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Service-Sensitive Indicators for Short-Term 

Bus-Route Planning 

ALAN J. HOROWITZ 

Transit performance indicators are useful means of monitoring existing systems 
and planning for future systems. The development of one type of transit per
formance indicator, a service-sensitive indicator, is discussed. The purpose of 
the service-sensitive indicator is to succinctly summarize the effectiveness and 
fairness of short-term route changes. Included in the indicator are considera
tions of the important performance variables perceived by riders : in-vehicle 
time, transfer time, walking time, waiting time, requirements to wait, and re
quirements to transfer. The service-sensitive indicator is applied to a case 
study-the improvement of transit service to the Milwaukee County Institu
tions Grounds, where major public medical care facilities are located. Be
cause questions of equity are of greatest importance, the indicator is sepa
rately calculated for each of the potential rider groups. It is shown that the 
indicator measures the impacts of route alignment and route extensions on 
relevant population groups and does so without the need for extensive travel 
survey data. 

Recently, there has be.en an increasing emphasis on 
the need to provide high-quality yet efficient pub
lic transportation services to all segments of the 
population and throughout urban areas. This empha
sis has led to provision of services to population 
segments such as the elderly, the disabled, women, 
minorities, and low-income individuals. In addi
tion, efforts have been made to offer convenient 
service to locations that provide different types of 
facilities and services, such as jobs, health care, 
education, recreation, and shopping. Consequently, 
transit operators have been faced with both the task 
of monitoring how well their systems serve diverse 
segments and geographic areas and the responsibility 
for developing new routes and schedules to remedy 
perceived deficiencies. 

Systemwide indicators of transit performance have 
been developed to provide operators with information 
on how effectively and efficiently they are serving 
their communities. Examples of systemwide indica
tors are revenue passengers per service area popula
tion, revenue passengers per vehicle hour, and per
centage of population served (1_). Indicators such 
as these permit the operator to determine whether 
the transit system is improving over time and 
whether its quality of service is comparable to that 
of transit systems in similar communities. However, 
systemwide indicators are not prescriptive. Many 
potential short-term route or schedule changes are 

not revealed by using these overall aggregate mea
sures. 

If indicators are to be truly useful for planning 
system improvements, they must be "service sensi
tive". That is, a route or schedule change that 
qualitatively improves service should be reflected 
as a significant quantitative change in the appro
priate indicators. Service-sensitive indicators 
should determine whether proposed system modifica
tions are suitable, are efficient from current 
riders' perspectives, and are adequately serving 
groups of potential riders. Furthermore, service
sensitive indicators should be simple to calculate 
by using data normally available to transit opera
tors, and they should not require extensive statis
tical analysis or model calibration. 

The purpose of this paper is to demonstrate that 
service-sensitive indicators can be useful for 
short-term transit route planning and scheduling. A 
quality-of-service indicator is developed and ap
plied to a route-planning problem in which equity 
issues are of paramount importance. Specifically, 
the problem concerns providing better transit ser
vice to the Milwaukee County Institutions Grounds 
(MCIG) , where all the important county medical fa
cilities are located. The example is particularly 
interesting because transit access to the location 
from low-income areas of Milwaukee is poor. 

SERVICE-SENSITIVE INDICATOR 

If a service-sensitive indicator is desired, then it 
should be based on a concise definition of service 
quality as perceived by riders. Surveys of current 
and potential bus riders have led to a better under
standing of the notion of service quality (_~,]}. 

Riders want to reach desired destinationsi they want 
to do so quickly and reliably. They want to avoid 
walking, waiting, transferring, or standing while 
riding. They want protection from weather, but they 
attach little importance to physical luxury while 
traveling. 

For questions of equity, systemwide indicators 
may be made more service sensitive by simply break
ing them down by population segments or by geo-
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graphic areas. Rather than the percentage of the 
total population served, it is helpful to know the 
percentage of elderly, handicapped, economically 
disadvantaged, etc., within the service area. The 
decision as to which segments should be identified 
will depend on the reason behind the modification of 
the system. 

The service-sensitive indicator developed in this 
paper is specifically designed to determine whether 
people have adequate access by transit to a major 
trip generator. The indicator is constructed by 
counting numbers of potential riders who can conve
niently reach the destination of interest by tran
sit. Of course, not all potential riders use tran
sit to reach this destination. We are concerned 
with how many people have the opportunity to use the 
transit service, independent of whether they ac
tually choose to travel by transit, by another mode, 
or not at all. 

