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Foreword 
The papers in this RECORD represent, for the most part, a portion of the 
increasing literature in the rapidly developing field of systems analysis. 
Various analytical techniques and concepts are proposed by the respective 
authors for the development and evaluation of alternate transportation 
plans and their impacts. The various proposals presented here have been 
applied in settings ranging from specific urban areas to regional environ
ments to developing countries. Although the specific techniques of sys
tems analysis and evaluation that are proposed cover a rather wide range 
of geographical and political environments, the real significance of the 
papers is their overall attention to the needs of linking sound engineering 
economy to the development of socioeconomic goals and objectives. Col
lectively, they contribute further insight into the decision-making process. 

Wilson points out the positive results from local plan review and joint 
state-local plan endorsement in Wisconsin as a result of Highway Com
mission involvement in "701" planning for communities of less than 50,000 
population. 

In the series of papers that follow, transportation system analysis is 
approached from somewhat differing, yet interrelated, viewpoints. 
Pikarsky, for example, discusses the methodology used to evaluated al
ternative alignments for the Crosstown Expressway in Chicago and out
lines three specific areas around which evaluative criteria were devel
oped: traffic and engineering aspects, impact on existing communities, 
and potential land-use improvements. Hill questions the efficacy of tradi
tional cost-benefit methodology and proposes an alternative method de
scribed as goal-achievement analysis. Balkus discusses the relationship 
of six sketch plans prepared for the New York region and a population of 
over 30 million, with special focus on the implications that such plans 
would have on the transportation network. The paper by Jessiman, Brand, 
Tumminia, and Brussee presents a technique or framework that attempts 
to treat all pertinent factors in the evaluation of transportation improve
ments through defining objectives, evaluating the way each alternative 
meets each objective, and selection of the best alternative. The authors 
extend the technique to the consideration of an entire system of projects. 

Putman discusses design conceptualization and implementation of a 
model system for forecasting and evaluating the indirect impact of al
ternative transportation systems in the Northeast Corridor Project. 

Niebur focuses on the preliminary engineering economy analysis of 
five alternative urban transportation systems formulated and structured 
in the Seattle area. Three methods of engineering economy analysis were 
used in the Seattle study: the total annual cost method, the benefit-cost 
method and the rate of return method. 

Shaner argues that the traditional methods of road evaluation employed 
in advanced economies cannot be universally applied in developing coun
tries. The author offers an alternative set of procedures that incorpor
ates concepts of economic development. 
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Policy and Procedure Review: 
State Highway Commission Liaison 
With "701" Planning in Wisconsin 
BRUCE B. WILSON, Land Planning Supervisor, State Highway Commission of 

Wisconsin 

•THE federal planning assistance program got under way in Wisconsin in September 
of 1959 when planning consultants started work on a comprehensive development plan 
for a community of some 14,000 population. As of July 1966, no less than 110 federally
aided local and county plans had been completed or initiated in Wisconsin. This ac
tivity is commonly referred to as "701" planning in reference to Section 701 of the 
U. S. Housing Act of 1954, as amended, which generally authorizes o/a federal matching 
funds for such planning activity in accordance with policies and procedures developed 
by the U. S. Department of Housing and Urban Development. Transportation studies 
partly financed with HPR funds, state planning activity, multi-county regional studies 
and special studies have also received federal "701" funds in Wisconsin. These latter 
programs, because of their size and complexity, receive the bulk of attention from high
way agencies and researchers. This paper is concerned rather with the "701" planning 
assistance provided via state planning agencies to communities or groups of adjacent 
communities of less than 50,000 population and counties without regard to population. 

The stated purpose of federal "701" aid is, "to assist state and local governments in 
solving planning problems resulting from the increasing concentration of population in 
metropolitan and other urban areas, including smaller communities; to facilitate com
prehensive planning for urban development, including coordinated transportation sys
tems, on a continuing basis by such governments; and to encourage such governments 
to establish and improve planning staffs" (1). 

The 110 federally-aided planning assistance programs in Wisconsin can be described 
as varied in terms of geographic location, population size, level of government, and 
type of planning staff. Table 1 illustrates the distribution. Almost half of the local 
planning programs fall in the 1,000-4,999 population size group. Consultants have 
been retained for two-thirds of all local planning programs. While 22 private firms 
have participated in local planning assistance in Wisconsin, state records indicate 
70 percent of consultant programs are being handled by seven firms carrying five or 
more programs each. Plan preparation by the state and other public staff has been 
limited to programs for communities of less than 10,000 population. Consultants also 
dominate the county planning programs, being responsible for all but one of the six 
county programs in the state. 

All but a very few of the 110 "701" plans in Wisconsin have discussed or will discuss 
in some measure the location and function of state highways as coordinated with land 
use and community facilities plans. Clearly the State Highway Commission of Wisconsin 
should be and in fact has been involved in these local planning efforts. The purpose of 
this paper is to review and evaluate the first three years of the Commission's partici
pation in such programs, from August 1963 to August 1966. 

Throughout the paper the term "Planning Section" refers to the Urban and Advance 
Planning Section of the Planning and Research Division of the State Highway Commis
sion of Wisconsin (see Fig. 1). "District Engineer" means engineer-in-charge of one 

Paper sponsored by Committee on Organization and Administration and presented at the 46th Annual 
Meeting. 
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TABLE 1 

"701" PLANNING ASSISTANCE PROGRAMS IN WISCONSIN AS OF JULY 1966 

Population Local Programs by Staff Type 

Size Group 
Consultant State Othera Total 

0-999 4 9 1 14 
1,000-4,999 26 19 1 46 
5,000-9 ,999 18 3 1 22 
10,000-24,999 15 15 
25,000- 50,000 7 7 
Over 50,000 (counties only) 

Totals 70 31 3 104 

~County Pork and Planning Commission (2); City Planning Commission (1 ). 

County Programs by Staff Type 

Cons.ultant State Total 

3 

2 

5 

1 

1 

3 

3 

6 

of the nine district offices of the Highway Commission; "state planning agency" refers 
to the Planning Division of the Wisconsin Department of Resource Development. 
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figure l. Wisconsin State Highway Commission Planning and Research Division . 



TABLE 2 

"701" PLANNING WORK STARTS 
IN WISCONSffi 

Year 

1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 

(as of July) 

3 
5 

11 
11 
27 
15 
18 
20 

No. of 
Work Starts 

(incl. 11 pending) 

Cumulative 
Work Starts 

3 
8 

19 
30 
57 
72 
90 

110 

NEED FOR HIGHWAY COMMISSION 
INVOLVEMENT ESTABLISHED 

3 

"701" planning acitivity in Wisconsin 
started in 19 59 with three programs and 
increased to a peak of 27 "new starts" in 
1963 (Table 2). District Engineers began 
to be concerned when the first completed 
plans were brought to them by local units 
with questions as to whether proposed state 
route changes or improvements were fea
sible. One of the earliest plans generated 
considerable departmental correspondence 
by proposing a complete system of cir
cumferential highways which seemingly 
could only be implemented by State High-
way Commission action. The only avail

able estimate of "bypassable" traffic was derived by the consultant from an external 
O-D study in another city of comparable size. State highway corridor planning in the 
area had not been completed. The Highway Commission was placed in the unenviable 
position of needing a comprehensive answer to local questions when no such answer 
was available. Even more fundamental, the community and the Highway Commission 
were simply not speaking the same language. A communications gap needed to be filled. 

In August of 1960, D. F. Haist was appointed Chief of the Highway Commission's 
newly created Urban Planning and Development Section (now Urban and Advance Plan
ning Section). One of the first jobs of the Planning Section was to make an evaluation 
of local highway planning in Wisconsin as a basis on which to proceed with the neces
sary state-local coordination. The results of an intensive formal inquiry and evaluation 
were published in two years (2). 

The study confirmed the lack of communication between the Highway Commission 
and local units of government in local highway planning. Local units were simply not 
too concerned with the need for quantitative analysis, which is the everyday job of the 
Highway Commission engineer. On the other hand, the Highway Commission had not 
clearly and publicly expressed its long-range goals and objectives in terms of a high
way facilities plan, thereby leaving the door open for local intuitive planning. 

The study recommendations can be summarized as follows: 

1. State and federal construction aids in urban areas over 5,000 population should 
be conditioned upon preparation of documented local comprehensive plans. 

2. The State Highway Commission should offer limited planning assistance to insure 
the incorporation of regional planning needs and the preparation of technically sound 
and workable plans. The establishment of regional needs implies the preparation of a 
documented statewide long-range highway system plan by the State Highway Commis
sion. State highway plan refinement should permit maximum use of local implementa
tion devices. Quantitative study in local planning programs requires a team approach 
with the State Highway Commission represented. 

3. Local plans should receive mutual adoption by the local planning commission, 
the local legislative body, and the State Highway Commission. 

4. Adjustment of Federal-Aid systems should comply with local plans prepared and 
adopted as above. 

5. Continuing assistance by District Highway Commission personnel is required 
upon plan completion. 

INITIATION OF HIGHWAY COMMISSION ACTIVITY 

The Highway Commission's first step was to develop central and district office 
staff to meet the urban planning job ahead. By March 1963, Systems Planning, Traffic 
Planning, and Land Planning Units had been staffed in the central office Planning Sec
tion and at least one engineer in each district was assigned urban planning responsi
bilities though in some cases this duty was part-time. 
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By this time the Planning Section was making frequent contact with the state planning 
agency in regard to procedural requirements which could be incorporated into the pro
duction of local plans so that they would conform more closely to what was reasonable 
and feasible in view of overall state highway needs and financing priorities. In early 
1963 , the state planning agency started work on the first "701" plan to be prepared by 
their staff, which was in addition to their continuing responsibility to administer plans 
prepared by private consultants. In response to the Planning Section's desire for 
coordination, working arrangements began to be formulated for direct Highway Com
mission participation in all "701" studies. 

The Highway Commission with the review of the state planning agency issued its 
first policy memorandum on coordination with comprehensive community planning in 
August 1963. The policy memorandum outlined Planning Section responsibilities to 
supervise both the Commission's review of plans prepared by consultants and Com
mission participation in the formulation of plans prepared by state planning agency 
staff. The memorandum called for Commission activity in (a) the review of contracts, 
(b) the furnishing of data and advice, (c) the review and recommendation of planning 
proposals, and (d) the review of final plans. 

The idea of contract review was adapted to our needs from an Illinois Highway 
Department procedure and, at the Planning Section's prompting, was backed up by a 
letter from the state planning director to eligible planning consultants. The letter 
required the Highway Commission to be contacted by consultants prior to finalization 
of local work programs. While the theme of the Highway Commission's policy state
ment was planning assistance and review, it was recognized initially that without some 
responsibility to guide, the usefulness of review would be limited. 

To support the proposed review function, the Planning Section staff developed a plan 
review manual. A preliminary draft was distributed to district offices in September 
1963. Taking into account the experience of other midwestern State Highway Depart
ments, the manual was developed around a• series of 88 questions designed to test the 
organization, research, analysis, plan development, and implementation phases of the 
local planning program. It was stressed that the review process should take place 
concurrently with the planning effort rather than await plan completion. The manual 
also contains procedures for and conditions of Highway Commission endorsement of 
local plam,. 

For those planning efforts undertaken directly by the state planning staff, district
central office Highway Commission personnel were to participate by providing (a) traf
fic volume data and projections, (b) determination of capacity, (c) data on existing or 
programmed area highway projects, and (d) recommendations for and an evaluation of 
the proposed transportation plan. In turn, at appropriate times, the state planning 
agency was to furnish to the Planning Section a population forecast and other socioeco
nomic projections and their probable distribution in the future land use plan. 

Other steps taken by the Highway Commission to gear up for the planning assistance 
and review job centered on the task of training the district urban planning personnel. 
The training effort included the following: 

1. An on-the-job training program was initiated in the central office using the 
Madison Area Transportation Study. 

2. Personnel were sent to Northwestern University's two-week class in city plan
nlng fur highway engineers. 

3. Two 2-day discussion conferences were held with representatives of the state 
planning agency participating. 

4. A lending library of planning texts was developed. 
5. A coding index of planning topics was established and used for distributing a 

fairly constant flow of background materials. 
6. Personnel were sent to the BPR Traffic Furecasliug am.l Assignmenl 1.:uurse as 

frequently as positions were available. 

POSITIVE RESULTS OF HIGHWAY COMMISSION INVOLVEMENT 

After three years of joint effort by many persons to get the system in working order, 
aud iu svile uf lhe many problems encountered, substantial progress has been made 
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toward the achievement of Highway Commission objectives, as evidenced by the 
following: 

1. As of August 1966, 29 of 49 completed plans by consultants (about 60%) had re
ceived comprehensive reviews by district personnel. Comprehensive review of plans 
completed prior to early 1963 has been given second priority to concurrent review of 
38 additional consultant plans now under way. Reviews are not considered complete 
until a summary statement is on file in the central office proposing how the district 
can and cannot work with the community in implementing the plan. In other words, 
the Highway Commission is preparing to answer those local questions before they are 
asked. 

2. As of August 1966, two consultant plans had been formally endorsed by the State 
Highway Commission. The plans for the two cities of some 8,000 and 33,000 population 
both include potential reroutings of state trunk highways which were defined by a com
bination of consultant-local initiative and Highway Commission technical guidance. 
Since August 1966, two additional plans for cities of some 5,000 and 11,000 population 
have been endorsed by the Highway Commission. 

Local pressure to depart from the plans has been noticeably diminished in both 
cases by the process of mutual plan adoption. In one case the Highway Commission 
refused to endorse the plan until a local issue was resolved. The desire for state
federal aid overcame the local disagreement. (Currently, two potential endorsements 
are being held in abeyance in similar situations.) In the other case of endorsement, 
pressure arose after mutual adoption but was quieted quickly when it was recognized 
as a step backward in state-local cooperation. The Highway Commission is proceeding 
to implement recommended relocations in one plan and is studying a plan to compre
hensively adjust local Federal-Aid systems in accordance with the other. It should be 
noted finally that the Highway Commission did not actively solicit local requests for 
endorsement until early 1966 when completion of the overall state highway plan was 
imminent. 

3. District-central office Highway Commission personnel have worked with the state 
planning staff to complete nine comprehensive plans for communities of less than 
5,000 population. All but one of these plans (for a community which is not on a state 
trunk highway) have involved the joint consideration of highway-land use relationships 
by the two staffs. Proposals have been developed for potential route reservation, 
access control, and land use regulation which will affect the operation of the future 
state highway system. The Commission staff has been given sufficient latitude in 
report review so that the position on future highways can be carefully stated in the final 
reports. This becomes particularly important when state highway corridor planning 
has not been finalized in the vicinity of the particular community. Such state agency 
coordination has been a primary objective of local plans prepared by the state plan
ning staff. Twenty-three additional planning programs of this type have been initiated, 
including three for cities over 5,000 population. 

4. A positive result related to No. 3 above is that the good working relationship with 
the state planning agency staff has brought the planning and engineering disciplines 
closer together through the direct exposure to each other's assumptions and plan de
velopment criteria in state-prepared plans. In turn, this process of education has 
promoted a more realistic state agency review of plans prepared by consultants. 

5. Of primary importance to the Highway Commission has been the good working 
relationship established between district urban planning personnel and local planning 
commissions in "701" planning. In many instances, involvement in local meetings by 
district personnel has resulted in beneficial use of highway data and better under
standing of regional highway needs by local planning agencies. A partial listing of 
planning services provided to local planning efforts by the Commission includes (a) 
adjusting the local traffic counting program to better serve "7 01" planning needs; (b) 
providing copies of right-of-way plats; (c) providing readily available aerial photog
raphy and contour mapping; (d) providing information on design standards and cost 
data; (e) giving advice on the local use of traffic control devices, channelization, one
way streets, etc.; and (f) explaining long-range Highway Commission planning as ex
pressed in the recently adopted functional highway plan. 
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TABLE 3 

MINIMUM TRAVEL HABIT STUDY REQUIREMENTS 

External Information 

Population Requirement 

Size Group 
Roadside License Post 
Interview Plate Card 

0-999 
1,000-4,999 P-1 P-1 P-1 
5,000-9,999 P-2 P-2 P-2 
10,000-24,999 M 
25,000-50,000 M 

Key: 
- = No Requirement 

P-1 = Possible Requirement (if appropriate) 
P-2 = Possible Requirement (some survey required) 

M = Minimum Requirement 

Internal Information 
Requirement 

Home Telephone Internal 
Interview Survey Cordon 

P-1 P-1 P-1 
P-2 P-2 P-2 
M 

Note: The exercise of "P's" is dependent upon individual communi ty characteristics, such 
as total approaching volume exceeding 4,000 ADT, and considerations of the com-
111urdly 1~ t:!L;UJ1u111il.: fu1n.:liu11, i11le111ul :,l1eel ::,y:,l1,m1, urnJ Uu1ii1::1:, lu l1uffit.: fluw. 

The benefits of this working relationship are two-way. Urban planning personnel 
have reported learning something new and important tor iuture highway planning from 
local plan review in each district-factors such as proposals for local land develop
ment, local desires concerning service from regional routes, and local street extension 
plans. This information is put to real use when the Highway Commission wants to in
vestigate new highway locations near the community. 

It can be stated generally that since the Highway Commission initiated its formal 
policy of coordination with local planning in August 1963, district urban planning per
sonnel have actively participated in the formulation of arterial highway proposals in 
most if not all local planning programs. There have been differences of opinion but 
the team approach is resulting in the preparation of many plans which the Commission 
would be willing to endorse if requested. 

6. Involvement in local planning commission meetings has basic administrative 
benefits as well. Through written reports submitted by district urban planning per
sonnel, the central office Planning Section can keep up-to-date on local planning through
out the state. The meeting reports are also valuable as (a) background information for 
preparing formal plan endorsements, (b) a source for reporting current reactions on 
planning programs to the state planning agency, (c) a means of informing central office 
design and right-of-way personnel of pertinent local information, and (d) a source 
document for reconstructing Commission involvement in a local planning program at 
any later date. 

As a conclusion to the positive results of Highway Commission involvement in local 
"701" planning it can be stated that this program has brought the Commission and com
munities closer toi:?;ether and improved the communications gap which once existed. 
The Commission's first uncertain reactions to the "701" program have been replaced 
by the attitude that this program is an integral part of overall highway planning effort. 

PROBLEMS ENCOUNTERED IN HIGHWAY COMMISSION INVOLVEMENT 

Positive results such as those listed can serve as a comforting reminder that an 
agency is on the right track, but the continuing improvement of agency policy requires 
a close look at problem areas as well. The following problem areas are arranged in 
the approximate order of occurrence in the planning process. 

1. Some consultants have reacted unfavorably to Highway Commission review of 
their local work programs. The primary conflict is the additional program cost re-
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quired to meef Highway Commission desires for more quantitative and comprehensive 
studies of transportation needs. As an initial goal, for example, the Planning Section 
set up the suggested guidelines for O-D surveys given in Table 3. Considering the 
typical costs of early "701" plans in Wisconsin and the requirement of the consultants 
to undertake balanced planning programs, the guidelines for communities between 
5,000 and 25,000 population became particularly unpalatable. 

A Planning Section study of contract costs in October 1963 indicated a typical cost 
of $12,500 for a plan for a Wisconsin community of 5,000 population. About 10 percent 
of total contract cost seems to be the guideline for transportation analysis in the small 
community plans. Ten percent of $12,500 might finance a one- or two-station external 
survey, assuming current Commission costs, and even then would leave little monies 
for other aspects of transportation analysis. Consultant concern is most evident from 
smaller planning firms with limited traffic survey, analysis, and forecasting experi
ence; this would be more costly to them because it requires extensive preparation and 
research. 

2. The Highway Commission has had to overcome some concern by the state plan
ning agency that it might be encroaching on their established responsibility of negotiat
ing contracts with consultants for "701" planning work. It was evident that the well
developed working relationship with the state planning agency might be jeopardized by 
continued insistence on a critical review of contract details. We were, after all, to a 
certain degree participating in the "701" planning process at the invitation of the state 
planning agency. A compromise was finally reached whereby copies of signed con
tracts were available to us to aid in plan review. 

3. A corollary to the problems in contract review was the occasional tardiness of 
the Highway Commission's invitation into the local planning process. In the opinion of 
the author, involvement at the data-gathering stage is too late. There have been cases 
of consultants attacking the wrong highway planning problems, doing unnecessary traf
fic analysis, and ending up with a plan that satisfies neither the local community nor 
the Highway Commission. In one case, the Highway Commission was seeking a con
sensus at the local level on refined highway locations, but found instead an unnecessary 
concentration on establishing corridor traffic desires which had previously been esti
mated by the Commission. In other cases where regional transportation studies were 
pending, detailed local transportation studies might simply have been deferred. In 
still others the Commission might have recommended special studies related to the 
most pressing area needs. There have been, of course, many cases where the High
way Commission and the consultant's staff have collaborated in work directed toward 
the salient problems. · 

4. Being very familiar with highway planning data, district-central office staff have 
occasionally overestimated the clarity of such data to consultants and local planning 
commissions. One consultant, for example, misinterpreted a proposed drainage-way 
on a right-of-way plat to be a future roadway. Traffic data, assignments and capacities 
can also be misinterpreted unless they are carefully explained by Highway Commission 
traffic engineers. The various ways that traffic counts must be factored, the ways 
that assignments must be adjusted, and new capacity concepts are all subjects for local 
education. 

5. It has been the position of the Highway Commission that it should not be alone in 
endorsing a local plan; the plan must first be adopted by the plan commission (as 
provided by state statute) and endorsed by the local legislative body (usually by resolu
tion). One of the unexpected problems encountered in local plan review has been the 
hesitancy of some local units of government to adopt and endorse their own plans. This 
formal acceptance is often withheld because the benefit is not apparent to local units 
of government, or because the community is split on acceptance of one or more plan 
elements. This delay in local plan acceptance has required that some urgently needed 
highway improvements be made prior to plan endorsement. This action in itself 
eliminates some of the enticement to mutual plan adoption. In other words, the local 
unit already has part of what it wants. This should happen less frequently as plan 
adoption becomes a more accepted practice in Wisconsin. 
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Since Highway Commission adoption of 
a state highway plan has been imminent 
for several months, the Planning Section 
has been actively promoting local adop
tion and endorsement of plans and sub
sequent requests for Highway Commis
sion endorsement. This promotion effort 
has included letters to localities from 
district offices when there seemed to be 
a reasonable chance for mutual plan 
adoption. The responses show a definite 
interest by many communities once they 
are approached directly. 

SOME SUGGESTED POLICY 
MODIFICATIONS 

Brand-new approaches to liaison with 
"701" planning are not required in Wis
consin. However, some modifications to 
a basically workable policy are suggested . 

Local planning assistance must be 
offered by the Highway Commission prior 
to the contract-writing stage. Simply 
stated, the Commission needs to get in 
on the initial problem definition s tage 
(Fig. 2). A good start has been made 
recently in conjunction with revised pro
cedures of the state planning agency. 
That agency is now attempting to guide 
the preparation of general work programs 
for communities before the community 
talks to consultants. As a result of recent 
discussions with the state planning staff, 
the Highway Commission is now being 
asked to help define local transportation 
planning needs. The Planning Section of 
course relies on the district offices for 
initial recommendations based on their 
local knowledge. Initially a few reports 
of "no problems" were received, but now 
some r ather long and interesting memos 
describe in detail t he need to work out 
particular highway location and pr otec
tion problems with the community involved . 
Every effort should be made to inject 
these real problem issues into the local 
planning process, even if pertinent High
way Commission planning is still in its 
preliminary stages. The alternative to 
this is the risk of promoting planning pro
grams which attack vague and unreal prob
lems of little importance to anyone. 

With problem areas generally defined, 
the process of contract review also be
comes more meaningful. Concentration 
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on isolated contract detail can be replaced by concern with overall contract conform
ance to planning needs. If expensive traffic analysis is required, it ca11 be more readily 
justified when related to problem issues. On the other hand, the Planning Section 
needs to develop more refined criteria for determining if a consultant should be re
quired to prepare any traffic forecast at all. Local problems may simply not be directly 
related to traffic volume but rather to such items as circulation pattern, parking, traf
fic mix, access to major routes, and neighborhood disruption. Finally, it is believed 
that increased Highway Commission involvement prior to the contract writing stage as 
described could preclude the need for involvement in contract negotiation itself. 

A valuable service can be performed for "701" planning by providing local planning 
programs with traffic forecasts available in the Planning Section. This is now being 
done to an increasing degree. Just as local population forecasts should be expected to 
be compatible with state and regional forecasts supplied by the state planning staff, so 
should local traffic forecasts be expected to be compatible with the statewide assign
ments being developed as part of the state highway plan effort. The requirements for 
expensive traffic forecasting by consultants on local routes should be carefully evalu
ated in all cases. This suggestion can only be achieved through earlier involvement 
in local planning programs. 

There is a need for the Planning and Research Division to make available guidelines 
to consultants and communities for the use of highway planning data available in the 
central and district offices. Enough experience has been gained in working with com
munities to begin to formalize recommendations for local use of such data. Specifically, 
it is recommended that a publication be prepared on the multiple use of highway plan
ning data. This will aid efforts to get the Highway Commission and local communities 
talking the same language on the subject of highway 'planning. 

Increasing use can be made of recent products of the state highway planning pro
gram to strengthen and support local planning. Already the meaning of the various 
elements of the functional system plan for local planning is being realized by the state 
planning agency, consultants, and others. There is general recognition that the highest 
type of arterial is planned to serve the longest trips with highest mobility, while in
creasing amounts of land access may be provided by successively lower types of arte
rials. The Commission's freeway-expressway plan, based on the functional plan and 
future traffic volume, is generally indicative of the need for future relief routes or 
bypasses and should permit a general estimate of right-of-way widths required. In 
short, local plans can be and are now being prepared within a framework of established 
regional needs. 

However, all of the preceding is not enough to achieve detailed state-local plan 
coordination. Potential opportunities exist for preserving future highway right-of-way, 
planning access arrangements properly related to future local street systems, d~velop
ing guidelines for land development adjacent to arterials and intersecting roads, etc. 
Such coordination will require accelerating refinement of the initial functional highway 
plan in some areas, High priority should be given to preliminary design investigations 
to finalize centerline locations where opportunities for coordination with local planning 
exist. A recent step forward has been the preparation of a statewide priority plan for 
preliminary design investigations which take into account the need to reserve highway 
right-of-way in rapidly developing urban fringe areas. 

If the initial "701" planning investment is to bring about lasting state-local coordi
nation, the Commission must increase its efforts to stimulate continued local planning 
and volunteer to participate with the community in this activity. One-time cooperation 
in plan implementation will not be enough; contact must be maintained for plan reeval
uation purposes. Commission endorsement letters of local plans specifically call for 
plan updating within five years. The Commission now has a plan of its own to review 
and update, which will require local reaction and feedback. One district urban planning 
supervisor recently visited all communities in his district having completed plans 
and questioned their current status. This example should be followed in the other 
districts. Commission personnel could sit on local technical coordinating committees 
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which would meet at appropriate intervals. The basic steps in Figure 2 could be re
peated on a selective, limited basis. Whatever the solution, the valuable state-local 
interaction stimulated by the "701 11 program should be maintained. 

REFERENCES 

1. Urban Planning Program Guide. Housing and Home Finance Agency, Aug. 1963. 
2. Bauer, Kurt W. Local Highway Planning in Wisconsin. State Highway Commission 

of Wisconsin and U. S. Bureau of Public Roads, April 1962. This publication 
includes an analysis of an urban planning inventory undertaken from March to 
September of 1960 as requested by th13 Bureau of Public Roads and an in-depth 
analysis of the factors influencing the success and failure of local highway plan
ning in six selected urban areas. 



Principles of Transport Systems Analysis 
MARVIN L. MANHETh1, Assistant Professor, Department of Civil Engineering, 

Massachusetts Institute of Technology 

Nine principles for the analysis of transportation systems are 
presented. The primary purpose of these principles is to 
identify the common threads under lying a great variety of 
seemingly disparate transportation problems, and so to stimu
late the development of a "transportation science." The prin
ciples are equally applicable to urban transportation, megalo
politan transportation, developing country transportation, and 
strategic mobility. 

The first five principles pertain to the scope of the sys
tem-the components of a transportation system, the modes 
and movements in a system which must be considered, and the 
nature of a transportation system as a particular form of 
"market." The second group of four principles pertains to the 
problems of analysis-the spectrum of potentially available 
transportation and non-transportation options, the objectives 
of transportation, and the relevant impacts. 

To illustrate these principles, the paper concludes with a 
discussion of their application to two specific problems, urban 
transportation and strategic mobility. 

•THE purpose of this paper is to present for discussion a set of principles for trans
port systems analysis. The accumulated experience of analysts, planners, and re
searchers working on many different transportation problems has yielded observations 
and insights which are applicable to a large number of such problems. These insights 
lead to new ways of looking at transportation systems problems. The principles pro
posed here have been developed in an attempt to summarize these insights and empha
size their generality. 

The primary purpose of the principles is to identify the common threads underlying 
a great variety of seemingly disparate transportation problems, and so to stimulate the 
development of a "transportation science." A secondary purpose is normative-it is 
hoped that the principles will be useful as guidelines for analysis and will serve as a 
checklist for preventing the simplest yet most grievous analysis errors. However, 
like all generalities, these principles cannot be more than tests and guides; the realities 
of analysis are such that the analyst will always need to judge for himself what approxi
mations and compromises may be necessary in the context of a specific problem. The 
principles can never be adhered to rigidly, but are objectives of analysis; whenever 
they are deliberately violated, the analyst should clearly so state. 

The principles presented here should be considered tentative. Of course, they re
flect the biases and experiences of the author. Through wide discussion and through 
testing against new transportation problems, they will be refined and amplified over time. 

The principles themselves fall into two major groups. The first set, Principles !through 
V, identifies the system of concern-what must be incorporated in an analysis of a transpor
tation system, and what significant interactions within that system must be considered. The 
second set, Principles VI through IX, considers the problem of analysis-what options or 
alternatives are potentially open to the analyst, and what factors must be considered in 
reaching a decision. The principles are summarized in Figure 1. 

Paper sponsored by Committee on Transportation System Evaluation and presented at the 46th Annual 
Meeting. 
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GROUP A. THE SYSTEM 

Principle I. The basic components of o transportation system ore: 
o. the persons and things being transported; 
b. the vehicles in which they are conveyed; 
c. the networks of links and nodes through which the 

vehicles move. 

Principle 11. All movements through the transportation system must 
be considered. 

Principle Ill. Movements must be considered from their initial origin 
to their final destination. 

Principle IV. All modes of transportation must be considered. 

Principle V. A transportation system is o porti cul or form of "market, 11 

in which supply and demand reach equilibrium within 
the constraining channels of the transportation net
work. Specifically: 
a. a number of level-of-service variables ore neces

sary to define the interaction between supply and 
demand; 

b. the volume, composition, and time dependency of 
the demand fortronsportationdepend upon the level 
of service at which transportation is supplied; 

c. the level of service supplied by o transportation 
system depends (for given resource inputs) upon the 
volume, composition, and time variation of demand; 

d. determining the level of service ct which supply 
and demand ore in equilibrium ina particular con
text is usually computationally difficult, because 
of the complexity of the transportation network and 
of the transportation demands. 

