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CHAPTER I: INTRODUCTION 

Problem Statement 

"Congestion," "Energy Crisis," "Fiscal Crisis , " and "Environmental 

Degradation" are co11DI10n terms used day to day with regard to the per-

formance of many urban transportation systems throughout the nation. The 

recognition of such problems spurred the enactment of the 1962 Federal-

Aid Highway Act which mandated that a long-range transportation plan be 

prepared for urban areas over 50,000 population ( the "3C" planning process). 

In general, these long-range plans were oriented toward the highway mode and 

aimed toward the construction of large-scale capital facilities. As these 

planned facilities were implemented,- it became apparent that many adverse 

by-products are associated with the continuous expansion of our transportation 

infrastructure and that "something" should be done to improve the efficiency 

of our urban transportation systems. 

One of the earliest concentrated efforts to improve transportation 

efficiency was made through the enactment of the federal TOPICS1 program 

directed toward improving roadway efficiency. However, this effort focused 

on a single mode and was generally geared toward improving the efficiency 

of spot locations rather than directed toward a broader geographic area. 2 

The enactment of mass transportation legislation in the mid-sixties and early 

seventies gave new impetus to the planning of urban transit facilities; but 

again this program was chiefly a capital improvement program. Environmental 

legislation, especially the 1970 Clean Air Act Amendments, encouraged planners 

to consider non-capital intensive projects which could be implemented 

1 
!raffic Qperations frogram To ,!_mprove _fapacity and ~afety. 

2some Corridor Demonstration Projects were part of the TOPICS program. 

2 



within short-time periods in order to improve the environment. 

This overall direction toward improving system-wide efficiency within 

a multi-modal context combined with a significant money "crunch" eventually 

led to the requirement of a Transportation Systems Management (TSM) Element 

as part of the overall urban transportation planning process. The scope 

of this element is to plan non-capital intensive projects to improve the 

operation, regulation, and management of existing transportation systems. 

The requirement of a TSM Element has caused significant confusion among 

urban transportation planners which were generally indoctrinated in the 

traditional long-range planning process. Unlike a well-defined capital

intensive facility such as an interstate expressway, a TSM-type project is 

nebulous and often defies a clear-cut definition. This ambiguity 

combined with limited experience of the consequences of TSM projects makes 

it difficult to plan and evaluate such projects. Add to this a division 

of responsibility which includmlocal agencies at the implementation level 

and Metropolitan Planning Organizations (MPO's) at the coordination level, 

the planning process then becomes even cloudier. 

After one examines this problem of planning for TSM projects, it 

becomes clear that the short-range planning process must be placed on a par 

with the traditional long-range process. Of course, such a process includes 

functions such as data collection, forecasting, and evaluation and all of 

these steps need to be investigated with regard to TSM planning. This 

report, however, examines only one aspect of the planning process; that is, 

the evaluation phase. But, the evaluation framework developed herein can 

be used as an "umbrella" for the entire TSM planning process. 

Scope of This Project 

The overall purpose of this project was to develop a framework for the 

evaluation of transportation system management strategies. The general intent 
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of the research was to construct a practical framework which can be easily 

integrated into the current urban transportation planning process and which 

can also be adapted to previously established institutional arrangements 

within medium-sized metropolitan areas. For this, a systems analytic 

approach was applied to build the specific components which must comprise 

the framework. Based on this approach, six specific tasks were undertaken 

to construct such a framework: 

1. The identification of specific transportation objectives which 

can be achieved through various TSM strategies. 

2. The construction of a set of TSM performance measures or measures 

of effectiveness which are sensitive to TSM objectives. 

3. The identification of a set of techniques to monitor 

the performance of TSM strategies. 

4. The development of a decision rule which when given the TSM ob

jectives, measures of effectiveness, and strategies, can be used 

to evaluate overall performance of TSM strategies. 

5. The testing of monitoring techniques for various TSM strategies. 

6. The development of an information system for the collection, 

retention, and retrieval of TSM information. 
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The scope of this project can be divided into two primary aspects. 

On the one hand, the research involved the development of a general eval

uation framework which can be adapted to specific metropolitan areas. On 

the other hand, the project scope encompassed the testing of a framework 

within a "real-world'' context. As part of this testing aspect, the evalu

ation framework was partially applied within one case study area: The 

Omaha-Council Bluffs Metropolitan area. The testing portion of this 

project was carried out on the decision rule (see research task 4) and on 

selected monitoring techniques (see research task 5). Based on the 

general investigation and the specific case study, a program was developed 

to implement the evaluation framework within a Metropolitan Planning 

Organization (MPO). 

Organization of This Report 

This report is presented in three parts. The first part, "Setting 

the Decision Problem," outlines the methodology used to construct the 

evaluation framework. This part discusses the specification of TSM goals 

and objectives, measures of effectiveness, and strategies and examines how 

these components can be linked together. Moreover, Part I reviews various 

evaluation models in respect to their application to the comparison of 

alternate TSM strategies.As a result of this investigation, it is suggested 

that an additive-utilities model be further investigated to determine its 

potential as a TSM evaluation tool. The final component of the framework 

to be discussed consists of the various TSM monitoring techniques. 

Part II, "A Case Study In Evaluation," presents the application of the 

evaluation framework within the Omaha-Council Bluffs Metropolitan Area. The 

purpose of this case study was to examine how well the components of the 

framework fit into the existing institutional arrangements and to assess 

the potential for integrating the framework into the current transportation 
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planning process. In order to get a better perspective on the problem 

a profile of the metropolitan area is presented which includes a description 

of the metropolitan transportation system and the on-going planning process. 

Also, a utility-based evaluation model is applied to evaluate alternate 

"simulated" TSM packages . This test application helped to bring the entire 

framework into proper perspective with respect to a "real-world" situation. 

Next, the monitoring of the current carpool matching program within the 

metropolitan region is analyzed in detail. As a result of this investi

gation, several recommendations are made to improve the monitoring of a 

carpool program as a TSM strategy. 

The information outlined in the first two parts is brought together in 

Part III, "An Implementation Program," as a practical instrument which 

can hopefully be applied within various metropolitan areas. Part III 

presents an overall summary of the framework, a TSM Information System, and 

a delineation of evaluation tasks by agencies involved in the process. 

Furthermore, this part presents a discussion on how the evaluation framework 

can be integrated into the current urban transportation process. 
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CHAPTER II: DEFINING THE COMPONENTS 

Systems Analytic Approach 

The primary purpose of this chapter is to define the specific components 

which are involved in the general problem and to present the reader with a 

methodology which he can apply to his specific problem with regard to evalu

ating TSM strategies. To accomplish this, a systems analytic approach is 

applied in order to develop an overall evaluation framework for TSM strate-
' 

gies. Systems analysis is a "catch-all" phrase referring to an explicit, 

theoretical, and deductive approach to problem solving which may have both 

quantitative and qualitative aspects. A systems analytic framework can be 

subdivided into four major phases: (1) formulation, (2) search, (3) inter

pretation and evaluation, and (4) verification. The first phase, the formu

lation or conceptual phase, identifies the problem or problems and the 

actors involved in the problem, The problem identification phase concems 

the delineation of the system under consideration and the various functional 

subsystems. Moreover, the formulation phase breaks down the overall problem 

into a set of desirable goals and objectives along with specific measures 

of effectiveness. 

During the search phase, the analyst selects a set of potential 

actions which can achieve the goals and objectives laid out in the formu

lation stage. This process entails the identification of the character

istics of each action and the linkage of those characteristics to the specific 

objectives. In regard to this linkage, one should attempt to recognize 

those actions which compliment or conflict with one another in order to 

narrow the range of potential actions. 

Interpretation and evaluation involves the prediction of the conse

quences of the potential actions and the weighing of those consequences 
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against the goals and objectives. This phase ends in the actual selection 

of an action or a set of actions to be implemented to solve the particular 

problem at hand. 

The verification phase encompasses the monitoring of the "real-world" 

consequences in order to check the actual effectiveness of the implemented 

actions in achieving the stated objectives. For this, the impact of the 

actions on the system or subsystem must be carefully measured and compared 

to the predicted consequences. Also, the overall systems analytic frame

work should be continuously reviewed and revised according to any weaknesses 

which are identified in this phase. 

Guidelines For Identifying Operational Objectives and Measures of Effectiveness 

The heart of the problem formulation stage is the establishment of 

an explicit goal hierarchy which acts as an "umbrella" for the entire 

problem solving process. Such a hierarchy is an order of elements which 

includes: Values, goals, objectives, criteria, requisites, and measures of 

effectiveness (see Figure 1 ). These six elements of the goal hierarchy 

guide the analyst in his search, interpretation and evaluation, and verifi

cation, and permit him to fine tune the entire process. 

Values represent society's ideals and aspirations which are dynamic in 

nature and continuously change due to external forces. Examples of societal 

values are equality, freedom, and affluence. Within a basic value system, a 

goal is an ideal end or model to which society strives toward to satisfy its 

value system. Goals are generally broad in scope, have long-range implications, 

and are something that society reaches for but never obtains. An example 

of a goal is: To improve the quality of life. 

In contrast to a goal, an objective is a specific means to achieve a 

given end. Objectives are more narrow in scope than goals, they have short

range implications, and they are generally attainable. For instance, the 

following objective is directed toward the improvement of the quality of 
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Goal 

/ lect~ 
Criteria Criteria 

I 
Requisite Requisite 

r ~ 

Objective 

Measure of Effectiveness Measure of Effectiveness 

Figure 1. A General Goal Hierarchy 
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life: To reduce air pollution. Although this objective is more specific 

than the overall goal, the achievement of the objective is not easily 

measured. Therefore, in order to measure the achievement of this objective 

it is necessary to state a specific criterion or a set criteria. 

A criterion is a system attribute which can be measured either directly 

or indirectly in order to determine if an objective is achieved by some 

action . Following the previous example, one possible criterion to measure 

the reduction of air pollution would be the number of parts per million 

of carbon monoxide emitted from a highway vehicle. As Figure 1 illustrates, 

several criteria or attributes may be associated with a given objective. 

For example, it may be desirable to measure the number of parts per million 

of nitrous oxides (NOx) as well as the level of carbon monoxide. In general, 

criterion can be quantified as an indicator or as a forecast . An indicator 

is a descriptor of a current or past value of a given system attribute 

which may be measured in the field or simulated by a model. On the other 

hand, a forecast is a predictor of a future value of an attribute which is 

generally estimated from a mathematical modelling process. 

The next element to address within the goal hierarchy includes a state

ment of requisites which defines the limits of particular criteria. One 

type of requisite statement, the standard-type requisite, is a normative 

statement of a given criterion . A standard is an upper or lower threshold 

of an objective expressed in specific terms. For instance, Sppm of carbon 

monoxide emissions may be a standard set for vehicle emissions. Another 

type of requisite statement is the criterion-type which does not set a 

specific value for an objective. Thus, the requisite is satisfied if the 

performance of the system achieves the objective no matter what the degree 

of attainment. For example, the system performance will be accepted in 

regard to the objective to reduce air pollution no matter if the pollution 
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is reduced by lppm, 2ppm, or by any amount as long as it is reduced. 

The primary purpose of transportation system management is to insure 

efficient and productive transport operations. As the federal regulation 

states: 1 

The objective of urban transportation system management 

is to coordinate •.• individual elements through operating, 

regulatory and service policies so as to achieve maxi

mum efficiency and productivity for the system as a 

whole. 

Therefore, a TSM objective should be related to the operation, regulation, 

and service fllllctions and contribute to the efficiency of the transport 

system. 

Within the transportation system management process, a TSM objective 

should exhibit several important characteristics in order to be fully opera

tional. In the first place, a TSM objective should be clear, concise, and 

be output oriented, i.e., the objective must connote some action which 

results in a definitive outcome state or states. A second characteristic, 

linked to definitive outcome states, is the measurability of the objective. 

In the ideal objective statement, the outcome would be tangible and could 

be measured in quantifiable terms. However, in a comprehensive analysis, 

there will probably be objectives whose outcomes are intangible and must be 

measured in subjective terms. 

In order to better understand the first two characteristics of an opera

tional objective, consider the following simplistic objective statement: 

Improve the level of service of the transport system 

by reducing the average travel time in the system. 

Note that this statement connotes action by the verbs to improve and to re-

1u. S. Federal Register, "Transportation Improvement Program," 
September 1975, p . 42979. 
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duce on the system attributes level of service and travel time, respect

ively. A tentative list of verbs which can be used to connote action in an 

objective statement is presented in Table 1 Note that certain verbs 

may be associated with ~tandards (standard-type) while other verbs may be 

associated with the relative attainment of a criteria (criteria-type). For 

instance, the verb to reduce in the example refers to the relative attain

ment of a criteria. That is, the system performance with regard to travel 

time will be accepted if the average travel time is merely reduced from 

the existing base by some action. If a decision maker desires to set a 

standard for this objective, he could rephrase the statement as follows: 

Improve the level of service of the transport system 

by attaining an average travel time of 25 minutes. 

Thus, a definite level of performance is specified and the success in attaining 

the standard could be measured. It is important to realize that, at this 

time, one should not be overly interested in how the objective will be 

attained, but more concerned with whether the objective is measurable or not. 

In this case, travel time is a tangible criteria which can be directly 

measured from the system. 

Given an objective statement which can be measured, the next question 

to ask is: Can this objective be attained through the actions of the agencies 

responsible for the overall TSM process? In general, local agencies will be 

responsible for implementing TSM actions and therefore, the objectives should 

be within their authority and control. Along this line, ideally the objective 

statement should indicate which agency is responsible for the attainment of 

the object. Related to this characteristic is the range of the objective 

such as systeIJMide, corridor, link, or spot application. The characteristics 

just mentioned could be stated explicitly in the statement, or be reflected 

in the types of actions to achieve a given objective. 
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TABLE 1. A TENTATIVE CLASSIFICATION OF VERBS 
USED IN OBJECTIVE STATEMENTS 

RELATED TO STANDARDS (STANDARD-TYPE) 

Acco11DDodate 
Serve 
Meet 
Prevent 
Operate 
(Not) penetrate 
(Not) destroy 
(Not) interfere 
Provide 

Attain 
Delimit 
Manage 
Insure 
Shape 
Order 
Have 
Is, Equals 
Structure 

RELATED TO RELATIVE A[~AINMENT OF A CRITERIA (CRITERIA-TYPE) 

Induce 
Promote 
Reduce 
Minimize 

RELATED TO BOTH CASES 

Give 
Offer 
Guide 
Enhance 

Source: Boyce, 1972, p . 82 
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Maximize 
Absorb 
Alleviate 



Although a TSM objective is directed toward the effective management 

of a transport system, specific objectives should be consistent with the en

tire set of regional transportation goals and objectives. In other words, 

a TSM objective statement must be developed within a framework of a more 

extensive set of transportation goals and obj ectives which reflect physical 

changes in the system as well as management strategies. Moreover, since TSM 

actions are generally short-range in scope , a TSM objective should be attain

able within a reasonable time period, that is, the objective should be 

achievable through a short term action or strategy. Ideally, a maximum time 

limit should be placed on the implementation of the TSM action to achieve 

a given objective. It is important to note that although TSM actions are 

short-range in scope they may have long-range consequence s . For instance, 

the success of an intensive carpooling could reduce the need for additional 

highway facilities. There fore, the long-range plan for a given metropolitan 

area could be significantly ~ltered by short-range TSM actions and it is 

imperative that TSM planning be incorporated into the long-range planning 

process. 

Based on the previous discussion of the characteristics of TSM objective, 

the following questions should be asked when defining a TSM objective: 

1. Is the objective directed toward the operation, regulation, or 

service functions? 

2. Is the objective stated in clear and concise terms and output 

oriented? 

3. Can the objective be measured directly or indirectly, and can 

it be measured within existing resources? 

4. Is the objective within local authority and control? 

5. Is the objective consistent with the stated regional transporta

tion goals and objectives? 

14 



6. ls the objective attainable within a reasonable time? 

Once a definitive set of TSM objectives is esablished, the next step 

is to identify specific measures of effectiveness which can be used to 

determine the degree of objective attainment by any given strategy. For 

example, although the reduction in the attribute travel time has been 

identified as a TSM objective, one could use a myriad of measures to deter

mine whether travel time was in fact reduced. He could measure the point

to-point travel time, door-to-door travel time, or he could measure the 

average speed of automobiles on a section of highway. In order to select 

the most suitable measure for his specific purpose the analyst must answer 

two important questions. First, "How well does this measure describe the 

degree of objective attainment of a given strategy?" Second, the analyst 

must ask himself: "How difficult is it to either measure or simulate the 

particular measure of effectiveness?" 

Both questions can be answered by analyzing specific characteristics 

of each measure of effectiveness.
2 

The first question which reflects the 

level of importance of the measure can be divided into four facets: 

relevancy, understandability, responsiveness, and uniqueness. It is im

portant that a measure of effectiveness is a relevant descriptor of object

ive attainment. In general, a measure of effectiveness which directly 

describes the objective is more relevant than one which indirectly describes 

the objective. For example, the average point-to-point travel time may be 

a more relevant evaluator of whether or not travel time is reduced than is 

perceived travel time. Since the object here is to develop a framework 

to be used by the decisionmaker, a desirable measure of effectiveness is one 

which is readily understood. Most decisionmakers probably understand the 

concept of volume-to-capacity (v/c) ratio, but would have difficulty in 

understanding the concept of acceleration noise as a descriptor of traffic 

2This scheme is based on that used by JHK & Associates, Measures of 
Effectiveness for Multimodal Urban Traffic Management, November 1977. 
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flow. A third facet of the level of importance is how responsive the 

measure of effectiveness is to relatively minor changes in the system 

caused by the implementation of a TSM strategy. For example, one could 

attempt to model the level of air quality for the entire metropolitan region, 

but such a model would most likely be insensitive to variations in the 

pollution levels caused by a TSM strategy. On the other hand, the direct 

measurement of pollutants on the street level could be responsive t o minor 

changes such as traffic improvements. Finally, the measure of effectiveness 

should be a unique descriptorof an objective and not overlap with other 

objectives. To better understand this facet consider the following two 

objectives: (1) to reduce travel time, and (2) to improve comfort and 

convenience . It seems reasonable that point-to-point travel time could be 

used to measure both objectives, but this would be redundant. Rather it 

would be more relevant to search for another measure to describe comfort 

and convenience such as the level of privacy. 

After the analyst determines the level of importance of each measure 

of effectiveness, he must then determine how feasible it is to gather 

information on each measure. For this determination, he can examine four 

characteristics of each measure: (1) the ease of quantification, (2) the 

ease of modelling, (3) the ease of data collection, and (4) the appropriate 

l e vel of detail. The first characteristic refers to how simple it is f or 

one to express each measure in quantitative rather than qualitative terms. 

For example, the measure of effectiveness Perceived security may be fairly 

difficult to quant~fy whe reas the number of crimes per year is easily 

quantified. The ease of modelling refers to the feasibility of developing 

a mathematical model for a measure within the current state-of-the-art in 

transportation modelling. Such measures as travel time or v/c ratio can be 

routinely modeled with current traffic assignment models within reasonable 
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time and budget constraints, but other measures such as perceived comfort 

and convenience requires sophisticated modelling techniques which are not 

yet fully operationalized. Ideally, data collection techniques for a 

measure of effectiveness should be relatively inexpensive with limited time 

requirements. For example, an analyst can generally acquire data on the 

number of accidents without great difficulty, but data on the number of 

hazardous maneuvers would require sophisticated data collection techniques 

and necessitate highly trained personnel to interpret the data. The fourth 

characteristic which is related to the ease in data collection refers to 

the level of detail required for the particular measure of effectiveness. 

For example, a 24-hour count is a low-level technique, a 15-minute inter

section turning-movement count is a moderate-level technique, and a lane 

occupancy cotm.t is a high-level technique . In general, a low-level tech

nique would be more desirable than a high-level technique because data 

would be easier and cheaper to obtain and the interpretation would be a 

routine matter. 

Of course, the most suitable measure of effectiveness is one which is 

both highly important and feasible. But, it is highly unlikely that many 

measures can be found which fulfill both of these qualities. Rather, it is 

more likely that the analyst must make trade-offs between importance and 

feasibility of a particular measure. Moreover, the analyst will be con

fronted with the problem of how to use each measure of effectiveness 

according to his specific problem. In this regard, one could structure each 

measure according to several characteristics of the transportation system 

such as: (1) mode, (2) time of day, (3) trip purpose, and (4) system 

component, i.e., route, corridor, or network. For example, the average 

travel time per mile during the peak hour might be selected as a more rele

vant descriptor of travel time than the average travel time during the entire 

day. 17 



It is important to note that the degree of importance and feasibility 

of a given measure of effectiveness will generally vary from one metro

politan area to another due to different geographic, demographic, and insti

tutional characteristics. Organizations within some metropolitan areas will 

be more capable to perform certain planning and monitoring functions which 

other organizations may not be able to carry out. Likewise, the importance 

of a measure of effectiveness will depend upon the various attitudes within 

a metropolitan area and the existing state of the transport system. Thus, 

the transportation practioners within each metropolitan area must identify 

the measures which are uniquely relevant to that area. 

Identifying TSM Objectives and Measures of Effectiveness For Medium-Sized 

Metropolitan Areas 

Based on the above guidelines, scores of objectives and hundreds of 
3 

measures of effectiveness were reviewed in order to construct a relatively 

small set of TSM objectives and measures of effectiveness which might be 

applied to medium-sized metropolitan areas (see Table 2). As used in this 

report, medium-sized refers to a Standard Metropolitan Statistical Area 

(SMSA) that has an urbanized area population between 200,000 and 1,000,000. 

According to the U.S. Bureau of Census (1970) this classification would 

encompass approximately 78 cities including New Orleans, LA, Indianapolis, 

IND, Hartford, CT, and Omaha, NE. Of course each metropolitan area is a 

unique entity, but Table represents a broad range of objectives and 

measures of effectiveness which should be applicable to this general size of 

a metropolitan area. 

The objectives and measures of effectiveness shown in Table 2 were 

3see JHl( & Associates, Measures of Effectiveness for Multimodal Urban 
Traffic Management, Noveuber, 1977 for an extensive list of measures of 
effectiveness. 
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TABLE 2 • TSM OBJECTIVES AND MEASURES OF EFFECTIVENESS 

To Reduce Travel Time 

1. Point-to-point travel time 
2. Speed 
3. Delay time by type of delay 

To Reduce Travel Costs 

1. Out-of-pocket door-to-door cost 
2. Total cost of vehicle operation 
3. Generalized door-to-door cost 

To Increase Vehicle Occupancy 

1. Vehicle occupancy, persons per vehicle 
2. Total number of passengers 

To Increase Facility Capacity 

1. Number of vehicles per hour 
2. Level of service, V/C 

To Increase Non-Motorized Traffic 

1. Number of pedestrians per hour 
2. Number of bicycles per hour 

To Improve Safety 

1. Number of accidents 
2. Number of hazardous movements 
3. Number of conflicts 

To Improve Security 

1. Number of in-vehicle crimes 
2. Number of crimes waiting for a transit vehicle 

To Improve Comfort and Convenience 

1. Frequency of service 
2. Number of complaints 
3. Level of privacy 

To Improve Reliability 

1. Variance in point-to-point travel time 

To Reduce Noise Impacts 

1. Number of households within certain noise level contours 
2. Number of noise-related complaints 
3. Noise levels at certain distances 
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Table 2 (cont'd) 

To Improve Air Quality 

1. Number of households within various concentration contours 
2. Concentration of particulates by area 
3. Emission factors 

To Reduce Energy Consumption 

1. Total energy consumption 
2. Number of gallons of gasoline saved by strategy 

To Provide Service to the Transportation Disadvantaged 

1. Number of disadvantaged served 
2. Percent of total population served 

Source: Adapted from JHK & Associates, Mea sures of ·Effectiveness for 
Multimodal Urban Traffic Management, November 1977 
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identified during the course of the Omaha- Council Bluffs case study (see 

Chapter VI). The components are presented in a reduced form, but may be 

combined into a more comprehensive objective statement for inclusion on a 

TSM Element. An example of such a statement would be: 

To improve the quality of transportation service 

within the metropolitan area by reducing the 

average point-to- point travel time during the 

peak hour . 

