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Overview of Evaluation Methods with 
Applications to Transportation Demand 
Management 

ERIK T. FERGUSON 

Transportation demand management (TDM) is increasingly pop
ular as a respon e to traffic congestion , air pollution , and related 
problems. Innovative institutional arrangements have been con
ceived to implement TOM in a more efficient and effective man
ner.. Careful evaluation is necessary to determine whether TOM 
has been successful, however. TDM evaluation efforts have tended 
to lag behind TDM implementation efforts. Results of few TDM 
evaluation studies have been published. TDM evaluation may be 
based on direct observation revealed preference, stated prefer
ence , or organizatio.nal urvey ampling methods of data collec
tion. IDM program generally are complex policy instrument 
with modest goal. and objective. , providing marginal impact on 
travel behavior that are difficu.lt to discern . This description ug
gests that TDM evaluation methods should be complex in order 
to be accura'te . Yet, effects of TDM programs may not be suf
ficient to justify costly TDM evaluation efforts. The challenge to 
the TOM evaluarnr is to develop tool · appropriate to the task in 
terms of both cost and accuracy. This challenge could be accom
plished by integrating TDM evaluation into the general frame
work of transportation ystem performance monitoring at the 
regional level. The urban transportation planning system i in use 
in most urban area where TDM is likely to be implemented. 
Additional data are needed to assess TDM impacts in such areas. 
The art ofIDM evaluation has a long way to go before it reaches 
maturity as a practical 1ransporiation planning and evaluation 
tool. Tb time for greater action on TOM evaluation , as in TDM 
implementation, is now. 

Transportation demand management (TDM) is the art of slightly 
and gradually modifying individual travel behavior, rather 
than always expanding tran portation capacity in response to 
ob erved or anticipated traffic congestion at the local and 
regional levels. TDM ha most often been used in dealing 
with prnblem related to surface transportation , though ex
amples exist of applications to reducing congestion during 
peak periods at airports, managing general aviation , operating 
ferry services, and the like. Recent example from field be
yond transportation include least-cost energy ector planning, 
drug interdiction o.n the demand side {reorientation of drug 
control programs toward preventive strategies and drug treat
ment programs), and many similar examples. 

Evaluation is the art of determining whether policies, pro
gram or projects are effective in accompli hing goals and 
objectives related to an organization 's mission. TDM evalu
ation is the art of determining how, when , and where indi
vidual travel behavior actually is modified in response to spe-
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cific types of TDM strategies. This is often a surprisingly 
difficult mission to accomplish, given the mobility of TOM 
subjects, and the typically modest (marginal) impact of TDM 
strategies on the travel decisions made by individual travelers 
on a daily basis. 

TDM EVALUATION METHODS 

TDM evaluation methods may be grouped into four major 
classes of activity, on the basis of their underlying data re
quirement . The e include direct observation (DO), revealed 
preference {RP) , stated preference (SP) and organizational 
sampling (OS) method . Each of these methods is di cussed 
in turn . RP and P meLhod. may be implemented through 
random, stratified, or clustered survey samples, administered 
over the telephone, through the mail , or, most recently, in
teractively on the video display creen of a personal or main
frame computer. DO methods requi.re no direct participation 
on tbe part of individual traveler thus observed. OS methods 
are perhaps the most recent of the four methods in terms of 
application. OS methods are a direct outgrowth of re earch
ers' attempts to understand the nature of employer-employee 
interactions, primarily in terms of carpool and vanpool for
mation, in response to employer TDM program implemen
tation efforts. 

DO Methods 

DO methods are the oldest though no longer the most com
mon methods used in obtaining travel behavior information 
related to transportation system use. DO methods have the 
advantage of being simple direct and subject to few bia e 
in sampling or estimation (other thaJl y tematic observer 
error) most of which are relatively ea y to identify and 
correct. 

DO methods are implemented at the site level by stationing 
observers at a single point, if only one entrance or exit point 
exists, or at multiple points, to cover all possible entry and 
exit point to the site elected for analysis. DO method are 
implemented at the corridor level by selecting a poim or points 
along a specific travel corridor , such a a major arterial or 
highway, and placing observer · at all critical points thu se
lected. DO method ar implemented at the areal orregional 
level by drawing a cordon line around the area selected for 
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FIGURE 1 Direct observation of travel behavior. 

R 

tudy, and placing observers at all major entry and exit points 
to the cordoned area (Figure 1). 

