variable, -0.040 for the 1981 work stoppage lingering cffe ts vari:1ble, and -0.32 for the 
1986 work s10ppage lingering effects variable. 

3. The empirically derived exponcutial uecay parameters which provided the best overall 
goodness-of-fit in Model 5.2 were -l.I ror the 1979 gas shortage lingering effects variable, 
-0.051 for the 1981 work stoppage lingering effects variable, and -0.32 for the 1986 work 
stoppage lingering effects variable. 

Note: Standard errors for all independent variables are given in parentheses next to each 
paral'neter estima te. All parameter estim(lles listed in this table are significant at the 0.05 
level of confidence or higher, using a one-tailed test. Those parameter estimates marked 
with an @ are not significant at the 0.05 level. 

curred since 1973. In this case, Model 5.2 has lower serial 
autocorrelation, but al ·o a lower R2 , than Model 5.1. Figure 
4 how erial autocorrelation for Model 5.1 , the theoretically 
least re. tric:l~rl . ::1nrl thu preferred mod I. with full incident 
effects, and all observations included . Although serial auto-

correlation is ace ptable (barely) and the independent effect 
of au three incident has been accounted for ucce sfully 
three new ob crvations appear a outlier ·, all three occurring 
rel,1livdy t:.arly in OCTD' history. 'I he. e three l>servation 
cannot be m deled ea ii as incident-, although they may be 
related to the 1973 oil crisis , or major service expansion . The 
primary reason for this inability to model uch incidents is 
lack of data. OCTD did not begin operations until 1973. It is 
thus impossible to know exactly what equilibrium transit rid­
ership would have been in Orange County before start-up in 
1973. Without prio r data , it is dangerous and sometimes highly 
inaccurate to try to model the aftereffects of specific incidents. 
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FIGURE 4 Serial autocorrelation, Model S.l. 

Another method of dealing with outlier observation. is to 
eliminate them from the analysis. In the case of time series 
analy ·is how ver, bservation cannot be plucked at random 
from lhe data ba e. A continuou stream of. data is required. 
Tbis suggests that ob ervations could le modified in valu to 
conform to model predicti ns (a omewhat dubious practice), 
or entire segments of data including outliers could be elimi­
nated from the beginning or end of the contiguous time eries. 
Model 5.1 was ree timated with the first 2, 5, and 11 obser­
vation. eliminated. With the first two ob ervations removed, 
R2 decreased burs did Durbin's h. It wa fe lt by the author 
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that the loss in R2 was more than made up for by the reduction 
in serial autocorrelation in Model 5.2. Removing additional 
observations from the data resulted in additional reductions 
in R2

, and also increasing serial autocorrelation in relationship 
to Model 5.2, and are not further considered. 

The effects of incidents on transit ridership using Model 5.2 
as the basis for comparison are shown graphically in Figure 
5. The 1979 gas shortage is shown to have a large, abrupt, 
and temporary effect on transit ridership, which virtually dis­
appears once gasoline is no longer in short supply. The 1981 
work stoppage was prolonged. No service was provided to 
patrons during this strike. The result was a large decrease in 
transit ridership, which did not return to normal for a long 
time. The 1986 work stoppage was much shorter, and limited 
service was provided to patrons by trained supervisorial and 
management personnel under a well-kept secret contingency 
plan during the strike. The result was a similar loss in ridership 
to the 1986 work stoppage, which rebounded toward normal 
levels of patronage much more quickly. Note that the abrupt 
effect of the 1986 work stoppage was smaller than might be 
expected, presumably because this strike occurred at the very 
end of a quarter. 

Role of Pricing in Determining Orange County Transit 
Ridership Trends 

The economist in the audience will have noted already the 
absence of a pricing variable in any of the forecasting models 
so far presented . This omission was not accidental, but the 
result of preliminary model testing that found pricing variables 
to have no significant effect on transit ridership in Orange 
County, once the effect of incidents had been included. Figure 
6 shows pricing trends for automobile (average gasoline price) 
and transit (average bus fare) over the 15-year study period. 
Inclusion of a transit price variable in the first and second 
series of models (Tables 2 and 3) produced significant price 
elasticities varying around - 0.3, the industry standard. How­
ever, serial correlation remained a problem in these models. 
When transit pricing was included in the incident impact models 
(Tables 4-6), the elasticities dropped to a range of about 
-0.03 to -0.06, and were no longer found to be significant. 
Similarly, gasoline prices were not found to have a significant 
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FIGURE 6 Trends in pricing. 

independent effect on transit ridership in any of the models 
considered here. 

The Chapman forecasting model developed for use by OCTD 
used a transit/automobile price ratio variable that was signif­
icant, had a value of -0.3, and was associated with significant 
serial correlation and parameter biases (J) . Why does pricing 
seem to have little if any effect on OCTD transit ridership at 
the aggregate level of analysis? A review of secular trends in 
the characteristics of OCTD transit patrons may reveal part 
of the answer (11-13). As Table 7 shows, OCTD patrons 
increasingly are captive riders making nondiscretionary trips . 
In 1987, 58 percent of all trips made were work trips, 70 
percent of riders were regular users of the system, and 80 
percent of patrons had no car available to them to make the 
trip . Captive riders have low price elasticities of demand for 
nondiscretionary trips, and virtually zero cross-price elastic­
ities for competitive modes that, like the automobile, are out 
of reach for them, at least in the near term (14) . Flat fare 
systems such as the one used in Orange County often con­
tribute to this lack of price sensitivity on the part of transit 
patrons (15) . 

Ironically, OCTD financial planning staff recommended 
implementing a 25-cent fare increase in 5-cent increments over 
5 years, to minimize potential transit ridership losses . Taking 
inflation into consideration, such a policy constitutes main­
taining a constant fare over time in real dollars , for which the 
price elasticity of demand should indeed be 0. These results 
also reconfirm the notion that OCTD transit ridership in­
creased in 1979 in response to a temporary shortage of gas­
oline, rather than to a more permanent increase in its price . 