The above statement gives a clear and concise outline of the objective and 

identifies exactly how the obtainment of that objective will be monitored. 

The construction of statements such as the above as part of the TSM Elemen t 

should provide a strong foundation for the evaluation of alternate TSM 

strategies. The next section discusses specific strategies which can be 

implemented to achieve the stated objective . 

Discussion of TSM Strategies 

Once the basic components of the goal hierarchy have been identified, 

the analyst can search for potential actions in order to achieve the stated 

goals and objectives. As noted earlier, the type of actions which will 

be selected are clearly dependent upon the specific TSM objectives and 

the overall scope of TSM. One of the problems an analyst is confronted 

with when looking at the realm of TSM possibilities is that no pat de-

finition of a TSM strategy exists. As used in this report, a TSM strategy 

is a single-focus regulatory operation or management act which is implemented 

on the transportation system to improve efficiency and/or productivity. 

In general, a TSM-type strategy deals with a specific transportation net

work which will basically remain physically unchanged such as the widening 

of an intersection. Thus, one is analyzing non- capital intensive alter

natives rather than capital- intensive facilities. Also, when considering 
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TSM alternatives an analyst is generally searching for strategies which 

can be implemented within a short-time duration rather than the standard 

10 to 15 years for capital-intensive facilities. In summary, the general 

characteristics of a TSM strategy are: 

1. Relatively low to a moderate implementation costs. 

2. Short-implementation time requirements. 

3. A management, regulatory, and/or operation action implemented 

on the transportation system. 

4. An action directed toward the achievement of one or more TSM 

objectives. 

Four broad categories of TSM strategies have been identified in the U.S. 

Federal regulations issued jointly by the Urban Mass Transportation Adminis

tration (UMrA) and the Federal Highway Administration (FHWA) (23 CFR Part 

450 and 49 CFR Part 613). These are (1) strategies to maximize the 

efficient use of existing road space; (2) strategies to reduce automobile 

usage; (3) strategies to improve transit service; and (4) strategies to 

increase transit management efficiency. Table 3 presents an array of 

potential strategies which fall within these four broad categories and 

which have been broken into several subcategories. A further classifica

tion of these subcategories is given below. 

Traffic Operations. This particular type of strategy includes the 

traditional "TOPICS-type" improvement such as an intersection widening or 

a one-way street. The primary purpose of traffic operation projects is to 

maximize street capacity and minimize congestion. Except for inter

section widenings and shoulder construction the bulk of the projects are 

regulatory in nature, 

Traffic Signalization. Improvements to traffic signals ranging from 

single controllers to area-wide computerized systems can significantly · 
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improve traffic flow. 

Parking Management. This is a broad classification of strategies 

which includes various types of schemes to control passenger-vehicle 

parking. These strategies are directed either at the control of parking 

spaces or parking charges both on-street and off-street. 

Commercial Vehicles. Basically, the purpose of this type of strategy 

is to effect better control of delivery vehicles to improve traffic flow. 

This could entail on-street and/or off-street controls. 

Work Schedules. A work-schedule strategy is a non-transportation 

strategy which can be implemented to reduce peak-hour traffic. The most 

common work-schedule strategies are the implementation of staggered work 

hours and the establishment of the four-day work week. 

Pricing Policies. Such policies are either monetary incentives or 

disincentives directed toward reducing automobile usage. The range of 

policies extends from enacting peak-hour roadway tolls to reducing off

peak transit tolls. 

Ridesharing Programs. This is a type of management strategy with the 

express purpose of increasing automobile occupancy rates. Ridesharing 

strategies can be either management oriented such as a carpool matching 

program or regulatory oriented such as a taxi/group riding program. 

Paratransit. This classification captures the direct special services 

provided for the elderly or handicapped including special vans and car

pools. Also, included within this category is the coordination of private 

social service transportation (16b(2)) provided by certain transit 

authorities. 

Pedestrian/Bicycle Measures. These measures are oriented toward im

proving pedestrian and bicycle facilities in order to provide an adequate 
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TABLE 3. TSM STRATEGIES 

Maximize the Efficient Use of Existing Road Space 

Traffic Operations 

Intersection Widening 
One-way Streets 
Tum Lane Installation 
Turning Movement Restrictions 
New Freeway Lane Using Shoulder 
Exclusive Bus Lane 
Bus Only Street 
Contra-flow Bus Lane 
Reversible Lane Systems 
Freeway Bypass 
Exclusive Bus Freeway Lane and Roadway 
Residential Traffic Control 
Area Licensing 
Freeway Diversion and Advisory Signing 
Freeway Surveillance and Control 

Traffic Signalization 

Signal Controller Improvement 
Arterial Signal System 
Area Signal System 
Ramp Metering System 

Parking Management 

Curb Parking Restrictions 
Residential Parking Control 
Off-Street Parking Restrictions 
Long-term Parking Charge 
Preferential Rates for Vehicles 
Preferential Rates for Shoppers 
Preferential Spaces for Vehicles 

Commercial Vehicles 

Provide On-street Loading Zones 
Provide Off-street Loading Areas 
Prohibit Peak-hour On-street Loading 
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Table 3 (cont'd) 

Reduction In Automobile Usage 

Work Schedules 

Staggered Work Hours and Flex-time 
Four-day Work Week 

Pricing Policies 

Peak Hour Tolls 
Low-occupancy Tolls 
Gasoline Tax 
Peak/Off-peak Transit Fares 
Elderly and Handicapped Fares 
Reduced Transit Fares 

Ridesharing Program 

Carpool Matching Programs 
Vanpool Programs 
Taxi/Group Riding Programs 

Paratransit 

Elderly and Handicapped Service 
Dial-a- Ride 
Coordination of Social Service 

Pedestrian and Bicycle Measures 

Provide sidewalks 
Widen sidewalks 
Pedestrian grade separation 
Pedestrian malls 
Provide bikeways 
Provide bike routes 
Provide bike storage 

Improved T~ansit Service 

Transit Operations 

Bus Route and Schedule Modifications 
Simplified Fare Collection 
Express Bus Service 
Bus Traffic Signal Preemption 
Bus Terminals 

Intermodal Coordination 

Park- Ride Facilities 
Transfer Improvements 
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Table 3 (cont'd) 

Increased Transit Management Efficiency 

Transit Management 

Marketing Program 
Maintenance Improvements 
Vehicle Fleet Improvement 

Source: Adapted from JHK & Associates, Measures of Effectiveness for 
Multimoda1 ·urban Traffic Manage~, November 1977 
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alternative to the automobile. Such measures include the construction and 

widening of sidewalks, signing bus routes, and the provision of pedestrian 

malls. 

Transit Operations. Such strategies are implemented to improve the 

operation of transit service including bus route and schedule modifications, 

simplified fare collection, and express bus service. 

Intermodal Coordination. This is another subcategory of strategies 

to improve overall transit service which is specifically geared toward the 

improvement of the interfacing between modes. Two examples of this type 

of strategy are the provision of park-and-ride facilities and the improve

ment of line-haul transfers. 

Transit Management . This type of strategy is aimed toward improving 

the overall management of existing transit service which includes a 

marketing program and maintenance improvement. 

Linking TSM Strategies to TSM Objectives 

Given a set of potential TSM strategies, the analyst can link those 

strategies to the stated TSM objectives . This linkage will help him to 

identify the most relevant strategies with respect to all the objectives. 

To better understand how candidate strategies can be screened out to be 

included in the TSM Element, consider the matching of strategies and 

objectives shown in Table 4. In this case, thirteen TSM objectives 

have been matched with the twelve subcategories of strategies described 

above using these classifications of linkage. These are (1) a potential 

positive impact of strategy on an obje ctive; (2) a potential negative 

impact of a strategy on an objective; and (3) no impact of a strategy on 

an objective. As an example as shown in Table 4, traffic operation 

strategies are expected to have a positive impact on the objective: to 
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reduce travel time. On the other hand, pedestrian/bicycle measures are 

expected to have a negative impact on the same objective. This overall 

linkage among strategies and objectives will help to identify strategies 

which have the potential to achieve certain objectives and to pinpoint 

strategies which may be complementary or conflicting. Thus, the analyst can 

narrow the range of strategies which will undergo further testing. 

Two points must be made with regard to this screening process. First, 

since the state-of-the-art in forecasting the consequences of TSM strategies 

is in a relatively early stage, the screening process relies on the sub

jective judgement of the analyst. Second, the judgement as to the type 

of impact of a strategy has on an objective is clearly dependent upon the 

intensiveness of the strategy and the geographic scope of the strategy's 

application. For instance, a sole intersection widening would not signifi

cantly affect travel time on a corridor level. However, at this point in 

the analysis, the intensiveness of various strategies and their geographic 

application probably will be unknown, and, at best, this screening is a 

"jumping off" place for the remainder of the analysis. 

Geographical Orientation of Evaluation 

If every TSM strategy impacted the transport system on the same geo

graphic scale, the intercomparison of different strategies would be a much 

easier task. But this is not the case since various strategies do have 

varying geographical impacts. As an example, a carpool matching program 

has a system wide impact whereas an arterial signal system has a corridor 

impact. The first step toward attaching this problem of geographical 

scope is to identify the basic components of the system. One such classi

fication of the components include (1) nodes; (2) links; (3) corridors; 

(4) subareas; and (5) the network. Furthermore, several modes of trans-
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TABLE 4 • HATCHING TSM STRATEGIES WITH TSM OBJECTIVES 
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portation operate on the system such as (1) the private automobile; (2) taxi; 

(3) truck; (4) bus, (5) rail; (6) pedestiran; and (7) bicycle. The system 

can be further broken down into subsystems such as the highway, transit, 

and pedestrian networks. Given the realm of geographic possibilities in 

examining transportation performance, the analyst must address several 

questions. 

1. What are the specific measures of effectiveness for the system 

on the whole? 

2. What are the specific measures of effectiveness for the basic com

ponents and subsystems? Are they different than those for the system? 

3. How can component or subsystem performance be related to system 

performance? 

4. How can performance of a component be measured across the various 

modes? 

5. How can performance be measured across all the components? 

It is beyond the scope of this research to answer each one of the 

above questions in detail; for a detailed analysis of these questions, 

the reader is referred to Tomazinis (1975). However, two examples 

are presented to give the reader a guide toward addressing these problems. 

First, consider the problem of measuring perfonnance across the various 

modes of transportation. One could approach this problem by identifying 

common measures for each mode. For example, the analyst could compare 

the number of passengers per link-mile or the cost per link-mile for both 

the automobile and transit modes. Next, consider the problem of relating 

performance at the component level to the system level. In this case , 

the analyst could use measures which apply to the link level as well as the 

system level . For example, he could compare passengers per link-mile on a 

particular link. to the average passengers per link-mile over the entire 
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transit network. 

The varying geographic implications of TSM strategies makes the com

parison of strategies on a one to one basis practically meaningless. Thus, 

it is necessary to group the strategies into TSM "packages." For this, 

the TSM strategies could be grouped by type of component such as by 

corridor. The analyst could then construct alternative TSM "packages" and 

each package could be compared with the other packages. A hypothetical 

example of a TSM package would be composed of (1) a high level carpool 

matching program; (2) a moderate level CBD computerized signal system; and 

(3) a moderate level of businesses participating in a staggered work hours 

program. Note that the adjectives high and moderate connote the relative 

intensiveness of the particular strategy with respect to the level of 

coverage and participation. 

Su1IDI1ary 

The systems analytic approach can be a helpful technique to construct 

an overall TSM evaluation framework. This chapter discussed two phases of 

the systems analytic framework as applied to evaluate alternate TSM strate

gies; (1) the problem formulation phases; and (2) the search phase. The 

problem formulation stage involves the identification of an appropriate 

goal hierarchy which includes goals, objectives, and measures of effective

ness. Furthermore, as part of this stage, the analyst must specify the 

geographical scope of the transport system under consideration, and he must 

identify the system component such as highway links or corridors. The 

search phase is the actual screening of all possible TSM strategies in re

gard to the goal hierarchy in order to construct a reasonable sized set of 

strategies to undergo further analysis . This chapter presented an array 

of TSM objectives, measures of effectiveness, and strategies which might 

31 



be applied to medium-sized metropolitan areas. Of course, each metropoli

tan area is unique in character and some of the components identified herein 

will not be applicable to certain areas, and others not included in this 

report might be added as deemed necessary by the analyst. In such cases, 

the guidelines presented in this chapter for specifying the specific 

components can be used by transportation practicioners with regard to 

their specific context. 

Assuming that the problem stage has been set and a potential set of 

TSM strategies has been identified, the next stage is the detailed evaluation 

of the strategies in order to produce a recommended set of TSM strategies 

to be implemented. Along this line, the following chapter gives a back

ground of various cost-effectiveness and utility-based evaluation models 

as applied in various transportation contexts as a result of the investi

gation of these evaluation models, the research team suggested that an 

additive-utilities model be further investigated as a tool to evaluate TSM 

strategies. 
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CHAPTER III: BACKGROUND OF COST-EFFECTIVENESS 

AND UTILITY-BASED M:>DELS 

Introduction 

As Manheim (1972, Part A, p. 45) notes, the general problem of evalua

tion is "How to bring about in the community a course of action from among 

the many alternatives, when those alternatives have a differential inci

dence of gains and losses." Thus, the transportation analyst must weigh the 

consequences generated by a set of projects against the community values 

in order to select one course of action. This selection process generally 

involves the careful sifting and sorting of reams of data on transportation 

goals, objectives, and impacts. In order to better manage this "sifting 

and sorting" process, many evaluation techniques have been developed over 

the past few decades and applied to various transportation problems. These 

techniques range from the traditional benefit-cost analysis to the multi

criterion goal-matrix analysis. 1 To review all these models would require 

a book by itself. Hence, only two broad categories of models which are 

deemed the most pertinent to this research are reviewed here. The models 

discussed below can be separately classified as either cost-effectiveness· 

or utility-based models although there is only a subtle distinction between 

the two types. Both types of models are based on a systems analytic approach 

which entails the specification of goals, objectives, and evaluation 

criteria. 

Cost-Effectiveness Models 

Cost-benefit analysis is a popular evaluation technique used to measure 

1
see Stopher (1976) and Manheim (1972) for further discussion of evalu

ation models. Also, see Hill (1973) for a presentation of the goals-
matrix approach. 
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the economic efficiency of public works projects. As Mishan (1973, p . 11) 

notes: 

The general question that a cost-benefit analysis 

sets out to answer is whether a number of invest

ment projects should be undertaken and, if 

investible funds are limited, which one, two, or more, 

among these specific projects that would otherwide 

qualify for admission should be selected. 

The traditional single goal of a cost-benefit analysis is to achieve economic 

efficiency within a given range of projects by selecting the one project 

among all the alternatives which has the greatest net benefit. To illus

trate, consider four highway projects which could link points A and Band 

which would generate net benefits of 1.0, 1.5, 0.5, and 0.9 million dollars, 

respectively. According to the above criterion, the project which generated 

1.5 million dollars in net benefits would be chosen as the most economically 

efficient. In order to determine the net benefit of a particular project, 

the monetary costs and benefits are forecast for each year over the expected 

service life of the project. The costs and benefits for each year are 

then discounted to some base year using an assumed rate of interest. Finally, 

the net benefit is computed by subtracting the sum of the discounted costs 

from the discounted benefits; or a benefit cost (B/C) ratio is computed by 

dividing the discounted benefits by the discounted costs. In this latter 

case, the project yielding the highest B/C ratio would be chosen as the 

most economically efficient. 

A major weakness of the traditional cost-benefit analysis is that this 

technique measures project efficiency strictly in economic terms while 

neglecting other tangible and intangible factors. To offset this weakness, 
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a decisionmaker can evaluate the set of alternatives within a cost-effective

ness framework. As defined by Schofer (1974, p. 103): 

Cost-effectiveness analysis is an extension of the 

traditional cost-benefit approach to include non

monetary impacts and to relate the impacts to the 

attainment of goals and objectives, i.e., effective

ness. It focuses on a comprehensive assessment of 

goal-achievement rather than simply capturing only 

the easily-measured benefits and costs. 

Thus, this type of analysis is aimed at achieving a stated objective at the 

lowest cost. For this, two primary requisites must be met. First, the ob

jectives must be explicitly stated and definite criteria must be enunciated 

to measure the degree of objective a ttainment by each course of action. For 

example, the number of bus miles could be a measure of the objective: to 

increase bus route coverage. Since more than one objective will generally 

be stated, the decisionmaker must rank order the importance of each objective 

and, preferably, put the measures of effectiveness in a common metric. The 

second requisite of a cost effectiveness analysis is that a monetary cost 

must be assigned to each alternative under study . Therefore, the end re

sult of the analysis will be the ratio of the weighted effectiveness of 

each project in obtaining all the stated objectives to the cost of the alter

native. The alternative with the highest ratio would be selected as the 

"best" plan. Two examples of cost-effectiveness analysis applied within a 

planning context are presented below to illustrate the overall concepts . 

Rank-Based Expected Value Method 

The Southeastern Wisconsin Regional Planning Commission (SEWRPC) applied 

this technique to incorporate non-quantifiable as well as quantifiable 
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factors in the evaluation of regional transportation plans (Robertson, p.6). 

For this method, the planning staff explicitly stated the regional trans

portation objectives and ranked each objective according to its importance. 

Once the alternative plans were developed, each plan was ranked according 

to its effectiveness in achieving certain standards for each objective. 

Next, an initial plan value was determined by multiplying the rank of each 

objective by the rank for the plan's effectiveness in obtaining that ob

jective and then summing the product across all the objectives. Since im

plementation generally involves uncertainty, the probability of implementing 

each plan was then multiplied by the initial value to obtain a final plan 

value. Finally, the plan with the highest final value was chosen as the 

"best" plan. 

The model can be mathematically stated as: 

where 

n 
V(a) = P(a) 1: 

i=l 

V(a) = the 

P(a) = the 

R~ 
l. 

= the 

R~ = the l. 

n = the 

final value of plan a 

probability of implementing 

rank of objective i 

rank of plan a in achieving 

total number of objectives 

plan a 

objective i 

Conceptually, this method includes the primary components of a compre

hensive evaluation technique: (1) a set of transportation objectives, 

(1) 

(2) a set of standards, (3) measures of effectiveness, and (4) the inclusion 

of uncertainty. On the other hand, the model has some serious weaknesses 

which blur its viability as a decision-making tool. One such weakness is 

the use of a ranking scheme rather than a rating scheme. This is a weakness 

because the ranks for two different plans on the same objective may not 
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reflect the true difference in the performance of the plans. For example, 

if five plans, A, B, C, D, and E, yield values for a given time standard of 

50, 25, 35, 45, and 20 minutes, the plans would be ranked as follows: A=5, 

B=2, C=3, D-4, and E-1, where 1 indicates the best score. Thus, according 

to the ranking scheme, the interval between A and D of 1 is equivalent to 

the interval between Band C although the respective differences in the 

standard are 5 minutes and 10 minutes. As a result of using ranks, this 

evaluation model distorts the true differences among plans. 

Value Matrix 

An extension of the rank-based expected value method, the value matrix 

technique, is rooted in a systems analytic approach (Robertson, p. 9). The 

heart of the analysis lies in the articulation and weighting of the trans

portation goals, objectives, and evaluation criteria for the system under 

study. For this, the particular weights can be determined by the use of 

various ranking, rating, or successive comparison schemes. An important 

part of this method is the specification of evaluation criteria for each 

objective, either in monetary terms, other quantifiable, or qualitative 

terms. Once the criteria are specified, each plan can be rated with respect 

to each objective. As before, a composite plan score can be determined by 

multiplying each objective weight by the plan rating and summing the values 

across all the objectives. 

The following example will help the reader to better understand this 

technique. Table 5 presents a value matrix which consists of three broad 

goals, six objectives within the stated goals, and seven evaluation criteria 

for one transportation plan. As an example, one of the three stated goals 

is to provide efficient economical transportation, and two objectives which 
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TABLE 5, cXAMPLE OF A VALUE MATRIX FOR A TRANSPORTATI ON PLAN 

Provide Efficient Econ-
Goal omical Transportation 

0b j ec- Minimize Minimize 
tive User Cost Indirec t ion 

Evalua- User Cost VMT 
tion Cri- (000) (000 ) 
+~ri::i 

Weight 1.J 1.9 

Raw 
Data $200 1,820 

Rating 0 6 

Compos-
11.4 ite 0 

Score 

VMT = Vehicle-miles traveled 
VH1 = Vehicle-hours travele d 
D.U. = Dwelling units taken 
B. U. = Business units taken 

Enhance Environmental, Socio-
logical, and Esthetic Values 

Minimize Air Minimize .Provide 
Pollution Dislocation Esthetics 

VHT Rate 
(000) D.U. B.U. Plans 

1.1 0,7 o.4 1.0 

5,0)0 0 0 4 

4 10 10 4 

4.4 7,0 4.o 4,o 

Source s Robertson, undated, p, 12, 

Provide a 
Safe System 

Minimize 
"cl Accident s I-' 
P> 
~ 

C/l 
Accidents 0 

0 
t1 

J. 6 
(l) 

4,440 

3 

10 , 8 42 



are fundamental in obtaining this goal are (1) to minimize user cost and 

(2) to minimize indirection. The evaluation criteria for objectives (1) and 

(2) are user costs, expressed in thousands of dollars, and vehicle miles 

traveled expressed in thousands, respectively. The reader will note that 

the weights of the two evaluation criteria are 1.3 and 1.9, respectively . 

Also note that in this example the higher weight assigned to an objective 

indicates a greater importance of that objective and that the sum of all 

the objective weights equals 10. The ratings for this particular plan re

present the effectiveness of that plan in achieving the stated objective; 

these ratings are based on an integer scale of Oto 10 with 10 representing 

complete effectiveness of the plan in achieving an objective. For example, 

the plan illustrated in Table5 has a zero rating with respect to user 

costs when compared to the other alternatives; on the other hand, since no 

dwelling units are taken, this plan scores a 10 for this objective. Thus, 

the plan is successful in achieving some objectives but fails to achieve 

other objectives. The contribution of this plan to the achievement of each 

objective is determined by multiplying the objective weight by the rating . 

For example, the value of plan A with respect to the number of dwelling 

units taken is (0.7xl0) = 7. Finally, the total plan score is found by 

summing the individual values across the six objectives; in this case, the 

total score is 42. 

In order to select the best plan, the decisionmaker must enumerate the 

scores for all the plans and determine the monetary cost for each plan. His 

decision rule will be to pick the plan with the highest effectiveness at the 

lowest cost. 

Utility-Based Evaluation Models 

The two examples of cost-effectiveness analysis cited above are both 
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value based; i.e., the decisionmaker's primary goal is to find the plan 

with the greatest value. Utility-based decision models take these techniques 

one step further through a more rigorous treatment of utility theory as the 

basis for making comparisons among alternative courses of action. For this 

report, a detailed discussion of utility theory will not be presented. 

However, the overall concept of the utility-based models can be easily 

summarized. The brunt of the problem is that decisionmakers are generally 

confronted with many courses of actions which can be implemented to solve a 

particular problem. Each action, in turn, results in a specific consequence 

or consequences that may be either desirable or undesirable in nature . In 

order to weigh the significance of each consequence with respect to solving 

his overall problem, the decisionmaker assigns a utility, or level of 

satisfaction, to each consequence. He must then apply a decision model, 

whether additive, multiplicate, or another form, to determine the total 

utility of each alternative with respect to all the consequences. His 

decision rule will be to select the alternative which yields the highest 

expected utility. 

An Additive-Utilities Model 

Schimpeler (1972) presents a utility-based model which incorporates 

spe cific utility values for a criterion associated with a specific ob

jective. Furthermore, the model includes effectiveness values which define 

the performance of an alternative plan with respect to each stated objective. 

