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prepared to take strikes to achieve gains in effi
ciency. But it should not be forgotten that unions 
also have a stake in preserving service for purpcses 
of employment. To the extent that this can be com
municated and fair exchanges negotiated, labor rela
tions need not deteriorate. 

1980s as Period of Change 

The 1980s will bring considerable change and thus 
strain those transit agencies subject to a curtail
ment cycle. However, the change, by its very 
nature, will provide certain opportunities for 
reorganization. To the extent that this entails 
reassessment of goals and practices, this might be 
an occasion for renewal. The challenge to transit 
management lies not only in preserving a vital ser
vice to the public but in seizing the opportunities 
provided by these changes to rethink and reorganize 
the provision of a service that will better serve 
the interests of the public. Thought must be given 
to how the er isis might be used and not only sur
vived. 
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Design of Bus Transit Monitoring Programs 

JOHN ATTANUCCI, NIGEL WILSON, BRIAN McCOLLOM, AND IMOGENE BURNS 

A method is described for the design of a comprehensive, statistically based 
data-collection program that can support bus route planning and operations. A 
two-stage approach used in the design of the collection program is advocated. 
In the baseline phase, a detailed profile of each bus route is developed. This is 
followed by a monitoring phase in which limited data are collected to verify 
that the route profile developed in the baseline phase is still accurate. Both the 
desired accuracy and the inherent variability of the data items are considered 
in the design of the data-collection program. To reduce the overall cost of the 
data-collection program, consideration is given to the use of simple linear rela
tionships between data items. The methodology discussed in this paper was de
veloped under contract to the Urban Mass Transportation Administration and 
has been approved as meeting the Section 15 reporting requirements for pas
senger-related data. 

In recent years, there has been a growing awareness 
of the need to use public transportation resources 
more efficiently (~.). It has become more important 
to evaluate carefully all services, both current and 
planned. In response, many transit agencies, large 
and small, have developed on-going programs that use 
performance measures and standards to evaluate their 
transit services (l,J). Often, however, these eval
uation programs have not been supported by adequate 
data-collection programs. Cost-effective programs 
are needed to provide the passenger-related perfor
mance data that are required for good service evalu
ation. 

This paper describes a methodology for the design 
of a comprehensive, statistically based data-collec
tion program that can support the service-evaluation 
process. Th is methodology was developed under con
tract to the urban Mass Transportation Administra
tion (UMTA). By using this methodology, most tran
sit agencies will be able to develop and maintain 
comprehensive profiles on all their bus routes at a 
reasonable cost. Although the focus of the approach 
is route-level data collection, the approach also 
provides systemwide performance data (such as UMTA
required Section 15 data) through the aggregation of 
individual route data. 

In this paper the overall approach to performance 
monitoring is described first, followed by a de
scription of the data needed by transit agencies for 
short-range operations planning. The next two sec
tions describe the available data-collection tech
niques and how they can be combined into a sampling 
plan. In the final section the costs of implement
ing such a program are discussed. 

PROPOSED APPROACH TO DATA COLLECTION 

The proposed approach consists of two distinct data
collection phases. In the first phase, or the base
line data-collection phase, the base conditions are 
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defined by time of day for each bus route in the 
system. The base conditions include all the data 
needed for effective operations planning, including 
total boardings, loads at key points on the route, 
running times, revenues, origin-destination (0-D) 
data, and passenger character is tics. The baseline 
phase presents a snapshot of route performance at 
one point in time. Complete route profiles are de
veloped from these data, which facilitate compar i
sons among routes in specific subareas, function 
types, or the system as a whole. Since the baseline 
phase includes the collection of all data items 
needed for service planning and evaluation, it also 
provides an excellent opportunity to analyze the 
potential for route improvements and reallocation of 
equipment. 

In the monitoring phase of data collection, each 
route is checked periodically to verify that the 
base conditions (i.e., route profile) for the route 
are still valid. Only three data i terns are col
lected in this phase--bus arrival time, peak-point 
load, and passenger utilization. It is assumed that 
if neither peak-point load nor passenger utilization 
have changed significantly, the other data collected 
during the baseline phase (e.g., passenger origins 
and destinations and fare categories) have also not 
changed significantly. 

Although the baseline and monitoring data-collec
tion phases differ in the number of data items col
lected, the two data-collection phases are designed 
in the same way. Four important inputs are required: 

1. A list of data required by the agency, 

Figure 1. Data-collection program design and 
implementation. 

Determine 
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2. An estimate of the required accuracy for each 
data item of interest, 

3. Key agency and route characteristics, and 
4. Existing data or data obtained in a special 

pretest from which sample sizes can be determined. 