GROUP 8. THE ANALYSIS PROBLEM 

Principle VI, The spectrum of potentially available transportation 
options includes decisions about: 
a. routing and time schedule for a particular trip or 

shipment; 
b. system operations, including routing and schedul

ing of vehicles, pricing, and types of service 
offered; 

c. changes in non-fixed resources, such as vehicle 
characteristics and ovoi labi lities, and procure
ment of new equipment; 

d. changes in Fixed facilities, such as link and node 
characteristics, and network structure; 

e. introduction of bosical ly new transportation tech
nologies, including vehicles, fixed Facilities, 
and operating policies. 

Pri nci ple VII. Transportation is not on end in itself. 

Principle VIII . There ore a variety of transportation-related options 
available; particularly important are those which 
can influence directly or indirectly the demand For 
tronsportotion. 

Principle IX. There is a spectrum of direct and indirect impacts 
of transportation relevant to the choice among alter
native systems and policies. 

Figure I. Principles of transport systems analysis. 

The principles are enunciated with a spectrum of transportation system contexts in 
mind. These include: ( a) urban transportation-the problem of providing integrated 
multi-mode transportation systems (with highway, mass transit, rail, and other modes) 
to meet the evolving needs of a metropolitan area; (b) megalopolitan transportation-the 
problem of providing high-speed transportation among the cities of a highly urbanized 
region; (c) developing-country transportation-the problem of determining appropriate 
investments in transportation facilities to best achieve overall socioeconomic develop-
111e11l objectives; and (d) strategic mobility-the problem of determining the most effi
cient set of transportation capabilities to best achieve national strategic objectives 
through rapid deployment of military forces. Transportation analysts have been in
volved in analyzing problems in each of these contexts, and can expect to confront an 
even broader range of transportation system problems in the future. 

After presenting the proposed principles, their application to two specific contexts, 
urban transportation and strategic mobility, is discussed. These examples will dem
onstrate, ii is hoped, the applicability and utility of the principles to any transportation 
systems problem. 

THE PRINCIPLES 
Principle I 

The basic components of a transportation system are (a) the persons and things being transported; 
(b) the vehicles in which they are conveyed; and (c) the networks through which the vehicles move. 

The purpose of this principle is to establish what we mean by a "transportation sys
tem." One level of description is the pattern of flows of persons and things through 
the system. These flows are constrained by the channels of the network, but for many 
kinds of analyses we may conceivably ignore the description of the physical facilities 
and simply show the patterns of flow, as, for example, in the pattern of grain flows 
across the United States, or of work trips in a metropolitan a rea. 1 

1 Edward L. Ullman, American Commodity Flow, Univ. of Washington Press, Seattle, 1957; Walter lsard, 
Methods of Regional Analysis, Ch. 5, MIT Press, New York, 1960; Chicago Area Transportation Study, 
Final Reports, Vol. 1-3. 
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Vehicles are the containers which provide the interface between the items being 
transported and the fixed facilities of the network, such as the roadway. In such modes 
as rail, highway, and air, the vehicles are obvious, and the distinction of vehicles from 
other facilities is highly relevant for analysis. In such modes as pipelines or conveyor 
transportation, or movement of pedestrians on foot, while there is no vehicle as such, 
there is still some kind of interface between the goods and fixed facilities. 

Networks consist of nodes and of links connecting various pairs of nodes. Each link 
corresponds to a specific transportation channel. Links may be well defined, such as · 
rail lines, highways, controlled airways, or sidewalks, or may be relatively diffuse, as 
in uncontrolled air or sea travel, or off-the-road vehicles. Some nodes may be inter
change points between links of the same mode, such as highway interchanges or rail 
yards. Other nodes may be interchange points between links of different modes, as a 
rail, bus, or airline terminal typically is. The paths of vehicles in a network are 
through a succession of links and nodes. 

This principle has several important implications for analysis. First, our primary 
concern is with the things being transported. Second, the consideration of networks 
emphasizes that vehicles interact over space and time, competing for the limited ca
pacities of the links and nodes, and flowing through the networks in a variety of inter
acting paths. These implications are expanded in Principles II through V. 

Principie II 

Al I movements through the transportation system must be considered. The resources in the 
transportation system are used for the transport of a variety of persons and things. 
Changes in the movements of one set of items through the system will, in general, im
pact upon the movements of others. For example, design of transportation terminals 
for air, rail, and other modes must consider the flows of baggage and other freight, as 
well as passengers; urban transportation planners must consider the patterns of goods 
movements throughout a metropolitan area, not just person trips, and must consider 
trips for purposes of shopping and recreation, not just trips to and from work. Iden
tification of the full spectrum of persons and things potentially or actually moving 
through a particular transportation system is an important task. 

Principle III 

Movements must be considered from their initial origin to their final destination. To study ade
quately the flows through the transportation system, the analyst must trace the full 
history of each class of trips. One example is intercity air travel, where attention 
has been focused on the air leg between airports, with the result that little considera
tion has been given to the problem of getting the traveler to the airport from his initial 
origin, and from the airport to his final destination. Another example is the rapid 
growth of containerization, and particularly container ships, due partly to recognition of 
this principle. Besides increasing utilization of the ships and other vehicles, con
tainerization also achieves more effective service for the customer over the full origin
to-destination movement of the commodity. 

More attention to this principle is essential to increased effectiveness of the trans
portation system; Clearly, more important than the speed of one particular mode or 
link is the performance of the transportation system as a whole in carrying the move
ment from initial origin to final destination. In particular, this principle focuses atten
tion on the interface between modes-the interchange nodes and their characteristics. 
In the sequence of modes between origin and destination, increasing the speed of one 
mode may not reduce the total trip time significantly if the speeds of other modes are 
low or the interchange functions are inefficient. 

Principle IV 

Al I modes of transportation must be considered. In order to analyze movements from origin 
to destination, we must include in the transportation system under study all modes 
actually or potentially utilized by the full set of movements. Thus, if our problem 
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Time 

total trip time 
reliability-subjective estimate of variance in trip time 
time spent at transfer points 
frequency of service 
schedule times 

Cost (to user) 

direct transportation charges 
other direct operating costs (loading, documentation, etc.) 
indirect costs (warehousing, interest, insurance, etc . ) 

Safety 

probcbi lity of fatality (or destruction of cargo) 
probability distribution of accident types (shock vibration, 

damage, etc.) 

Comfort and Convenience 

number of changes of vehicle 
physical comfort 
psychological comfort (status, privacy, etc.) 
other amenities (baggage hand I ing, ti ckeHng, etc,) 
enjoyment of trip 
aesthetic experiences 

Figure 2. Leve 1-of-servi ce variables. 

deals with intercity air travel, we must include not only the inter-airport leg, but also 
the ground transportation distribution system within both the origin and destination 
metropolitan areas, and the flows within the air terminals themselves. 

Obviously, the conception of "mode" here is very broad. The various modes will 
include the full range of technologies, from air, rail, highway and water, to pipeline, 
conveyor, and pedestrian, and whatever variants and new technologies may potentially 
be applicable. 

Principle V 

A transportation system is a particular form of "market," in which supply and demand reach equi
Jil,1 iu111 will,i11 Jlie 1..011,1.-... ;,,;,.,8 -.hu1 n.; I, c,f th1, tromportation nct·::orlc. Spoc ificall,• : (a) a number 0f 
"level af service" variables are necessary to define the interaction between supply and demand; (b) 
the volume, composition, and t ime dependency of the demand for transportation depend upon the level 
of service al wl1id1 lrunsportution is supplied; (c) the level of service supplied by a transportation 
system depends (for given resource inputs) upon the volume, composition, and time variation of demand; 
and (d) determining the level of service at which supply and demand are in equilibrium in a particular 
cant ext is usu a I ly computationa I ly diffi cu It because of the complexity of the transportation network 
and of the transportation demands. This principle identifies a major source of difficulty in 
transportation systems analysis, namely, the peculiar characteristics of the market 
for transportation. It has long been r ecognized in some areas of transportation2 that 
predicting the flows in a transportation system is a problem in the prediction of the 
equilibrium between supply and demand. However, the simple textbook examples, 
such as the "cobweb" computation for determining this equilibrium/' are far from the 
complex realities of the transportation market. 4 

Whereas, in simple economic theory supply and demand are given as functions of a 
single variable, ."price," in transportation the equivalent variable is in general multi
dimensional. The supply of and demand for transportation depend upon a number of 
characteristics of the transportation service provided, not just direct price in dollars. 
A sample of these "level-of-service" variables is shown in Figure 2. Generally, users 
of transportation in making their decisions consider several characteristics. An air 
traveler considers not only cost and expected travel time, but also safety, comfort, 
and possible variations in travel time. Automobile drivers may often pay higher tolls 
to save time, or may take longer, more scenic routes for greater driving enjoyment. 

2 For example, Haskel Benishay and Gilbert R. Whitaker, Jr., An Empirical Study of Transpartatian 
Supply and Demand Relationships, Papers Fourth Annual Meeting, Transportation Research Forum; or, 
Ralph E. Rechel, Issues in Pricing Metropolitan Area Passenger Service-Public and Private, op.cit.; 
and many others. 

3 See, for example, William J. Baumol, Economic Theory and Operations Analysis, Prentice Hall, 
Englewood Cliffs, 1965. 

4 For a discussion of some aspects af these computational difficulties, see Alan Hershdarfer, Predicting 
the Equilibrium of Supply and Demand: Location Theory and Transportation Flow Models, Papers 
Seventh Annual Meeting, Transportation Research Forum, 1966. 



Because of the spatial characteristics of transportation, demand is also spatially 
distributed. Further, the magnitude and composition of that demand will vary over 
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time as well as over space. For example, consider the variation in.intercity air travel 
demand among the following cases: Monday morning on a normal workday, eight o'clock 
on a Saturday night, or the Wednesday before Thanksgiving at a major U. S. airport. 

Similarly, the level of service at which transportation is provided will vary spatially 
and over time; level of service responds to demand in a highly complex way because of 
the many interactions among flows in their movements over the transportation network. 
The interactions of autos in an urban road network during rush hours are a good ex
ample. In such a saturated and unstable system, a minor bottleneck quickly cascades 
over the system, causing breakdowns in service over a wide area. 

In recent years, increasing attention has been paid to the problem of predicting the 
equilibrium flows in multi-mode transportation networks. 6 Approaches range from the 
purely predictive to the prescriptive. The "traffic assignme nt" techniques of urban, 
transportation planning6 attempt to predict the equilibrium distribution of flows r esult
ing when each traveler is free to make his own decision about his path through the 
multi-mode network. On the other hand, such techniques as linear programming, Ford
Fulkerson network flow theory and scheduling algorithms attempt to prescribe the flows 
so as to achieve some type of overall ' 'optimum. "7 Aside f r om the problems of obtain
ing functional representations for demand and supply, the problem of predicting equi
librium still remains a difficult one, in spite of these· advances. 

Principle VI 

The spectrum of transportation options potentia lly available incl udes decisions about: (a ) rout ing 
and t ime schedule fo r a part icu lar t ri p or shipment ; (b) system operations, including routing and sched
uling of vehic les, pri c ing, and types of service offered; (c) changes in non-fixed resources, such as 
vehicle characteristics and availabilities, and procurement of new equipment; (d) changes in fixed 
facilities, such as link and node characteristics, and network structure; and (e) introduction of basically 
new transportation technologies, including vehicles, fixed facilities, and operating policies. By this 
principle, we attempt to summarize the range and variety of transportation options open 
to decision-makers in various contexts. The individual traveler or potential shipper 
sees the transportation system as essentially fixed; by and large, he can only choose 
his own particular routing and time schedule through the system. In the area ofoperat
ing policies and decisions, the carriers have the options of establishing the routings 
and schedules of the vehicles, pricing, and a variety of other factors such as meals, 
cleanliness, handling procedures, and reliability which determine the level of service 
available to the user of transportation, including time, cost, comfort, and other char
acteristics. (These carrier options are of course often subject to regulatory or other 
institutional constraints.) The next level of options adds the additional dimension of 
vehicle procurement-options about what types , numbers and availabilities of vehicles 
there will be in the system. Purchase of new equipment, modification of old equip
ment, repositioning (basing) or leasing options fall under this general heading. 

Beyond the level of vehicles, there are the options of changes in the structure and 
characteristics of the network-additions of new links or abandonment of old ones; 
changes in the operating characteristics of links, such as highway widening or resur
facing, signalization of a rail line, or dredging of a river; and changes in the basic 
structure of the network, such as adding a subway system to a metropolitan area, or 
implementing the Interstate and Defense Highway System nationwide, or assigning a new 
type of carrier operating rights in a certain market. Finally, the broadest set of op
tions relaxes everything, and allows the introduction of basically new transportation 
technologies-new vehicles, new networks, new operating policies, etc., such as the 

6 Hershdorfer, op. cit. 
6 Brion V. Mortin, Frederick W. Memmott, and A. J. Bone, Future Demond for Urban Travel, MIT Press, 

Cambridge, 1966; Brian V. Mortin and Marvin· L. Manheim, A Research Program for Comparison of 
Traffic Assignment Techniques, Hi ghwoy Research Record 88, 1965, pp. 69-84. 

7 Hershdorfer, op.cit.; L. R. Ford and D.R. Fulkerson, Flows in Networks, Princeton Univ. Press, 1962. 
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new technologies being investigated for the high-speed ground transport system rn the 
Northeast Corridor of the United States. 8 

The objective in voicing this principle is to prevent the analyst from unduly con
straining his analysis to a restricted set of options. However, the full set of options 
will rarely be open to one single agency or organization. Then too, types of options 
differ in the time frame in which they can be implemented; specific trip decisions can 
be implemented rapidly, but network changes and the introduction of a new technology 
may take years to accomplish. Still, it is up to the analyst to insure that the potential 
options are explored and pointed out to the relevant decision makers. For example, 
consider a shipper, who will ordinarily choose among a number of available routings 
together with their associated time and other level-of-service characteristics. He 
has the option of negotiating new rates, or, over the longer run, attempting to develop 
in coordination with a carrier new equipment more suited to his traffic. 

Principle VTI 

Transportation is not an end in itself. This principle emphasizes that the ultimate objective 
in providing transportation is to fulfill some broader public or private objectives. The 
cliche that transportation adds "place utility" to an object expresses this. The broader 
objectives of transportation may be to stimulate economic development, to channel the 
growth of a metropolitan region, to bring goods to the market, or to deliver military 
forces where they can be an effective instrument of national policy. 

Principle VTII 

There arc a variety of tran:;portation - rclatcd option~ a-.•ailable; particularly imp,:,rtant • r"' th0s,, 
which con influence directly or indirectly the demand for transportation. As soon as it is rec
ognized that transportation is not an enq in itself, then clearly transportation decisions 
must be accomplished in concert with decisions in a variety of transportation-related 
areas. In particular, many types of non-transportation decisions will have significant 
effects on the demand for transportation. For instance, the distribution of demand 
over space, over time, and by type of transportation service desired, will be affected 
by national economic policies, in the case of the demand for freight movements; by in
fluences on differential regional growth, in the case of intercity air travel; by stagger
ing of work hours, and land use controls such as zoning and the provision of public 
utilities, in the case of metropolitan commuter transportation; and by distribution and 
inventory policies, in the case of military and industrial logistics systems. 

The degree of influence which the transportation analyst can exert over such non
transportation variables may vary widely. However, the analyst must clearly rec
ognize the existence of such variables, and must carefully explore their potential use 
in the context of his particular transportation problem. 

Principle IX 

There is a spectrum of direct and indirect impact of transportation relevant to the choice among 
alternative systems and policies. Clearly, as a consequence of Principle VII, impacts be
yond the bounds of the transportation system must be considered. 

The spectrum of impacts of transportation can be broken down into dollar-valued 
and non-dollar-valued, and further broken down by their incidence among different 
groups or elements in society. One useful. set of distinctions is: 

1. dollar costs 
a. capital investments in vehicles and fixed facilities 
b. dollar-valued operating costs 
c. dollar-valued changes in costs borne by users of the transportation sys

tem (shippers and travelers) 

8 Edward Ward, Prospective New Technologies, Papers Seventh Annual Meeting, Transportation Re
search Forum, 1966. 



2. non-dollar-valued costs 
a. borne by the users of the system-aspects of level of service variables 

other than dollar-valued 
b. impacts on non-users of the system 

ILLUSTRATION OF THE PRINCIPLES 

We will now briefly illustrate the application of these principles to two specific 
transportation systems problems. 

Example I: Urban Transportation 
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The last 15 years have seen a major growth, not only in the transportation facilities 
of urban areas, but also in the outlook and frame of reference of those professionals 
charged with planning urban transportation systems. The evolution of urban trans
portation planning has brought about a major stimulus to the development of a com
prehensive transportation system approach. The following discussion illustrates the 
role of the principles in this problem area. 

In metropolitan transportation, the frame of reference historically has shifted from 
a concern solely with highways to integrated planning for highways, arterial streets, 
and rapid transit systems. The complete metropolitan area transportation system 
(Principle I) includes the intra-urban modes, such as highway, arterial, and local 
streets, buses, commuter rail and rapid transit, and also the interfaces with inter
urban modes, such as rail, air, and bus. The movements through the system are both 
people and goods (Principle II). Person trips of interest are primarily commuting 
trips between home and work, but recreational and shopping trips are also significant. 
Except for relatively minor consideration of truck traffic, metropolitan area trans
portation planning on the whole has been deficient in considering goods movements 
within the urban area, and the intra-urban distribution function for inter-urban goods 
movements by rail, truck or air has received little attention. For that matter, little 
special attention has been paid to the intra-urban trip of the inter-urban traveler, 
from airport or train station to office or home, for example. 

With respect to highway and rapid transit, there has been some consideration of the 
total origin-to-destination trip (Principle III): Again, it is primarily on the intra-urban 
legs of intercity trips that this principle has been violated. In most current studies, 
all currently available modes of transportation are being considered, including rail 
commuter, highway, subway, and bus, though sometimes the option of express bus on 
separate right-of-way is not evaluated (Principle lV). In the Northeast Corridor (but 
not to my knowledge in any metropolitan area study), attention is being given to basi
cally new technologies, such as VSTOL. 9 

The major development in urban transportation planning in the last decade has been 
the development of techniques for computing the equilibrium between supply and demand 
(Principle V). These are structured in a way which leads to some sigpificant com
putational and conceptual difficulties, but the sequence of steps involved-trip genera
tion, calculation of zonal interchange volumes, modal split, and traffic assignment-is 
well developed10 and institutionalized, perhaps too institutionalized. The level-of
service variables used are commonly out-of-pocket costs including tolls and parking 
charges, travel time door-to-door, and some measure of "comfort and convenience." 

The metropolitan transportation studies have focused primarily on options with 
regard to changes in networks-more particularly, ·stimulated by legislative require
ments, highway network changes of significant magnitude (Principle VI). Relatively 
little attention has been given to links of other modes, except mass transit, or to the 
inter-modal interchanges or terminals. Some consideration has been given to options 

9 See, for example, Robert Simpson, Future Short-Haul Air Transportation in the Northeast Corridor, 
Papers Seventh Annual Meeting, Transportation Research Forum, 1966. 

1 0 Martin, Memmott and Bone, op. cit.; Hershdorfer, op. cit. 
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of new technologies, though not much, and almost no attention to changes in the char
acteristics of the existing automotive vehicles (though minor changes in both mass 
transit and rail commuter vehicles have been addressed and implemented). No attempt 
has been made to explore ways of controlling the routes taken by private autos or the 
times at which they travel; occasionally pricing, to the extent of tolls and parking 
charges, has been investigated. 

For many years, much verbal attention has been paid to the idea that transportation 
is only one instrument of metropolitan planning11 and that the objectives of transporta
tion planning are to contribute to the guiding of metropolitan growth in desired direc
tions (Principle VII). In practice, however, there is some question as to the actual ex
tent to which this philosophy has been implemented. More often than not, independent 
projections of land use development are used to define the needs for a transportation 
system, and no explicit attempt is made to test transportation system plans to choose 
that one which steers growth in the desired direction (Exceptions: Penn-Jersey, South
eastern Wisconsin). Although staggering of work hours and segregation of traffic, in
cluding prohibitions of vehicles from key central areas, have been discussed, in general 
they have not been put forward and analyzed as transportation-related options (Principle 
VIII). However, some studies have addressed possible uses of land use controls (zon
ing) and provision of public utilities (sewer, water , electricity) as ways of shaping 
demand through channeling metropolitan growth. 

In evaluating transportation alternatives, there has been a strong emphasis on cost
benefit analysis. This has encouraged analysts to address only those impacts of a 
proposed system which could be relatively easily transcribed into dollar equivalents 
for decision-making. With just a few exceptions/' the difficult, non-dollar - valued im
pa.cto, ouch :lf:: dioruption of neighborhoods, have been left out of the transportation 
planning calculation with the result that the issues have become part of the political 
arena (Principle IX). 

To summarize, in urban transportation pla.nning, we do see some adherence to the 
principles. Furthermore, by applying these principles, we get an indication of possible 
gaps in the way current analyses are being accomplished. 

Example II: Strategic Mobility13 

The basic problem in "strategic mobility" is to deploy large military forces to 
selected areas of the world as rapidly as necessary to achieve strategic objectives. 
At first glance, the strategic mobility problem would seem to be totally different from 
that of urban transportation. Yet they are both transportation systems problems and 
so the principles apply. 

In strategic mobility, the transportation system is potentially the entire worldwide 
transportation system, including military and nonmilitary vehicles and networks, all 
modes-air, sea, rail, highway, etc., and in the United States as well as around the 
world (Principle I). The movements through the system which must be considered in 

L Wi I liam W. Nash, Roland B. Greeley, and Marvin L. Manheim, Interdependence of Transportation 
and Land Use Planning, Staff report to the U.S. Bureau of Public Roads, Joint Center for Urban 
Studies of MIT and Harvard, Cambridge, 1960; John R. Meyer, John F. Kain, and Martin Wohl, 
The Urban Transportation Problem, Harvard Univ. Press, Cambridge, 1965. 

12William W. Nash and Jerrold R. Voss, Analyzing the Socio-Economic Impacts of Urban Highways, HRB 
Bull. 268, 1960, pp. 80-94; Marvin G. Cline, Urban Freeways and Social Structure: Some Problems 
and Proposals, Highway Research Record 2, 1963, pp. 12-20; Donald Appleyard, Kevin Lynch, and 
John Meyer, View From the Road, Highway Research Record 2, 1963, pp. 21-30, also published by 
Ml T Press, 1964. 

13Morvin L. Manheim, An Overview of Strategic Mobility and Its Implications for the Design of Anal
ysis Systems, paper presented to the NATO Advisory Pane I on Operations Research Conference on 
the Analysis of Military Transportation Systems, Oxford, England, July 1966; Lawrence E. Lynn, 
The Analysis of Strategic Mobility Problems, Papers Seventh Annual Meeting, Transportation Re
search Forum, 1966. 
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analysis (Principle II) are the troop units being deployed, including personnel and 
equipment; individual personnel enroute to or from the various theaters; and supplies 
and equipment to support the deployed forces after arrival, and to support forces already 
stationed around the world. 

For the majority of elements to be transported in a rapid deployment, the initial 
origin is a home station in the United States and the destination a location in the objec
tive theater (Principle III). While the airlift and sealift phases of these worldwide 
moves have received much attention in analyses, the phases of movements through the 
United States and other surface transportation systems have not been adequately studied. 
This historical fragmentation of concern is only now being overcome by a "from-origin
to-destination" approach, with due consideration of all potential modes (Principle IV). 

The market aspects of strategic mobility are much more subtle than in urban trans
portation (Principle V). Here there is no set of independent consumers, creating 
through their aggregate behavior a demand function for transportation. Rather, in 
current practice, a theater commander or other strategic planner will formulate his 
requirements for movements of troops and supplies at a fixed level; that is, demand 
is set exogenously. The problem of the transportation analyst, then, is restricted to 
simply determining whether available resources are sufficient to deliver the movement 
requirements by the specified times. However, in practice, when the theater com
mander who submitted the plan finds that there are insufficient mobility resources to 
meet his requirements, or that there is excess capability potentially available to him, 
he will in fact go back and reformulate the movement requirements. Thus, the basic 
idea of finding an equilibrium is present, except that the demand is moved up and down 
by the deliberate actions of the theater commander, not by uncontrolled aggregate be
havior. In this case, the level-of-service variables are predominantly (a) time of 
arrival in theater relative to time required (in accordance with the desired strategic 
response), and (b) the time it takes to marry up all the components of the fighting force 
(when personnel and equipment travel separately). 

The spectrum of transportation options in strategic mobility is indeed wide (Principle 
VI). In the time frame of current operations, the vehicles and networks are fixed, and 
the problem is to achieve the most effective utilization of the given transportation re
sources to deploy the force. Over longer time frames, there are options about pro
curement of new vehicles, assignment of vehicles geographically and by command juris
diction; and the introduction of new technologies such as the C-5 heavy-lift aircraft or 
the Fast Deployment Logistic Ship. 14 

Clearly, in strategic mobility, transportation is not an end in itself (Principle VII). 
The objective is an appropriate and adequate response to real or threatened aggression 
through rapid deployment of an effective fighting force. Transportation is obviously 
secondary to considerations of strategy and of national policy. 

The transportation-related options (Principle VIII) include, first and foremost, the 
nature of the strategic response, as expressed in the requirements for movement-the 
forces, equipment, and supplies to be deployed, together with the origins, destinations, 
and desired times of arrival at the destination for each element. In addition, there 
are other options which directly affect the demand for transportation resources; for 
example, the option of prepositioning equipment and supplies overseas, or of changing 
the readiness of units to be deployed so that they can become available for movement 
at earlier times, or of redesigning the equipment to be transported to improve its 
transportability. 

The relevant impacts of alternative strategic transportation plans are relatively 
obvious (Principle IX). First of all, there are the dollar costs-the costs of having 
men and vehicles available on a standby basis to provide support to a deployment, as 
well as the costs of operating them during a deployment. The dollar-valued revenues 
are the savings in using these vehicles for peacetime logistic support of the armed 
forces overseas. The non-dollar-valued costs are the many aspects of military effec-

14Lynn, op. cit.; Ernst Frankel, Planning the Design, Production and Operation of an Integrated Ship 
System, loc. cit.; Franz A. P. Frisch and W. Donald Weir, Analysis of Mission and Design Concepts 
for a Logistics Ship, loc. cit. 
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tiveness-buildup rate of forces in the theater, ability of the units to become an effec
tive fighting force (as affected by length of time in transit, time available for training 
before departure, and marry-up with equipment), flexibility, reliability and vulnerability 
of the deployment plan. 

CONCLUSIONS 

We have presented several principles of transport systems analysis. We argue 
that these principles express guidelines or checklists which every transportation analyst 
should observe, to help prevent the most obvious types of errors in any problem of 
transportation systems analysis. To demonstrate the applicability of these principles, 
we showed their relevance in the context of two major transportation problems of cur
rent interest, urban transportation and strategic mobility. 

Undoubtedly, these statements of principles require further clarification, testing, 
and modification. The author looks forward to spirited discourse about these princi
ples, as part of a common effort to evolve a solid foundation for transportation science. 
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A Method for the Evaluation of 
Transportation Plans 
MORRIS HILL, Visiting Associate Professor, Department of City and Regional 

Planning, University of North Carolina, Chapel Hill 

The paper questions the efficacy of traditional cost-benefit analysis 
for the evaluation of transportation plans designed to serve a broad 
set of objectives. Cost-benefit analysis was designed for the eval
uation of plans in terms of a single objective-economic efficiency. 
An alternative method of evaluation, known as goal-achievement 
analysis, is proposed anddescribed. Plans are examined in terms 
of the entire set of objectives in a single system. Goals are de
fined operationally and goal achievement is measured in units which 
are relevant to the particular objectives. The relative effective
ness of alternative plans in achieving the set of desired objectives 
is determined by applying a weighting system to objectives and to 
the subgroups, sectors, locations and activities affected. 

•IN RECENT years it has frequently been emphasized that plans for transportation im
provements should reflect broad community objectives. Cost-benefit analysis has been 
increasingly employed in the evaluation of alternative transportation plans. How effec
tive is traditional cost-benefit analysis for the evaluation of plans in terms of their 
probable achievement of a broad array of community objectives? 

Cost-benefit analysis, after all, was developed as a technique for examining plans with 
respect to their achievement of the single objective of economic efficiency (8). This 
objective may be broadly defined as the maximization of net project or system contribu
tion to the regional income or national income. Thus, in a manner analogous to the 
profit-maximizing firm, a public agency in pursuit of economic efficiency should allo
cate its resources in such a manner that the most "profitable" projects are executed. 
Traditional cost-benefit analysis requires the translation of both the costs and the bene
fits of a transportation improvement into monetary terms. Some of these costs and 
benefits are determined in market prices while others are imputed as if they were sub
ject to market transactions. However, some costs and benefits known as intangibles 
are outside the·scope of the market and cannot be priced in monetary terms. 

Although lip service is paid to the consideration of intangibles, they do not really 
enter into the analysis. The net result is that the effects of investments which can be 
measured in monetary terms (whether imputed or derived from the market) are implic
itly treated as being the most important effects, if only because they can be measured 
in this way. In fact the intangible costs and benefits may be as significant for the com
munity under consideration. Furthermore, the expression of some costs and benefits 
in monetary terms and the restriction of the evaluation process to an economic analysis 
may lead to a deficient decision since the essence of particular costs and benefits may 
be lost through their conversion into monetary terms. Economic efficiency can perhaps 
be measured more precisely than other objectives, but this does not entitle it to an 
honored status. In the words of Tillo Kuhn, an important theorist in the economics of 
transportation (5), "Urban objectives have several dimensions-cultural, political, 
ethical, aestheffc, economic. To pursue only one dimension would indeed lead to a 
suboptimum from the total point of view." 

Paper sponsored by Committee on Transportation System Evaluation and presented at the 46th Annual 
Meeting. 
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THE GOALS-ACHIEVEMENT MA TRIX 

How might a large array of transportation objectives be considered in a single sys
tem? This paper demonstrates how the problem may be handled by goals-achievement 
analysis. For the purposes of the paper we shall assume that those community obj ec
tives that are affected by a proposed transportation improvement have been identified 
and that the relative weights attached to these objectives by the community have been 
established. We shall further assume that alternative plans designed to serve these ob
jectives have been prepared. The next step, therefore, is the comparison of the plans 
in order to determine which plan best realizes the objectives of the community. 

The Hierarchy of Goals 

Let us first outline a hierarchical goal system and identify that level of goals within 
it which primarily concerns us. In this discussion we shall use goal as the generic 
term and define it as "an end to which a planned course of action is directed." Goals 
may involve getting something the actor does not have or giving up something the actor 
does have. The goals of planned action may be categorized on the basis of specificity 
as ideals, objectives and policies. 

An ideal is like a horizon allowing for indefinite progression in its direction but al
ways receding. Ideals are characteristically of intrinsic value and are prized in them
selves. Typical ideals are equality, freedom, j us lice. 

An objective denotes a goal which has instrumental value in that it is believed to lead 
to another valued goal rather than having intrinsic value in itself. Objectives are de
fined operationally so that either the existence or nonexistence of a desired state or the 
degree of achievement of thi::i ::ita.tc ca.n be e::ita.bliohcd. A qualitatively defined obj active 
is one which, following the execution of a course of action, is either obtained or not. A 
quantitatively defined objective is one which is obtained in varying degree. The extent 
to which such an outcome is obtained can be measured. Typical objectives of transpor
tation plans, for instance, are increase of accessibility, increase of safety, etc. An 
objective may be either instrumental in the achievement of an ideal or instrumental in 
the achievement of another higher objective, which, directly or indirectly, is instru
mental in the achievement of an ideal. 