CONCLUSIONS 

Cross-sectional models are generally evaluated on the basis 
of theoretical validity, conformance with theoretical expec­
tations concerning the magnitude and direction of change, 
and overall model goodness-of-fit. Individual parameter es­
timation error terms and confidence intervals may be signif­
icantly biased, if serial autocorrelation of the error terms in 
prediction is present, for time series dependent variables. In 
order to prevent temporally related biases from introducing 
major errors into forecasting models and procedures, various 
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TABLE 7 SECULAR TRENDS IN OCTD RIDER CHARACTERISTICS 

Year of On-Board Survey 
OCTD Rider 
Characteristics 19761 19791 19822 19873 

Regular Rider4 52% 63% 70% 70% 

Trip Purpose 
58%5 Work 35% 46% 46% 

School 35% 25% 26% 18% 
Shopping 10% 11% 10% 7% 
Recreation 7% 5% 4% 5% 
Other 13% 13% 14% 12% 

Age 
Under 16 12% 10% 8% 8% 
16-64 79% 80% 82% 83% 
Over 65 9% 10% 10% 9% 

Female 58% 58% 57% 54% 

Low ~ncome6 74% 55% 51% 45% 

No Car Available for Trip 76% 71% 74% 80% 

Ethnicity 
White not not 64% 46% 
Hispanic asked asked 21% 34% 
Asian 8% 7% 
Black 5% 6% 

Sample Size not 10,669 21,866 approx. 
available 17,000 

1. DMJM and COMSIS Corp., 1981. 
2. TRAM, 1983. 
3. NuStats, Inc., 1988. 
4. Rides five or more days per week. 
5. This figure may be high, in that the 1987 system-wide on-board survey sampled bus trips 

in the a.m. only, rather than all day. 
6. Annual household income less than $15,000, in cu"ent dollar.r. 

tech niques are available. Generally explicit rcpres ntation 
of the underlying theorelicaJ temporal proce es through tht: 
use of time series tran formation of the dependent variable , 
are required to reduce serial autocorrelation, absent the use 
of indirect estimation methods that are not discussed here. 
Ostram (4) provides an introduction to indirect estimation 
techniques, for those who might be interested. 

Time series methods include the use of serial and seasonal 
autoregressive terms, djfferenced or integrated equation , 
moving average models , etc. If the independent variables u ed 
in the model are influenced by temporal processes, these should 
be considered, particularly if such "independent" temporal 
processes are related to those endogenou temporal proces es 
that are known or hypothe ized to infiuence the dependent 
variable. 

Models of the type discussed in this paper may provide 
more reliable mea ures f policy sensitivity, as well as more 
accurate forecasts of future conditions with respect to the 
dependent variable. These improvem nts can be tested em­
pirically using ex ante or ex post comparative evaluation mea­
sures. Ex ante evaluation requires making a foreca t and 
waiting for the forecast period to expire before comparing 
foreca t and actual results. Ex post evaluation or backfore­
casting, is done by excluding some of the most recently avail­
able data from model estimation, and comparing this model 

output with actual results. Technically, only information on 
exogenous variables that was available before the backfore­
cast time period should be used in making ex post backfore­
casts, for the sake ::if methodological consi tency. The model 
di cus ed here will probably increase in utility to planners and 
µulicy analy cs as time series analys1 technique and data 
become more readily available and understood. Rand m sam­
ples of time series data can be used to lower data collection 
co ts, as long as sucb data are sampled systematically (16,17). 
The use of uch techniques in research and development eem 
to be increasing. Periodic updating, t tin , and valuati n 
of uch time series m del re ults a are in use by pra ticing 
planners will enhance under tanding and abi lity to use the e 
versatile methods in the future. Practical advantages of thi 
class of methods should include more accurate foreca ting 
abili ty, although this must await further testing of application. 
in the field for verification. 

In terms of policy, the effects of incidents on transit rider­
shlp can be modeled quite accurately to determine temporal 
variations in the lingering effect of such incident . The ability 
to measure pa t responses to incidents hould hel1 planner 
and decj ion makers in preparing for anticipated future hocks 
to transit performance, wheth r po itive or negative in nature. 
lr would be useful to know if the results reported here for 
incidents can be duplicated partially or wholly in other parts 
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of the country, with similar or different types of transit mar­
kets in operation. A 1966 transit strike in New York City 
resulted in permanent regular ridership losses of only 2.1 
percent for work trips, 2.6 percent for shopping trips, and 2.4 
percent for all other trips, on the basis of an ex post travel 
behavior survey (18). Are the measured results for Orange 
County reported here much greater because of differences in 
sampling procedures, differences in modeling procedures, dif­
ferences in the timing of work stoppage occurrence, differ­
ences in the spatial configuration of transit markets, or other 
factors? Additional study using data from multiple transit 
agencies might assist in answering some of these questions. 
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Bay Area Emergency Ferry Service: 
Transportation Relief After the 
October 17, 1989, Earthquake 

RICHARO M. FAHEY AND GEORGE E. GRAY 

On Cl ber 17, 1989, the Loma Prieta earthquake of magnitude 
7.J disrnpted tbe Day Area'· tran.sporratioll sy, rcm. Mo t 110-

ticeahle, rrnm a rommutcr's ·tandpoinl, wa · the toss of the use 
f the an· Frnnci. co-Oakland Bay Bridge Sl70BB). Emergency 

ferry . ervice was 'developed immediate ly to provide rransp rta­
ti n b tween 'an Francisco in the West Oay) and Oakland , 
Alameda, Richmond. and Be rkeley in the Eat Bay, illl'under 
one cont ra ·t with the Red and White I.eel (owned by r wley 
Maritime). T his service lasted from October 23, 1989. through 
March 2..1. 1990. altr~111 also chartered three Washington State 
ferries to supplemem the preexisting Vallejo-to- an Frnnci c 
service from crober 30, 1989 , to January 9. 1990. The Red and 
Whit e Fleet also operated thi ervicc a · sub harte rer of the 
Washington vessels. Some of the problem that arose in operating 
the fe rry service were the constant need to revise the differen t 
service contracts nr1d ferry r:hcdules, c ·p cially early 11 , a· we ll 
as the uncertainty of fodera l Eme rgency M;rn agcme111 Agency 
reimbu rsement. Overall. h weve r. the progrnm wa uccessf1,1I in 
providing an alte rnative c mmule mode for tran. ba y trnveler 
while the FOBB wa inoperative, and even after i.t was repa irc I. 
Evolving from the emergency se rvice wa the l -y~ar Oakland/ 
Alameda-to-San ·nmcisco f rry service pilot program ns well n 
the developm nt of a long-range pl an for p rnrnnent Bay Area 
ferry service. The problems a11d successes of the cmcrgcnc ' ferry 
service from tart-up acti it lc.. , I hrough operati 11. , tu it present 
tatu are described. The main items of focus include ridership 

trends, operating costs and reimbursem nt , public c111ime nt , and 
lcgislarion relating to the ·ervice . 