As a first step in the application of this model to evaluate alternate 

regional plans for metropolitan Louisville, Kentucky, a task force established 

a hierarchy of regional planning goals, objectives, and criteria. Given 

this overall framework, the task force next assigned a numerical utility 

value, uj, to each jth objective within a set of n objectives. More speci-

40 



fically, the task force ide~tified 35 specific objectives within a set of 

ten general commtmity goals; one of the specific objectives i dentfied fo r 

this region is to insure safe public facilities (see Table6 ) . Based on a 

rating technique, the task force assigned a utility value of 0.0270 to this 

objective. By definition, the sum of all the utility values was set equal 

to one. That is, 
n 
L u 

j 
= 1 

i = 1 

where uj = the utility of the jth objective 

n = the total number of objectives 

(2) 

The next step in the construction of the specific decision model was the iden

tification of effectiveness values; as used here, the effectiveness e .. is an 
1J 

estimate of the probability that objective j can be achieved if a given 

plan i is implemented (Schimpeler, 1972, p . 244) . For example, the three 

transportation plans under consideration in the Louisville study were 

assigned effectiveness values for the object ive, to insure safe public 

facilities, of 0 .24, 0.56, and 0 . 82, respectively (refer to Table 6). Al

ternatively stated, the individuals involved in this study were of the 

opinion that there was a 24 percent chance, a 56 percent chance, and an 82 

percent chance that plan 1, plan 2, and plan 3 would achieve the objective, 

respectively. 

Given the specific utility values, u., and effectiveness values, e .. , 
J 1J 

the following additive model was applied to determine the total utility 

of a given alternative: 
n 

U. = L uJ .• eiJ' 
i j=l 

where Ui total utility of plan i in achieving all the objectives 

the utility value assigned to the objective j 
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e . . = the effectiveness of plan i in achieving objective j 
l.J 

n = the total number of objectives 

For a set of m plans, the model can be stated in a vector notation as: 

(4) 

X = 

eml em2 e ujn um mn 

or, 

u = E u (5) 

where u = (u1, u2 ••• , u )T is a colwnn vector whose components m 

represent the total utility of each plan 

E = the m x n matrix whose components represent the 

effectiveness values for each plan 

u = (ul, u2, •• •, u )T is a column vector whose components 
n 

represent the utility values associated with each criterion 

TABLE 6. EXAMPLE OF trrILITY AND EFFECTIVENESS VALUES FOR CERTAIN OBJECTIVES 
Utility 
Value Effectiveness Value 

Criterion (Objective Statement) ~ Plan 1 Plan 2 Plan 3 

Insure safe public facilities 0 . 0270 0.24 0.56 0. 82 

Provide for adequate safety reg- 0.3260 0.32 0.76 0.64 
ulations and their enforcement 

Provide for the removal of con- 0.3350 0.30 0.44 0.62 
taminants(solid, liquid, gaseous) 

Minimize maintenance costs of 0.0280 0.44 0.60 0.62 

Adapted from Schimpeler (1972, pp. 266-26 7). 
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Given the above decision model, the decisionmaker would select the plan 

with the highest total utility among all the alternatives . For the Louis

ville study, transportation plans 1, 2, and 3 achieved total utility values 

of 0.38, 0.52, and 0.60, respectively; therefore, according to the above 

criterion, plan 3 was selected as the "best" plan among the three plans . 

Other transportation analysts have applied alternate forms of the 

additive-utilities model to the evaluation example . Yu ( 19 7 5) applied. 

an additive model constructed within a cost-effectiveness framework in 

order to evaluate alternate airport site locations. In a similar type of 

application, Keeney and de Neuville (Keeney 1976) developed a utility-

based evaluation model on the fundamentals of expected utility theory in 

order to analyze alternate airport development plans for the Mexico City 

metropolitan area. Also, Boske ( 19 7 7 ) presented a linear impact model 

designed for the evaluation of statewide rail plans. More recently, Wilson 

and Schofer ( 1978 ) used an additive model to develop a regional high

way improvement program. 

Strengths and Weaknesses of the Additive Model 

Of course, similar to all mathematical models, the additive- ut ilities 

model has both strengths and weaknesses . The particular strengths of all 

models are: 

1. The model can incorporate an array of objectives and measures 

of effectiveness. 

2. The model i s based on excepted consumer behavior theory . 

3 . The application of the model is a relatively simplistic process 

But, these particular strengths are countered by certain weaknesses in the 

model structure including : 
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1. The specification of the utility values is a subjective process 

2. The possible overlapping of the utility values may cause 'double 

counting• in the model and produce artificial results. 

The impact of the model's weaknesses on the final outcome can be mini

mized by the careful selection of the input parameters and the proper 

application of the model's results. The analyst must remember that any 

model is only a tool in the evaluation and the final selection of TSM 

strategies is basically a political decision. However, the model can be 

used to narrow the range of choices opened to the decisionmaker and help 

him to wade through the data. 

A Recommended Decision Model 

Based on the various types of models studied during the course of this 

research, the following additive-utilities model is suggested as a tool for 

evaluating alternate TSM packages: 

where 

n 
U(x1, ••• ,~) = ~ w(xi) u(xi) 

i=l 

= the total utility of a TSM package with regard 

to all the TSM attributes~ 

the weight or utility of attribute x. 
1 

= the utility function defined at the attribute 

value of x. 
1 

n = the total nuni>er of attributes 

(6) 

For the above model, each utility ftmction represents the worth or 

effectiveness of each strategy with respect to a given attribute. For ex

ample, consider the utility function shown in Figure 2 for the attrib'ute 

travel time as measured in minutes per mile. Assume that an infinite number 

of TSM "packages" exist which can be implemented to reduce travel time. 
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However, the implementation of the best package will generate an average 

travel time on the transportation system of 2.6 minutes per mile whereas 

the worst package generates an average travel time of 3.4 minutes per mile. 

All other strategies generate travel times which lie between the low of 

2.6 and the high of 3.4 minutes per mile. The boundary conditions of this 

utility f1.mction are: 

u(2.6) = 1 

u(3.4) = 0 

Thus, the utility function for travel time decreases from one at 2.6 min/ 

mile to zero at 3.4 min/mile. But not all utility functions will decrease 

as the attribute increases; for example, the utility function for vehicle 

occupancy will increase as the occupancy rates increase. Therefore, the 

following general rule for specifying the bo1.mdary conditions of the 

utility functions can be applied either for increasing or decreasing functions. 

ti(best x) = 1 

u(worst x)= 0 

Given the boundary conditions for each utility function, various methods 

can then be used to define the specific form of the utility function. One 

simplistic method is as follows: A group of individuals (judges) are asked 

to assign the values of the attributes at utilities of 0.25, 0.50, and 0.75. 

In the above example, values of 3.25, 3.05, and 2.85 min/mile are assigned 

for utilities of 0.25, 0.50, and 0.75, respectively. The analyst could take 

the mean response among all the judges in order to construct one utility 

function for each attribute. 

The weight w(xi) on a given attribute represents the strength of pre

ference of an individual or individuals for that attribute. This may be 

determined through the use of various ranking or rating techniques. As 

pointed out in the discussion on cost-effectiveness models, rating techniques 
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are generally superior to ranking techniques for specifying individuals' 

preferences. One such rating technique can be applied as follows: An in

dividual (judge) assigns a rating to an attribute on a scale between zero 

and ten with zero indicating that the attribute is of no value and a ten 

indicating that the attribute is of the highest value . Once each judge has 

assigned a rating to each attribute, normalized weights ranging between 

zero and one are computed as: 

m 
w(x . ) = E R .. l. . 1 l.J 

J= 

n m 
E E Rij 

i=l j=l 

where = the weight placed on an attribute; O< w(x.) <1 
- 1 -

the rating assigned to attribute xi by judge j; 

O< R < 10 
- ij-

n = the total number of attributes 

m = the total number of judges 

(7) 

Once the input parameters for the model have been quantified, the total 

utility for each TSM "package" with regard to all the attributes can be 

computed from equation 6. The decision rule for the model is to select the 

package which yields the highest utility among all the packages. The pro

cedure can be extended to include certain maximum and minimum constraints 

on the model outcome if the analyst desires. For example, the decision rule 

could be: 

max U(x1 , ••• ,xn) subject to (8) 

w(xi) u(xi) < a 

w(xi) u(xi) > b 

where a= an upper bound 

b = a lower bound 
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Another constraint to the selection of a particular package is the direct 

implementation costs of the package. The analyst must, therefore, attempt 

to minimize the utility'subject to a budget constraint. 

The steps involved in applying this model can be summarized as: 

1. Determine the objectives and measures of effectiveness 

2. Assign weights to the TSM attributes 

3. Develop alternate TSM packages 

4. Estimate the values of each attribute for each package 

5. Determine the shape of the utility f\.Illction for each attribute 

6. Compute the utility of each package from equation 6 subject to 

predetermined constraints 

7. Select the package which yields the highest utility subject to 

a budget constraint 
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CHAPTER IV: MONITORING TSM STRATEGIES 

Introduction 

Monitoring is an essential part of the continuing urban transportation 

planning process. It provides to the process the information needed to: 

* Define the transportation system and its components 

* Assess socioeconomic and land-use developments and their impacts on 

the system 

* Identify transportation problems and the need for various transportation 

system improvements 

* Evaluate the effectiveness of transportation system improvements that 

have been implemented 

* Develop and refine transportation planning models used to forecast the 

consequences of transportation system improvement alternatives 

In addition to these problem definition and evaluation functions, another aspect 

of monitoring is process monitoring, which involves observing the operation and 

progress of the planning process itself. 

All of the aspects of monitoring indicated above are pertinent to the 

incorporation of a TSM element into the urban transportation planning process. 

However, the scope of this study is confined to the monitoring of TSM strategies 

for the purpose of evaluating their performance. In this chapter considerations 

for selecting appropriate TSM performance monitoring techniques are presented, 

and a basic set of techniques is outlined. 

Technique Selection Considerations 

There are a number of factors that must be considered in the development 

of a set of techniques to monitor the performance of TSM strategies . A brief 

discussion of some of these considerations follows . 
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* Measures of Effectiveness - The measures of effectiveness used to 

evaluate TSM strategies limit the choice of monitoring techniques to 

those that are designed to provide data pertinent to the assessment of 

those measures. Any technique that does not provide such information 

relative to at least one of these measures of effectiveness should not 

be included in the set . The measures of effectiveness that are included 

in t ~e evaluation framework developed in this study are shown in 

* 

Table ' 2 :. 

TSM Strategies - In general a monitoring technique i s linked to a specific 

TSM strategy via the objectives to which the strategy is matched. The 

objectives to which the strategy is linked determine the measures of 

effectiveness that must be measured and which in turn indicates the 

monitoring techniques that should be used. The linkage between TSM 

strategies and objectives are shown in Table 4 

* Geographical Orientation - The geographical scope of the impacts of TSM 

strategies range from specific-location to system-wide effects. Conse

quently the set of monitoring techniques employed must also be applicable 

over this range. For some measures of effectiveness, the same techniques 

could be used on a system-wide basis as well as on a corridor, link, or 

specific-location level. But for other measures of effectiveness, more 

than one technique must be applied in order to properly assess the 

geographical scope of strategy impacts. 

* Resource Requirements - The selection of monitoring techniques is 

constrained by the availability of resources. Techniques that require 

the use of sophisticated equipment and/or highly-trained personnel are 

likely to excees budget, time, and staff resources that are usually 
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available for monitoring urban transportation system improvements. 

Therefore, preference should be given to those techniques that provide 

the data required with a minimal expenditure of resources and that are 

compatible with the surveillance activities and capabilities that normally 

exist within medium-sized metropolitan areas. 

In terms of the above factors each urban area is different, the particular set 

of techniques employed in one area may not be suited to another. Therefore, the 

set of techniques presented in this report is intended to exemplify the scope 

and nature of the techniques to be used to monitor the performance of TSM 

strategies in order to apply the evaluation framework developed in this study. 

Monitoring Techniques 

Techniques that can be used to monitor the performance of TSM strategies 

with respect to the set of TSM objectives presented in this study were identified. 

Those techniques which seem to be particularly applicable to monitoring TSM 

strategies in medium-sized metropolitan areas are briefly described below. 

Traffic Counts 

Traffic counts are conducted to determine the number of traffic units 

(e .g., vehicles, pedestrians, passengers) that pass a given point or a particular 

facility (e.g., highway, bikeway, sidewalk) per unit time (e.g., hour, day, 

year). The two basic methods of taking traffic counts are: 

(1) Mechanical counts in which traffic volumes are counted _using some mechanical/ 

electrical means for detecting the movement of traffic past the point of 

interest. 

(2) Manual counts in which traffic volumes are counted by observers stationed 

at the location of interest. 

Mechanical counts merely provide at tabulation of the number of vehicles whereas 

manual counts can provide additional detailed information pertaining to the 
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traffic units such as vehicle classification, direction of travel, turning 

movements, and vehicle occupancy. However, manual counts are only practical 

for relatively short study periods because of the amount of manpower involved. 

Therefore, mechanical counts are used for measuring traffic volumes over 

extended periods of time and to monitor the temporal and geographical patterns 

of traffic volumes, which can be used to expand the results obtained from the 

shorter manual counts. 

Traffic counts can be used to monitor the following TSM measures of 

effectiveness identified in this study: 

* Vehicle occupancy, persons per vehicle 

* Total number of passengers 

* Number of vehicles per hour 

* Level of service, v/c 

* Number of pedestrians per hour 

* Number of bicycles per hour 

In addition, the volume data provided by traffic counts can be used in the 

computation of the following TSM measures of effectiveness: 

* Generalized door-to-door costs 

* Number of households within certain noise level contours 

* Noise levels at certain distances 

* Number of households within various concentration contours 

* Concentration of particulates by area 

* Emission factors 

* Total energy consumption 

* Number of gallons of gasoline saved 

Traffic counts are applicable to all modes and all geographical orientations. 
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Also, both traffic count methods are regularly used by transportation 

engineering agencies in all medium-sized metropolitan areas to collect traffic 

volume data as a basis for planning, designing , and operating the urban trans

portation system. Therefore, the use of these methods in the monitoring of TSM 

strategies is compatible with the surveillance activities and capabilities that 

normally exist within medium-sized metropolitan areas. 

Travel Time and Delay Study 

The travel time and delay study using the test vehicle technique of data 

collection can be used to monitor the following TSM measures of effectiveness 

identified in this study: 

* Point-to-point travel time 

* Speed 

* Delay time by type of delay 

* Variance in point-to-point travel time 

In addition, the above measures can be used in the computation of the following 

TSM measures of effectiveness: 

* Out-of-pocket door-to-door cost 

* Total cost of vehicle operation 

* Generalized door-to-door cost 

* Number of households within certain noise level contours 

* Noise levels at certain distances 

* Number of households within various concentration contours 

* Concentration of particulates by area 

* Emission factors 

* Total energy consumption 

* Number of gallons of gasoline saved by strategy 
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Data collection involves the use of a test vehicle which is driven over the 

specified route in a series of runs at speeds judged to be representative of 

the traffic stream speed. During each run, elapsed times to designated control 

points are recorded and the durations and types of delays are noted. 

This technique is applicable to all modes. And although it is primarily 

used in the evaluation of projects with link and corridor geographical orienta

tions, this technique can also be applied on a specific-location or system-wide 

basis. Also, most local traffic engineering agencies in medium-sized metropolitan 

areas commonly use this technique to evaluate traffic engineering improvements 

and to provide speed-delay data imput to the surveillance element of the continuing 

urban transportation planning process. Therefore, this technique is compatible 

with the surveillance activities and capabilities that normally exist within 

medium-sized metropolitan areas. 

Accident Study 

Analyses of acci'dent report files maintained by police agencies can be 

conducted to determine the numbers of accidents by type and location for the 

purpose of evaluating TSM strategies with respect to the safety TSM objective 

identified in this study. Accident studies are applicable to all modes and all 

geographical orientations. 

In most medium-sized metropolitan areas, accident record systems are routinely 

maintained by local transportation agencies to provide a basis for identifying 

high-accident locations and evaluating transportation system improvements. There

fore, the use of accident studies to monitor TSM strategies is compatible with 

the surveillance activities and capabilities that normally exist within medium

sized metropolitan areas. 
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Traffic Conflicts Analysis Technique 

Traffic conflicts are defined as any potential accident situations, and 

are of two types: (1) evasive actions taken by drivers and (2) traffic 

violations. The traffic conflicts analysis technique is a traffic engineering 

study designed to measure the accident potential at particular locations by 

counting the number of traffic conflicts that occur. Thus, this technique can 

be used to monitor TSM strategies in regard to the safety objective identified 

in this study. 

The traffic conflicts analysis technique is usually used to study the 

accident potential at specific locations . However, the study results for a 

number of locations could be aggregated to provide link, corridor, and system

wide geographic orientations . And, as is the case with the other monitoring 

techniques discussed up to this point, this is a monitoring technique that is 

commonly used by local traffic engineering agencies, and therefore, it is 

compatible with the surveillance activities and capabilities that normally exist 

within medium-sized metropolitan areas. 

Noise Level Monitoring 

Traffic generated noise can be monitored by direct measurement with a 

portable sound level meter. Many local governments currently use such devices 

regularly. However, measurement procedures must state the exact location of the 

device so that readings made at different times and by different personnel can 

be compared . 

An alternative to the direct measurement of noise levels is the prediction 

of noise levels by employing computer programs such as the Michigan Version of 

the NCHRP 117 Noise Predictor Program. Inputs to these programs include traffic 

volumes, travel speeds, and percent of trucks, which are data that can be 

provided by the traffic- count and travel-time-and-delay monitoring techniques 

previously discussed. 
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Air Quality Monitoring 

Governmental agencies regularly monitor overall air quality, the relative 

amounts of component pollutants, and the geographical distribution of air 

pollution within metropolitan areas . Although many i ndustries also emit pollutants 

into the atmosphere, these data can be analyzed to obtain an average areawide 

level of transportation-related pollutants. 

Transportation-related pollutants can also be measured directly by 

systematically gathering air samples along heavily traveled links. By analyzing 

these samples, it is possible to identify areas with serious concentrations of 

pollutants, and thus monitor the effects of TSM strategies on air quality. 

An alternative to the direct measurement of air quality is the use of 

computer programs to predict the amounts of transportation-related pollutants 

(e.g. The transportation model and emissions model contained in the FHWA PLANPAC 

Package). In addition to a description of the transportation network, inputs 

to such programs include traffic volumes, vehicle type distribution, and average 

vehicle speeds, which can be obtained from the use of the traffic-count and 

travel-time-and-delay monitoring technique previously discussed. 

Energy Consumption Monitoring 

Gasoline consumption can be estimated in a number of ways. The following 

methods are some that seem to be applicable to the monitoring of TSM strategies: 

* Gasoline Sales Tax Revenues - Total tax revenues are divided by average 

tax per gallon to yield gallons of gasoline sold. This method is 

applicable to all modes, but it has an areawide geographical orientation. 

* VMT Estimates - Gasoline consumption is estimated based on estimates of 

total vehicle miles traveled by vehicle type multiplied by average per 

mile fuel consumption rate s for each vehicle type. This method can be 

applied on a link, corridor, or system-wide basis. 
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*Delay/Stops Algorithm - Gasoline consumption is computed as a function 

of the reduction in vehicle delay and the reduction in the number of 

stops required. This method is limited to estimates of automobile fuel 

consumption, but can be applied over the range of geographical orienta

tions from specific location to system wide. 

In addition to the methods presented above, transit fuel consumption can be 

ob tained from the records maintained as part of the UMTA FARE reporting 

requirement. Also, computer programs contained in the FHWA and UMTA urban 

transportation planning packages can be used to simulate energy consumption on 

a link, corridor, or system-wide basis. 

Simulation 

Simulation can be considered a monitoring technique in the context of the 

planning and evaluation of TSM strategies. As indicated in the discussion 

of monitoring teclmiques presented above, there are a number of urban trans

portation planning computer programs that can be used to simulate some of 

the TSM measures of effectiveness identified in this study. Some additional 

examples are shown in Table 7. The computer programs are commonly used in 

the urban transportation planning process. Therefore, their use in the 

planning and evaluation of TSM strategies is compatible with the planning 

resources that are typically available in medium-sized metropolitan areas . 

Besides the transportation computer programs, certain measures of effect

iveness can be simulated by less sophisticated mathematical algorithms. For 

example, highway capacity graphs can be used to compute V/C ratios and En

vironmental Protection Agency (EPA) emission factors can be used to compute 

transportation emissions. A further discussion on how specific measures of 

effectiveness can be measured and modeled is presented in Chapter VI. 
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Table 7 . Examples of Urban Transportation Planning Computer Programs to 

Simulate Selected Measures of Effectiveness 

Geogr aphical Basis 

Measure Link Corridor System 

Travel Time CAPRES SUMPED CAPRES 

Travel Cost LNKCOST LNKCOST LNKCOST 

Facility Capacity CAPRES SCREEN SCREEN 
v/c 

Note: Computer Packages are a part of the FHWA PLANPAC Package. 
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Applying the Monitoring Techniques 

The most important question to be addressed in TSM monitoring does 

not appear to be: Can this measure of effectiveness be monitored?, or even, 

What specific technique should be used? But, r ather, the most important ques

tion to answer is: How can a given measure of effectiveness be tied to a 

specific TSM strategy or a package of TSM strategies through the application 

of various monitoring techniques? The ultimate objective of TSM monitoring , 

then, is to determine what affect a strategy or group of strategies has on 

a particular measure of effectiveness. In order to achieve this objective, 

three fundamental concepts should be followed. First, monitoring should be 

carried out in a systematic manner such that measures of effectiveness and 

specific monitoring techniques are consistently applied to the various 

types of strategies. Second, monitoring should be carried out within a 

geographic stratification of the transport system including nodes, links, 

corridors, and subareas. Third, monitoring should be periodic and conducted 

on a continuous basis beginning with some base condition and a base year. 

In order to better understand these three concepts which should be 

followed in TSM monitoring, two examples are presented. The first example 

discusses the monitoring of transit strategies and the second example dis

cusses the monitoring of a computerized traffic signal system. 

Transit Strategies 

This is a hypothetical example to illustrate how a transit authority 

should monitor various transit TSM strategies. Since the FARE system 

(Financial Accounting and Reporting Elements) is a monitoring requirement 

which must be met to receive federal transit funds, this comprehensive mon

itoring technique easily fits into the overall framework. FARE encompasses 

surveys and field measurements which a re carried out on a periodic basis 
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with respect to many transit related measures of effectiveness including: 

(1) point-to-point travel time, (2) speed, (3) delay time, (4) vehicle 

operation costs, (5) number of persons per vehicle, (6) total number of 

passengers, (7) number of bus accidents, and (8) energy consumption. The 

important point is that the FARE system requires that a transit authority 

monitor the transit system with regard to many of the TSM measures of 

effectiveness which are identfied in this report. 

Given that the FARE system is a mechanism to collect certain measures 

of effectiveness, the real need is to relate this mechanism to transit re

lated strategies. In order to achieve this, the transit authority should 

define a base condition which consists of the existing network, routes, fleet, 

operation standards, and a mix of TSM strategies. This will set a refer

ence point and year for evaluating the effect of any future strategies on 

the measures of effectiveness. It is vital that the transit network be 

broken down into geographic components and that each strategy be associated 

with a particular component. For example, an express bus route might be 

associated with Corridor A and a park-and-ride lot might be associated with 

Corridor B of the network. 

Once the base transit condition is defined, the measures of effect

iveness can be monitored for some base period. This should be done in a 

systematic pattern over the entire network and should be referenced according 

to time of year, time of day, and climatic conditions. Due to the nature of 

certain TSM strategies, the base condition will fluctuate to some degree. 