The following sections discuss how each of these 
inputs is used in the data-collection design process. 

DATA NEEDS 

The first step in the design of the data-collection 
program (Figure 1) is to specify the data required 
for planning and management activities and for ex
ternal reporting. These data vary among transit 
agencies depending on the size and type of system 
operated, the specific management objectives, and 
the requirements for the external reporting. 

To ascertain typical data needs of North American 
transit agencies, information from more than 100 bus 
transit agencies was examined. This included an 
analysis of the material collected from 71 transit 
agencies by the Massachusetts Bay Transportation 
Authority (MBTA) in Boston and the Tidewater Trans
portation District Commission (TTDC) in Norfolk, 
Virginia (_~) • These materials were supplemented by 
discussions with 41 other agencies that focused 
directly on the data desired by these agencies and 
the data-collection techniques currently employed 
(j). 

Based on these efforts, a 
developed that were used by 
number of transit agencies. 
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was reported as being useful in one or more aspects 
of service management, including route planning, 
scheduling, marketing, cost reimbursement or deficit 
allocation, and external reporting. 

l. 

2. 

Route- or stop-specific data: 
a. Load (peak or other) at specified points 

(not averaged throughout trip) 
b. Bus arrival time 
c. Total boardings (i.e., passenger trips) 
a. 
e. 
f. 
g. 
h. 

Revenue 
Boardings (or revenue) by fare category 
Passengers boarding and alighting by stop 
Transfer rates between routes 
Passenger characteristics and attitudes 
(age, handicap, sex, job status, atti
tudes toward level of service, income, 
automobile ownership, automobile avail
ability, home location) 

i. Passenger travel patterns [origins and 
destinations, work and/or school trip 
location, time of day of work or (school) 
trip, work (school) trip mode, nonwork 
(school) travel patterns, trip frequency] 

Systemwide data: 
a. Unlinked passenger trips 
b. Passenger miles 
c. Average unlinked passenger travel time 
d. Linked passenger trips 

Although this list is comprehensive, not all the 
data items must be collected at the same frequency. 
The proposed methodology ensures that each data item 
is collected systematically but not necessarily at 
the same frequency, The following sections discuss 
data items requiring frequent monitoring and other 
data that are only collected during the initial 
baseline phase, 

Data Needs in Baseline Phase 

To develop comprehensive information on route per
formance in the baseline phase, all the items listed 
above are collected. The collection of these data 
permits direct comparisons among routes and the 
analysis of alternative service plans, including 
schedule modifications, route restructuring, and 
reallocation of vehicles. 

With the data collected in the baseline phase, a 
comprehensive profile such as that shown below can 
be developed for each route: 

1. General-effectiveness data: 
a. Boardings per trip per day 
b. Revenue per trip per day 
c. Maximum load per trip 
d. Running time by route segment 
e. Difference between scheduled and actual 

arrival times 
2. Data for specialized analyses: 

f. Distribution of boardings and revenue by 
fare category 

g. Transfer rates per day 
h. Passengers boarding and alighting by stop 

per trip 
i. Average unlinked trip length per passenger 
j. Average unlinked trip travel time per 

passenger 
k. Passenger miles per day 
1. Passenger characteristics and attitudes 
m. Passenger travel patterns 

3 . Data-collection design items: 
n. Relationship between boardings and reve

nue per trip 
o. Relationship between boardings and maxi

mum load per trip 
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For i terns a to e, an operator is generally inter
ested in the mean value and in the variation within 
each time period and from day to day. These five 
items are generally used for operations planning and 
scheduling, which includes the development of per
formance measures for each route. Items f tom pro
vide more-specialized information, which is used for 
detailed route, subarea, or system planning (e.g., 
evaluation of through routing, branching, short 
turning, and limited or express services) as well as 
for studies of the agency's fare structure and re
lated policies. 

Finally, items n and o provide information on the 
relationships between specific data items that may 
be closely linked. These relationships can be 
thought of as "conversion factors" that may allow an 
operator to estimate one data item by directly mea
suring another, thus reducing the cost of monitoring 
a route. The data collected in the baseline phase 
allow an agency to test these relationships for each 
route. If the statistical relationship is shown to 
be strong enough, the conversion factor can be used 
during the monitoring phase, For example, a strong 
relationship may be found between total boardings 
and peak-load counts. If this is true, then total 
boardings could be estimated from peak-load counts 
during the monitoring phase and would not have to be 
directly collected. 