DO method are often used to collect data for highway 
capacity analy is, and can be useful in calibrating regional 
travel demand forecasting models. DO method are not often 
used solely forTDM evaluation , but may be useful in checking 
the validity of more detailed travel demand information b
tained from other sources. Recently photographic equipment 
occasionally ha been u ed to obtain license plate numbers 
for vehicles directly ob erved along major travel corridors 
with newly installed high-occupancy-vehicle (HOV) lanes. Li
cense plate information was u ed to obtain mailing addresses 
for observed facility users through state motor vehicle de
partments, allowing RP and SP surveys to be distributed through 
the mail to all users thus identified. 

DO methods have virtually unlimited potential for increas
ing the accuracy and precision of certain travel behavior pa
rameter measurements, uch as the number of vehicle trips 
and the number of vehicle-mile of travel along specific cor
ridors. DO methods are extremely limited in terms of the 
variety of data that can be observed, without invading the 
privacy of individuals in fundamentally obtrusive way . DO 
methods are not suitable for identifying the intentions as op
posed to the action of individual travelers. Neither can DO 
methods be used to identify travel origins and destinations in 
a broader regional context. This argues against relying on DO 
as the sole method for collecting data relevant to TDM 
evaluation. 

RP Methods 

DO methods can be used to obtain behavioral characteristics 
of users but they are highly problematic in determining eco
nomic and demographic factor that may be important factors 
in individual and hou ehold travel behavior decision making. 
RP survey method were developed to capture more infor
mation relevant to individual decison making in transporta
tion and other field . RP surveys ask respondents to identify 
their current travel behavior , often in much greater detail 
than is po ible through the use of DO methods alone. RP 
surveys may ask questions about past travel behavior as well. 
RP surveys usually make some attempt to identify ambient 
working conditions, household characteristics, and individual 
attributes such as income or automobile availability, which 
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have been found to influence travel behavior decisions 
previously. 

A particularly useful type of RP method is choice-based 
survey sampling. For example, on-board transit surveys are 
choice-based, in that only transit users are asked to reveal 
their preferences through the implementation of on-board 
transit urveys . Choice-based sampling generally is more ef
ficient than random sampling for rare or elusive population . 
An on-board transit survey would not be necessary in New 
York ity . R andom te lephone or mail urveys would elicit 
adequate information on transit use and competitive modes 
in New York City at a lower cost per survey completed. In 
typical suburban transit markets , the use of on-board surveys 
i often critical for keeping data collection cost low, while 
providing adequate information on the characteristics of tran
sit users in these areas. 

RP methods generally are subject to greater variation and 
error in measurement than are DO methods. Survey partic
ipation frequently i far les than JOO percent , introducing the 
potential for unknown ampling biases. Participants may make 
mistakes in completing RP urveys becau e of misunderstand
ing of technical terms, lack of knowledge, transcription error, 
faulty memory , plain old mistakes, and other factots . Most 
people estimate travel distance only to the nearest mile, and 
travel time only to the nearest 5-min increment. U greater 
preci ion in measurement than thi i. required for adequate 
modeling of behavior, it can generally be had only through 
the use of DO methods. Despite these caveats, RP method 
are inherently more useful than DO methods in TDM eval
uation, because RP methods provide far more information 
on observed travel behavior and factors only indirectly ob
servable that may influence such travel behavior. 

SP Methods 

RP meth ds are in turn limited to collecting information on 
what has already transpired i.e., preferences revealed in the 
form of actual, at least theoretically observable , travel be
havior choices . In ome case , thi information may be in
sufficient or even entirely irrelevant. When a new type of 
service such as a new transportation technology, is contem
plated for implementation , forecasts of the eventual usage 
this new technology may achieve usually are required to gain 
critical project funding. Asking member of the local popu
lation if they had ever u ed the new technology, for example 
in a different city, might be interesting. Yet basing forecast 
of future local new technology u age 011 such prior experience 
in a different regional setting would be absurd. Similarly 
asking them whether they would use a mode of tran portation 
of which they were not aware, and might only dimly under
stand in the context of prior experience would be equally 
problematic for forecasting purposes. 

