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The concerns of these institutions are highly divergent. 
Employers will want to ensure that the proposed changes 
will neither interfere with the ability of their present 
employees to travel to work nor create mternal work-
scheduling or parking problems. Schools and serveral 
agencies will be concerned about access to these facil-
ities for their clientele. Merchant associations will 
worry about loss of trade if restrictions are placed on 
driving and parking private automobiles, and taxpayer 
associations will wory that proposed transit improve-
ments will require higher property taxes. 

The problem facing the MPO is how to deal with these 
institutions so that they will support, or at least not 
block, the implementation of the TSM program. Citizen 
participation in the TSM process is required under joint 
UMTA-FHWA regulations (section 450.120 a3, Code of 
Federal Regulations, chapter I of Title 23 and chapter 
VT of Title 49, as amended October 17, 1975), but with-
out specification as to how this is to be accomplished. 

Other federal programs, such as urban renewal, 
have the same requirement. Local redevelopment 
projects require the appointment of representatives of 
citizen groups to an advisory board and make use of 
neghborhood public meetings and newsletters to keep 
residents and property owners of the redevelopment 
area informed. Some of these techniques can be applied 
to TSM, and some of the existing institutional organiza-
tion might be made use of in communities where citizen 
groups have already been formed for other purposes. 

Another alternative is suggested by our exemplary urban 
area. Information on program development is distributed 
and opinions solicited by mail rather than in general meet-
ings. When drafts of proposed transportation plans are 
completed, each of the 216 public agencies, private firms, 
and special-interest groups on the mailing list receives 
a review copy and is asked to comment or raise questions. 
Their responses are studied, and any modifications to the 
plans that appear desirable or necessary can be made before 
the finalversion is adopted locally and submitted for federal 
approval. 

One final observation about the attitudes of special-
interest groups and the segments of the public they rep-
resent has been suggested by our initial research. Not 
only do these various groups view transportation-related 
problems with different degrees of concern, as one might 
expect, but many groups and the public at large do not 
seem to view the problems of traffic congestion, air pol-
lution, and automotive fuel consumption with as much  

concern as do transportation planners. 
This discrepancy in attitude is most apparent with re-

gard to traffic congestion. One has only to observe the 
numbers of drivers who insist on adding their vehicles 
to already overcrowded freeways at rush hour rather than 
change their established travel patterns. Irrationally, 
such drivers appear to be willing to tolerate intense levels 
of congestion that they have grown accustomed to and to 
resist efforts to reduce congestion that interfere with 
their usual commuting habits. 

Many drivers seem to feel their rights threatened by 
newly imposed user penalties for traveling over a bridge 
during peak periods or for long-term parking or by the 
removal of a freeway lane for the exclusive use of buses 
and car poois. On the other hand, the public seems more 
willing to accept programs based on exempting high-
occupancy vehicles from existing user fees or providing 
new facilities for their exclusive use. 

The Los Angeles diamond lane demonstration is a case 
in point. Drivers in congested lanes were expected to see 
traffic flowing freely on the reserved lane and rationally 
come to the conclusion that they should form car pools or 
wsitch to transit. Some did, but the majority continued 
to drive as before, and through their protests the experi-
ment was finally brought to a halt by a court decision. 
Because the experiment was short-lived and there is some 
question as to how much the opposition of local news 
media contributed to the protest movement, we do not 
know whether it might have proved more successful over 
time or under different circumstances. But it does sug-
gest that transportation planners should not rely on finding 
in the community at large a concern with transportation, 
environmental, or energy goals equal to their own and 
should, where possible, use positive incentives and new 
transportation options rather than penalties and restrictions. 
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This paper describes a systematic TSM planning process that begins with 
setting objectives and ends with monitoring the effectiveness of imple. 
mented projects. The technical requirements for the process are also 
discussed. 

There is a growing awareness that transportation facili-
ties and services and the people and vehicles that use 
them constitute a system that can be managed. As an 
increasing proportion of urban America achieves a 
physically mature transportation infrastructure, sys-
tem management will gradually become the dominant 
focus of transportation improvement strategies. This 
inevitable shift to transportation system management 

(TSM) represents a radical departure from the historic 
preoccupation with capital-intensive system additions 
designed to accommodate increasing demand for trans-
portation service. 

TSM encompasses a range of improvement strategies 
that are nonfacility and low-capital oriented and that use 
both demand management and supply optimization to 
capitalize on existing highway and transit facilities to 
achieve transportation-related goals. Under this broad 
definition, TSM planning is now the required focus for 
the short-range transportation element in transportation 
improvement plans required by DOT of metropolitan areas. 
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The changes in the transportation planning environ-
ment that have been responsible for this shift include 
the following. 

Transportation resources are increasingly con-
strained. Construction costs have risen at rates of 
from 10 to 15 percent annually. There is competition 
for funds both among the expanding programs within the 
transportation sector and between transport and other 
higher priority social and economic needs. Responsible 
public institutions must ensure that existing facilities 
and services are being used in the most cost-effective 
way before committing additional scarce resources. 

There is a heightened sensitivity to the mixed 
blessings of capital-intensive system additions—a rec-
ognition that many of the short- and long-run environ-
mental, social, and economic consequences of construc-
tion (highway or transit) are neither desirable nor avoid-
able at reasonable costs. These nontransportation 
priorities or legal requirements or both imply the need 
to selectively manage certain types of mode use or even 
constrain some kinds of mobility to accommodate socially 
desirable nontransport objectives (clean air, less energy 
consumption, greater economy). Furthermore, such 
improvements as have been provided by capital-intensive 
projects, whether highway or transit, have long lead 
times that render them unable to respond to short-run 
environmental imperatives (conservation) or social 
needs. 

Substantial transportation infrastructure already 
exists in the urbanized areas of most of the United 
States—more than adequate for all but two brief time 
periods each day. Indications are that only marginal 
mobility benefits have been achieved by substantial addi-
tional expenditures to increase general transport supply 
in these contexts in the absence of supply or demand 
management. In a time of scarce fiscal and natural 
resources, it is becoming increasingly apparent that 
future transport improvements may have to be targeted 
on specific socially agreed-upon groups and selected 
trip purposes or patterns be encouraged or discouraged 
through both supply and demand management. 

The unstable and dynamic context for transporta-
tion includes possible fuel shortages, inflation, and 
rapidly changing transportation policy priorities. This 
implies it may be desirable to develop facilities whose 
function or use can be modified in whole or part per-
manently or temporarily in keeping with current policy 
priorities or in response to future "crises" of any type. 
System additions must therefore be conceived of and 
designed as "infrastructure for management," and opera-
tions and control features must be designed to enhance 
existing system flexibility. 

A satisfactory programmatic response to the context 
as described above must capitalize on sunk investment 
through searching for more cost-effective ways to use 
existing facilities. On the one hand, this means strat-
egies that, through controls, manage and preserve the 
levels of service that justify new facilities in the first 
place. On the other, this suggests dynamic supply 
operation regimes tailored to variations in demand in 
real time or to changing policy-based priority purposes. 
Demand modification involving change in behavior to 
make better use of the existing transport supply will 
also become increasingly important. Overall, a manage-
ment orientation will increasingly augment the facilities - 
oriented approach in achieving the most efficient satis-
faction of a mix of mobility objectives. 

In addition to efficiency goals, however, capability 
to operate transportation systems to accommodate equity 
and externality objectives must be developed. Non- 

transportation considerations are placing an ever higher 
premium on the ability to respond to broader objectives 
even if this involves a trade-off with the level of mobility 
per Se, through demand as well as supply management. 

TSM represents a new focus for metropolitan plan-
ning organizations (MPOs) and presents a variety of 
challenges —technical, institutional, and fiscal—to the 
continuing transportation planning process. The TSM 
planning process carried out during the first year under 
the mandate of the joint FHWA-UMTA planning regula-
tions has been rudimentary: 

No MPO had or developed a truly systematic pro-
cess for developing a TSM program; 

Few cities related their transportation and 
transport -related objectives to TSM projects; 

No city developed a complete set of objectives 
and corresponding measures of effectiveness to permit 
the testing and modification of TSM programs as part of 
a continuing and incremental process; 

Little attention was given to the opportunities for 
regionwide comprehensive TSM strategies through com-
bining a number of mutually reinforcing actions; and 

Relations between short-range TSM planning and 
longer range plans were not identified. 

The first-year experience suggests a substantial 
agenda for improvement in the TSM technical planning 
process. The reorientation of transportation system 
management implies a profound change in the focus of 
both transportation planning and operating institutions 
and in the day-to-day activities and skills required of 
planners. Indeed, a systematic approach to a continual 
process of developing and applying TSM improvements 
must recognize the unique potential and special charac-
teristics of TSM. 

The discussion below is aimed at suggesting the nature 
of such a systematic TSM planning process. Figure 1 
shows the process, which begins with setting objectives 
and ends with monitoring the effectiveness of imple-
mented projects. 

The issues that support the logic of TSM may require 
a major shift in the planning process to incorporate in-
creased bargaining among institutions involved in im-
plementation. This could result in a hybrid process at 
the metropolitan level incorporating elements of both 
"top-down" systematic, goal-based planning and "bottom-
up" ad-hoc, negotiation-based planning. 

Regardless of the appropriate institutional context, 
the technical problems remain. For each planning 
activity—goal formation, problem identification, strategy 
formulation and evaluation, monitoring, and modification—
substantial gaps exist in methodologies and techniques. 
To the degree to which TSM planning in metropolitan 
areas is to achieve its full systemwide potential and be 
more than an uncoordinated "happening," these gaps 
must be filled. This paper discusses five basic gaps. 

Although many basic local problems may be easy 
to identify, more vigorous techniques are needed to locate 
conditions amenable to TSM solutions on a regionwide 
basis. The idealized objective-based approach—often 
characterized as an obsolete appendage to planning—can 
be valuable in ordering the priorities and trade-offs in-
herent in the broader purposes of TSM. These trade-offs 
among transportation objectives as well as between 
transportation and nontransportation objectives will be-
come especially evident in TSM planning. 

Program formation requires an understanding of 
TSM actions and how they work. Accompanying the 
traditional forward-seeking planning approach that de - 
velops programs from objective -based statements can be 
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Figure 1. Generalized TSM process. 
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a backward-seeking activity of understanding TSM ac-
tion characteristics sufficiently to predefine their rel-
evance. The goal of making more efficient use of the 
existing urban transportation system will require draw-
ing together the fragmented components of traffic engi-
neering, transit operations, and overall transportation 
management. Within such a framework, the narrow 
focus of traditional traffic engineering or transit opera-
tions is no longer appropriate. The full range of TSM 
tools including information, restraints, and demand 
management must be considered in developing compre-
hensive strategies. Characteristics of a broad range of 
potential actions must be understood before they can be 
composed into strategies to meet local objectives and 
solve local problems. 

Combining TSM strategies from individual actions 
requires knowledge of their interactions. Combinations 
can have synergistic or counterproductive joint effects. 
Strategy making must consider how objectives or desired 
impacts can best be accomplished. Here, actual experi-
ment will have to substitute for the relatively undeveloped 
state of the art. 

Impact assessment must be carried out at the 
appropriate level of detail. Although the conventional 
measures of transportation level of service will remain 
an important measure, broader measures of effective-
ness must be designed to evaluate the ability of TSM 
strategies to produce positive benefits in the areas 
beyond transportation service. Safety, air pollution, 
energy use, environmental and community disrup-
tion, and impacts of the public and private economies 
may be relevant. A comprehensive but efficient set of 
measures of effectiveness must be developed so that 
strategies with the highest potential can be quickly iden-
tified. Evaluation techniques must be established at the 
local level for comparing the relative effectiveness of  

various potential TSM strategies and at the regional 
level for cOmposing TSM strategies into an overall pro-
gram and ranking for implementation. 

A monitoring and surveillance activity is essen-
tial to the development of the TSM state of the art. Some 
indication of the most promising approaches can simplify 
program development and permit actions to be modified 
for local circumstances. 