The morning of Tuesday, October 17, 1989, saw a typical 
commute around the Bay Area. Those who lived in the East 
Bay and worked in or nea r San ranci ·co were commuting 
by one of the two <1vailable Iran. bay mode : riding transit 
(Day Area Rapid Transit or la111cd i1- ontra osta Tran it) 
or driving across one of three bridge~ linking ·a ·t Bfly to 
West Bay- mainly the San Francisco- Oakland Bay Bridge 
(SF013B). !though there was no direct commuter fe rry ·cr­
vice connecting the Ea t Bay to the West Bay a t this time, 
there was ferry service serving various North Bay commu­
nities . Specifically , Golden Gate Transit ran daily commuter 
ferries from Larkspur am! from Sausalito to San Francisco. 
Similarly , the Red and White Fleet operated ferry service 
from Vallejo and Tiburon to San Francisco. 

Few, if any, of that morning's commuters were more con­
cerned with how they would get home that night rather than 
with who would win that evening's scheduled third game of 
the World Series between (ir nica lly) transbay rivals San 

California Department of Transportation, Box 7310 , San Francisco, 
Calif. 94120. 

Francisco Giants and Oakland As. Their attitudes all changed 
shortly after the 7 .1 magnitude Loma Prieta earthquake struck 
the Bay Area that afternoon at 5:04 p.m. 

EMERGENCY FERRY SERVICE IN THE 
AFTERMATH OF THE EARTHQUAKE 

Earthquake Damage Prompting Ferry Service 

Although damage from the earthquake was extensive 
throughout the Bay Area and even in areas outside the Bay 
Area, some of the most comprehensive damage was sustained 
by the area 's transportation system . First and foremost, a 
section of the SFOBB collapsed, rendering it unusable for at 
least 1 month. The SFOBB , which connects Oakland to San 
Francisco, was the main travel artery between the East and 
West Bay handling an average of 243,000 vehicle-trips per 
day (Metropolitan Transportation Commission (MT ), un­
published data]. Now, all of the Bay Bridge commuters would 
be forced to find another way to get to and from work . 

Another significant transportation problem created by the 
earthquake was the collapse of a 1-m section of the I-880 
freeway, which was the main connector for people traveling 
from Oakland and areas south of Oakland, to the SFOBB . 
Closing of the 1-880 freeway forced drivers to use either the 
already overcrowded 1-580 connector , or to switch to riding 
BART using the Fremont line . 

Other earthquake-related damage hampered travel be­
tween East Bay and West Bay because of the closures of many 
of the San Francisco freeways. The closures of 1-480 (the 
Embarcadero freeway) , 1-280 from lOlst to 6th St ., the Fell 
St. on-ramp, and the 8th and 5th St. on-ramps to I-80 east, 
all made travel within San Francisco difficult . Even after the 
SFOBB reopened , most of these freeways and on-ramps re­
mained closed, which continued to have an adverse effect on 
trans bay travel . 

Emergency Ferry Service 

Start-Up Activities 

On a typical day before the earthquake , the average number 
ofpeak-pcri d (5 to lO a.m.), westbound vehicle trips across 
the FOBB wa a bout 42 ,000 (MT , un published data). The 
vehicle occupancy rate of westbound, morning peak-period 
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SFOBB commuters was about 1.42 (MTC/Caltrans, unpub­
lished data). Thus, about 59,640 San Francisco-bound com­
muters had to find alternative means of crossing the bay for 
the next month. Unfortunately, what was left of the Bay 
Area's transportation system was ill-equipped to handle this 
extra load. It was decided that the best way not only to get 
commuters across the bay, but at the same time, to get them 
out of their automobiles, was to provide transbay ferry service 
until most of the damaged roadways could be repaired . Suc­
cessful commuter and recreational ferry systems were already 
operating on the bay, and in recent years, transportation of­
ficials had seriously discussed providing commuter ferry ser­
vice between East Bay and West Bay on a permanent basis . 

On Thursday, October 19, a meeting with all the major 
transit service providers and selected public officials was held 
to discuss special emergency services. Each transit agency 
reported on the status of its operations and its abi li ty t pro­
vide and add services. During the meeting, emergency ferry 
service between San Francisco and the East Bay was devel­
oped. Specifically, ferries would be run between the Ferry 
Building in San Francisco and four points in the East Bay: 
(a) Jack London Square in Oakland. (b) Todd Shipyards in 
Alameda, (c) the ontainer Terminal in Richmond. and (d) 
the Berkeley Marina in Berkeley. Also, plans were made to 
supplement the existing runs between Vallejo and San Fran­
cisco. Most of the East Bay transit services modified their 
schedules to accommodate the new, temporary, ferry termi­
nals, and adjust to the closing of the SFOBB (see Figure 1). 

LARKSPUR/ 
TIBURON/ 

SAUSALITO 

• N 

FIGURE I Bay Area ferry service map. 
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In order to provide this additional service , more ferry boats 
would be needed. Therefore, Crowley Maritime (which owns 
and operates the Red and Whit Fleet) arranged ro have four 
of its atalina ferries from, outhern California brought north 
to the Bay Area. Also, arrangements were mude with the 
State of Washington 's Department of Transportation to send 
down three of their vessels from Puget Sound, which were 
not being used at the time. The Washington ferries would 
primarily be used to supplement the Vallejo ferry service. 

Contracts and Agreements 

Once the basic ferry service was formulated, contracts and 
agreements between altran and th ferry pcrator had to 
be drawn up. This process took place over U1e weekend of 
October 21, 1989 to get th service up and running by Mon­
day, October 23. Three different agreements w re drawn up 
to provide emergency ferry service. ne agre ment , RM- 25, 
between al trans and Harbor arricrs required the Red and 
White Fleet (a subsidiary of Harbor Carriers) to provide ferry 
service between San Francisco and Richmond , Alameda, 
Oakland, and Berkeley. A second agreement, RM-26, ex­
ecuted between Caltrans and Harbor Carriers, was developed 
to supplement the already existing service b tween Vallejo 
and San Francisco with three extra ve ··els. However , Harbor 
Carriers did not own enough ferry boats both to supplement 
the Vallejo service and to operate the East Bay service. There-

.. 
N 
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fore, a third agreement, the Bare-Boat Charter Agreement, 
between Caltrans and the State of Washington Department 
of Transportation, Marine Division, was executed, which named 
Caltrans as charterer of three Washington State vessels that 
were brought down to the Bay Area (J). Caltrans named 
Harbor Carriers as subcharterer to operate these ferries as 
part of the provision in RM-26. 

Routes and Schedules 

On Monday, October 23, less than 1 week after the earth­
quake, the emergency ferry service began operating with an 
aggressive schedule. The Oakland to San Francisco ferry left 
Oakland every 20 to 30 min beginning at 6:00 a.m. through 
midnight. The ferries returned on the same schedule. This 
made up 90 trips back and forth each day. 