SP methods were developed to model consumer attitudes 
in relation to observed behavior, usually for marketing pur
poses. In the latter regard , it was determined that perceptions 
did not always reflect reality in the mind o.f consumers , and 
that actual choices might modify perceived differences in tbe 
usefulnes of available choice sets. Focq group were in
vented to bring groups of people together to informally discuss 
hypothetical or future choice sets , as opposed to actual or 



148 

current choice sets, in a constructive manner, with a little bit 
of organizational purpose injected into the proceedings for 
good measure , to keep the general tone of the group discus
sion on the right track. Focu groups were found to be useful 
in constructing more realistic hypothetical choice sets, which 
cou ld then be tested more rigorously (in statistical term ) 
through surveys aimed at a king what people might do under 
certain situations, modeled on the present but with structural 
changes such as new or improved transit service parking pric
ing and supply control measures, and the like included in 
detai led description of highly realistic and probable future 
scenarios. 

SP methods are subject to even greater variability and error 
in measurement than are RP methods. How people react on 
an individual basis to the description of hypothetical choice 
sets, and how well they can gauge their sensitivity to changes 
in transportation system design, are still poorly understood 
as research issues . Nonetheless, SP methods are critical for 
evaluating scenarios that differ from the present in ignificant 
ways, and are therefore important in long-range planning (not 
so relevant to TDM) and in understanding whether or not 
transportation ervice or product innovations are adopted by 
ignificant numbers of individual travelers within specific travel 

markets (very relevant to TDM). 

OS Methods 

The most recent innovation in transportation evaluation 
methodology has come in the form of OS methods, used in 
what might be called quantitative (comparative) institutional 
analysis. OS method require only that an organization exists 
in some form (firm, household, carpool, etc.), and that at 
least two levels of organizational structure be included ex
plicitly in survey sampling for later statistical analysis 
purposes. 

DO methods fail to reveal all objective aspects of behavior, 
unless the object of study is followed around for a rather 
extended period of time. RP methods fail to consider changes 
in transportation systems that may require structured spec
ulation on the part of study participants concerning hypo
thetical choice sets or future travel behavioral modifications. 
SP methods allow the study participant to speculate more 
freely, but cannot capture information that the participants 
do not have at their personal disposal on indirect causal factors 
influencing the relative usefulness of various travel options, 
or the travel behavior choice set itself. Examples of such 
information might include the total supply of parking spaces 
available to all employees at a particular work site for a par
ticular price or at different prices, whether or not a potential 
carpool partner has been offered flexible work hours, which 
may be preferred to carpooling by some employees as a 
congestion avoidance technique and so on. 

OS methods allow the TDM evaluator to link directly ob
served, revealed, or stated preferences of study participants 
to the organizational environment in which travel behavior 
decisions are made. Travel behavior decisions are not made 
under antiseptic laboratory conditions, far removed from the 
concerns of family, work, and social activities, but rather are 
integrated in complex ways into multilayered patterns of liv
ing, li fes tyles, or lifecycles. These complex organizational ties 
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can be modeled explicitly in terms of the context of travel 
demand forecasting and TDM evaluation only through the 
application of OS methods. Activity analysis usually focuses 
solely on household activities becau e these may relate to 
individual travel behavior, but otherwise it is similar in prin
ciple to OS methods for most practical purposes. 

OS methods may be at one and the same time both more 
and less subject to variability and error than the methods 
previously di cu ed. Defining what organizations are and 
how they operate is more difficult and complex than simply 
observing the behavior of a single individual at a single point 
in time and space. Thus, OS methods are only as good or as 
relevant as the strength of the organizational linkage between 
an individual under observation and the organizational prin
ciple suggested as one determinant of behavior may be. 

Perhaps some of the organizational ties to travel behavior 
are influenced by yet other organizational ties , further com
plicating this already rather messy picture. The policies and 
procedures of individual organizations may exert different 
qualitative influences and certainly have different quantitative 
impacts on different individual · within the organization. Some 
organizations may even have entirely different set of policie 
and procedures for different individuals or classes of individ
uals within the organization. All of these separate policy an
alytic activities may exert weak influences on some individ
uals, and strong influences on yet other individuals. The pos ible 
relationship between these institutional factors and TDM have 
only recently come under study in a quantitative and objective 
fashion, through the u e of rigorous statistical analysis tech
niques for examination and evaluation purposes. 