Methodologies for strategy development, imple-
mentation, and assessment must be developed and as-
sembled in a form permitting local planners to develop 
programs without having to do elaborate, time-consuming 
research. 

The discussion below does not fill all the gaps. How-
ever, it suggests the nature of the technical require-
ments for a systematic TSM planning process. The 
suggestions made are aimed at a high level of rigor ap-
propriate to the experimental phase in which the pro-
fession finds itself with respect to TSM planning. It is 
not expected nor is it possible that the first rounds of 
TSM planning at the local level will be undertaken in a 
rigorous fashion. Technical and institutional problems 
require a shakedown period. In many cases, research 
will be necessary to develop planning tools that can in-
corporate experimental results into easy-to-apply 
methods for use in regional and local planning. This 
paper sets an ambitious agenda for action. 

OBJECTIVES AND PROBLEMS 

Objectives play a central role in both the formation of 
problem-related TSM strategies and in the development 
of necessary methodologies for determining strategy ef-
fectiveness. The desirability of a particular TSM action 
can be related to the degree to which it achieves desired 
transportation or transportation -related objectives. 
Each specific applications context, however, will exhibit 
a different mix of, objectives. What is more, it is in-
creasingly apparent that certain objectives may conflict 
with one another. The increased complexity of this goal 
fabric will place a premium on clear, measurable, objec-
tive statements. 

The broad range of problems and opportunities en-
compassed by the TSM concept suggests that no single 
method for identifying specific primary TSM actions is 
appropriate. Rather, a collection of techniques can be 
employed that differ in their rigor, cost, and data re-
quirements. The most rigorous technique of problem 
identification requires a set of performance standards 
derived either from local transportation and transportation-
related objectives or from performance standards re-
quired by an external (federal) program to meet trans-
portation and nontransportation service targets. The 
existence of a "problem" is detected when system per-
formance data indicate that some aspect of the system 
is "below standard." The system performance data are 
derived from field measurements and surveillance (or 
diagnostic simulation) and presented in terms of per-
formance measures that reflect system conditions for 
comparison with the performance standard. Such com-
parisons of actual performance against standards are a 
highly important first step but one that has been largely 
missing from early TSM planning efforts. 

Statement of Objectives 

From a technical point of view, the establishment of an 
agreed-upon set of objectives is important for three 
reasons: 

1. Objectives provide a point of departure for the 
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identification of problems—conditions that are contrary 
to objective -derived standards; 

Objectives assist in defining the appropriate TSM 
management concepts, and this determines the appro-
priate scope of strategies to be included; and, 

Objectives provide the basis for the development 
of measures of effectiveness (MOE s) used to evaluate 
the impact of various strategy combinations. 

Consistent with local transportation policies, TSM 
should have a comprehensive orientation. It should not 
only concern itself with operating and managing the 
existing transportation facilities in the most efficient 
fashion to meet mobility objectives but alsO consider 
energy, air quality, environment, economic efficiency, 
and community quality objectives. 

The list below is a comprehensive set of goals and 
related objectives for TSM strategies. The objectives 
have been developed within the overall framework of 
the U.S. Department of Transportation National Trans-
portation Policy goal areas—mobility, health and safety, 
environmental and community quality, energy conserva-
tion, and economic efficiency. The objectives have been 
stated in terms to permit derivation of quantitative 
MOEs. Not all objectives themselves can be quantita-
tively measured, given the state of the art. 

Goals Objectives 

Improve personal Improve level of service of urban travel 
mobility Improve reliability of travel 

Provide attractive alternatives to driving 
Private automobiles 
Provide good quality, affordable transpor- 

tation services to elderly, handicapped, 
poor, and very young 

Improve facilities for nonmotorized travel 
modes (pedestrian and bicycle) 

Improve responsiveness to changing urban 
transportation needs 

Improve public safety Reduce occurrence of traffic accidents 
Reduce injuries and deaths resulting from 
traffic accidents 

Improve personal security of urban travelers 

Enhance environmental Reduce automotive emissions and impacts 
and community Reduce noise and vibration impacts 
quality Minimize adverse impacts on natural en- 

vironment 
Minimize community disruption and reloca- 
tion 

Enhance aesthetic qualities of urban en- 
vironment 

Complement long-range urban land use goals 

Conserve energy Reduce fuel consumed in urban travel 
resources 

Improve the economic Increase person and goods movement capac- 
efficiency of trans- ity of existing transportation facilities 
portation Reduce personal costs of urban travel 

Reduce public costs of urban transportation 
systems 

Achieve greater equity in payments for 
urban transportation 

Reduce costs of urban goods movement 
Minimize adverse economic impacts caused 
by urban transportation 

Maximize positive economic impacts caused 
by urban transportation 

It is obvious that each goal area must be reflected by 
several criteria. Mobility, for example, can be achieved 
in many ways for different groups and circumstances, 
and each way would have different impacts on objectives 
related to other goal areas. In fact, objectives within 
each goal area may, to some degree, conflict. Com-
plete discreteness is not necessary or desirable since 
this limits local flexibility in goal achievement. 

Points of View and Objective Conflicts 

Since TSM actions will have varying incidences with 
respect to impacts, it is also not surprising that any 
single objective can have a substantially different inter-
pretation. The broad range of potential objectives or 
problem areas constituting targets for TSM actions sug-
gests that trade-offs will be implicit in any strategy—
trade-offs among different types of transportation im-
pacts, between transportation and nontransportation im-
pacts, between users and nonusers, and among geographic 
areas or groups of persons affected. Therefore, within 
any given goal area, the objectives can usefully be 
broken down by point of view indicating in the objective 
statement the intended incidence-target group. These 
include: 

The user—individuals whose travel behavior and 
level of service are directly affected by TSM strategies; 

The system manager—institutional operators or 
policy makers involved in management, resource alloca-
tion, and technical decisions; and 

The public—divided into the system abutters, 
people or groups who are the most direct and regular 
recipients of the direct or indirect nonuser impacts of 
TSM strategies (noise, safety, retail sales changes), 
and the public at large, the community as taxpayers 
and indirect recipients of the regional benefits (or costs) 
of TSM improvements. 

System users are primarily concerned with mobility, 
economic efficiency, and health and safety. The public 
at large (in the role of nonusers) is concerned with en-
vironmental and conservation objectives and economic 
efficiency and only indirectly or secondarily with 
mobility. System abutters are obviously concerned with 
access, goods movement, and possible negative impacts 
on their property and activities. 

This emphasis on multivalued evaluation requires a 
systematic approach to goal and objective definition, 
criteria statements, and derivation of measures of ef-
fectiveness. An important aspect of this systematic ap-
proach is clear recognition that the difference in values 
among different groups in society and the wide range of 
possible improvement actions naturally lead to priority 
conflicts. Seldom will the objectives of all points of 
view be simultaneously favorably impacted. The deter-
mination of what constitutes a "good" versus "bad" 
strategy is becoming increasingly complex. Any trans-
portation objective, if narrowly defined, may have coun-
terproductive effects on other transportation objectives. 
One example is the implicit conflict between the desire 
to improve flow (and thus increase mobility) without in-
ducing new trips or increasing overall travel (with at-
tendant negative environmental and energy consequences). 

Thus, TSM strategies can have a positive impact on 
mobility and a negative impact on social costs (which 
include user costs and energy and environmental im-
pacts). Ideal TSM programs simultaneously increase 
mobility and reduce social costs. However, strategies 
that involve some slight decrease in mobility to achieire 
a reduction in social costs may be acceptable. The 
converse, improved mobility at the cost of a slight in-
crease in social costs, may also be acceptable. There 
must be increased recognition that these conflicts exist 
and require conscious trade-offs in the TSM planning 
process. Figure 2 indicates the four types of potential 
solution spaces with the implicit trade-offs among ob-
jectives indicated. 

Members of the community may have one point of 
view as taxpayers or recipients of negative environ-
mental impacts and a completely different view as system 
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Figure 2. Potential solution spaces. 
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users. The potential for trade -offs among conflicting 
points of view must be built into an overall evaluation 
process, and such differences in point of view incor-
porated into specific measures of effectiveness in order 
to be responsive to the range of public concerns. How 
such trade-offs are made and their desirability will be 
determined locally in the light of local objectives. It is 
clear, therefore, that potential conflicts between objec-
tives must be identified so that TSM strategies can be 
designed to minimize any negative interactions among 
programs. Several issues must be dealt with in estab-
lishing a final set of objectives. 

Level of detail. Some goal areas could, in theory, 
be divided into a variety of subobjectives. "Minimize 
adverse ecological impacts" could be divided into objec-
tives with respect to water quality, soil conditions, 
plant life, and so on. However, the nature of TSM 
strategies suggests that only marginal changes in eco-
logical conditions are likely and, in addition, are dif-
ficult to measure. Therefore, such a detailed break-
down is less relevant and not included. 

Objective redundancy. Often, more than one ob-
jective can be stated for a given goal area. However, 
they may be redundant with respect to measures of ef-
fectiveness. For example, "reduce congestion" and 
"reduce travel time" might both be stated as objectives 
related to mobility. However, the measures of travel 
time and reliability are more specifically related to the 
measures of flow and, being directly measurable, are 
therefore preferable as objectives. 

Scale of impact. Are the objectives areawide, 
for a corridor, or for a subarea? As a practical matter, 
objective achievement becomes more measurable when 
it is area specific and targeted at a specific point of 
view (user group). 

Data collection. The efficiency of data collection 
must be addressed in respect to objectives. The objec-
tives can often be stated such that a single measure can 
serve as an indicator for more than one objective. 
Given the cost and difficulty of monitoring system per-
formance and impacts, it is important to limit the total 
number of required measures. 

Problem Identification 

A clear set of objectives can aid in identifying problem 
conditions that need attention. Standards derived from 

the objectives can be used as a guide to assign priori-
ties to locations by preparing measures of effectiveness 
against which measurements of deteriorating conditions 
can be compared and evaluated. These standards will 
reflect a desired level of transportation service or related 
conditions and can be stratified by peak and off-peak 
operation and by type of service (central urban, fringe 
urban, suburban) or by special user group targets. En-
vironmental, resource, or other standards can also be 
composed. 

Problem identification from field data is another ap-
proach. The types and sources of important system per-
formance data and indexes that will permit the identif i-
cation of transportation problems must be route, site 
location, or service specific and describe the need for 
performance improvement. Indicators can be matched 
with potential TSM improvement actions. Examples of 
such data and indexes are 

Volume/capacity ratios of major street links 
(peak-hour and 24-h periods), 

Peak-hour factors at key street points, 
Transitversus automobile travel times for signif-

icant origin and destination patterns, 
Maximum load point data for transit, 
Average operating speeds by route, 
Percentage of transit coverage, 
Bus stop spacing and bus loading and discharging 

delay, and 
Complaints received from transit riders and the 

general public. 

Since the above methodology involves system perfor-
mance data (including possible field measurements) and 
systematic comparison with standards, it is not appro-
priate for relatively simple and extremely inexpensive 
TSM actions. In many cases, such as minor operational 
changes in which little capital investment is involved, 
experiments can be based on less rigorous definition of 
problems. Simple problem inventories can be made 
based on the existing local technical knowledge of sys-
tem operation. Certain standard actions are already 
typically undertaken by action agencies without study. 
Examples include known areas of arterial friction sug-
gesting new parking regulations, bus loading problems 
suggesting service changes, management adjustments 
to improve efficiency and marketing. Other TSM ac-
tions can be suggested by the existence of successful 
examples without carrying out any problem analysis. 
Innovative services and fare adjustments are examples. 
Indeed in many circumstances the normative model of 
TSM planning suggested in Figure 1 would not be neces-
sary to initiate a TSM project. The goals -objectives 
comparison with condition approach would be superfluous. 