The Alameda ferry operated 12 runs per day on an hourly 
schedule only during the morning and evening peak periods. 
The Richmond ferry ran under an almost identical schedule 
also with 12 trips each day. The Vallejo ferry operated on a 
similar chedule with 10 runs per clay, while the Berkeley 
ferry made 19 trips each way running hourly during peak 
periods and every 2 hr off-peak. 

The Golden Gate Ferry Service catering to the North Bay 
also added extra runs to its already exi ting Larkspur and 
Sausalito ferry service to San Francisco. Figure 1 shows a map 
of the Bay Area with the various ferry routes as described. 
Throughout the entire 5 months of emergency ferry service 
operation, the schedule changed 17 different times. The ma­
jority of the changes, however, were minor- usually slight 
time changes in the routes for various reason . 

OPERATIONS HISTORY: OCTOBER 27, 1989, to 
MARCH 23, 1990 

Ridership 

Prequake Ferry Ridership 

As mentioned earlier, of the emergency ferry routes just es­
tablished, only the V;illejo to S;:in Frnncisco service existed 
before the earthquake of October 17, 1989. The Red and 
White Fleet carried an average of 440 passengers per day 
between the two cities. Half of these daily passengers (220) 
rode the ferries during peak periods. In the aftermath of the 
earthquake, this service was supplemented through the use 
of the Washington State ferries. 

Postquake Ferry Ridership 

Although the daily ridership of the four East Bay ferries (Oak­
land, Alameda, Richmond, and Berkeley) varied greatly in 
total numbers, each system followed the same basic ridership 
pattern throughout the 5-month emergency program. From 
service initiation on October 23, 1989, the average daily rid­
ership increased dramatically through mid-November, when 
the ridership figures peaked out and began to drop off. The 
reopening of the SFOBB on November 18 contributed to the 
steady decline in ferry patronage through December 22. On 
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December 23, to use the emergency funding in a cost-effective 
manner, major service cuts were initiated that eliminated most 
weekend and midday ferry runs. This procedure produced a 
sharp reduction in daily ridership levels, although it did not 
noticeably affect peak-period ridership. From this point, the 
average daily ridership figures began to level off around mid­
January, where they remained fairly constant through the end 
of service on March 23, 1990 (see Figure 2). 

The Vallejo service showed similar ridership trends at first. 
As soon as the supplemental service started, the daily rider­
ship increased sharply from the prequake levels of 440 riders 
per day. It also peaked out in mid-November and began to 
drop off after the reopening of the SFOBB. However, rider­
ship figures here leveled off more quickly and averaged around 
700 people per day through mid-December. From this point, 
the passenger counts began to drop off slightly each week 
through the end of state service on January 9, 1990. This 
dropoff was probably caused by the continuing uncertainty as 
to whether this service could be extended or canceled. The 
Vallejo service graph in Figure 2 shows the average daily 
ridership through March 23. Even though the ferry service 
there returned to prequake conditions after January 9, the 
ridership remained above its prequake average of 440 pas­
sengers per day. 

Costs and Subsidy Analysis 

Even though some of the fede1 al reimbursement funding for 
the ferry service was still in doubt, the majority of the costs 
involved in setting up and operating the emergency service 
had been identified. The total cost involved in operating 
the emergency ferry service from October 23, 1989, through 
March 23, 1990, was $6,450,578. These costs are presented in 
Table 1. 

In the following section, the operating costs of the service 
are compared with the ridership figures at varying times dur­
ing the )-month operation. Table 2 presents the cost per pils­
senger for both the Vallejo service and the East Bay service 
during the three different phases of the East Bay contract. 
The four East Bay routes are grouped into one category be­
cause Caltrans's contract with Crowley Maritime specified 
compensation for all four services in one fixed amount, rather 
than a separate cost for each service. The slightly higher cost 
per rider for the Vallejo service is most likely the result of 
higher operating costs caused by the longer trip lengths than 
those from the East Bay. The one-way trip length from Val­
lejo to San Francisco is 26.4 mi, whereas the average East 
Bay trip was 8 mi long. 

The last column in Table 2 (subsidy per rider) is simply the 
difference between the operating cost of the service and the 
revenue credited to C;iltrans, divided by the number of riders 
for that period. As expected, the cost per passenger increased 
as the ridership decreased throughout the service. In fact, 
near the end of the service period when the East Bay ridership 
was averaging about 1,000 people per day and Caltrans was 
paying Red and White Fleet $26,000 a day to operate, the 
cost per passenger was therefore $26.00-a primary reason 
for terminating the service. 

The last row in Table 2 contains the total cost per passenger 
associated with the entire emergency ferry service operations. 
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TABLE 1 EMERGENCY FERRY SERVICE COST BREAKDOWN 

Ferry Boat Facility Investigation 
by Army Corps of Engineers. 

Ferry Boat Facility Dredging by 
Army Corps of Engineers. 

Ticket sales by toll collectors; 
Labor costs. 

Consultant Services. 

Parking lot & access road con­
struct ion, and signage. 

Auditor Contract. 

Accounting services; 
ticket counting. 

Ticket printing. 

Caltrans staff; 
10/26/89-1/25/90. 

Washington ferry boat charter, 
insurance, expenses, & repairs. 

East Bay Ferry Services; 
Total Operating CoRt.R. 

Vallejo Ferry Service; 
Total Operating Costs. 

Total Emergency Ferry Service Costs: 

TABLE 2 ANALYSIS OF COST PER PASSENGER 

Contract Operating Cost/ 
Period Service Costs Riders Rider 

10/23-11/17 East Bay $1,239,556 234,341 $5.29 

10/30-11/19 Vallejo 201,982 20,046 10.08 

11/18-12/22 East Bay 1,615,000 144' 265 11.19 

11/20-12/24 Vallejo 371,402 23,340 15.91 

12;23-3n3 East Bay 1,612,000 116' 548 13.83 

12/25-1/9 Vallejo 167,605 8,707 19.25 

Total East Bay 4,466,556 495,154 9.02 

Vallejo 740,989 52,093 14.22 

Grand Total of 
All Services : $6,450,578 547,247 $11. 79 

Cost 

$ 100,000 

$ 325,000 

$ 222,082 

$ 15,324 

$ 145,946 

$ 2,787 

$ 11,436 

$ 15,441 

$ 20,300 

$ 384,718.11 

$4,466,555.50 

$ 740,988.75 

$6,450,578.36 

Caltrans Subsidy/ 
Revenue Rider 

$651,735 $2.51 

102,643 4.96 

133,920 10.27 

126,993 10.47 

0 13.83 

41,272 14.51 

785,655 7.43 

270,908 9.02 

$1,056,563 $9.85 
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These amounts include all costs (operations plus dredging, 
ferry charter, ticket collection, etc.) and ridership figures for 
both the Vallejo and East Bay services. This indicates that 
the total cost per passenger was $11.79, or $9.85 per rider 
with State revenue subtracted from the cost. 