For example, an authority might institute a "dime-day" before the measures 

of effectiveness can be monitored for the base condition. Thus, it will be 

necessary to schedule these strategies "around" the monitoring activities 

when appropriate. 
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Since the FARE system provides for periodic monitoring, trends can be 

established for the measures of effectiveness over time. If a new transit 

TSM package is implemented then the strategies in that package should be treated 

the same as those for the base package. Thus, continuous monitoring can be 

carried out which is sensitive to the measures of effectiveness, strategies, 

and the overall transit network. 

Computerization of Signal Control 

The monitoring of traffic signal system improvements should relate to 

the specific goals and objectives identified for the strategy. As pre

viously established, these goals and objectives are quantified through ident

ification of the change in given measures of effectiveness over a period of 

time. The monitoring of signal improvements will relate directly to the 

type and physical scale of the improvement. For example, the installation 

of a traffic-actuated controller may provide maximum intersection efficiency 

when measured at an isolated location. However, if efficiency is measured 

on a link or system basis, the improvement may not provide link progression, 

and thus become a system deficiency. 

The implementation of a computerized traffic signal system has link 

and network impacts, and as such the monitoring provided should reflect 

those impacts. For example, in the City of Omaha the type of monitoring 

used for evaluation of the impacts associated with the installation of a 

computer signal control was based on the changes in link measures of effect

iveness. More specifically, those measures of effectiveness were traffic 

volumes, vehicle stops, travel time, and accidents. The need to establish 

a data base is obvious for a "before and after" comparative analysis. 

However, any preliminary data collection needed to establish a base condition 

should be qualified within the context of the existing system. More simply, 
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is the conventional control equipment along the sample link operated 

efficiently in the first place? Thus, it is necessary to determine the level 

of signal coordination previously provided to establish the actual impact 

of the new action. 

The efficiency of the "before" system is directly related to the mon

itoring of vehicle stops and travel time. Again, in the City of Omaha, vehicle 

stops and travel time were monitored for changes in the before and after 

study using the moving vehicle method. 

The most noticeable change improvement to the motoring public was the 

improved traffic flow resulting in less congestion, fewer stops 

and reduced travel time. Fewer stops and reduced travel time 

directly benefited the motorist by reducing travel costs. The 

collected data indicated that after computerization, an average de

crease of 18% in travel time and a 52% reduction in stops were 

achieved. (Krajicek, 1978). 

Also, for the Omaha system traffic volumes which are monitored on a periodic 

basis and traffic accidents which are monitored continuously provide an 

effective data base for comparative analysis. In this case, a reduction 

in traffic accidents was achieved which can be attributed to the computer 

system. However, the recorded change in traffic volumes between before and 

after conditions was not significant. 

The actual evaluation of a computerized signal system cannot be 

completely quantified by system measures of effectiveness alone. This 

unique type of TSM strategy provides for continuous system monitoring of 

operational functions (i."e., volume, occupancy, speed, stops, and delays) and 

provides automatic reporting of system failures. The computerized traffic 
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control system incorporates the desirable attributes of signal inter

connected systems and volume-density signal controllers. This represents 

an area-wide coordination of a traffic responsive system. 

System efficiency can be improved through a reduction in the system 

volume (V) to capacity (C) measured over time. The desired effects of 

transit TSM strategies is to reduce the volumes on the street thereby reducing 

the V/C ratio. In contrast, the computerized traffic control system pro

vides for an increase in capacity and a corresponding reduction in the V/C 

ratio. The resultant reduction in stops and vehicle delay provide for 

increased safety, reduced energy consumption, and a reduction in pollu-

tants to some degree. The effectiveness of computerized signal control, 

while ever changing to adapt to the traffic environment, is constrained 

by the physical conditions of the roadway; thus, changes in the measures of 

effectiveness will stabilize over time. 

In sum, one interesting point about a computerized signal system is 

that it is both a TSM strategy and a TSM monitoring technique. It can 

be implemented to change certain measures of effectiveness and it can be 

used to collect data on those measures. Moreover, computerized signal con

trol fulfills the three fundamental requirements of a monitoring technique: 

it is systematic, geographic, and periodic. 
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Sunmary 

This Chapter presented various techniques to monitor TSM strategies 

and the factors which an agency must consider in order to select a specific 

technique. Literally, hundreds of techniques exist which could be used to 

monitor the measures of effectiveness identified in Chapter II; only a 

small subset of those techniques was discussed here . In looking back on the 

examination of these techniques, the primary constraint in selecting one 

technique over another appears to be the time and money resources which are 

available within a given metropolitan area. Within specific resource 

limitations, the key to successful TSM monitoring appears to be the manner 

in which monitoring is carried out within the metropolitan area. In this 

regard, this research reconnnends that TSM monitoring should be (1) carried 

out systematically with respect to the measures of effectives and the 

specific techniques; (2) based on a geographic stratification of the trans

portation system; and (3) conducted periodically beginning with some base 

year. 
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PART II 

THE OMAHA-COUNCIL BLUFFS METROPOLITAN AREA: 

A CASE STUDY IN TSM EVALUATION 
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CHAPTER V.PROFILE OF THE METROPOLITAN AREA 

Introduction to Part II 

The primary purpose of this segment of the research effort was to apply 

the general framework presented above to evaluate alternate TSM strategies 

within one case study area: the Omaha-Council Bluffs metropolitan area. 

The scope of this case study included: 

1. A descriptive analysis of the metropolitan transport system and 

the ongoing regional transportation planning and programming process. 

2. The application of a utility-based decision model to evaluate 

alternate TSM strategies. This included the identification of 13 TSM ob

jective statements, the simulation of five TSM 11·packages," and the quantifi

cation of the model parameters. 

3. The analysis of current techniques used to monitor the metropoli

tan area carpool (MAC) matching program and the investigation of other 

monitoring techniques such as questionnaires and field surveys. 

The intent of this case study was to assess the potential for inte

grating the general framework into the current urban transportation planning 

process and to explore candidate TSM monitoring techniques which can be 

adapted to the current institutional framework. However, the results of 

this case study are limited due to data constraint, and time and budget re

striction. Thus, a thorough analysis is lacking of the complete framework 

beginning with the setting of objectives and ending with the monitoring of 

the strategies. But, the examination of some of the 'pieces' of the frame-



work did provide an adequate picture of the evaluation process in order to 

construct a suggested implementation program (Part III). 

Description of the Metropolitan Region 

The Omaha-Cotmcil Bluffs metropolitan area is a major midwestern region 

centrally located within the United States (refer to Figures 3 and 4 ). The 

Standard Metropolitan Statistical Area (SMSA) is composed of Douglas and 

Sarpy Cotmties, Nebraska, and Pottawattamie Cotmty, Iowa, and includes over 

20 incorporated cities, towns, and villages (MAPA, 1971, p. 5). Among these 

mwiicipalities, the three most important are the Cities of Omaha and 

Bellevue in Nebraska and the City of Cowicil Bluffs in Iowa. The Missouri 

River, a primary inland waterway, divides the region into the Nebraska and 

Iowa portions, and the Platte River borders the southwestern portion of the 

region. With~n the SMSA, the physical terrain is a gently rolling landscape 

with only a few natural barriers to urban development; the most prominent 

are the flood plains of the Missouri and Platte Rivers and the wind-deposited 

loess hills on the east bank of the Missouri River. 

As a result of limited physical restrictions on growth and intense ag

ricultural activity, the SMSA grew in population from 100,000 inhabitants 

in 1870 to over 600,000 by 1976 (MAPA, 1971, pp. 14-15, and MAPA, 1976, p.17). 

Historically, urban growth concentrated in the City of Omaha which currently 

accounts for over 60 percent of the total SMSA population1 , but more recently 

the pattern of growth has shifted to the southwestern portion of the region, 

primarily concentrating in the City of Bellevue and Sarpy County. Although 

the Omaha-Cotmcil Bluffs area has undergone significant urban development, 

the amowit of developed land accounts for only ten percent of the total land 

area. Hence, the SMSA remains oriented toward agriculture which continues to 

1
The legal boundaries of the City of Omaha have continuously expanded 

and literally captured the outward population growth. 

67 



I \st.Paul/) 
, • Mpls. •' 
/ 1 ',Wisconsin 
, So. Dakota t_Mi_72!1~~o_ta -~ 
f----------- f Iowa \ 
I , __ ,~ ' 

t Nebraska , ,-----

L ~Council ~hicag--~Indiana 
--1 Omaha ,.-Bluffs ' , 

't·--------/ \ L. ___ ~Missouri \rii · . , 
1 ------ 1no1s \ 
, Kansas J '\ , 
I aJ<ansas J 

1Ci ty ~ , 
I St." <...--

Louis 

Figure 3. Location Map of the Study Area 

68 



C)\ 
\0 

Washington County ,----------,_, .. ...._. ____ __ 
" Douglas County 

\ 

\ 
' \ Omaha 

) 

l Douglas County 
' rs;;p;c;~- - - ---

I 
) 

I 

\ -\ ,,,,..-- .... __ 
, ✓ Platte 

''\_.,/ River 

~ 
N 

----------------- ------1 Pottawattamie County 
1 

I 
' 
I 
f 

I 
' ' 

Council Bluffs I 
I 

I 
f -~::~~~~.::~::_ ___ ______ J 

Mills County Bellevue 

Figure 4 . The Omaha-Council Bluffs Standard Metropolitan Statistical Area 



be the economic mainstay of the region. However, since 1950, agricultur

ally-oriented employment has declined, and employment in the trades and 

services has grown (MAPA, 1971, p. 44). 

The urban core of the region consists of the central business districts 

(CBD's) of Omaha and Council Bluffs and their adjacent residential areas. 

Downtown Omaha is a prominent regional center for retail, government, and 

medical services which has recently undergone extensive renewal, including 

new private and civic office buildings, a new library, and a new pedestrian 

mall. Council Bluffs has undergone a similar renewal effort but to a 

lesser extent than Omaha's effort. Despite this revitalization of the down

town areas, urban development continues to extend outward from the core 

areas. This extension has been in a north-south direction in Iowa and an 

east-west direction in Nebraska, resulting in an egg-shaped pattern with 

the narrow end of the egg located on Omaha's western bounday. In general, 

development has " ••. sprawled outward in a low .density pattern being ser

viced by lineal colllllercial development" (MAPA, 1971, p . 9). Moreover, this 

growth has been accompanied by the outward movement of large-scale office 

buildings and the formation of suburban shopping centers and industrial parks. 

Hence, the activities within this region, similar to activities in other 

regions throughout the nation, are widely dispersed and poorly linked to

gether. One report has clearly summarized the impacts of this outward 

urbanization: 

A subdivision springs up outside of a community and 

requests extension of utilities or annexation with 

its accompanying tax burdens. An inner city neighbor

hood slowly decays and its residents move out leaving 

behind expensive and underutilized public facilities 
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in the form of streets and sewers. Suburban 

shopping centers develop around the fringes of a 

metropolitan area attracting regular customers away 

from the central business district of the commun

ities and older established shopping centers (MAPA, 

1977, p. iii). 

Of course, the transportation system is an integral part of the urban

ization process which has taken place within the Omaha-Council Bluffs 

metropolitan area. But, because a "chicken-and-egg effect" is present, it 

is difficult to assess the exact relationship between land development and 

the existence of transportation facilities . That is, one may say that the 

construction of transportation facilities is followed by land development; 

or one may say with equal accuracy that land development is followed by 

the construction of transportation facilities . In any event, the two 

happenings are · inextricably linked together within the overall urbaniza-

tion process, and the linkage between land use and transportation is 

clearly evident in this metropolitan area. If one maps the present and 

projected urban growth within the region, he will notice a distinct 

clustering around the major interstate expressways, I-80, 1-480, I-680, and 

1-29. The generally well- developed radial and circumferential expressway 

system has significantly increased the accessibility to the outlying portions 

of the region; thus, the outward expansion has been encouraged by the 

increase in transportation capacity . Furthermore, the influence of the 

expressway system on the growth process has been aided by the aterial grid 

system although the system is plagued by connectivity problems . But the 

"sprawling" of regional development has placed severe burdens on the east

west transportation links . Moreover, the outward movement of development 

has resulted in significant excess highway capacity in the core areas. 
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The burden on the transportation system is further increased by low 

automobile occupancy rates which have been encouraged by the ubiquitous 

2 highway system, sprawling growth, and high automobile ownership. Compared 

with a national average for work trips of 1.4 pers ons per vehicle (U.S. 

Department of Transportation, 1974, pp. iv-5) , the occupancy rate for the 

same trip purpose in the Omaha-Council Bluffs area is relatively low at 

1.27 persons per vehicle (Ridel, 1977, p. 10). Over the years, the growing 

usage of the automobile has contributed to the deterioration of the regional 

transit system as well as the highway system. In 1946, bus transit 

accounted for approximately 41 percent of the total person trips in the 

metropolitan area; however, this percentage declined to about 14 percent by 

1956 and further declined to about two percent by 1971 (COATS, 1973, pp. 

2-3). At present, this decline in importance of bus transit as a transpor

tation mode has apparently "bottomed out," and it is anticipated that the 

percentage of total person trips will remain at the two percent level. 

The overall state of the metropolitan transportation system can be 

capsulized by several generalized statements. First, highway capacity is 

unevenly distributed such that the east-west links are generally below a 

desirable level of service, and the north-south links as well as the down

town street system exhibit excess capacity. Second, automobile occupancy 

rates on the system are low, and alternate modes to the automobile, in

cluding mass transit and pedestrian walks, are severely limited. Third, 

noise pollution, air pollution, and energy waste are undesirable by-products 

of the "sprawling" development. Fourth, the arterial system lacks connect

ivity .and continuity. 

2The number of automobiles per person in the SMSA has increased from 
0.38 in 1960 to 0.50 in 1976 (MAPA, 1976, p. 17). 
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At the route of these "inefficiencies" are issues concerning how 

transportation facilities are planned and how resources are allocated among 

transportation facilities. Specifically, these issues include the long

range planning process, the institutional arrangements within the region, 

the evaluation methodology used to select projects, and the linkage of long

range planning to short-range implementation. The following section 

presents a description of the current regional transportation planning and 

programming process as a background to how these issues are addressed in 

the Omaha-Council Bluffs metropolitan area. 

Regional Transportation Planning and Programming 

Within the Omaha-Council Bluffs metropolitan area, the Continuing 

Omaha-Council Bluffs Metropolitan Area Transportation Study (COATS) is the 

designated Metropolitan Planning Organization (MPO) to carry out the "3C0 

planning process. This multi-agency organization is structured along the 

traditional "3C" organizational pattern which consists of a policy committee, 

a technical committee, a technical staff, and a citizens' advisory committe~. 

Since COATS is an integral part of the Metropolitan Area Planning Agency 

(MAPA), 3 this agency's board of directors acts as the Policy Committee to 

the transportation study. Furthermore, MAPA provides the lead technical 

staff for the regional transportation planning process as well as the overall 

comprehensive planning process with additional technical assistance provided 

by the Nebraska Department of Roads and the Iowa Department of Transportation. 

The members of the Technical Advisory Committee function as advisors to the 

technical staff, and they also act as coordinators between the staff and 

4 
the local implementing agencies. A partial listing of the members of this 

3
Toe MAPA planning region includes the SMSA plus Washington County, 

Nebraska, and Mills County, Iowa. The COATS transportation study includes 
the urbanized portion of the SMSA. 
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committee is given in Table 8. In addition to the advice given by the 

technical committee, a Citizen's Transportation Committee provides a review 

and comment function to the MAPA staff. 5 

All major items within the transportation planning and programning pro

cess, including the setting of goals and objectives and the establishment 

of evaluation criteria, are reviewed by the technical committee which gives 

wither favorable comment to the item or returns the item to the staff for 

further work. If favorable coument is given by the committee, the item is 

forwarded to the policy committee (MAPA's Board of Directors) for its action . 

For some items of major significance, the Board then forwards its action 

to the Council of Officials for formal adoption. Of course, if a regional 

plan or program is up for adoption, a series of public meetings will be held 

prior to the adoption by the Council of Officials. 

The COATS process involves a variety of tasks: (1) the coordination 

of transportation activities throughout the metropolitan region; (2) the 

development of a long-range regional transportation plan; (3) the develop

ment of a short-range transportation plan in the form of a Transportation 

System Management (TSM) Element; and (4) the preparation of a Transportation 

Improvement Program (TIP) consisting of an Annual Element and a subsequent 

. 6 
five-year element. At present, the COATS 1995 Interim Transportation Plan, 

adopted in 1974 and as subsequently amended, is the off icial long-range 

plan which guides local and state deci sionmakers in the allocation of available 

resources. Based on the 1995 plan, both highway and transit projects are 

selected, prioritized, and placed on the TIP. In addition to projects 

4rt is important to note that MAPA is a planning agency only and does 
not have implementation powers. These powers lie within the local juris
dictions. 

5Tois committee is a working committee of the larger Citizens' Advisory 
Board. 
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Table 8. A Partial List of COATS Technical 

Advisory Committee Members 

Council Bluffs Planning Department 

Council Bluffs Public Works Department 

Douglas Connty-Surveyor-Engineer 

Federal Aviation Administration 

Federal Highway Administration 

Iowa Department of Transportation 

Iowa Office of Planning and Programming 

Metro Area Transit 

Mills County 

Nebraska Department of Roads 

Nebraska Office of Planning and Programming 

Omaha Airport Authority 

Omaha Public Works Department 

Pottawattamie County 

Sarpy County 

Washington County 

Source: MAPA, Transportation Anrtual Report, 1976, p. 21 . 
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selected from the long-range plan, the TIP includes projects listed in the 

TSM Element of the transportation plan. Once a project is placed on the 

TIP, the responsible agency or agencies will generally initiate work leading 

toward the implementation of the project. 

Of course, the success of the TIP as an efficient allocation mechanism 

depends on how long-range and short-range projects are evaluated within the 

transportation planning process. To better understand how this evaluation 

is handled in the Omaha-Council Bluffs area, consider the on-going year 2000 

planning process (see Figure 5). The preparation of this plan is a major 

update of the 1995 plan and" ••• is designed to enable elected officials, 

technical personnel, planners, and citizens to re-evaluate socio-economic 

trends, transportation policy and technology, environmental issues, and 

energy availability so that previous long-range plans may be modified as 

necessary" (MAPA, 1976, p. 7). To date, the MAPA staff has completed the 

initial steps of the plan and is preparing to test a wide range of trans

portation alternatives. Each alternative will be evaluated according to a 

comprehensive set of criteria based on the regional goals, objectives, 

7 transportation principles, and standards (see Table 9). Before a "best" 

plan can be selected, it will be necessary to define a level of importance 

for each evaluation criteria so that a decisionmaker implicitly assigned a 

weight to each evaluation criterion based on his assessment of what was 

best for his constituents. At present, it is difficult to determine whether 

6A TIP and a TSM Element are required by federal regulations as part 
of the "3C" process. See U. S. Federal Register, "Transportation Improvement 
Program," September 1975. 

7Toe evaluation criteria used for the 1995 plan was not as comprehensive 
with respect to alternate transportation modes. Also, some criteria were not 
included in the 1995 plan. For example, energy consumption was excluded. 
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Table 9. Transportation Evaluation Criteria 

For the COATS Year 2000 Plan 

Travel Analysis 

Highway System 

Volume/Capacity (V/C) Ratio 
Average Speed 
Vehicle Miles Traveled 

Transit System 

System Coverage 
System Performance 

Parking Facilities 

Nurooer of Facilities 

Accessibility 

Economic Analysis 

Capital Costs 

Operating Costs 

User Costs 

Impacts 

Social Analysis 

Displacements 

Neighborhood Cohesion 

Service to the Transportation Disadvantaged 

Safety 

Environmental Analysis 

Air Quality 

Noise Impacts 

Energy Consumption 

Source: Adapted from COATS, Year 2000 Transportation Plan Technical 
Memorandum TM-T-1, 1977. 
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the evaluation criteria will be explicitly weighted or left unweighted for 

the Year 2000 plan. In any event, a period of negotiation among the de

cisionmakers and special interest groups will undoubtedly be necessary 

before a final plan can be adopted by the council of officials. 

As part of the overall regional transportation planning process, 

the Transportation System Management (TSM) Element serves" ••• to find 

better and more efficient uses for existing investments in the transporta

tion infrastructure by considering a wide range of actions with low capital 

investment requirements that can improve service in the short term" (COATS, 

1977, p. 3). Since TSM planning is a relatively new requirement in the on

going urban transportation planning process, the methodology used to select 

TSM projects is less formalized than the methodology used to select long

range projects. Basically, as outlined in the COATS 1977 TSM Element, three 

steps are taken to select TSM projects. First, transportation problems and 

deficiencies within the system are identified either by the MAPA staff or 

by a local agency. Also, the regional transportation goals and objectives 

as previously stated8 are linked t o projects within the four general categories 

of TSM actions delineated in the federal regulations. These actions are: 

(1) actions to ensure the efficient use of existing road space; (2) actions 

to reduce vehicle use in congested areas; (3) actions to improve transit 

service; and (4) actions to increase internal management efficiency. After 

the projects are linked to the transportation objectives, the final step is 

to select a project based on a combination of criteria and justifications 

listed in Table 10. Subsequently, the projects are prioritized and placed 

on the TSM Element of the TIP. 

8A special Transportation Goals Committee was established to select 
a set of goals and objectives to guide the planning process. 

79 



Table 10. Justification For TSM Project Selection 

To Improve Traffic Operation 

To improve traffic flow, decrease delays 

To improve traffic circulation 

To Provide Improved Safety 

To improve traffic safety 

To improve inadequate sight distance or other special conditions 

To provide for safe pedestrian movement 

To improve rideability 

To eliminate confusion 

To provide for safe turning movements 

To provide for acceptable standards of lighting 

To eliminate the need for transit vehicles driving into opposing 

traffic and increase maneuverability of transit vehicles 

To Increase Roadway or Corridor People-Carrying Capacity 

To Improve Flexibility and Responsiveness in Routing, Scheduling, and 

Dispatching of Transit Vehicles 

To Improve Transit Management Efficiency 

Source: COATS, Transportation Systems Management Element, May 1977, p. 10. 
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As Meyer (1976, p. 35) notes, the standard procedure throughout the 

nation in the preparation of the TSM Element has been for the local agencies 

to carry out the planning process: 

In most cases, the evaluation of a TSM project 

occurred within the planning process of an im

plementing agency after which the project was 

sent to the MPO where it was accepted as a 'needed' 

project to be listed in the TSM. 

The evaluation procedure is similar within the Omaha-Council Bluffs metro

politan area since each implementing agency such as Metro Area Transit and 

Omaha's Traffic Engineer evaluates and selects its own projects for inclusion 

on the TSM Element. As . a result, a comparison between and among TSM strat

egies on a regional level is lacking. Also, each agency is responsible for 

the monitoring of the projects within its own jurisdiction to determine 

the success rate in achieving the transportation objectives. 
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CHAPTER VI. APPLICATION OF A UTILITY-BASED DECISION MODEL TO 

EVALUATE ALTERNATE TSM PACKAGES 

Introduction 

The purpose of this portion of the case study was to test the additive

utilities model, as presented in Chapter III, within an actual decision 

making context. This test consisted of the identification of TSM objectives 

and measures of effectiveness for the Omaha-Council Bluffs metropolitan 

area and the specification of the weights, W(xi), and the utility functions, 

u(xi), for the additive-utilities model. Since the state-of-the-art in 

forecasting the consequences of TSM strategies is not well developed, five 

simulated TSM packages were used as a basis for testing the model. Although 

simulated strategies were used here, care was taken to structure the 

modelling process in such a way as to replicate the process which would be 

carried out in "real-world" situations. 

Operational Objectives and Measures of Effectiveness For The Omaha-Council 

Bluffs Metropolitan Area 

The intent of this application of the model was to compare alternate 

TSM packages on a system-wide basis using common measures of effectiveness. 