Figure 3 suggests that at least four events might 
trigger a TSM project outside the formal process: 

Obviously deteriorating conditions requiring an 
early remedy; 

Imposition of a new local goal or one imposed by 
a higher jurisdiction; 

Carry-over projects not implemented from pre-
vious year evaluations; and 

Standard actions typically taken by local operations 
on a day-to-day basis. 

PROGRAM FORMATION 

A systematic process must be developed for formulating 
TSM strategies in response to existing problems if TSM 
is to become an effective program. Prograin formation 
must be responsive to an analysis of the basic system 
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The classification scheme for TSM strategies given 
below builds on those produced in earlier studies and 
the generalized definitions of concepts, strategies, and 
action elements discussed above. In particular, this 
approach indicates the usefulness of keeping the definition 
of management concepts deliberately abstract with re-
spect to strategy—that is, a management concept does 
not necessarily imply a single strategy but may be 
achieved through a combination of strategies. Further-
more, it illustrates that there are a great many separate 
action elements assoc iated with certain strategies. 

Category Action Element 

Mandatory usage 
controls 

Crossing control Bus priority signal system 
Signal timing optimization. 
Signal installation or removal 
Pedestrian grade-separation provisions 
Computerized signal control systems 

Entry control One-way Street 
Right turn on red 
Reversible streets 
Turning movement restriction 
Area restrictions 
Ramp metering 
Preferential entrance ramps 
Exclusive entrance ramps 
Entrance ramp closure 
Through traffic restrictions on residential 

streets 
Lane usage control Reversible lanes 

Preferential lanes for high-occupancy vehi- 
cles 
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modal integration (to increase diversion to transit). 
Action element is a specific tactic within a TSM 

strategy category such as ramp metering (an entry con-
trol strategy) or park-and-ride facilities (mode-diversion 
strategy). Action elements provide the level of speci-
ficity necessary for impact characterization. 

TSM program is a set of TSM strategies (com-
prising actions from one or more strategy categories) 
designed to achieve any given set of objectives. 

Central to these definitions is the idea that the various 
strategy categories can be composed of one or more ac-
tion elements and that strategies themselves can be com-
bined to support a given TSM management concept as part 
of an overall program. In addition, more than one TSM 
management concept may need to be implemented before 
progress toward a particular objective is made. 

Strategy Categories and Action Elements 

Although several lists of TSM strategies have been com-
piled, none represents a systematic functional classifi-
cation of the complete range of relevant traffic operations 
and control, transit operations, and transportation 
management actions. Based on a review of the strategy 
categories presented in previous studies for the U.S. 
Department of Transportation and the U.S. Environ-
mental Protection Agency as well as those presented in 
the recent joint FHWA-UMTA transportation improve-
ment program guidelines, a preliminary set of TSM 
strategy categories has been identified and grouped into 
six basic classifications: 

Mandatory usage controls, 
User information and assistance, 

STANDARD rogram 	 3. Economic controls (pricing), 
ACTIONS E> areftP  

Transit operations modifications, 
Minor supply additions, and 
Demand modification. 

ADOPTION, 
IMPLEMENTATION 

management concepts required to affect progress toward 
desired objectives. All the dimensions of travel are 
potential targets of specific changes in the amount, 
quality, or cost of transportation supply. Each dimen-
sion can be impacted by a large number of specific TSM 
actions, which include the complete range of supply opti-
mizing and demand management actions. These actions 
in turn have certain characteristics—spatial, temporal, 
modal, behavioral, cost, institutional—that will deter-
mine their relative effectiveness in any given context 
and, combined with the dimensions of the target prob-
lems, constitute its warrant for application. 

In combining TSM strategies into a prOgram, one 
must recognize the breadth and complexity of the full 
range of potential TSM actions. Characteristics of each 
action must be understood so that they can be appropri-
ately applied to achieve the increasingly varied number 
of objectives. The discussion below characterizes po-
tentialTSM actions by several of their key charaàter-
istics. 

As a starting point in developing a TSM program, it 
is useful to make distinctions among certain definitions. 

Management concept is the desired effect of a 
specific action on a specified target such as improved 
traffic flow or redistribution of demand modally. 

Strategy category is the general class of action 
designed to achieve a specific management concept such 
as entry control (to improve automobile flow) or inter- 
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Category Action Element Category 	 Action Element 

Lane use and turning movement restrictions Paratransit opera- 	Ride-sharing incentives 
Intersection channel ization tions 	 Ride-sharing brokerage 
Bicycle lanes Taxi deregulation and rule changes 

Curb control Parking restrictions Jitney operation 
Bus stop relocation Demand-responsive transit 
Loading zones establishment Van-pool programs (employer) 
Sidewalk widening Nonmotorized 	Pedestrian malls 
Truck delivery restrictions Bicycle paths 

Speed control Speed limits (maximum and minimum) Sidewalk widening 
Parking controls Preferential parking for high-occupancy ye- Parking 	 Parking supply reduction or restraint 

hides CBD fringe parking 
Parking duration restriction Suburban park-and-ride facilities 
Stringent enforcement of parking controls Goods 	 Terminal consolidation 

User information and Increase in truck lot sizes 

assistance Off-street loading facilities 

Education Broadening of driver education to transpor- Demand modification 
tation education Modification of time 	Staggered hours 

Pre-trip assistance Pretrip traffic condition information distribution of de- 	Flexible time 
Ride-sharing matching information mand 	 Shortened workweek 
Truck routing and scheduling optimization Expanded evening hours for shopping and 
Transit route and schedule information service establishments 
Paratransit service information Expanded weekend opening of shopping 

En route assistance System condition broadcasts and service establishments 
Traffic flow condition signs Modification of 	Expansion of home delivery of goods and 
Progression speed advisory signs frequency of de- 	services 
Route advisory signs mand 	• 	Substitution of communications for trans- 
Incident detection and management portation such as written communications 
Motorist aid (e.g., bank by mail) and telecommunica- 

Pricing tiOnS 
Road pricing Facility tolls Modification of 	Land use change 

Area tolls or licenses spatial location 
Vehicle ownership taxation 
Vehicle usage taxation (fuel or mileage) Travel Behavior Impact and Response 
Congestion pricing Time 
Differential tolls - 

Parking pricing Parking duration pricing 
Elimination of parking subsidies Effective TSM strategy development requires an under- 
Differential parking pricing for high- standing of how potential travel behavior impacts of 
occupancy vehicles proposed action take place. 	Generic management con- 

Parking taxes cepts that specify the desired effect on a specified target 
Transit and para- General fare reduction can be related to the objectives or problems analysis in 
transit pricing Peak-period and midday fare differentials terms of strategy formation. 	Actions often have single Free transit 

Paratransit subsidies or multiple impacts that are more or less amenable to 
Elderly and youth fares discrete targeting with respect to improvement objec- 
Commuter fare book discounts tives. 

Transit operating TSM focuses attention on the potential inherent in the 
modification complete range of behavior modification ranging far be- 

Operational rn- Bus route modifications yond the typical domains of the traffic engineer and 
provements Bus schedulemodification transit operator. 	The enlarged palette of TSM includes 

Increased passenger loading efficiency actions to both improve supply and to manage demand. 
Simplified fare collection 
Fare collection elimination The fundamental management concepts can be stated in 

Substitution of de mand- responsive service terms of the basic traffic and travel behavior targets: 
for fixed route and scheduled service in 
selected time periods Improve traffic flow characteristics, 

Mode transfer Bus stop relocation Redistribute traffic spatially (path), 
Park-and-ride facilities Redistribute traffic temporally (timing), 
Submodal integration 4 	Redistribute traffic modally (mode choice), 
Station and stop amenity improvement 	. Modify trip distribution and length, and 
Feeder and distribution improvements Modify trip frequency (total demand). 
Simplified transfers 

Management eff i- Technical cooperation (traffic and transit) Many strategies have more than one impact—an im- 
ciency Marketing improvements 

Programming improvements mediate effect on one type of behavior and a longer term 
Accounting improvements or secondary impact on another type of behavior in re- 
Maintenance improvements 	. sponse to the short-run impacts. 	For example, any 
Monitoring and surveillance strategy having a substantial impact on flow (increase 
Transit automated vehicle identification or decrease in travel time) will inevitably affect choice 
Improved security of path and may, depending on supply availabilities, 

Supply augmentation affect choice of mode. 	At the extreme, flow impacts 
Transit Shuttle bus services can affect the entire cluster of travel behavior choices. 

Express bus services The following are some of the specific impacts associated 
Subscription bus services with strategy groups. 

Street and highway Selective street and intersection widening 
New lanes for high-occupancy vehicles 
Special freeway ramp additions 1. 	Mandatory usage controls are targeted primarily 
Bus loading bays on automobiles and affect flow positively or negatively; 
Freeway bus stops (bus parks) they have possible secondary impacts on path. 	If the 
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controls include high-occupancy vehicle priorities, the 
secondary effect may be mode choice. 

Transit operations have their primary impact on 
mode choice and have possible long-range effects on 
traffic flow characteristics if substantial mode shift 
occurs. 

Pricing or supply changes such as parking con-
trols can have a primary effect on timing of trips and 
in the long run on trip frequency and distribution as well. 

Primary Target 

An understanding of who may be impacted by a TSM 
action is also essential to effective TSM strategy mak-
ing. Each TSM action can be developed to affect specific 
people and goods who make up system users including 
automobile drivers, automobile passengers, transit 
passengers, pedestrians, bicycle riders, and those 
driving trucks (goods movement). Many strategies 
affect more than one mode, but large numbers of con-
cepts can be focused on high-occupancy vehicles or 
other specific groups. 

Area of Application and Zone of 
Influence 

Where TSM actions work is another important dimen-
sion of TSM strategy making. Area of application of 
TSM strategy versus zone of influence is of special in-
terest since application and influence are not always 
spatially or temporally congruent. The spatial units 
include spot (intersection, block, ramp), facility (street, 
highway), corridor (several parallel facilities), sub-
area (CBD, activity center, neighborhood), urban area 
(city, town), and region (urban area plus suburbs). 

The following are examples of comparisons between 
scales of application and influence. 

Most spot TSM actions, such as signal installa-
tion or removal, have their influence at the facility 
scale. 

Some spot and facility scale TSM actions, such 
as the development of exclusive or reversible lanes, 
have corridorwide impacts. 

Certain TSM actions, although applied region-
wide, have impacts primarily in selected subareas. A 
car-pool encouragement program is an example. 

Other TSM actions, such as gas taxes, transit 
fare change, and public information, have a regionwide 
impact. 

Implementation and Response Time 

When or how quickly TSM actions will be effective can 
be an important aspect of developing a continuing TSM 
program. The relation of implementation time and 
response time will be significant in selecting manage-
ment and control strategies. 

Relative Effectiveness 

Which TSM action should be selected will depend, in 
large measure, on the estimates of their relative effec-
tiveness. An important measure of the potential value 
of particular action elements is the scale or degree of 
impact it has on any particular objectives. There is a 
wide range of program objectives for TSM strategies 
including mobility, energy conservation, environmental 
and community preservation, and economic efficiency. 
Any given strategy composed of one or more specific 
action elements will have a differing impact on the mea-
sures of effectiveness that reflect objectives. Simulat- 

ing or judging and evaluating such impacts should be a 
major focus of TSM studies before implementation. 

For a limited number of strategies, the potential 
range of impacts with respect to any given measure of 
effectiveness can be judged a priori by investigating 
dimensions of the strategy as revealed by the scale and 
timing of impacts or through knowledge of hypothesized 
or known impact mechanisms. For more complex TSM 
actions or action combinations as part of a strategy, 
formal simulation may be necessary. As a starting 
point, tentative hypotheses about the range of effective-
ness in respect to certain key measures in typical con-
texts should be organized and classified by using both 
existing data from the field and the results of previous 
simulation. The expected effectiveness of specific ac-
tion elements within each strategy category can be used 
to indicate the most promising strategy combinations. 
Although the completion of this classification must await 
the accumulation of field experience with the various 
actions, suggested preliminary measures include 

Change in average speed for given trip or given 
links, 

Impact on modal choice, 
Impact on vehicle travel, and 
Impact on vehicle occupancy. 