A policy is the specification in concrete details of ways and means for the attain
ment of planned objectives. Policies may refer to specifications of practice, physical 
facilities, fiscal arrangements, legislative proposals, etc. 

For the purposes of the goals-achievement matrix, goals should, as far as possible, 
be defined operationally, i.e., they should be expressed as objectives. In this way the 
degree of achievement of the various objectives can be measured directly from the costs 
and benefits that have been identified. Thus, the ideal of increased economic welfare 
can be defined in terms of objectives relating to the rate of increase or the absolute in
crease of the gross national product or the gross regional product. Similarly, the ideal 
of a healthy environment can be expressed in terms of objectives such as reduction in 
air pollution, reduction in the rate of accidents, etc. 

Requisites 

. There is another category of values which are not specific goals of plans but which 
enable the planner and decision-maker to set guidelines. Requisites set limits to ob
jectives and the policies by which objectives may be realized. They enter into consid
eration primarily at the time that the alternate plans are generated and developed, i.e. , 
before the plans are evaluated in terms of the desired goals. Requisites indicate the 
necessary conditions which must be satisfied in order that the plans will not be rejected, 
However, they do not provide a sufficient basis for the acceptance of plans. The satis
faction of both a set of objectives and a set of requisites is necessary and sufficient for 
a plan to be acceptable. 

Typical requisites are feasibility, immediacy and interdependence. By feasibility 
we mean, is the plan capable of being executed? Do existing fiscal, legal, political and 
social conditions facilitate the execution of the plan? Immediacy refers to the priority 
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to be assigned to the execution of the planned facility and its various components, given 
the existing political and social conditions. Interdependence refers to significant inter
action between the sector under consideration and any other sector. For instance, when 
planning transportation facilities, the interaction between these facilities and the nature, 
magnitude, intensity and location of the activities served by the transportation route or 
system is a primary consideration. 

Constraints are a particular type of requisite. The achievement of specified levels 
of particular objectives may serve as constraints on the acceptability of alternative 
plans irrespective of the weight of these objectives in the total array of objectives. 
Thus, the maintenance of air pollution below specified levels may serve as a constraint 
on the choice of alternative transportation plans even though the reduction of air pollu
tion, expressed as an open-ended objective, may not be highly valued by the community. 

Before proceeding, it is necessary to define some additional terms. A consequence 
is a change in a given situation caused by a course of action or a policy. Consequences 
which are positively valued in terms of a given end are benefits; consequences which 
are negatively valued in terms of a given end are costs. 

Procedure 

The procedure which we employ is as follows: Given (a) the ordering of the goals of 
a community, and (b) a determination of alternative courses of action designed to 
achieve these goals, we must identify that course of action which best serves the com
munity's goals. The evaluation of the alternative courses of action requires a deter
mination for each alternative of whether or not the benefits, measured against the total 
array of ends, outweigh the costs, measured in terms of the total array of ends. 

The only weighting introduced into the analysis is that which reflects the community's 
valuation of the various objectives. The weights are applied irrespective of the units 
in which the achievement of the objectives is measm·ed. However, the weighting may 
also reflect the incidence of goal achievement sincP che extent of achievement of par
ticular objectives may be considered more impor~ant for some groups of people than 
for others. 

Incidence-It is therefore necessary to identify those sections of the public, consid
ered by income group, occupation, location or any other preferred criterion, that are 
affected by the consequences of a course of action, since inevitably the consequences 
are unlikely to affect uniformly all sections of the public served. The incidence of the 
favorable and unfavorable consequences accruing to sections of the public should, of 
course, be taken into consideration by the decision-makers. This information is ex
tremely important if charges and compensation payments are employed in order to 
implement a planning proposal. It is also necessary to have this information available 
in order to predict the reaction of the existing institutional power structure to the 
planning proposals. Therefore the principle should be firmly established that those 
sections of the community to which the costs and benefits accrue should be identified. 

Uncertainty-Any rational determination requires the evaluation of anticipated con
sequences while allowing for the possibility of unanticipated consequences. The validity 
of the evaluation is, of course, strengthened by the increase of knowledge of anticipated 
consequences and the minimization of unanticipated consequences. Uncertainty con
cerning anticipated consequences is best treated by probability formulation. In general, 
a range of possible outcomes is preferable to the prediction of a unique outcome. To 
simplify the computation the following procedure may be used. If an outcome would be 
substantially affected by a particular contingency, e.g., technological innovation, a 
supplementary comparison of alternative courses of action can be made in terms of this 
modification. In general, allowance for uncertainty should be made indirectly by use 
of conservative estimates, requirement of safety margins, continual feedback and ad
justment and a risk component in the discount rate. Estimates made at low discount 
rates are highly sensitive to variations in the estimate of future events. Higher dis
count rates lead to less sensitivity to such variations. 
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Time Preference-The time dimension of costs and benefits deserves me'ntion atthis 
point. Costs and benefits occurring in different time periods are not of equal weight. 
One cannot fully describe the costs and benefits of alternative courses of action without 
saying when they are to be incurred. This aspect has received considerable attention 
in the literature (6, 8) and will not be discussed in detail in this paper. The essence of 
the problem is, how are benefits and costs occurring at different times to be valued? 
Are benefits and costs accruing to the present generation more highly valued than costs 
and benefits accruing to future generations? The future is not usually valued as highly 
as the present, and a discount rate for future consequences is applied. The rate of dis
count reflects the opportunity costs of deferred consumption (or of social time prefer
ences) applied to annual costs and benefits over time reduced to present values. Mone
tary costs and benefits lend themselves easily to the application of discount rates. 
Tangible nonmonetary costs and benefits may, in an analogous manner, be discounted 
for those time periods when they are less valuable and the worth of different time paths 
may be compared. Alternatively, and this procedure holds for the intangibles as well, 
it may be best to show what can be achieved in different periods and leave the compari
son to the judgment of the decision-makers. 

Costs and Benefits in the Goals-Achievement Matrix 

In this analysis, costs and benefits are always defined in terms of goal achievement. 
Thus benefits represent progress toward the desired objectives while costs represent 
retrogression from desired objectives. Where the goal can be and is defined in terms 
of quantitative units, the costs and benefits are defined in terms of the same units. 
Where no quantitative units are applicable, benefits indicate progress toward the quali
tative states that the objective describes while costs indicate retrogression from these 
objectives. For the same objective, costs and benefits are always defined in terms of 
the same units if the objective can be expressed in quantitative terms. Thus, if a ben
fit of x units accrues, it can be nullified by a cost of x units, provided both costs and 
benefits apply to the same objective. This interpretation of costs and benefits differs 
markedly from the traditional conception of costs and benefits. In general, costs have 
traditionally been defined as the value of goods and services used for the establishment, 
maintenance and operation of the project. Benefits are the value of immediate products, 
or services, resulting from the courses of action for which the costs were incurred. 
Thus in the proposed formulation costs may or may not be resources of land, labor or 
capital (as project costs are usually thought of)-this is dependent on the definition of 
the goal. The same applies to benefits. 

The following, then, is the final product for every plan. The set of goals is known 
and the relative value to be attached to each goal is established. The objectives are 
defined operationally rather than in abstract terms. The consequences of each alter
native course of action are determined for each objective. The incidence of the bene
fits and costs of each course of action measured in terms of the achievement of the goal 
is established for each goal. The relative weight to be attached to each group is also 
established. 

The conceptual product of the analysis is given in Table 1. In the table, a, (3, y. , . 
are the descriptions of the goals. Each goal has a weight 1, 2, 3 ... as previously de
termined. Various groups a, b, c, d, e ... are identified as affected by the course of 
action. These groups may be combined in any meaningful manner in order to indicate 
the differential incidence of costs and benefits. A relative weight is determined for 
each group, either for each goal individually or all goals together. 

The letters A, B ... are the costs and benefits which may be defined in monetary or 
nonmonetary units or in terms of qualitative states. 

Costs and benefits are recorded for each objective according to the parties that are 
affected. A dash (-) in a cell implies that no cost or benefit that is related to that ob
jective would accrue to that party if that plan were effectuated. A particular party may 
suffer both costs and benefits with respect to a particular objective. Thus, the reduc
tion of noise may be a relevant objective of a plan for improved transportation facilities. 
A particular location may simultaneously experience a decrease of noise from one 
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TABLE 1 

CONCEPTUAL PRODUCT OF ANALYSIS 

Goal description Ci f3 'Y 6 

Relative value 2 3 5 4 

Incidence Costs Ben . Costs Ben. Costs Ben. Costs Ben. 

Groups Relative 
Affect ed Weight 

Group a 1 A D E - N Q R 
Group b 3 H 

I 
- R - s T 

Group c 1 L J - s M - V w 
Group d 2 - } T - - - -
Group e 1 - K u p - -

E E E E 

source, e.g., as a result of the proposed diversion of heavy automobile traffic from 
that location, and an increase of noise from another source, e.g. , from a new transit 
route proposed for that area. 

For certain of the goals :1:: indicates that summation of the costs and benefits is mean
ingful and useful. The total costs and benefits with respect to that goal can then be 
compared. This will be the case when all the costs and benefits are expressed in quan
titative units. When this is not the case, i.e., for the intangibles, the costs and bene
fits and their incidence are best stated as explicitly as possible and then left to the 
judgment of the decision-makers. It is most unlikely that all the costs and benefits of 
all the goals can be expressed in the same units. In this rare case-which may occur 
when only one or two goals are valued by the community-it may be possible to arrive 
at a grand cost-benefit summation. However, this is highly unlikely. 

For each plan, the product of the analysis is a table similar to Table 1. As was 
mentioned earlier, in the face of uncertainty, a range of costs and benefits is preferable 
to the prediction of unique outcome . Thus the letters A, B . . . should not be considered 
as a single value but rather as a range of values. 

Relative Weights in the Goals-Achievement Matrix 

The key to decision-making by means of goals-achievement analysis is the weighting 
of objectives, activities, locations, groups or sectors in urban areas. It is possible to 
arrive at a unique conclusion by applying relative weights . How might these weights be 
determined? One or another of the following methods might be employed: 

1. The decision-makers may be asked to weigh objectives and their relative impor
tance for particular activities, locations, or groups in the urban area. 

2. A general referendum may be employed to elicit community valuation of objectives. 
3. A sample of persons in affected groups may be interviewed concerning their rela

tive valuation of objectives (7). 
4. The community power structure may be identified and its views on the weighting 

of objectives and their incidence can be elicited (1). 
5. Well-publicized public hearings devoted to- community goal formulation and valua

tion can be held (9). 
6. The pattern of previous allocations of public investments may be analyzed in order 

to determine the goal priorities implicit in previous decisions on the allocation of re
sources (11). 

The determination of community objectives and their relative valuation by the com
munity is no easy task and requires considerable research, However, each of the pro
cedures mentioned above either has been successfully performed (for typical examples 
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see the studies referred to) or could be performed. It may be desirable to reinforce 
the determination and valuation of community objectives by one method with an inde
pendent determination by another technique. 

Even if the relative valuation of objectives has not been empirically determined, the 
effect of changes in weights on the relative desirability of alternative plans may be use
fully explored ( 4) . Different sets of weights might be assumed and the effect of partic
ular weights on-the choice of the preferred plan can be determined. The effect of in
cremental changes in relative weights can also be examined, In this way the decision
maker can be helped if his subjective valuation approximates one of the sets of weights 
employed. 

This, then, is the overall framework that is proposed. We now shift our attention 
to the evaluation of plans for improvements in urban transportation systems. The first 
step is the identification of the types of goals which might be furthered or might be 
thwarted by transportation improvements. In the next section we outline a hierarchy of 
goals that might be considered in planning a transportation system. The list of goals 
which follows is derived intuitively and is intended to be illustrative and not exhaustive. 

A TRANSPORTATION GOAL HIERARCHY 

Listed here is a typical set of ideals, objectives, policies and constraints which are 
relevant for planning improvements in the transportation system. 

1. Ideals: increase economic welfare; improve health and safety levels; increase 
happiness; increase peace of mind (serenity); increase choice and opportunity (free
dom); increase social justice; other. 

2. Objectives: reduce :i.ir pollution; redur:-., n0isf:'; r1>rh1rP nnpl P::is::rnt vi s1rn 1 P.ff P.ds; 
reduce the rate of accidents; reduce the disruption of existing communities; increase 
accessibilities; increase fiscal efficiency; achieve a more equitable income distribution; 
increase resource utilization; improve system efficiency; improve project effir.iP.n~y; 
maintain open space; preserve historic sites and buildings; increase comfort and con
venience; other. 

3. Policies related to: pedestrian-vehicular separation; separation of through and 
local traffic; modes of transportation; terminals, loading and parking facilities; inter
sections; expressways, arterials and distributor streets; express and local stopping 
routes; aesthetic design standards; planting and landscaping; roule loealiuu; elevated, 
depressed, at grade, or underground rail routes; engineering design standards; charges; 
financing; legal regulations; other factors. 

4. Requisites: feasibility; immediacy; interdependence. 

Diagrammatic Representation of Relationship 

Figure 1 shows the relationship between the sets of policies, objectives, and ideals 
diagrammatiq.lly. Lines are drawn linking particular types of policies to particular 
ideals. At the foot of the diagram are listed the requisites which enter into considera
tion when the various alternative plans are generated. 

The policies are represented as inputs intended to achieve the set of objectives, 
while the objectives are represented as a set of inputs for the achievement of a set of 
ideals. The relationship between each type of policy and each objective is considered 
in turn. Thus, a line joining a policy and an objective means that the particular policy 
affects the achievement of the particular objective. For instance, the modes of trans
portation used affect the objective of the reduction of air pollution. It must be stressed 
that a link between policy and objective does not represent a judgment about the degree 
of relationship that exists between objectives and policies. It simply states that the 
type of policy has an effect on the achievement of the objective, and, in turn, that the 
objective has an effect on the achievement of the ideal. If there is no line, no relation
ship exists between policy and objective. Thus pedestrian-vehicular separation has no 
effect on the achievement of a more equitable income distribution and the objective of 
increase of accessibility has no effect on peace of mind. 
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Analysis of Goal Achievement 

Let us now turn our attention to the objectives, the intermediate level in the goal 
hierarchy. The extent of achievement of these objectives is analyzed in the goal-achieve
ment matrix. We focus the analysis on the objectives because they are expressed in 
measurable terms. The objectives are classified in the following according to whether 
they primarily affect the users of transportation facilities, the immediate environment 
of transportation routes or the entire urbanized area. A number of these objectives 
could be classified in more than one category but each objective is listed under that cat
egory for which it appears to be most significant. 

1. Objectives mainly affecting the users of transportation facilities: (a) increase of ac
cessibility; (b) reduction of the accident rate; (c) increase of comfort and convenience. 

2. Objectives mainly affecting the immediate environment of the transportation 
route: (a) reduction of noise; (b) reduction of unpleasant visual effects; (c) reduction of 
community disruption; (d) increase of project efficiency; (e) maintenance of open space; 
(f) preservation of historic sites and buildings. 

3. Objectives mainly affecting the entire urbanized area: (a) increase of system 
efficiency; (b) increase of fiscal efficiency; (c) increase of resource utilization; (d) 
achieve the desired income distribution; (e) reduction of air pollution. 

We now define and propose measures for measuring the extent of achievement of 
three of the ·objectives. Limits of space do not permit a detailed treatment of measures 
of the achievement of all the objectives listed above. For detailed treatment of all the 
objectives, readers are advised to see the study on which this paper is based (4). In it, 
the analysis is not restricted only to proposed measures and definitions. The Tmplica
lium; uI Lra.11::.vurlaliuu imvr·uvemenL::. are abu explure<l for each objedive. Alternative 
transportation policies for enhancing the achievement of the objectives are postulated, 
and the determinants of the relative importance of particular obj'ectives in particular 
environments are also discussed. 

In this paper, definitions and measures are proposed for the following objectives 
(note that one objective from each of the categories has been chosen for this treatment): 
reduction of the accident rate, reduction of community disruption, and reduction of air 
pollution. We shall now consider each objective in turn. 

Ileduction of the nate of Accidents Occurring on the Transportation System-Accidents 
are defined as mishaps on the transportation system causing damage to vehicles and/or 
to property and/or bodily injuries and/or death. The objective of reducing the accident 
rate might be measured by determining the probable costs that would result from acci
dents that would occur if various alternative transportation plans were executed. The 
following accident costs might be measured: property damage, damage to vehicles, 
temporary or permanent incapacity, administrative and legal costs, medical costs, 
personal cost of injury (pain and suffering), and death. 

Of these costs, thefollowingcan unequivocally be expressed in monetary terms: prop
erty damage (this refers to property, other than vehicles, which may or may not be 
part of the transportation system); damage to vehicles; administrative and legal costs 
(the administrative costs refer to those accruing to the public authority as a result of 
the accident, legal costs are the public and private legal costs resulting from the acci
dent); and medical costs. 

The use of monetary measures to determine the cost of temporary or permanent dis
ablement has been subject to some question. Nevertheless, the expression of the cost 
in monetary terms can be justified in that it reflects loss of output (and hence income) 
due to disability. This can be determined by estimating the future loss of output of 
those disabled, given a normal expectation of working life discounted to present-day 
values. 

The use of monetary measures to determine accident costs has been severely ques
tioned in the cases of (a) pain and suffering caused by injuries, and (b) death. The 
average compensation for pain and suffering of various types of injuries, from insurance 



policies, or as ratified by the judgments of courts of law, can serve as a basis for 
determining the monetary costs of pain and suffering, 
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The determination of the monetary value of a human life that has been lost as a result 
of an accident is a much more complex problem. The cost of a human life could be 
measured in one of the following ways (10): (a) the cost of a life-the cost technically 
necessary to save a life; (b) the price ora life-the expenditure that a community is, in 
practice, willing to make in order to save a life; (c) compensation for death-the cash 
award or compensatory payments to near relatives; (d) the cost of a man-the aggregate 
expenditures on consumption, investment and public service which are devoted to him; 
(e) the product of a man-the crude value of his production (his contribution to gross 
national product); and (f) the loss of a man-the loss that a death imposes on the com
munity. Any, or all, of these measures could be employed but, as with compensation 
for pain and suffering, it may be contended that the entire cost is not recorded since 
"there is no market for human life, health and grief" (6). 

Furthermore, some of these measures are misleadTng. For instance, the monetary 
value of a man may be taken to be his product, i.e., his expected output over his life
time minus his expected consumption of goods and services. Thus, a retired man 
would have a negative cost for the community. Yet, the community regards the death 
of a retired man in a road accident as a loss. This is clearly inconsistent. If com
pensation is used as the value of a human life, then the accident cost of an injury may 
be higher than the accident cost of a death. A person who is injured in an accident may 
claim for medical expenses, for pain and suffering, and for loss of potential earnings. 
If a person is killed, his next of kin may claim for their financial interest in his poten
tial earnings, but no one claims for the lost life. The actual money that the community 
is ready to spend in order to save life varies widely and depends mainly on the amount 
of public sentiment that is aroused by the way it is lost. For instance, if 10 people are 
killed in an air crash, a full inquiry may take place, but if 100 people are killed on the 
highways, it may be accepted as a matter of course. Or, if a child is missing, no ex
pense is spared in an effort to save its life, but the same amount of money may not be 
readily spent on road improvements in order to prevent accidents which may take two 
( unknown) children's lives every year. 

In spite of these objections, it might be advisable to choose a monetary scale of value 
for a human life and for injuries based on one or more of the given criteria (2). How
ever, in order that perspective not be lost, it is advisable to include a simple statement 
of the expected number of injuries and fatalities that will probably occur on a transpor
tation system as a result of a proposed transportation improvement. 

Probable accident costs can thus be expessed in one of three ways: 

1. All costs could be expressed in money terms. 
2. The following costs could be expressed in money terms-property damage, vehi

cle damage, medical costs, administrative and legal costs. The other costs (incapacity, 
pain and suffering, and death) could be expressed in terms of the number of injuries (by 
type) and the number of fatalities that would probably occur. 

3. All costs could be expressed monetarily. However, these could be supplemented 
by a statement of the expected number of injuries (by type of injury) and the expected 
number of fatalities. 

Reduction of Community Disruption-This goal refers to the direct effects on communities 
immediately adjacent to the proposed transportation improvements resulting from the loca
tion of the route. Two such effects are evident: (a) the displacement of residential, 
commerical, industrial and institutional buildings by the proposed route; and (b) the 
boundary effects of the transportation route. Let us consider these effects in turn. 

The Displacement of Residences and Other Buildings-Inevitably, when a new trans
portation route is chosen in a built-up area, some activities have to be displaced. The 
objective might be to reduce the number of households, firms and institutions that are 
displaced. Even though the displaced residents and businessmen may be compensated 
and relocated elsewhere, the financial compensation may not be equivalent to the actual 
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money loss. In addition, there are psychological costs resulting from relocation which 
are seldom subject to compensation. 

The older the resident or businessman displaced, the greater the financial and psy
chological difficulties are likely to be, particularly if the person displaced has been in 
the neighborhood for a long period, The older residents' involuntary departure from a 
neighborhood and adjustment to a new environment is inevitably more difficult than that 
of younger residents. If a business brings marginal profits, and this is likely to be the 
case in old neighborhoods where small businesses may supplement retirement incomes, 
it is likely to be wiped out if it is displaced. Similarly, the older the employee of a 
displaced business, the more difficulty he can expect to meet in finding new employ
ment. Furthermore, if some of the residents, businessmen or employees belong to 
groups which suffer from discrimination in housing, business locations or opportunities 
for employment, they are likely to face more difficulties than others who are displaced. 
Therefore, priority should be given to those who are best able to adjust to displacement. 

The Boundary Effects of a Transportation Route-These effects might be positive or 
negative. On the one hand, the new route might reinforce boundaries between two 
neighborhoods. It might separate two conflicting land uses, e.g. , medium to heavy in
dustry and residential or commerical districts. It may also set up barriers in a once
homogeneous community, thereby dividing what may be a school district, a congrega
tional district, or an effectively integrated neighborhood (leading once more to the 
segregation of ethnic groups). 

In the measurement of the reduction of community disruption, again let us consider 
(a) the displacement of households, firms and institutions; and (b) the boundary effects 
of the transportation route. 

The Displacement of Households, Firms :md Institutions-Two parallel m"";isnrPs ::irP 
here proposed: (a) the number of displaced households, firms, institutions and em
ployees classified according to various demographic variables; and {b) financial costs 
accruing to these groups as a result of relocation. The following groups of persons who 
would be displaced are analyzed in terms of the measures: landowners; residential 
occupiers, both tenantsandowner-occupiers; businesses, both proprietors and employ
ers; and institutions, both employers and employees. 

The following data are gathered and considered according to the above categories: 

1. Landowners 
Demographic data-(a) number of landowners displaced; (b) amount of land absorbed 

and type and amount of land uses displaced. 
Financial data-net loss or gain of landowners= financial compensation for prop

erty taken minus net revenues foregone. 
2. Residential occupiers 

Tenants 
Demographic data-number of households classified by size of household, age of 

head of household, race, income, group and duration of occupancy. 
Financial data-(a) difference between existing contract rents and expected con

tract rents; (b) disturbance costs, i.e., compensation minus costs of moving. 
Owner-occupiers 
Demographic data-number of households classified by size of household, age of 

head of household, race, income group and du1·ation of occupancy. 
Financial data-(a) diffe1·ence between compensation and replacement costs; (b) 

disturbance costs, i.e. , compensation minus costs of moving. · 
3. Businesses 

Proprietors 
Demographic data-number of businesses, classified by type, ·age of business, 

age of proprietor; number of businesses likely to be wiped out. 
Financial data-(a) for businesses likely to be wiped out, difference between net 

profit (over time) and compensation; (b) for businesses likely to continue else
where, difference between expected income loss while developing new clientele 
and compenisation; ( c) disturbance costs, i. c. , compensation minus costs of 
moving. 

Employees 



Demographic data-number of employees classified by occupation, age, race, 
number of years of employment in same occupation. 
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Financial data-(a) additional travel time and additional out-of-pocket expenses ; 
(b) expected change in income (including expected drop in income of probable 
unemployed). 

4. Institutions 
Employers 
Demographic data-number and types of institutions. 
Financial data-disturbance costs , i.e. , compensation minus costs of moving . 
Employees (Data same as for employees of businesses displaced.) 

The Boundary Effects of the Transportation Route-The probable boundary effects of 
a transportation route can be measured in the following ways. 

1. Land-use analysis-The existing and proposed land uses and the alternative route 
locations are examined and the following questions are asked: (a) Does the proposed 
route cut across districts with similar land uses on both sides of the route? (b) Can 
the route serve as a boundary for conflicting land uses? 

2. Trip origin and destination analysis-The origins and destinations of short trips 
from and to locations in the vicinity of the proposed route are examined in order to de
termine that route which crosses the least number of origin-destination lines. 

3. Market and service area analysis-The market areas of businesses and service 
areas of various community services (schools, libraries, churches, etc.) in the vicinity 
of the route are determined. The question is then asked: Which of the alternative 
routes proposed disturbs the market areas and the service areas least? 

Reduction of Air Pollution Caused by the Transportation System- Air pollution is 
defined as the presence of fo r eign matter (pa rticulates and gases) in the air at levels of 
concentration which are considered objectionable, i.e., the pollutants affect man's 
well-being or interfere with the use and enjoyment of his environment. Although there 
is no universal agreement on the proportion of foreign matter which has to be present 
in the air for it to be considered polluted, some cities have instituted standards .1 While 
a limit exists to the proportion of foreign matter in the air that man can tolerate in any 
environment, different environments might tolerate different levels of air pollution. 
For instance, higher concentrations of foreign matter may be acceptable in the air of 
industrial areas than in residential areas, or in areas where schools and hospitals are 
located. 

A transportation system may cause air pollution in the following ways: 

1. Emission from the exhausts and carburetors of gasoline or diesel-operated auto
motive vehicles. 

2. The gases, smoke and soot produced by coal-burning steam locomotives. While 
this source is not significant in the United States, it is a major source of air pollution 
in Britain and other countries. 

3. When transit units are driven by electric power, an additional load is put on the 
electric power supply. This demand gives rise to some air pollution regardless of 
whether power is derived from oil or coal. 

The emission from automobile exhausts is by far the most significant "contribution" 
of the transportation system to air pollution in the United States. Estimation of the 
pollutants produced by automotive vehicles is based on the number and type of vehicles 
used, the number of vehicle miles traveled and the quantity of fuels consumed. Air 
pollution from automotive sources is not restricted to exhaust emissions. A consider
able amount of fuel evaporates during the marketing operation and evaporation from 

111 The level at which Los Angeles sounds a first alert, meaning that certain air-polluting act ivities must 
cease, is 0.50 parts per million. It considers 'adverse' a reading 0.15 parts per million for 1 hour
enough to cause eye irritation, impair visibility and damage vegetation." Quoted by Sen. Abraham 
Ribicoff in Hearings Before a Special Subcommittee on Air and Water Pollution of the Committee of 
Public Works, U.S. Senate, 88th Congress, Sept. 9, 10, 11, 1963, p. 45. 
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fuel tanks and carburetors accounts for a considerable proportion of the fuel used 
by automotive vehicles. 

Techniques for the measurement of air pollution have been fairly well developed. 
Most large cities have several strategically located sampling stations. The measure
ment of pollution at different locations and at different times is at least as important 
for considering the effects of transportation improvements as the determination of the 
average pollution level. 

The level of air pollution may be established by determining the amount of air pol
lutants of various types per unit volume of air. In any area, existing air pollution 
levels may be measured. By means of a continuously operating system of surfacewind 
observing stations, it is now possible to draw reasonable inferences as to the frequency 
of weather conditions in an "airshed" which would be conducive to high air pollution 
levels (3). If information is available on local air flows and their variation in time, it 
is possilile to develop hourly maps showing existing airflow patterns over specific areas. 
Data on precipitation as well as data on the amount of sunshine received diurnally and 
seasonally are easily obtained. On this basis, it is possible to predict regional air pol
lution dilution capacities. 

The information on existing regional air pollution and on regional air pollution dilu
tion capacity is considered together with various land use and demographic data. By 
considering the existing and proposed land use plans together with predicted population 
gruwlh arn.l dem;ily, predicted automobile ownership and consequent truffic flows as well 
as the information on existing air pollution and regional air pollution dilution capacity, 
it is possible to determine whether air pollution from transportation sources is likely to 
be a serious problem. 

Let uc no,•: coneider local :.:i.ir pollution. At this seal':' thP pl::innPr Px::iminP.s thP. rela
tive importance of the reduction of air pollution in the planning of transportation proj
ects, e.g., a new link in a street network or in a transit system. Among the environ
mental conditions that must be considered are the general characteristics of the airshed 
and both the direction of the prevailing winds in the area and local wind patterns. The 
topography might create local winds. It is important to know not only the direction of 
the prevailing winds and local windflow pattern, but also the likely direction of disper
sion of stationary air masses. 

The next step is the estimation of expected levels of air pollution in the vicinity of the 
transportation improvement. The transportation plan spells uul Lh~ vruvosed route. 
The expected volume of vehicles at various times of the day, the quality of the route 
(i.e., whether limited access, arterials, etc.), the number and nature of intersections, 
transit and bus stops, etc. With this information, it is possible to compute the ex
pected amount of pollutants emanating from the planned facilities by time of day. The 
estimate of expected local air pollution and regional air pollution together with the infor
mation on environmental conditions enables the analyst to plot a map of expected air 
pollution levels at various locations alongside the proposed transportation route, 

The next step is the review of existing and proposed land uses in the areas adjacent 
to the transportation route. For each of these land uses, acceptable thresholds of air 
pollution can be established. Standards can be instituted which relate the amount of air 
pollutants per unit volume of air which are acceptable for various types of activities at 
various densities without requiring public intervention to reduce levels of air pollution. 
Expected levels of air pollution at various locations can then be compared with accept
able levels of air pollution for the various activities at the various locations. 

CONCLUSION 

We have described the general framework for the analysis of multiple objectives and 
we have postulated a set of transportation objectives that might be treated within the 
framework. While the method proposed calls for an extremely complex task, the con
ceptual framework is recommended as a basis for rational decision-making. The meth
od of evaluation has been demonstrated as workable in the comparison of alternative 
plans for Cambridge, England (4). 

By determining how various objectives will be affected by proposed plans, the goals
::i c.hi evement matrix can determine the extent to which certain specified standards are 
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being met. Is the transportation plan likely to meet minimum accessibility require
ments and minimum standards of comfort and convenience? Are levels of air pollution 
and noise likely to exceed specified standards? Is the fatal accident rate within pre
scribed acceptable limits? These are the types of questions that the goals-achievement 
matrix is designed to answer. It can also determine the costs of meeting specified 
standards in terms of the achievement of other "open-ended" objectives which would 
have to be forfeited. Different plans have different trade-offs between the achievement 
of objectives and standards, and these can be compared. 

The application of the goals-achievement matrix requires the weighting of objectives 
and their incidence. As has been demonstrated in the comparison of the Cambridge 
plans (4), it is possible to arrive at a definite conclusion by the application of relative 
weights. The goals-achievement matrix is obviously of limited usefulness if weights 
cannot be objectively determined. The further development of methods for the deter
mination of weights is thus of first priority for the successful application of the goals
achievement matrix. 