Since the packages are compared on a system-wide basis, the COATS transpor

tation system, which includes the urbanized portion of the SMSA, is the 

geographical basis of the analysis. Also, this analysis covers the automo

bile, transit, and pedestrian/bicycle modes of transportation. The viewpoint 

of the analysis is one of the users and nonusers rather than the operators 

of transportation services, and, as a result, the packages are compared on 

the basis of impacts on the users and nonusers, and not on the impacts on the 

operators. This is not to suggest that impacts on the operators are not 
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important, but rather that different types of strategies should not be 

compared on the basis of how well the operator delivers his service. Thus, 

it is assumed that each operator delivers his transportation service in an 

efficient manner, and, of course, each operator must evaluate the cost

effectiveness of each strategy in achieving stated objectives. In order 

to better distinguish between impacts on the users and nonusers, and impacts 

on the operators consider the example of carpool program. Such a pro-

gram may be highly effective in increasing the average vehicle occupancy 

rate on the system for the work trip, but the overall management of the 

program might be improved to reduced operating costs. 

An extensive literature search was conducted in order to identify ob

jectives and measures of effectiveness which might be appropriate for the 

Omaha-Council Bluffs metropolitan area . A set of TSM objectives and a 

set of TSM measures of effectiveness were presented to the COATS Technical 

Advisory Committee for its review and conment . Once the committee members' 

comments were received, the following 13 TSM objective statements were con

structed to serve as a basis for quantifying the additive-utilities model: 

1. To improve the quality of transportation service within the 

metropolitan area by reducing the average point- to-point travel time during 

the peak hour. 

2 . To improve the economic efficiency of the transportation system by 

reducing the total out-of-pocket costs per year. 

3 . To improve the productive efficiency of the transportation system 

by increasing the average vehicle occupancy rate for work trips. 

4. To improve the productive efficiency of the transportation system 

by reducing the average volume capacity ratio during the peak hour. 

5. To improve the productive efficiency of the transportation system 

by increasing the percentage of pedestrian-bicycle trips per day. 
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6. To improve safety of traveling on the transportation system by 

reducing the total number of accidents per year. 

7. To improve the security of traveling on the transportation system 

by reducing the total number of transit-related crimes per year. 

8. To improve the comfort and convenience of transportation service 

by reducing the average transit wait time per day. 

9. To improve the reliability of transportation service by reducing 

the average variance in transit trip times per day. 

10. To improve the environmental quality within the metropolitan area 

by reducing the average noise level within 100 feet of a transportation 

facility. 

11. To improve the environmental quality within the metropolitan area 

by reducing the number of pounds of carbon monoxide emitted per day. 

12. To improve the productive efficiency of the transportation system 

by reducing the number of gallons of gasoline consumed per day. 

13. To improve the quality of transportation service by increasing the 

number of transportation disadvantaged persons who receive special service. 

Although the above 13 objective statements have been stated in concise 

terms of the TSM measures of effectiveness, further elaboration on the 

application of the measures is required, For this, the following descrip

tions will help the reader to better understand why each attribute and its 

measure of effectiveness have been chosen and how each measure is applied 

herein. Also, each measure is described with regard to how it can be 

measured and/or mathematically modeled. 

Travel Time. This TSM attribute is an important measure of the quality 

of transportation service which describes the ease in moving people and 

goods from one point to another. For this study, the average point-to-point 

travel time measured in minutes per mile has been selected as an evaluator 

84 



of the objective to reduce travel time. As used here, the average point

to-point travel time represents both highway and transit modes. Data 

collection on travel times can be easily obtained through direct field 

measurement and through trip surveys such as a transit on-board survey. 

Furthermore, point-to-point travel times can be easily modeled using current 

Federal Highway Administration and Urban Mass Transportation Administration 

computer packages PLANPAC and UTPS, respectively. For example, the program 

LOADVN contained in the PLANPAC computer package can provide travel times 

on selected network links. 

Travel Costs. This attribute is a traditional descriptor of transpor

tation efficiency; thus, for this study, the total yearly out-of-pocket 

costs have been chosen as the evaluator of travel costs. Such costs in

clude automobile operation and maintenance costs, transit fares, and acci

dent costs resulting from property damage and personal injury. However, 

the direct measurement of travel cost is a difficult process which requires 

detailed data collection techniques. But travel costs can be indirectly 

estimated based on other information such as vehicle miles traveled, vehicle 

operation characteristics, and travel time worth. Also, computer programs 

such as LNKCOST (PLANPAC) give the analyst an opportunity to input his own 

speed-cost curves in order to estimate travel cost for a given highway link. 

Vehicle Occupancy Rate. The number of persons per automobile is an 

important descriptor of the productive efficiency of a transportation system. 

However, data collection on this measure requires significant time and money 

resources. The lack of current data on vehicle occupancies within the 

Omaha-Council Bluffs metropolitan area is evidence that such data collection 

involves substantial amount of work. But this should not preclude a periodic 

evaluation, say every five years, of vehicle occupancy rates on the metro-
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politan system. Until such data is made on a periodic basis, automobile 

occupancy models can be used to indirectly measure this attribute; however, 

one must remember that such models rely on historical data for their cali

bration. 

The researchers chose to concentrate on the average automobile occupancy 

rate for the work trip. This is not to suggest that transit occupancy 

rates are not important with regard to system efficiency. Rather, the 

concentration on automobile occupancy rate reflects ·the nature of the Omaha 

metropolitan area in that any substantial change in vehicle occupancy rates 

in the system will probably be made by the automobile mode. But certainly 

one could measure the number of persons per bus-hour as well as the number 

of persons per automobile and could easily add it to this framework. 

Facility Capacity. The volume/capacity (v/c) ratio is a common in

dicator of the productive efficiency of highway facilities. Thus, this 

study uses the average v/c ratio during the peak-hour to indicate the over

all level at which the system is operating. Here, a v/c ratio of 1.00 

refers to a level of service "C" which is a desirable level of service for 

highway design. Volume-capacity ratios can be easily computed from data 

on traffic volumes and roadway characteristics ; and such data can be 

collected for an intersection, roadway section, and/or corridor. Besides 

directly measuring v/c ratios, this indicator can be modeled for highway 

links using such computer programs as CAPRES (PLANPAC). 

Pedestrian/Bicycle Travel. The consideration of this attribute in 

the evaluation of transportation systems is relatively new to the planning 

profession, but recent federal regulations call attention to this aspect of 
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people movement. 1 However, this is not an easy indicator to measure for 

this type of low-density metropolitan area because activities are dispersed 

throughout the region. At present, the most suitable means to measure 

pedestrian/bicycle travel appears to be by a comprehensive trip survey. But 

this entails complex and expensive data collection which can be undertaken 

only every 10 or 15 years. Based on historical data, modal split models 

for the walk mode can be developed to estimate the percent of pedestrian 

and bicycle trips. Of course, pedestrian volumes could be measured dir

ectly, but this may not provide an adequate picture on the system level. 

Despite data collection limitations, the writer has chosen the percentage 

of pedestrian/bicycle trips of total person trips per day as an indicator 

of this attribute. 

Security. As applied here, the term security refers to an individual's 

personal safety with regard to criminal incidents. Although automobile 

related incidents exist, transit related incidents are probably more pre

valent. Thus, . the total number of transit-related crimes per year is used 

as a measure of the level of security within the system. In contrast to 

accident data, data on transit-related crimes is not easy to obtain because 

of deficiencies in reporting incidents to the authorities, nor is it easy 

to model. 

Comfort and Convenience. This attribute, plus reliability, are two 

of the most difficult system attributes to measure. Literally scores of 

evaluators can be identified for comfort and convenience including the 

1 
U.S. Federal Register, "Pedestrian and Bikeway Facilities", 26 April 

1978, p. 17814. 
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level of privacy, rideability of bus transit, and the transit wait time 

per day. Granted this measure is somewhat narrow in scope because it focuses 

only on the transit mode rather than all the other modes, but the level of 

comfort and convenience of the automobile might be better reflected by 

other attributes such as the total travel time. Information on transit wait 

times requires moderate level data collection techniques such as on-board 

surveys which do not pose any special problems. 

Reliability. This is another difficult attribute to measure which 

again appears to be related more to the transit mode than any other mode. 

Here, the average variance in transit trip times per day is used as an 

evaluator for reliability. One problem arises in that this measure is re

lated to the average wait time for transit; that is, generally, as the 

adherence to transit schedules diminishes, the wait time increases. Thus, 

one may say that the two evaluators measure the same thing. But the intent 

here is to measure reliability from the perspective of the total trip, not 

just the wait portion. Thus, this measure was retained to test for importance 

in comparing TSM strategies. Information on trip variance can be obtained 

by periodic checks on bus arrival and departure times. 

Noise Pollution. The preservation of environmental quality is a high 

ranking goal for the metropolitan area, and the reduction of noise pollution 

is one objective toward achieving this goal. For this study, the researchers 

chose the average noise level within 100 feet of a transportation facility 

measured in decibles on the A level scale (dBA) . Such an evaluator can be 

directly measured with noise meters and can also be modeled using sources 

such as the National Cooperative Highway Research Project Report 117 

(Gordon, 1971). 
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Air Quality. Since the enactment of the 1970 Clean Air Act, trans-

portation planners. are more cognizant of the impact of the transportation 

system on air quality. As a result, the modeling and monitoring of air 

quality has become a routine matter in most metropolitan areas. For example, 

the Kansas Air Pollution Package (KAPP) has been applied to evaluate the 

COATS 1995 Interim Transportation Plan. Due to the relative ease in measure

ment and modeling, Carbon Monoxide (CO) Emissions measured in thousands 

of pom1ds per day has been selected to evaluate air quality. For this, 

air pollution analyzers can record CO emissions on a daily basis, and 

emission factors measured in grams per mile of pollutant can be used to 

compute daily emissions. Because the Omaha-Com1cil Bluffs area does not 

have any special adverse atmospheric conditions with regard to Hydrocarbons, 

Carbon Monoxide has been singled out as the primary evaluator of air quality. 

But one could also measure the total amoWlt of pollutants, or he could 

measure the daily amom1ts of each pollutant on a separate basis. 

Energy. The Arab Oil Embargo of the early 1970's emphasized the im

portance of conserving the nation's oil reserves which was hitherto gener

ally disregarded by transportation planners . The lack of energy as an 

evaluator for the 1995 plan is evidence that the conservation of energy was 

previously ignored. But, for this study, energy consumption is evaluated 

by the number of thousands of gallons consumed per day by both the auto

mobile and bus modes. The most practical method of measuring energy con

sumption is to apply statistics concerning vehicle characteristics and 

vehicle mix to such traffic characteristics as vehicle miles traveled and 

volume-capacity ratios. The practicality of using the current battery of 

urban transportation models to evaluate the impact on energy consumption 

by various strategies has been demonstrated by Carrier (1975) . 
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Service to the Disadvantaged. The Urban Mass Transportation Act of 

1964, as amended by Section 16(b), provides federal monie$ to both public 

and ·private entities for expenditures on public transportation for the el

derly and handicapped. In this regard, Metro Area Transit has made strides 

in providing and coordinating special services to the disadvantaged within 

the metropolitan area. The percentage of the number of disadvantaged 

receiving special service has been selected to evaluate if this segment of 

the population is obtaining adequate transportation. But this is often a 

difficult indicator to measure since the term "disadvantaged" is not itself 

concisely defined. Moreover, the lack of historical data makes it diffi

cult to model this evaluator, but ongoing research efforts should provide 

some means of modeling in the near future. 

Simulation of the TSM Packages 

Since the state-of-the-art of forecasting the outcomes of TSM 

strategies is in a relatively early stage, the research team simulated the 

values for the 13 TSM measures of effectiveness. However, in order to 

maintain a sense of realism with respect to the specific values, local 

planning and design reports were reviewed to determine a reasonable range of 

values for each evaluator with regard to the COATS transportation system. 

For example, previous planning forecasts provided data on travel costs, 

volume-capacity ratios, and vehicle occupancy rates. However, certain pieces 

of data were not readily available from local sources; thus, technical re

ports were relied on for information in these cases. 

The specific TSM attribute values were determined using Monte-Carlo 

methods of simulation. First, random numbers were generated, and then 

random normal variates were computed based on a mean u, standard deviation a 

and a normal probability density function f(x)~N[u,a]. Based on the in

formation obtained above, 20 numerical values were generated by assuming a 
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single-variate normal distribution N[u,cr] across each evaluator. To illus

trate, consider the evaluator of out-of-pocket costs measured in$ Millions; 

in this case, 20 values were generated assuming the distribution N[600 1 25]. 

Once the 20 values were simulated , the range of values was inspected for 

reasonableness. If the range of an evaluator was j udged too high or too 

low in comparison to other data for the attribute , a new mean and standard 

deviation were specified, and a new set of values was generated. An abstract 

TSM package was then constructed by choosing the corresponding values for 

each measure of effectiveness. 2 For example , if 3.1 minutes per mile was 

the fifth value simulated for travel time and 633 . 7 was the fif th value 

simulated for travel costs, both of these numbers were selected for the 

fifth TSM package . Thus, each package was constructed having attribute 

values which are stochastically independent . But in reality some of the 

attributes are dependent upon one another; thus, the original set of 20 

alternatives was reduced to five of the most logical packages. This reduc

tion was made by examining the following four relationships: (1) travel time 

versus travel costs; (2) v/c versus travel costs; (3) v/c versus air quality; 

and (4) v/c versus travel time. 

Table lI presents the five abstract TSM packages which are used as a 

basis for testing the additive-utilities model. Package 1 is a base alter

native which represents the existing transportation system operating under 

existing TSM strategies of a low level carpool matching program, a CBD com

puterized traffic signal system, a low level of participation in a staggered 

work hours program, and a low level of special services to the disadvantaged . 

The second package generates only minor variations in the evaluators from 

2 An abstract TSM package is uniquely defined by the specific values for 
the evaluators. 
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TABLE 11. SIMULATED ATTRIBUTES FOR FIVE ABSTRACT TSM PACKAGES 

Travel Time 
Av. minutes per mile during peak

hour travel 

Travel Costs 
Total out-of-pocket costs per 

year($ Millions) 

Vehicle Occupancy 
Persons per automobile for the 

work trip 

Facility Capacity 
Av. V/C ratio during the peak 

hour 

Pedestrian/Bicycle Travel 
% of total person trips 

Safety 
Total# of accidents per year 

Security 
Total# of crimes per year 

Comfort and Convenience 
Av. Transit Wait Time, min. 

Reliability 
Av. Transit Trip variance, min. 

Noise Level 
Av. Noise level, dBA within 

100 ft. of facility 

Air Quality 
CO (1,000 lbs/day) 

Service to Disadvantaged 
% of Disadvantaged receiving 

adequate service 

Energy 
Gasoline (1,000 gal/day) 

1 

3.4 

634 .2 

1.4 

1.0 

9.2 

15,732 

205 

4.8 

2.0 

75 .o 

197.0 

44. 9 

410.0 

2 3 4 5 

3.1 3.0 3.0 2.6 

633. 7 596.7 606.0 624.3 

1.4 1.4 1.5 1.4 

1.1 1.0 1.0 0.9 

11.2 12.0 11.9 11.1 

15,825 15,866 15,970 16,073 

194 201 200 182 

6.4 8.5 5.8 11.2 

2.3 2.5 2.6 0.9 

75.4 73.7 77.1 69.5 

200.3 189.8 194.3 186.2 

61.8 65.7 43.9 42.2 

413.7 399.2 374.6 407.8 

Package 1 represents a base transportation system. 
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those in Package 1. The primary differences are an increased number of 

pedestrian/bicycle trips and more service to the disadvantaged. Package 3 

offers the lowest out-of-pocket travel costs which could be a result of 

increased service to the disadvantaged, low energy consumption, and high 

usage of the walk and bicycle modes. The fourth TSM package generates the 

second lowest out-of-pocket costs which could be caused by increased vehicle 

occupancy rate on the system. Alternative 4 could represent a package which 

includes a high level carpool matching program. The fifth package offers 

the best quality of service with regard to overall travel time and v/c 

ratio. However, travel costs on the system are high compared to Packages 

4 and 5 probably because the number of accidents per year are high. 

Determination of the Weights on the TSM Attributes 

Given the five TSM packages, five individuals (judges), four transpor

tation planners on the MAPA staff and ore research team member, were asked 

3 
to assign ratings to the 13 TSM attributes on a scale of zero to ten. 

For this scale, a rating of zero indicates that the attribute is of no value 

and a rating of ten indicates that the attribute is of extreme importance . 

After the judges rated each attribute, the means and standard deviations of 

the ratings were computed, and, then, each judge was asked to reconsider his 

response for an attribute if his rating varied± 2 points from the mean 

rating. Once this "second round" was completed, a set of normalized weights 

w(xi) was computed such that the sum of the weights is equal to one. These 

weights along with the second round ratings, means, and standard deviations 

are presented in Table 12. 

3Appendix A presents the questionnaire used to determine the weights 
and the utility functions. This questionnaire also includes tests for de
termining dependencies among the weights and among the utilities . 
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TABLE 1i. RATINGS AND NORMALIZED WEIGHTS FOR THE 13 TSM ATTRIBUTES 

High Low Mean Standard Weight 
Rating Rating Rating Deviation w (x ) 

i i 

Travel Time 9 5 7.2 1.48 0 . 111 

Travel Costs 9 7 8.2 0.83 0.127 

Vehicle Occupancy 6 4 5.0 1.41 0.077 

Facility Capacit y 6 4 5.0 1.41 0.077 

Pedestrian/Bicycl e 
Traffic 6 2 3.6 2. 36 0 . 056 

Safety 5 3 4.2 0 . 62 0.065 

Security 4 1 2 . 6 1.29 0.040 

Comfort & Convenien ce 6 3 4. 0 1.41 0 . 062 

Reliability 7 l 5 .4 2. 72 0.083 

Noise Level 5 2 3. 4 1.48 0 . 052 

Air Quality 5 3 4.2 0.63 0. 065 

Energy 9 5 6.8 1.65 0 . 105 

Servi ce to Disadvan-
taged 7 4 5.2 1.30 0 . 080 

Figures shown represent second round ratings. 
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In_ general, the quality and efficiency attributes such as travel time 

and travel costs were rated as highly important by all the judges . Also, 

the judges were in fairly close agreement in their individual ratings of the 

first four attributes. The judges considered the environmental attributes of 

noise, air quality , and energy to be only mode rately important with energy 

rated the highest and noise level rated the lowest among these three attri

butes. Moreover, both comfort and convenience and reliability were rated 

on about the same level as the environmental factors. However, as the 

standard deviation for the ratings on reliability indicates, the judges 

differed considerably in their attitudes toward this attribute . The judges 

were in strong agreement that safety was only moderately important as an 

evaluator of system performance and that security was not important. Sim

ilarly, pedestrian/bicycle traffic was considered to be of some importance, 

but the ranges in the individual r atings for this attribute were fairly 

widespread. 

Specification of the Utility Functions 

The next step in the quantification of the additive-utilities model 

involved the specification by the five j udges of each utility function, 

u(xi) , for the 13 TSM attributes .
4 

Given the range of attribute values a

mong the five packages (see Table 11 ) , the boundary conditions for each 

utility function were determined as: 

u(best x) 1 

u(worst x)= 0 

where "best x" is the most preferred value attribute x among the five packages , 

4
see Appendix A for a detailed description of how the utility functions 

were specified. 

95 



and '\rorst x" is the least preferred value. For example, $596. 7 million/ 

year (Package 3) is the most preferred value for cost, whereas $634.2 million/ 

year (Package 1) is the least preferred value. Each judge was then asked 

to assign values to each attribute at corresponding utilities of 0.25, 

0.50, and 0.75. Subsequently, the mean value of each attribute was computed 

and one composite utility fW1ction was determined for each attribute. The 

13 utility fWlctions determined in this manner are illustrated in Figure 6 

and the utility values for each package are shown in Table 13 • 

Computation of Total Utility For Each Package 

The total utility of any given TSM package is computed from the following 

additive model: 

where U = the total utility of package A 
A 

Or, in matrix form: 

where 

U = WU 

U = a column matrix of total utilities form packages 

w = a column matrix of weights w(xi) for n attributes 

from Table 12 ) 

u = an m x n matrix of utility values u(xi) (from Table 13). 

For this case study, the total utilities were computed to be 0.23,0.34,0.57,0.56, 

and 0.54, for Packages 1 thru 5, respectively. Thus, according to the 

highest utility criterion, the packages are ordered according to decreasing 

utility as 3,4, 5,2 ,1. Ordinarily, the "best" package would be selected 

within a budget constraint; however, since simulated packages were used here, 

implementation costs were not assigned. 
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Figure 6. Graphical Representation of the 13 
Sin~le Attribute Utility Functions 

97 

1.1 
Worst 



1.00 

0.75 

0.50 
>, 

+> 
-ri 

j 0,25 
+> 
~ o..,_ ________ ...,._ 

1.00 

0.75 

0.25 

15732 
Best 

16073 
Worst 

Safety(# of Accidents) 

o..,_ ________ --"t 

4. 8 
Best 

s.o 11.2 
Worst 

Comfort (Wait Time,min.) 

Figure 6 (cont'd) 

98 

182 
Best 

205 
Worst 

Securit y(# of crimes/year ) 

0.9 
Best 

1.7 2.6 
Worst 

Reliability (Trip Var.,min. ) 

l 



1.00 

0.75 

0,25 

o.,_ ________ __,. 

1.00 

0,75 
>a 

+> 
•M Q, 5 
r-i 
•M . 
+> 
:::> O. 25 

69,5 
Best 

77,1 
Worst 

Noise Level (dBA) 

374.6 
Best 

413,7 
Worst 

Energy (1,000 gal/day) 

Figure 6 (cont'd) 

99 

186.2 
Best 

200,J 
Worst 

Air Quality (1,000 lbs CO/day ' 

42.2 
Worst 

65 .7 
Best 

Disadvantaged(% serviced) 



TABLE 13 • lffILITY VALUES TAKEN DIR,ECTLY .FROM lffILITY FUNCTIONS 

Attribute Simulated · TSM · Package 

1 2 3 4 5 

Travel Time 0.00 0.60 0. 70 0.70 1.00 

Travel Costs 0.00 0.05 1.00 0.80 0.40 

Vehicle Occupancy 0.00 0.00 0.00 1.00 0.00 

Facility Capacity 0.50 o.oo 0.50 0.50 1.00 

Pedestrian/Bicycle Traffic 0.00 0.75 1 .. 00 0.99 0.74 

Safety 1.00 0.66 0.56 0.27 1.00 

Security 0 . 00 0.50 0.17 0 . 22 1. 00 

Comfort LOO 0.80 0.50 0.87 0.00 

Reliability 0.06 0 . 40 0.10 0 . 00 1.00 

Noise 0.28 0.22 0.45 0.00 1.00 

Air Quality 0. 23 0.00 0. 74 0.42 1.00 

Energy 0.25 0.00 0.37 1.00 0.15 

Service to Disadvantaged 0.01 0.83 1.00 0.07 0.00 
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Comments on the Additive Model 

The following observations on the application of the model were made 

throughout the modelling process: 

1. The modelling procedure is relatively straight forward and simple 

to apply to TSM strategies. 

2. The process of assigning weights and specifying utility functions 

encouraged the participants to give a hard look at their preferences with 

regard to evaluation criteria. 

3 . In general, the current battery of urban transportation planning 

models appears to have potential for estimating outcomes of alternate TSM 

packages. 

4. Grouping the TSM strategies into packages ap.pears to be the most 

satisfactory way of analyzing the strategies, By grouping the strategies 

into packages, the synergistic effects of one strategy on another can be 

accounted for in both the modelling and monitoring process. 

5. The outcome of the additive model is sensitive to the specific 

weights and utility functions; therefore, a diverse group of individuals 

should be used to quantify the model. 