Data Needs in Monitoring Phase 

Once a route profile is established during the base
line phase, an operator regularly monitors each 
route for significant changes. To do this at rea
sonable cost, a subset of the data listed above has 
been selected for periodic monitoring. The follow
ing three basic data items are used to track indi
vidual route performance: bus arrival time, 
peak-point load, and one of the following--total 
boardings, boardings by fare category, or revenue. 

Bus arrival time must be collected periodically 
by all agencies to ensure efficient scheduling and 
reliable service. Usually this information is col
lected in conjunction with load or boarding counts. 
Load data are needed to determine appropriate ser
vice frequencies. Total boardings, boardings by 
fare category, and revenue are alternative measures 
of the utilization of the route. The choice of 
which utilization data i terns to monitor depends on 
the cost and feasibility of different data-collec
tion techniques. Certain data-collection techniques 
yield two or more of these items at the same time, 
so that the agency may be able to monitor directly a 
greater number of route utilization measures. 

This approach to monitoring is based on an as
sumption that if neither peak load nor total route 
utilization changes significantly from the baseline, 
neither do any of the other data items collected in 
the baseline phase. Passenger on/off counts, char
acter is tics, attitudes, 0-D patterns, transfers, and 
some of the systemwide data required for Section 15 
reports are all indirectly monitored through the 
collection of load and utilization data. If sig
nificant changes are observed in an individual route 
during the monitoring phase, another baseline phase 
must be conducted to revise the route profile. 

The accuracy with which the data items should be 
measured and the extent of change observed in the 
monitoring phase that triggers a new baseline phase 
are two important areas in the design of the base-
1 ine and monitoring phases. These topics are ad
dressed in a subsequent section of this paper on 
sampling. First, however, data-collection tech
niques must be discussed. 
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DATA-COLLECTION TECHNIQUES 

A large number of data-collection techniques are 
currently used by transit agencies. The seven prin
cipal techniques used by most agencies are shown 
below: 

Techn i que 
Ride check 

Point check 

Boarding count 

Farebox reading 

Revenue count 

Transfer count 

survey 

Description 
Check taken on board vehicle to 

record the number of passengers 
boarding and alighting at each 
stop and the bus arrival time 
at selected points; 

Check taken from street to esti
mate passengers on board vehi
cle and record vehicle arrival 
time; peak-load count taken at 
peak-load point; multiple point 
checks include several points 
along route; 

On-board count of total number of 
passengers boarding, most often 
broken down by fare category; 

Recording of farebox registered 
reading at selected points; re
quires registering fareboxes; 

Count of revenue in farebox vault 
by bus; 

Count of transfer tickets col
lected on each bus, which may 
involve specially issued trans
fer tickets; and 

Variety of techniques in which 
passengers are asked to provide 
information. 

Some of these techniques are known by different 
names. For example, ride checks are also known as 
on-off checks and characteristic counts; point 
checks are often called standing checks or load 
checks. For consistency, the terms used in the 
above list are used throughout this paper. 

The seven principal data-collection techniques 
provide a range of different data items depending on 
individual agency and route characteristics (Table 
l). Together the seven techniques collect all the 
data needed for the baseline phase. 

Ride checks provide the most complete data, es
pecially if boarding passengers can be recorded by 
fare category. All the data items except transfer 
rates, passenger characteristics, travel patterns, 
and attitudes can be collected through ride checks. 
Ride checks, like boarding counts and farebox read
ings, provide reliable and complete data when per
formed by traffic checkers. If drivers are used to 
collect the data, experience in the transit industry 
suggests that the results may be less reliable, 
since data collection is secondary to the pr irnary 
responsibility of operating the vehicle. 

Point checks provide more-limited data. Multiple 
point checks (on the same route) increase the use
fulness of this technique by providing information 
at more than just the peak-load point, especially on 
longer routes that serve more than one activity cen
ter. The utility of point checks may decrease some
what, however, as buses with tinted windows become 
more common, since estimation of passenger loads is 
more difficult. 

Passenger surveys also provide a wide range of 
data. Passenger surveys are the only method in 
which information on passenger character is tics, 
travel patterns, and attitudes can be collected. 
Passenger surveys should be used with great care 
since it is often difficult to ensure that the re
sults will be accurate and unbiased. Because of 
this potential problem, surveys generally should not 
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be used to obtain data i terns that can be observed 
directly by using alternative techniques. 

Revenue boarding counts, farebox readings, and 
transfer counts provide information on a limited 
number of data items. Their use is very dependent 
on the operating characteristics of the transit 
agency. 

To collect the required set of data items for the 
baseline phase, a combination of techniques must be 
used. The best combination of techniques depends on 
a number of factors including route structure, indi
vidual route characteristics, and operating policies. 