We have proposed a set of measures for determining the extent of achievement of 
three of the objectives. Measures for the other objectives can be determined in a sim
ilar manner (4). It should be noted that while the costs and benefits relating to some of 
the objectives-(e.g., accessibility, accident reduction, project or system efficiency) 
are incorporated into present-day evaluation procedures, others are usually treated as 
"intangibles" and omitted from consideration. We have shown how certain intangible 
effects such as community disruption and air pollution may be measured. By means of 
goals-achievement analysis and the application of relative weights, many of the intangi
ble effects can be measured and considered simultaneously with costs and benefits re
lating to more tangible effects. 

Because this approach to evaluation is new, much of the data necessary for the anal
ysis is not readily available in most urban areas. The absence of data is part of a 
vicious circle. Because transportation planners have not focused on the types of ques
tions here proposed, the data have not been sought. However, data for the types of 
measures of objectives that have been described can be obtained. The task is not easy, 
but if successful should prove worthwhile. 

Perhaps it will never be possible or advisable to include, at least quantitatively, all 
of the relevant costs and benefits. However, we can hope to measure more conse
quences of courses of action than were considered in the past, and we can measure 
others more accurately than in the past, making final evaluation easier. 

The task is undoubtedly complex. But the complexity of the task is no excuse for 
abandoning the attempt. The comparison of alternative courses of action with respect 
to the goals in view and the identification and measurement of the costs and benefits of 
these courses of action with regard to the achievement of all relevant community goals 
is proposed as the "rational" way to approach the evaluation of alternative transporta
tion plans. 
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Comprehensive Planning for the 
Chicago Crosstown Expressway 
MILTON PIKARSKY, Commissioner of Public Works, City of Chicago 

•IN THE SPAN of 20 years, beginning in 1946, more than 112 miles of limited-access 
motor expressways have been planned, designed and constructed through densely pop
ulated areas of Chicago and the suburbs immediately adjacent. In addition to the net
work of freeways, more than 100 miles of tollways were placed in service during the 
same period. The total cost of these improvements stands at approximately $1. 25 
billion (1). 

This accomplishment is not the subject of my paper. Other major metropolitan 
areas of the world have exceeded our program in both mileage constructed and moneys 
spent during the same period of time. But, mileages and moneys, or, for that matter, 
traffic demands, geometrics, or any other isolated considerations, are not necessarily 
the most significant yardsticks in evaluating either the scale of the accomplishment or 
the worth to the community of an expressway construction program, particularly in a 
densely populated area. 

There are many factors which must be weighed in order to evaluate an expressway 
system-sociological as well as engineering considerations. The time for such evalua
tions is in the planning stages and this is the subject of my remarks: to relate an ap
proach to planning which has evolved in Chicago out of the experience of the last 20 
years-an approach that was employed from the beginning in preliminary studies lead
ing to our current recommendation for construction of a circumferential, or cross
town, expressway in Chicago at a cost of approximately $ 500 million. I am told that 
our method is unique in that we are the• first public works planning body in the United 
States to systematically mobilize and coordinate the various disciplines of sociology 
and engineering to arrive at our recommendation. 

Chicago is situated on the western shore near the lower end of Lake Michigan, 
southernmost of the Great Lakes. The French Jesuits, Marquette and Joliet, were 
the first Europeans to visit the area in 1673 and they were quick to grasp the strategic 
importance of the area. In their journal they made note of the "Chicago Portage," a 
low divide between the waters of Lake Michigan and those of the Des Plaines River, 
used by the Indians as a canoe route between the two waterways. 

This confluence of two great waterway systems is precisely why the City of Chicago 
is where it is. It also is the underlying reason for the growth of the city as a principal 
communications center. 

Today, Chicago is the center of a great and growing metropolitan region. It is still 
a major communications center; a hub of air, rail, truck, marine and electronic traffic. 

But now there is a difference; Chicago has outgrown her early role of "shipping 
clerk" to the nation-a convenient transfer point between major markets-and has be
come the heart of a viable complex of broadly diversified industrial, financial, agri
cultural, commercial, natural and human resources-increasingly important as both 
producer and user of an even larger share of the nation's goods and services. 

In short, we now have a growing megalopolis extending across political boundaries 
of city, county and state, but still centered on the central city and taking shape from 
the historic radial routes of communication flanked by industrial development dividing 
the area into wedge-shaped and segmented residential neighborhoods of varying ethnic 
and economic composition, and characterized by high concentration of low-income 
population in old and deteriorating neighborhoods near the hub. 

Paper sponsored by Committee on Transportation System Evaluation and presented at the 46th Annual 
Meeting. 
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CITY OF CHICAGO 

. 
EB 

Figure l. Federal Interstate System in the Chicago area. 

This essentially radial pattern (Fig. 1) has been retraced once more by construction 
of the expressways since the war. This is the scene for the planning of a crosstown 
expressway, the subject of this paper. 

Planning must be comprehensive, but no comprehensive plan can, be final. Thus, at 
the end of World War II, when manpower and materials became available, and Chicago 
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at last set out to cope with the rising flood of motor traffic, all of the superhighway 
planning done before the war had been rendered largely obsolescent. Old plans were 
exhaustively reviewed, and extensive new studies were carried out, leading to comple
tion in 1946 of a new comprehensive plan for an expressway system as part of the 
General Plan for the City of Chicago prepared by the Chicago Plan Commission. This 
plan called for the system of radial express routes which has since been constructed. 

A Crosstown Expressway on the west side of Chicago to connect the various arms of 
the radial system was a part of this Comprehensive Expressway Plan of 1946. The 
route was also recommended in the final report of the Chicago Area Transportation 
Study (CATS) released in 1962 (2), and endorsed in 1963 as part of the Interstate Sys
tem (3) to serve as a bypass of the central business district. Finally, the proposed 
route-was incorporated into the Basic Policies for the Comprehensive Plan for Chicago 
published in 1964 (4). 

Despite these repeated studies and reaffirmations of the need for a crosstown route, 
there was no foregone conclusion, at the start of the final studies in November 1963, 
to determine whether a crosstown route should be constructed, and if so, to recommend 
an alignment to best serve the interests of the whole community. The objective was to 
achieve a harmonious balance between transportation goals and other community im
pacts and goals. A Transportation Advisory Group was formed to conduct the study 
and make the recommendation. 

The scope of the group's planning approach was pretty well defined in an instructional 
memorandum on the subject of Urban Transportation Planning from the U. S. Depart
ment of Commerce (~) which said in part: 

It is declared to be in the national interest to encourage and promote the 
development of transportation systems embracing various modes of transport 
in a manner that will serve the States and local communities efficiently 
and effectively. To accomplish this objective the Secretary [of Commerce] 
shal I cooperate with the States ... in the development of long-range high
way plans and programs which are properly coordinated with plans for im
provements in other affected forms of transpo.rtation and which are formu
lated with due consideration to their probable effect on the future develop
ment of urban areas .... 

The memorandum concluded with a warning that, after July 1, 1965, no project in 
any urban area of more than 50,000 population would be approved for Federal participa
tion funds under the Interstate Highway Aid program unless the project was " ... based 
on a continuing comprehensive transportation planning process .... " 

But, we must not allow our broadened definition of the planning responsibility to 
lead us into aimless and prolonged excursions into the almost infinite avenues of in
quiry open to us. Time was of the essence. The existing Federal Aid Interstate High
way Act (6) requires that any state requesting approval to construct an individual 
segment of the Interstate System must demonstrate the ability to complete the segment 
by October 1, 1972, in order to be eligible for 90 percent Federal participation. With
out Federal aid, the Crosstown Expressway would not be built. I should mention that 
two bills are now pending, either of which, if enacted, would extend the completion date. 

Obviously, it was necessary to carefully define our objectives and methods in ad
vance. But first, it was necessary to re-examine the basic proposition: Was a Cross
town route needed at all? 

Chicago has made much progress in improving its transportation system, but, be
cause of the city's ever-increasing activity, a continuous effort is required. More than 
100,000 persons are added to the Chicago region each year (7, p. 1). Annually, some 
20 square miles of vacant land are converted to a more intensive use. The pressure 
on transportation facilities is further increased by additional travel requirements in 
the daily life of the people. 

Economic forecasts indicate that ownership and use of automobiles will rise at a 
faster rate than population growth. In fact, vehicle registration will increase about 
twice as fast as population during the next 15 years. By 1980, the Chicago 
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ROADWAY CAPACITY-DEMAND DIFFERENTIAL CHART 

14 

DIFFERENCE BETWEEN EXISTING ROADWAY CAPACITY 
AND TRAVEL DEMAND IN VEHICLE M[LES (000) PER 
SQUARE M[LE AT VARIOUS DISTANCES FROM LOOP, 

12 JO 

DIS'J'ANCE FROM LOOP IN MlLES 

Figure 2. Results of roadway capacity survey. 
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Figure 3. Crosstown Expressway study corridors with existing expressway system. 
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Metropolitan Area will have a population of about 8 million people who will own more 
than 3 million motor vehicles (8, p. 13 ). 

Traffic congestion in certain areas has been relieved by construction of new express
ways. Studies show that an expressway removed about half of the daily vehicle travel 
miles from the surrounding arterial street system (9 ). 

Chicago's existing radial system of expressways is oriented to the central business 
district, but the portion of daily trips in the metropolitan area directed to the Loop is 
steadily diminishing. Since 1939, the traffic-attracting power of the CBD has remained 
stable while that of the metropolitan region has steadily grown. The trips to the CBD 
now constitute less than 10 percent of the total, and this is expected to dwindle to about 
5 percent by 198 0 (8, p. 4 5 ). Chicago's traffic problems are moving outward from the 
CBD at a faster rate than ever before. 

A survey of existing facilities determined that the deficiency in roadway capacity 
related to present travel demands, as shown in Figure 2, was not at the CBD but was 
located in a wide belt starting about 3 miles from the Loop and extending outward over 
densely built-up parts of the region to a distance of about 10 to 13 miles from the Loop, 
with the greatest deficiency at about 7 miles (7, p. 84). 

Having thus located the area of street capacity deficiency, the fundamentals of 
Creighton's Theory for Optimum Spacing of Expressways (10) were applied to establish 
three main north-south traffic corridors (Fig. 3) and one east-west corridor for more 
intensive study. 

By superimposing the roadway deficiency chart (Fig. 4) we saw that roadway capacity 
was relatively not critical within the Western Avenue corridor. Moreover, this cor
ridor would intersect the Kennedy and other radial expressway routes in the areas of 
their greatest traffic demands and would aggravate congestion without prior improve
ments to the west. 

The First Avenue corridor, at approximately the 11-mile mark, was well out on the 
western slope of the deficit area. Also, the proximity to the Illinois Tollway, opened 
to traffic in December 1958, would ineffectuate the full potential usage of an express
way along this corridor until future traffic demands are realized. 

The Cicero corridor clearly was in the area of greatest street deficiency. Included 
in the corridor were Central, Laramie, Cicero and Kostner Avenues and Pulaski Road; 
all were heavily traveled arterials with capacity inadequate to meet present demands. 
The Cicero corridor was equidistant between the hub of the radial expressway routes 
and the Illinois Tollway bypass route in the western environs of the city. Because of 
its location, an expressway in this corridor could connect directly to the Edens Ex
pressway in the vicinity of the existing Edens-Kennedy junction. It also would provide 
a direct connection between O'Hare and Midway, the city's two principal airports. 

Of the three north-south corridors, the Cicero corridor clearly emerged as the 
area for first priority investigation. Because of the location of the Stevenson Express
way, only one critical corridor in the east-west direction, centered along 71st Street, 
warranted detailed study at this time. 

Alternatives to an expressway were also reviewed: improvement of existing arte
rial streets, removal of parking, signaling changes, and one-way street systems, to 
name several. It was concluded that only the proposed expressway could provide the 
needed capacity to reduce traffic on local and arterial streets, relieve congestion on 
the existing radial expressway routes, cut excessive travel time and costs, reduce 
accidents and produce economic benefits for the communities involved and the entire city 
which would be in harmony with the comprehensive plans for the future development 
of the region. 

We were then ready to select the best alignment in the study area. To isolate the 
factors involved in determining the alignment for the Crosstown Expressway, three 
different viewpoints were identified: (a) engineering aspects, (b) impact upon the ex
isting communities, and (c) potential land use improvements. 

The engineering aspects category include criteria for considering all technical and 
economic requirements of the expressway facility itself in its primary purpose of 
moving people and goods more safely, rapidly and efficiently, and evaluating alter
native alignments to other transportation facilities. 
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Figure 4. Crosstown Expressway study corridors with roadway capacity-demand differential chart 
superimposed. 

The impact upon existing communities category analyzed community groups on 
ethnic, religious and political bases and considered the number of people and business 
establishments that would be directly dislocated by the alternative alignments. This 
study element considered such factors as the displacement of schools, churches, and 
parks and the splitting of school, fire, police and other special districts. The dis
tinction between the highly neighborhood-oriented grocery or drug store and the used
car lot, or the small specialty plant employing neighborhood people also was of great 
concern. 

The third category, potential land use improvements, explored opportunities pre
sented by the alternative alignments as a possible catalyst for achieving desirable 
:>bjectives-a means of linking the community as it is to an image of what it might 
ideally be. Chicago's basic policy requires that "Transportation facilities should be 
L1Sed as positive factors in improving Chicago's communities and in establishing the 
future form of the City." 
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TABLE 1 

ANALYSIS PROCESS 

Engineering hnpact on La nd Use 
Aspects Communities hnproveme nts 
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General-Broadest context evaluation Independent Study Independent Study Indepe ndent Study 

Separate evaluations compared at conclusion and least promising alignments eliminated 

Intermediate -Narrowed field of analysis Indepe nde nt Study Indepe nde nt Study Indepe nde nt Study 

Ends with second comparison of evaluations of basic r outes and variations, further eliminations 

Detailed-Final study to conclusion Final compar ison of separate e valuat ions to determine 
a lignme nt best satisfy ing a ll three viewpoints 

These three categories, or viewpoints, constituted the framework of our study. 
Each of the three had its own set of objectives and criteria, and each was to be treated 
separately in analysis because, while often complementary or overlapping, they would 
sometimes conflict. 

Having established this framework for the study, the technical committee then re
lated it to a process of analysis. Because the study group was to consider "all pos
sibilities," the method of analysis would function as a deductive process of elimina
tion. To accomplish this process, three levels of analysis were established-general, 
intermediate and detailed (Table 1). 

At the general level of analysis, all proposed alignments in the crosstown study 
corridor were to be considered in the broadest context with respect to the city as a 
whole and the communities involved. The purpose of the general level analysis was 
to consider all possible alignments in the study corridor with respect to the three 
points of view, in order to determine which alignments were to be given more detailed 
study . 

The intermediate level of analysis might be compared with the second power of 
magnification in a microscope. The field was narrowed to encompass only those align
ments surviving the first screening, but these now were to be brought into sharper 
focus for more detailed analysis. 

At the level of detailed analysis, maximum magnification was to be applied to the 
alignment or alignments still under consideration Modifications would be considered 
involving analysis by parcel and structure for sections of the route, if not the entire 
alignment, until, hopefully, one alignment would emerge which best satisfied all re
quirements in all categories of analysis. In that case, the accumulated data would 
then be assembled into a recommendation. 

While relative values or weights were given to the individual criteria in each of the 
three categories with respect to one another, alignments were to be rated with respect 
to each category separately. Thus, if one alignment emerged as the best in all three 
categories, it obviously would be the best solution. If, however, there were a great 
disparity, which could not be resolved by any reasonable modification of any of the 
alignments under consideration, then the decision would become a matter of policy , 
beyond the province of the technical committee, but influenced by the evaluations of 
the participating professional disciplines. 

Following this approach it r emained only to list the specific faclors to be con
sidered in each of the three categories of basic considerati on. Because each category 
was to be strictly self-sufficient and separate from the others, there was no effort ~o 
standardize language, study disciplines, or relative weight of the factors, except within 
each category. 

The engineering aspects category established 16 primary factors or criteria for 
consideration and assigned a relative weight or value to each (Table 2). 
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TABLE 2 

TRAFFIC AND ENGINEERING ASPECTS 

Levels of Analysis 
Criteria 

General Intermediate Detailed 

BPR requirements X 
Aesthetics X 
Benefit-cost ratio X 
Control points X X X 
Construction costs X 
Maintenance costs X 
Preliminary costs X X 
Right-of-way costs X 
Directness of route X 
Future expressway plans X 
Geometrics and operational X X X 
Highway and railroad structures X X 
Other modes of transportation X X X 
Right-of-way negotiation X 
Traffic X X X 
Utilities X X 

Totals \j 8 10 

Similarly, criteria were established for the impact on 0xisting comm,mities cate
gory (Table 3 ). The criteria, of course, were carefully defined and methods of scoring 
and assigning relative weights were explained. Twenty basic criteria were set for this 
category. It must be noted that within these basic criteria, many "public acceptability" 
standards were considered. 

TABLE 3 

IMPACT ON EXISTING COMMUNITIES 

Level:, uf Analysis 
Criteria 

General Intermediate Detailed 

Inventory of buildings and condition 
Residential X X X 

Number of units X X X 
Industrial X X X 
Commercial X X X 

Retail X 
Non-retail X 
Vacancies X 

Mixed-use structures X 
Community facilities inventory X X 
Property values and taxes X X 
Community areas X X 
School district boundaries X X 
Parish boundaries X X 
Housing characteristics X 
Population characteristics X 
Number of industrial employees X X 
Number of major employers X X 
Number of commercial employees X 
Potential areas for urban renewal X X X 

Totals 9 14 13 



TABLE 4 

POTENTIAL LAND USE Th'IPROVEMENTS 

Criteria 

With respect to announced land use 
objectives, evaluate the positive or 
negative values of the alignment as an 
influence for: 

Effecting desired land use changes 
Separating non-compatible land uses 
Improving service to major traffic generators 
Minimizing through traffic on 

residential streets 
Contributing aesthetically to area 
Facilitating other public improvements 
Achieving specific land use objectives: 

Residential 
Industrial 
Commercial 

Complementing other transportation 
Complementing other development programs 
Affecting environmental factors (noise, vibration, light, 

aesthetics, pollution): 
As elevated highway 
As depressed hightay 

Requiring related adjustments 

Totals 

Levels of Analysis 

General Intermediate Detailed 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 
X 

7 4 3 
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The 16 basic criteria for the potential land use improvement category were related 
to "announced" land use objectives (Table 4). The reference for this was the "Basic 
Policies for the Comprehensive Plan of Chicago" (4). 

Seven possible north-south alignments and four east-west alignments were con
sidered in the crosstown study area (Fig. 5). When this total of seven basic alternative 
alignments was investigated certain modifications were introduced. For example, the 
Belt Railroad alignment C was considered both as a 6-lane expressway with a mini
mum of interchanges, and as an 8-lane facility. 

TABLE 5 

ENGINEERING ASPECTS ANALYSIS-SAMPLE RATING CHART 

Rating 

Weight Criteria High 

10 9 8 7 6 5 4 

9 BPR requirements 90 
8 Future expressway plans 48 
7 Control points 49 
6 Geometrics and operational features 48 
5 Traffic 20 
4 Other modes of transportation 40 
3 Preliminary cost 24 
2 Directness of route 16 
1 Aesthetics 7 

Rating= 38 (50 is highest possible, 5.0 is lowest possible), computed as follows: 
90+48+49+48+20+40+24+16+7 = 342-:- 9 = 38 

Low 

3 2 1 
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Figure 5. Crosstown Expressway alternate alignment study, general level of analysis . 

Each of the three specialized investigative groups set out to make a comparative 
evaluation of each alignment, with respect to the criteria set up for the purpose. 

At the general level of analysis, the engineering aspects investigators considered 
nine criteria, scoring each alignment on a scale of 1 to 10 points, depending on how 
well the alignment satisfied the definition of each criterion. 

While each criterion was to be scored on a 1 to 10 scale, they were not given equal 
weight in the evaluation (Table 5). Each criterion was weighted differently and the 
rating of the alignment then became the sum of the criteria scores multiplied by their 
assigned weight and reduced to an average. In this example, for instance, the rating 
was 38. 

Thus, each of the alternative alignments was given a rating with respect to the cri
teria for the engineering aspects category (Table 6). Concurrently, and in a similar 
manner, but entirely independently, each of the other two specialized professional 
groups examined the sociological, economic, and city planning factors in their respec
tive categories of impact on existing communities and potential land use improvement. 

Finally, the findings of the three groups were brought together and compared. If 
we were hoping for a decisive consensus in favor of a single alignment at the general 
lE:vd uI analysis, we were disappointed (Fig. 6). Several routes received acceptable 
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TABLE 6 

ENGINEERING ASPECTS RATING CHART 
General Level of Analysis, North-South Alignment Alternatives 

Alignments 
Weight Criteria 

A B c. Ce D E F G 

9 BPR requirements 90 90 90 90 90 90 90 90 
8 Future expressway plans 40 80 72 72 72 64 64 48 
7 Control points 63 56 42 42 35 56 56 49 
6 Geometrics and operational features 60 54 36 48 36 48 60 54 
5 Traffic 45 50 30 45 35 45 45 45 
4 Other modes of transportation 40 32 28 28 24 36 40 32 
3 Preliminary cost 6 30 3 3 12 18 18 30 
2 Directness of r oute 2 20 20 20 20 18 18 16 
1 Aesthetics 10 9 5 5 6 9 10 10 

Rating 40 47 36 39 37 43 44 42 

Legend: 
A = Central Ave. C Belt R.R. E = Kastner Ave. G = Pulaski Rd. 
B = Cicero Ave. D Kilbourn Ave. F = Laramie Ave. 

ratings in all three categories. Routes A, F, and G were eliminated from further con
sideration because of serious shortcomings, particularly in the impact and land use 
categories. Routes D and E were not considered worthy of further study as separate 
alternatives, but a composite D-E proposal was deemed worth further attention to 
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Figure 6. Crosstown Expressway study evaluation chart : General level of analysis, north-south 
alignment alternatives. 
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Figure 7. Crosstown Expressway alternate alignment study, intermediate level of analysis. 

determine whether unfavorable features of each could be eliminated by combining the 
best characteristics of both. 

In this manner, the study advanced to the second level of analysis with three basic 
north-south alignments, and variations to be considered for the Cicero Avenue B align
ment (Fig. 7 ). These were designated as alignment B along the west side of Cicero, 
variation B-II on the east side, and variation B-I centered on the avenue. 

At the intermediate level, new criteria were introduced in each area of investiga
tion and some of the criteria examined during the general level of analysis were given 
more detailed study. Finally, the three independent evaluations again were brought 
together. 

Still, there was no decisive result (Fig. 8 ); the engineering discipline again rat P.ci 
the B alignment highest, with the D-E and C alignments less desirable but satisfactory. 
The community impact group widened its preference for the C Hlignment over the 
others, and the land use study still rated B and C highly with a slight preference for B. 

One result of this level of analysis was that the D-E compromise alignment was 
eliminated because of its poor rating in the community impact and potential land use 
categories. 
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Figure 8. Crosstown Expressway study evaluation chart: Intermediate level of analysis, north-south 
alignment alternatives. 
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Figure 9. Crosstown Expressway study evaluation chart: Intermediate level of analysis, east-west 
alignment alternatives. 
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Figure 10. Crosstown Expressway alternate alignment study, detailed level of analysis. 

A similar result was reflected for the east-west alternatives (Fig. 9 ). Engineering 
studies rated the 59th Street alignment as best, but also rated the S alignment as being 
acceptable. In the other two categories, however, the 7 5th Street S alignment emerged 
as the decisive choice, and the P alignment was rated as being unacceptable. At this 
point, the decision was made for the 75th Street S alignment, subject only to detailed 
studies and variations to be made in the design stage. 

Going into the detailed level of analysis, two alternatives for the north- south align
ment still remained under consideration (Fig. 10). They were the B alignment on 
Cicero Avenue and the C alignment along the Belt Line Railroad-both 8-lane facili
ties. The Cicero alignment was proposed principally as an 8-lane depressed highway, 
while the C alignment would be constructed as an 8-lane facility elevated on structure 
for much of its length on air rights to be obtained from the railroad. 

1t is important to note, however, that in the southern sector much of both align
ments had similar engineering and impact characteristics. 

At the conclusion of the detailed analysis, the evaluation chart closely resembled 
the one at the previous level of analysis, but with one significant change (Fig. 11). The 
B alignment remained the more desirable route from the traffic and engineering view
point, but the C alignment was established as adequate to satisfy the engineering 
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Figure 11. Crosstown Expresswoy study evaluation chart: Detailed level of analysis, north-south 
alignment alternatives. 

49 

requirements. Moreover, both alignments were shown to have user benefit-cost ratios 
greater than 1. 0. In the potential land use category, the C alignment had climbed to a 
position of virtual equality with B at the top of the scale. And, decisively, in the com
munity impact study, C emerged as the clear preference, while B dropped out of the 
acceptable range. 

Thus, a decision was reached. The Belt Railroad alignment C became the preferred 
choice of the Crosstown Expressway task force, and the formal recommendation was 
made. 

The complete documentation of the study fills volumes. Table 7 is a.brief digest of 
only a few of the factors on which selection of the Belt Railroad alignment C was made, 
and provides comparative data only on the two alignments which remained in conten
tion through the detailed level of analysis. The Cicero B alignment is equal or superior 
to the selected alignment in several respects. However, a cursory study of the data 
shown here will reveal the basis for choice of the Belt Railroad alignment. 

It is noted that the two were rated virtually on a par with respect to accommodation 
of traffic demands, travel time economies, safety, service to adjoining communities, 
potential land use development, future transportation plans, reduction of traffic on 
parallel streets, effect on other modes of transportation, BPR requirements, and com
pliance with basic plan of Chicago. 

In the cost factors at the top of the table, the Cicero alignment shows a lower esti
mated construction cost-$276 million vs $467 million-and a lower annual maintenance 
cost than the Belt Railroad alignment. Both of these advantages for the Cicero route 
stem principally from the fact, as shown farther down in the tabulation, that it would 
be on structure for a distance of only approximately 4 miles, compared with the 13 
miles of elevated highway in the Belt Railroad alignment. Significantly, these factors 
are more than offset by the obvious advantages of the Belt Railroad alignment with 
respect to right-of-way cost, annual tax loss and effect on utilities. 
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TABLE 7 

COMPARISON OF CICERO AND BELT RAILROAD ALIGNMENTS 

Factors 

Estimated right-of-way cost 
Estimated construction cost 
Estimated annual maintenance cost 
Estimated annual tax loss 
Effect on utilities 

Residential structures affected 
Dwelling units affected 
Industrial structures affected 
Commercial structures affected 
Employees affected 
Miscellaneous structures affected 
Community facilities affected 
Communities disrupted 
Mileage on structure 
Mileage on embankment 
Mileage depressed 
Aesthetics 

Access between communities, continuity of streets 

The alignments were rated as equal with respect to: 

Cicero 

$121,643 ,000 
276,371,000 

1,595,000 
2,973,000 

49,000,000 

2165 
4220 

200 
588 

5670 
250 

20 
20 

4 
4 

12 
Better for 

landscaping 

Belt Railroad 

$ 58,201 ,000 
467,611,000 

3,374,000 
1,491,000 

23,000,000 

670 
840 
140 
110 

7180 
11 

1 
0 

13 
3 
6 

Less resldenlial 
proximity preferred 

Accommodation of traffic demands, travel time economies, safely, 1,ervil:e lu adjoining com
munitica, potcntiul lund uoo dovolopmont, future transportation plan11, reduction of traffir nn 
parallel streets, effect on other modes of transportation, BPR requirements, and compliance 
with basic policies plan for Chicago 

'l'hP. next block of factors in the table reveals the areas of investigation which clearly 
compelled selecliuu uI Lhe Belt Railroad aligmnent: only 670 res idential structures 
affected vs 2,165; 840 dwelling units vs 4,220 on the Cicero alignment· 140 industrial 
structures vs 200; 110 commercial structures vs 588 for the Cicero route; only 1 com
munity facility displaced vs 20 on the other alignment. Finally,· and most significantly, 
the Cicero alignment would seriously disrupt 20 well-defined communities; the Belt 
Railroad route would not disrupt any. 

These are but a few of the factors which made selection of the Belt Railroad align
ment inevitable. This, I believe, reveals the real value of the planning approach we 
have discussed. If engineering considerations, alone, had prevailed in making the 
decision, the Cicero alignment would have been selected. The fact that it was not 
selected does not represent a denial of the validity of the engineering evaluations; 
rather, it represents a comprehensive and objective evaluation of all factors bearing 
on the problem.· And, don't overlook the fact that the Belt' Railroad alignment does 
satisfy all requirements in the traffic and engineering category. 

We who share the direct responsibility for the decision-making processes are bound, 
in good conscience , to strive for a proper balance in achieving transportation goals 
which are in harmony with other community objectives. We are concerned about losses 
Lo small bu~ine1111e11, disruption of ncighborhood6, the relocation of people, and thP. rP.
moval of property from the tax rolls. We are equally conscious of the opportunities a 
new highway affords to attract new industries, stimulate commercial activity, remove 
blight and upgrade neighborhoods-advantages beyond the obvious ones of increased 
safety, comfort and relief of traffic congesti011. 

This is the contribution of the Chicago planning approach. If it is a unique contribu
tion, it is because it introduces a systematic and objective method of analyzing and 
evaluating the many diverse factors of social, economic, psycl10logical, fiscal and 
political considerations-each area of study conducted independently of the others, and 
each according to its own professional disciplines. It is a methodology which docu
ments the thoroughness and objectivity of eyery step in reaching its conclusions. 
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Significant policy changes are emerging from the U. S. Bureau of Public Roads. 
Recognition of the need for a coordinated solution of the urban hig!'lway problem is now 
being advocated. It is the author's hope that the Chicago Crosstown Expressway study 
stimulated discussion within the Bureau of Public Roads and that this paper will simi
larly stimulate other evaluations which will add to our knowledge in relating the com
plex and variable factors involved in urban transportation planning in a sensible, sys
tematic way. 
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Transportation Implications of 
Alternative Sketch Plans 
KOZMAS BALKUS, Tri-State Transportation Commission, New York 

Six sketch plans prepared by the planning division for a region 
of 30 million population were evaluated for transportation im
plications. The aim was to gain insight into the form of trans
portation network which, according to the present means of 
travel, would correspond to each development sketch. The 
study also compares the resource commitments :required for 
the several plans. Of the planning variables employed to con
stl'ucl the t,;kelch vlau allel'ualives, tlie distribution of popula
tion densities served as the measure of variation among the 
alternative plans. Trip generation and segregation by trans
portation modes were estimated ·on the basis of the prevailing 
patterns in this and other regions. Travel costs for this anal
ysis were adapted from other studies. 

l-lP<mlt<: 1nrhr<itP thP rPl::!hvP arnwth nf m<i<:<: tr<in<:it <inn --------- ----------- ---- --------- c;,-- ·- --- -- ------- --------- ------

auto modes of travel in terms of the 1960 volumes, and also 
provide an indication as to how the variati9n in travel might 
influence the resource allocation between the two modes of 
transportation. The value of this study lies primarily in the 
uniform appliP.ation of traVfil {';P.nP.ration P.ritP.ria. to a RP.t of nif
ferent population distribption schemes. The, uniform evaluation 
was accomplished by transforming characteristics of the sketch 
plan communities into mathematical models. . 

