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An important trend in the local transit planning field is away from large-scale, 
capital in tensive planning toward low-cost oporationol planning. Because moJt 
major transit and highway faoilltios nm in place, groator consideration is being 
given 10 making minor changes to improve lhe efficiency and Increase tho 
caps.city of existing 1ran1it services. Transit m•nagors need to prod let the of· 
feet of proposed service changes on ridership for a variety ot reasons: (al to 
allocate vohiclo ond manpower resources, (bl to prepare budget requests for 
proposed service plans, and (c) as inputs into the detailed route planning and 
scheduling that must accompany new service plans. To perform these tasks ade· 
quately, route-level patronage models must be sensitive to service characteristics 
as well as to the more traditional socioeconomic characteristics of the area the 
route passes through. The service quality measures most often affected by the 
route-level service modifications made by most transit properties are headway 
adjustment, route extension and contraction, limited and express service, 
shortlining, branching, through routing, creating transfer opportunities, fare 
adjustments, and new hours of service. A review of techniques that are cur· 
rently used in the industry for predicting route-level ridership is presented. 
This review is based on discussions with the planning staffs of 40 transit 
agencies. Seven criteria were selected for evaluating the various techniques: 
accuracy, sensitivity, range of application, analyst dependence, cost of appli· 
cation, technical sophistication, and transferability. 

Route- level demand models are designed to estimate 
(a) the ridership along an existing route resulting 
from service modifications or (b) ridership result­
ing from the implementation of a proposed new route. 
In addition, such techniques could be used to pro­
ject loading characteristics along the route to 
assure that adequate service capacity is provided. 

This review of current modeling practices identi­
fied eight types of service changes that use rider­
ship prediction techniques. These changes include 

1. New routes, 
2. Route extensions, 
3. Route cutbacks or elimina·tions ~ 
4. Changes in service hours, 
5. Changes in route alignments, 
6. Minor headway changes (5 minutes or less), 
7. Major headway changes (over 5 minutes), and 
8. Fare changes. 

Most agencies that make ridership predictions use 
them primarily to evaluate, choose among, or justify 
major changes 1n tne1r systems. These tecnni4u.,,, 
are seldom used for route cutbacks or eliminations 
because most tcansit agencies consider that current 
ridership is an adequate source of information. Few 
agencies use modeling or forecasting techniques that 
can redistribute riders from discontinued routes to 
alternative routes and modes: instead the tendency 
i~ to assume that ridership loss to the system will 
ble equal to the total observed for the route or 
route segment in question. 

Similarly, specific changes in service hours, 
headways, or minor reroutings are seldom based on 
ridership predictions. Instead they are typically 
made in response to observed overcrowding, insuffi­
cient loading, passenger complaints, or to comply 
with changes in policy. Many agencies simply make 
such changes and evaluate them after they are imple­
mented. Most agencies use ridership predictions 
only to determine headways and service hours for new 
routes. In these instances the predictions are used 
in conjunction with loading standards to determine 
what service levels will match the demand. 

CURRENT PRACTICES 

Of the agencies that do predict ridership, most use 
technically straightforward methods because they 
require the least time, cost, and technical sophis­
tication. Many agencies are interested only in the 
potential performance of affected routes in the most 
general terms. The precision of the ridership esti­
mates often is less impor-tant to the agency than 
having some assessment of the potential success of 
the new route or route change. 

Survey methods are frequently usen hoth by agen­
cies with and without computer support. The process­
ing of more extensive surveys is facilitated by 
computer support, but many surveys are quite limited 
(e.g., to a few employers in an unserved area or in 
the vicinity of a proposed route). Most agencies 
using statistical techniques have easy if not direct 
access to a computer and the appropriate software 
packages, although a few agencies use hand calcula­
tors to run simple statistical models. The develop­
ment of fotmal models requires a significant level 
of technical expertise and a relatively large amount 
of information. 

Many agencies use more than one technique to 
place bounds on the range of anticipated rider s hip. 
The appro<1c hes r a nge from highly informal to highly 
complex. A brief description of the four- most com­
monly used techniques follows. 

Professional Judgment 

Judgmental techniques rely on individ~al experience 
with the system and the community served to provide 
sufficient insight into the problem to make reason­
ably aocur-ate predictions. There are virtually no 
restrictions on the types of analyses that can be 
performed. 