The route structure of an agency can influence 
the relative desirability of using point and ride 
checks to collect load data. A radial route struc
ture is likely to have routes with a single maximum
load point. Often the maximum-load points coincide 
(e.g., at points near the downtown area) with 
others. This enables a single checker to collect 
data on several routes. This is obviously more ef
ficient than doing ride checks on every bus where 
one checker per bus is required. Gr id systems, on 
the other hand, are less likely to have routes with 
single maximum-load points and may require rnul tiple 
point checks. In this case, it may require fewer 
checkers to do rechecks than to do point checks. 

The relative cost of the different techniques 
also depends on the number of buses on a route. To 
collect load data, the point check is usually the 
best technique when the number of buses on a route 
is large. The ride check is the best technique when 
the number of buses is small, since additional in
formation besides load data can be collected. 

The level of patronage is also an important fac
tor when selecting techniques. As patronage on a 
route increases, boarding and ride checks may also 
become more difficult to perform reliably. This is 
particularly true for ride checks if they are used 
to measure ridership by fare category, since board
ing passengers must be counted and recorded by fare 
category. Although this may be possible on a 
lightly patronized route, it is much more difficult 
and subject to greater error on a high-ridership 
route. Nonetheless, it is often better to perform 
ride checks to obtain detailed boarding and alight
ing data for heavily used routes, since scheduling 
and dispatching strategies such as turnbacks and 
branching can often improve the efficiency of such 
routes. 

The operating policies of an agency directly 
influence the feasibility of certain data-collection 
techniques. For example, agencies that do not issue 
transfer tickets (i.e., have no free or reduced-fare 
transfers) have no easy mechanism to count route-to
route transfers. These agencies either may have to 
rely on a passenger survey to determine transfer 
rates or may conduct a special transfer survey. 

There are two operating characteristics that 
effectively constrain the set of appropriate combi
nations of techniques to a small number. The first 
character is tic is the ability of vehicle operators 
to record reliable data. Where drivers can collect 
reliable data, the cost of a data-collection program 
can be dramatically reduced. Even though checker 
requirements are reduced, the reduced cost must be 
weighed against the possible reduced accuracy of the 
data obtained by drivers. Information obtained by 
drivers may be less accurate than that collected by 
checkers, since the drivers' primary responsibility 
is to operate the bus safely. 

The second operating characteristic is the avail
ability of registering fareboxes. Registering fare
boxes allow a driver, on-board checker, or even a 
street checker to monitor route revenue and, often 
indirectly, total ridership. Regular farebox read
ings can often provide accurate route revenue fig-
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Table 1. Data items obtained from principal techniques. 

Technique Used• 

Point Ride Boarding Farebox Revenue Transfer 
Data Item Check Check Count Reading Count Count Surveyb 

Load (peak or other) X X 
Bus arrival time X X x< x< 
Passenger trips xct X X x• xr 
Revenue xg xg xh X X 
Passenger trips (or revenue) by fare category xg xg x• X 
Passengers on-off by stop X X 
Transfer ra tes x; X 
Passenger characteristics, travel patterns, and attitudes X 
Unlinked trips X X x• xr 
Passenger miles X X 
Unlinked-trip travel time X X 
Linked trips xi xi X 

Note: X = applicable, blank= not applicable. 

~1:ccholquc.s o.s defined In ie,cc . 
C l·or aJI .su.rvciy•collt:ctad dntt1 other than (Olal inu.11:ntr,e rt, tlu: q u.11th y of the data depends on the representativeness or the response. 
di( Cime '-'On be r('c0rdcd . 
, for pure reel.ltr nnd t!'Xp1cu roo 1i:a <,1Hy. 
~If eleC!lr<.rnic mulel r,h: fare rcgitlcrins bO:Kt'.,; art, .o.voUoblc. 
, 1r .•urvc.,._.s In!: nurn~red COrt$tc uUvi.:ly and db lrlbuh:d lo oll p,:is:111:0,:ers. 
hlf bowrdmg pcssongerS :arc, ~cordud by fate cuhigor)', This crr,les.lly can only be dont! with ridin g chec ks if boardings are rnlatively low. 
11( n:ivi:nuo C:1111 lu= c:m.t utcd b)' ro ut t~ thb t lrn be ~ub,1ltuh:d f1>r f:in:b ox readings although timc-of-da; data are sacrificed. 

Ir trnn!'l rar tickeU urc dit ldbutac.l. coHa.ch:d on krntln:Uini ,outo, tan d identifiable by initial (and intermediate) routc(s). 

ures that can be used as a check on total ridership 
figures generated by driver trip sheets. 