The difficulty in creating this indicator lies in 
producing a suitable measure of "convenience". In 
this paper, convenience is defined by using a psy
chological scale of the time spent in bus transit 
travel (}). The psychological scale provides rat
ings of major elements of transit travel: riding 
time, waiting time, transfer time, walking time in 
fair and poor weather, requirement to transfer, re
quirement to wait, riding time while standing, and 
multiple transfers. 

The psychological scale was created by a tech
nique known as magnitude estimation (_!,.2_). A series 
of questions asking for a comparison between two 
trip descriptions was administered to 84 Chicago 
residents. The first trip description had a previ
ously assigned numerical value and was used in every 
question for a particular respondent. This trip de
scription was individually selected to be an every
day trip for each respondent. Respondents were 
asked to rate the second trip description in each 
question as a fraction or multiple of the first, 
making sure that the worst of the two trip descrip
tions was rated higher. By this means, 115 trips by 
bus transit, automobile, and walking were rated. 
Trip descriptions were created to isolate the effect 
of a single aspect of a trip--its purpose, mode, en
vironmental conditions, requirement to transfer, 
waiting time, etc. Then, through statistical analy
sis [described fully elsewhere (3)], the contribu
tion of each aspect to a trip-description rating 
could be computed. 

The resulting ratings were on an arbitrary numer
ical scale. In order to render the ratings more 
concrete, they were mapped onto a scale representing 
minutes of travel to work by automobile. For ex
ample, if both a 20-min bus-transit trip with a 
10-min wait and a 55-min automobile trip had ratings 
of x, then the bus-transit trip is evaluated to be 
equivalent to 55 min of automobj le travel. The ac
tual value of the ratings, x, becomes unimportant. 
Thus, there are two types of minutes used in the 
following analysis: actual and equivalent. It is 
important to note that a bus-transit trip that has a 
rating equivalent to 55 min of automobile travel 
represents substantially less bus-transit travel 
time. In this example, the actual bus-transit trip 
takes 30 min. Measuring the convenience of bus
transit trips in equivalent minutes of automobile 
travel has three advantages: 

1. It is directly based on how riders and poten
tial riders evaluate bus-transit trips. 

2. It provides a means of comparing bus-transit 
trips in a consistent set of units. 

3. It provides an immediate comparison with the 
most important competitive mode·, the automobile. 
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The relation between equivalent automobile time 
and actual bus-transit time is summarized below: 

Equivalent 
Automobile 

Bus Travel Travel Time 
'l'r iE Element Time (min) ~min) 
In-vehicle time 10 13. 2 

20 24.5 
30 35.2 
40 45.5 

Wait time 5 11. 0 
10 21.l 

Wait requirement 0 9.9 
Transfer time 5 10.0 

10 20.0 
Transfer requirement 0 28.0 
Fair-weather 5 6.6 

walking time 10 13.3 

The distinctions made here between wait requirements 
and waiting time and between transfer requirements 
and transfer time are not typical for bus-transit 
planning. The ratings show a strong unwillingness 
on the part of respondents to either transfer or 
wait. Once these wait and transfer requirements 
have been established, additional excess time is 
rated at about twice automobile travel time. Wait
ing, transfer ring, and walkiog are all represented 
in the table as occurring under fair-weather condi
tions. Riders are also assumed to have seat availa
bility. 

The ratings from the Chicago residents did not 
vary according to socioeconomic or personal charac
teristics of the respondents (_l), and the ratings 
are consistent with value-of-time studies conducted 
in a variety of cities. Residents of Milwaukee, a 
city very close to Chicago in location and socioeco
nomic makeup, would not be expected to produce sig
nificantly different ratings. 

The quality-of-service indicator is constructed 
by using a two-step procedure: (a) setting an auto
mobile travel-time standard and (b) counting the 
number of persons in the appropriate population seg
ment who can travel to the designated destination 
within that travel-time standard. Separate indica
tors are calculated for each population segment of 
interest. It is likely that a single standard will 
emerge as best for a particular planning problem. 

CASE STUDY 

MCIG is the location of major, publicly provided 
health care facilities and extensive private health 
care facilities within Milwaukee County. Approxi
mately 8000 employees and 8000 nonemployees visit 
MCIG on any given weekday. MCIG is inconveniently 
located 6 miles to the west of the Milwaukee central 
business district (CBD). MCIG is well served by 
highways, but it is inadequately served by transit. 
Only three bus routes are near MCIG, and two of 
these bus routes serve the same east-west corridor. 
At its closest point, the single north-south route 
is 0. 4 mile from the heart of the MCIG medical fa
cilities. 