Judgmental methods are attractive for a number of 
reasons. First, they are quick and inexpensive, 
especially if only readily available data and re­
sources are used. Second, they can be used to ana­
lyze virtually any change that a transit agency 
might consider, as well as t.hP- impact of exogenous 
factors. Because this technique relies on the exper­
tise of the analyst, however, the accuracy of any 
pred1.cc1.on is high l y ci~p~,,ue , t. v1 the kr,owleC:g c. and 
experience of the analyst. Even analysts with simi­
.1.aL ~xperiencc may pLedict cignificantly diff~re!"t 
results from the same information. Thus, the trans­
ferability of the results is limited. 

The widespread use of judgmental methods by tran­
sit agencies may indicate that this technique can 
provide rough estimates and relative rankings needed 
by these agencies to make decisions about the ser­
vice they provide. 

Noncommittal Survey Techniques 

Another conceptually straightforward approach for 
estimating demand for transit services is the ~se of 
the noncommittal survey. In this method, potential 
riders are asked directly if they would use a pro­
posed service. Their responses to the survey form 
the basis for predicting anticipated patronage. The 
approach is called the noncommittal survey technique 
because of its reliance on the stated intentions of 
potential riders and not on their actual behavior. 
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Noncommittal survey methods offer an advantage 
over judgmental methods because they can provide 
information to the analyst who has no experience 
with an area or service change. Of course increased 
cost comes with this increased information. The 
survey also presents the opportunity to formalize 
the manner for analyzing the data thus enabling one 
service planner to replicat.e the work of another 
more easily. As with judgmental methods, the "what 
if" nature of the surveys used in this technique 
permits the planner to explore the effects of a wide 
range of service-related changes. This technique, 
however, may be limited because the analyst must be 
able to define clearly the changes of interest. 
Also, the level of technical sophistication required 
of the ana1yst may be higher especially when a large 
number of surveys and more complex types of analyses 
are involved. 

This technique offers a higher degree of trans­
ferability to other situations than judgmental meth­
ods because service and population character is tics 
are obtained through surveys. Its major shortcoming 
is that the accuracy of ridership prediction relies 
on the individual respondent's stated intentions. 
The analyst of the survey results must estimate the 
likelihood that individuals will act accordingly. As 
a result, the accuracy of the noncommittal survey 
technique is to a large extent subject to the same 
uncertainties as the results of judgmental methods. 

Models Based on Cross-Sectional Data 

Many agencies find it useful to formalize the pre­
diction of patronage changes by developing mathe­
matical formulas based on characteristics of the 
route and the type of · change being made. These are 
called cross-sectional models because they address 
several bus routes and examine the relationship 
between transit use and level of service, population 
characteristics, and service areas. The models are 
based on a comparison between the route under study 
and characteristics of other bus routes rather than 
on the effect of changes in a single route over 
time. Cross-sectional models range from simple 
compa·risons of route characteristics to sophisti­
cated statistical techniques. 

The similar routes approach determines which 
route in a system is most like a proposed new or 
modified route and then bases the anticipated rider­
ship for the new route on the Qatronage characteris­
tics of that similar route. The cost of this method 
can be quite low for agencies that regularly main­
tain the data needed to classify routes and service 
areas. The accuracy of the technique is dependent 
on the service plannel 's ability to identify cor­
rectly a similar route, as well as the major deter­
minants of transit ridership on that route, and to 
correct for any differences that might exist. 

A more formal approach used by a number of tran­
sit agencies estimates expected ridership based on 
established rules of thumb. These rules can be 
developed from a variety of sources, including the 
analyst's familiarity with the system, results from 
other ridership prediction techniques, or from a 
study done outside the agency. Rules of thumb pro­
vide the transit plan.ner with a simple and inexpen­
sive method of predicting ridership aiong new routes 
or on new sections of routes. Data requirements are 
typically 1 imi Leu to readily available sources and 
the technique can be applied easily by even the most 
inexperienced analyst at almost any site. Rules of 
thumb, however, have significant drawbacks, specifi­
cally in terms of accuracy and sensitivity to deci­
sion variables. For example, these methods are not 
accurate when estimating the impact of routing and 
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scheduling modifications on ridership when several 
service attributes are modified. 

Multiple factor, trip-rate models represent a 
more sophisticated form of the simple rule of thumb. 
This method modifies a basic trip generation rate 
( based on population) by the factors that account 
for various levels of service characteristics of the 
route. Multiple factor, trip-rate models have a 
wider range of ap1;>licabili ty and might be expected 
to produce more accurate results than simple rules 
of thumb. Because calibration can be derived from 
transit data that are regularly maintained, the cost 
of collecting data and applying the model should not 
be much greater than for rules of thumb. On the 
other hand a higher degree of technical sophistica­
tion may be required of the user. Also the basic 
models are generally transferable from one agency to 
another. 