OS methods may be less variable than some other methods, 
to the extent that OS techniques build on the others to provide 
measures of effectiveness for specific policies and procedures 
across many rather than just one or a few independent or
ganizational observations in analysis. Reducing variability in 
measurement of such key organizational influences as parking 
pricing and supply control policies from one firm to another 
is a major potential benefit of OS methods. This is important, 
because OS methods do impose significantly higher costs in 
terms of both data collection and data analysis. The use of 
OS methods is not justified without the provision of additional 
benefits. Such benefits do seem to exist, and are not available 
in the same guise through application of DO, RP, or SP 
methods , either together or in isolation . 

OS methods may be of particular importance in evaluating 
TDM, because of the highly dispersed nature of TDM pro
gram implementation, arid the close relationship between suc
cessful TOM implementation and the creation of entirely new 
kinds of organizations , such as transportation management 
associations, trip reduction ordinances, and the like. 

ANALYTICAL FOCUS 

Which data collection method or combination of methods to 
apply to TDM evaluation will vary, depending on th ana
lytical framework or focus , the mission of the TDM program 
to be evaluated, and the measure or measures of effectiveness 
selected to indicate attainment or nonattainment of TDM 
program goals and objectives. The analytical focus of TDM 
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evaluation may be spatial, temporal, or organizational in 
nature, or some combination of all three. 

Spatial Focus 

The scale of TDM implementation efforts will determine the 
geographic focus of evaluation efforts, which may be site
specific, corridor-oriented, or regional in scope. OS methods 
have been applied to activity centers in the form of site-
pecific urveys of employers and employees in Southern Cal

ifornia and Brentwood, Tennessee. OS methods have been 
applied on a corridor basis to vanpool coordinators and van
pool members in the Ventura Improvement District (Ventura 
Freeway Corridor) in the San Fernando Valley. 

OS method have been applied on a supraregional basis in 
the form of the Nationwide Personal Transportation Studies 
(NPTS) of 1969 1977, L983 and 1990. The NPTS surveys 
were all conducted in the form of a stratified , clustered, ran
dom sample of hou ing unit within both metropolitan and 
nonmetropolitan areas of the United States taken as a whole. 
The latest NPT was based on a telephone survey ample, 
whereas the previous three relied on personal interviews con
ducted in the home of each re ponding household. Most TDM 
programs are site-. peel.fie but may include ervice area rang
ing in ize from a single employer to a single large building 
to an activity center covering hundreds of acres, with thou
sands of employee potentially involved. 

Temporal Focus 

Recently, researchers have begun to explore the use of lon
gitudinal analysis ba ed on panel surveys to gather discrete 
data on dynamic changes in location and travel behavior. A 
panel survey is composed of two or more waves, where a 
wave is defined a a repeated survey of a specific group of 
survey respondents, who are asked in advance to participate 
in the survey process over a number of days, weeks, months, 
or even years. Because of the time and expense involved in 
conducting longitudinal panel surveys, these are perhaps best 
suited in the context of TDM to the evaluation of TDM mea
sures associated with large capital investments, such as ride
sharing promotions in support of the operation of new HOV 
capital facilities on major surface arterials or highways. 

Organizational Focus 

Potential organizational scales of analysis include national, 
state, regional, or local, in terms of unitary public policy, and 
activity centers, office buildings, and firms, in terms of typ
ically more competitive and thus more fractionated private 
TOM policies. Pubtic policy i. often viewed as a single holistic 
determinant of travel and other form of behavior, with equally 
weighted impacts aero s all potentially affected parties . Thi 
is often a questionable assumption. In practice, it is more 
likely that unequal effects may be observed, depending on 
prior knowledge and experience of individual travelers, the 
distribution of information and transaction costs across time, 
space, and organizational operating environments, the spe-
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cific form of TDM implementation practices used , perfor
mance monitoring considerations and enforcement provi
sions, if any. Private policie are probably more often 'ubject 
to major differences among firms in terms of impact than 
are public policies, but even this simplifying a sumption will 
1101 always hold. 

OS method mo t clearly are useful where many actor are 
involved i11 different types and levels of policy making. Given 
that TDM is often implemented as a result of public-private 
partnerships, with many fimis and public agencies involved 
at varying level of decision making and in varying degrees 
of interest or compliance OS method seem particularly suit
able for evaluating TDM programs across firms , activity cen
ters and the like. 

Combined Foci 

Even more complex are analytical foci that combine spatial, 
temporal, and organizational measures of variability. At the 
national level, the NPTS provides an organizational data base 
composed of four separate files, including household char
acteristics, individual characteristics and intraurban travel , 
individual characteri tics and interurban travel, and vehicle 
characteristic . 