Contract Amendments 

Ferry Service Agreement RM-25 

The following section discusses the different amendments to 
the three basic ferry contracts (RM-25, RM-26/Subcharter, 
and the Bare-Boat Charter Agreement) that occurred during 
the service period. As was mentioned earlier, the original 
service agreement RM-25 between Caltrans and Harbor Car­
riers, executed October 22, 1989, required Harbor Carriers 
to provide ferry service between San Francisco and three East 
Bay points: Richmond , Alameda, Oakland, and Berkeley. 
As compensation, Caltrans was to transmit all the revenue 
from $5.00 round-trip ticket sales to Harbor Carriers, plus 
$4.50 for each return-trip ticket collected . No contract ter­
mination date was identified, but instead, a 2-day cancella­
tion notice by either party was required to terminate the 
agreement. 

About 1 month later, Restatement and Amendment 1 mod­
ified the compensation clause so that Caltrans would reim­
burse Harbor Carriers $4.75 for each one-way ticket sold. The 
price per round-trip ticket was set at $5.00, with Caltrans to 
receive 100 percent of the revenue from ticket sales. Under 
this formula, Caltrans was providing a subsidy of $4.50 per 
passenger for each round-trip ticket sold. This payment sched­
ule was only effective from October 23 through November 
17, 1989. The revised contract also added a new compensation 
clause effective November 18 so that Caltrans would pay Har­
bor Carriers $47,500 per day of operation plus 60 percent of 
the revenue collected from ticket sales. It stated that the total 
payments from Caltrans to Harbor Carriers were not to ex­
ceed $2,765,000. 

Also, under this restated contract, the agreement was to 
terminate on December 1, 1989, the date FHW A agreed to 
extend reimbursement for the emergency ferry service. With 
the passage of Senate Bill SB36X(89), which redirected 
$2,000,000 in Transit Capital Improvement funds to Caltrans 
to sustain the emergency ferry service, and the mounting pub­
lic pressure to continue the program, the service was extended 
three different times during December (with Letters of Agree­
ment) through December 29. 

By this time, Caltrans was also in contact with the Federal 
Emergency Management Agency (FEMA) requesting its par­
ticipation in reimbursement for ferry service costs. With the 
seemingly relative abundance in funding sources, and the out­
side pressure to continue the ferry service, a second amend­
ment to the contract was executed that extended the ferry 
service through March 23, 1990, and increased the limit that 
Caltrans could pay Harbor Carriers to $4,000,000 (2). The 
compensation clause was also changed again to produce a 
simpler payment scheme. Under this amendment, effective 
December 22, Caltrans was to pay Harbor Carriers $26,000 
per day to operate the East Bay ferry service. Also taking 
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effect were major schedule changes (discussed in the next 
section) that eliminated most of the weekend and off-peak 
trips in order to stretch the subsidy as far as possible for peak­
period users. 

Service Agreement and Bare-Boat Subcharter RM-26 

The other two contracts, the Bare-Boat charter and RM-26 
subcharter, were interrelated. As was mentioned earlier, the 
RM-26 subcharter agreement between Caltrans and Crowley 
Maritime named Red and White Fleet as subcharterer of the 
Washington State vessels along with other provisions to sup­
plement the Vallejo ferry service. Although this contract was 
never amended throughout the service p riod, it did contain 
some gray areas open to interpretation that required certain 
neg tiating between the two parties afterwards. 

First, the original compensation provision stated that Cal­
trans would reimburse Harbor Carriers its total costs plus an 
additional 10 percent of such costs, and that the two parties 
would meet, some time after the first week of service, to agree 
on a cost-plus-fixed-fee compensation amount. Months after 
the State's involvement in the Vallejo service had ended, and 
after continued negotiations, the following provision was agreed 
upon: "For the first week of service, Caltrans shall reimburse 
Harbor Carriers for the actual costs of conducting the Vallejo 
ferry service plus a fixed fee of $5,323.95," which was 10 
percent of the first week's operating costs . The agreement 
also obligates Caltrans to pay a fixed fee of $6,191 per week 
for the remainder of the service period. 

Another item in the subcharter section of the original con­
tract needing revision was the insurance clause. The original 
insurance clause required Caltrans to add Harbor Carriers as 
additional insured to the hull and machinery insurance main­
tained by Cal trans and by Washington, when , in actuality, 
Harbor Carriers maintained its own insurance covering the 
Washington State vessels. 

Finally, there was a question as to which party was re­
sponsible for specific repairs to the Washington State ferries. 
Even though the Red and White Fleet operated the vessels 
during the service period, Caltrans was ultimately responsible 
for the vessels. The contract language did not clarify matters 
either. It stated that "Harbor Carriers shall only be respon­
sible (i) for ordinary maintenance and (ii) for repairing any 
damage Harbor Carriers may cause due to (their) failure to 
comply with Section VI of the Bare-Boat charter." Section 
VI requires the charterer not to operate the vessels at more 
than 25 knots nor more than 16 hours per day . Although 
Harbor Carriers appeared to stay within these boundaries 
while operating the Washington ferries, there was some minor 
damage to the boats, as well as some missing items. 

The logical solution was to have Caltrans only pay for dam­
ages sustained during the trips between Seattle and San Fran­
cisco, while Crowley Maritime should be responsible for re­
pair costs resulting from its operations. Unfortunately, the 
damages were not easily distinguishable because there was no 
on-hire survey done in Seattle, and the one done in San Fran­
cisco was hasty because of time constraints and the urgency 
of beginning emergency service. Therefore, the various repair 
costs were still being negotiated between the two parties , and 
the contract language regarding repairs was not yet amended. 
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Bare-Boat Charter Agreement 

The Bare-Boat Charter Agreement between Caltrans and the 
State of Washington, as mentioned earlier, allowed Cal trans 
to use three Washington State ferries (which were subchar­
tered to Crowley Maritime as described) at a rental rate of 
$18,300 per month, plus an additional charge of $2.00 per 
operating hour per engine . The original agreement was to 
expire on December 1, 1989. Caltrans was also responsible 
for the costs involved in transporting the vessels from Seattle 
to San Francisco and back again, including the off-hire survey 
inspection and repairs. The agreement also required Caltrans 
to provide insurance for the ferries from the time they left 
Seattle until the time they were returned. 