Several options for combining data-collection 
techniques were developed for transit systems with 
specific characteristics. While these recommenda
tions generally provide the necessary baseline data 
at the lowest cost, specific local characteristics 
may make other combinations more desirable. Thus, 
the following recommendations and discussion were 
developed as guidance to be used by a property to 
select its own combination of techniques. 

For the initial baseline data-collection phase, 
the following set of techniques is recommended: 

1. Ride checks (possibly plus supplementary 
point checks), 

2. Farebox readings or boarding checks, and 
3. On-board surveys. 

The ride check is included in the baseline phase 
in order to obtain boardings and alightings by stop, 
which can be used to estimate average loads on each 
route segment. Supplementary point checks are 
needed only when the number of trips to be sampled 
to assess load accurately exceeds that required to 
collect total-boarding data. (The calculation of 
the number of trips to be sampled is discussed in 
the next section.) Supplementary point checks are 
recommended in this situation because it is less 
costly to gather additional peak-load data by using 
a single point checker than by using on-board 
checkers. 

Farebox readings or boarding checks provide com
plete route revenue information, although only the 
latter breaks down ridership and revenue by fare 
category. For this reason, boarding counts probably 
should be included by any agency that can reliably 
use operators to perform such counts. Finally, fhe 
on-board survey collects a variety of passenger in
formation that cannot be obtained in any other way, 

The recommended techniques for the on-going moni
toring phase depend more heavily on agency and route 
characteristics. If an agency can use drivers to 
collect total boardings, the following combination 
of techniques is recommended: 

1. Point checks, 
2. Boarding counts (by operator), and 
3, Farebox readings (if registering fareboxes 

are available), 

Agencies that cannot depend on drivers to collect 
reliable data have several options. The best combi
nation often includes direct monitoring of peak 
load, total boardings, and farebox revenue through 
ride checks (possibly plus supplementary point 
checks) and farebox readings (if registering fare
boxes are available), 

However, for routes that exhibit a strong base
line relationship between either peak load or reve
nue and total boardings, route performance can be 
monitored simply by using point checks. In this 
option, a street checker at the maximum-load point 
records passenger loadings and, if recording fare
boxes are available, boards each bus and records the 
farebox readings. Although using either a load or 
revenue conversion factor to estimate total board
ings requires a larger number of trips to be sampled 
than does measuring load or revenue alone, often the 
overall expense of this option is less since on
board checkers are not required in the monitoring 
phase. The key to using this option is the test of 
the relationship between the data i terns, which is 
described in the following section, 

SAMPLING 

Once the techniques have been selected, the sampling 
plan can be designed to incorporate the amount of 
data to be collected and the timing of the data col
lection. A sampling plan reflects two factors: the 
desired accuracy and the inherent variability of the 
data. As either one or both of these factors in
creases, so does the amount of data that must be 
collected, 

The data-collection design manual (.?_) that was 
the product of this research details the procedures 
required to determine the desired accuracy and mea
sures of inherent data variability. By using these, 
step-by-step procedures are presented to determine a 
sampling plan for any data item and for both obser
vational and survey collection methods, The manual 
provides procedures for transit operations to apply 
actual sample-size formulas or to use a set of easy
reference sample-size tables that are included as 
Volume 2 of the manual (6). Because these proce
dures and the associated formulas are quite detailed 
and require substantial explanation, they will not 
be discussed further here. For further information, 
readers are referred to the Bus Transit Monitoring 
Manual (.?.,.§.). 
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USE OF CONVERSION FACTORS 

Conversion factors can be used to reduce the total 
resources required for data collection in the on
going monitoring phase. Conversion factors are most 
useful for estimating data i terns that are important 
but expensive to measure directly. The primary 
examples are the estimation of total boardings per 
trip from either peak-load counts or farebox read
ings. 

To test whether conversion factors are feasible, 
regression is used to estimate the best linear rela
tionship between x, the independent variable ( typi
cally either peak load or revenue), and y, the de
pendent variable (typically total boardings), for 
the baseline data, separately for each route and 
time period. The variance associated with the re
sulting equation can then be used to define a confi
dence interval around the mean value of the de
pendent variable (e.g., total boardings). This 
confidence interval specifies the range of uncer
tainty associated with using the equation to esti
mate the value of y at a given value of x. If this 
confidence interval is larger than the accuracy 
desired for y (and thus less accurate), the equation 
cannot be used. It is then necessary to collect y 
directly rather than to estimate it. On the other 
hand, if the confidence interval is small compared 
with the accuracy desired for y (and thus more ac
curate), the equation is a satisfactory basis for 
estimating y. 