Overall the potential for integrating the additive-utilities model is 

fairly high. However, since the outcome of the model is based on the 

subjective attitudes of various individuals, the model should be used only as a 

"tool" to guide the decision makers in their negotiation process for 

developing the TSM Element. 
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CHAPTER VII. CARPOOL PROGRAM CASE STUDY 

Introduction 

As noted in the previous chapters, car ownership has increased, 

transit patronage has dropped, and auto occupancies have been steadily de

clining within the Omaha-Council Bluffs area. The combined effect is an 

ever increasing nunt,er of vehicle-miles traveled. While energy resources 

are limited, today's concerns also include problems of pollution, congestion, 

and parking; all of these problems stem from inefficient use of the private 

automobile. Thus, in addition to conserving the fuel supply, there are 

other equally substantial incentives for finding effective ways to reduce 

auto travel and increase average auto occupancy. 

This chapter discusses the objectives, approach, and current status 

of the Metro Area Carpool Programs. The relationships counnon to Metro Area 

Carpoolers are investigated and system performance and carpool potential 

evaluated. Carpool monitoring and evaluation techniques are examined for 

possible future program applications. 

Background of Metro Area Carpool (MAC) 

During the energy crisis of 1973-74 the federal government encouraged 

voluntary conservation as far as possible and involved state and local or

ganizations in the promotion and supervision of efforts. In the greater 

Omaha regional area local employers, with substantial employment forces, 

voluntarily implemented programs to encourage shared rides to work in re

sponse to the national energy crisis. For example, the Northern Natural Gas 

Company started a program called ECCO (Energy Conservation Carpool Operation) 

and developed broad support by working with the Omaha Jaycees. Encouraged 
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by the success of local voluntarily implemented programs, the local Jaycees 

Chapter undertook sponsorship of an expanded regional carpool program, to 

provide employer information and to promote carpooling locally. 

At the beginning of 1974, during the height of the energy crisis, The 

Department of Transportation announced inauguration of a nation-wide effort 

to promote the use of carpools for the daily work trip. Through the joint 

efforts of The Federal Highway Administration and the Urban Mass Transportation 

Administration a program to promote, encourage and facilitate the use of 

carpools in all urbanized areas was organized. As one report notes: 

Financial aid under the Unified Transportation Assistance 

Program was made available on a 90-10 basis to regions 

submitting an approved program for organizing carpool forma

tion services. The FHWA conducted a series of regional 

training seminars for personnel of federal and state high

way offices and regional planning councils to familiarize 

them with the available techniques and materials for 

l promotion and organization of carpools. 

Metro Area Carpool is an outgrowth of The Federal Urban Aid Program. 

MAC has assumed all responsibility for regional coordination of ridesharing 

projects which includes promotional, informational, and computer match 

services. The Metro Area Carpool Program was organized in June 1974 and 

began operation the following October. Metro Area Transit (MAT) has 

assumed overall management responsibility for the demonstration program in 

cooperation with the Federal Highway Administration, Nebraska Department of 

1 
U. ,S. Department of Transportation, Carpooling Status and Potential, 

Washington, D. C., June 1975, p.1. 
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Roads, city of Omaha, Do_uglas County, and the Metropolitan Area Planning 

Agency. (Crowley 1975, p. 1). 

Program Goals and Obiectives 

Assuming that the number of person-trips that must be accommodated 

by the urban transportation system is constant, one method of reducing the 

vehicular demand on the system is to increase the number of person-trips 

per vehicle. Therefore, the primary goal of the Metro Area Carpool Program 

is to ultimately improve urban transportation through reducing the number 

of vehicles on the road and subsequently reducing vehicle miles traveled 

(VMI'). Relatively minor reductions in VMT during peak hours return high 

potential rewards in reducing congestion, lowering automobile emissions and 

conserving fuel. Accentuating these positive transportation impacts helps 

achieve a fuller 1.mderstanding of the current and future importance of ride

sharing as an essential element of the urban transportation improvement 

process. 

The Metro Area Carpool demonstration program has concentrated effort on 

two objectives: (1) Building a service to employers to assist working 

commuters in forming carpools and (2) Building a means through which carpools 

can be sustained once they are formed, The long-range objectives of the pro

gram are to conserve fuel, reduce traffic congestion during rush hours, and 

improve the use of public transit. (Crowley 1975, p. 1, 2). These long-range 

objectives will help facilitate implementation of MAPA's year 2000 Transpor

tation Plan Update, along with state and national goals encouraging energy 

conservcation. 

Program Operations 

Carpool service is typically door-to-door, no transfer, low cost, avoids 

waiting in inclement weather, provides a guaranteed comfortable seat, requires 

. 104 



fewer driving days and potentially provides s ervice to the handicapped and 

non-drivers. To form convenient carpools, ma t ching services must extend 

beyond friends and associates to virtually all employees at specific locations. 

This r equires a high level of communication and cooperation with employers , 

which is the major emphasis of the Metro Area Carpool Program. 

The success of ongoing area programs, and trends es t ablished through 

national research efforts, encouraged expansion of employer-based operat ions . 

The carpool staff provides the following essential services to employer pro

grams : (1) Coordination of efforts to actively promote carpooling among 

employees , (2) Computerized carpool matching for employees and a system for 

updating matching information, (3) Establish through the company personnel 

office an ongoing carpool information service available to employees . 

Figure 7 demonstr ates the importance of employer interaction i n the 

overall organizational framewor k . 

Figure 7. 
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The employer-based operations have provided a firm foundation for 

program expansion to the general population. In addition to the maintenance 

of existing programs and computer grid matching services, the staff has 

undertaken' a ·marketing program. This advertising and promotional aspe_ct _of 

the MAC program is necessary to provide for public awareness of the project 

and procedure for participation. 

Current Monitoring of MAC Program 

As part of the TSM planning process, the monitoring of actions and the 

evaluation of performance is necessary to supply information on the effective

ness of project implementation. The federal government has mandated that 

"reasonable progress be shown" in the development of TSM projects. While it is 

difficult to organize a planning program around cause and effect statements, 

this type of program examination may provide for continuation of needed 

funding; monitoring provides the needed basis for future program 

direction. 

Prior attempts to measure the effectiveness of the Metro Area Carpool 

program were inconclusive, as information requested was insufficient and par

ticipant response was poor. Recognizing the need to evaluate the effectiveness 

of certain aspects of the Metro Area Carpool program and the objectiveness that 

would be established through an independent study, the staff contracted for a 

marketing analysis with Selection Research, Inc. (SRI). 

The objectives of SRI, as provided in the project general study description, 

primarily sought to: 

Determine the awareness, image, and receptiveness of the MAC program. 

Conduct a demographic analysis of program participants and non-partici

pants, identifying variables that either support or disprove carpooling 

as a work trip alternative to driving alone. Additionally, determine 
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the effectiveness of the MAC staff in meeting the objectives of 

specific program functions. 2 

The research project was designed to collect attitude and behavior information 

from both the general community population and the MAC program participants for 

analysis and comparisons. 

The general community information was provided through a stratified random 

sampling of the general population based on current projections of demographical 

characteristics. The stratified sample allows for a reduced number of interviews 

and may be conducted in conjunction with other studies of a similar nature. This 

commonly used survey technique provides a cost effective method of data collec

tion for marketing analysis. For the program participant phase of the study the 

sample population was randomly selected from a list of all program participants. 

Mature and experienced interviewers were utilized in a telephone survey for 

both study elements. 

Instrumentation (questionaire) 

A review of survey instruments utilized by other communities for similar 

program evaluations was conducted to establish weaknesses, strengths, and 

question areas for study. Questions were selected that were commenserate with 

the objectives of the study, and a pilot test was conducted to insure workability 

of the sample survey instrument. While the questionaire provides a data source 

for characteristics identification, comparative analysis was difficult to 

facilitate due to the categorization of question response. Response categories 

were not consistent between the program participants survey and the general 

community resident survey as shown in Table 14 • 

2selection Research, Inc., "A Marketing Evaluation Study of the Metro 
Area Carpool Program11

, Omaha, Nebraska, June 1977. 
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If a comparative analysis is to be conducted either between study elements 

or with previously collected data, the survey instrument should provide for 

uniform response categories. Additionally, the geographical study areas should 

provide for consistency and be comprised of aggregates of commonly used data 

regions (i.e. census tracts, transportation zones) for which comparative data would be 

readily available . Four question study areas have been identified from previous 

similar studies and an evaluation of the SRI study elements. Questionaires for 

future studies should provide for, but not be limited to the following study 

areas: 

I. Study Areas Connnon to Both Program Participant Surveys and General 

Community Surveys 

A) Employment status 
B) Demographic (sex, age , income, residential and work locations) 
C) Vehicle ownership (size, work needs, number at household) 
D) Work trip (mode, distance, time, location, alternate modes) 

II . Study Areas Common to General Community Surveys 

A) Awareness of program existence (program name identification, 
source of awareness) 

B) Program evaluation (need to meet objectives, program need) 
C) Prior history of pooling 

III . Study Areas Connnon to Program Participant Surveys 

A) Source of program awareness 
B) Evaluation (rate program, alternative improvement options) 
C) Contact with program representative (type, contac t list reception, 

list contact, pool formed) 

IV. Study Areas for Populations Identified as Pooling in Both Sample 

Population Groups 

A) Work trip history (prior mode, prior pooling experience, duration 
of pool) 

B) Number in pool and driving frequency 
C) Reason for pooling 
D) Extent of alternate use of freed vehicle 
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Questionaire response is affected by the additional considerations of survey 

question structure and identification of survey respondent. For example, a 

negative indication of employment by a respondent may not be indicative of the 

actual household employment situation. Questions should be carefully structured 

to avoid confusion, or to lead a response, such as, "The main purpose of the 

Metro Area Carpool is to conserve the total amount of fuel consumed in Omaha, and 

reduce traffic congestion during rush hour. How much does the Omaha community 

need this service?" Does the wording of this question require an evaluation of 

program objectives or an evaluation of the program itself? 

Evaluation Methodologie~ for Marketing Studies 

In the analysis of the information gathered, from both the general communit y 

survey and the program participant survey, the relationships between demographic 

characteristics and other general question areas were examined in an effort to 

identify possible marketing trends. This type of analysis additionally provided 

for frequencies and percentages of various categories of question response. 

Table 14 provided a summary of the participant and general community profiles 

identified in this study. 

Comparisons (crosstabulations) of demographic characteristics (age, income, 

sex, and location) with work trip characteristics, program awar eness , and program 

evaluation provided an effective method of market area analysis. This type of 

comparative analysis proved useful in identifying relationships between response 

variables as demonstrated by the figures provided in Appendix Table B-1. The SRI 

study provided analysis for the following crosstabulations in an effort to estab

lish various relationships. 

General Community Survey: Demographical by, (program identification, 
organizational name identification, program awareness, media of awareness, 
program need, carpooling history, carpooling frequency, work trip mode, 
employment status, and demographical) 
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Table 14. Demographic Profiles of Survey Respondents. 

Program Participants Sample Profile General Conmunity Resident Sample Profile 

Characteristics Frequency Percentage Characteristics Frequency Percentage 

Sex: Sex: 

Male 170 56% Male 142 46% 
Female 131 44% Female 170 54% 

Age: Age: 

Under 30 92 30% 18 to 24 51 16% 
30 to 50 153 51% 25 to 44 135 43% 
50 and above 56 19% 45 and above 126 41% 

I-' 
I-' 

Household Income: Household Income: 0 

Under $7,000 11 04% Under $7,000 46 15% 
$7,000 to $14,999 88 30% $7,000 to $14,999 104 35% 
$15,000 to $25,000 150 52% $15,000 to $25,000 117 40% 
Over $25,000 40 14% Over $25,000 29 10% 

Area (Divided by Dodge Area (By Zipcode 681--) 
and 72nd Streets): 

West (14,24,44,54,64) 64 21% 
Northeast 54 18% North Centra 1 (04,34) 75 24% 
Southeast 91 30% Northeast (11,12,42) 39 13% 
Northwest 59 20%. East (02,10,31,32) 48 15% 
Southwest 79 26% South Central (05,06,08) 49 16% 
Iowa 18 06% South (07,17,27) 36 11% 

TOTAL: 301 100% TOTAL: 312 100% 

(Source: Selection Research Inc., "A Marketing Evaluation Study_ of the Metro Area Carpool Program,,; 

Omaha , Nebraska , June 1, 1977.) 



Program Participant: Demographical by, (program contact, type of contact, 
receive match list, list contact, work trip length, work trip mode, media 
of awareness, household vehicle ownership, vehicle type, program evaluation, 
alternative mode acceptability, and demographical) 

Program Participants Carpooling: 
carpooling status, carpool size, 
vehicle use, alternative vehicle 

Demographical by, (reasons for carpooling, 
mileage change, alternative household 
use mileage, and driving f requency) 

Crosstabulations provided frequencies and percentages with respect to demo

graphic characteristics for each for the response variables previously listed. 

While this comparative analysis identifies categorical trends within, and between 

study elements for marketing considerations, the frequencies established allowed 

for a more quantative analysis of the carpool program. The following example 

shows how frequency analysis provided information useful in identification of 

participant and carpool auto occupancies. Auto occupance is a load factor which 

is simply obtained by dividing the summation of auto occupants by the sunnnation of 

the autos the occupants were in, (Eauto occupants/ Eautos). Utilizing the fre

quencies provided in Appendix Table B-1 participant carpool auto occupansies equals, 

[(52 X 2) + (35 X 3) + 18 X 4) + (8 X 5) + (1 X 6)] = 
(52 + 35 + 18 + 1) 

325 
148 or 2 . 85 

Adding in the single occupancy drivers identified in the participant survey, the 

overall program participant auto occupancy equals, 

325 + 148 
114 + 148 1.80 

If the carpool occupancies for the general community would have been identified 

consistent with the program participant method, the computation of the general 

community auto occupancies could have been facilitated. However, the 1.80 auto 

occupancy established by the program participants survey represents a 44 percent 

increase over the general population occupancy identified in a 1966 count survey 

of 1.25. 

From a marketing analysis perspective it is important to quantify both pro

gram awareness and program image. One such measure, advertising effectiveness, 
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is obtained through identification of program sources or media through which 

information was transferred. Essentially the awareness findings re-enforce the 

employer based program emphasis, as employers in Omaha played a key role in 

informing the community and increasing the participation levels of support. For 

additional analysis a ratio of market reached, to market actually obtained, or to 

marketing cost would provide a method to compare marketing techniques against 

each other and further provide for year to year comparisons. However, this type 

of evaluation should be used with caution as many advertising variables are very 

difficult to quantify. 

In retrospect, the SRI study provided for the survey objectives, as previously 

identified in the marketing analysis. While the level of characteristic identi

fication did not prove exceedingly valuable, several conclusions could be drawn 

from the overall frequency findings of the research project. The study established 

a data base for additional and subsequent analysis, and identified problem areas 

requiring further refinement. 

Additional Monitoring Techniques and Extended Evaluation 

The purpose in providing for additional analysis was to identify other data 

or data sources which could provide information on the measures of effectiveness. 

More specifically, further analysis sought to: 

1. Establish relationships between and among the attitudes, demographic 
characteristics and work trip characteristics, of selected segments of 
the regional area population data bases. 

2. Establish linear relationships between the percentage of MAC participants 
within transportation zones and the socioeconomic and land use character
istics of those zones. 

3. Establish linear relationships between the percentage of MAC participants 
at selected places of employment with employee and work trip characteristics. 

SRI Study Data Crosstabulations 

The SRI study, in establishing relationships of demographic characteristics 

generated tabular reports of frequency and percentage distribution. With 
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this understanding of the characteristics of the variables, further relation

ships between several sets of variables were investigated. Comparisons were 

established using a c rosstabulation procedure which produces a two-way table 

displaying the joint frequency distribution of two variables. 3 The following 

additional corsstabulations were provided for the SRI survey data . 

General Community Survey: 
frequency, program need.) 

Demographical by, (work trip mode, pooling 
Program need by, (pooling frequency) 

Program Participant Survey: Work trip mode by, (type of contact, receive 
match list, list contact, work trip length, household vehicle ownership, 
vehicle type, program evaluation, alternative mode acceptability, and 
demographic.) Demographical by, household vehicle ownership, demographic .) 
Work trip length by, (household vehicle ownership, vehicle type, alter
nate mode acceptability, and demographic.) Reasons for pooling by, 
demographic) Mileage change by, (alternative household vehicle use.) 

The crosstabulations calculated with the SPSS program expr ess frequency 

as a percentage of row total, column total, and table total. This information 

was useful in identifying additional areas of interest or concern and proved 

valuable in evaluation of program measures of effectiveness. Narrative 

analysis is provided for those results found to be of importance to the MAC 

Program. 

1. The southeast quadrant of the city was identified as having the largest 

propensity to carpool and also the shortest work trip length. This did 

not seem to be consistent with work trip patterns established elsewhere in 

the area, and without expanded analysis is meaningless. Supplementary 

analysis demonstrated that the high rate of participation and short work 

trip length was credited to the proximity of a substantial sized housing 

subdivision to a large military installation , with that installation having 

3statistical Package fo r the Social Sciences (SPSS) was the computer program 
used for crosstabular analysis (CROSSTABS). CROSSTABS permits the user to pro
duce n-way crosstabulations of variables and to compute a variety of nonparametric 
statistics based on those tables. 
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having a very active carpool program. 

2. Crosstabulations identified that at least 10 percent of the program 

participants are carpooling without the aid of computer matching services 

as is indicated by the program participants ' indication of contacting or 

being contacted by others to form a carpool. More specifically, slightly 

more than half of program participants recall receiving a match list of 

potential poolers. This might indicate a need for additional contact 

subsequent to initial match list mailings. 

3. The frequency of work trip length compared with work trip moded allowed 

for estimates of program participant's average work trip length. The 

median one way distance to work for those program participants identified 

as pooling was 9.6 miles. This is a slightly longer distance than the 

participants driving alone to work. However, the difference in distances 

was not significant enough to establish a direct relationship between work 

trip length and propensity to carpool. Calculation of the work trip length 

is necessary for evaluation of program measures of effectiveness. A com

parison with the general community preceived work trip length is not 

possible as this item was not addressed in the general community survey. 

4. If the household vehicle(s) that are left available by the formation of 

carpools are subject to alternate household use, it is valuable to know 

the extent of that use for the evaluation of program measures of effective

ness. For the purpose of analysis the assumption will be made that all 

alternative household trips are generated by vehicle availability. Com

parative analysis indicated that of the vehicles available for alternative 

household use, 16 percent are being utilized, averaging 16.S miles use a 

week per auto. However, over 62 percent of the identified carpoolers 

offered no response to the availability of alternative vehicle use and 
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Sex, 

Age, 

84 percent offered no response to the extent of vehicle use . This would 

i ndicat e the identified 16 percent alter nate household vehicle use is 

probably low . 

5 . In the evaluation of the socioeconomic data the frequency distributions 

allow for computation of the following demographic data for comparative 

analysis. The most obvious comparisons indicate program participants 

Table 15. Demographic Dat a Comparisons 

Demographic General Program Participants 

Data Community 
Ride Alone Carpool All Part . 

% male 46% 54% 64% 56% 

median 36 37 36 37 

I ncome, median $14,900 $16,700 $17 , 000 $16, 700 

Residential location, mean N. Central - s. East South 

have a lar ger percent male population and have a higher aver age family 

income than the general community . The high male participation and car pool 

propensity rates may be attributed to character istics common to t he work 

force. Assuming that the total work force was 2/3 males, females would 

have a larger participation to work force ratio than males. 

6. While low question response and some confusion with ques t ions was obvious, 

several interesting relationships between variables were identified. Al

though the significance of the results are i n question , due to poor response , 

the following additional relationships would appear to draw some conclusions 

and may warrant supplementary consideration . 

A) Identified the potential number of participants (65%) willing to con

sider the bus as an alternate mode to work. 
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B) As work trip length increased, the bus was more likely to be considered 

as an alternate mode to work. 

C) Twice as many female program participants as male participants are 

presently using the bus as a mode to work. 

D) Multi-vehicle households are much more likely to have longer work trip 

lengths. 

·sRI Study Data Regression Analysis 

This subsequent analysis of the SRI study data was beyond the scope of 

service required by Selection Research Inc .. Comparative analysis was used 

in an effort to establish relationships between variables and provide infor

mation necessary to calculate various measure s of effectiveness. Additionally, 

multiple regression analysis was used to study the linear relationships be

tween sets of independent variables and established dependent variables. The 

goal of this type of analysis is to produce a linear combination of indepen

dent variables that highly correlate with the dependent variable. This linear 

combination could then be used to predict values for the dependent variable. 

The application of multiple regression analysis reinforced the conclusions 

reached through comparative analysis by identifying significant variables. 

However, no significant correlations could be established through regression 

analysis due to the low R2 values obtained. Computation of R2 values ranged 

from .07 to .19 and from .02 to .07 for the general community and the program 

participants surveys respectively, thus indicating a low correlation between 

variables. 

Transyort~tion Zone Analysis 

Transportation zone information was utilized in an effort to establish 

a linear relationship between land use and socioeconomic characteristics and 

the propensity to be a MAC program participant. This required the identifi-
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cation of the current MAC program participants by residential grid location. 

Since the transportation zones4 and the carpool grid coordinates5 are not 

comprised of aggregate areas, an overlay · process was used to identify pro

gram participants by transportation zone of. or igin. 

Multiple regression analysis was again used t o identify correlations 

between variables with some degree of success. R2 values indicated a strong 

correlation exists between isolated transportation zone variables and a 

particular area's propensity to participate in the MAC program. Significant 

variables identified the propensity to participate in the MAC program as a 

function of, population, multi-family residential acres, households, single

family residential acres, income, and autos . Further analysis of this finding 

could provide for a more refined linear correlation which could be used as 

an indicator of the potential to participate in given transportation zone 

areas. 

Concomitant to this study of all program participants a study was con

ducted to compare the characteristics of only the program participants 

identified in the SRI survey. However, the small sample size which was identi

fied by specific residential location did not produce a sample large enough 

to give validity to any additional analysis. The mapping exercise did prove 

useful in identification of residential location and clustering of carpool 

program participants in various grid areas and transportation zones . This 

4Transportation zone information includes 20 sub-classifications of socio
economic factors and land use in acres; this information in turn is used in 
origin-destination studies to determine trip generation for a given area. (See 
Appendix B-2) 

5Program participants are grouped into areas on a 1/2 mile grid coordinate 
basis to facilitate computer match list based on the proximity of program par
ticipant's residential locations to each other. 
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type of cluster pin mapping allowed for the visual identification of area 

relationships such as, the proximity of the large housing subdivision to 

Offutt Air Force Base which accounted for the high participation and short 

work trip length in the southeast quadrant of the Omaha area. 

Employers Survey Analysis 

Since emphasis in the MAC program is placed on employer contact an 

attempt was made to identify relationships between MAC participants at 

selected places of employment and the employee work trip characteristics. A 

survey of participating employers was conducted by the Metro Area Carpool 

staff in conjunction with this study element. The companies selected to 

participate in this survey actively promote MAC's program, have a designated 

company carpool representative and have three or more employees registered 

in the MAC program. The following question areas were addressed to the 

individual company representatives. 

1. Number of employees 

2. Number of participants 

3. Work hours (type, number of shifts, hours) 

4. Type of work (classification) 

5. % needing car during work day (personal vehicles) 

6. Incentives to carpoolers 

7. Average trip length (one-way) 

8. Number of carpools formed (if available) 

Employers should be encouraged to monitor this type of information for pro

gram self evaluation. Examples of employer furnished survey data are included 

in .Appendix Table B-3, overall the employers provided a very broad range 

of response to questions presented. 

Employment size, trip length, and percent needing car were identified 

through regression analysis as the most significant variables relating to 

118 



the employers percentage of program participation. 
2 However, R values were 

too low to establish a significant correlation between variables. Employ

ment size and population were identified as significant factors in predicting 

employer percentage program participation, as opportunities increased so did 

percent participation. A direct relationship exists between propensity to 

carpool and distance travelel as was previously established. However, in the 

employers survey, estimation of the work trip length was a judgment on the 

part of the employer's contact and may have little relationship to actual 

sample representation. No significant correlations were established between 

type of work and employer participation, but visual observation notes a very 

low participation among medical professionals. This may be a reflection on 

work hours or personal vehicle need. 