These NPTS data are available for 1969 1977, and 1983 
and soon will be avai lable for 1990 a well. The four files can 
be and often are treated independently for analysis purposes. 
These file also can be combined. T he household file is the 
highest level of organization, with the vehicle file perhaps the 
lowest, in organizational terms. An analysis of mode choice 
for the work trip under the assumption of household influ
ences or constraints on travel might require data from the 
first, second, and fourth NPTS files. Automobile ownership 
is often posited to influence various aspects of urban travel, 
such as vehicle-miles of travel and mode choice decision mak
ing. The level of inter- (and perhaps intra-) urban travel may 
influence automobile ownership simultaneously, or with a 
lagged temporal effect (Figure 2). 

At the subregional or activity center level, the recent for
mation of transportation management associations as public
private partnerships to promote TDM is a phenomenon of 
apparently increasing importance. TMA evaluation poten
tially might require data at four levels of organization, in
cluding the TMA board of directors (executive decision mak
ers), the TMA executive director (or line staff), participating 
private firms or public agencies {often formally recognized as 
association members) , and the employees of any or all such 
participating organizations. Complex linkages between vari
ous levels of TMA organization might have to be taken into 

HOUSEHOLD CHARACTERISTICS 

~~ 
INTRAURBAN ~ ~BAN TRAVEL 

VEHICLE CHARACTERISTICS 

FIGURE 2 Organizational relationships in the 
NTPS. 
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FIGURE 3 Organizational structure of TMAs. 

account in evaluating TMA performance with precision and 
accuracy (Figure 3) . 

Most TMA evaluation efforts so far undertaken have been 
of relatively modest scope, often involving employee travel 
behavior surveys, employer ridesharing program surveys, and 
occasionally CEO surveys, but generally not all of these, si
multaneously, before and after implementation. One excep
tion is the South Coast Metro study conducted by the Orange 
County Transit District in Southern California. Few TMA 
studies have attempted to identify differences among partici
pating firms in terms of incentives offered to employees. Fewer 
still have tried to identify the mix of supply and demand side 
measures used by TMAs to achieve their goals and 
objectives. 

At the individual firm level, an organizational model of 
TDM implementation might include three levels of partici
pation, including the CEO (policy) the TDM program man
ager (procedures), and the employees potentially or actually 
influenced by TOM program incentives and disincentives of
fered by the firm. At the individual TDM program level, an 
organizational mode of vanpool formation might include five 
major elements, as follows: 

1. Public policy (federal, state, and local tax and regulatory 
policies); 

2. Firm policy (private firm or public agency rules and reg
ulations concerning issues such as vehicle type, vehicle own
ership operating subsidie , and driver perquisite ); 

3. Vanpool or ridesharing program management (proce
dural issues and orientation) ; 

4. Vanpool management (vanpool coordinator and vanpool 
driver roles and responsibilities); and 

5. Vanpool participation (formal and informal rules gov
erning conduct within the vanpool , thereby influencing in
dividual mode choice). 

Although it might appear that vanpool formation is a rel
atively simple and straightforward process (Figu.re 4) , it is in 
fact complex, and might be difficult to predict in the absence 
of good information on both spatial and organizational factors 
influenciog the relative size of potential vanpool markets. Th 
author is studying vanpool formation on the basis o.f 2,400 
vanpool members belonging to 400 vanpools serving 16 pri-
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(TAX SUBSIDIES, ETC.) 
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(DRIVING, COORDINATION ROLES) 

VANPOOL PARTICIPATION 
(IND1VIDUAL MODE CHOICE) 

FIGURE 4 Organizational structure of vanpool 
programs. 
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vate firms and public agencies located in widely different parts 
of Southern California. 

As these various examples illustrate, TDM implementation 
at all geographic levels of analysis may require an explicit 
organizational focus if relevant travel behavior parameters 
are to be identified in terms of comprehensive evaluation 
efforts. OS methods would be highly useful in most such 
efforts, if improved quantitative measures of TDM program 
impacts are desired as an outcome of the TDM evaluation 
process. 

THE TDM MISSION 

The mission of a TDM program is critical in determining the 
purpose and scope of evaluation efforts eventually under
taken. TDM programs with pecific, i.e .. numerical, perfor
mance targets generally begin with a baseline survey to de
termine the level of effort needed to attain specific change 
or level of change in observed travel behavior. TDM pro
grams with few specific performance targets may engage in 
no such preliminary studies and often do not conduct eval
uations ex post facto either. 