Detailed formulas for estimating sampling re
quirements associated with using conversion factors 
are outlined in the data-collection design manual 
(_~). The resulting sampling plan may or may not be 
less expensive than that developed for directly 
monitoring boardings per trip, However, results of 
field tests by using this approach in Chicago indi
cate that, for many routes, monitoring by using con
version factors is likely to be less costly than 
directly counting boardings (2). 

SEASONAL CONSIDERATIONS 

The timing of the baseline and monitoring data
collection phases raises the general question of how 
to deal with seasonal variation. Initially the 
baseline phase could be conducted during any sea
son. For at least one year after the baseline 
phase, however, the monitoring should be conducted 
in each period of the year for which scheduling 
changes are made. If schedule changes are not nor
mally made during the year (as in many small agen
cies), it is suggested that all routes be monitored 
during two seasons (one when schools are in session 
and one when they are not in session) during the 
first year. 

This procedure allows the transit agency to de
termine the extent of route-level seasonal variation 
as well as to identify routes that exhibit signifi
cant ridership growth or shrinkage. Some simple 
rules of thumb were developed to determine whether 
measured ridership changes over the first year of 
monitoring indicate significant seasonal variation 
or an overall change in ridership: 

1. If total boardings on a route changes by more 
than 25 percent over that first full year of moni
toring (i.e., when comparing the baseline phase fig
ure to a monitoring phase measurement during the 
same season one year later), an overall trend is 
assumed and a new baseline is taken on that route; 
and 

2. If total boardings on a route do not change 
by more than 25 percent over the first full year of 
monitoring but do change ( from the baseline phase) 
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by more than 25 percent during any intervening sea
son during the first year, seasonal variation is 
assumed. 

Significant seasonal variation is important from 
two perspectives. First, it identifies those sea
sons during which the monitoring phase should be 
conducted. Second, for those routes for which an 
agency wishes to use conversion factors to decrease 
the cost of ongoing monitoring, it identifies those 
seasons for which separate conversion factors should 
be developed. 

The selection of 25 percent as the value for a 
significant change is based on limited data analysis 
and professional judgment. As more knowledge is 
gained on the behavior of individual bus routes, a 
different value may be found more appropriate. 

After the first year, the frequency of monitoring 
depends on the identified variability of the data 
items. At a minimum, however, the monitoring phases 
should be conducted during the season of the most 
recent baseline phase and any season showing a sig
nificant variation. 

A new baseline phase should be conducted when it 
is probable that the baseline data are no longer 
valid. This could occur under two situations. 
First, when a significant change (e.g., ±25 per
cent) is observed in ridership or revenue through 
the monitoring process, a new baseline phase is re
quired. Second, if a significant change is made to 
the route alignment or to the fare level and struc
ture, there is reason to believe that conditions 
have changed and a baseline phase is needed. 

SECTION 15 DATA REQUIREMENTS 

The data-collection approach proposed here has been 
judged by UMTA to meet the reporting requirements 
for the Section 15 Transit Service Consumed Schedule 
(8). This schedule covers unlinked passenger trips, 
passenger miles, and average unlinked passenger trip 
time for specified periods of an average week. 

If the monitoring phase of the data-collection 
program is based on ride checks, all data items re
quired for Section 15 are measured directly. The 
accuracy of the systemwide statistics is based on 
the adequacy of the sample size and the acceptabil
ity of the sampling plan. It has been shown (i) 
that for systems with 10 or more routes, the sug
gested route-level 90 percent confidence interval of 
±15 percent is consistent generally with the re
quired Section 15 systemwide 95 percent confidence 
interval of ±10 percent. For smaller systems, it 
may be necessary to reduce the route-level tolerance 
to ±10 percent to achieve the desired systemwide 
accuracy. 

The effect of seasonal variation on Section 15 
data derived by using route-level data is assumed to 
be minimal as long as the following conditions are 
met: 

1. The agency follows the suggested procedure of 
monitoring every route during each schedule period 
(or at least twice) for one year following the base
line phase to determine whether significant seasonal 
variation exists; if seasonal variation is indi
cated, the agency continues to monitor during the 
baseline season as well as in all seasons that ex
hibited a 25 percent change in total boardings; and 

2. The route-level monitoring activity is spread 
throughout the year so that routes that are moni
tored only once a year (i.e., show no significant 
seasonal variation) are monitored randomly. 