Sketch plans represent development concepts, and the objec
tive of this undertaking is to open vistas for speculation on the 
course of future urbanization trends. This analysis ·provides 
the first approximation of transportation implications for the 
analyzed development schemes. It also suggests the succeeding 
steps that could be taken to narrow t~ gap between sketch 
plan ideas and workable alternatives. 

•THE six sketch plans which were analyzed in this report represent three basic pat
terns of regional growth: (a) decentralized-under minimum of development control; 
(b).new-town concept; and (c) the concentration of future population in a few large urban 
units. Each of the three patterns were presented in two variants differing in the num
ber of units and in the intensity of development. 

Figure 1 shows the sketch plans, The circles represent the relative size and the 
number of communities. The original sketch plans were composed of residential, 
commercial, industrial, governmental, and park land units. Each unit represented a 
land area of one square mile. The following factors were considered in developing 
the sketch plans (1): 

(1) Geographic-division of major socioeconomic systems (core vs remainder of re
gion); (2) activity center locations within major urban systems; (3) population distribu
tion by major geographic areas; (4) household composition distribution by core and re~ 
mainder systems; and (5) open space pattern throughout the region. 

Paper sponsored by Committee on Transportation System Evaluation and presented at the 46th Annual 
Meeting. 
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DECENTRALIZED 

CONCENTRATED 

3A 3B 

Figure 1. Sketch plans. 

Table 1 summarizes the basic sketch plan quantification data which s·erved as input 
for the travel implication analysis. The basic dilierence between the two "decentral
ized" sketches (Fig. 1) can be seen in the area of land allotted for residential purposes. 
Nearly equal populations of the two metropolitan community groups are allocated drastically 
dilierent areas of residential land. The average density of metropolitan communities 
in sketch lA amounts to 2,810 persons per square mile, and in sketch lC, to 3,870. 

As to the "new town" sketches, the average population density of the core area of 
sketch 2C is considerably higher than that of sketch 2B. Densities of the metropolitan 
communities for this development pattern vary only moderately. 

Of the two "concenh-ated" schemes, the average core density of sketch 3A is some-
• what higher than of sketch 3B. Density of the surrounding communities, however, dif

fers considerably. 
Certain elements are common for all the schemes. All sketches are designed to 

accommodate the estimated future population of 30 million. An equal amount of jobs 
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TABLE 1 

POPULATION DISTRIBUTION 

Part of Number of Population Res. Land 
Avg. Resid. 

Pattern Sketch 
Region Units (000) Area (sq mi) Density (000) 

Per Sq Mi 

Decentralized Core 1 10,000 533 18. 75 
lA Met. Area 40 20,000 7,120 2.81 

Total 41 30,000 7,653 3,92 

Core 1 11,000 435 25. 30 
lC Met, Area 38 19,000 4,902 3.87 

Total 39 30,000 5,337 5.63 

New Towns Core 1 14,000 1,184 11.80 
2B Met. Area 16 16,000 3,328 4.81 

Total 17 30,000 4,512 6.65 

Core 1 10,000 410 24. 40 
2C Met. Area 10 20,000 3,190 6. 28 

Total 11 30,000 3,600 8.33 

Concentrated Core 1 26,000 2,026 12.82 
3A Met. Area 1 4,000 1,123 3.56 

Total 2 30,000 3,149 9. 53 

Core 1 22,000 2,077 10.60 
3B Met. Area 2 8,000 1,190 6.72 

Total 3 30,000 3,267 9.20 

was distribuled among communities in all sketches. This was done on the basis of the 
prevailing ratios among the several employment classes. The current composition of 
household sizes was projected for the region's future population. 

The several :,ketches embody density va ·iati nm; in thP. core areas and in metropol
itan communities. This was accomplished by either <.:hanginl::' the size and the number 
of communities or by increasing or decreasing the area of open land. Combinations 
of these provided a spectrum of population distribution patterns for the region. 

It is common knowledge that lower densities produce more trips and that high den
sities utilize mass transportation to a greater degree for r outine travel. In the plan
ning process, nonetheless, it is of interest to know the relative change in travel pat
terns and the degree of change assoeiated with different population distribution patterns 
for a given future region ' s population. Further travel implications become apparent 
by weighing the relative cost of travel under dilferent regional development schemes. 

From the basic premises of population distribution, this analysis reveals the travel 
implications with respect to the intensity of trip generation and to different utilization 
of auto and mass transport modes. It also demonstrates these implications in term ~ 
of costs. 

FINDINGS 

Travel implications for the six sketch plans were determined in two steps. The 
firet step deal:;; with tr::ivPl r.h::irar.taristics. The trip - making potential for the six 
sketches was established, and the estimated volumes were expressed in terms rela
tive to population increase. 

In the second step, communities which indicated propensity to support public means 
of transportation were fitted with mass h·ansit systems. Travel costs for these syi;
tems were evaluated beforehand. Ullimalely, this analysis step eotablished the extent 
of resources needed for travel purposes under each development scheme. 

Travel Characteristics 

Two aspects of travel characteristics were evaluated: the propensity Ior making 
trips and the relative utilization of transportation modes. Subsequently, the resulting 
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TABLE 2 

TRIP-MAKING CHARACTERISTICS-INCREASE ABOVE 1960 VOLUMESa 

Region Total Mass Transit Auto 

Pattern Sketch Part of Trips Trips Trips Region Increase Increase Increase Per Day (~) Per Day (~) Per Day ( 'o ) 
(DOD) (000) (ODO) 

Decentralized Core 18,815 9,168 9,647 
lA Met. Area 58,800 58,800 

Total 77,615 122 9 ,168 0 68,447 163 

Core 18,206 10,031 8,175 
lC Met. Area 53,504 53,504 

Total 71,710 105 10,031 11 61,679 137 

New Towns Core 31,829 12,137 19,692 
2B Met. Area 44,074 9,728 34,336 

Total 75,903 117 21,865 143 54,028 108 

Core 16,803 9,211 7,592 
2C Met. Area 53,030 13 ,910 39,120 

Total 69,833 100 23,121 157 46 ,712 80 

Concentrated Core 55,923 23,178 32,745 
3A Met. Area 11,442 11,442 

Total 67,365 92 23,178 158 44,187 70 

Core 51,915 18,613 33,302 
3B Met. Area 21,029 5,778 15,251 

Total 72,944 108 24,391 171 48,553 87 

0
1960 volumes: moss transit, 9 million; auto, 26 million; total, 35 million. 

travel characteristics of the six plans were compared to the projected population 
growth. (The 1960 population of 17 million was projected to reach the 30 million mark 
in the year 2010, an increase of 77 percent.) 

As indicated by Table 2, the region's future trip-making propensity exceeds the 
population increase for all sketches . Sketch 3A generates the lowest trip volume and 
sketch lA the highest. This could have been expected, judging from average popula
tion densities shown in Table 1; lower densities tend to produce more trips. 

However, sketch 2B, with the average regional population density of 6,650, produced 
more trips than sketch lC, with a population density of 5,630. This condition was 
brought about by the considerably lower densities in the core city of sketch 2B. Trip 
generation rates vary little in the high-density range, but this variation becomes sig
nificant at low densities. Thus, in comparison with sketch lC, the lower trip genera
tion rate of the 2B metropolitan area failed to offset the high trip production rate of 
the core city. 

The following summary further reveals the trip generation characteristics of the 
six sketches: 

Development Pattern 

Decentralized 
New towns 
Concentrated 

Development Variants 
(trips in 000) 

lA-77 ,615 lC-71,710 
2B-75,703 2C-69,833 
3B-72,944 3A-67 ,365 

It can be seen that the trip generation potential between the two development vari
ants of each development pattern varies more than between the comparable variants 
of the three development patterns. That is, the differences between sketches lA and 
lC, 2B and 2C, and 3B and 3A, are larger than between lA, 2B and 3B, and lC, 2C 
and 3A. 



56 

* w Cf) 
c,: 
w 
Cl'. 
u 
~ 

I- ...J 
z:::, 
w a. 
uO a. 
Cl'. z 
w c,: 
a. I 

I-
w 
Cl'. 
0 
::!!: 

* uJ Cf) 

<l: 
w 
Cl'. 
u 
z 

I- ---; 
z ...J 
w:::, 
ug; 
Cl'. tL 
Wz 
a. c,: 

I 
I-
Cf) 
Cf) 

w 
...J 

100 % 

80 

60 

40 

20 

0 

20 

40 

60 

80 

100% 

DECENTRALIZED 

I A I C 

·;,;-: 

SKETCH ES 

NEW-TOWNS 

2 B 2 C 

CONCENTRATED 

3 A 3 B 

* Est imated population increase 
from 17 mi 11 ion in 1960 to 30 
mi 11 ion in 2010, or 77 percent 

~ AUTO TRIPS 

~ MASS TRANSIT TRIPS 

Figure 2. Travel growth by mode. 

The data in Tables 1 and 2 and the above summary lead to a conclusion that the var
iation in trip generation potential of the six development sketches is influenced not so 
much by densities of the core area, but by percentages of the region's population that 
are expected to reside in metropolitan r.ommunitieR and by the average density uf Lheoe 
urban units. 

The sketches indicate a pronounced variation in the utilization of auto and mass 
transit modes of travel, as shown in Table 2. The increase of mass transit trips above 
1960 volumes for sketch lA equals zero, while auto trips for this scheme increase by 
163 percent; for sketch 3B the mass transit trips grow 171 percent, but auto trips in
crease only 87 percent. The region's population for both sketches increases 77 percent. 

According to the findings, mass transit facilities for sketch lA will operate in the 
year 2010 at the same patronage level as at the present. Evidently the population 
growth under this development scheme would be accommodated in the region's outer 
areas where most of the travel would be done in autos. Concentrated development 
(sketche..s 3A and 3B) in this respect represents the other extreme. Here the mass 
transit travel would grow at more than double the rate of the region's population in
crease while auto usage would trail the population growth in the case of 3A and only 
slightly exceed it in the case of 3B. 

Figure 2 shows the increase in the usage of auto and mass transit modes of travel 
as related to the population growth. At the extremes, in sketch lA the population 
growth would expand only auto travel. In sketch 3B, the auto travel would grow in 
proportion to the population, but mass transit would exceed this growth by 94 percent. 
The radically different picture of travel habits in the extreme development schemes 
implies a profound variance in the two urbanization concepts. Other sketches represent 
the intermediate conditions. 

This draslic val'ialiuu iu Ll1e uliliz.ation of auto and mass transit modes of travel 
appears to be one of the most important issues requiring reconciliation with other 
uruauiz.ation problems in weighing future development policies. The obviously dif
ferent means of travel in the six development schemes also implies different policy 
orientations toward housing, parking, distribution of jobs, and other urban development 
programs. 
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Figure 2 suggests travel implications extending beyond the issues of transportation. 
Some of these implications are discussed in the following. 

For sketches lA and lC the public policy would provide for the growing demands of 
auto travel. New developments and redevelopment projects of existing urban areas 
would be auto-travel oriented, providing suitable access and parking facilities. Auto 
travel is space demanding. Therefore, for a proper accommodation of all urban ele
ments, either the densities of the present urbanized areas would be reduced, or advanced 
technology would generate development forms which are unknown at the present. Mass 
transit under these development sketches would gradually be giving ground to auto 
travel-a condition which exists at the present. 

Sketch 2B should be looked upon as the product of a conscious public policy favoring 
a balanced transportation system. This sketch presupposes that a balanced transporta
tion is possible and feasible. All urban development policies under this scheme would 
be guided by concepts designed to sustain the planned modes of travel. 

Sketches 2C, 3A, and 3B indicate a strong bias favoring mass transit. Either through 
specific development policies or through consciously designed transportation regimes 
the urban development forms would be public-transport oriented. These sketches sug
gest a complete reversal of the present transportation policy to one in favor of mass 
transit. The rate of auto travel per person in the year 2010 would remain at about the 
same level as at the present. 

These sketch groups suggest three radically different pictures of future urban 
forms. Presuming that the urban development forms and transportation services 
ultimately must attain a functional integration, the above sketch groups imply three 
different forms of urban travel, as well as three different forms of urban living. The 
individual image of these forms is left fo be created in the minds of the readers. 

The Cost of Travel 

The last column of Table 3 shows the estimated annual travel cost for each sketch. 
These costs include investments in facilities as well as operating expenditures, and 
are given in 1963 dollars. 

Since daily travel expenditures claim a sizable part of a household's disposable in
come, the aggregate regional expenditures for this purpose are large, ranging from 
$15.48 billion for sketch 3A to $17. 29 billion for sketch lA. These figures include all 
public and private outlays for the transportation function. 

The main body of these expenditures remains relatively stable under similar condi
tions of development at a given time. Only a fraction of it can be altered by the ration
alization of environment, i.e., optimization of choices and maximization of benefits. 
Consequently, the difference of $1. 81 billion between the two extreme travel costs of 
sketches 3A and lA does not seem to be impressive. Nonetheless , it amounts to about 
half of New York City's annual operating budget and more than three times the city's 
capital improvement budget. Should further analysis embrace all major regional func
tions, even under these conditions the total savings that could be arrived at through the 
optimization of separate functions most likely would not amount to more than two or 
three billion dollars annually. Proper reinvestment of these moneys, however, could 
have profound effects on the region's well-being. Thus the differences among the total 
travel costs of the six development schemes in the economic sense are significant and 
meaningful. The impact of the economies in travel could be considerable by freeing 
substantial resources for other improvements of the general urban plant. 

Figures showing the daily travel expenditures for the different sketch plans in Table 
3 follow, to a degree, the pattern of trip-making characteristics. The size, the arrange
ment of mass transit facilities, and the effect of population density on the cost of auto 
travel, however, influence these expenditures for each sketch plan differently. Daily 
travel expenditures, therefore, are not entirely proportional to the number of trips. 

Viewing the daily expenditures as resources which are being withdrawn from the 
population's income and put into the development and operation of transportation facil-

, ities, the resource allocation picture for the different development schemes is shown 
in Figure 3. This analysis was concerned not with the effects of population growth, but 
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with the travel implications of the different schemes designed to accommodate this 
growth. Therefore , in Figure 3, as in Figure 2, the diagram shows the relative mag
nitudes by which the daily expenditures for the two modes of transportation exceed the 
population increase, or lag behind it. 

In the dispersed development (sketches lA and lC), mass transit would be alloted 
about the same amount of resources as at the present. Resource allocation for this 
mode would not be affected by the population growth. The investments in auto travel, 
instead, would exceed the present rate, reaching 140 percent above the present in the 
year 2010. 

At another extreme, the resources put in mass transit for sketch 3B would outpace 
the rate of population increase by more than twice, reaching the 187 percent level in 
2010. Resource allocation to auto travel in this scheme would increase at the rate of 
population growth, exceeding it by only 11 percent in 2010. 

Figure 3 thus suggests the direction which would be followed by the decision-making 
process in the allocation of resources for transportation under conditions of the six 
development schemes. The figures presuppose the present amenity level of travel for 
all sketches. Depending upon which of the two factors is regarded as cause and which 
as effect, one can look upon Figure 3 as an indication for channeling the resources to 
achieve the desired development characteristics, or, from another point of view, Fig
ure 3 indicates the corresponding travel modes for the six regional development pat
terns established by means other than the transportation regime. 

ESTIMATION OF TRAVEL CHARACTERISTICS 

Sketch plan communities were constructed from one-mile squares representing 
several classes of land development. Residential land uses were shown in four density 
ranges, the highest 72,800 persons per square mile and the lowest 350. The number 
of such density squares for each sketch plan was determined by planners according to 
a preconceived idea of the region's development trend. Each sketch consists of a core 
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area and a specified number of quantitively identical metropolitan communities. The 
distribution of land use squares within each community, however, differs. It was map
ped intuitively. Thus the sketch plans speculate on the quantitative aspect of the re
gion's growth as well as on the geographic dispersion of these quantities. 

In order to evaluate travel characteristics for the six development sketches uniformly, 
it was necessary to define the communities in mathematical terms. Since the quan
tities varied not only between sketches but also between communities of the same de
velopment sketch, this made the application of mathematical formulations problematic. 

The exponential density gradient has been found to fit the density distribution in old 
cities (2). In arranging the sketch plans, the planners were inclined to see small com
munity subcenters surrounding the major urban centers. In addition to commercial, 
manufacturing and other job-producing land uses, these subcenters also include high
density residential developments. 

The net effect of clustering subcenters about a major center upon the density distri
bution pattern was such that the density gradient for the sketch plan urban units ap
proached a declining straight line. These observations and the awareness that this 
analysis is to be the first approximation in the process of narrowing down the alterna
tive choices led to choosing the cone-shape density distribution model. 

Thus, the analysis was carried out on the assumption that the urban unit's population 
confined within the residential land area A is distributed in such a manner that 

P = (%) AH 

where H is the peak density and equals 3P/ A. The density d at a distance r from the 
center equals 

dr = 3P/A (1 - r /IA/rr) 

Trip generation potential and the trip segregation by modes were established for 
each model utilizing the graphs shown in Figures 4 and 5. These graphs were developed 
from preliminary Tri-State survey data and from findings in other metropolitan areas. 

Figure 6 illustrates the process of applying the trip generation rates to sketch plan 
models. All models were divided into analysis rings. Uniform boundaries for the 
corresponding rings of all sketches were defined by selected density ranges on the 
density scale of the trip generation curve. Projecting the selected densities to the 
model outlines, the intersection of such horizontal density lines with the model sur
face delineated the analysis ring. 

After determining the ring population, this quantity was multiplied by the correspond
ing average trip generation rate and by the appropriate coefficients segregating the trips 

opulation Density 

40 

30 

Trip Generation 
Curve 

2 4 6 8 10 
Trip Per Dwelling 

Figure 6. Uniform designations of analysis rings. 
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TABLE 4 

TRAVEL CHARACTERISTICS 

Pattern Sketch 
Part of Number of Population Res. Land Total Trips Mass Transit Auto Trips 
Region Units (000) (sq mi) (000) Trips (000) (000) 

Decentralized Core 1 10,000 533 18,815 9,168 9,647 
lA Met, Area 40 20,000 7,120 58,800 58,800 

Total 41 30,000 7,653 77,615 9,168 68,447 

Core 1 11,000 435 18,206 10,031 8,175 
lC Met. Area 38 19,000 4,902 53,504 53,504 

Total 39 30,000 5,337 71,710 10,031 61,679 

New Towns Core 1 14,000 1,184 31,829 12.137 19,692 
2B Met. Area 16 16,000 3,328 44,074 9,728 34,336 

Total 17 30,000 4,512 75,903 21,865 54,028 

Core 10,000 410 16,803 9,211 7,592 
2C Met. Area 10 20,000 3,190 53,030 13,910 39,120 

Total 11 30,000 3.600 69,833 23,121 46,712 

Concentrated Core 1 26,000 2,026 55,923 23,178 32,745 
3A Met. Area 1 4,000 1,123 11,442 11,442 

Total 2 30,000 3,149 67,365 23,178 44,187 

Core 1 22,000 2,077 51,915 18,613 33,302 
3B Met. Area 2 8,000 1.190 21,029 5,778 15,251 

Total 3 30,000 3,267 72,944 24.391 48,553 

by travel modes. This analysis process was carried out numerically. A sample of the 
computations is shown in Figure 7. 

Table 4 presents the summ<1-ry of the computed travel characteristics for all sketches. 
Figure 8 demonstrates the relative increase in trips for auto and mass transit modes 
above 1960 volumes. 

This analysis presents the first approximation of the travel implications. Subse-
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quent analysis of selected alternatives would have to work with a more sophisticated 
density distribution fit for future communities. These could be developed through 
reasonable deductions. 

EVALUATION OF RESOURCE NEEDS 

The resource allocation for transportation in a metropolitan area is proportional to 
the mileage of trips and to the total travel cost per mile for each mode of transporta
tion. The magnitude of resources required for this purpose can increase or decrease, 
depending on the average number of trips generated per person, the average trip length, 
and the cost per mile of travel. Resources for this purpose are being raised by means 
of user payments for facilities or services, individual expenditures, special taxes, 
general taxes, and borrowing. 

Transportation costs which were used in this study include the installation and oper
ation of facilities, improvements, and other incidental expenditures attributable tour
ban travel. Only two modes of transportation were considered, auto and rail mass 
transit. Designating the number of auto trips as Ta, mass transit as Tm, and indicat
ing the average trip length for respective modes as la and lm and the cost per mile of 
travel as C1 and Ca, the total resources allocation for travel can be shown as 

Trip volumes denoted as Ta and Tm were evaluated in the preceding section. Trans
portation costs were adopted from a study by Wohl (3 ). This study utilized three sizes 
of rapid transit systems: 6-mile, 10-mile, and lS:mile long routes. Travel costs 
tn-r th,=.c;:,:i ~,,c;:t,=.l"Ylc;: !lT'P <:?hrr,un in N1iat1r,::l !,..j 
--- - ... _. - - ...,J - _..., _____ ..., - .... £ .. ._. • • -- --- - '"'O -- - - • 

Each sketch plan community that indicated potential to support mass transit was 
fitted with one of the three mass transit networks. Whether or not a community could 
support mass transit and the exte~t of such systems were determined by the following 
criteria: (a) it was assumed that communities with an average population density of 
4,000 or more persons per s<1uare mile are P-apahlP. of RllRt.aining rail or bus mass 
transit, and communities with less average density than this would resort primarily to 
auto travel; (b) it was taken that mass transit within a given metropolitan transporta
tion system primarily accommodates the centrally oriented rush-hour travel. 

For communities which indicated propensity to support mass transit, such lines 
were extended from the core outward to areas of about 3,000 persons per square mile 
density. It was assumed that buses serving lower densities would connect with the 
rapid transit at these points. Thus, the mass transit route length was determined by 
the radius extending from the center out to the density ordinate of 3,000 in a community 
model. This radius was rounded off to one of the three systems-6, 10, or 15 miles 
(Table 5). 

In determining the number of service sectors in the system, the trip load on each 
line was kept within practical limits for convenient and economical travel. The maxi
mum arc length between the outer ends of two lines was limited to about 6 miles. 

The number of one-way passengers at the maximum load point of a line was arrived 
at by assuming that 50 percent of daily mass transit trips are made during the four 
rush-hours of the day. Ten percent of this volume was assumed to travel in the op
posite direction. Allowing another 10 percent for along-the-line destinations, the vol
ume of trips collected in a sector and accumulated at the maximum load point per one 
rush-hour equals 

o. 5 x 0/ x o. 9 - 0.1012 x 100 = 10.12% of ?.4-hour volume 

Thus, multiplying this factor by the 24-hour trip volumes per sector, the one-way hourly 
volume was obtained. On the basis of these volumes the mass transit trip costs were 
derived from Figure 9. 

The cost variation between bus and rail mass transit is not significant enough to be 
taken into account at the sketch planning stage. Only rail transit was considered, but 
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Figure 9. Overal I system passenger trip costs between home and downtown (total of residential col lec
tion, line-haul and downtown distribution costs, to include all terminal and parking charges)@). 

some of these can be considered as express bus lines with the same cost characteris
tics as rail facilities. 

Rush-hour travel greatly influences the cost of mass transit services; therefore, 
the average rush-hour trip cost was taken to be reasonably representative for the 
average daily trip. All of these costs include expenditures for roads, rolling stock, 
and operation. 

The downtown-bound auto travel cost, as shown in Figure 9, remains nearly constant 
at different loads but responds to the average trip length. These graphs indicate auto 
travel costs in high-density areas. 
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This study made no distinction between 
the downtown-bound and the circumferen
tial auto travel. The auto trip cost, as 
shown in Figure 10, reflects the popula
tion density in which the trips originate. 
In establishing the range of costs shown 

, by this figure reference was made to 
several sources. The extreme cost values 
adapted from other studies were super
imposed by a straight-line proportion over 
densities occurring in this study. The 
auto travel costs represent road construc
tion, maintenance, auto ownership, opera
tion expenditures, and parking. The aver
age trip length for all sketches was as
sumed to be 6 miles. 

Table 6 shows the computation results 
indicating travel costs for the six sketch 
plans. Viewing the5e costs as part of the 
population's resources, the analysis re
sults indicate the extent of resources to 
be expended for travel purposes under 
conditions of the six development schemes. 
In the last column Table 6 shows these 
rbilv PxnPnrlit11rP.Q nn il nPr-nPf'!'ll)n h::iq1q ------,J ___ .L ____________ --- --.,.--- ... ----- - -- ----

Figure 11 demonstrates the increase in 
resource allocation by modes above the 
1960 level. 

APPLICATION OF DENSITY 
MODELS FOR THE 

EVALUATION OF 
SELECTED ALTERNATIVES 

The cone-shaped sketch planning models 
for the selected development alternatives 
could be transcribed into density models 
of the hyperbolic parabola type on the 
basis of existing and projected densities 
(Fig. 12). 

The selected sketch alternatives, in all 
likelihood, would consider the scatter of 
existing urban units as the basis for the 
urbanization pattern of the future. These 
units would be projected for the population 
increase and, perhaps, a number of new 
communities would be planned to rise in 
Lil~ cuurse uf ti111e. Future urban unit5 
in the metropolitan area would not be uni
form in size. The regional urbanization 
system would reflect not only the antici
pated population growth, but also the in
teraction of communities. Urban units 
could be ranked by the scope and character 
of planned activities. 

Employing density models, such alter
natives could be evaluated for the basic 
travel characteristics and for resource 
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allocation requirements. On the basis of 
these findings, alternative development 
schemes could also be provided with con
ceptual layouts of facility networks. 

utilizing the inventory data, criteria 
for travel generation and for the deter
mination of travel costs could be refined 
to represent these factors more accu
rately. The analysis output of final alter
natives on this basis could give a fairly 
realistic picture of changes that might 
take place in the evolution of transporta
tion systems as well as of the resource 
allocation requirements for such develop
ment processes. 

Should the selected alternatives be de
tailed by development stages, such as 
programs for each decade, this method of 

analysis could estimate the changes in travel demand, modal use, and the required re
sources allocation for transportation systems at each development period. Detailing 
long-range plans by development steps would provide the opportunity for a rational 
planning of transportation systems. The required land for transportation facilities 
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Figure 12. 1 llustration of density model for final planning alternatives. 
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could be mapped in advance and the introduction of new facilities could follow the ra
tionale of long-range urban development. Shifts in travel modes could also be accom
modated at the proper time. 

Study of Mass Transit Levels for Large Cities 

If some of the region's cities were to reach high density levels, and if technological 
advances were to be experienced in mass transportation technology, the different urban 
development states would have to be provided with appropriate means of mass passenger 
conveyance. Figure 13 illustrates four possible types of mass transportation systems. 

Mass Transit I, in very high density zones, could be slow- to moderate-speed con
tinuous passenger conveyance facilities such as pedestrian conveyors or moving side
walks. Mass Transit II, in high density areas, would be medium-speed facilities. The 
network would be extensive and with only little local street transit. Mass Transit III, 
in medium-density areas, would be a combination of high-speed regional transit sys
tem and local bus or equivalent services. Low density areas would depend on auto 
travel. 

The indicated levels of mass transit systems are hypothetical concepts. A separate 
study would be necessary to better define such services and to correlate them to den
sities that would demand and have the propensity to sustain such facilities. 

Density models could be employed to relate the stages of urban growth with the 
needs of different level transportation systems. Urban development stages could also 
be timed to regard the life span of such systems. Major shifts in development policies 
could be proposed in order to prepare a logical transition from lower to higher rank of 
mass transit facilities. Resources allocation and methods of financing could be part 
of such a study. 

Very High Density 

Low Density 

Mass Transit II 

Auto Mass Transit III Auto 

Figure 13. Levels of mass transit services. 
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A Rational Decision-Making Technique for 
Transportation Planning 
WILLIAM JESSIMAN and DANIEL BRAND, Traffic Research Corporation; and 
ALFRED TUMMINIA and C. ROGER BRUSSEE, Massachusetts Bay Transportation 

Authority 

Evaluation of transportation improvements by conventional 
benefit-cost analysis raises the problem of trying to eval
uate benefits (or costs) which cannot readily be converted to 
dollars and cents. Sometimes these benefits are neglected. 
Sometimes they are converted to dollars no matter how 
crude the estimate. Most often they are merely qualitatively 
weighed in the mind to determine whether or not they are 
sufficient to alter the decision recommended by the eco
nomic analysis based on the quantifiable factors. 

To help in these situations, a technique or framework is 
presented which would treat all pertinent factors more ra
tionally and systematically. Examples are presented show
ing the results of the technique at each intermediate step. 
An extension of the technique is made to consider a system 
of possible projects and the optimal allocation of available 
capital among them. This extension results in a problem 
which may be solved by .integer linear programming tech
niques. The formulation of this linear program is shown. 

•MOST major transportation facility plans today evolve from a procedure wherein 
various alternatives are generated and evaluated, and the one which appears most favor
able is selected. The evaluation process utilized is quite often a benefit-cost ratio 
technique or something closely related to it. This means that each of the benefits and 
costs associated with an alternative are itemized and appraised in dollars and cents to 
avoid the "apples and oranges" comparison dilemma. 

Several problems confront the engineer or planner who is trying to evaluate alter
natives by this method. He must be sure he has stood far enough away from an alter
native to have considered all its effects on the overall system. For many effects which 
he has delineated there are serious problems of how to convert their impact on the 
system to dollars and cents. Quite often the solution to the problem of not being able 
to assess the dollar value of some of the benefits or costs is to ignore this factor on 
the grounds that its impact cannot be measured accurately enough with the monetary 
yardstick. There is also the frustration of having singled out a pertinent benefit or 
cost and converted it to its estimated dollar value, only to realize that the factor is an 
order of magnitude more important than some more obvious factors which he has pains
takingly developed and evaluated. Perhaps he is reluctant to believe this, even though 
the dollars point it out. Finally, although everyone is in favor of better transportation, 
there is considerable difference in points of view as to what this means. The transit 
manager, the city engineer and the local communities may have radically different 
goals for "better transportation." 

It is useful to consider the example of a public transit agency or a highway depart
ment evaluating a facility being built in a growing suburban region. Many objectives 
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or goals, both public and private, must be considered in selecting the optimal length 
and location of the facility and the level of service to be provided. It should be ap
preciated that all examples of objectives used here should be viewed liberally since it 
is the decision technique and not a recommended set of objectives that is the central 
theme in this paper. The following are some examples of objectives which might be 
deemed important: 

1. The facility should show the best possible revenue-cost picture or tangible re
turn on capital invested. This includes not only the facility being considered, but any 
other facilities in the system which are also affected, including feeder bus service and 
private transit companies in the case of transit. 

2. The highway or transit facility should serve as many users as possible. 
3. The facility should remove as much congestion as possible from neighboring 

facilities . 
4. Priority should be given to an area which has long been without sufficient serv

ice, or one which has a critical transportation need. 
5. In the case of transit, an improved quality of service should be provided to en

hance the public's image of transit and to halt the general trend of diversion from 
transit facilities to automobiles. The type of improvements in service quality may 
vary from area to area depending on marketing recommendations. 

6. The alternative selected should further the economic development of the com
munities it is affecting. In addition to the level of economic impact on the ·community, 
this objective involves both the timeliness of making this impact now, and the direction 
of the communities' own plans for development or redevelopment. The generation of 
potential tax revenue by new residential or industrial development along the new route 

7. The agency must satisfy certain political requirements and constraints. 
8. The facility should have the most flexibility to meet anticipated future growth 

or a variety of assumptions on anticipated growth. 