On November 27, Supplement 1 to the Bare-Boat Charter 
Agreement was executed for two main reasons: (a) UMTA 
requested that the charter agreement include a federal interest 
clause as a condition of approval, and (b) Harbor Carriers 
requested a restatement of the hull and machinery insurance 
coverage in a format acceptable to its underwriters (J). Also, 
this supplement clarified that Caltrans would be responsible 
for the costs relating to travel and redelivery of the vessels. 

Supplement 2, executed December 1, 1989, was simply an 
extension agreement to continue operating the service under 
the original charter agreement on a day-to-day basis (4). This 
choice was wise because it was still unclear at that point how 
long the ferry service would continue. 

Table 3 presents the contract amendment and supplement 
information for the tlu ee main emergency ferry service con­
tracts. 
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Schedules 

Between the beginning of the emergency ferry services on 
October 23, 1989, and its last day, March 23, 1990, there had 
been 17 different schedules. Most of the schedule changes 
were minor, such as a slight time change to one of the five 
routes. Also, most of the schedule refinements took place 
within the first month or two of service. Other reasons or 
events prompting schedule changes included pier availability, 
citizen group requests, transit connections, and reductions in 
service to maximize the subsidy. Although these schedule 
changes did not have a noticeable impact on ridership, the 
early, continuous changes drew criticism from the public and 
the fluctuations and uncertainty may have scared off potential 
riders. At the same time, however, the schedule changes may 
have helped attract new riders who could not use the service 
under the previous schedules. 

As ridership declined, certain ferry runs within various routes 
were eliminated in an effort to keep the service cost-effective. 
By mid-December, about 75 percent of the riders were using 
the service during peak hours. It was determined that by 
eliminating the weekend and off-peak runs, the State could 
save about $175,000 per week in operating costs, and there­
fore stretch the subsidy through mid-March . The most sig­
nificant schedule change occurred on December 22, when 
most of the remaining midday and weekend runs were elim­
inated. The last schedule change occurred on February 17, 
1990, and was used throughout the remainder of the service. 
Table 4 presents both the first schedule (full service), and the 
last (reduced service) for comparison. 

TABLE 3 CONTRACT AMENDMENT SUMMARY 

Original 
Cont ract 

RM-25 
{10/23-11/17) 
$4.75/ticket 
Revenue - CT 

RM-26 
(10/30-1/9) 
Cost plu s 10% 
fixed fee. 

BAREBOAT 
(10/30-12/1) 
Charter three 
WA ferries. 

CT = Caltrans 
HC Harbor Carriers 

1st Amend/ 
Supplement 

(11/18-12/22) 
$47,500/day 
Revenue Split : 
60%-HC:40%-CT 

(Unsigned) 

2nd Amend/ 
Supplement 

(12/26-3/23) 
$26,000/day 
Revenue - HC 

1st week's costs + 10%. 
Op. Costs + $6191/week. 
Modified insurance clause. 

( 11/27 /89) 
Federal clause. 
Ins. modification. 
Redelivery costs. 

(12/1/89) 
Charter extension: 
Day by day agreement. 

3rd A• end/ 
Supolement 

(2/23/90) 
$4,852,635 
pay cap 
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TABLE 4 COMPARISON OF SCHEDULE 1 AND SCHEDULE 7 

SCHEDULE #1 

From Oakland to S.F. Ferry Building. 
(40 minutes) 

- Leave at 6 a.m. and every 20-30 
minutes thereafter until midnight. 

- Ferries return on same schedule. 

From Alameda to S. F. Fern Building_,_ 
(35 minutes) 

- Leave 6,7,8,9 a.m. and 5,6 p.m. 

- Return 7,8 a.m. and 4,5,6,7 p.m. 

From Richmond to San Francisco Pier 9. 
(45 minutes) 

- Leave 6,7,8,9 a.m. I 5:30, 6:30 p.m. 

- Return 7,8 a.m. I 4:30, 5:30, 6:30, 
7:30 p.m. 

From Berkeley to San Francisco Pier 3. 
(Beginning 10/30/89) 
(40 minutes) 

- Leave at 6:00 a.m. and every hour 
(two hours, mid-day) until 8:00 p.m. 

- Return at 7:00 a.m. and every hour 
(two hours, mid-day) until 7:00 p.m. 

From Vallejo to S.F. Ferry Building. 
(60 minutes) 

Ferries leave 6:00 and 6:30 a.m. 

- Return at 5:15, 6:15, and 7:40 p.m. 

Reimbursement Funding 

As was mentioned at the outset, emergency relief funding to 
operate the ferry service while the SFOBB was being repaired 
was secured from the FHW A. Eventually, Cal trans received 
a funding extension from the FHW A through December 1, 
1989. By this time, it was estimated Caltrans had spent 
$1,635,997 in operating the emergency service, which was 
reimbursed by the FHWA. Also by this time, an extra 
$2,000,000 had become available to extend ferry operations 
with the passage of Senate Bill SBX36(89). 

During this time, Caltrans was submitting damage survey 
reports (DSRs) to FEMA as part of the process for receiving 
reimbursement for the costs of all repairs and services made 

SCHEDULE #17 

- Leave at 6 a.m. and every hour 
thereafter until 10:00 p.m. 

- Ferries return on same schedule. 

- Leave hourly from 6:15-10:15 a.m. 
and every other hour until 4:45 p.m., 
then hourly until 8:15 p.m. 

- Return on similar schedule. 

- Leave 6,7,8 a.m. I 5:25 p.m. 

- Return 6:50 a.m./4:30,5:30,6:30 p.m. 

- Leave at 6:00 a.m. and every other 
hour until 8:30 p.m. 

- Return on similar schedule. 

- Subsidized service ended 1/9/90. 

necessary by the earthquake. All requests for federal aid were 
made through the state Office of Emergency Services (OES), 
which would request FEMA participation on the basis of Cal­
trans's requests. It was originally understood that FEMA would 
reimburse Caltrans from the time FHW A funding stopped 
(December 1, 1989) through a period when traffic patterns 
on and around the SFOBB returned to normal. It was difficult 
to predict when this might happen, but by canceling most 
midday and weekend ferry runs, and eliminating the Vallejo 
subsidized service (on January 9, 1990), it was determined 
that the East Bay service could be maintained through mid­
March of 1990 by using the available funding. 