As discussed earlier, care is taken to ensure 
that the set of days to be sampled is selected ran-
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domly from all weekdays in the season. Similarly, 
the trips to be checked on a selected day are se
lected randomly from all trips operated during the 
period of interest. 

One problem in complying with Section 15 is the 
estimation of weekend statistics for the annual sys
temwide reports. Passengers, passenger miles, and 
passenger trip times generally will be quite dif
ferent from the weekday figures. They also contrib
ute much less to annual systemwide figures. There 
is no evidence to suggest that significant seasonal 
variation occurs for weekend performance compared 
with normal between-day variation. Routes on week
ends are therefore treated as operating over a 
single year-long season, with Saturdays and Sundays 
of course treated separately. Either of the follow
ing two methods was found by UMTA to be acceptable 
for estimating Section 15 data for weekends: 

1. Sampling 75 percent of all trips on at least 
one randomly selected Saturday and one randomly 
selected Sunday for each route in the system; or 

2, Random selection of 260 total trips (or 3 
trips/day) from all Saturday and Sunday trips oper
ated systemwide during the year (the existing Sec
tion 15 sampling requirements for weekends), 

Ride checks are required in either method to pro
duce the desired Section 15 data for weekends. Also 
in both approaches, holidays are classified on the 
basis of the type of bus schedule operated as a 
weekday, Saturday, or Sunday and are included in the 
appropriate population for sampling. The differ
ences in the two methods are cost and information 
obtained. While the second method is less costly, 
the first method provides substantially more infor
mation to transit planners and managers. 

Another issue related to Section 15 reporting is 
the use of conversion factors, An analysis of nu
merous bus routes in Chicago and other cities sug
gests that average passenger trip length and average 
time per passenger trip on a specific route are 
quite stable over long periods of time (1), This is 
true as long as neither the service provided on the 
route nor the route ridership changes substantially 
(i.e., by more than 25 percent). This indicates 
that stable conversion factors can be developed 
relating total boardings, peak load, or trip revenue 
to passenger miles, as described earlier in this 
paper. UMTA has judged that the use of these con
version factors is acceptable for making Section 15 
reports (_§_) , 

COST OF MONITORING PROGRAM 

Cost is likely to be a manager's first concern when 
considering a data-collection program such as the 
one proposed in this paper. Although costs may vary 
widely depending on specific agency characteristics, 
a simple procedure is used to estimate costs for a 
given agency. 

By far the most costly component of the program 
is the manpower needed to collect data on board 
buses or from the street. The translation of route
by-route sampling plans into total checker require
ments begins with the sample size required for each 
data-collection technique selected. The following 
calculation is used to determine checker require
ments based on the sample sizes required for load 
and total boardings for each route and on the se
lected techniques for each data-collection phase: 

Checkers required for each time period= {[days 
sampled(load)] x (number of points)} + {[days 
sampled(boardings)] x [(sampled trips)/(total 
trips)] x (number of buses)), 
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The terms of the calculation vary depending on the 
data-collection techniques used and the sample sizes 
required. It is appropriate for (a) sampling plans 
that require load data only at a number of points on 
a route, (b) sampling plans based on boarding data 
obtained by using a ride check, and in many cases 
(c) a combination of (a) and (b) when both point and 
ride checks are required. 

By using an individual agency's policies and work 
rules, the individual time period checker require
ments estimated by this calculation are transformed 
into checker assignments, If a point check is in
cluded for a number of routes, the total checker 
assignments are adjusted to account for the possi
bility that several routes might be counted by one 
checker. 

Based on information from Chicago and other agen
cies, the range of checker resources required for 
typical bus system sizes was estimated by using 
average values for data variability, desired ac
curacy, and route characteristics. The full-time 
traffic checker staff requirements shown below are 
based on monitoring every route in the system four 
times a year. Gener ally, the low end of the range 
represents cases in which reliable operator data are 
available; the upper end of the range represents 
cases in which drivers do not collect data. The 
range also reflects differences in agency and route 
characteristics that directly affect required sample 
sizes and therefore total checker requirements. 

No. of 
No. of No. of Avg Daily Traffic 
Peak Off-Peak Service Checkers 
Buses Buses Hours Re5uir ed 

25 22 12 0.5-1 
50 40 12 1-2 

100 70 14 1.5-4 
300 215 15 3-7 
500 250 16 6-13 
750 470 17 8-15 

1000 600 18 10-19 
2000 1100 19 20-38 

Staff requirements for the baseline data-collec
tion phase for most agencies fall near the upper end 
of the indicated ranges. In addition for the base
line phase, the cost of an on-board passenger survey 
on all routes must be added to the staff require
ments given above. 