This very general list of objectives would need to be refined before being applied 
to a particular facility study. Still, all the above factors merit inclusion al:l legitimate 
objectives of a transportation agency. Collectively they present an appealing descrip
tion of what an agency is setting out to accomplish. However, when it comes time to 
apply these objectives to the evalualion of alternatives, some difficulty is usually en
countered. 

A good deal of time and effort is spent analyzing the first objective, maximization 
of direct return on capital. This is especially true in the example of a transit agency 
planning a new extension, where the return on capital is in the form of increased net 
operating revenue. The third objective, removal of congestion from highways, is 
often evaluated by determining the number of minutes the average automobile com
muter on the highway saves and multiplying by some dollar value of time saved and the 
number of automobiles using the highways. However, in transit cases, this estimate 
can rarely be as accurate as an operating balance forecast because of the crudeness 
of present-day dollar values for time. Yet, it is probably the same order of magni
tude as the estimated operating balance even if logically it might not seem as import
ant. For instance, a typical rapid transit extension may result in an increased operat
ing balance (increased revenue minus increased operating cost) of $200, 000 per year. 
Yet, H the trausil exteusluu results lu tlecniasetl veak.-hour highway congestion such 
that the 6000 rush-hour commuters still in their automobiles save 5 minutes each way 
on the average, this can be calculated as a saving of (6000 people) (2 directions) (5 
minutes) ( $1. 501 per hour value of time) (250 days per year)/ (60 minutes per hour) = 
$375, 000 annually-and this is for the rush-hour alone. Most transit agencies would 
probably feel that the increase in operating balance really is worth far more than the 
decrease in automobile congestion in spite of these figures. 

1$1.50 per hour is typical of a value assigned for this type of estimate, although there is, of course, 
much discussion about what amount should be used. 
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The same situation applies to the objective of maximizing the economic welfare of 
the affected communities. Some crude value estimate is often made for this factor, 
but usually it only serves to water down the effect on the decision of the more accu
rately measured costs and benefits. Often the recourse is to abandon any attempt to 
quantify these factors for benefit-cost analysis purposes and merely use them in an 
all-or-nothing manner. In effect, this means determining whether or not these factors 
are sufficient to alter the decision recommended _by the economic analysis based on 
the quantifiable factors. 

Other objectives in the above list are almost always considered qualitatively only. 
Improvement in quality of service, the satisfying of a critical transportation need, and 
the satisfying of certain political constraints are examples, with the latter managing 
to demand a large amount of attention historically. Still other objectives are converted 
dogmatically to dollar units in spite of difficulties or inadequacies. 

The problem, therefore, is to find a way to consider explicitly the significant bene
fits and costs not given to monetary measurement simultaneously with those which can 
be estimated in dollars and cents. 

THE SINGLE PROJECT EXAMPLE 

The solution described in this paper to the stated problem is best introduced in the 
context of planning a single project. Such a project may, as before, be a radial high
way or a transit extension to be built in a rapidly growing suburban corridor. The 
alternatives in the case of the highway vary in terms of the location and lengths of new 
highways, the design standards to be applied, number of lanes, etc., and, of course, 
whether or not to build any facility at all. In the case of the transit extension, the 
alternatives vary in the length and the location of the line, the type of cars, the seating 
standards, the operating speeds, number of stops, etc., as well as whether to build 
anything at all. 

The technique offered for the evaluation of alternatives is given in five steps. The 
corridor transit extension is a useful example since it is characterized by both public 
and private motives. 

Itemize the Objectives 

Assume that the transit agency feels there are five major objectives which ought to 
be met by the extension of transit service into a particular corridor. Again, this list 
of objectives should not be thought of in any way as a recommended set of goals, but 
rather merely as examples : 

1. The immediate direct rate of return on investment, i.e., the increase in 
operating balance at the end of the first year of operation divided by the annualized 
capital cost of the extension, should be as large as possible. (Operating balance is 
passenger revenue less total operating costs.) Reference to changes in net revenues 
over a longer period of time are left out here to avoid excessive complication. 

2. Riding volume on the line after the extension and the system have reached a 
state of equilibrium should be maximized. 

3. The image of the transit agency should be enhanced by offering as much comfort 
and convenience as possible. 

4. The transit agency feels it is desirable for political reasons to extend as far as 
possible into the corridor to promote development of an area rendered relatively in
accessible by inadequate transportation facilities. 

5. As many automobile users as possible should be diverted to transit so as to 
relieve congestion on the corridor's primary highway. 

Next, assume that five feasible and different alternative extensions, varying in lo
cation, length, and service characteristics have been proposed. (The no-action alter
native is not included for purposes of the illustration.) These will be called alterna
tives A through E and are to be evaluated according to how well they meet the five 
objectives. 
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Define the Best Measure for Each Objective 

The transit agency decides that the measureable characteristics of the alternatives 
which best exemplify the five objectives are as follows: 

Objective 

1. 

2. 

3. 

4. 

5. 

Weight the Objectives 

Measure of Objective 

Increase in annual operating balance 
divided by annual capital cost of 
building the extension. 

Total daily inbound rider volume. 

Average percent seated during the 
peak hour at the peak load point. 

Miles of extension into the corridor. 

Auto-users diverted to transit during the 
peak hour. 

The transit agency further decides that the first objective is worth about 40 percent 
of the total decision. Similarly, weights or fractions of the decision are assigned to 
the other four objectives so that the objcctivco arc weighted as follows: 

Objective Weight Alternate Weighting Scheme 

1. 0.40 0 points 

2. 0.20 4 points 

3. 0.15 3 points 

4. 0.15 3 points 

5. 0.10 2 points 

1. 00 20 points 

Since the weightings are relative only, fractions which total one do not need to be 
used; any set of numbers with the appropriate relative values may be used, as indicated 
by the alternate weighting scheme. For purposes of this presentation, the alternate 
weights will be used. 

One point to note regarding the selection and weighting of objectives is that it is 
easy to choose objectives which are not mutually independent. For instance, hauling 
the most people possible and divertin~ the most automobiles from the highway are very 
much related to each other as objectives for a transit line. It is not wron~ to usP. non
independent objectives as long as judgment is used in the weighting of them. However, 
it probably helps to select just one of the two if they are very closely related. 

Evaluate the Way Each Alternative Meets Each Objective 

Assume, for this example, that values of the pertinent descriptors of each alter
native have been estimated by various suitable techniques. Discussion of the actual 
techniques used are not important to this paper and will not be discussed. The esti
mates assumed for the five alternatives in the example appear as follows: 
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Measure Alternative 

A B C D E 

1. a. Increase in annual operating 
balance ($ millions) 0.780 0.812 0.550 0.702 0.675 

b. Annualized capital cost of building 
the extension and purchasing 
rolling stock ( $ millions) 6.000 5.800 5.000 5. 200 4.500 

c. Annual return on investment (= a/b) 
(%) 13.0 14.0 11.0 13.5 15. 0 

2. Daily inbound riding (thousands) 25.0 23.0 20.0 18.0 17.0 

3. Average percent seated, peak 
hour (%) 25.0 35. 0 40.0 50.0 50.0 

4. Miles of extension into corridor 8 7 6 5 5 

5. Peak-hour auto users diverted to 
transit (thousands) 3.5 3.0 2.0 1. 5 1. 5 

The simplest method of evaluating the alternatives with respect to a particular ob
jective is to arbitrarily say that within each objective, the best alternative in the cate
gory receives the full number of points under the weighting scheme, and the worst 
alternative receives no points. Each other alternative receives a number of points 
which is linearly proportional to where this alternative lies in this category relative 
to the best and worst alternatives. For example , in meeting objective 4 (length of 
extension), alternative A rates highest with 8 miles and receives a full 3 points. Al
ternatives D and E each get zero points s ince they a r e the s hor test with 5 miles . Al
ternative B gets 2. O points since it is % of the way from the worst alternative to the 

best G=~ x 3 pts. m ax. = 2 pts.) . Similarly, alte rnative C rece ives 1. 5 points. 

Selecting the Best Alternative 

When each objective is evaluated for all alternatives, the rated points can be sum
med for each alternative and the alternative with the highest number of points is said 
to best meet the combined objectives of the transit agency. Had the fractional weight
ing scheme been used (sum of all weights equals one) , the sum total for any alternative 
would be a fraction less than or equal to one. The fraction would express how close 
this alternative was to the "ideal" alternative, that is , one which ranked best in each 
category. With the point scheme used in this example , dividing each alternative's 
total by the number of points possible, 20, accomplishes the same thing. Complete 
results for this example are shown below. 

Results of Evaluation of Alternatives 
Objective Measure 

A B C D E 

1. 4.0 6.0 0.0 5.0 8.0 

2. 4.0 3.0 1. 5 0.5 0.0 

3. 0.0 1. 2 1.8 3.0 3.0 

4. 3.0 2.0 1.0 0.0 0.0 

5. 2.0 1. 5 0.5 0.0 0.0 

Total 13.0 13.7 4 . 8 8.5 11.0 

% Total of Ideal 65.0 68.5 24.0 42.5 55.0 
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It should be pointed out that some objectives might not be so easily quantifiable. In 
this case it would be perfectly legitimate to use a quality judgment scale such as high-
3 points, medium-2 points, low-1 point. 

One shortcoming of the particular "relative" rating scale chosen for each objective 
in this example is that the best alternative gets a full score even though it may be far 
from perfect, while the worst alternative gets zero, even though it may be almost as 
good as the best alternative. However, for other objectives there may be large dif
ferences between two alternatives and they can end up with about the same number of 
points. This shortcoming is illustrated by considering what happens in category 4 
(mileage of extension) if a new alternative is added. Before the inclusion of the new 
alternative, alternative A had 3. 0 points in this category, while alternative D had zero. 
Suppose the new alternative proposes only 2 miles of extension into the corridor. Al
ternative A still has 3. 0 points but now alternative D has 1. 5 points since the new al
ternative becomes the zero point on the scale. Thus it is conceivable that addition of 
the new alternative, even if it is the worst of the six, has the ability to change the rec
ommended outcome from one alternative to another. This problem may be avoided 
by the use of utility curves2 to evaluate alternatives within each objective. However, 
in defense of the simple-to-use "relative" rating scale, the problem is not as severe 
as it may appear at first glance. The original weights could be attached to each ob
jective, keeping in mind the magnitude of variation within the alternatives to be eval
uated. If, for any objective, a large range of values among the alternatives is antici
pated, more or less weight may be assigned to that category to properly express the 
importance of the objective. Thus, the addition of another somewhat different alter
native could very well mean that a new weighting of the objectives is in order , and 
therefore the problem cited in this example is unlikely to occur. 

Use of Utility Curves in Evaluating Alternatives 

One way of avoiding the problem altogether is to use a predetermined absolute scale 
for each objective instead of using the relative scale. For example, the agency may 
decide before examining any physical alternative that a 10-mile extension is the ulti
mate and should be worth 3 points, while building no extension at all should be the zero 
point alternative (see Figs. la and lb for comparison of the two scales). As can be 
seen, alternative B now rates 2. 1 points instead of 2. 0 under the relative scheme. 
The utility curve approach has the advantage of not being affected by the addition of 
another alternative. 

The relationship represented in Figure 1 b need not be linear. For example, the 
first mile extension into the corridor may be more desirable than the second, and so 
on, until the marginal utility (with respect to achieving the proposed objective) ap
proaches zero beyond a 10-mile extension. Figure le expresses this relationship. 

Figures lb and le are utility curves in statistical decision theory terms. They 
represent the agency's feelings about the utility of each mile of extension with respect 
to the satisfaction of the particular objective. 

There are pros and cons to each of the two methods of evaluating objectives -or three 
methods if the linear utility curve is thought of as different from the nonlinear one 
because the simplicity of the former requires only two points to be defined. The utility 
curve approach is more difficult to use, yet it forces the planner to think in terms of 
the complete range of values of an objective within which any of the possible alternatives 
may lie. It may be advantageous to carry out this thought process before proceeding 
to examine the alternatives in detail. The relative technique has the advantage of 
simplicity of use, and bypasses having to define the utility curve. (However, one of 
the bigger objections to utility curves is the difficulty in getting a person to define his 
utility curve.) In reality there is no reason why a mixture of techniques could nol be 

2Utility curves are described in detail in: Schleifer, R., Probability and Statistics for Business Deci
sions, McGraw-Hill, 1959; Shelly, M. W., and Bryan, G. L., Human Judgments and Optimality, John 
Wiley and Sons, 1964; and others. 
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used for different objectives, if so de
sired. For example, automobiles taken 
from a highway might well be measured 
using a nonlinear utility curve, whereas 
net operating balance increase could be 
analyzed using the relative technique. 

An important exercise which could be 
very interesting as well as very revealing 
in the examination of certain controversial 
highway or transit projects would be to 
have (or to simulate having) each different 
faction involved in the controversy
planning staff, city officials, academics, 
etc. -weight the objectives and evaluate 
the alternatives according to their own 
value schemes. The question to be an
swered is, How do the different value 
schemes affect the decision reached? 
Often the decision is the same for the dif
ferent spheres of interest. However, the 
decisions sometimes differ, and the know
ledge gained as to why they differ may be 
valuable. Persons familiar with the 
thought processes of the various interest 
groups in a community can gain much in
sight into underlying reasons for contro
versies surrounding a project. They may 
thus more easily achieve a suitable com
promise for implementing the transpor
tation improvement as well as promote 
good planning. In addition, a user may 
find it valuable to vary his own weights 
where he is unsure about them, to test 
the sensitivity of the final decision to his 
weights. 

THE COMPLETE SYSTEM SOLUTION 

In an earlier section, the five-step 
technique for aiding in decision-making 
was presented in the context of alternative 
proposals for a single transportation 
project. 

One objective which was not explicitly 
mentioned previously, but which is a 
legitimate one in some single transpor-. 
tation facility studies, is the goal of min
imizing capital cost. In fact, using this 
decision technique, the capital issue could 
even be handled by plotting various total 
values of the objectives against the capital 
necessary to achieve this degree of sat
isfaction of objectives. This sensitivity 
analysis on capital cost could then be an
alyzed and the most desirable combina
tion of cost and level of satisfaction could 
be chosen. Another variation involving 
capital cost might be the introduction of 
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an objective such as maximizing total utility per dollar spent for situations where 
there is no budget as such. 

A more common situation, however, is one in which the transportation agency has 
a limited but definite budget and a number of projects to be constructed from that 
budget. Now the emphasis is on optimal allocation of the budget among projects rather 
than the minimization of capital expended on all projects. The expansion of the 
decision-making technique from a single project to a system-wide set of projects, each 
with several alternatives, may thus be considered. The decision technique becomes 
part of the structure of an integer linear program for complete system analysis. 

Assume that several transit extensions into various corridors are being considered 
and that a limited capital budget exists with which to carry them out. These corridors 
can be generalized as subsystems, since corridor extensions need not be the only pro
jects which the agency is contemplating. Within each subsystem there is a set of al
ternatives to be evaluated, including the null or do-nothing alternative. The agency 
defines four objectives, weighted as indicated: 

No. 

1. 

2. 

3. 

4. 

Weight 

Z1 pts 

z2 pts 

z3 pts 

z~ pts 

Description 

Maximize daily passengers hauled 

Divert as many cars as possible from the 
highways during the peak hour 

Exhibit the maximum annual net operating 
balance with the new system 

Operate the most comfortable and con
venient service possible during the 
peak hour 

The agency has decided that for each alternative the parameters which best reflect 
the above objectives are, respectively, (a) total daily volume carried; (b) total peak 
hour volume carried; (c) increase in net annual operating balance (increased revenue 
minus increased operating cost); and (d) average percent seated during peak hour. 

The agency has decided to use the linear utility curve for evaluation of objectives 
(although the formulation is identical if the relative technique or the nonlinear utility 
curve method is used). The formulation is as follows. 

Define: 
N number of subsystems or corridors 

number of alternatives in subsystem i 
total budget available 
weight assigned to the k th objective 
total capital cost of subsystem i, alternative j 
total daily volume carried under subsystem i, alternative j 
total peak hour volume carried under subsystem i, alteTnative j 
net annual operating balance estimated for subsystem i alter -
native j 
average percent seated, peak hour, for subsystem i, alternative j 
upper, lower limits of utility curve for daily volume chosen so 
that no Vij lieo outoide the range~ to v (or v, ~ could be the 
largest and smallest volumes among each subsystem's alterna
tives if the relative technique is used) 

w, Y!__ = upper, lower limits of utility curve for peak hour volume 
b, b; p, p; etc.. respective upper, lower limits 

(Note: the above terms all are estimated parameters whose value is fixed for this 
analysis . ) 

Let xij be the variable describing subsystem i, alternative j such that xij = 1 indicates 
project is selected and xij = 0 means it is not; xij can only be O or 1. 
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Normalize each of the parameters v, w, b, and p for ease in notation: 

= 
Vij - V 

- for all i; 
V - V 

(Such normalization applies to the two linear methods only. The nonlinear case is no 
more difficult, however. ) 

This calculates the percentage of full points to be awarded to subsystem i, alternative 
j under: the highest daily volume objective. :iror example, if z 1 was 4 points, ~ was 
1000, v was 5000, and vij was 4000, then vij would be 0. 75 and the value of that al
ternative and that objective would be (0. 75) . (4 points) = 3 points. 

Now the problem can be stated as 

Maximize 

N ni 

LL 
i=l j=l 

or equivalently, 

Maximize 

N ni 

Z1 v··' x·· l] l] Z2 w··' x·· + l] l] 

L L [(z1 vij' + z2 wij' + z3 bi{ + z4 Pi() Xij] 

i = l j=l 

Subject to 

ni 

(2) L Xij 

j = 1 

1 for all i 

(3) all Xij = 0 or 1 

(Budget constraint.) 

(One and only one alternative will be selected within 
each subsystem. If it is feasible to build more than 
one project within a subsystem, let a new alternative 
be defined to describe each such combination.) 

(All or none of a project must be built.) 

The formulation is now an integer linear program and can be solved as such. How
ever, it is really a special, simpler case, since Xij = 0 or 1 only. This special zero-
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one variable case can be solved by some different, shorter algorithms which are 
available~ 

It should be noted that this full system example was formulated assuming that the 
same objectives and objective weights apply to each subsystem. However, it is usually 
relatively simple to extend the linear programming formulation to a group of sub
systems which do not have the same set of objectives or objective weights by revert
ing to the fractional weighting scheme. The possibility of having different objectives 
and weights in different project areas is a realistic one and each sector can set its 
own criteria. 

One other direction which may be taken from this point is the use of parametric 
programming techniques4 to study the behavior of the system under a wide variety of 
assumptions for costs, benefits or budgets-for example, the sensitivity of various 
objective measures to a wide variety of changes in budget assumptions. 

CONCLUSION 

Although the examples used in this paper generally refer to a transit situation, the 
technique appears equally applicable to a state highway department situation, or any 
number of other public works situations. The technique is not offered as a panacea 
for all transportation alternative eval1rntion problem8r, It is presented as one other, 
perhaps more systematic, way of handling such an analysis, and appears to have sev
eral advantages over conventional economic analysis procedures in certain applications. 
It is characterized by the inclusion of judgment and subjective feeling in an organized 
framework and provides for the mixing of subjective measures with those derived by 
rigorous mathematical technique. This would seem to be in tune with recent tendencies 
to empha11ize judgment and subjective probabilities more, possibly a natural h::ickl::iRh 
to the rapid expansion in development of computer models. 

This concept of weighting objectives and evaluating the degree to which each alter
native meets the objective is not a new one, although it may be relatively new to the 
transportation field. It is similar to techniques currently being used in personnel 
evaluation as well as in other fields of engineering. 

It should also be pointed out that, while the examples in this paper deal primarily 
with the benefit side of the economic picture, the same techniques are equally useful 
in dealing with the cost side. 

This decision-making process was applied to the Massachusetts Bay Trai1::;portation 
Authority's 1966 Master Plan for system modernization and expansion. All actual 
numbers, formulation of objectives, and statements of policy used in the examples in 
this report are fictitious and were not intended to reflect the results of any MBTA 
studies. 

:iExa111ple~ ur ulyorilh1115; Glover, Fred, A Multiphase Dual Algorithm for the Zem-Or,P lntP.oP.r 
Programming Problem, Operations Research, Vol. 13, No. 6, Nov.-Dec. 1965; l:lalas, Egon, An Ad
ditive Algorithm for Solving Linear Programs with Ze ro-One Var iables, Ope ratiom RP.searc h, Vol. 
13, No. 4, July-Aug. 1965. 

4Dantzig, George B., Linear Programming and Extensions, Rand Research Corp. Study, Princeton Univ. 
Press, p. 245, 1963. 



Modeling and Evaluating the Indirect Impacts 
Of Alternative Northeast Corridor 
Transportation Systems 
STEPHEN H. PUTMAN, CONSAD Research Corporation 

This paper describes the de'sign-conceptualization and im
plementation of the model system for forecasting and evaluating 
the indirect impact of alternative transportation systems in 
the Northeast Corridor. The set of computer models developed 
for forecasting and evaluating the indirect impacts of alter
native transportation systems contains two sub-models. The 
first of these is an interregional interindustry input-output 
model, the formulation of which includes transportation sensi
tivity between major subregions in the corridor. The second 
model is an intraregional allocation model which is trans
portation-sensitive at the more "micro" level of counties. 
Since the models have not yet been completed the descriptions 
of them are rather brief, with a good deal of the text being 
devoted to an exposition of alternative evaluation measures 
and their appropriate uses within the context of the overall 
project. 

•THE Northeast Corridor Transportation Project of the U. S. Department of Commerce 
is a comprehensive regional transportation planning activity to determine passenger 
and freight transportation requirements in the region to 1980 and beyond. This paper 
describes the work done to date toward modeling and evaluating the indirect impacts 
of alternative transportation systems within the Northeast Corridor. 

The overall project design calls for interrelated studies to forecast the regional 
change and the demand for transportation, to simulate the operation of transportation 
networks, to analyze the impact of network modifications on the region and its subareas, 
to evaluate these alternatives, and to examine ways of managing and financing possible 
future transportation systems. Other studies will provide information on future trans
portation technologies and their costs, on state and metropolitan plans likely to affect 
or be affected by the regional planning activity, and on various patterns of spatial 
organization in the region and its subareas. 

In previous transportation systems planning studies, the predominant approach has 
been to project employment, population, and land use independently of the expected 
internal transportation system from which anticipated origin-destination patterns were 
derived. These in turn form the framework for ultimate transportation system design. 
In the Northeast Corridor Project, however, an attempt is being made to evolve methods 
for estimating the impact of the transportation system design and facilities themselves 
on the projected levels and spatial distributions of employment, population, and land 
use, and also to develop methods for evaluating network designs for consistency with 
alternative regional spatial orderings and regional development objectives. 

The Northeast Corridor Transportation Project staff specified the following objec
tives for the economic and demographic impact studies: 

Paper sponsored by Committee on Indirect Effects of Highway Improvements and presented at the 
46th Annual Meeting. 
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1. To seek to determine whether transportation effects on the rate of growth of the 
entire region can be isolated for analysis. 

2. To determine the influence of such effects, in isolation or in combination with 
others, on the rate of growth of the region. 

3. To determine the redistributive effects of alternative transportation network 
mixes on the location of population and employment. 

4. To estimate the gross patterns of change in land use to be expected. 
5. To ascertain the effects, short- and long-term, of alternative levels of expenditure 

on transportation facilities on a region such as the Corridor. 
6. To develop quantitative measures of benefit and cost resulting from changes in 

transportation systems performance, through new technology or facilities or both, in 
the region and its subareas. In effect, an effort to develop community benefit-cost 
criteria was desired. 

THE OVERALL MODEL SYSTEM 

The present modeling effort has been designated as the "Phase I" model system. 
The design and construction of these models placed emphasis on their being completed 
at the earliest possible time so that they might be used for gross policy determination. 
As a consequence much attention was given to the derivation of feasible models from 
the present state of the art rather than any concerted effort to extend it. At the same 
time that these models are being used, they are also being retested and evaluated, 
during the latter stages of the Phase I efforts. A proposed Phase II effort will both 
refine the Phase I models and design new ones, including, when necessary, confronta
tion with the problems of having to advance the state of the art. 

The Phase I mu<lel system ls uesig11ed to produce information necessary to study 
the following questions: 

1. What is the preferred mixture of la.nd uses, economic, and residential activity, 
from the standpoint of net economic and social benefit? 

2. Which multi-county areas correspond to given degrees of social and economic 
interchange (both personal aml interindustry), and the performance of multi-county 
governmental functions? 

The Phase I impact analysis will be based primarily on the concept of "accessibility" 
and will reflect the consequences of changes in accessibility that result from changes 
in transportation networks or their characteristics. The Phase I impact modeling sys
tem consists of several interrelated sub-models (1). The overall relationships between 
these sub-models is shown in Figure 1. -

The primary inputs to the Phase I impact models are of three types: (a) forecasts 
of regional totals of income, population, and employment; (b) distributions of the existing 
levels of all of the impact variables; and (c) data on existing and proposed transporta
tion networks. The forecasts of regional totals of income, population, and employment 
are produced by an econometric model (2). The network information is provided by the 
project staff. -

INTERREGIONAL INPUT-OUTPUT MODEL 

The first of the impact sub-models is mm, the interregional input-output model. 
This model first converts the forccnoto of ror;ional totals from the econometric morlPl 
into vectors of "final demand." The model considers the Northeast Corridor region as 
divided into from three to five major subregions. The remainder of the United States 
is treated as being divided into another three to five major subregions. The industrial 
sectors correspond roughly to the major employment classes of "County Business 
Patterns" (3 ). 

Realizing that the theory of multiregional input-output analysis is well established, 
and differences in approach, for the most part, can only be subtle ones, variations in 
approach are principally in the treatment (both theoretical and operational) of flows 
between regions. The motives of this study strongly dictate that the analysis be ren
dered transport-sensitive. In accordance with the criterion that the model must not 
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only be transport-sensitive in theory but ~hat sensitivity must be capable of being ex
ploited straightforwardly at an operational level, the respective influences on inter
industry, interregional flows of the transportation network and the technology of industry 
were to be dichotomized, to the extent possible. An approach which referred to merely 
one coefficient for each combination of originating industrial sector and region and 
terminating sector and region (frequently used in past efforts) would provide no such 
dichotomy (and, incidentally, would require more detailed data than are available). 
The separation of such a coefficient into two additive components (one for the trans
portation, the other for the interindustry, technology) would not help much in the way 
of reducing obscurity either. 

The basic formulation (5) of IB.IO is a modification derived from the Leontief-Strout 
framework. The Leontief.:-Strout (4) framework very explicitly separates the intra
regional industrial structure from the interregional trade structure, utilizing a concept 
of regional supply and demand pools for each good to link the two structures in a man
ner that leads to a simultaneous solut ion to both. The interregional system is basically 
a gravity formulation which distributes pool-to-pool flows as a function of pool levels 
and of the resistance offered by the transportation network. 

Three primary modifications to the Leontief-Strout model were necessary to adapt it to 
the requirements of the IRIO model problem for the Northeast Corridor Project. First, in
stead of solving the system for a single point in time or a single horizon year, the alternative 
version of Leontief-Strout is solved for discrete steps in time. Second, while the 
Leontief-Strout system requires the interregional distribution of shipments for each 
industrial sector, the extended version of the model has the additional flexibility of 
allowing for the combination of several sectors into more aggregated shipment sectors 
to alleviate the problems whir.h WP ::intir.ip::itP. in rfat::i ~ollP.ction. Third, the Leontief
Strout model incorporates only one sector of final demand, whereas the modified version 
of the model may have a number of such sectors of final demand-that is, households, 
government, farm, trade , etc.-whichever are deemed necessary upon completion of 
thorough analysis of the data. In fact, analysis of the data may show it to be desirable 
to partition some of the final demand sectors, or those sectors which are normally 
considered final demand, into a final demand and an intermediate demand sector, such 
as the case where the government might for instance be consuming intermediate goods 
as well as final goods. 

INTRAREGIONAL ALLOCATION MODEL 

The outputs of IRIO become the inputs to INTRA, the intraregional allocation model. 
These outputs consist of prujeclions of employment by major Corridor subregions, by 
the previously mentioned type classes. INTRA requires two other classes of input 
data: (a) an inventory of data on the obtaining distributions of population, employment, 
and land use; and (b) information on the transportation facilities, both present and 
proposed. 

From these inputs , INTRA produces projections of population, income, employment, 
and land use on two areal system bases (6). The first of these areal systems is the 
super-district system which defines twenty-nine areas within the Corridor, each of 
which is an aggregate of several districts. The second of these systems is the basis 
of the first and is the district areal system consisting of about one-hundred-thirty 
arP.aR within the Corridor, the majority of these areas being counties (see Fig. 2). 
The district areal system is the smallest areal unit being considered in the Phase I 
impact studies. 

The basic s tructure of. INTRA is both sequential and ite rative. This structure is a 
logical derivation of the Lowry "Model of Metropolis" (7) and CONSAD's TOMM (8). 
The sti·ucture o! the model (2:,, Chap. IV) is as follows. - -

1. Inputs are : 
a. Region total pr6jections of income population, and employment by types. 
b. Present and forecast transportation facilities. 
c. Obtaining distributions of income, population and employment by type by 

area. 
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Figure 2. The Northeast Corridor area. 
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2. Allocation of Class I employment forecasts to areal units. 
3. Trial income and population allocations to areal units. 
4. Trial allocation of Class II employment to areal units. 
5. Trial allocation of Class III employment to areal units. 
6. Recycle to steps 3, 4, and 5 until the difference between the n'th and the (n + 1 )'th 

trial allocations is less than a given tolerance (usually 1%). 

The classes of employment are derived from "County Business Patterns" data ac
cording to the following scheme: 

Class I: 
Type 1-Agricultural services, forestry, fisheries 
Type 2-Mining 
Type 3-Contract construction 
Type 4-Manufacturing 
Type 5-Transportation and other public utilities 

Class II: 
Type 1-Retail trade 
Type 2-Finance, insurance, real estate 
Type 3-Services 

Class III: 
Type 1-Wholesale trade 

Further disaggregations of employment are being calibrated, such that certain in
dividual 2-digit S. I. C. classes of employment can be allocated. All of these allocations 
::irP m::i<lP t.o thP. Corridor district ,evel of areal detail. 

The impact of transportation faciiities enters the allm;al.iuu calculations through an 
accessibility term. In each of the above allocations {except that of Cl::lss IT P.mploy
ment) the data on network characteristics are combined to produce a term which is 
summed over all of the network links and to which the intensity of the activity being 
allocated is inversely proportional. Alternative networks are therefore tested by ob
serving the results of varying network characleri:;lics which are input to ill.IO and 
INTRA. 

Thus this set of models produces as outputs the primary economic-demographic 
impacts of alternative Lran:;pul'Lallu11 systems. These outputs are, to summarize: 
(a) population by district, (b) employment by class-type, by district, and (c) personal 
income. 

There are numerous other variables for which estimating equations have been or 
are being developed. These variables include such things as labor force, occupation 
classes, auto ownership, land values, local government revenues and expenditures, 
and other socioeconomic indicators. Another set of impacts calculated is that of 
various composite measures. These measures are of such things as dispersion of 
various activities, measures of global accessibility, measures of average local acces
sibility, various measures of market and supplier accessibility, and others of the 
same ilk. 

Finally, all of this information is manipulated in order to develop the evaluation 
outputs to be described in the next section. 