Auto Occupancy as a Measure of Effectiveness 

Occupancy studies were conducted at select locations in an effort to establish 

a relationship with employer based data, and provide a method for monitoring the 

changes in average auto occupancy as related to the work trip . Several methods 

exist to provide for continued monitoring of auto occupancies depending on the 

type of trip to be monitored. The monitoring of auto occupancies should be 

approached with the knowledge that occupancies fluctuate with the time of day, 

trip purpose, seasonal changes, and weather conditions. Such auto occupancies 

are not very sensitive to measuring program effectiveness over a short duration 

of time, but may prove extremely valuable to long term evaluation. 

Since the work trip constitutes the largest portion of peak period travel 

and remains the major MAC program emphasis, selected employer parking lots were 

monitored in conjunction with the furnished employer survey data. Peak hour 

counts were conducted in an effort to provide average auto occupancies for 

multiple occupant vehicles and total vehicles, at sample employer lot locations. 
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A study summarization is provided in Appendix Table B-4. Comparative analysis 

of per cent of total employees participating6 in the MAC program or other 

programs with the total vehicle occupancy rate of selected employer lots 

suggest a direct relationship exists as provided in Figure 8. 
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Figure 8. Percent Participants By Vehicle Occupancy 
The study results by themselves are not conclusive due to the small sample 

size of employers and the extreme range of results, but the study indicates a 

direct correlation may exist which additional monitoring could substantiate . 

Measures of System Performance 

The level of auto occupancy and transit usages have a significant effect on 

the future need for road network improvements. Effective monitoring can accollllllodate 

6
Percentage of total employees participating was calculated from employer 

survey data. Number of identified MAC program participants divided by the 
total number of employees, for each employer location. 
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historical trending from which future needs can be projected. Since vehicle 

miles traveled (VMT) can be used t o calculate related measures of effectiveness\ 

what is needed is a method of establishing and projecting the reductions in VMT 

that are directly accountable to the carpool program efforts. 

Most program evaluations make the assumption that all program participants 

identified as pooling previously drove alone to work, neglecting the fact that 

poolers may have been diverted from other modes of previous pooling . This type 

of analysis will become more evident in the computation of program cost benefits. 

0 f ten, actual program impacts on area wide ridesharing are difficult at best 

to identify; such as the effects that program advertising efforts have on 

diverting traffic to carpools outside of the matching program. 

By making a few assumptions,a reasonable estimate of VMT reductions directly 

accountable to program efforts can be achieved . Calculation of program impacts 

requires the identification of the program participant carpooling subgroups. 
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Figure 9. Program Participant Carpooling Subgroups 
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Information provided through the program participants survey facilitated 

identification of the subgroups comprising the program poolers. Cross-tabulations 

of "mode to work" with "prior mode to work" has provided a percentage dis

persement of carpooling subgroups as given in Figure 9. The frequency distri

bution associated with mode to work indicated that 38.8 percent of program 

participants are currently carpooling. (See AppendixB-5) The subgroups of the 

program participants identified as carpooling will be examined on an individual 

basis to determine their effect on percentage change in VMT. 

Subgroup impacts will be equal to the differences in the change between 

individual impacts. For example, assuming the present general populations multiple 

auto occupancy to be 2.20, any one individual's impact will be one over the 

1 
multiple occupancy or 2 _20 = .45 . The program multiple occupancy was previously 

identified as 2.85, the impact of any one individual equals 
2

:
85 

= .35. The 

total impact achieved was the difference between the individual impacts, 

.45 - .35 = .10 or a 10% change. The following relationships are established to 

determine subgroup impacts of program poolers on the system. 

Previously carpooling: This subgroup impact will represent an increase in 
multiple occupancies and a reduction in VMT, as given by the equation; 

1 1 [ (---------) - (---------) J (% Previously Pooling) Prior Mult. Occp. Prog. Mult. Occp. 

Previously Transit: This impact represents a slight decrease in program 
effectiveness. Even with transit vehicles operating at capacity during 
peak hour a shift from transit to private vehicle represents a change in 
system performance that can not be justified by existing auto seat availa
bility . Therefore, this impact is calculated as follows; 

[(Avg. Tran: Veh. Occp.) - (Prag. Muit. Occp.)} (% Previously Transit) 

Previously Non-Motorized: While the percentage of commuters walking or 
bicyling to work is small any shift to motorized travel will have a negative 
system effect as illustrated by the following equation: 

(0) - ( 1 
0 ) (% Previously Non-motorized) Prog. Mult. ccup. 
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Previously Drove Alone: This subgroup represents the major emphasis of the 
program to remove or more fully utilize the single occupant vehicle. This 
impact is measured as follows: 

( 1 ) ( 1 ) (% Drove Alone) 
Single Occp. - Prog. Mult. Occup. 

Previously Not Working : Recognizi ng that carpooling provides an additional 
benefit of an expanded employee market, a conservative assumption is made 
that those previous ly not working would have an auto occupance consistant 
with that of the general community, thus indicating the following impact: 

( 1 ) ( 1 ) (% Not Working) 
Gen . Comm. Veh. Occp. - Prog . Mult . Occp . 

Impacts of Alternate Vehicle Use : While ridesharing to work has the addi
tional benefit of reducing peak hour congestion, in terms of vehicle miles 
traveled any alternate use of vehicles freed through program participation 
indicates an increase in VMT . The percentage of the new poolers, who 
previously drove alone to work, indicated the amount of alternate vehicle 
use for their vehicles. The system impacts on VMT are given by the following: 

[(Prior Veh. Use-Alt. Veh . Use J 
Prior Veh . Uses ) - 1 (% Alt. Veh. Use)(% Drove Alone)= 

(Alt. Veh. Use) (% Alt. Veh . Use)(% Drove Alone) 
Prior Veh. Use 
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Through an increased frequency in carpooling, the resulting reductions in 

vehicle miles traveled help achieve many transportation system goals: relief of 

congestion, lowering transportation cost, reduction in need for new transporta

tion and parking facilities, pollution emission reductions, and lowering energy 

consumption. The Department of Transportation identifies the following impacts 

and benefits associated with carpooling from the standpoint of individual and 

private employers, and from the perspective of the local transportation system's 

goals and objectives. 7 

A. Individual Benefits accruing from shifting to a carpool depends on several 

factors: 

1. Carpool size 

2. Trip length, time 

3. Continued vehicle maintenance required, alternate vehicle use. 

B. Employer Benefits depends on the size; location, and other characteristics 

of the employer's facility, and on the nature of the employer's carpool 

program, Included among employer carpooling benefits are the following: 

1. Reduced facilities cost; parking and traffic access capacity 

2. Expands labor market 

3. Improved employee morale and performance; management's interest, lower 

absenteeism. 

4. Enhanced community relations; reduced facility congestion, community 

image. 

C. Transportation System Benefits of encouraging carpooling to work relate 

directly to area goals and objectives as follows: 

7 U.S. Dept. of Transportation, Carpool Incentives and Opportunities, 
P. 85-93, Washington, D.C., Feb., 1975. 
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l. Congestion cost savings; reduced vehicle delay, increased speed, 

travel time, driving stress 

2. Reduced pollution emissions; carbon monoxide, hydrocarbons, particulates 

3. Fuel consumption reduction 

4. Reduced facility cost; parking and transportation network needs 

5. Minor accident reductions 

Several methods have been identified for calculating carpooling benefits. 

Due to differences in individual travel patterns most benefits are determined 

on a average or network system basis. Most system benefits can be quantified as 

functions of vehicle miles traveled (VMT). For example, reduced energy consump

tion can be calculated with the aid of the following information: average fuel 

consumption! reduced VMT, weight of additional passengers and increased trip 

length incurred by passenger pick up and delivery. 

Continued monitoring will provide for the measuring of program effectiveness 

on a comparative annual basis. Current carpool program evaluation efforts will 

allow for estimates of program effects such as those previous discussed. The 

magnitude of the comparative carpool program impacts will provide measures of 

effectiveness for a comparative evaluation with alternate transportation system 

management strategies of the area . 

Summary and Recommendations 

The purpose of this case study was to examine problems inherent to monitoring 

and evaluating carpool programs in general, and the MAC program specifically. 

Existing or available data sources were investigated for their potential in 

providing comparative or additional support analysis . Current monitoring tech

niques were explored from the standpoint of data collected and methods for 

additional program analysis . Also, an attempt was made to relate monitoring and 
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analysis to various system measures of performance which would facilitate 

comparative analysis with alternative system actions. 

Carpooling monitoring and analysis provides a basis for measuring program 

levels of effectiveness and additionally serves a supplementary function of 

providing data to determine regional area travel characteristics. Characteristics 

identification can demonstrate areas for future program emphasis, and evaluation 

can facilitate implementation of cost effective strategies. 

Marketing analysis sought to answer specific questions related to advertising 

promotion, public acceptability and program effectiveness. The data that was 

provided allowed for additional analysis beyond that provided in the marketing 

survey but for some areas question response suggested that the analysis be 

interpreted with caution. Some questions did not facilitate comparative analysis 

due to non-consistent categorical responses, unclear questions, and inconsistences 

between survey instruments for the general community and program participant 

questionaires. 

Poor response to questions on several occassions suggest a relunctance to 

respond, or an unclear question. A consistent data format should be established 

between study elements in an effort to provide categorical data consistene with 

other available data bases (i.e. transportation zones), and more specifically, 

the questionaire should distinguish areas of origin and destination (i.e. CBD 

fringe, suburban, rural) for comparative analysis. 

Conclusions drawn from the calculations of VMT indicate that new carpoolers 

are attracted primarily from those previously driving alone to work. If a 

significant number of commuters are attracted from transit to carpool,VMT will 

not decrease and transit revenues will decline. It is important to insure that 

policies designed to promote ride sharing do not result in an overall increase 

in auto commuters. Ridesharing programs can assume complementary functions such 
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as matching potential poolers to transit when possible or encouraging flextime. 

Comparative analysis of using transportation zone regions uses data that 

may be heterogenious within zones. Differences in geography, population 

density, income, etc. within zones are hidden by aggregation. The resulting 

analysis may be biased and should be interpreted with caution. However, it is 

recommended that further research and analysis of transportation zone data be 

conducted due to the correlations discovered. 

Auto occupancy studies should be implemented in conjunction with the local 

or regional planning agencies. Information that would be made available through 

· this type of monitoring would provide for historical trending and serve as an 

indication of both program success and transportation system needs. On a smaller 

scale employer base auto occupancies can be compared on a before and after basis, 

or by monitoring non-participating employers to serve as control groups for 

comparison with participating employers. 

Administratively, to provide for community input in establishing a successful 

program it is suggested that a regional carpool policy committee be created 

with representation from governing agencies, labor and business, transportation 

operators, and clubs or chambers of commerce. The results would provide a support 

base for future contacts and help in assuring continuity of funding. 
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PART III 

A PROPOSED IMPLEMENTATION PROGRAM 
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CHAPTER VIII. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Setting the Decision Problem 

Transportation systems management (TSM) s trategies have the potential 

to improve the performance of metropolitan transportation systems through-

out the nation with respect to a wide range of efficiency, social, economic, 

and environmental issues . However, the evaluation of TSM s trategy performance 

in regard to these issues has proved diffi cult to the participating agencies 

since the overall TSM process is a relatively new concept and the state

of-the-art in TSM planning is in an early s tage of development. This re

search sought to improve the evaluation phase of the TSM planning process 

by applying a systems analytic approach t o the construction of a TSM 

evaluation framework. The basic components of this framework include: 

(1) TSM goals and objectives; (2) TSM measures of effectiveness; (3) TSM 

strategies; (4) a decision model to evaluate s trategy performance, and 

(5) techniques to monitor strategy performance. 

Because each metropolitan area is unique in character and institutional 

arrangements, the individual agencies responsible fo r s tra tegy implementation 

and regional transportation planning must i dentify the specific components 

for that metropolitan area. The following conclusions were drawn with 

respect to how these agencies should identify the basic components of the 

evaluation framework: 

1. TSM objective statements should be constructed which clearly 

identify the TSM objectives and the measures of effectiveness which 

will be used to measure the degree of objective obtainment. 
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2. All the identified TSM strategies should be screened against the 

objectives in order to develop a set of potential strategies for that 

metropolitan area. 

3. The potential TSM strategies should be grouped into alternate 

TSM packages. 

4. The set of alternate TSM packages should be evaluated and 

monitored according to a geographical stratification of the transpor

tation system; i.e., corridor, subarea, link. 

Once these basic components are identified for a given metropolitan 

area, the next problem is to compare each TSM package against the other 

packages. Chapter III analyzed several techniques which have been applied 

to evaluate various types of transportation facilities. These techniques 

include the traditional cost-benefit analyses; cost-effectiveness analysis; 

and utility-based analysis. This research recommended that an additive

utilities model be used as a TSM decision model for several reasons: 

(1) the model is based on expected consumer behavior theory; (2) the model 

can incorporate TSM measures of effectiveness which are both economic and 

non-economic in nature; and (3) in general, the model is relatively easy 

to apply. The mathematical form of the model is: 

where 

n 
U(x1, ... ,¾) = E w(~) u(xi) 

i=l 

= the total utility of a TSM package with 

regard to all the TSM attributes Xu 

= the weight or utility of attribute xi 

= the utility function defined at the attribute 

value of xi 

n = the total number of attributes 
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The recommended steps to apply this model are: 

1. Determine the TSM objectives and measures of effectiveness 

2. Assign weights to the TSM attributes 

3. Develop alternate TSM packages 

4. Estimate the values of each attribute for each package 

5. Determine the shape of the utility function for each attribute 

6. Compute the utility of each package from the above equation subject 

to any predetermined constraints 

7. Select the package which yields the highest utility subject to a 

budget constraint 

Since the specification of the weights and the utility functions are 

based on subjective judgments, it is recommended that the model be used 

only as a tool to narrow the range of the TSM packages. Ultimately the 

final selection of a "best" TSM package will be accomplishment through 

negotiation among implementing agencies, planning agencies, and citizens. 

Of course, the adequacy of the overall evaluation process clearly de

pends on the type and the detail of available information on the measures 

o f effectiveness. Thus, it is important that each implementing agency, or 

any other agency concerned with a particular measure of effectiveness, 

monitor the transportation system with respect to the stated TSM measures 

of effectiveness. In regard to this monitoring, the following conclusions 

were made: 

1 . A monitoring technique must be tied to a particular TSM 

objective and measure of effectiveness. 

2. The monitoring of TSM strategies should be carried out according 

to geographical component, i.e., corridor or link. 
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3. The monitoring of TSM strategies should be conducted on periodic 

basis. In general, it will be necessary to establish a base con

dition and time period for each measure of effectiveness. 

4. The monitoring of the various types of strategies must be coordinated 

on a regional level to insure consistency. 

A Case Study In Evaluation 

A case study was carried out in order to apply the general framework 

to evaluate alternate TSM strategies within the Omaha-Council Bluffs metro

politan area. This low density midwestern region is predominantly oriented 

toward the automobile mode and pedestrian/bicycle and transit usage within 

the area is low. The regional transportation system has several major 

inefficiencies: (1) highway capacity is unevenly distributed throughout the 

system; (2) automobile occupancy rates on the system are low; and (3) noise pollution, 

air pollution, and energy waste are by-products of the sprawling development • . 

In general, the evaluation of TSM strategies within the area has not been 

conducted at the same level of detail as the traditional "long-range" pro-

jects. This research examined the feasibility of applying the evaluation 

framework to TSM strategies in order to upgrade the TSM evaluation process. 

Thirteen TSM objective statements were identified for the Omaha-

Council Bluffs area to serve as an "umbrella" for TSM evaluation. In addition, 

the case study examined how each measure of effectiveness could be monitored 

in the field as mathematically modeled. Transportation planners on the 

MAPA staff were then asked to determine the weights and utility functions 

for 13 TSM attributes, identified in the objective statements, with respect 

to five simulated packages. Given these packages weights and utility 

functions, the additive-utilities model was used to compute the expected 

utilities of each model in order to construct a priority listing for all 

.132 



five packages . 

The following conclusions about the additive-utilities model were 

made: 

1. The modelling procedure is relatively straight forward and simple 

to apply to TSM strategies. 

2. The process of assigning weights and specifying utility functions 

encouraged the participants to give a hard look at their preferences with 

regard to evaluation criteria. 

3. In general, the current battery of urban transportation planning 

models appears to have potential for estimating outcomes of alternate TSM 

packages. 

4. Grouping the TSM strategies into packages appears to be the most 

satisfactory way of analyzing the strategies. By grouping the strategies 

into packages, the synergistic effects of one strategy on another can be 

accounted for in both the modelling and monitoring process. 

5. The outcome of the additive model is sensitive to the specific 

weights and utility functions; therefore , a diverse group of individuals 

should be used to quantify the model . 

As part of this case study, a detailed analysis of the Metro Area 

Carpool Program was undertaken to determine how the monitoring of this one 

TSM strategy should be carried out within the overall evaluation framework. 

For this, existing or available data sources were investigated for their 

potential in providing information for comparative analysis . In addition, 

the specific pieces of data were related to the various system measures 

of effectiveness such as auto occupancy. Several recommendations were made 

as a result of this examination. 

1. Auto occupancy rates should be monitored on a periodic basis at 

spot locations and on a system level. 
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2. It is imperative that the carpool data collected be consistent 

with other planning data and it is important that carpool data be collected 

on the same geographical basis as planning data; i.e., transportation zones. 

3. A carpool policy committee should be established within metropol

itan areas to coordinate carpool activities and monitoring techniques. 

Developing a TSM Information System 

Although this report discussed some of the types of actors which 

are involved in the TSM evaluation process, the bulk of the discussion 

focused on the mechanics of evaluation rather than the actual implement

ation of the framework within a given metropolitan area. This section 

now presents a recommended program to implement the TSM evaluation 

framework. As Figure 10 illustrates, the implementation of the framework 

requires the interaction between the agencies involved in the TSM 

process1 and the evaluation components. This interaction can be 

provided by a TSM information system which provides a clear flow of 

information from the stating of goals and objectives through all the 

evaluation functions. The information system can be subdivided into 

three major functions; (1) data generation; (2) data processing; and (3) 

information transmission. The data generation functions encompasses the 

development of TSM information including goals and objectives, measures 

of effectiveness, strategies, and evaluation information. The data 

processing function entails the physical retention and periodic retrieval 

of TSM information. This retrieved information is then conveyed to 

decisionmakers and to the public via prepared statements and visual displays. 

Three issues need to be addressed in order to develop an information 

1The list of agencies shown is only a representative sample of the types 
of agencies involved in the TSM process . 
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system for a parti.cular metropolitan area. First, what s.pecili.c generation, 

processing, and transmission functions need to be performed? Second, what 

role will each implementing agency and the MPO take in each function? Third, 

what specific information product or products are necessary to establish a 

clear line of information throughout the evalua t ion process? A proposed 

information system which includes specific functions, roles, and information 

products is presented below. 

Fi.mction: The MPO takes the lead role in setting TSM objectives and 

determining measures of effectiveness to insure consistency 

among the various implementing agencies. In addition, the 

MPO delineates the transportation system into geographical 

components to establish a consistent geographical basis for 

evaluation and monitoring. Furthermore, the MPO takes the 

lead role, with support from the implementing agencies, in 

developing the format to be followed in data collection. 

Product: A statement of TSM goals and objectives, a list of TSM 
• 

measures of effectiveness, a geographical compartmentation 

of the transportation system, and a specific data format. 

Function: Each implementing agency, with the support of the MPO, identi

fies the potential TSM strategies which are within its juris

diction. Each agency then groups these strategies into alternate 

TSM packages according to its area of responsibility such as a 

Traffic Operations Package or a Transit Management Package. 

Product: A set of TSM packages delineated according to implementing 

agency. 

Function: The MPO groups the individual TSM packages into more compre-
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hensive packages which compare all types of TSM strategies 

and encompass all the implementing agencies. Moreover, the 

MPO constructs these packages according to geographical 

components previously defined. 

Product: A set of alternate TSM packages which will be tested on a system-

wide basis. 

Function: The MPO predicts the consequences of the alternate TSM 

packages with respect to the TSM measures of effectiveness. 

The prediction of the consequences should be made according 

to the geographical component. 

Product: The estimated values for the TSM measures of effectiveness by 

geographical component for all the alternate TSM packages. 

Function: Each implementing agency then develops a priority listing 

of the alternate TSM packages according to a utility-based 

decision rule. The weights and utility functions used in 

the model will reflect the preferences of the decision 

makers and constituency of that agency. 

Product: A priority listing of TSM packages for each implementing 

agency. 

Function: The MPO develops a priority listing of the alternate TSM 

packages according to the same decision rule used by the 

implementing agency. However, the weights and utility functions 

will reflect the regional perspective rather than the local 

perspective. 

Product: A priority listing of TSM packages with regard to a regional 

perspective. 
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Function: The MPO negotiates with the implementing agencies in order 

to develop a final priority listing of packages. The "best" 

package is then selected according to a total budget constraint, 

and a time schedule is set for the implementation of each 

strategy. 

Product: A "best" TSM package to be implemented according to a proposed 

time schedule. 

Function: Each implementing agency determines which strategies it will 

monitor and the monitoring technique it will use for each 

strategy within the TSM package. Each agency will also set 

a tentative time schedule for monitoring the strategies. In 

some cases, certain agencies other than the implementing 

agencies will collect data on particular measures of effec

tiveness. The MPO should identify these agencies, and 

request that they forward the data to the MPO. 

Product: At this point, the TSM Element is prepared. The document 

should include a statement of responsibility for each TSM 

strategy which identifies the following items: 1) the 

implementing agency, 2) the implementa tion time schedule, 

3) the monitoring agency, 4) the monitoring technique and 

geographical basis for monitoring, and 5) the monitoring time 

schedule. Tables 16 and 17 illustrate two example forms for 

a statement of responsibility. Alternative Form 1 is for 

a single strategy and Alternative Form 2 is for a package of 

strategies. In addition, the TSM Element should include 

summary tables showing time schedules and status for both 
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strategy implementation and monitoring. 

Function: The appropriate agencies monitor the strategies according 

to the time schedule and forward the data on each measure 

of effectiveness to the MPO. The MPO then processes this 

data in a central file (transportation system performance 

inventory) according to specific measures of effectiveness 

and geographic delineation. It is recommended that the MPO 
' 

processes this data using the set of urban transportation 

planning computer packages which it utilizes for "3C" 

planning. For example, the MPO would update the network 

link cards on a periodic basis in order to construct a 

current model of the transportation network. 

Product: A computerized transportation system performance inventory 

which is updated on a periodic basis. 

Function: The MPO retrieves the data semi-annually to produce a status 

report on the system with regard to all the measures of 

effectiveness. 

Product: A computerized status report which lists the following items: 

1) the measure of effectiveness; 2) the system component 

monitored; 3) the monitoring status; 4) the performance 

status of selected components; and 5) an update of the 

transportation network as a whole according to a planning 

computer program. Table 18 presents an example format of a 

transportation system status report. In addition, visual 

displays are prepared which illustrate the performance of the 

system components with respect to each measure of effectiveness; 

for example, travel time contours for major facilities on the 

network. 

139 



..... 

.i:,-
0 

TABLE 16 . EXAMPLE OF A STATEMENT OF RESPONSIBILITY FOR 
A TSM ELEMENT: ALTERNATE FORM :i,. 

TSM Objective: To reduce travel time 

Strategy: Major Intersection Improvement: 72nd & Dodge St. 