For certain strategy action elements, there has 
already been sufficient field experience so that the po-
tential range of impact on limited measures of effec-
tiveness is known. This is especially true for the f low-
related impacts of some strategies and the mode choice 
impacts of others. In addition, current research, par-
ticularly in connection with the development of trans-
portation control plans and ride-sharing programs, has 
developed estimates of mode-split impacts and vehicle-
travel reduction impacts associated with certain TSM 
strategies. Trip frequency and distribution impacts are 
also becoming better understood. Table 1 gives the 
results of a recent simulation of relative effective-
ness of certain TSM strategies applied in the city of 
Sacramento. 

TSM ACTION COMBINATIONS AND 
INTERACTIONS 

An important aspect of TSM planning results from the 
often localized and specific nature of the impacts of in-
dividual actions. To exploit the full potential of TSM, 
individual actions must be combined into program pack-
ages. With an understanding of the characteristics of 
potential TSM action elements and a knowledge of the 
priority objectives and problem areas, one can investi-
gate the potential. Three general combination approaches 
can be considered. 

Repetition of successful (or promising) actions 
on a regionwide basis. Many of the smaller scale TSM 
actions can have a maximum effect if they are applied 
at all like locations. Signal and parking strategies are 
typical examples. 

Combinations of mutually supporting TSM actions. 
To be fully effective, many specific TSM actions re-
quire other related and coordinated actions. Area re-
strictions or parking programs may require compensat-
ing transit service. Curb control measures may re-
quire a special goods delivery program. Dynamic rout-
ing requires supporting information systems. Pooling 
programs may benefit from priority treatment. 

Combinations to offset negative impact. Certain 
TSM actions may have a positive impact on one group or 
area and a negative impact on another without compensat- 
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Table 1. Effectiveness of TSM actions in 

Sacramento. 

Actions 

Travel 
Reduction 
(%) 

Trip 
Reduction 
(%) Comment 

Increase vehicle occupancy 
Car-pool matchingb 2.6 1.9 
Van-pool program 0.3 0.2 
Car-pool incentives 2.0 1.0 

Improve transit service 
Transit service expansion 1.0 0.8 Increase service by 704 
Increased transit service frequency 1.3 1.0 Increase frequency by 70% 
Transit fare reduction5  1.0 0.8 10-cent tare 
Fare subsidy 0.5 0.4 Free return tare 
Demand-responsive service 1.8 0.7 Collector service 
Shuttle service 0.4 - 
Park-and-ride facilities 1.0 - 

Improve transit and car-pool operations 
Reserved bus and car-pool routes 0.1 0.1 Bus lane in CBD 
Exclusive bus and car-pool lanes 0.1 0.1 
Ramp metering 0.1 0.1 

Discourage automobile usage 
Gas rationing5  20.0 16.6 20% rationing 

Control parking 
Limit parking supply 0.1 0.1 
Increase parking fee 2.2 1.1 Increase cost by 100% 
In-lieu parking regulations 0.1 0.1 20% 	'in-lieu' 

Reduce need for travel 
Improve bicycle/walk access 0.3 1.0 

9ncluctes car-pool information program. 
°Short-term impact-no-impact in 5 years as consequence of changing to more fuel-efficient vehicles 

ing actions. For example, a TSM program diverting 
traffic from residential streets onto an arterial system 
may require a pedestrian safety program on the arterial 
system to compensate for increased traffic. 

Whether any given TSM action is in conflict with or 
complements any other element can only be determined 
by examining their potential impacts on specific mea-
sures of effectiveness. 

Program Comprehensiveness 

The following guides toward comprehensiveness may be 
useful in combining TSM actions into an overall program 

Focus on people and goods, not vehicles. Mobility 
depends on person movement and goods movement rather 
than on traffic flow. TSM actions must consider the 
trade-offs among modes with different occupancies. 
Strategies must be broad enough to include those that 
are consistent with management concepts oriented toward 
improving transit service and diversion where appro-
priate as well as those oriented toward vehicle flow. 

Determine primary and secondary impacts. When 
stringently applied, certain TSM strategies that may 
prove effective in accomplishing desired mode change, 
such as pricing or parking supply reduction, may affect 
demand-trip frequency or distribution-even in the short 
run. Such strategies that can reduce overall trip making 
may not be politically feasible in some areas and could 
have serious economic consequences. In some cases, 
transit substitutes or improved pedestrianization can 
offset strong automobile disincentives. In other cases, 
overall reductions in trip making may be acceptable to 
achieve other goals such as energy conservation and 
environmental quality. 

Review polymodal options. Strategies may in-
volve several mode targets to achieve objectives. Al-
though not all automobile -related TSM actions impact 
transit, many transit-related TSM actions will require 
traffic operation changes. Improvements oriented to non-
motorized modes may also be included. 

Use demand as well as supply management. Trip re-
duction or reorientation in time or space in certain instances 
can bring substantial nontransportation benefits. Stag-
gered hours and automobile -restricted zones are two  

current examples of TSM strategies with considerable 
promise. Pricing and regulatory controls such as area 
or parking licensing are also being considered. 

Include service and information strategies as 
well as facilities. Custom-tailored transportation ser-
vices (paratransit) for specific groups can assist in 
minimizing transportation problems without requiring 
new equipment or facilities. In addition, the provision 
of information, both before and during the trip, can assist 
in relating demand more closely to supply and using 
existing investment more cost effectively. 

Review potential for modification and upgrading. 
TSM strategies are relatively low-cost actions that can 
be incrementally implemented and modified in the light 
of experience to most effectively accomplish the intended 
objective. A premium may be placed on those TSM ac-
tions that permit continual improvement or flexible re-
sponse to changing conditions. 

Allocate scarce capacity. The competition for 
highway space or transit capacity where additional 
capacity is costly or not feasible in the short run 
suggests the possibility of giving preferential treat-
ment to user groups in accord with local policy ob-
jectives. Emergency vehicles and vehicles that more 
efficiently use road space (multiple occupancy) are 
examples. 

Employ real-time supply modification. Both 
highway and transit-oriented components of most trans-
portation systems exhibit substantial oversupply except 
at peak periods. TSM actions that can modify the ori-
entation of the existing system to accommodate peak 
loads, directions, special user needs, preferred modes, 
preferred paths, or emergencies will create the po-
tential for truly managing the transportation system. 

Use incentives and disincentives. Pricing, in-
formation, and service improvement all offer "carrot" 
rather than "stick" approaches to improving the effec-
tiveness of transportation systems. Positive incentives 
may achieve a greater degree of popular support and 
avoid legal problems, but the full range of actions should 
be explored. 

Form hierarchies of action. TSM actions can be 
applied at several scales-region, corridor, subarea, 
spot. Actions can be "nested" to reinforce each other 
and to offset negative consequences. 

Integrate long- and short-range actions. TSM 
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does have a long-range aspect, that of continuing to 
multiply effective actions, modify less effective actions, 
and extend actions in space over time. TSM planning 
is a learning process, the effectiveness of which can be 
built up over time through a comprehensive approach on 
a regionwide basis. 

Implementation Constraints 

Annual TSM program development must necessarily 
consider those strategies and projects that appear to be 
most meritorious on objective -fulfillment grounds. Al-
though this paper develops a normative systematic tech-
nical planning process for TSM, obvious practical con-
straints must also be considered. 

Funding constraints. The absolute limits on 
funds available will sometimes limit TSM strategy selec-
tion. Just as often the timing of funds coming from dif-
ferent jurisdictions or functional agencies will delay im-
plementation. Similarly, administration of funding from 
various senior government (including the federal govern-
ment) categorical grant and formula assistance programs 
will sometimes prohibit or delay implementation. 

Personnel restraints. The nature of certain TSM 
strategies is that they often require a high level of plan-
ning and design activity compared to their total cost. 
This means that some of the more complex projects may 
often have to be delayed to provide the necessary plan-
ning and design input. Similar limitations may be ob-
served with respect to personnel needed for public rela-
tions, enforcement, and so on. 

Institutional approval and coordination. Complex 
TSM strategies often involve numerous local and state 
government agencies. Such strategies are often neces-
sarily costly in terms of effort and time required for 
approval and coordination. 

Development of realistic annual TSM programs must 
consider these factors. Actual implementation, how-
ever, even after all approvals, funding, and planning 
have been accomplished, will usually depend on action 
agencies, often different from those with the main re-
sponsibility for planning and program development. 
This suggests as a minimum the active participation of 
action agencies in the planning and development of TSM 
programs. In many instances, such action agencies 
should bear the major responsibility for TSM, including 
planning and initiation. Implementation strategies then 
can be seen to be linked directly with the entire TSM 
process and thus must be custom designed for the com-
munities affected. 

IMPACT ASSESSMENT 

The available knowledge about the relative effectiveness 
of various TSM actions varies widely. Program design 
requires some estimate of likely effectiveness. The 
level of rigor required in evaluation must be appropriate 
to the cost of the action and the scale of expected im-
pacts. The need for systematic evaluation will be much 
less for cheaper strategies for which the cost of not 
knowing is less than the cost of finding out. 

An important distinction between a TSM-oriented ap-
proach to providing transportation improvements and 
the typical capital-intensive approach is the potential 
for incrementalism and experimentation. Simple or 
isolated low-cost modifications of the existing infra-
structure or the imposition of low-cost operation hard-
ware, regulations, pricing, information, and other 
management devices offer the opportunity to develop a 
continuing cycle of improved design, implementation,  

testing, and modification without time- and resource-
consuming simulation. In addition, such experimenta-
tion offers an opportunity to capitalize on increasing 
knowledge about the supply-demand interactions that 
constitute transportation system dynamics toward the 
end of advancing any particular current (or changing) 
set of local priorities, goals, or objectives. 

In other cases in which a proposed TSM strategy is 
more expensive, more complex in application (such as 
strategy combinations), or more pervasive in expected 
impact, formal simulation and alternatives analysis will 
be useful. In the context of such improvement alterna-
tives, the multiobjective approach will place a premium 
on a systematic process of goal and objective definition, 
derivation of appropriate measures of effectiveness, and 
evaluation methods that address the proper MOE s. 

EVALUATION 

The essence of evaluation is the comparison of objective-
related costs and impacts, positive and negative, of each 
potential TSM alternative in a way that illustrates signifi-
cant differences and similarities. The mix of impacts will 
vary by alternative and affect different groups (users or non-
users)and areas, leaving some losers and others gainers. 

For some TSM projects and in some contexts, com-
parative evaluation can be a relatively simple process. 
As long as one TSM alternative action dominates others 
across all measures of effectiveness, the decision as to 
"best" is obvious—it is the alternative with more service 
and benefits and with less negative impact for a given 
investment. Very often, however, a more costly alter-
native has both more positive impacts and more negative 
impacts than another cheaper alternative; this is further 
complicated when certain types of impacts occur in one 
alternative but not in another. Then, dominance of one 
alternative is not at all clear, and selection of a "best" 
alternative depends on the relative importance given by 
the evaluator to one impact category versus another. 
Determining relative importance becomes particularly 
problematic when both monetary and nonquantifiable 
issues are involved. 

Need for Trade-offs 

Since the relative importance of impact categories and 
groups depends on values, evaluation is ultimately a 
political act; that is, selection of a "best" alternative 
depends on the evaluator's view of the relative importance 
of different cost and impact categories and his or her 
concept of an equitable distribution of impacts in society. 