The inadequate transit service to MCIG makes ac
cess for inpatients and outpatients especially dif
ficult. Unlike most medical facilities, which draw 
their patients, from proximate areas, patients coming 
to MCIG are heavily concentrated in an area just 
west, northwest, and southwest of the Milwaukee 
CBD. About 50 percent of MCIG patients reside in 
the "target a·!ea" shown in Figure 1. MCIG patients 
tend to be low income, and they are heavily depen
dent on publicly provided health care services. 



38 

Figure 1. Current Milwaukee County bus-transit service areas as defined by 
30-, 60-, and 90-equivalent-min standards. 

MILWAUKEE COUNTY 

0 1 2 3 
MILES 

Table 1. Route alternatives for bus service to MCIG. 

:\ tt~:-
native Type 

A Do nothing 
B Alignment 

c Extensions 

Estimated 
r,...,+ ~,,. ... 

Description [);~-($)" 

Existing system O 
Reroute67, 71, and 10 into MCIG 169 
(current plan) 

Reroute 67, 71, and 10 into MCIG; 1042 
ex tend 22 (on the north) to 
MCIG and open a loop within 
target area; branch 18 (on the 
south) to MCIG 

D Extension-express Reroute 67, 71, and 10 into MCIG ; 1127 
branch 18 (on the sou th) to 
MCIG; provide new north-south 
route in the northern target area 
with an express, freeway segment 
toMCIG 

The objective of the case study was to determine 
whether short-term route changes would improve tran
sit access for MCIG nonemployees. Service- sensitive 
indicators, as discussed in the previous section, 
were computed for various alternative route changes 
and for segments of nonemployees, employees, and the 
general population. Indicators were then compared 
to determine whether any of the alternatives were 
promising. The alternatives are summarized in Table 
l. 

In order to simplify calculation of the indica-
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Table 2. Percentage of population segment served by bus-transit alternatives 
under 90-equivalent-min standard. 

Alternative 

Subgroup A B c D 

Mental health patients 25.3 29.7 37.8 38.3 
Hospital inpatients 26.0 29.7 41.0 41.7 
Hospital outpatients 21.0 28.3 39.4 40.6 
Medical students 42.7 53.9 57.5 55.8 
Employees 23.0 29.6 34.2 32.S 
General population 17.9 21.6 26.7 26.2 

tors, it was assumed that bus-transit riders would 
walk as far as 0.25 mile from their residences to a 
transit stop. This initial walk was not included in 
the measure of convenience. A walking speed of 3 
ft/s was used to calculate final walking time be
tween the bus route and the front door of the Mil 
waukee County General Hospital. Waiting time and 
transfer time were take n as half the headway of the 
appropriate route. Bus speeds on all streets and 
headways were for midday and were derived from time
tables published by the Milwaukee County Transit 
System. 

A 90-equivalent-min standard has been selected, 
primarily to yield an understanding of how well the 
target area is served. Figure l shows the existing 
service area as defined by 30-, 60-, and 90-equiva
lent-min standards. The target area is not served 
at all under the 30-min standard and is only mini
mally served unde r the 60-min standard. Western and 
central portions of the target area are s e rved under 
the 90-min standard, although the total service area 
is still relati vely small. The 90-min standard is 
used for the remaining indicator calculations. 

The impacts of alternatives B, c, and D are sum
marized by the indicator values given in Table 2. 
The current plan of the Milwaukee County Transit 
System (alternative B) substantially increases the 
area within the 90 - min standard at a small daily 
cost. For the various categories of patients and 
for employees, the increases in percentage served 
are between 3.2 and 7.3 percent: for medical stu
dents, the increase is 11.2 percent. Alternatives C 
and D, which call for new route segments, offer 
'J!'.'e~tt? r r>n~itimo imp~r.t. t.hrin alternative B but are 
much more costly. Alternatives C and D have almos t 
identical impacts at identical costs. Table 2 indi
cates that the s e alternatives have the greatest im
pacts on patients; in relation to service to medical 
students and employees, they do not greatly improve 
on alternative B. 

Although it is not the purpose of this paper to 
recommend particular alternatives, some conclusions 
as to the effectiveness of the plans can be drawn. 
The Milwaukee County Transit System plan (alterna
t i ve B) appears meritorious because of its low 
cost. However, this plan only partly alleviates the 
problem of inadequate service to MCIG. The alterna
tives that include extensive route modifications 
(alternatives C and D) represent positive improve
ments but are also considerably more expensive than 
alternative B. Fortunately, bus-transit operators 
need not commit themselves to more than one route 
extension at a time . Alternative C would lend it
self to piecemeal implementation, and an evaluation 
of generated revenues could be mad e afte r each new 
route extension had been introduced. 