Unfortunately, Caltrans did not learn until January 9, 1990, 
that FEMA had planned to terminate financial assistance on 
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December 31, 1989. In spite of this, Caltrans decided to stick 
to its original plan of operating the service through March by 
using SBX36(89) funds and, at the same time, to appeal FE­
MA's December 31, 1989, cut-off date. In mid-April (3 weeks 
after ferry service termination), Cal trans learned that FEMA 
had rejected the appeal, prompting a second-level appeal to 
be submitted. Two weeks later, it was learned that FEMA 
had decided not to participate in any ferry service-related 
funding at all. This decision prompted a meeting between 
Caltrans, FEMA, and OES to resolve matters. FEMA offi­
cials indicated they would consider reimbursement for the 
service for as long as ridership warranted running such service. 
Caltrans submitted a supplement to the second appeal that 
specifically pointed out that FEMA should provide financial 
aid for the ferry service at least through February 9, the ap­
proximate date that SFOBB traffic volumes began to return 
to normal levels (B. Crockell, unpublished data). 

Outstanding service costs to Caltrans during this period 
totaled $2,910,555. With Caltrans providing a 25 percent FEMA 
match (using SBX36(89) funds], the total amount Caltrans 
requested from FEMA was $2,182,916. Table 5 presents the 
entire financial spreadsheet, including costs and funding 
sources for the emergency ferry service. 

To date, Caltrans has not received a response from FEMA 
either accepting or rejecting the second appeal. Therefore, 
Table 6 presents the breakdown of the two possible reim­
bursement scenarios: (a) FEMA provides financial aid through 
February 9, 1990, and (b) FEMA provides no aid for ferry 
service. The first scenario would leave Caltrans with a balance 
of $518,362 in SBX36(89) funds, which would be returned to 
the state legislature; whereas the second leaves Caltrans with 
a deficit of $1,664,553. The Caltrans cost figure of $5,947,632 
refers to the total net costs, derived from all costs less revenue 
and other credits. 

Figure 3 shows a proportional breakdown of the net costs 
and reimbursement sources involved. The 3. 7 percent con­
tributed by Caltrans under the reimbursement breakdown 
chart reflects the labor costs of the toll collectors who sukl 
and collected ferry tickets while the SFOBB was inoperative. 
The 7 .1 percent reimbursed by the Army Corps of Engineers 
was for their postquake port investigations and Berkeley chan­
nel dredging related to the ferry service. 

Public Sentiment 

Although ferry ridership began to subside after the SFOBB 
reopened, the amount of public support for the ferries, and 
for continued ferry service did just the opposite. The more 
the State threatened to eliminate the ferry service because of 
decreasing ridership, the more letters that were received by 
Caltrans and the legislators from angry support groups and 
individuals. For example, Caltrans received many letters from 
commuters riding the Vallejo ferries when they learned that 
Caltrans planned to terminate the supplemental service. One 
ferry support group, The Berkeley Ferry Committee, sub­
mitted a letter with over 2,300 signatures, and approximately 
150 separate letters, to the Caltrans district director requesting 
that the State keep the Berkeley ferry service operating on a 
permanent, subsidized basis. Similarly, many East Bay poli­
ticians were the recipients of letters from their constituents 
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who wanted to see the Oakland and Alameda ferries kept 
running on a permanent basis. 

As it turned out, perhaps partly because of public pressure, 
the Oakland and Alameda ferry service was continued, after 
State involvement ceased, by the City of Alameda and the 
Port of Oakland as a 1-year demonstration project. Some of 
the different ferry support groups that were formed included 
the following: The Berkeley Ferry Committee, The Richmond 
Ferry Run, The North Bay Water Commuters out of Vallejo, 
The Tiburon Commuters from Marin County, and The Bay 
Organization for Aquatic Transit (B.O.A.T.). The latter was 
originally formed to support the Oakland and Alameda ferry 
runs, but eventually reorganized to include representatives of 
all the other support groups to create an alliance to help 
facilitate the development of a Bay Area ferry system. These 
groups were all successful in recruiting volunteers, distributing 
schedules and informational newsletters, and keeping local 
politicians informed of their concerns. 

Legislation 

Many measures were passed during the 5-month period that 
affected the emergency ferry service-most of which were 
authored by Senator Quentin Kopp (San Francisco), or Sen­
ator Keene (Vallejo). Most of the State bills passed during 
this time provided funds or authorization for earthquake dam­
age relief of all types, not strictly ferry service activities. The 
following section, however, describes how the different mea­
sures related specifically to the ferry service. 

Immediately after the earthquake, the governor declared 
a state of emergency. This allowed the quick implementation 
of the emergency ferry service. Many of the approvals and 
regulations that would normally apply to ferry operation on 
the bay were now superseded under the state of emergency. 
This situation enabled dredging, parking lot construction, and 
service contract negotiations. 

A few weeks later, ou November 2, Senator Keene intro­
duced Senate Bill SBX37, which required the MTC to develop 
a permanent ferry plan for the San Francisco Bay and the 
City of Vallejo to determine the feasibility of acquiring ferries 
on a permanent basis. Two days later, Senator Kopp intro­
duced Senate Bill SBX36 (adopted November 7, 1989), which, 
among other things, transferred $2,000,000 from Transit Cap­
ital Improvement funds to Caltrans to sustain emergency ferry 
services. It also reallocated $1,500,000 from the same funding 
source to MTC for allocation to transit operators for contin­
uation of their emergency bus and rail services. 

Senate Bill SBX39 by Senator Kopp, introduced on January 
23, required the MTC to develop objective criteria (including 
ridership per run, fare box recovery ratio, and local financial 
support), to determine which ferry runs were the most cost­
effective so that the limited funding could be used efficiently. 
Although this bill was not adopted until July 7, 1990, these 
criteria (among others) were being used all along by the State 
in an effort to stretch the limited funding by eliminating the 
least cost-effective runs, such as the midday and weekend 
service. 

Senate Bill SBX2169, adopted at the beginning of 1990, 
authorized MTC to develop and adopt a long-range plan for 
implementing high-speed water transit on the San Francisco 



TABLE 5 EMERGENCY FERRY SERVICE REIMBURSEMENT AND EXPENDITURE REPORT 

R&W 
MTC/ Revenue ($) 

Contract Total FHWA FEMA Caltrans Army SBX36 Vallejo Credited 
Item Payments ($) Costs ($) ($) ($) ($) Corps ($) Funding ($) ($) Kept by R&W to Caltrans Total 

COE investigation 
COE dredging 
Toll collectors 
Consultants 
Parking/access/signs 
Auditor contract 
Accounting/Tickets 

counting 
Ticket printing 
Caltrans staff 

10/26-1/25 
Operating costs 

Washington DOT 
Insurance 
Monthly fees 

($18 ,300/mo) 
Engine hours ($2/op­

hr/eng.) 
Expenses (labor, 

travel, etc .) 
Off hire/drydocking/ 

Props. 
Repairs (R& W 

responsible) 

Subtotal 
East Bay 

10/23- 11 /05" 
(14 days) 

11/6-11/17 
(12 days) 