Evaluation becomes more complex when such trade-
offs are implicit in selecting a best alternative. Many 
otherwise useful evaluation techniques lose their utility 
in these contexts. The transportation technical literature 
is replete with descriptions of evaluation approaches—
benefit-cost analysis, ranking and rating techniques, 
objective weighted approaches, and various scoring ap-
proaches. The limitations of such approaches must be 
recognized. Key issues implicit in trade-offs among 
impact categories and among impact incidence on groups 
may be covered up by the desire to simplify into a 
"total score." Since various TSM alternatives can dis-
tribute their impacts differently so that some groups 
lose and others gain, use of a total score implies that 
different distributions of impacts do not matter. Such 
a simplistic approach fails to recognize that the often 
different or even conflicting interests in society legit-
imately deserve equitable treatment. Therefore, in 
most cases, the convenience of having a total score is 
outweighed by the loss of information about trade-offs 
involved in the choice among alternatives. 
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In addition, scoring techniques require the reduction 
of impact to dollar equivalents or numbers. Although 
this has the conceptual elegance of equivalence of mea-
sures as a useful technique, it is restricted in its in-
ability to respond to noncostable or nonquantifiable posi-
tive or negative impacts. Even though a variety of ap-
proaches have been developed for converting nonmonetary 
and qualitative impacts to an abstract numerical rating, 
this approach violates fundamental rules of utility theory, 
decision theory, and common sense. Decisions must be 
based on differences among alternatives and not obscured 
by "uniform" evaluation techniques. Approaches that 
apply weight to various impact measures tend to substi-
tute the technician's values for those of the decision 
maker and the various groups that may be impacted by 
the decision. 

TSM Evaluation Framework 
Requirements 

In such trade-off contexts, recent experience in transport 
planning suggests that several important conditions must 
be met in an overall TSM evaluation process: 

All alternatives should be evaluated in a frame-
work of common objectives, and measures of effective-
ness should be derived from the objectives covering all 
significant impact areas; 

The incidence and timing of impacts on groups 
and areas should be identified for all impact categories; 

Standards or accepted impact significance thresh-
olds for measures of effectiveness should be indicated 
where commonly accepted or required by law; 

All measures of effectiveness should be treated 
at an equivalent level of detail and for equivalent area 
and temporal scales and expressed in the appropriate 
metric; 

Uncertainties or probabilities or both should be 
expressed for each impact category; and 

A sensitivity analysis of key impacts to a varia-
tion in the major dimensions of alternatives can be an 
important aid in understanding impacts. 

Trade-off and Balance Sheet Approach 

The class of evaluation approaches that satisfy the above 
conditions are known as balance sheet or trade-off 
methods. These approaches tend to display the impacts 
of plan alternatives to various individuals and groups for 
a broad range of impact categories. Within the balance 
sheet approach, impact categories can be stated in terms 
of measures of effectiveness (MOEs) with respect to a 
specific set of goals or objectives. Cost effectiveness 
or goal achievement can then be judged for any single goal 
or objective one at a time by comparing measures of 
effectiveness or impacts—positive or negative—with the 
cost of constructing or operating or doing both for a given 
alternative. Three types of costs and benefits are in-
cluded: monetary impacts; quantitative but nonmonetary 
MOEs; and intangible MOEs, by which an alternative is 
judged to be either better or worse than another or rated 
as having subjectively determined negative or positive 
impact to varying degree. 

The entire philosophy of balance sheet or evaluation 
account methods revolves around the notion that each 
reviewer of the data will superimpose his or her own 
set of values, or weights, on the information and reach 
aggregate judgments regarding the merits of the alter-
natives based on disaggregated data. Impacts may be 
allocated to various incidence groups in terms of the 
MOEs, but no attempt is made to derive total scores or 
rating of the alternatives. To some degree, the em- 

phasis on nonscored alternative evaluation stems 
from the practical difficulty of determining techniques 
for relatively weighing the various categories of im-
pact. 

Each impact category or goal area may, of course, 
have one or more impact or effectiveness measures 
associated with it. Determining the impacts or cost 
effectiveness within each impact category in a bal-
ance sheet framework requires a single point of com-
parison. Use of a "do-nothing" base line broadens 
the scope of plan evaluation to include the potential 
choice of not constructing the subject project. In 
addition, when compared to making no investment, it 
provides a clear expression of the positive and negative 
impacts of any proposed project action. 

Measures of Effectiveness 

Measures of effectiveness play a critical role in evalua-
tion of TSM plans as well as in post-operation reconfig-
uration of strategies to improve their effectiveness. Not 
only must MOEs be responsive to the complete range of 
relevant impacts, but they must also be carefully targeted 
on specific traffic and travel behavior variables that are 
the best indicators of effect. In addition, they must be 
clear and quantifiable as well as consistent with the data-
handling and monitoring capabilities of the ultimate im-
plementing local institution. Indeed, usable MOEs will 
provide the basis for the development of a structured, 
continuing TSM information system, which is the founda-
tion on which an evolving program of TSM improvements 
must be built. In addition, considering the relatively 
crude state of knowledge about many TSM actions, mon-
itoring and surveillance systems are especially im-
portant to provide the feedback needed to increase pro-
gram effectiveness and, simultaneously, advance the 
state of the art. 

Relevance Criteria 

MOEs must be carefully designed to provide data to de-
termine strategy effectiveness across a broad range of 
obective-related categories. To do so, they must be 
selected with both strategy dimensions (how strategies 
work) and objective indicators (what is effected) in mind. 
Good MOEs represent a compromise between these two 
concepts and must meet the following criteria. 

They must defined as to target. Until recently, 
most research and evaluation in the field of traffic 
management and control dealt primarily with vehicular 
traffic flow performance and safety. It is essential to 
broaden the perspective of evaluation by considering 
multiple goals beyond mobility and safety. Many of these 
goals involve changing modal usage and occupancies. It 
is also essential to focus on people in vehicles—i.e., 
cars, car pools, van poois, taxis, buses, and trucks. 
Therefore, classifying traffic into its component vehicle 
subsets, each with its own unique set of attributes, is 
an essential prerequisite for determining the MOEs a-
sociated with different system objectives. 

They must be responsive to the incidence of 
impact. Traditionally, traffic control system effective-
ness has been viewed primarily from the perspective of 
the user of the system who is concerned with faster, 
safer, more reliable levels of transportation service at 
the lowest perceived cost. A comprehensive set of 
MOEs should also include measures meaningful to the 
transportation system operator and the nonuser, in-
cluding both those most directly impacted by a TSM ac-
tion and the public at large. 

They must be characterized by geographic area of 
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application and influence. These may differ since mea-
sures of effectiveness must be formulated that are ap-
plicable to different scales of analyses. As a general 
rule, the larger the area of application of influence is, 
the less detail is appropriate in the MOEs used, and 
vice versa. For example, the impact of an areawide 
gas tax increase would probably be judged by areawide 
effects on vehicle travel and general levels of conges-
tion rather than by changes in detailed flow characteris-
tics on individual facilities. Conversely, the effects of 
a preferential traffic control scheme along one highway 
facility would be judged by MOEs related primarily to 
traffic flow characteristics on that facility and nearby 
ones to which traffic might be diverted and to mode 
choice in the corridor rather than to areawide measures. 

They must be oriented to specific time periods 
and to specific finite lengths of time. These may vary 
and may be based on all day, peak hour, or weekly. 

They must be directly or indirectly related to the 
objective. MOEs must be indicative of the primary or 
secondary travel behavior effects they are designed to 
induce. For example, an air quality MOE may require 
direct monitoring of air quality or be interpreted in-
directly in terms of an algorithm incorporating vehicle-
kilometers of travel, vehicle mix, and emission rates 
at various flow quality levels. 

They must be formulated at a proper level of de-
tail for type of analysis being performed. MOEs must 
be tailored for sensitivity at the appropriate scale for 
the planning analysis being undertaken. These may in-
clude the conceptual -level sketch planning in which 
many alternatives are being roughly screened, project 
feasibility planning in which a narrower set of alterna-
tives are under scrutiny, detailed implementation design 
of a set of strategies, or evaluation of the operation of 
a set of implemented TSM strategies. 

Technical Feasibility Criteria 

In addition to criteria for evaluating the substantive 
relation of MOEs to impacts and impacts to objectives, 
a set of technical feasibility criteria must also be used 
to ensure that MOEs are practically useful in both sim-
ulation and in the field. Feasible MOE must meet the 
following criteria. 

They must be quantifiable. Most objectives, by 
definition, are stated in terms such that system state 
changes toward or away from the objective can be mea-
sured. Although there are a few exceptions to this rule, 
it is inportant to structure MOEs in a manner that does 
not elude numerical representation. Often MOE proxies 
or indirect indicators will have to be employed for cer-
tain more qualitative objectives, such as aesthetics. 
Other objectives will be reflected in terms of composite 
MOEs. A classic example is congestion, which cannot 
be directly measured, but which can be determined in 
terms of a set of more specific measures of flow such 
as travel time, delay, or unscheduled stops. 

They must be measurable in simulation and in 
the field. Both flow models and demand models have a 
limited number of variables by which strategy impacts 
can be measured to determine effectiveness. Measures 
of effectiveness related to flow and path must be deriv-
able from the system performance variables of flow 
models such as delay, speed, stops, and volume. MOEs 
relating to trip timing, mode frequency, or destination 
must be derivable from the outputs of demand models—
volumes on paths or travel times from point to point. 

They must be practical in respect to field per-
formance monitoring. To the extent possible, MOEs 
should be readily obtainable through direct field mea- 

surement or derivable from available or collected field 
data. Limitations on automated and manual field data 
collection place a premium on a few simple primary 
MOEs—especially those susceptible to automatic collec-
tion as an integral part of day-to-day traffic and transit 
control and operations. 

They must be based on sensitive indicators. Ac-
curate targeting on the system variables directly im-
pacted by a strategy will ensure maximum sensitivity in 
effectiveness measures. Strategies can be used to judge 
the variable of travel behavior most likely to yield a 
robust indicator. Often the most sensitive indicator for 
certain objectives will be a combination of MOEs, since 
certain system characteristics such as volume, by them-
selves, without other indicators (such as speed or delay 
characteristics), may not be sufficient. 

They must be statistically efficient. The question 
of how large a sample is needed in order to estimate a 
system parameter with specified level of statistical 
precision is an important cost consideration. 

They must avoid redundancy. Given the potentially 
large number of MOEs, it is desirable to use common 
MOEs for multiple objectives if they are not inconsistent 
with the other criteria. 

Effectiveness in Respect to Demand 

No set of MOEs of urban transportation performance can 
be properly understood unless they are accompanied by 
a fundamental measure of travel demand. In the case 
of personal travel, demand is probably best measured 
as person-kilometers of travel within given time and 
space boundaries. Even if the main emphasis of TSM 
is to maximize effectiveness for a given set of person 
trip origins and destinations (i.e., fixed person-kilometers 
of travel demand), it is essential to formulate an evalua-
tion framework in which demand can be different for two 
or more data sets being compared. This is essential 
because travel demand will be different for comparison 
data sets for several reasons. 

Travel demand changes over time and space will 
include changes owing to random variability, seasonal 
fluctuations, population growth or decline, or major land 
use additions. 

Travel demand changes due to external forces that 
are outside the control of the transportation system 
operator (e.g., gas prices and taxes, gas scarcity, eco-
nomic recession). 

Demand is sensitive to improvements in system 
supply. TSM actions constitute improvements in system 
supply from the perspective of the user. Effectiveness 
is increased for the user for a given level of travel de-
mand, or more travel demand can be serviced at a 
particular level of effectiveness. By definition, signif-
icant TSM improvements in the system will induce s ignif-
icant increases in demand, and the part of this demand 
unrelated to locational choice will occur quite quickly. 

Demand is also sensitive to degradations of supply; 
some TSM actions may constitute such degradations from 
the transportation user perspective (e.g., transportation 
price increases and traffic restraint measures) in order 
to achieve broader objectives, including ones of interest 
to the general public or the operator of the transportation 
system. If the system supply is degraded significantly 
(e.g., effectiveness perceived by the user is reduced for 
a given level of travel demand), then demand will de-
crease. Some TSM actions may be designed to restrain 
the growth of travel demand over time; in other words, 
TSM strategies may be used to reduce some future level 
of travel demand that otherwise would have occurred. 