The most common application of formal statistical 
techniques is regression analysis. Linear regres­
sion techniques are used to determine the best math­
ematical fit between a dependent variable (e.g., 
ridershi~) and one or more independent variables 
(e.g., route or service area characteristics). 
Models of this sort can be developed to account for 
a wide variety of decision variables (representing 
choices open to the service planner) and exogenous 
factors (e.g., population, gasoline prices, employ­
ment, and land use) that directly affect transit 
patronage. The fact that many exogenous factors and 
service variables may be included indicates that 
such models may be applicable over a wide range of 
situations and may be potentially more transferable 
than other models. Unfortunately, few results are 
available for judging the accuracy of these models. 
Based on theoretical arguments, it appears that the 
specifications of the existing models leave much to 
be desired. Lack of a clear causality between in­
dependent and dependent variables and the potential 
for estimating the scheduler's decision rule instead 
of the response of potential riders to service qual­
ity changes are shortcomings founcl in those models 
used by transit agencies. From an ooerational view­
point, aggregate regression models tend to be more 
difficult to apply and require a greater level of 
technical sophistication as well as greater cost. 

Models Based on Time Series Data 

Another approach to developing modLls of route-level 
demand is to estimate the -ffects of changes based 
on what happens to ridership on a single rout_e (or 
group of routes) as service changes over time. 
These techniques are considered to be based on time 
series data. An example of such a model is encom­
passed in what is commonly called the Curtin Rule 
for the impact of fare changes (1). This model was 
developed by comparing before ~d after ridership 
statistics on a variety of transit systems when a 
fare change was implemented. This study 1ed to the 
relationship that for each l percent increase (de­
crease) in the average fare charged, patronage would 
decrea·se (increase) by 0 .3 percent. 

Elasticity methods are a relatively simple form 
of analysis that can provide quick estimates of the 
change in ridership that will result from a speci­
fied change in the level of service provided along a 
route. The technique can be applied to a wide range 
of modifications to existing routes (assuming data 
are available) but not to predict ridership of new 
routes. Because the calculations are straightfor­
ward, the service 1;>lanner is not required to have a 
high level of technical sophistication; and, given 
the same data, all analysts should obtain the same 
results. The accuracy of the results from this type 
of model is dependent on a number of factors, in-
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Figure 1. Characteristics of modeling approaches. 
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eluding (a) how the dependent (ridership) and inde­
pendent variables are affected by other factors and 
(b) the nat1.1re of the demand for transit servlces 
(iae a ; th~ shape of the demand cucvej and the magni­
tude of the change in the independent variables. 

Sometimes a long-term change in the pattern of 
ridership may occur because of population growth or 
a number of other facto rs . Some transit agencies 
find it useful to model this underlying trend using 
a bivariate regression. If the trend is significant, 
this model can serve as a tool for predicting rider­
ship. Trend analysis can be a useful tool for esti­
mating ridership during periods when service and 
exogenous factors are not changing or are changing 
in a consistent manner. Because the technique is not 
sensitive to service or fare changes, it is not 
useful in most route planning contexts. The tech­
nique is inexpensive and relatively simple to use. 
It requires little more than a calculator with sta­
tistical capabilities--an estimate could be obtained 
by manually plotting the data. 
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CONCLUSION 

Most transit agencies recognize the need to predict 
cransi.c. pat:cunttyt: d'- '-Uc 1.'·""·'"'"- !-=.-:~! =-~= ~~ .... ~ 
adopted one or more techniques to perform such anal­
yses. Yet, despite the widespread use of route-level 
demand models, few agencies can quantify the ac­
curacy of their models or explain the contribution 
they make to plann i ng processes. Most of these 
models are simplistic, easy to apply, and rely on 
minimal data1 thus, they yield only ball-park 
ridership estimates. On the other hand, some tech­
nlque11 ollemp l to reflect the proococos underlyin'J 
the generation of transit ridership. A number of 
researchers have developed formal statistica1 models 
that account for a variety of factors that may af­
fect ridership and have incorporated the effects of 
a number of decision variables available to the bus 
service planner. Unfortunately no existing model is 
tvtallj· ud~q~.::.t!:: fc~ the p1.111nninn fnn~tionr all have 
drawbacks and few have been shown to be accurate 
through before and after experimentation. 

This review does not indicate that a single model 
or type of model is significantly better or more 
useful than any other model. Figure l illustrates 
the advantages and disadvantages of each approach. 
It does, however, illustrate the need for additional 
evaluations of specific models to determine their 
ran~e of ttCCULacy. In addition ~~~~~ ~pp02rc to b~ 
a need to alleviate many of the theoretical draw­
backs of the models being used. 
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