Goals 

TDM goals may be as specific as (a) maintaining Level of 
Service C on all streets and highways within a particular com
munity, (b) providing adequate financing for all necessary 
transportation system improvements within the community, 
and ( c) reducing peak period travel to eliminate traffic conge -
lion for as long as possible. TDM goals may also be as general 
as (a) mitigating traffic congestion without further definition , 
(b) improving air quality, (c) conserving energy, (d) making 
local or regional housing more affordable (e.g., through higher 
densities on smaller lots, with compensating transportation 
system changes) ( e) maintaining regional mobility, (f) pro
viding an adequate degree of redundancy in the transportation 
system, and (g) being prepared for emergencies and other 
contingencies that might crop up at ome time in the future. 
Obviously, evaluation efforts should , in general, conform in 
outline to the goals that are being sought through TDM 
implementation. 
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Objectives 

TDM objectives relate more specifically to how TDM goals 
are to be achieved. In most cases, the principal objective of 
TDM implementation is to enhance regional or suburban mo
bility. This general description is overly broad, and provides 
insufficient guidance in developing adequate TDM evaluation 
tools. TDM objectives may be further separated into four 
classes of programmatic intent, including (a) increased supply, 
(b) improved system management, (c) improved demand 
management, and (d) reduced demand. It might seem odd to 
include supply enhancement among TDM objectives, but it 
is unavoidable in practice, because of the interrelated themes 
of supply and demand that are affected by TDM policies and 
procedures. 

MEASURES OF TDM EFFECTIVENESS 

Measures of effectiveness in TDM evaluation also exhibit 
great variability, as might be expected from the broad range 
of goals and objectives that typically are meant to be served 
through the successful implementation of TDM programs in 
practice. Specific measures of TDM effectiveness often in
clude changes in mode choice on an individual basis, change 
in mode split on an organizational or geographic basis, and 
reductions in the number of (vehicle) trips generated by pe
cific activities at specific activity centers. These specific mea
sures of TDM effectiveness are usually directly measurable, 
at least theoretically speaking, but often not without great 
difficulty and cost, and always with uncertainty remaining ex 
post. Less specific performance measures may include (a) 
reduced traffic congestion (e.g., hours of traffic delay elimi
nated), (b) improved air quality (e.g., reduced automobile 
exhaust emissions), and (c) energy conservation (e.g., re
duced gasoline consumption). 

Indirect measures of TDM effectiveness often require so
phisticated models in order to conduct adequate valuative 
efforts. More specific TDM performance measures often are 
necessary as direct input to more comprehensive regional travel 
demand, airshed, and energy consumption models. The cost 
of evaluating TDM effectiveness in these more general terms 
is considerably higher, but perhaps more useful, than simply 
counting the number of trips made (or not made), and the 
proportion of trips modified in some way (altered, diverted, 
restructured, etc.). Expanded TDMprograms gradually may 
influence patterns of land use and development, at least in
directly and over longer periods of time. TDM may serve as 
one alternative to requiring developers to provide adequate 
transportation facilities as an explicit condition of develop
ment approval in urban areas experiencing rapid growth and 
increasing traffic congestion. 

Mode Choice, Mode Split, and Trip Reduction 

Changes in mode choice are the most common form of ef
fectiveness measure used in TDM evaluation. Trip reduction 
ordinances often specify a target mode split, or change in 
mode split, to be achieved through mandatory or voluntary 
TDM programs, implemented by developers, employers, or 
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both, at the local or regional level. A major problem with 
mode choice studies is variability in day-to-day travel, which 
often exceeds targeted goals for trip reduction, making mea
surement problems particularly acute. This measurement 
problem can be controlled to some extent through the adop
tion of dynamic, time- eries analysis, with data collected in 
multiple time periods, at higher overall cost, of course. 

Examples of longitudinal studies include weekly travel dia
ries, travel behavior surveys repeated on a periodic (e.g., monthly 
or annual) basis, etc. Intertemporal survey sampling imposes 
much higher data collection and analysis costs, not to mention 
significant time delays, particularly in the case of annual sam
pling. A lower-cost alternatrve is to a k questions explicitly 
related to temporal changes in travel behavior (weekly vari
ability in mode choice, long-term loyalty to a particular mode 
etc.) on a one-shot survey form. Dynamic changes in travel 
behavior are less cleanly specified in such one-shot cross
sectional survey designs, of course . 