Some essential personal travel demand goes un- 
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satisfied because of unavailability of needed transporta-
tion services, insufficient funds, or lack of knowledge 
of available transportation services, and these can be 
considered latent demands. TSM actions of the type 
directed at improving transportation for the elderly, 
handicapped, and poor are examples of actions that 
transform latent demands into realized demands. 

For all the reasons discussed above, it can only be 
concluded that travel demand will change, both as a re-
sult of TSM actions implemented and because of external 
forces. Therefore, travel demand must be measured 
and related to the array of measures of effectiveness in 

Table 2. TSM objectives and measures of effectiveness. 

TSM Objective 	Measures of Effectiveness 

Improve level of Total travel time in person hours 
service of urban Weighted average speed for person travel 
travel Total delay time in person hours 

Total number of unscheduled person stops 

Improve reliability Variance of individual travel times between 
of urban travel selected points (intraday) 

Variance of individual trip times (interday) 
Percentage of scheduled transit stops within 

"on-time" tolerance limits 

Provide attractive Total number of riders 
alternatives to Mode-split percentages 
driving private Average occupancy per vehicle trip 
automobiles Average occupancy per vehicle-kilometer 

Number of seat-kilometers of transit or para- 
transit in service 

Percentage of population within certain dis- 
tance (walking distance) of scheduled transit 
service at home and at work 

Percentage of person trips with transit travel 
time no more than a certain number of 
minutes greater than automobile travel times 

Percentage of population to whom specified 
paratransit services are available 

Provide good quality, Percentage of special group population to 
affordable trans- whom any specialized transportation ser- 
portation services vices are available 
to the elderly, Percentage of special group disposable income 
handicapped, poor, expended on transportation 
and very young Average difference between travel time via 

mode provided versus automobile travel time 

Improve facilities Total kilometers of improved bicycle or pedes- 
for nonmotorized trian pathways 
travel modes Total person-kilometers of travel by pedes- 
(pedestrian, bi- trian bicyclists 
cycle) Percentage of population with continuous path- 

ways from home to shopping places 
Percentage of school children with continuous 

pathways from home to school 

Reduce the occur- Total number of motor vehicle accidents 
rence of traffic Number of accidents per million vehicle- 
accidents kilometers 

Number of accidents per million person- 
kilometers 

Reduce the injuries Total number of injuries or fatalities 
and deaths result- Number of injuries or fatalities per million 
ing from traffic vehicle-kilometers 
accidents Number of injuries or fatalities per hundred 

person-kilometers 
Total number of pedestrian or bicycle injuries 

or fatalities 

order to understand what is happening to system perfor-
mance and why. 

MOES AND OBJECTIVES 

MOEs must be developed for each objective of interest. 
A partial listing of some of the objectives and associated 
MOEs is given in Table 2. For each entry on the final 
list of MOEs, an entry can be indicated for the criteria - 
areas outlined above. This stratification permits the 
full range of potential MOEs to be reviewed and com-
pared. With the controlling criteria being the objective 
with which an MOE is associated, each MOE must be 

TSM Objective 	Measures of Effectiveness 

Improve personal 	Number of victims of crimes (by classification) 
security of urban 	while persons are traveling by different modes 
travelers 	 (particularly related to transit and paratransit 

modes and parking facilities) 
Victims of crimes per million person trips 

Reduce automotive Grams of carbon monoxide, hydrocarbons, and 
emissions and nitrogen oxides emitted 
impacts Grams of emittants per vehicle- kilometer 

Grams of emittants per person- kilometer 
Concentrations of emittants at different points 
Areawide air pollutant concentration indexes 

Reduce noise and Noise levels at different distances from transpor- 
vibration impacts tation facilities 

Percentage of residents subjected to noise levels 
exceeding specified tolerance limits 

Frequency and magnitude of vibrations at different 
distances from transportation facilities 

Percentage of residents subjected to vibration 
levels exceeding specified tolerance levels 

Reduce fuel con- Gasoline and diesel fuel consumed 
sumed in satisfy- Average fuel economy in vehicle-kilometers per 
ing urban travel liter 
demands Average fuel economy in person-kilometers per 

liter 

Increase the person Vehicle capacity at key points on facilities in 
and goods move- equivalent passenger car units per hour 
ment capacity of Passenger capacity at key points on facilities in 
existing facilities persons per hour 

Service rate along selected lengths of facilities 
in person-kilometers of travel per hour at 
specified levels of service 

Service rate in a network of facilities in person- 
kilometers of travel per hour at specified levels 
of service 

Reduce personal Annual user costs per capita 
costs of urban Total annual user costs 
travel (out-of- Travel costs per person- kilometer 
pocket costs, Travel costs per person trip 
exclusive of taxes) Percentagg of disposable income used for urban 

transportation 

Reduce public cost Net annual cost of ownership and operation of 
of urban transpor- transportation facilities by mode (total cost less 
tation systems direct fares, toll revenues, and parking charges) 

Net annual cost per capita for urban area 
Percentage of urban area public expenditures on 

transportation 

Table 3. Hierarchical approach to urban transportation analysis. 

Level of Detail of MOE 
Geographic 
Scale 	Nature of Analysis 

	 Vehicular 	 Spatial 
	

Temporal 

Areawide Conceptual evaluation 	 Modes 

Subarea or 
corridor Feasibility study 	 Stream flow characteristics 

Facility or Design or operations analysis 	Individual vehicle behavior 
spot 

Network, subwork 	 Daily, typical, peak, and off-peak 
periods 

Major route and intersection 	Hourly distribution 
All links and intersections; in- 	Shorter time interval distribution (e.g., 

dividual lanes 	 15 mm) 
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reviewed objective by objective. 
Care must be taken to include variations on single 

MOEs that differ only by mode target, time or range of 
measurement, geographic scale, or level of detail. 
Many MOEs will have subvariants that can be used to 
respond to different objectives. In addition, certain 
MOEs can be normalized by person-kilometer to con-
trol possible demand variations. In each case, the 
most robust and clear MOE must be sought in respect 
to each objective. Direct relevance must, of course, 
be traded off against the technical computational and 
data collection-related feasibility issues. The criteria 
cited above will aid in the selection process. 

MOEs for Mobility, User Costs, and 
Safety 

Simulating mobility impacts of TSM strategies repre-
sents the most advanced aspect of the present state of the 
art. The general approach is to model demand charac-
teristics on the one hand and traffic flow properties on 
the other. Strategies are introduced in terms of modi-
fied network and traffic control characteristics that 
may influence travel demand or traffic flow. These two 
modeling procedures, when coupled, will yield direct 
measures of person or vehicle trips for different pur-
poses by various scales of origin-destination pairs in 
various time periods, number of trips by given paths, 
use of mode and automobile occupancy, speeds and vol-
umes of various vehicle types by link, performance, 
and various means of congestion. The spatial, temporal, 
purpose, and market segment breakdowns possible within 
the proposed base data permit the incidence of most 
mobility impacts to be determined. 

Important hierarchical characteristics of the ap-
proach are the geographic scale and the level of detail of 
analysis of a TSM strategy. These two stratification 
variables are closely correlated and directly affect the 
level of detail of MOEs that should be used, as shown by 
the example hierarchy given in Table 3. 

Combining known socioeconomic characteristics with 
the simulation of demand and flow can result in a rela-
tively rich description of the TSM strategy impacts on a 
wide variety of service measures. User cost informa-
tion is easily derivable from the time, distance, and 
mode information, and safety impacts can be generated 
by correlating historical accident data by facility, loca-
tion, and traffic characteristics with the output of sim-
ulation. 

MOEs for Transportation -Related 
Impacts 

The available methods for measuring environmental and 
energy factors associated with traffic characteristics 
can be broken down into the two broad categories of 
direct and indirect methods. Direct methods refer to 
those requiring field measurement by using instruments 
or other devices, data analysis, and interpretation of 
measurement results. However, the general approach 
taken in most studies of transportation-related impacts 
is to determine the fundamental traffic flow characteris-
tic impacts such as traffic volumes, modal composition, 
and travel times directly and then compute other im-
pacts of these traffic effects indirectly from traffic data 
by using statistical estimating relations, computer sim-
ulation models, nomographs, or table look-ups. Such 
an approach appears to be a valid way to estimate MOEs 
that are indicative of impacts such as emissions, energy 
consumption, and noise. 

Simulation Techniques 

The complexity of the challenge facing TSM arises out 
of the large number of potential strategies and the sub-
stantial gaps in state-of-the -art knowledge about their 
characteristics and effectiveness with respect to a 
broadened range of goals. Cost-effective application 
depends on an increased understanding of the relative 
impacts of various strategies in different combinations 
in terms of a sensitive (and efficient) number of mea-
sures of effectiveness. In larger cities and regions 
where there are significant potentials for the complete 
range of TSM strategies, considerable economies can 
be achieved through evaluation and screening of strat-
egies via simulation prior to implementation. How-
ever, the simulation process must replicate, as closely 
as possible, the actual impact of the strategy on sys-
tem performance and travel behavior. 

Travel path, time of day, mode, and traffic flow 
characteristics are the primary travel behavior attributes 
that are affected in the short term by TSM actions. Trip 
distribution and frequency are attributes that will be 
impacted as TSM actions are implemented on a sustained 
basis. Given that these six aspects of travel will be 
modified by TSM strategies, the models used to produce 
quantitative MOE values must be structured to simulate 
these travel behavioral characteristics. This requires 
simulation that can respond both at the microscale to the 
flow and path impacts of traffic controls and at the mac-
roscale to the mode and trip-making impacts of other 
strategies. 

Current practice tends to treat these travel charac-
teristics by different concepts. Trip frequency, destina-
tion, mode, and, in part, time of day choices are dealt 
with in the generic group of travel demand models. 
Path and flow are considered from a different viewpoint 
and fall into a generic grouping of traffic flow and path 
models. The simulation requirements can be met by 
combining travel demand and traffic flow models that 
have the appropriate characteristics into a simulation 
framework that can flexibly respond to various TSM 
strategy impacts. These models and networks must be 
carefully interfaced to simulate the results in time and 
space of various strategy combinations so that derived 
measures of effectiveness will provide a meaningful 
evaluation of strategy impacts for each major objective. 
There are numerous analytical techniques (models) avail-
able within each of the generic model groupings. In 
each case, however, the nature of TSM strategies and 
actions precludes the use of all but a very few of these, 
if valid estimates of the desired MOEs are to be ob-
tained. The critical evaluation of alternative TSM 
strategies requires a demand forecasting procedure 
that is 

Sensitive to a diverse and complex set of changes 
in transport system supply (level of service) that are 
differentiated spatially and temporally; 

Capable of explicitly predicting changes in the 
full dimension of travel and mobility choice—work trip 
mode and route choice, nonwork frequency (generation), 
destination (distribution), mode and route choice, and 
household automobile ownership levels; and 

Capable of forecasting demand by identifiable 
market segments. 

These requirements suggest strongly the use of a 
behavioral, disaggregate simultaneous model with direct 
forecasting. There is an extensive literature describing 
models that fit this description. 

To respond to TSM strategies, a flow model should 
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Respond to the complete range of street (physical 
and operational) characteristics including turning re-
strictions, channelization, and signalization; 

Incorporate origin-destination capability along 
with minimum time path assignment; 

Be capable of treating platoons or individual ye - 
hides; 

Incorporate simulation of buses, car pools, and 
priority measures; 

Be capable of handling a large network; and 
Contain a full range of output measures. 

Several flow models exist that exhibit most or all of 
these properties and are described in the transportation 
literature. 