EVALUATION 

The methods to be used in evaluating the "goodness" or "badness" of alternative 
Corridor transportation system alternatives, the criteria which guide the evaluation 
effort, the strategy for implementing the evaluation process, and the attributes of the 
various techniques which might be utilized for evaluation purposes have been discussed 
elsewhere (9; also 1, Chap. VI). The discussion here will be restricted to evaluation 
of the "indirect" effects, since the consideration of the time and cost consequences to 
those who use the facilities (as well as those who pay for the facilities) are considered 
elsewhere in the overall Corridor Project. 

The following list summarizes the criteria to be applied to evaluation techniques 
per se. 



1. The methods must be capable of evaluating costs and benefits when there are 
radical changes in the environment. 
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2. The methods must recognize the diversity of quantities and qualities of existing 
investments in developing new investment requirements. 

3. The methodology should attempt to produce lists of effects, including growth, 
resource allocation, and distributional consequences. While initially the methods 
should be "forward-seeking" (in extrapolating the trend and structure of the current 
systems into the future), they should eventually be capable of "backward-seeking" 
evaluation. Here, with specifically stated growth, distributional and resource alloca
tion objectives for the regions under consideration, the method would produce the 
desirable, feasible and preferred transportation systems for each alternative budget 
and set of system cost functions (10). 

4. The method should reflect other policy measures, conceivably more or less ex
pensive in application than a transportation policy. Thus, the results are to be con
sistent with the program budgeting methods used in ultimate and overall resource 
allocation decisions (11). The method, therefore, must evaluate alternative uses of 
resources, not activities, per se. 

5. The method should be able to differentiate at areal, travel type, socioeconomic 
class, and sectoral levels. 

6. The analytic level of detail must carry below the regional level to differing ac
tivity densities and contextual mixtures. 

7. The criteria which govern the evaluation process must permit users to sort 
program budgets into resources needed for various end-state requirements, including 
such classifications as (12): 

a . F\U1ctional budget allocation criteria (i.e., within or between transportation, 
housing, public safety, etc.). An example of such a criteria might be "a balanced 
transportation system" or "integrated housing." 
b. Urban/regional budget allocation criteria (e.g., the proportion of dollars 
devoted to basic maintenance of city facilities vs dollars devoted to maintenance 
of "the impoverished," vs dollars to "develop all the peoples"). 
c. Subject area budget criteria (e.g., social, physical, fiscal, aesthetic, 
economic). 
d. Absolute vs relative budget criteria (e.g., "nobody in essence has less than 
$2,000 to spend per family spending unit"). 
e. Effects budget criteria (e.g., users vs nonusers and, within the latter, com
pletely vs partially collective). 

8. There is no intent to "optimize" the use of resources in application to the entire 
system; where constraints for subsystems can be correctly specified, however, opti
mization techniques can be used. 

9. Maximum use of expert (human) intervention at critical nodes in the evaluation 
process, such as in alternative specifications, and weighting of effect vectors, is 
encouraged. 

The model system discussed previously is part of the creation of a set of "evaluation 
accounts" for each alternative examined. But it also follows, from the above discus
sion, that evaluation analysis must begin with a specification of the arguments of one 
or more objective functions (i.e., the identification of all of those effects which should 
receive nonzero weights in aggregating effects). It is appropriate to launch this speci
fication with a listing of those effects which most obviously belong in the welfare func
tion, viz., the goals of the Corridor. 

It appears reasonable to assert that a primary objective of the Corridor Project is 
economic efficiency. To be feasible and attractive the program must assert minimally 
that investment in improved transportation facilities in this region would yield a stream 
of goods and services which, when properly valued and discounted, would outweigh the 
costs of constructing, operating and retiring these facilities. Included among the 
returns to be generated by the new facilities are increased output due to improved 
spatial organization, lower vehicular operating costs, decreased congestion costs, 
and greater comfort and safety. The primary costs of the project are the value of 
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material and the opportunity costs of land and labor used to construct and operate the 
facilities. The objective of economic efficiency dictates that the time stream of goods 
and services generated by the project be included as arguments in the welfare function, 
and that their discounted unit values be used as their weights. The assignment of 
proper unit values is crucial to the evaluation process. 

In addition, improved transportation facilities are often desired on grounds other 
than those of economic efficiency. There are political and social goals which can be 
satisfied by a more widely traveled citizenry. Improved transportation may also have 
a beneficial effect on defense capability. All that can be suggested is that such effects 
be noted. The weighting of these effects should be left to the policy maker. 

The task of evaluating the Corridor Project would be vastly simplified if the primary 
objectives were the only significant consequences of transportation improvements. 
However, there are many ramifications, the most obvious of which is income redistribu
tion. Income redistribution has long been recognized by economists as an element in 
a social welfare function. Most persons have a vague notion that extreme income 
inequality is undesirable but do not know exactly how much weight to attribute to it; political 
experts must explicitly choose between alternative distributions. To assist this, the 
models must permit the tracing through and identifying of all major income redistribu
tion effects associated with each alternate program. Again, it will be up to the policy 
maker to weigh these effects. 

In addition to income redistribution, there are other intangible economic, social and 
political effects which may be attributed to the Corridor Project, such as aesthetic 
considerations, degree of population density, the urban-suburban mix, Federal vs local 
control, viability of metropolitan governments, erosion or growth of state and local tax 
bases. For the most part, each of these effects is extremely difficult to quantify, 
although first approximations to population distributions and government controi couid 
be obtained by measures of land-use patterns suggested above·. It may be argued that 
the very nature of public investment, particularly in transportation, has a dispropor
tionate effect upon these intangibles, and hence they must be taken into account. The 
most that the evaluation analysis can do is to identify them and include them in the 
vector of effects so that, as with income redistribution effects, policy makers will 
have the information to assess their relative importance. 

Use of Models in Analysis 

In Table 1 are listed seven different levels of evaluation probes, the types of analyses 
which are to be used to perform the evaluations, and six "dimensions," or evaluation 
choices. Turning to the latter first, there is the set of choices associated with whether 
or not: 

1. A project or an entire program is being evaluated, i.e., whether the entire Cor
ridor system is seen as an interconnected system of projects constructed at different 
times ; 

2. Local or national consideraticms are dominant, i.e., whether or not only local (in 
a geographical sense) effects are considered; 

3. Only transportation, or associated multi-county public functions, such as the 
provision of water resources, the control of pollution, or the pursuit of regional eco
nomic development, are considered; 

4. Quantitative alone, or bolh (!uanlilalive aud qualitative factors are considered; 
5. The human decision maker is an integral part of the evaluation process , either 

as an estimator of parameters or chooser of values (at least in an ordinal sense); 
6. A partial or general solution is obtained, i.e., whether a general equilibrium 

approach considering all interactions within a closed system is used. 

The following paragraphs elaborate upon each of these methodologies , and their use in 
the Corridor Project. 

Project Appraisal: Benefit- Cost Analysis- Th is traditional approach to the appraisal 
problem ordinarily presumes that all economic benefits are represented by the savings 
in transportation costs incurred by users, as measured (or, more appropriately, esti
mated) "at the source." It offers a predominantly supply-side view of the problem, 
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referring to demand only implicitly through the relation of operating costs to trans
portation output. The technique itself traditionally ignores explicit attention to the 
non-quantifiable, thus rendering all pertinent benefits and costs to be commensurable. 
Costs refer to all "public costs," namely, capital and maintenance expenditures required 
to implement the project. Of course, with all benefits and costs both quantifiable and 
commensurable, the concept of project appraisal in the context of this approach implies 
a once-and-for-all binary decision regarding whether the project is justified. The 
general criterion which guides this decision is to determine whether the discounted 
total time stream of net benefits exceeds the discounted time stream of costs. Because 
benefits ru:e defined strictly in terms of user costs, the problem may also be approached 
fro1n the point of view of minimizing total transportation costs (either in terms of 
present worth or annual costs). Both interpretations, used correctly, give identical 
results. Frequent use of net benefit/cost ratios by the disciplines responsible for this 
approach has led to the fashioning of the term "benefit-cost analysis." This approach 
is not intended to invalidate the "consumer surplus" approach, the use of which does 
look to the differences in utility among various users. The consumer surplus concept 
is distinguished from the benefit-cost approach primarily in that consumer surplus 
focuses directly on demand for its measurement of benefits, while benefit-cost analysis 
takes more of a supply viewpoint. 

Systems of Projects Appraisal: Search and/or Programming Models-The problem, 
here, is to define an appropriate model for selection of programs consisting of groups 
of projects under conditions where (a) risk and uncertainty are important, (b) com
promise must be made between realism and computational feasibility, and (c) the real 
world is characterized by discreteness, project interdependency, real budget con
straints, time interdependency and 1uullivle goals. U11dei~ these circumstances, Vv'ith 
the number of network links contemplated in the Corridor Project a quadratic pro
gramming technique has been tentatively selected as the method best suited to assist 
in the choosing of both an optimal program set (within numerous constraints) as well 
as an optimal time-staging of the program. Basically, the model used is an extension 
of benefit-cosl analy::H:!8 uut examines the interactions between the timing ofcachproject 
relative to the whole system. 

Measures of Effects of Projects/Programs: Simple, Unweighted Truncated Meas
w:t:lrnellts-In at least four instances, it is possible to uoe the popul::ttion, land use, eco
nomic activities and density consequences of INTRA and mm to develop moments re 
flecting access to opportunities, truncated at different "reasonable" time and distance 
estimates, e.g., one hour for the journey-to-work measures. These movement-meas
ures would reflect: (a) people to jobs, (b) people to recreation opportunities, (c)business 
to customers (final goods), and (d) governmental bodies serving multi-jurisdictional 
clients. Complexity can be introduced by using weighting systems (e.g., business 
products by the value added of each business sector), and by developing separate meas
ures for "people ," "job," "business ," "recreation," and 1custo1nP.r types." These 
measw·es would be intended to reflect the shifts (Fig. 3) showing an indifference sw•face 
(or trade-off between space/activity and access) caused by higher incomes, A to A', 
and shifting production possibility surface, B to B ', caused by technological shifts (i.e., 
transportation improvements). The resulting changes in demand and supply functions 
would determine the new "equilibrium" solution for access and space use functions (vs 
price and income). 

Evaluating Pricing- Consequences: Simulation of Priced-Out Transportation Net
works-To the extent that market pricing prevails, the evaluation of new systems must 
take the possible variation of prices into account. Prices may be exogenously deter
mined, such as those paid for tools, gasoline, or automobile depreciation, or may be 
endogenously determined in a model, such as the amount of congestion cost to be charged 
to delay of passengers. These "administered" and nonadministered or marketplace 
figures must be classified and provided as either inputs or made determinable by within
model relationships. There is an interaction between the proportionoftotalpassengers 
who are available to use each mode, the amount of congestion and underutilization ex
perienced, the manner in which the costs thereof are accounted for, and the way in which 
prices are set. On the other hand, indirect costs could be quite different-namely, the 
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Figure 3. Shifting indifference and production 
surfaces. 
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costs of underutilization and overutilization 
of the transportation facilities. The costs 
of underutilization are the opportunity 
costs of owning twice as much or more 
facility, for example, as would be needed 
if the trips were distributed evenly, in 
both directions, each hour of the 24 hours 
per day. Indirect costs would include dis
counted capital costs, costs of unused 
crews, depreciation, and maintenance, and 
should include loss of tax revenue on wider 
rights-of-way, and so forth. These in
direct costs are almost completely invis
ible to the passenger, but again, not to the 
policy maker. A simulation model is 
being constructed which allows experi
mentation with pricing methods, demand 
functions, network characteristics, and 
variable and fixed cost functions. 

Distributional Consequences: Regional, 
Sectoral, Transportation and Individuals

There are a number of analytic methods to be used to measure and depict the distribu
tional consequences of differential transportation alternatives. As for regional dif
ferences, e.g., whereby large portions of the Corridor are measured against large por
tions of the "remainder of the world" with respect to changes in the ability of each to 
engage in interregional trade, there is a "dynamic comparative advantage" model under 
development which draws upon the knowledge and theory underlying the economics of 
international trade. The substantial differences, however, between "regions" and 
"nations" has entailed significant modification in the overall theory. Other analytic 
methodology, including the use of linear programming methods to define the new, nor
mative locational patterns for "transport-sensitive" industries following a substantial 
change in transportation technology, will be used to explore some likely tendencies for 
changes in industrial locations. And, finally, the models described in earlier sections 
of this paper will be used to ascertain the changes in income distribution, by population 
socioeconomic type, by geographic area. The income distribution will not be of the 
functional variety (e.g., return to rents, labor, capital, etc.) but will indicate the degree 
to which overall real income is distributed more or less "equitably" following the 
technological transportation changes and the other associated changes. 

Combining Different Effect Sectors: Cost-Benefit Analysis-Cost-benefit analysis 
(as distinguished from benefit-cost analysis) is that broad methodology of project 
appraisal of which economists are the main proponents. Cost-benefit analysis con
centrates more on uncovering and presenting all probable consequences of a public 
project, rather than devoting most attention to the easily quantified effects. It is much 
more like cost/effectiveness analysis than any of the preceding techniques. Cost
benefit analysis takes on two facets. First and foremost, it represents a methodology. 
Prest and Turvey emphasize this point (1!): 

... Cost-benefit analysis as generally understood is only a technique for 
taking decisions within a framework which has to be decided upon in 
advance and which involves a wide range of considerations, many of them 
of a political or social character .... 

In this sense, the approach discussed here is a methodology or a framework, and hardly 
a cut-and-dried computational procedure for making a decision. It specifically aims 
toward including effects other than user consequences. For a good description of the 
methodological facet of cost-benefit analysis, it suffices to recall here that three 
fundamental pursuits are involved: (a) the identification of all (nonredundant) costs 
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and effects (overtime, of course); (b) the measurements of such costs and effects insofar 
as possible; and (c) the valuation of these estimates, insofar as possible. The identi
fication problem consists of specifying the length of two vectors (i.e., identifying all 
relevant effects, one to each vector element). The measurement task consists of 
entering estimates into the elements of the row of vectors. The valuation task involves 
entering estimates into the elements of the column vector. While both vectors should 
be completed insofar as possible , some effort may be saved by passing over the meas
urement of those effects for which a valuation of zero is anticipated (e.g., based on 
feedback from policy makers). Where entering into these vectors is impossible, 
honesty dictates the use of a question mark. While any description of cost-benefit 
analysis usually warns against double-counting, it is presumed that there are non
redundant effects consequent to a public investment project over and above those in
curred "at the source. " These effects are treated by filling in the two vectors insofar 
as possible (the methodological facet). Those effects for which the corresponding 
elements in both vectors have been filled in are then "partitioned" from other effects, 
and the two partitioned vectors multiplied together (the comparison of commensurable 
effects facet). 

Developing System wide Indices: G€neral Equilibrium Analysis-When investment in 
transportation i s so farge that it alter s pr ices other than that of the transportation 
project itself (therefore feeding back and causing a shift in the demand curve for the 
project), the partial equilibrium approach is no longer adequate. The simplest form 
of general equilibrium approach, namely, interregional input-output analysis, is of use 
only in this evaluation analysis if it is rendered transport-sensitive and if it utilizes 
demand theory in such a way that prices are not obscured by the analysis. Several 
general equilibrium models have beon designed which, though complicated, offer promioc. 
For example, Friedlaender (14) solves three models for total net (social) benefits, 
defined by the vector expression w Ap (Q1 + Q2) where each element in a vector rep
resents a different commodity, and compares these results to the more traditional 
estimate given by the weighted sum of the cost savings multiplied by the sum of the 
levels of traffic before and after the improvement. In all three models a difference 
is demonstrated; although the direction of that difference is indeterminate in general 
terms, depending as it does on such unknowns as the elasticity of the various factor 
supplies, the nature of the factor substitutions and the nature of the commodity sub
stitutions. All models attribute all consequences, of course, to the transportation 
improvement, and therefore their application for purely forecasting purposes is not 
warranted (15). 

. The general equilibrium approach offers the maximum opportunity to satisfy the 
evaluation criteria specified above. First, the size of the proposed transportation 
investment is such that it probably requires a general equilibrium approach. Second, 
the total social net benefits estimated by such a formulation can be compared with that 
generated by the consumer (and producer) surplus approach. Third, the construction 
of an interregional input-output framework is required, for other purposes, within the 
family of models already under construction for this study (freight forecasting, for 
example). Fourth, the areal level of detail of the study would appear to require an 
interregional approach, and a general equilibrium model is one well suited to this need. 

SUMMARY AND CONCLUSIONS 

This paper has described the model system and evaluation techniques being used by 
CONSAD to evaluate the indirect impacts of alter native Northeast Corridor transporta
tion systems. The impact model system consists of two sub- models: IRIO, an inter
regional input-output model, and INTRA, an intraregional allocation model. The prob
lems of selecting an evaluation measure (or measures) are also described. 

As of the date of the writing of this paper (September 1966) the status of each of the 
sub-models is as follows: IRIO is fully programmed and debugged, the final data are 
being sought for use in calibration, the remainder of the data are being processed; 
INTRA is fully programmed and debugged, preliminary calibrations have been com
pleted and work is being done to refine these where necessary. 
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Preliminary Engineering Economy Analysis of 
Puget Sound Regional Transportation Systems 
HOWARD DUKE NIEBUR, Highway Research Engineer, U. S. Bureau of Public Roads 

•THIS paper is a preliminary engineering economy analysis of five alternative urban 
transportation systems formulated and studied by the Puget Sound Regional Transporta
tion Study (PSRTS). Each transportation system is based on the possible inclusion and 
use of the following facilities in various degrees: highway facilities (freeways, ex
pressways, and arterials), bus transit facilities, rapid rail transit facilities, automo
bile parking facilities, ferry vessels, and a floating bridge. 

The paper has more merit for development of concept and methods of procedure than 
it does for quantitative answers. One problem encountered was determining what costs 
of providing and operating transportation facilities are relevant and significant in con
ducting an engineering economy analysis of urban transportation systems. 

The principles of engineering economy analysis are applied to the evaluation of PSRTS 
transportation systP.ms t1sine- three methods of engineering economy analysis: {a) the 
total annual transportation cost method; {b) the benefit-cost ratio method; and {c) the 
rate-of-return method. 

The overall land-use plan on which a transportation system is based can be a criti
cal factor which affects the economy of the transportation system relative to othertrans
portation systems. Because of relatively light density population in the land-use plans, 
the predicted level of use of rapid rail transit facilities, as a component of a transpor
tation system, was not high enough to indicate economy of rapid transit facilities over 
highway facilities for which it was a substitute. 

The paper is a guide for evaluation of transportation systems containing multi-modes 
of transportation. It does not evaluate the socioeconomic factors which must be con
oidcrcd in transportation planning, but it does present to transportation planning admin
istrators one of the most important tools needed in the decision-making process-the 
means to establish the relative order of economy of transportation systems based on 
tangible costs. 

DESCRIPTION OF PROPOSED TRANSPORTATION SYSTEMS 

This description of proposed Puget Sound regional transportation systems contains 
figures extracted from a few of the more than 20 major studies and reports made by the 
Puget Sound Regional Transportation Study (PSRTS). Figure 1 shows the location of the 
study area in the Puget Sound region of the 8tate of Washington. 

The alternative transportation systems analyzed in this report were based on two 
land-use plans and were developed, tested, and evaluated as to their ability to serve the 
future needs of the Puget Sound region for the year 1990. Plan A is based on a contin
uation of present trends and policies with respect to residential development. Plan Bis 
based on a concept of cities, corridors, and open spaces. Plan B has smaller travel 
demands than Plan A because the close proximity of places of employment to home in 
Plan B decreases the length of trips. As a result, there is a decrease in numbers of 
lanes required for many sections of highways in Plan B when compared to Plan A . 

.J.<'ive regional transportation systems loaded with 1990 travel demands were analyzed. 
Table 1 summarizes the component parts of each transportation system. 

Paper sponsored by Committee on Highway Engineering Economy and presented at the 46th Annual 
Meeting. 
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TABLE 1 

TRANSPORTATION SYSTEMS AND THEIR COMPONENT PARTS 

Transportation System Number and Basic Components of the System 

Land-use Plan A-The continuation of present 
trends and policies with respect to residential 
development. 

System 2A 
Highway facilities obligated for construction 
by early 1970' s loaded with 1990 travel de
mands of land- use Plan A. 
Bus transit facilities. 
Ferry facilities. 
Parking facilities . 

System 3A 
Highway facilities in System 2 with additional 
miles of highways to accommodate 1990 travel 
demands of land- use Plan A. 
Bus transit facilities. 
Ferry facilities. 
Parking facilities. 

System 4A 
Highway facilities similar to those in System 
3 except that certain highway facilities com
petitive with rapid rail transit facilities were 
deleted. 
Rapid rail transit facilities, 
Bus transit facilities. 
Ferry facilities. 
Parking facilities. 

Land-use Plan B-The concept of satelite 
cities, corriders, and open spaces which 
generate less total miles and hours of 
travel demand than Plan A. 

System 5B 
Highway facilities obligated for construction 
by early 1970' s loaded with 1990 travel de
mands of land-use Plan B. 
Cross-Sound bridge facilities. 
Bus transit facilities. 
Ferry facilities. 
Parking facilities . 

System 6B 
Highway facilities in System 5 with additional 
miles of highways to accommodate 1990 travel 
demands of land- use Plan B. 
Cross-Sound bridge facilities. 
Bus transit facilities. 
Ferry facilities . 
Parking facilities. 

Transportation System 2A 

The highway facilities included in System 2A were the existing plus committed and 
budgeted facilities which will be completed by the early 1970' s. The system includes 
110 miles of freeways and expressways which were in use in 1961 plus an additional215 
miles which Wf\re then nnnf\r r.onstrn r.tion or hudgP.tP.d (Fig. 2). 

The bus transit facilities in System 2A include almost 750 miles of transit route 
compared to the approximately 575 route miles which were being operated in the region 
in 1961. 

Travel across Puget Sound is accommodated by ferry facilities. 
The system includes 35, 000 additional parking spaces above those available in 1961. 

Transportation System 3A 

The highway facilities in System 3A include approximately 140 miles of freeway and 
expressway in addition to the 325 miles in existence in 1!)61 or committed and budgeted 
for construction by the early 1970's (Fig. 3). 

The bus transit facilities, ferry facilities, and parking facilities are essentially the 
same as in System 2A. 

Transportation System 4A 

The highway facilities in System 4A include approximately 103 miles of freeways and 
expressways in addition to the 325 miles included in System 2A (Fig. 4). The highway 
facilities are similar to those in System 3A except that certain routes competitive with 
rapid rail transit facilities were deleted. 

System 4A includes 20 miles of rapid rail transit facilities between the northwest 
portion of Seattle, downtown, and across Lake Washington to Bellevue (Fig. 5). In con
junction with the rapid rail transit route, an integrated network of local, feeder, and 
express buses was provided. In rapid rail transit corridors, the bus facilities were 
oriented to serve the rapid rail transit stations. The freeway eliminated by rapid rail 
transit facilities in northwest Seattle can be found by comparing Figure 4 with Figure 3. 
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The ferry facilities are essentially the same as those in System 2. 
The need for additional parking spaces in System 4A with rapid rail transit facilities 

is reduced to 29, 000. It will be recalled that Systems 2A and 3A, which did not include 
rapid rail transit facilities, required 35, 000 parking spaces above those available in 
1961. 

Transportation System 5B 

The highway facilities in System 5B are identical to those in System 2A except that 
cross-Sound bridge facilities partially substitute for ferries. The cross-Sound bridge 
is shown by the arrow in Figure 6. 

Because land-use Plan B relative to Plan A results in smaller travel demands, the 
bus facilities and service required are not as great. The requirement for parking facil
ities relative to System 2A are also smaller. 

Transportation System 6B 

The highway facilities in System 6B include approximately 110 miles of freeways and 
expressways in addition to those in System 5B (Fig. 7). The transit facilities, cross
Sound bridge facilities, ferry facilities, and parking facilities are identical to those in 
System 5B. 

TRANSPORTATION SYSTEM COSTS 

The primary purpose of this report is to present a procedure for economic evalua
tion of transportation systems based mainly on tangible costs. It would require a great 
deal of space to present the development of cost estimates made as a co-effort with 
PSRTS. The summarized cost estimates will be presented with limited discussion but 
additional comments will be made as to costs that should be included or excluded from en
gineering economy analyses. Preliminary PSRTS transportation cost estimates as of 
May 1, 1965, are used to demonstrate the engineering economy analysis of transporta
tion systems. 

A basic concept used in this analysis is that transportation system costs are based 
on the estimated costs to provide and operate transportation system facilities. The 
source of funds, whether it be from cash box fares, taxes, bond issues, or the state or 
federal government, is not relevant to the problem of determining the relative economy 
of one transportation system to another. Also, the possible profits to be derived from 
some components of a transportation system, whether those profits be accrued as a re
sult of public or private investment of capital, are irrelevant to the problem. Regard
less of whether an investment, such as for parking facilities, is to be made by a public 
agency or a private firm, the costs that are relevant to an economy analysis are those 
to provide and operate the facilities. 

Two major categories of costs that are included in the engineering economy analysis 
are (a) the capital costs or outlays for construction of the transportation facilities and 
purchase of transportation equipment, and (b) annual costs for the items of operation, 
maintenance, accidents, and travel time costs. 

TABLE 2 

CAPITAL COST FOR TRANSPORTATION SYSTEM CONSTRUCTION AND EQUIPMENT 
(in thousands of dollar s) 

Transportation System 
Component 

2A 3A 4A 5B 6B 

Highways 885, 761 l , 396,494 1,321, 647 861,694 1, 279,745 
Cross-Sound bridge facilities 134, 002 134,002 
New buses 22,932 22,932 20, 696 15,860 15,860 
New ferries 70, 300 70,300 70,300 25, 250 25 , 250 
Parking faciliti es 97, 330 97,330 85,136 53,462 53,462 
Rapid rail transit facilities 147,000 

Total 1,076, 323 1,587,056 1,644,806 I, 090 , 268 1,508, 319 
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TABLE 3 

TOTAL NET ANNUAL COSTS FOR EACH TRANSPORTATION SYSTEM 
BASED ON VARIOUS UNIT COSTS FOR TRAVEL TIME 

(in thousands of dollars) 

Travel Time Transportation Sy stem 
Cost 

Per Person 2A 3A 
Per Hour 

4A 5B 6B 

$0.00 649, 536 667, 549 680,293 573,850 581, 288 
0. 50 896,341 859,658 905, 675 762,262 748,786 
1.00 1,143,146 1,051, 769 1,131,059 950, 636 916, 285 
1. 50 1,389,951 1,243,877 1,356,441 1, 139,090 l , 083, 784 
2 . 00 1,636,756 1,435,987 1,581,825 1, 327, 502 I , 251, 282 

Capital outlays for transportation system construction and purchase of transporta
tion equipment, as estimated for PSRTS systems, are shown in Table 2. The major 
construction items include highways (freeways, expressways, new arterial streets, and 
improvement of arterial streets); cross-Sound bridge facilities; parking facilities; and 
rapid rail transit facilities. Included in all these items are the costs of land and engi
neering. The major transportation equipment items include new buses and new Puget 
Sound ferries. Capital outlays for rapid rail transit facilities include the cost of land; 
construction of track, tunnels, stations, and maintenance facilities; engineering; and 
purchase of rolling stock. Note that the order of increasing total capital cost of the 
transportation systems is 2A, 5B, 6B, 3A, and 4A. 

The net total annual cost for maintenance, operation, accidents, and travel time 
costs for each PSRTS transportation system is shown in Table 3. The travel time costs 
are based on the unit travel time costs per person per hour shown in the first column. 
The $1. 00 per hour per person figure is most commonly used in engineering economy 
analyses. Various unit travel time costs were used to discern the sensitivity of the 
final results of the analysis to the values of travel time. Travel time includes walking 
time to transit stops and waiting time for transit vehicles as well as actual travel time 
on all modes of transportation. 

The estimates of costs are in general based on 1964 price levels. Where cost rec
ords for 1964 were limited, data from prior years were updated by the use of cost in
dexes in order to increase the reliability of unit cost estimates. 

Table 3 is comprised of costs for the following items (additional comments are pro
vided as to the costs which should be included or excluded from engineering economy 
analyses): 

1. Motor vehicle operating costs for the cost of fuel, tires, oil, maintenance and 
repairs, and depreciation. The additional operating and time costs for stopping, idling, 
and resuming speed at intersections (or as a result of traffic congestion delays) over 
uniform speed operation should be included. Motor vehicle operating costs in engineer
ing ecunumy analyses should exclude fuel taxes as they are transfer paymenls used Ior 
highway construction. 

2. Maintenance costs of all highway facilities. In the case of the cross-Sound bridge 
this includes maintenance of the bridge, toll-booth operation, and insurance premiums. 

3. Motor vehicle accident costs, including fatalities, injuries, and property damage, 
on highways with various levels of access control. 

4. Operating costs of bus transit facilities. In the PSRTS analysis this includes 
items for payrolls, maintenance, insurance, and overhead. 

5. Operating costs of ferries. In the PSRTS analysis this includes items for pay
r·ulls, maintenance, insurance, and overhead. 

6. Operating costs of parking facilities. In the PSRTS analysis this includes main
tenance, insurance, and overhead. 

7. Operating costs of rapid rail transit facilities. In the PSRTS analysis this in
cludes payrolls, maintenance, insurance, and overhead. 

The discussion of costs as related to PSRTS systems is limited and for further de
tail, reference can be made to the PSRTS staff report on transportation system costs . 
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In general, appreciation of costs to account for rising prices in the future is not in
cluded in an engineering economy analysis. However, when the result of such an anal
ysis is sensitive to appreciation of costs that factor should be considered for each item 
of cost. The PSRTS transportation systems cost estimates were ·not based on apprecia
tion of costs related to rising prices. 

The dates when capital outlays would be made in the future for the transportation 
systems are unknown. Therefore, for the purpose of this preliminary engineering econ
omy analysis, the total capital costs show what it would cost if all capital outlays were 
made now. Technically speaking, future capital expenditures have not been adjusted or 
discounted for the time value of money in order to arrive at total capital costs. 

ECONOMIC ANALYSIS 

The engineering economy analysis is a systematic approach to making a selection of 
the most economic transportation system from among the several alternative transpor
tation systems studied. The basic proposal is a "do nothing" alternative. In other 
words, the base transportation system includes no further construction than what has 
already been scheduled for construction by the early 1970' s. All other alternative 
transportation systems are compared to this base system for justification. All trans
portation systems are then compared to one another in order to study their relative 
economy. The latter comparison emphasizes the fact that it is the differences between 
the transportation systems which are important. 

The benefits to be rendered by any transportation facility in the future must at least 
be equal to the costs over the period the benefits are rendered. In order to compare 
benefits and costs, both must be determined over the same time period and must be re
duced to dollar values as far as reasonably possible. The time period used and the 
procedure used to express all costs on a comparable basis will be discussed. 

Analysis Period 

A 25-year economic analysis period was used in this report. There were several 
reasons for this. Traffic predictions were based on a population and level of develop
ment which will occur by 1990, or roughly 25 years in the future. The economic anal
ysis period then was equal to the period covered by traffic predictions. An increase in 
the length of the period for which traffic predictions were made would decrease the re
liability of traffic predictions and the related estimates of transportation system user 
benefits. Possible changes in transportation technology, public travel trends, and rate 
of population growth make it risky to predict the need and use of proposed transporta
tion systems beyond a 25-year period. The possibility of new and better means of trans
portation (which may compete with the proposed systems) increases with the length of 
the analysis period chosen. Therefore, it is reasonable to require that the value of the 
benefits to be rendered by the proposed transportation facilities be equal to or greater 
than the costs over the period that reliable predictions can be made (_!). 