CONCLUSIONS 

The advantages of service-sensitive indicators over 
other planning methods are emphasized by the MC!G 
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case study. For example, travel demand models would 
have been useful in evaluating the alternatives, but 
it is unlikely that credible models could have been 
developed for population segments as unique as men
tal health patients. 

The indicators were service sensitive without ob
viously exaggerating the magnitudes of impacts. The 
differences in routes between plans were small, but 
the indicators demonstrated which subgroups bene
fited most and revealed the relative magnitude of 
the benefits. 

The measure of convenience, although adequate for 
the MCIG case study, is not complete. For route
planning problems where high load factors exist, the 
measure of convenience should be extended t~ include 
seat assurance (1). In communities where weather 
conditions are sufficiently poor to discourage walk
ing, waiting, and transferring, the measure of con
venience would require larger penalties associated 
with these trip elements (3). Once the definition 
of convenience has been estiblished, required compu
tations are straightforward and inexpensive. 

Any additional service to one particular major 
trip generator will increase ridership to other lo
cations as well. The indicator presented here is 
not directly applicable to estimating numbers of po
tential riders. However, methods have been devel
oped for predicting ridership on the basis of popu
lation within walking distance of new bus routes 
(§), a measure similar to the indicator presented 
here. Further research into the relation between 
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indicator values and ridership would be a beneficial 
step in improving current transit planning tech
niques. 
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Houston's 1-45 Contraflow Transit Project 

ROBERT N. TAUBE AND CHARLES A. FUHS 

A general report on the unique characteristics and results of Houston's North 
Freeway contraflow operation is presented, including the overwhelming re· 
sponse to the project by both bus and vanpool patrons. The North Freeway 
(1 ·4!>) Contraflow Transit Project began operotion in August 1979 as Houston's 
first major effort to provide freeway preferential treatment for transit move
ment. The facility provides a daily travel-time saving of approximately 30 min 
during the line-haul portion of the commuting trip. Use of tho lane is restricted 
to authorized vehicles, which include registered and approved buses and eight· 
passenger vanpools. The North Freeway project is tho longest contraflow proj· 
ect in the country [15.4 km (9.6 mites)), the first to operate in both the morn· 
ing and evening peak periods, and the first to restrict lane use to authorized 
vehicles that display an appropriate permit. In the first 44 wooks of operation, 
bus ridership increased by 227 percent and vanpool ridership increased by 
114 percent. The project was initiated as an 18-month demonstration project 
sponsored in part by the Service and Methods Demonstration program of the 
Urban Mass Transportation Administration. The success of the project has led 
to a decision to continue operations beyond the demonstration period. 

In 1974, shortly after the city of Houston purchased 
the local bus system from a pr iv ate operator, dis
cussions with the Texas State Department of Highways 
and Public Transportation (TSDHPT) were held regard
ing provisions of preferential treatment for tran
sit. The North Freeway (I-45) was first recognized 
as appropriate for the application of a technique 
identified as "contraflow" in January 1975 <!>· By 
March 1975, the Houston City Council authorized the 
Office of Public Transportation (OPT) to submit an 
application to the Urban Mass Transportation Admin
istration (UMTA) requesting funds for initiation of 
preferential treatment on Houston fr e eways, specif
ically i.ncluding contraflow on the Nor th Freeway. 

In June 1975, OMTA approved a Service and Methods 
Demonstration (SMD) program Section 6 grant (under 
the Urban Mass Transportation Act of 1964, as 
amended) to implement corridor preferential treat
ments in Houston. 

TSDHPT confirmed the feasibility of contraflow in 
March 1976 and by June 1977 had submitted final 
plans to the city along with approval from TSDHPT 
administration and the Federal Highway Administra
tion (FHWA). In order to fully cover the costs of 
construction as they were defined, in November 1977 
the city of Houston applied for and received an ad
ditional UMTA Section 5 grant (under the Act as 
cited above) (2). One week later, TSDHPT let bids 
for constructio-; of contraflow. TSDHPT was also re
tained to supervise construction of the project. 
Construction began in February 1978 and was com
pleted about 16 months later. 

As part of the operations agreement reached with 
TSDHPT to supervise construction of the contraflow 
project, the city of Houston committed itself to op
erate the project and "prior to the commencement of 
such operation ••• the City's and State's authorized 
representatives shall promulgate and file an operat
ing plan for the Project." No contraflow-lane (CFL) 
operation was to begin until this plan was approved 
and an ordinance duly enacted. The Metropolitan 
Transit Authority (MTA) assumed responsibility for 
this effort from the city upon the formation of MTA 
in 1979. The operating plan finalized and made 
legal the following: (a) operating hours and sched
ule, (bl requirements for authorized vehicles, (c) 