Since transportation is an equilibrium process, the 
feedback between supply and demand over the network 
must be accommodated in the. simulation. A particular 
TSM policy may cause link volume changes, which in 
turn impact travel conditions and consequently demand 
itself. Depending on the TSM strategy to be tested, flow 
and demand models may be used separately, or in com-
bination. Table 4 suggests alternative analysis ap-
proaches depending on TSM strategy, expected impact 
scale and type, and the, network condition. The four 
analysis frameworks are outlined below and diagrammed 
in Figure 4. 

1. Detailed flow simulation involves a detailed flow 
simulation of TSM alternatives that are characterized 

Table 4. Alternative Impact 	Anticipated Behavior 	Supply 
analysis approaches. 	gtrnt,,, 	 Srnln 	Affect 	 Cnnditinn 	Anniugig Annrnnch 

Localized signal strategy Local Flow, path Congested Detailed flow 'only 
Channelization 
Right-turn-on- red 
Reserved lanes 

Pooking incentives Regional Mode, distribution Uncongested Regional demand only 
Regional pricing 
Speed limits 
Fares 

Parking pricing Regional Path, mode, distribution Congested Regional demand and assignment 
Staggered hours 

Automobile-restricted zone Local Path, mode, distribution Congested Regional demand and assignment 
Ramp metering and detailed flow 
Freeway corridor strategy - 
Transit operations and planning 

Figure 4. Supply-demand equilibrium 
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by localized impacts. Examples of this class of TSM 
strategies include computerized signal control systems 
on specific arterial segments, selective street widen-
ing and channelization, and implementation of right-
turn-on-red controls at selected intersections. Because 
the area of impact is small and the strategies are pri-
marily designed to improve traffic flow performance, 
this analysis framework focuses in detail on a simula-
tion of vehicular movement with the impacted subarea. 
As shown in Figure 4, the input to this analysis frame-
work is a (fixed) origin-destination trip table. The de-
tailed flow simulation model selected depends on the 
specific characteristics of a proposed alternative. Most 
flow simulation models allow for a detailed and realistic 
determination of travel time statistics, vehicle travel, 
stops, delay, and other measures of vehicle type. These 
model outputs are directly used in the computation of 
TSM measures of effectiveness. 

Regionwide demand prediction involves region-
wide (and possible nonnetwork) impacts. Examples 
here are paratransit and car-pool and van-pool incen-
tive programs, gasoline and vehicle tax policies, co-
ordinated regionwide speed limit (maximum and mini-
mum) policies, and off-peak transit fare reductions. 
The primary impact of these policies is on the patterns 
of resulting demand, i.e., mode choice, distribution, 
and generation of trips. Accordingly, the focus of this 
analysis framework is on the prediction of demand. As 
shown in Figure 4, the input to this analysis framework 
is a set of levels of service and other parameters char-
acterizing a TSM strategy for a random sample of 
households in the region. The disaggregate predictions 
of individual household travel behavior in response to a 
given TSM strategy are then aggregated up to regionwide 
travel demands. No network assignments need be made 
because these strategies do not result in localized 
changes in traffic flows. The advantage of this approach 
is that it facilitates the evaluation of regionwide pro-
grams without necessitating the costly equilibration of 
demand and network assignment and path simulation 
models. However, it should be stressed that this anal-
ysis approach is not suitable for the evaluation of situa-
tions where significant demand shifts may occur in highly 
congested networks. Where significant demand and supply 
interaction is anticipated, one of the two remaining anal-
ysis frameworks must be employed. 

Demand prediction and network assignment form 
an analysis framework that is best suited to evaluating 
the impacts of programs that significantly impact large, 
congested areas. This approach differs from the pre-
viously described analysis framework in that, after de-
mand levels are predicted based on first-cut assumed 
levels of service, the aggregate flows are loaded on 
transport networks, and c apac ity -restrained assign-
ment techniques are used to update link travel times. 
The revised travel time data are used to repredict 
travel demands, and the iteration process is continued 
until network equilibrium is obtained. This analysis 
framework would be used in cases in which the impact 
area is too large to be coded and simulated by using de-
tailed path flow models. However, the use of capacity-
restrained assignment techniques in an iterative fashion 
with the disaggregate demand models should provide 
realistic analysis results for programs that affect large, 
congested areas. 

Demand prediction and flow simulation form a 
framework for TSM strategies (or strategy composites) 
that may be expected to radically alter the supply char-
acteristics (and the consequent modal demands and trip 
distribution) in relatively small areas. Examples in-
clude the imposition of an automobile-restricted zone, 
congestion pricing on selected freeways, or ramp  

metering. These policies require a more detailed 
representation of system supply than that provided in 
most network assignment routines. Moreover, the scale 
of these actions makes it feasible to employ the detailed 
path simulation models. Accordingly, this analysis 
framework involves the interaction of the previously 
described demand models and path flow models. These 
demands are first predicted by using an assumed first-
cut network level of service. The predicted flows are 
then assigned to a representative highway network, and 
link flows on the TSM-impacted subarea are isolated. 
These flows are then input to an appropriate traffic 
(path) simulation model to determine detailed level-of-
service information. The entire process—demand pre-
diction, network assignment, and traffic simulation—is 
repeated until network equilibrium is achieved. 

Several comments are in order regarding this pro-
posed procedure. First, not all of the previously dis-
cussed demand models need be applied in this iterative 
process. For example, for many of the strategies, it 
may be appropriate to focus solely on work-trip, mode-
split behavior only. Second, the procedure can be 
straightforwardly applied to either an areawide or cor-
ridor analysis. Moreover, the representative sample 
used for mode estimation and forecasting need not be 
strictly random. A disproportionately high number of 
observations may be drawn from zones with low trip 
productions to ensure an adequate number of data points. 
Sampling in this way (stratified sampling) has been shown 
not to bias estimated model parameters. For aggregate 
forecasting, unbiased results can be obtained by factor-
ing the aggregated forecasts by the appropriate zone - 
specific sampling rates. Third, the outputs from this 
procedure are a set of equilibrium travel flows, travel 
volumes by mode, purpose at origin and destination, 
and corresponding equilibrium level of service. As in-
dicated earlier, the travel flows can be disaggregated 
into any desired set of market segments and used directly 
in the derivation of measures of effectiveness of the 
TSM strategies. 

The simulation approach outlined above in combina-
tion with the state-of -the -art flow and demand models 
represents an ambitious approach not yet undertaken. 
However, it offers the most systematic framework 
available to pretesting a broad range of TSM strategies. 

MOMTORING AND SURVEILLANCE 

Although the requirements for formal transportation 
planning in U.S. cities have been established since 1962 
and procedures and planning methods have been estab-
lished for virtually all aspects of the long-range pro-
cess, relatively little has been done toward develop-
ment of a formalized system monitoring process. The 
usefulness of such a process is well established since 
it would provide information on changes in system per-
formance over time and if augmented in special situa-
tions provide better insight into the effects of system 
supply changes. The need for monitoring in a TSM 
program is even greater, however, since the develop-
ment of annual TSM programs will depend in part on noting 
those deteriorating aspects of system performance that 
need TSM attention; and, just as important, the lack of 
knowledge concerning the impacts of various TSM ac-
tions makes it imperative that monitoring systems and 
special impact studies be conducted as required. 

Whether through judgment or formal simulation and 
evaluation, the promising strategies must be identified 
along with the required capabilities for monitoring and 
surveillance. Surveillance is especially important 
given the potential to adjust many TSM improvements. 
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Indeed, one of the advantages of the low-cost, opera-
tional aspects of many TSM actions is the possibility 
of very short cycles between implementation, testing, 
and modification. In addition, a surveillance program 
will provide feedback to improve the state-of-the-art 
knowledge about relative TSM action effectiveness. 
Data requirements for field monitoring must be identi-
fied and collection feasibility and cost determined so 
that trade-offs between the sensitivity of MOEs and 
their cost and accuracy can be assessed. The data 
collection methodologies must be subjected to real-
world tests to verify analytic approaches and revise 
MOEs as necessary. TSM actions and MOEs by which 
they are judged have varying scales of application and 
levels of detail. The data collection methodology must 
conform to basic hierarchical concepts outlined earlier 
Key questions for field monitoring and surveillance 
effort are how, where, and when to make the measure-
ments. 

Should data be collected by fixed automatic sur-
veillance systems, portable automatic devices, manual 
observations, or from records of others? 

For how many and which locations are data needed? 
Should these be the same set of locations each time mea-
surements are made? 

Are data needed continuously, weekly, monthly, 
quarterly, annually, or only before and after actions? 

In what time units should data be recorded? 

AREAWIDE DATA COLLECTION 
METHODOLOGY 

Only a few of the TSM strategies need to be applied in a 
total areawide context (e.g., vehicle and gas taxes, 
transit fare changes, public information). Areawide 
actions tend to be ones that are aimed at changing total 
vehicular travel demand. These can best be evaluated 
by using behavioral travel demand forecasting models 
rather than by measuring system performance in the 
field. Although most TSM strategies will be planned, 
designed, and evaluated for a particular corridor or 
subarea, areawide measurement and evaluation are of 
interest for several reasons: evaluation of areawide 
effects of a total program, even though it is applied in 
a large set of smaller scale projects; evaluation of the 
impacts of external events whose locations and times 
of occurrence are unpredictable; and use of areawide 
measures as a control case when specialized TSM 
strategies are evaluated in only a small number of 
selected areas or corridors. 

In areawide evaluation, the questions are very mac - 
roscopic. For example, total area statistics on the 
following types of traffic measures might be of interest: 
total vehicle trips and travel distances by vehicle clas-
sification, total person trips and travel distances by 
trip purpose, mode-split percentages, overall average 
speed, overall average automobile occupancies, and 
hourly and daily distributions of traffic. 

Several approaches to direct areawide measurement 
can be considered. Most of these involve random or 
quasi-random selection of locations or entities to survey 
repeatedly. 

1. Random survey links could be selected throughout 
the urban areas. Measurements of traffic flow char-
acteristics would be made repeatedly on these links. 
Some data could be collected automatically (e.g., speeds, 
volume, percentage of occupancy), but other data would 
require manual observation (e.g., vehicle classification 
and vehicle occupancy). The automatic data could be 
connected by communication devices to a central data  

facility. The frequency of data collection at each loca-
tion would depend on the type of variable and on whether 
manual or automatic sensing was used. Paired com-
parisons of links and other appropriate statistical 
methods would be used to determine the relative degree 
of changes in traffic characteristics. 

Random test sections of a given length would be 
selected on streets and freeways throughout the urban 
area. Traffic performance data would be recorded re-
peatedly on these routes. Speed and delay data would 
be collected by using floating car methods. Volume 
count, classification data, and vehicle occupancies would 
be observed simultaneously. 

Instrumentation in private automobiles would be 
furnished, and trip characteristics data would be auto-
matically recorded on a frequent basis. Automobiles 
would be randomly selected, and special arrangements 
and instructions for the owner-driver of the automobiles 
would be needed. The concept is to record performance 
statistics on typical automobile usage and level of ser-
vice. Other means would be needed to obtain data for 
other modes. 

Randomly selected households would be periodically 
surveyed to obtain travel data for all members. If the 
same households were repeatedly surveyed, parts could 
be self-administered. Such a scheme could be combined 
with the instrumented private automobile technique. 

Randomly selected parking facilities could be 
repeatedly surveyed to determine changes in total park-
ing demand, time distribution of demand, and vehicle 
occupancies. 

SUBAREA OR CORRIDOR DATA 
COLLECTION METHODOLOGY 

Most TSM strategies are currently planned and imple-
mented for a subarea or corridor or their subcompo-
nents rather than for a total urban area. Subarea or 
corridor TSM evaluations will often necessitate measure-
ments of changes in traffic flow quality on given paths, 
changes in the distribution of demand on paths and time 
of day, and changes in mode. More detailed data will be 
needed to evaluate all these elements of performance. 