In addition to the traffic checker cost, there 
are other costs associated with the program includ
ing program planning, data reduction, and data pro
cessing. It is very difficult to estimate the 
ranges of these costs, because of major differences 
among agencies. To minimize program planning costs, 
a data-collection program design manual was prepared 
in the development of th is methodology, The manual 
includes detailed step-by-step procedures and 
sample-size tables (.2.,2,2.). In Chicago, a draft 
version of this manual was successfully tested and 
used to design a data-collection program (1), 

Data-processing costs depend on the amount of 
data collected and the availability of computer sup
port and staffing for the technical analysis. In 
view of the wide range of possibilities, no attempt 
was made to present costs for this aspect of the 
program. 

SUMMARY 

This paper has presented a systematic, statistically 
based approach to data collection in the bus transit 
industry. A two-phase strategy is suggested: a 
baseline phase to produce detailed profiles of each 
service operated and a monitoring phase to verify 
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that the baseline conditions are still valid. Basic 
statistical formulas are used in the design of the 
data-collection program. 

A manual incorporating a step-by-step procedure 
for program design has been produced. With the 
existence of this manual, the real test will begin-
in a climate of fiscal austerity will the transit 
industry see the justification for spending enough 
money to get the reliable information necessary to 
make better decisions? 
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Performance-Based Funding-Allocation Guidelines for 

Transit Operators in Los Angeles County 

GORDON J. FIELDING, SUBHASH R. MUNDLE, AND JOE MISNER 

During the last five years, transit performance indicators have been widely 
used in the transit industry. California and New York have used performance 
indicators to determine eligibility for funding. In Pennsylvania, transit per
formance measures have been used to provide incentive payments for superior 
performance, and in Michigan a detailed analysis of transit operations provides 
the basis for state managerial assistance. In Los Angeles County, nine transit 
operators, including Southern California Rapid Transit District, provide fixed
route transit service. Between 1977 and 1980, operating cost per vehicle hour 
increased from $28.52 to $38.76, a rate higher than the consumer price index 
for the Los Angeles area. In response to state legislation designed to maximize 
utilization of public subsidies for transit, the Los Angeles County Transporta
tion Commission undertook the development of performance-based guidelines 
for allocating transit subsidies. The performance guidelines developed in co
operation with the local transit operators are presented here. In this program, 
service is classified into local and express categories. Seven indicators were 
chosen to monitor transit performance on a periodic basis. Three indicators 
were selected to establish standards to be achieved by all fixed-route service 
operators in Los Angeles County. Compliance with these standards will deter
mine eligibility for discretionary funds (representing 5 percent of operating as
sistance) in the future. The methodology for quantifying loss of subsidy funds 
if an operator falls below the established standards is also described. The per
formance guidelines merit consideration for two reasons. First, they represent 
an attempt by a large metropolitan area to control transit costs, and second 
they initiate performance-based funding allocation rather than funding based 
on demographic characteristics or operating deficits. Both reasons are substan
tial advancements in the theory and application of performance-based guide
lines to transit-financing issues. 

A complex institutional structure supplies transit 
in Los Angeles (l). Thirteen operators provide 
transit service. Nine of these are fixed-route 
providers and the remaining are demand-responsive. 
Only the Southern California Rapid Transit District 

(SCRTD) is an independent agency. The others are 
municipal operators. Programming of state and fed
eral funds is controlled by the Los Angeles County 
Transportation Commission (LACTC), Short-range 
transportation planning is sponsored by the Commis
sion and long-range planning by the Southern Cali
fornia Association of Governments (SCAG). 

The nine public transit operators providing 
fixed-route transit service in Los Angeles County 
operate 2287 vehicles in the peak period and 370 700 
miles of service on an average weekday (Table 1). 
SCRTD, an independent agency created by the State of 
California, is by far the largest, operating 87 
percent of the average weekday miles of service and 
carrying 88 percent of the total public transit 
ridership. 

The other eight transit systems in Los Angeles 
County are governed by municipalities in the 
county. Together they provide the remaining 13 per
cent of service and carry 12 percent of ridership on 
an average weekday. None of the operators in the 
county, including SCRTD, have dedicated local 
sources of funding except for those state and fed
eral funds that pass through LACTC. However, SCRTD 
and municipal operators can obtain funding from 
local sources at the discretion of county and munic
ipal governments. 

The total operating cost of average weekday 
fixed-route transit service in Los Angeles County is 
$885 960. The passenger revenue recovers about 39 
percent of the operating cost on a countywide 
basis. The shortfall between operating cost and 