Traffic Congestion, Air Quality, and Energy 
Conservation 

Indirect effects of successful TDM program implementation 
frequently are defined to include reduced traffic congestion, 
improved air quality , and energy con ervation. If measuring 
(or still more problematic, forecasting) the direct effects of 
TDM program implementation is a difficult undertaking, an
ticipating indirect TDM benefits may seem virtually impos
sible to achieve with any degree of accuracy at a reasonable 
cost. Traffic congestion can be identified at the local (micro
scopic) level through intersection analysis. However, normal 
variability in day-to-day travel once again may make esti
mating even the direct effects of site-specific TDM programs 
on local traffic flows difficult to identify, unless the site hap
pens to be the predominant source of local traffic, local traffic 
congestion, and perhaps local traffic variability. 

More difficult is the estimation of changes in regional traffic 
delays or air quality impacts associated with local TDM pro
gram implementation. The measurement of these TDM im
pacts typically requires the use of highly sophisticated, large
scale regional travel demand forecasting models and air pol
lutant emissions inventory and dispersion models. In their 
current forms, these large-scale models often ignore both daily 
and individual variability in travel behavior, with much greater 
emphasis being placed on the differential effects of various 
transportation technologies for personal travel or air pollution 
emission control. The Urban Transportation Planning Sys
tem (UTPS) definitions of trip purpose (home-ba ed work, 
etc.) were reasonably good in describing important attributes 
of travel behavior in the 1960s, but are much les adequate 
in today's urban and suburban travel markets. To date, travel 
behavior market segmentation studies have rarely been im
plemented on a wide enough scale to be used in regional travel 
demand forecasting models. 

There are few behavioral links currently drawn between 
technologies for different types of vehicle (e.g., cars, vans, 
and trucks) that are important in determining marginal emis
sion rates in air quality analysis, insofar as these relate to 
travel behavior. In fact, most regional emissions inventories 
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rely on regional or state vehicle ownership data as the sole 
source of travel behavior inference, with the explicit assump
tion that newer vehicles are driven more miles per year than 
older vehicles, but with no other travel behavioral variability 
used in the analysis. This is a scattered approach to under
standing the air quality implications of travel behavior deci
sion making at the disaggregate level , where TDM programs 
presumably have their greatest marginal impacts. 

Land Use, Development, and Affordable Housing 

Recently, some attempts have been made to link TDM im
plementation to even broader societal goals, including more 
effective land use management, appropriate and sustainable 
development, maintaining jobs and housing balances, facili
tating the provision of more affordable housing, and the like . 
Modeling the influence of short-term TDM strategies on these 
longer-term trends in urban growth and economic develop
ment at the regional level realistically is beyond current ca
pabilities for accurate measurement, and will remain so for 
much of the current decade, at the least. This limitation does 
not imply that TOM programs cannot or will not contribute 
in some small measure to the attainment of such broader (and 
much longer term) societal goals . Identifying the strength of 
such relationships, should they exist, given current analytical 
capabilities is simply not feasible under reasonable cost con
straints on data collection and analysis in 1991. 

MODELING TDM EFFECTIVENESS 

More specific issues related to modeling TOM effectiveness 
in real time include data availability, model compatibility, and 
multiple model interfaces. Some of these issues already have 
been alluded to in previous sections. A few more explicit 
references to the current state of the art in aggregate and 
disaggregate travel demand forecasting follow . 

Aggregate Travel Demand Forecasting 

Aggregate travel demand forecasting is currently undergoing 
a major transformation in response to declining computing 
costs and the advent of powerful PC-based computer oper
ating environments. A plethora of new models have been 
developed for the PC, that are still usually based fairly close 
on the UTPS mainframe programs from the past. Both new 
and old models may be faulted for their failure to include 
nontechnological modes of travel such as walking and bicy
cling explicitly, for treating ridesharing as being entirely sub
sumed within the automobile !Ilode of travel, and for treating 
regional travel demand as more or less permanently fixed, 
once the trip generation stage of modeling has been com
pleted. Unless these limitations are lifted, aggregate models 
will serve TDM evaluation needs only poorly. Similarly, ways 
and means of incorporating variations in organizational pol
icies and procedures explicitly within aggregate models prob
ably also will be needed, if true measures of policy sensitivity 
are to be identified for locally implemented TOM strategies 
within such larger-scale aggregate models of location and travel 
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behavior. Direct linkages between aggregate and disaggregate 
travel demand models and the analytical methods used in 
estimating such models may be required to achieve these ob
jectives meaningfully. 