The choice of volume data collection method will 
depend to some degree on what periods of time the data 
are required. If repetitive counts are needed for an 
extended period of time at a given location, considera-
tion might be given to the use of automatic sensing and 
recording. On the other hand, if counts are needed only 
during short periods of the day for only a few days at a 
given location, manual counting methods might be more 
appropriate, especially if some other data requiring 
direct observation (such as vehicle classification or ve-
hicle occupancy) were needed simultaneously. The 
choice of measurement technique is often determined by 
the choice of time and location sampling scheme. If 
volumes (including turns) at many different intersec-
tions are required, then manual counts could be used; 
if total volumes on different links are needed, portable 
counters might be the best measurement tool. 

A large number of time and location sampling 
schemes can be devised. For example, a street net-
work might consist of hundreds or even thousands of 
intersections, links, or unique travel routes. Obvi-
ously, not all of them can be sampled. The problem is 
to determine how many and which ones should be sampled 
to provide a sufficiently large and representative sample 
of the total network. An important step is to establish 
the time and space dimension boundaries within which 
to measure system performance. The concept of plan-
ning for and applying TSM strategies on a corridor and 
subarea basis, in addition to areawide planning, neces- 
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sitate defining the boundaries of the area of application 
and zone of influence of TSM strategies. Then within 
those boundaries, alternative plans for sampling per-
formance at different locations are devised. Certain 
parts of the corridor (e.g., closer to the CBD) or cer-
tain classes of facilities (e.g., freeways versus surface 
arterials) may be considered of greater significance or 
may be more directly impacted by the range of alter-
native under study. If so, then a purely random selec-
tion of locations to collect data would not suffice; it 
would be necessary first to stratify the network into 
parts with varying associated importance factors and 
then sample more heavily in more important locations. 

The question of how many locations to sample must 
then be answered. The sample size-precision inter-
relations can be estimated theoretically if reasonably 
valid assumptions can be made about the underlying 
distribution of traffic variables of interest across all 
locations. Similarly, time boundaries can be estab-
lished by considering factors such as how long the re-
sponse time is for the kinds of TSM strategies under 
consideration, whether seasonal variations in system 
performance are significant, whether general levels of 
areawide transportation system effectiveness are of 
concern or impacts of specific TSM actions are being 
measured, and whether travel during certain hours of 
the day or total daily travel is of interest. After these 
general time boundaries have been defined, then the 
alternative sampling plans within these boundaries can 
be defined. 

In some larger cities, automated capabilities for 
surveillance and control systems already exist and could 
be used to test new and additional TSM measures in 
prototype application. Many cities in the United States 
have installed or are installing automatic surveillance 
and control systems in signalized arterial intersection 
networks. A few, like Washington, D.C., have a con-
centration of sensing capability and evaluation process-
ing programs and procedures that provide evaluation 
comparisons of fine differences in traffic performance 
for alternative signal control algorithms. Similar tech-
nology is used in a few major cities for freeway surveil-
lance and control. The most comprehensive systems 
are in Los Angeles, Dallas, Houston, Minneapolis, New 
York City, and Chicago. 

A basic deficiency in all of these network evaluation 
efforts is that MOEs have been stated in vehicle units 
rather than in person units or some other vehicle value 
units. The UTCS/BPS in Washington, D.C., has de-
tectorized bus priority links (lanes), and performance 
on these links can and was separately evaluated to show 
the trade-off of bus delays and general traffic delays 
when bus priority schemes are in operation. In general, 
however, little rigorous attention has been given to value 
discrimination between vehicle types and occupancy 
levels. UMTA is engaged in research on methodology 
for automatic counting devices on transit vehicles to 
yield data on passenger occupancy, boarding, and alight-
ing. Research and development currently being con-
ducted on areawide automatic vehicle monitoring methods 
may result in more sophisticated techniques for direct 
measurement of buses in a mixed traffic stream. For 
the near term, however, reliance on manual observation 
of bus travel times, loads, and schedule adherence will 
continue. 

TSM PROGRAM DEVELOPIvIENT 
NEEDS 

The rationale for TSM as the primary focus of future 
transportation planning is compelling. Efforts to under-
stand and exploit its full potential are just beginning. 

Institutional experience and habits with components of 
TSM may tend to inhibit a comprehensive approach. The 
role of the metropolitan planning organizations (MPOs) 
and other local institutional actors in developing co-
ordinated TSM programs is unclear. It is likely that 
different regions will evolve their own relations and 
procedures for program development and implementation. 

In each case, however, there is a need for increased 
knowledge through formal development of the TSM plan-
ning state of the art. The apparent gaps in substantive 
knowledge and available techniques for developing effec - 
tive TSM programs for any institutional context call for 
a coordinated program of research and demonstration in 
combination with a systematic attempt to monitor and 
codify the experience gained at the local level. Such an 
effort will require close cooperation between local 
government, MPOs, state transportation departments, 
and the federal institutions responsible for transportation-
related planning. To improve the technical capability 
to carry out continuing TSM planning, several state -of -
the-art improvements are needed. 

First, more efficient use of the existing urban trans-
portation system implies combinations of traffic engi-
neering, transit operations, and transportation manage-
ment into TSM strategies; the narrow focus of traditional 
traffic engineering transit operations is no longer ap-
propriate. A comprehensive and systematic strategy 
must focus on moving people and goods—not on moving 
only vehicles. Research and field experience are needed 
to characterize the broad range of possible TSM strat-
egies and combinations for both transportation and 
nontransportation objectives. 

Second, hypotheses about the impact of combined 
TSM strategies must be carefully refined through actual 
application and analysis so that resources can be directed 
toward those actions that demonstrate substantial ef-
fectiveness with respect to transportation and related 
objectives. Although traffic flow will remain an im-
portant measure of mobility, a comprehensive but ef-
ficient set of measures of effectiveness must be designed 
to evaluate the ability of TSM strategies to produce posi-
tive benefits in the areas of safety, air pollution, energy 
use, environmental and community disruption, and 
public and private economics. 

Third, combined strategies and MOEs must be tested 
in demonstration contexts so that reliable and valid per-
formance data are produced and the most promising 
strategies are identified for use at the local level. Cost-
effective application depends on an increased under-
standing of the relative impacts of various strategies in 
different combinations in terms of a sensitive (and ef-
ficient) number of measures of effectiveness. For 
simple TSM actions, analysis of current experience for 
its transferability and the development of generalized 
warrants for TSM strategy application may be possible. 
In the case of more complex strategies, considerable 
economies may be achieved through evaluation and 
screening by simulation before implementation. A wide 
range of methods and techniques, both computer-assisted 
and non-computer-based, currently exist and appear to 
be applicable to TSM planning activities. This is so be-
cause the concept of TSM itself is so broad, cutting 
across many specialized transportation disciplines in-
cluding transportation planning, transit operations, 
traffic engineering, transport service regulation, and 
finance and pricing policy. The methods and techniques 
in use and under development by all these types of spe-
cialists, individually, are considered pertinent to the 
diverse aspects of TSM planning. 

Fourth, research findings on both relative strategy 
effectiveness and MOE robustness must be continually 
subjected to the test of transferability to real-world 
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conditions, with appropriate attention to data collection 
requirements, strategy feasibility, and local capabilities. 
Results of this process can then be translated into usable 
guidelines for local planners and engineers as well as an 
agenda for continuing research and development activities. 

The transition from the traditional approach to TSM 
may be one of such fundamental proportions that it will 
not take place quickly but may take a decade or more, 
with the shift being more evolutionary than revolutionary. 
The coordination of many small-scale actions toward 
objectives agreed on in a multi-institutional context 
poses a far greater challenge than did the implementa-
tion of large-scale, capital-intensive projects. During  

this transition one must, of course, necessarily look 
for those second best solutions that experience shows 
will work in the short run. However, capturing the full 
potential of TSM requires selecting those actions that 
at the same time will move us another increment toward 
the more normative process described in this paper. 
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PACKAGING TRANSPORTATION ELEMENTS 
TO MEET ENERGY GOALS 

Sydney D. Berwager 
Federal Energy Administration 

The need to consider energy in the development of transportation plans 
and programs is a relatively new development. The relation between 
the national energy problem and state and local actions is not widely 
understood. This paper discusses the Federal Energy Administration's 
program to support the development and implementation of state 
energy conservation plans and describes the required and optional trans-
portation elements of such plans. It identifies various actions that can 
be instituted at the state, local, and regional levels. Finally, it discusses 
the tradeoffs that may have to be made in developing the transportation 
programs to meet energy, air quality, and other objectives. 

An effective transportation energy conservation program 
will require not only expanded efforts to develop and 
bring on line more energy -efficient technology but also 
concerted initiatives to bring about the institutional 
changes needed for the most efficient use of existing 
technology. A number of programs are under way to 
develop more energy-efficient transportation technology; 
nontechnology programs are less numerous. The pro-
gram of the U.S. Department of Transportation to en-
courage the development of transportation system 
management (TSM) plans at the local level is one such 
program that will be an important test of the ability of 
governmental institutions to respond to the problems 
that confront our nation. 

THE CASE FOR CONSERVATION 

Until the late 1940s, the United States was a net ex-
porter of petroleum. During the next 25 years, we 
gradually became more and more dependent on foreign 
petroleum because the useof foreign petroleum, which 
was cheaper to produce than increasingly scarce domestic 
oil, enabled the United States to maintain an expanding 
economy with minimal inflationary impacts. 

In the 5-year period ending in 1965, real energy 
costs in this country decreased by 3 percent. Energy 
costs, measured in constant dollars per joule, declined 
by 8 percent between 1965 and 1970 and by 9.5 percent 
between 1970 and 1973. Small wonder that the warnings 
of an impending energy crisis fell on deaf ears I During 
this 13-year period, the United States went from im-
porting less than 0.32 Mm3  (2 million barrels) of oil per 
day to importing about 1.03 Mm3  (6.5 million barrels), 
38 percent of domestic consumption. Domestic produc- 

tion peaked in 1970 and has been declining ever since. 
In 1973 the rules changed. The oil producers found 

that our dependency had reached such a level that we 
had no option but to pay a fourfold price increase. The 
result was an Arab oil embargo that caused the loss of 
500 000 jobs and $10 billion to $20 billion in gross 
national product. The embargo was followed by the 
price increase that raised our negative balance of pay-
ments for petroleum to $27 billion in 1975 (it was less 
than $4 billion 4 years earlier), enough money to gen-
erate more than a million new jobs and significant in-
dustrial expansion had it been spent within the United 
States. 

Our economy has not responded well to these new 
realities. In the first 7 months of 1973, 39.6 percent 
of the crude oil used in this country (in the form of re-
fined products) was imported; in the first 7 months of 
1976, 45 percent was imported. Domestic production 
fell 1.48 Mm3/day (9.3 million barrels) from January 
through July 1973 to 1.30 Mm3/day (8.2 million barrels) 
for the same period in 1976. During the week of March 
12, 1976, for the first time in our history, we im-
ported more than half of the petroleum we used. In 
1973, less than half of our imports came from the OPEC 
countries; today about two-thirds of our imports are from 
OPEC countries. Canada, once considered a dependable 
supplier, announced a program to cut off all exports 
during the next few years. We imported 1.03 Mm3/day 
(6.5 million barrels) before the embargo; by the end of 
1977, 11 current trends continue, we will probably be 
importing more than 1.35 Mm3/day (8.5 million barrels). 

Gasoline is theprimary fuel used for transportation. 
An average of 1.05 Mm3  (6.6 million barrels) of gasoline 
were used each day during the 7-month period from 
January to July 1973. The daily average was 1.02 Mm3  
(6.4 million barrels) for the same period in 1974, 105 Mm3  
(6.6 million barrels) for the same period in 1975, and 
1.10 Mm3  (6.9 million barrels) for the same period in 
1976. The 1976 amount is 4.1 percent higher than that 
in 1975 and is equal to the pre-embargo levels of growth 
in gasoline demand in spite of the fact that the average 
fuel economy of new cars was 13 percent higher in 1976 
than in 1975. 

The trends, then, are all in the wrong directions: 
Consumption (especially gasoline) is growing, domestic 