Implementation Date: Sumner 1980 

Lead Implementing Agency: Omaha Public Works Department 

Geographical Basis For Monitoring Effectiveness 

Corridor: Not Scheduled 
Subarea: Not Scheduled 
Link : Speed and Delay Study/Dodge St. - 30th St. to 84th St. 
Node: Intersection Delay Study 

Lead Monitoring Agency: Omaha Traffic Engineer 

Monitoring Period: Before Implementation Study - Fall 1978 
After Implementation Study - Fall ~982 
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TABLE 17 • EXAMPLE OF A STATE.MENT OF RESPONSIBILITY FOR A TSM ELEMENT; 
ALTERNATE FORM 2 

Objective: To reduce point-to-point travel time 

Strategy: Traffic Operations Package 6 

Implementation Date: Phase 1 
Phase 2 
Phase 3 

- Sunnner 1980 
- Winter 1982 
- Winter 1985 

Lead Implementing Agency: Omaha Traffic Engineer 

Geographical Basis For Monitoring Effectiveness Speed & Delay Study 

Corridor: Dodge St. Corridor - 30th St. to 60th St . 
Subarea: Not Scheduled 
Link: Not Scheduled 
Node: Not Scheduled 

Lead Monitoring Agency: Omaha Traffic Engineer 

Monitoring Period: Before Implementation Study - Fall 1978 
After Implementation Study - Fall 1987 



TABLE 18. EXAMPLE OF A TRANSPORTATION SYSTEM STATUS REPORT 

Measure of Effectiveness: 

System Component Monitored: 

1. 72nd St. Corridor 

2. 30th St. Corridor 

Monitoring Status 

Point-to-Point Travel Time 

1. Speed and Delay Study Completed August 1980 

2. Speed and Delay Study Completed November 1980 

Performance Status 

N-S Corridor 

72nd St. 
30th St. 

COATS System Update 

N-S Corridor 

30th St. 
72nd St. 
90th St. 

120th St. 

Average Travel Time (min/mile) 

3.8 
3.0 

Es timated Travel Time (min/mile) 

3.0 
3.8 
3.5 
3.5 

NOTE: Travel times are estimated for 90th and 120th St. corridors from 
capacity restraint assignment on COATS Network 
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Integrating the TSM Evaluation Framework Into the "3C" Planning Process 

Several issues have restricted the full integration of the overall 

TSM planning process into the traditional "3C" planning process. One such 

issue concerns the definition of a TSM strategy. As mentioned in Chapter 

II, the definition of a TSM strategy is often ambiguous whereas the tradi

tional capital improvement project is well defined. As a result of 

this difference in the degree of definition, the two types of projects 

have been generally analyzed at two separate levels of detail. For 

the most part, the pr imary difference between the two types of projects 

is that capital improvement projects are construction oriented and TSM 

strategies are service oriented . 1 In reality, a "gray area" exists 

between a project which is clearly construction oriented and a project 

which is clearly service oriented . For example, a computerized traffic 

signal system, which may require significant capital outlay and which 

is largely service oriented, lies within this gray area. The exact 

categorization of a project as either construction or service oriented 

may not be all that important in the planning process. The important 

point is that both types of projects impact the transportation system 

with respect to certain measures of effectiveness . Although this report 

has focused on TSM measures of effectiveness and TSM strategies, both 

construction and service oriented projects should be grouped into packages 

of transportation alternatives which are planned and evaluated with 

respect to common measures of effectiveness. If this is done, the set 

of measures of effectiveness needs to be expanded to include objectives 

other than strictly TSM objectives. For example, the following objective 

would relate more to a construction oriented project than to a service 

1
The term "service oriented" is applied here as defined by Gacken

heimer (1978). 
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oriented project: to minimize residential dislocations . By grouping 

capital and service oriented projects together into alternate packages, 

the "best" transportation system can be selected which yields the 

highest utility with respect to all the regional goals and objectives. 

A second issue, closely r elated to the fi r s t issue, involves the 

stigma of long-range versus short-range projects. In general, capital 

improvement projects are associated with long-range consequences whereas 

service oriented projects are associated with short-range consequences. 

However, both types of projects have both long-range and short-range 

consequences. Therefore, the packages of transportation alternatives 

should be planned and programmed on a time-staged basis with construction 

and service oriented projects having common interim projections . The 

concept of planning capital and service oriented projects on a time-staged 

basis is illustrated by Table 19 . 

A third issue which restricts the implementation of the evaluation 

framework concerns the forecasting of TSM strategy consequences. Over 

the past few decades, the state-of-the-art in forecasting the consequences 

of capital improvement proj ects has improved significantly; however, 

the state-of-the- art in TSM forecasting is at an early stage of development. 

Extensive research is needed to answer some vital questions with regard 

to TSM forecasting: (1) How can a TSM strategy, such as a carpool 

program or staggered work hours program, be simulated? (2) What modifications 

must be made to the current battery of urban transportation computer 

programs to forecast the consequences of TSM strategies? (3) What are the 

mathematical relationships between measures of effectiveness at one geo

graphical level and those a t another geographical level? and (4) How can 

TSM strategies be grouped together into alternate packages and how can the 
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TABLE 19. EXAMPLE OF A PACKAGE OF ALTERNATIVES: CAPITAL IMPROVEMENT AND 
SERVICE ORIENTED 

Project 

41 Expressway 
2.2 mi 

Widening 2L to 41 
25 . 0 mi 

New 2L Arterial 
1.5 mi 

Intersection Widening 
20 Major Intersections 

Computerized Arterial Signal 
System 
2 . 0 mi 

In t ensive Carpool 
Matching Program 
(20,000 participants) 

Staggered Work Hours 
Program (50 businesses) 

Yr 2000 

Complete 

I 

Proposed Time Staging 

Yr 1990 

PS & E 

Phase 1 
15. 0 mi 

Complete 

Phase 1 
10 inter. 

Complete 

Phase 2 
(10,000 part.) 

Phase 2 
( 30 buss.) 

Yr 19 80 

Programmed 

Planned 

Prel im, Design 

Pl anned 

Pr ogrannned 

Phase 1 
(5,000 part.) 

Phase 1 
(15 buss.) 



consequences of those packages be fore casted? 

Another issue which needs to be addressed is the method of funding 

of TSM strategy implementation and TSM monitoring. In many cases, the 

funding for a purely service oriented strategy is not available . For 

example, an agency may desire to establish a staggered work hours 

program or even a carpool program, but may not be able to obtain funding 

for the program. The Surface Transporta tion Act currently under con

sideration by Congress would be a step toward providing definite 

categories of funding which would be available for implementation and 

monitoring. 

A fifth issue concerns the responsibility for TSM planning and eval

uation. In essence, the MPO has no authority except that of a "coor

dinator." However, in order to be an effective coordinator, the MPO 

needs to be given a positive role in various evaluation functions as 

noted in the recommended TSM information system. Also, the local 

implementing agencies should be required to monitor specific TSM 

strategies which are placed in the TSM Element. 
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BACKGROUND 

APPENDIX A 

THE QUANTI.FICATION OF A UTILITY-BASED 

EVALUATION M:>DEL 

Various. types of decision models can be used to evaluate alternate 

TSM strategies. But we have chosen only one to test for the Omaha-Council 

Bluffs metropolitan area: an additive utilities model . The basic premise 

of this model is that the total utility of a given TSM strategy is a 

linear function of the importance placed on an attribute, e.g., travel time, 

and the utility received from a strategy with regard to each attribute. 

Mathematically sta ted: 

where UA = the 
the 

wi (xi) = the 

ui(xi) = the 

n = the 

Each utility function is, 

n 
= E 
i=l 

w. (x.) u.(x . ) 
l. l. l. l. 

total utility of strategy A with regard to all 
attributes 

importance or weight placed on the attribute xi 

utility function defined over the values of xi 

total number of attributes 

in essence~ a scaling function which reflects 

the performance of a strategy over a range of attribute values. The 

strategy with the highest total utility is the most preferred al ternative; 

the strategy with the next highest utility would be the second preferred 

alternative, and so forth. 

In order to quantify the model, we must first determine the weights, 

and, next, we must define each utility function. Also, to minimize the 

effect of overlapping attributes on the model outcome, we must verify 

assumptions of independence . Since data is scanty, we will simulate the 
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values of the attributes for five "abstract" multi-modal alternatives for 

the existing COATS transportation study area. For this, means and standard 

deviations have been selected for the attributes based on available sources 

such as the COATS 1995 plan. Subsequently, values of the attributes were 

simulated using the means and standard devia tions as inputs into a normal 

distribution. 

You will be asked to respond to two parts of this questionnaire. The 

first part is the determination of the weights, and the second part is the 

specification of the utility functions. Upon completion of each question

naire, we will compute the means and variance of each response for all 

participants. We will then furnish you with the results including your own 

responses. Next, if one or more of your responses is significantly differ

ent from the mean, you will be asked to either change your response or defend 

your answer. 

I. DETERMINING THE WEIGHTS ON TSM ATTRIBUTES 

The purpose of this part is to determine your preferences for the 

various TSM attributes listed in Table A-1 and to find out if your pre

ference for an attribute is dependent on the values of the other attributes. 

For this, consider the five simulated alternatives with the attribute values 

shown in Table A-2. (Note: You are considering weights only with regard 

to the range of values shown.) Now, examine alternative 1 and rate each 

attribute on a continuous scale of zero to ten with zero indicating that the 

attribute is of no importance and a ten indicati_ng that the attribute is of 

extreme importance. Place your rating in column (1). For example, one may 

give travel time a rating of eight because he considers this attribute to 

be very important. If his preference for cost was equally as strong, he 

would also assign an eight to this attribute. Thus, he would use the same 
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TABLE A-1. DETERMINING THE WEIGHTS ON EACH ATTRIBUTE 

TSM Attribute 

Travel Time 

Travel Costs 

Vehicle Occupancy 

Facility Capacity 

Pedestrian/Bicycle Traffic 

Safety 

Security 

Comfort and Convenience 

Reliability 

Noise 

Air Quality 

Energy 

Service to Disadvantaged 

Column (1) Column (2) 

Are your preferences independent of the values shown in Table A-2? 

Yes _____ No ____ _ If not, why do they change? 
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TABLE A-2. SIMULATED TSM ATIRIBUTES 

Travel Time 
Av. minutes per mile during peak

hour travel 

Travel Costs 
Total out-of-pocket costs per 

year($ Millions) 

Vehicle Occupancy 
Persons per automobile for the 

work trip 

Facility Capacity 
Av. V/C ratio during the peak 

hour 

Pedestrian/Bicycle Travel 
% of total person trips 

Safety 
Total# of accidents per year 

Security 
Total# of crimes per year 

Comfort and Convenience 
Av. Transit Wait Time, min. 

Reliability 
Av. Transit Trip variance, min. 

Noise Level 
Av. Noise level, dBA within 

100 ft. of facility 

Air Quality 
CO (1,000 lbs/day) 

Service to Disadvantaged 
% of Disadvantaged receiving 

adequate service 

Energy 
Gasoline (1,000 gal/day) 

1 

3.4 

634. 2 

1.4 

1.0 

9.2 

15,732 

205 

4.8 

2.0 

75.0 

197.0 

44.9 

410.0 

150 

2 3 

3.1 3.0 

633.7 596.8 

1.4 1.4 

1.1 1.0 

11. 2 12 .o 

15,825 15,866 

194 201 

6.4 8.5 

2.3 2.5 

75.4 73.7 

200.3 189.8 

61.8 65.7 

413. 7 399. 2 

4 5 

3.0 2.6 

606.0 624.3 

1.5 1.4 

1.0 0.9 

11.9 11.1 

15,970 16,073 

200 182 

5.8 11.2 

2.6 0.9 

77 .1 69.5 

194.3 186.2 

43.9 42.2 

374.6 407.8 



scale for rati_ng each attribute and assign the same number to the attributes 

which he cons.idered equally important. 

Now cons·ider alternative 5. Will any of your weights in column (1) 

change? If so, place the revised weight in column (2) and indicate the 

reason in the space provided. If not, could you say with confi dence that 

your preferences for these attributes are independent of the attribute 

values? 
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II. SPECIFYING THE UTILITY FUNCTIONS 

The objective here is to define utility functions for each one of the 

13 attributes shown in Table A-1. The term utility refers to the level 

of satisfaction which you receive from a given l evel of an attribute. For 

example, among a set of strategies a V/C ratio of 1.00 for one alter

native might be assigned a utility value of 0.60. But, in general, before 

a specific utility value can be assigned to an attribute, we must first 

consider the range of values generated by all the alternatives. Then 

we can arbitrarily assign a utility of one to the most preferred value and 

a utility of zero to the least preferred value. You will be asked to assign 

utilities to attribute values between these two extreme points. 

Figure A-1 illustrates three possible utility functions defined over 

the range of travel times for the ten simulated alternatives shown in 

Table A-2. In this case, the function decreases as travel time increases, 

but a utility function for other attributes may increase as the attribute 

value increases. For example, you may expect the utility function for the 

attribute reliability to increase as reliability increases. The three 

curves shown in Figure A-1 exhibit certain properties with regard to how 

marginal utility changes with change in the attribute values. For curve 1, 

for each unit reduction in travel time, the marginal utility diminishes. 

However, for curve 2, for each unit reduction in travel time, the marginal 

utility is constant. Finally, for curve 3, for each unit reduction in 

travel time, the marginal utility increases. All the curves shown in 

Figure A-1 are monotonically decreasing with increasing values of travel 

time. That is, a smaller value of travel time is always preferred to a 

larger value within the range shown. But there may be situations where 

this may not be true, and this possibility must be checked. 
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Figure A-1. Examples of Utility Functions 
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Figure A-2. Sketches of Your Utility Functions 
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Now, using the above discussion as a guide, we will ask you to sketch 

the utility functions for each one of the 13 attributes on the axes pro

vided. To help, first assign an attribute value at a utility values of 

0.25, 0.50, and 0.75, and then sketch in the curve. Please show the values 

on the Figure A-2. 

Can you imagine a situation in which the utility function for any 

attribute could both increase and decrease within the range of values? 

If so, please explain why. --------------------------

Now, consider the five simulated alternatives as you did in the first 

part of the questionnaire. First, examine alternative 1, then examine 

alternative 5. Will any of your utility functions change as the attribute 

values change? If so, why? -------------------------
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APPENDIX B 

CARPOOLING MONITORING AND EVALUATION 

The following information is provided as supplementary 

support for analysis provided in Chapter VII ''Carpool 

Program Case Study." The following tables include inform

ation pertinent to the SRI response output, transportation 

zone information, employer survey, auto occupancy summary, 

and crosstabulation example. 
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TABLE B-1. METRO AREA CARPOOL SAMPLE RESPONSE VARIABLES 

GEN ERAL COMMUNITY SURVEY 

RESPONSE VARIABLE: WHAT METOD OF TRANSPORTATION DO YOU USE TO AND FROM WORK 

CLASSI FI CATION CODES DRIVE OR RIDE RIDE THE BUS DRIVE ALONE IN WITH A FAMILY WALK OTHER 
IN A CARPOOL A CAR OR TRUCK MEMBER 

INCOME a 
.. NO ANSWER 14 . o. 57. 2S. 0. 0. 

1 0 4 2 0 0 

UNDER $7000 8. 0. 58. 0. 25 . 8. 
1 0 7 0 3 1 

S7000- $15000 20. 2. 62 . 5. 9. 2. 
11 1 34 3 5 1 

$15000- 25000 14. 3. 71. 6. 1. 4 . 

10 2 49 4 1 3 

OVER $25000 21. 0. 79 . 0. o. 0. 

4 0 15 0 0 0 

TOTAL 17. 2. 67. 6. 6. 3. 
27 3 109 9 9 5 

PROGRAM PARTICIPANT S SURVEY 

RESPONSE VAR!ABLE: HOW DO YOU USUALLY TRAVEL TO WORK 

CLASSIFICATION CODES CARPOOL DRIVE ALONE BUS r~OTORCY CLE OTHER 

INCOME 
NO ANSWER 42. 50. 0. o. 8. 

5 6 0 0 1 

UNDER $7000 36. 36. 18. o. 9. 
4 4 2 0 l 

$7000- $15000 33 . 50 . 10 . 0. 7. 
29 44 9 0 6 

SlS000-25000 41. 50 . 2. 2. 5. 

61 75 3 3 7 

OVER $25000 44. 49 . 8. o. 0. 
17 19 3 0 0 

TOTAL 39. 49. 6. 1. 5. 
116 148 17 3 15 

RESPONSE VARIABLE: INCLUDING THE DRIVER, HOW MANY PEOPLE ARE IN YOUR CARPOOL 

CLASSIFICATION CODES TWO THREE FOUR FIVE SIX OR MORE 

INCC."1E 
NO ANSWER 60. 20. 0. 0. 0. 

3 1 0 0 0 

UNDER $7000 so. 50. 0. 0. o. 
2 2 0 0 0 

S7000-$15000 54. 29. 11. 4. 4. 
15 8 3 1 1 

515000-25000 42. 29. 20 . 8. o. 
25 17 12 5 0 

OVER 525000 39. 39 . 11. 11. 0. 
7 7 2 2 0 

TOTAL 46. . 31. 16. 7. 1. 
52 35 18 8 1 

al4.1 - percentage frequency 
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Table B-2. Transportation Zone Sample Data 

1975 Socio-Economic Activity 

Zone 

Activity 81 82 83 # 

Retail Employment 415 2022 187 
Manufacturing Employment 0 0 0 
Other Employment 141 674 942 
Total Employment 556 2696 1129 
Population 2837 3055 4653 
Households 809 863 1717 
Housing Units 970 910 1797 
Autos 1643 2711 2473 
Trucks 25 15 9 
Income 12579 23818 9280 

1975 Existing Land Use 

(Acres) 

Indus trial 10.0 0.0 0.0 
Commercial 70.3 85. 8 28. 3 
Institutional 0.0 0.0 25.0 
Multi-family 43.2 8.0 67 .2 
Single-family 100.5 87.2 194.8 
Transportation 121.4 102.1 94.7 
Recreation 156. 8 13.6 17.6 
Water 2.2 0.0 0.0 
Vacant 321.6 157.4 136.6 
Total 826.0 454.0 584.0 
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TABLE B-3 EMPLOYER SURVEY SAMPLE RESPONSE 

Northern Natural Gas - · NOS 0029 
2223 Dodge 
Orraha, Nebraska 68102 
Company Contact - Bill Zirrunerman, 348-4000 

1. No. of employees - 1,200 
2. No. of participants - 42 
3. Work hours - flextime - any 8 hours between 6:00 a.m. - 6:00 p.m. 
4. Type of work - Office & Clerical, Administrative 
S. % needing car during workday - 2% 
6. Incentives - preferrential parking - 92 stalls 
7. Average trip length - 5 miles 

Northwestern Bell N06 OT33(DFD) 
100 South 19th 
Oniaha, Nebraska 68102 
Company Contact - Sally ¾:Guire, 422-8288 

1. No. of employees - 4,200 
2. No. of participants - 531 
3. Work hours - 8:00 a.m. - 5:00 p.m.; 7:30 a.m. - 4:30 p.m. 
4. Type of work - Office & Clerical, Administrative 
5. % needing car during workday - 0% 
6. Incentives - None 
7. Average trip length - 12 miles 

Offutt A.F.B. 001 OA36 
Omaha, Nebraska 68113 
Company Contact - Sgt. Peterson, 294-3259 

1. No. of employees - 20,000 
2. No. of participants - 1,133 
3. Work hours - 7:00 a.m. - 5:00 p.m. for majority 
4. Type of work - Military, Transportation 
S. % needing car during workday - 1% 
6. Incentives - Preferrential parking, Vanpool program 
7. Average trip length - 8 miles 
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TABLE B-4 

LOCATION DATE DAY T IHE 

EMPLOYER AUTO OCCUPANCY SUMMARY 

NUMBER OF OCC UPANT S 
IN VEHICLE 

2 3 4 5 6 + 

MUL TI -OCCUPAN CY VEHS. 
(M.0.V.) 

TOTAL 
VEHS. 

TOTAL 
OCCU
PANTS 

AVERAGE 
OCCU 
PANCY 

TOTAL YEH ICLES 
(T. V. ) 

TOTA L 
VEHS . 

TOTAL 
OCCU
PANTS 

AVERAGE 
OCCU
PANCY 

NE .METHODIST HOSP.*I 6-13 ITues. 10630-0830 
- . - •· ·-•--- . -1-·- - • · - · I --- - ··1··-·- ··••---t--+-4- --·1·-·- ·-- I I I I I I 

!Far_n~m / _North LotJ ______ J _______ J ___ __________ ( 250.L 13 2 
···•--t-~ --1--- - I I I ---ilf-- --- -

South Lot - ----••----
I--- --··-· -TOTAL-

l~E.METHODI ST HOSP.* 

Farnam/ North Lot 

Sou th Lot -- ··-·-··· . 

-TOTAL-

---1----1--- 1----· • ·· --- - - · •- ·-·- -----1------1 I --

---1---1- - . I I -1 -1----1--1----· 

230 

480 

11 

24 2 26 56 ___ __,.._ _____ • . . ·.--1-=- -------2. 15 506 536 1.06 

------·-~ -··-·I . ---··---1- I I I ---1---- - 1-------·· · - ·-··-·--•-----·1--- --

6- 13 ITues. 11530-1650 

i------ 1--- ··-· --·-··· - .... ·-· 
211 

110 

14 1 
·--1--1---+---I-- I I -l----'10---- - I- -+I--

16 I 4 ·-- ~ ---l---1-----·•·-·----•--- -··-
321 JOI 5 35 75 12.14 356 396 
·-·--· • ·· ••--l----1--~- --1--·-1 ·--·•- - ·· ·····- .... · - -------IJ. ·----•-----··- --·-····· 

1. 11 

1----- -·-· -··-·----·1------··•-- I -- • ·- - -1 ------ - 1---1---~--~ - ·-··-- .-4 I 

1----~.:_R. ___ _J~}~J Wed._J073 ~.: ~~~~I 

Eas ~ ~.o.!_1 ___ --- •-----· •------------- -·- -----
44 I 20 I 2 I I I - ---··-·•-----1------

West Lot - ---
4 I I ----1---1-- . . ···-----•-I-- I -1--- ··-··-· - -

57 149 179 1. 20 -TOTAL-

78 

122 --· I - - -:.....i-=--: +-=-+ I -J-- 1--1--· - -1---- ---
24 I 3 27 2. 11 

1-------· ··-· ·--------+----· ] ----•-· --•------·-- f-• ·- ··--··•-----1- - --·-

H.D.R. 6 - 14 I wed . I 16 Jo - 1 7 J ol -- --··· -

C ~m-~~~L-~~ 1- - --- - 1-- ------ 1J2 I 24 I ~---t- •-- 2. 14 160 192 
- - •---•- ----- 1--·----1---- --1---- - 1----- .. .. 

28 60 1. 20 

MUTUAL of OMAHA* 
1-------- --

33rd Harney / E.Lot 

W. Lot 
1-- · --- -- · -····-· -· .. ·-

-1----1-----1- ---- l ---- ·---l -••-·- -•- I ··-·-···- · 

6-15 IThur .10630-0830 
- · . .... · • ··--· · ··• •- 1---•-'- --1•- - l -- 1- -·--·- -1- I I I I 

36 

40 

10 

11 

2 4 
- -- 1-- --1--1- + - - - ----1----- -· I 1----·- .. - -- --- - ---1-·- - ...... . . 

--+--+- --1-- -- .. ·-- . . - ···-·- - -1------1----·--- ··· . . ---1- .. ·--· . ... -· 

J I 4 29 72 2.48 105 148 1. 41 -TOTAL- 76 I 21 
... ··-····----·-----1---·- l -----1------- - I I I I I --- 1-- • - ---·-·--· -----·••··---

CONTROL DATA 
- · ·--·· ··-•-l•- -1---+--f--· 

6- 16 I Fri. I 0630-083014 36 59 65 137 2. 11 501 573 
1- · - •I • ..... ~·•··· I -· . --·- -·• .. 1-----·1---·-- 1---·-···- , . • n•• -·-·-•---· 

1. 14 
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TABLE B-5 CROSSTABULATI.ON: MODE TO WORK BY WORK TIU.l? LENGTH 

----··----

PARTICIPANT SURVEY 

I 
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