Disaggregate Travel Demand Forecasting 

Disaggregate methods are better suited to TOM evaluation, 
but are severely limited in scope when regional impacts are 
to be estimated. Disaggregate methods can be readily ad
justed to include non technological modes of travel, and ride
sharing can be separated from the drive-alone automobile 
mode through nested modeling techniques. Similarly, the ef
fects of organizational variations in TOM program imple
mentation can be tested directly through multiple-tier OS 
methods. Presumably, as the body of literature describing 
disaggregate responses to TOM programs in the public and 
private sectors continues to grow, a knowledge base will be 
created that eventually might inform important innovations 
in both aggregate and disaggregate travel demand forecasting 
techniques. Only when these changes occur will TOM alter
natives be directly comparable with supply-side options, 
ensuring confidence in the resulting predictions. 

Two of the critical data needs for linking aggregate and 
disaggregate methods in travel demand forecasting for TOM 
evaluation include the following: 

1. Identifying explicit behavioral linkages between vehicle 
technologies used and factors influencing travel demand di
rectly. NPTS data are available for partial comparisons at the 
national level of analysis. Region-specific data on interurban 
and intraurban trip making also are needed. These data ob
viously would help in air quality analysis , but might also pro
vide new insights into travel behavior analysis for its own sake. 

2. Identifying new sets of trip purposes and trip patterns, 
which are internally more homogeneous and externally more 
heterogenous with respect to TDM influences and travel be
havior determinants in the current decade. Ideally, this pro
cedure might be considered for inclusion in the 1990 Census 
data used to create dual independent map encoding (DIME) 
files for use in UTPS and its derivative travel demand fore
casting models . Alternatively , setting the groundwork now 
for such a development as part of the 2000 Census at minimum 
should be considered . 

Modeling TDM Dynamics 

A key problem in TDM implementation is maintaining the 
effects of short-term stimuli over the longer term. Programs 
that are successful one year may suffer losses the next, de
pending on changes in the level of resources allocated, TDM 
staff turnover, other staff turnover, and the like . Similarly , 
people rarely respond instantaneously to changes in ambient 
operating conditions, such as parking price increases, transit 
fare reductions, or the provision of personalized matching 
assistance through a trained professional employee transpor
tation coordinator . In fact, it is more often true that travel 
behavior changes reflect a stochastic process, in which 4 or 5 
years may be required before a new equilibrium point actually 
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is achieved. This is, no doubt, particularly the case when 
significant changes in TDM program incentives are involved. 

Given the marginal impacts of 5 to 15 percent in aggregate 
travel reduction often attdbuted to TDM programs a priori, 
adding.long lead times to equilibrium adjustment exacerbates 
measurement problems in TDM evaluation. During the time 
that TDM programs gradually modify travel behavior, exter
nal changes in local employment conditions, regional eco
nomic growth, or national transportation policy may occur, 
with travel behavior implications that could easily dwarf the 
expected changes from even a highly successful and very am
bitious TDM program. This process can only make TDM 
evaluation more difficult to perform well, if at all. Finding 
cost-effective methods to deal with intertemporal changes in 
geographic and organizational operating environments for TDM 
implementation should be a high priority in improving the 
accuracy and precision of TDM evaluation efforts in the 
future. 

CONCLUSIONS 

Innovative TDM evaluation effort are currently underway 
h1 several parts of the country. Studies are underway or have 
been completed in Seattle, Southern Cal ifornia, Washington 
D . C. , Brentwood, Tennessee, and everal other locations. 
Much more work needs to be done to encourage sound TDM 
evaluation practices in all those areas of the country where 
TDM implementation is proceeding at full speed, often with-
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out proper consideration being given to the need for gener
ating more accurate and reliable information on TDM effec
tiveness, prospectively or retrospectively . Federal, state, and 
local governments, and particularly state, regional , and local 
transportation agencies, can and should assist the often much 
newer private sector participants in TDM program imple
mentation efforts to identify more appropriate TDM evalu
ation methods . 
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