11118-1211" 
(13 days) 

12/2-12/15 
(14 days) 

12/16-12/22 
(7 days) 

12/26-3/23/90' 
(62 days) 

Subtotal (122 days) 
Operating costs + fixed 

fee, Vallejo 
10/30-1/9f 

(70 days) 
Total 
$ 2 mil balance 

596,330 

643,226 

558,922 

610,976 

311,182 

1,612,000 

4,332,636 

371,962 

4,704,598 

100,000 
325,000 
222,082 

15,324 
145,946 

2,787 
11,436 

15,441 

20,300 

73.981 
62.220 

18,608 

142.555 

18.869 

68,486 

15,324 
145,946 

2,787 

7,000 

73.981 
19.520 

3,960 

129.000 

60,000 

11,436 

8,441 

20.300 

- -- --- ---

384.718 286.461 98.258 

596,330 

643,226 487,815 

617,500 590,500 

665,000 

332,500 

1,612,000 --- ---

4,466,556 1,078,315 2,500.321" 

740,989 100,164 271,799 

222,082 

6,450,578 1,635,997 2, 182,916" 222,082 

100,000 
325.000 

425,000 

---

753.999 

1,481,638'' 
518,362 

0 

0 

87 ,867 

81.036 

31.977 

558,000 
---

758,880 

98,J 18 270.908 

98.118 1,029.788 

313.195 :113.195 

338.540 338.5-lll 

58.578 146,.145 

54.014 135J)60 

21.318 53.295 

0 558.000' ---

785.655 1.544.535' 

270,908 270.908 

1,056.564 r.815.44-1 

NoTE: Assumes FHWA reimbursement, 10/30-12/1: FEMA reimbursement. 10/30-2/09. Total Payments to R& W. sum of Columns 1 and 9: $4.70-1.598 .,- $1.019.788 
= $5,734,386. 

"10/23-11/17: Payments to R&W =no. of tickets sold x $4.75 . CT keeps JOO percent of revenue (revenue= $651.735 .32). 
•11118-12/22: Payments to R&W = $47,500/day + 60 percent revenue . CT keeps 40 percent of revenue (revenue = $334.800). 
'12/26-3/23: Payments to R&W = $26,000/day + JOO percent revenue . (Reduced service, not on weekends). 
dThrough 219190. 
'Revenue estimation: = 1800RT/Day • $5 • days) 
IVallejo 10/30-1/9: Payments to R&W = op. costs + fixed fee ($6191/wk) . Weekend service throughout_ 
•Less $727,639 FEMA 25 percent match from SBX36. 
hPlus $727 ,639 FEMA 25 percent match from SBX36. 



(a) 

TABLE 6 REIMBURSEMENT SOURCES 

(1) FKMA Aid 

SOURCE AMOUNT 

FEMA $2,182,916 

FHWA $1,635,997 

CAL TRANS $ 222,082 

ARMY CORPS $ 425,000 

25% FEMA MATCH $ 727,639 

SBX36 FUNDS $ 753,998 

TOTAL REIMB. : $5,947.632 

CALTRANS COSTS: $5,947,632 

SURPLUS SBX36: $ 518,362 

DEFICIT: $ 0 

OTHER COSTS (1 J . .:5%) 

///-

WA STATE (e.~) /"'· 

""'" V AU...EJO ( 1 1 . O") 

(2) No FEMA Aid 

AMOUNT 

$ 0 

$1,635,997 

$ 222,082 

$ 425,000 

$2,000,000 

$4.283.079 

$5,947,632 

$ 0 

$1,664,553 

EAST-BAY (69.2~) 

FIGURE 3 Breakdown of funds: (a) costs (total $5,947,632) and (b) reimbursements (total $5,947,632). 
(continued 011 11ext page) 
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SBX1 -~ FUNDS (24 . 9~) 

FEt.IA (~.7%) 

(b) 

ARMY CORPS (1.1,;) 

CALTRANS (.:5. 7,;) 

FHWA (27 . 5~) 

FIGURE 3 (continuetf) 

Bay. By this point, the emergency service was winding down, 
so this bill was introduced to help develop a more permanent 
transbay ferry service. 

Finally, Proposition 116 on the California ballot was passed 
by voters in the June election. Although this proposition had 
no effect on the emergency ferry service, it will provide 
$30,000,000 for waterborne ferry systems through bonds. Spe­
cifically, it provides $10,000,000 to the City of Vallejo for 
capital improvements to the Vallejo ferry service. It also al­
locates $20,000,000 to local agencies through competitive 
(state-wide) grants for construction, improvements, acquisi­
tion and other capital expenditures for ferry service. 

OVERVIEW 

Although problems were encountered throughout its opera­
tion, the emergency ferry service successfully transported 
thousands of people across the San Francisco Bay on a daily 
basis . 

Two obvious problems encountered during the 5-month 
period of emergency service were (a) the constant contract 
revisions required and (b) the continually changing ferry 
schedules. Considering the circumstances, however, these were 
minor complications. The original contracts were developed 
and executed quickly to implement service as soon as possible. 
Most of the eventual factors that necessitated contract revi­
sions, such as additional funding sources, ridership levels, 
insurance needs, public pressure, etc. could not have been 
foreseen when the contracts were first developed. In hind­
sight , the contract with the fewest problems was the simplest: 
RM-25 , Amendment 2, which required Caltrans to pay a 
fixed daily fee of $26,000 for the East Bay ferry service . Of 
course, this fee was developed after the funding sources had 
been identified and the operation duration specified. 

Another problem, which still exists , is the indecision by 
FEMA as to whether they will reimburse Caltrans for some 

or any of the costs in operating the ferry service. It is not 
known if this dilemma could have been avoided. 

On the positive side, there was tremendous and unprec­
edented cooperation between the local transit operators, fed­
eral, state, and local officials, local politicians, and the private 
sector in developing and operating an alternative public trans­
portation system on such short notice. Also on the plus side, 
the emergency ferry service carried over 547 ,000 passengers 
over the 5-month period, and averaged over 4,200 trips per 
day . Another benefit to emerge from this situation was the 
long-range plan to provide transbay ferry service, which MTC 
is now developing. Finally, one of the most important sec­
ondary developments is that the City of Alameda, the Port 
of Oakland, and MTC are now jointly subsidizing a 1-year 
trial ferry service program between Oakland, Alameda, and 
San Francisco, which is simply a continuation of the emer­
gency ferry service. If successful, it will become a permanent 
fixture on the Bay. 

Unfortunately, however, it took a major earthquake to 
create the temporary transbay ferry service , and to prove to 
many people that there are viable alternatives to the auto­
mobile. 
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