Benefits 

Benefit as used in this analysis is the net reduction in the total of annual maintenance, 
operating, accident, and travel time costs resulting from any additional expenditure of 
capital made in order to obtain those benefits. Higher total capital costs for any trans
portation system compared to another system should result in benefits. Since the dates 
when capital expenditures would be made were unknown, the time periods over which 
benefits (reductions in the net annual costs mentioned above) would be rendered were 
also unknown. Therefore, the analysis was based on the benefits determined by loading 
each transportation system with 1990 travel demands and using the resulting benefits 
over a 25-year analysis period. Any attempt to state whether the benefits determined 
on that basis are high or low would be questionable. For the sake of this preliminary 
analysis, however, it is the most equitable basis for comparison of the systems. 
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Interest Rates 

Interest is the rent paid on borrowed money. It is a concept of return on productive 
capital investments in physical assets. In private enterprise the return is in a monetary 
form. In the case of public transportation systems the return is in the form of general 
benefits evaluated in dollars. 

The selection of the minimum attractive rate of return or the interest rate to use in 
the analysis of transportation systems was based on consideration of the following fac
tors: the rate of interest commonly paid by the government on borrowed funds, the 
risks and uncertainties involved, and the "opportunity cost" of captial. 

The fact that funds can be obtained by the government by the sale of bonds at rela
tively low interest rates is misleading when considering the cost of money on the mar
ket. Low interest rates are available because of the usual tax reduction provisions 
allowed by the government and the virtually risk-free guarantee to repay the principle 
plus interest. Considering the tax reductions granted to the purchasers of such bonds, 
the low 3 to 4 percent interest rate paid by the government effectively equals a much 
higher rate. 

The minimum attractive rate of return should increase with the degree of risk and 
uncertainty involved in the investment. Therefore, if the soundness of an investment 
is in doubt the potential return on the investment should be higher in order to warrant 
the risk of capital funds. 

Another factor considered in the selection of the minimum attractive rate of return 
was the "opportunity cost" or capital or the investment opportunities forgone by the 
taxpayers who provide the funds for investment in the transportation systems. It is 
common knowledge that a large portion of the population in the United States borrow 
money and make purchases on credit. The taxpayer could use his tax funds to help 
pay his existing debts and in so doing obtain a risk free return on his capital equal to 
at least 6 percent and usually higher. 

Another example of taxpayer "opportunity cost" is that of persons making invest
ments in one manner or another in the stock market or private enterprise. It is com
mon for private enterprises to stipulate at least a minimum attractive rate of return 
equal to 10 percent, after taxes, as criteria for investment of capital (2). 

In consideration of these factors it is reasonable to require that the-justification for 
construction of transportation systems should be based on the proof that government 
administrators can invest taxes as productively as could the taxpayer. The measuring 
stick used for such a comparison is the rate of return on investment or the minimum 
attractive rate of return. 

The minimum attractive rate of return selected for use in this report is 6 percent 
per annum. This report also includes analyses based on other interest rates (0, 3, 6, 
10, and 15 percent in total) in order to study the sensitivity of the economic analysis to 
changes in interest rates. 

Another concept of interest was employed in this report. Interest is also a mathe
matical concept by which values at one point in time may be converted to equivalent 
values at another point in time. Or it can be used to convert values at one point in 
time to a series of equivalent uniform annual values over a period of time. The latter 
approach was used in this analysis to convert total capital costs to equivalent uniform 
annual capital costs. When expressed on an annual basis the capital costs can be com
pared to or combined with annual maintenance, operating, accident, and travel time 
costs. In order to convert total capital costs to equivalent uniform annual capital costs, 
the total capital cost for each transportation system component was multiplied by the 
capital recovery factor related to each interest rate and assumed years of life for the 
particular component. Figure 8 is a graph from which the capital recovery factor can 
be obtained for the various interest rates and assumed lives used in this report for 
transportation system components (3 ). The particular capital recovery factors used 
are shown in Table 4. -

Annual Capital Costs 

The results of multiplying the total capital costs shown in Table 2 by the capital 
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TABLE 4 

CAPITAL RECOVERY FACTORS FOR VARIOUS INTEREST RATES AND PERIODS 

Period Interest Rate (%) 

(years) 
0 3 6 10 15 

15 0.06667 0.08377 0.10296 0.13147 0 , 17102 
25 0.04000 0.05743 0.07823 0.11017 0. 15470 

recovery factors shown in Table 4 are shown in Table 5. The results are equivalent 
uniform annual capital costs. 

The amortization period or the period used to select the capital recovery factor for 
the transportation system components was 25 years for highways, parking facilities, 
ferries, and rapid rail transit facilities, and 15 years for new buses. For this pre
liminary engineering economy analysis the life of the present bus fleet was ended at 
the 10th year of the 25-year economic analysis period. The purchase of the new bus 
fleet was assumed to occur in the 10th year making the end of the service life coincide 
with the end of the economic analysis period. 

The reader will note that the amortization period of 25 years used for some of the 
transportation system component costs is shorter than their probable lives. For 

TABLE 5 

EQUIVALENT UNIFORM ANNUAL CAPITAL COSTS OF TRANSPORTATION 
IJYIJTEM COMPONEHT3 BASED ON VARIOU8 Il-lTERE8T RA Tl!:5 

(in thousands of dollars) 

Transportation System Interest Rate (%) 

and its Components 
0 s 6 10 15 

2A 
Highways 35, 430 50,869 69,293 97, 584 137,027 
New buses 1, 529 1, 921 2,361 3,015 3,922 
New ferries 2,812 4,037 5,500 7,745 10,875 
Parking facilites 3,093 G, G90 7,014 10, 723 lG, OG7 

Total 43, 664 62,417 84, 768 119,067 166, 881 

3A 
Highways 55, 859 80, 201 109,248 153,852 216,038 
New buses 1,529 1,921 2,361 3,015 3,922 
New ferries 2,812 4,037 5, 500 7,745 10,875 
Parking facilities 3,893 5,590 7, 614 10, 723 15,057 

Total 64,094 91,749 124,723 175, 335 245,892 

4A 
Highways 52, 867 75, 904 103,395 145,609 204,463 
New buses 1,380 I, 734 2, 131 2,721 3,539 
New ferries 2, 812 4,037 5,500 7,745 10,875 
Parking facilities 3,405 4,889 6,660 9,379 13, 171 
Rapid rail transit 5,880 8,442 11,500 16, 195 22,741 

Total 66, 344 95,006 129, 186 181, 649 254, 789 

5B 
Highways 34,468 49,487 67,410 94, 933 133,304 
Cross-Sound bridge faciliti es 5,360 'I, 696 10,483 14,763 20,730 
New buses 1,057 1, 329 1, 633 2,085 2,712 
New ferries 1,010 1, 450 1, 975 2,782 3,906 
Parking facilities 2, 138 3,070 4,182 5,890 8,271 

Total 44,033 63,032 85, 683 120,453 168,923 

6R 
Highways 51, 190 73,496 100, 114 140,990 197,977 
Cross-Sound bridge facilities 5,360 7,696 10,483 14, 763 20, 730 
New buses 1,057 1, 329 1, 633 2,085 2,712 
New ferries 1,010 1,450 1,975 2,782 3,906 
Parking facilities 2,138 3,070 4,182 5,890 8,271 

Total 60, 755 87,041 118,387 166,510 233,596 
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example, two of the major cost items for highway construction are right-of-way and 
grading. In reality the life of right-of-way is perpetuity. From just general observa
tion of old highway and railway cuts and fills it also appears that grading for roadways, 
with reasonable maintenance, could have a life in excess of 40 years. The life of park
ing garages is another good example of possible physical life exceeding 25 years. Last 
of all, the estimated service life of rap~d rail transit rolling equipment was estimated 
to be 40 years (by transit consultant Deleuw Cather and Company). There were three 
factors which were considered in the decision to amortize capital costs over a 25-year 
period for those components and their parts having lives in excess of 25 years. 

The first factor considered was that there are three types of probable lives which 
have to be dealt with and the differences between them are significant (4). They are 
actual physical life, service life, and economic life. Actual physical life is ended be
cause of physical deterioration. Service life is the length of time the facility is used 
in its major original function without major rebuilding. Economic life is that life which 
is ended at the time the services rendered by the facility could be produced at a lower 
cost by a new facility. It is readily apparent that it is the economic life which is sig
nificant and should be used to amortize the costs of transportation system components 
in this analysis. This economic life was considered to be 25 years. 

The second factor considered, related to the preceding one and already discussed 
under the heading "Analysis Period," was that the increasing rate of change in trans
portation technology increases the chances that the proposed transportation system 
components will be competing with new, better and more desirable means of trans
portation in the future. When one considers the general reluctance of the public today 
to use transportation facilities and equipment approaching 25 years in age (transit 
facilities, for example), it would be unwise to amortize costs over a longer period. 

The third and final factor considered can be explained with the use of Figure 8. The 
discussion of interest rates gave the reasons for stipulating that the rate of return on 
the investment in transportation facilities should be above 6 percent. In Figure 8 it 
can be seen that the change in the capital recovery factor decreases as the assumed 
life in years increases. It can also be observed that as the interest rate increases 
there are smaller percentage decreases in the capital recovery factor between any 
given range of years. For example, the capital recovery factor for the 6 percent in
terest rate falls from 0. 078 at 25 years to 0. 066 at 40 years, a 15 percent decrease. 
The capital recovery factor for the 10 percent interest rate falls from 0. 110 at 25 years 
to 0.102 at 40 years, a decrease of 7 percent. Though the assumed life was increased 
by 60 percent in going from 25 years to 40 years, the resulting changes in the capital 
recovery factor were only 15 percent at the 6 percent interest rate and only 7 percent 
at the 10 percent interest rate. The point to be made is that as the minimum attractive 
rate of return increases, any change in the assumed life above 25 years plays a role of 
decreasing importance in the analysis. Also, since predictions of transportation sys
tem use and therefore the benefits to be received cannot be made with a high degree of 
reliability beyond 25 years, it would be unwise to amortize capital costs over a period 
exceeding the 25 years. 

Salvage Values 

For this preliminary analysis salvage values were considered to be negligible or 
zero at the end of the 25-year economic analysis period. Estimates of salvage values 
25 years in the future usually prove to vary from the true figure by wide margins. 
Also, the use of reasonably high rates of return tends to nullify the importance of 
salvage values. Figure 9, which shows the relationship between salvage value at the 
end of the study period and the present worth of that salvage, demonstrates the prin
ciple. For example, use of the curve based on the 6 percent rate of return and the 
analysis period of 25 years, and using salvage values in the range of 10 percent to 
20 percent of first cost, shows that the present worth is effectively 2 to 5 percent of 
first cost. The difference between including and excluding salvage values was con
siderably less than the possible variations in other estimates. Therefore, salvage 
values were not included in the analysis. 
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Figure 9. Relationship between salvage value at end of 25-year study period and present worth of 
salvage value ~, p. 35). 

Engineering Economy Analysis Methods 

Three methods of engineering economy analysis are used in this report. They are 
the total annual transportation cost method, the benefit-cost ratio method, and the rate
of-return method. The basic ingredients in all the methods include total capital costs 
or their equivalent uniform annual value, and annual costs for maintenance, operating, 
accident, and travel time costs. Though the methods use the ingredients in different 
ways the result of each method is the selection of the same transportation system as 
being the most economic when based on similar minimum attractive rates of return 
and unit travel time costs, 

In the total annual transportation cost method the systems arc analyzed as a group 
to find the one most likely to produce the minimum total annual cost. In the benefit
cost ratio method and the rate-of-return method, however, the analysis is accomplished 
by the use of pairs when one transportation system alternative is compared to another 
transportation system alternative . Successive comparisons eliminate the poorest sys
tems economy-wise until only the best one is left. 

Total Annual Transportation Cost Method 

The concept of the total annual transportation cost method is that the transportation 
user or society in general deserves to obtain transportation at the lowest cost. Therefore, 
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TABLE 6 

TOTAL ANNUAL TRANSPORTATION COSTS BASED ON VARIOUS CONDITIONS 
(in thousands of dollars) 

Transpor- Travel Interest Rate (%) 
Time Cost tation Per Person System 
Per Hour 0 3 6 10 15 

2A $0.00 693,200 711,953 734,304 768, 603 816,417 
0.50 940,005 958, 758 981, 109 1,015, 408 1,063, 222 
1.00 1, 186, 810 1, 205, 563 1,227,914 1, 262, 213 1,310,027 
1. 50 1,433,615 1,452, 368 1,474,719 1,509,018 1,556,832 
2.00 1,680,420 1,699,173 1,721, 524 1,755,823 1,803,637 

3A 0.00 731,643 759,298 792,272 842,884 913,441 
0.50 923, 752 951,407 984, 381 1,034,993 1, 105, 550 
1.00 1,115,863 1, 143, 518 1,176,492 1,227,104 1, 297,661 
1. 50 1,307,971 1,336, 626 1, 368,600 1,419,212 1,489,769 
2.00 1,500,081 1,527,736 1,560,710 1,611,322 1,681,879 

4A 0.00 746, 637 775, 299 809,479 861,942 935,082 
0.50 972,019 1,000, 681 1,034, 861 1,087,324 1,160,464 
1.00 1,197,403 1,226,065 1,260, 245 1,312,708 1, 385, 848 
1. 50 1,422, 785 1,451,447 1,485, 627 1, 538,090 1,611,230 
2.00 1,648,169 1,676,831 1,711,011 1,763,474 1,836,614 

5B 0.00 617,883 635,882 659, 533 694,303 742,773 
o. 50 806, 295 825,294 847,945 882,715 931, 185 
1.00 994, 669 1,013, 668 1,036,319 1, 071,089 1, 119, 559 
1. 50 1,183,123 1, 202, 122 1,224, 773 1, 259, 543 1,308,013 
2.00 1, 371, 535 1, 390, 534 1,413, 185 1,447,955 1,496,425 

6B 0.00 642,043 668, 329 699, 675 747,798 814, 884 
0.50 809 , 541 835,827 867, 173 915,296 982,382 
1.00 977, 040 1, 003,326 1,034, 672 1,082, 795 1,149,881 
1. 50 1,144, 539 1, 170,825 1,202, 171 1,250, 294 1,317,380 
2.00 1,3 12, 037 1,338,323 1, 369,669 1,417,792 1,484,878 

TABLE 7 

RELATIVE ORDER OF ECONOMY OF TRANSPORTATION SYSTEMS AS 
DETERMINED BY TOTAL ANNUAL TRANSPORTATION COST METHOD 

Travel Time Cost Order of Interest Rate (%) 
Per Person Increasing 
Per Hour Cost 0 3 6 10 15 

$0.00 1 5B 5B 5B 5B 5B 
2 6B 6B 6B 6B 6B 
3 2A 2A 2A 2A 2A 
4 3A 3A 3A 3A 3A 
5 4A 4A 4A 4A 4A 

$0. 50 1 5B 5B 5B 5B 5B 
2 6B 6B 6B 6B 6B 
3 3A 3A 2A 2A 2A 
4 2A 2A 3A 3A 3A 
5 4A 4A 4A 4A 4A 

$1.00 1 6B 6B 6B 5B 5B 
2 5B 5B 5B 6B 6B 
3 3A 3A 3A 3A 3A 
4 2A 2A 2A 2A 2A 
5 4A 4A 4A 4A 4A 

$1.50 1 6B 6B 6B 6B 5B 
2 5B 5B 5B 5B 6B 
3 3A 3A 3A 3A 3A 
4 4A 4A 2A 2A 2A 
5 2A 2A 4A 4A 4A 

$2.00 1 6B 6B 6B 6B 6B 
2 5B 5B 5B 5B 5B 
3 3A 3A 3A 3A 3A 
4 4A 4A 4A 2A 2A 
5 2A 2A 2A 4A 4A 



112 

TABLE 8 

INCREMENTAL BENEFITS BASED ON VARIOUS UNIT TRAVEL TIME COSTS 
(in thousands of dollars) 

Transportation Travel Time Cost Per Person Per Hour 

Systems Compa red 
$0 $0.50 $1.00 $1.50 $2.00 

2A-5B 75, 686 134,079 192, 510 250,861 309,254 
2A-6B 68, 248 147, 555 226,861 306, 167 385,474 
2A-3A - 18, 013 36, 683 91,377 146,074 200, 769 
2A-4A -30 , 757 -9, 334 12, 087 33, 510 54, 931 

5B-6B -7,438 13, 476 34, 351 55 , 306 76,220 
5B- 3A -93, 699 -97, 396 -101 , 133 -101 , 787 -108, 485 
5B-4A -106, 433 -143, 413 -180, 423 -217, 351 -254, 323 

6B-3A -86, 261 -110, 872 -135, 484 -160, 093 -184,705 
6B-4A -99,005 - 156,889 -214,774 -272, 657 - 330, 543 

3A-4A -12,744 -46,017 - 79, 290 -112, 564 - 145, 838 

all the costs related to each transportation system are totaled on an annual basis to 
determine the one resulting in the minimum total annual cost. Table 6 shows the re
sult of adding the equivalent uniform annual capital costs from Table 5 and the main
tenance, operating, accident, and time costs from Table 3 for each system. Table 7 
shows the transportation systems arranged by order of increasing total annual trans
portation cost for the various interest rates and unil Lravel Lime costs. Based on the 
use of $1. 00 per hour per person travel time costs and the 6 percent interest rate, sys
Lew OB l1a& the lowest total annual co~t. 

Benefit- Cost Ratio Method 

One measure of economic desirability in comparing two proposed alternate trans
portation systems is the ratio of net annual benefits to net annual capital costs. In 
order to satisfy the concept that benefits must at least equal costs, the benefit-cost · 
ratio must be 1. 0 or larger. 

Benefit-cost ratios were calculated for all possihlP r.nmp::iriRnnR nf p::iirP.ri altP.rn::i
tive transportation systems. Two general uses were mudc of thoGc ratios. The first 
use was to determine whether or not the construction and equipment costs of Systems 
3A, 4A, 5B and 6B would result in benefits that would justify construction of the sys
tems when compared with the base transportation system, 2A, which will soon be in 
existence. The second use was to determine whether or not each increment of capital 
cost in going to successively more costly transportation systems also resulted in 
benefits. The latter use of the benefit-cost ratio method is a systematic approach 

TABLE 9 

INCREMENTAL EQUIVALENT UNIFORM ANNUAL CAPITAL COSTS BASED 
ON VARIOUS INTEREST RA TES 

(in thousands of dollars) 

TN1.118porUtllUll Interest Rate (%) 

Systems Compared 
0 3 6 10 15 

2A-5B 369 615 915 1, 386 2,042 
2A-6B 17,071 24,624 33, 619 47,443 66, 715 
2A-3A 20,430 29, 332 39, 955 56,268 7g , 011 
2A-4A 22, 680 32 , 589 44,418 62, 582 87 , 908 

5B-6B 16, 722 24,009 32,704 46,057 64, 673 
5B-3A 20,061 28,717 39,040 54, 882 76,969 
5B-4A 22, 311 31, 974 43,503 61, 196 85,866 

6B-3A 3,339 4,708 6,336 8,825 12, 296 
6B-4A 5,589 7,965 10,799 15, 139 21, 193 

3A-4A 2, 250 3, 257 4,463 6,314 8, 897 
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that selects the most economic transportation system. It eliminates the need for some 
of the paired comparisons of transportation systems, but all comparisons are shown 
for the reader's perusal. 

The incremental benefit for each paired comparison of transportation systems is 
shown in Table 8. The figures are based on the data in Table 3. For example, Sys
tem 2A compared with the higher total capital cost System 3A at the $1. 00 per hour 
unit travel time cost show respective net annual totals of maintenance, operating, ac
cident, and travel time costs equal to $1,143,146,000 and $1,051,769,000. Therefore, 
the benefit or net reduction is equal to $91,377,000 as shown in Table 8 for the paired 
system comparison. Sometimes the comparisons do not result in reductions of net 
annual totals of maintenance, operating, accident, and travel time costs; instead of a 
reduction there may be an increase. In that situation the benefits shown in Table 8 
are indicated as being negative. 

The incremental cost for each paired comparison is shown in Table 9. The figures 
are based on data in Table 5. For example, System 2A compared with the higher total 
capital cost System 3A at the 6 percent interest rate shows respective equivalent uni
form annual capital costs equal to $84,768,000 and $124,723,000. Therefore, the in
crement or increase in equivalent uniform annual costs is $39,955,000 as shown in 
Table 9 for the paired comparison. The increments of equivalent uniform annual 
capital costs will always be positive since the lower total capital cost transportation 
system is always the base for the paired comparisons. 

The result of dividing incremental benefits by incremental costs for each paired 
comparison of systems is summarized in Table 10. Using the paired comparison of 

TABLE 10 

INCREMENTAL BENEEIT-COST RATIOS BASED ON VARIOUS INTEREST 
RATES AND UNIT COSTS FOR TRAVEL TIME 

Transportation Travel Time Interest Rate (%) 
Cost Systems 

Per Person Compared 
Per Hour 0 3 6 10 15 

2A-5B $0 00 205. I 123.1 827.2 54.6 37. 1 
0 . 50 363 .4 218.0 146 .5 96 . 7 65. 7 
1.00 521 . 7 313.0 210.4 138.9 94.3 
1. 50 679.8 407 .9 274.2 180.9 122. 9 
2 . . 00 838. I 502 . 9 338 .0 223.1 151.4 

2A- 6B 0 .00 4.0 2.8 2 .0 1.4 1.0 
0 . 50 8 . 6 6 .0 4 . 4 3.1 2 . 2 
1.00 13 .3 9 . 2 6 . 7 4 . 8 3.4 
1 . 50 17 . 9 12.4 9. 1 6.5 4 . 6 
2.00 22.6 15. 7 11.5 8 . 1 5.8 

2A- 3A 0 .00 • * * * * 
0.50 1.8 1.2 0.9 0 . 7 0.5 
1.00 4 . 5 3.1 2. 3 1.6 1. 2 
1. 50 7. 1 5.0 2 . 3 1. 6 1. 2 
2 . 00 9 . 8 6.8 5. 0 3 . 6 2. 5 

2A- 4A 0.00 * * * * * 
0.50 * * * * * 
1.00 0 . 5 0.4 0. 3 0.2 0.1 
1. 50 1. 5 1.0 0 . 8 0.5 0.4 
2.00 2.4 1. 7 1. 2 0.9 0.6 

5B- 6B 0 .00 * * it * 
0 .50 0.8 0 . 6 0 .4 0 . 3 0 . 2 
1.00 2.0 1.4 1.1 0 . 7 0 . 5 
1. 50 3.3 2. 3 1. 7 1.2 0.9 
2.00 4.6 3.2 2 .3 1.7 1.2 

5B-3A 0 - 2 .00 * * * 
5B-4A 0 - 2.00 • . .. • .. 
6B- 3A 0 - 2.00 . * ~ .. 
6B-4A 0 - 2. 00 • ... .. • 
3A-4A O - 2 . 00 * ~ 

*Negative benefi t-cost ratios, 
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TABLE 11 

TRANSPORTATION SYSTEMS ARRANGED BY ORDER OF INCREASING 
TOTAL CAPITAL COSTS 

Transportation 
Systems 

2A 
5B 
6B 

Total Capital Cost 

$1,076,323, 000 
1, 090,268,000 
1,508,319,000 

Transportation 
Systems 

3A 
4A 

Total Capital Cost 

$1,587,056,000 
1,644,806,000 

Systems 2A and 3A again, the incremental annual benefits ($91,377,000) based on the 
$ 1. 00 per hour unit travel time costs when divided by the incremental equivalent uni
form annual capital cost ($39,955,000) based on the 6 percent rate, produces the bene
fit-cost ratio of 2.3 shown in Table 10. Therefore , the benefits to be derived by the 
reduction of the net annual total of maintenance, operating, accident and travel time 
costs exceed the additional capital cost required in order to obtain the benefits. On 
that basis the investment of the increment of capital costs for System 3A compared 
with 2A would be economical. 

Benefit-cost ratios lower than 1. 0 or negative in sign indicate that the investment 
of the increment of capital for the paired comparison of transportation systems would 
be uneconomical. The asterisks in Table 10 indicate negative benefit-cost ratios. 

Transportation System Economy and Justification-The paired comparisons of Sys
tems 2A-5B, 2A-6B, 2A-3A, and 2A-4A by the benefit- cost ratio method of analysis 
indicate that three of the transportation systems ean l>e eeu11umkally j u::;Liii t:: tl . U:oi11t', 
the 6 percent minimum attractive rate of return and the $1. 00 per hour unit travel 
time costs, Systems 5B, 6B and 3A, when compared with the base System 2A, each 
show benefit-cost ratios larger than l. 0. 

The largest benefit-cost ratio does not necessarily indicate the most economical 
transportation system. It will be noticed that the largest benefit-cost ratios occur for 
the paired comparison of Systems 2A and 5B. Sys tem 5B will have to be compared 
with the other transportation systems having higher total capital costs in order to determine 
if the increment of cost in going to the more expensive system would result in incre
mental benefits that exceed the increment of costs. Thus, the need for a systematic 
approach in analyzing the economy of the transportation systems is established. 

Economy of Transportation System Formulation- The following discussion describes 
the systematic a1)proa.ch that is used i n selecting the most economical transportation 
system using benefit-cost ratios. It is an approach commonly used in engineering 
economy analysis to select the most economical alternative from among a list of mul
tiple alternatives (§_, p. 24 ). 

TABLE 12 

EXAMPLE OF PROCEDURE USED TO DETERMINE MOST ECONOMICAL TRANSPORTATION SYSTEM 
USING INCREMENTAL BENEFIT-COST RATIO METHOD BASED ON 6 PERCENT INTEREST 

RATE AND $1.00 PER HOUR TRAVEL TIME COSTS PER PERSON 

·1·1•ansportat1on SystemH Compared lw..!t'l!tm:ml..t.l 
Annual Dencfits Incremental 

Base Alternative 
Next Most Costly Resulting fro m Equivalent Incremental 

Transportation Transportation Net Reductions in Uniform Benefit-Cost Conclusion 
System for System Based on Maintenance, Annual Ratio 

Comp:>rison Total Capital Operation, Acci- Capital 

("Contender") Costs dent and '!'ravel Costs 
("Challenger") Time Costs 

2A 5B $192,510,000 $ 915,000 210 . 39 Drop 2A 
5B 6B 34,351,000 32,704,000 1.05 Drop 5B 
6B 3A - 135, 484,000 6,336, 000 < 1.00 Drop 3A 
6B 4A -214 , 774,000 10,799,000 < l.00 Drop 4A 

6B is the 
winner 



TABLE 13 

MOST ECONOMICAL TRANSPORTATION SYSTEM AS DETERMINED BY 
INCREMENTAL BENEFIT-COST RATIO METHOD BASED ON VARIOUS 

INTEREST RA TES AND UNIT TRAVEL TIME COSTS 

Travel Time Cost Interest Rates (~) 
Per Person 
Per Hour 0 3 6 10 

$0. 00 5B 5B 5B 5B 

0. 50 5B 5B 5B 5B 

1.00 6B 6B 6B 5B 

1. 50 6B 6B 6B 6B 

2.00 6B 6B 6B 6B 

15 

5B 

5B 

5B 

5B 

6B 
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Successive paired comparisons of transportation systems are made in the order deter
mined by increasing total capital costs. The alternative systems arranged by order of 
increasing total capital costs are shown in Table 11. 

An example of the procedure used is shown in Table 12 based on the 6 percent mini
mum attractive rate of return and unit travel time costs of $1. 00 per hour per person. 
The incremental annual benefits shown in column 3 for each paired comparison of 
transportation systems were taken from Table 8. The incremental equivalent uniform 
annual capital costs were taken from Table 9. The first comparison is that of Sys
tems 2A and 5B. System 2A, the "contender," must meet the "challenge" by System 5B. 
The benefit-cost ratio for that comparison is 210 which shows that System 5B is supe
rior to System 2A. Because of the superiority of 5B to 2A a comparison of the three 
remaining alternative systems with 2A has no relevance in choosing among the five 
original alternatives. The conclusion as shown in Table 12 is to drop System 2A from 
any further comparison with the other systems. 

The next paired comparison takes System 5B as the "contender" and its "challenger" 
as the next most costly system, which is 6B. The benefit-cost ratio is slightly greater 
than 1. 0 and the conclusion then is to drop 5B from further comparison with other 
transportation systems. 

System 6B is now challenged by System 3A. But the resulting benefit-cost ratio is 
less than 1. 0, so System 3A is dropped and 6B remains to meet the last remaining 
challenger, System 4A. The resulting benefit-cost ratio is less than 1. 0 and System 6B 
is the winner or the most economical transportation system. 

It is evident that in comparing System 6B with any transpQrtation system having 
lower total capital costs, the prospective increments of benefits in going to 6B are more 
than the prospective increments of costs. It is also evident that for all the transporta
tion systems having higher costs than 6B, the prospective increment of benefits as com
pared to 6B is less than the prospective increment of costs. 

A similar approach was used for the selection of the most economical transportation 
system based on the use of other interest rates and unit travel time costs per person. 
The results are shown in Table 13. A line has been drawn through the table to delineate 
the interest rates and unit travel time costs where the selection of the most economical 
system changes from 5B to 6B and vice versa. 

Rate-of-Return Method 

The rate-of-return method of analysis is the one to be preferred to both the total 
annual transportation cost method and the benefit-cost ratio method. The rate-of-re
turn method measures the benefits shown by comparisons of transportation systems in 
a term easily understood and used in business decisions. Another advantage of the 
rate-of-return method is that it makes it unnecessary to select an interest rate for the 
amortization of total capital costs over the analysis period. 

The rate-of-return method is similar to the benefit-cost ratio method of analysis in 
two respects. Transportation systems are paired for the purpose of making compari
sons, and the systematic approach described earlier can be used for the selection of the 
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TABLE 14 

INCREMENTAL TOTAL CAPITAL COSTS 
RESULTING FROM COMPARISONS OF 

TRANSPORTATION SYSTEMS 

Transportation Sy stems 
Compared 

Incre ment of 
Total Capital Cost 

(000) 

2A-5B 
2A-6B 
2A-3A 
2A-4A 

5B-6B 
5B-3A 
5B-4A 

6B-3A 
6B-4A 

3A-4A 

$ 13,945 
431,996 
510, 733 
658,483 

418,051 
496, 788 
554, 538 

78,737 
136,487 

57, 750 

most economical system. The minimum 
attractive rate of return is used instead 
of the benefit-cost ratio of 1. 0 to serve as 
an indicator of the economy for each paired 
comparison of sys tems. The incremental 
benefit shown by any paired comparison 
of transportation systems for the rate-of
return method is the same as those used 
in the benefit-cost ratio method (Table 8). 

In the rate-of-return method the benefit 
shown by any paired comparison of trans
portation systems is divided by the incre
ment of total capital cost between the two 
systems. The increment of total capital 
cost between paired comparisons is shown 
in Table 14. The quotient from the divi-
sion is the capital recovery factor for the 
25-year analysis period. The capital re

covery factors for all the paired comparisons are shown in Table 15. 
These capital recovery factors were used to enter interest tables and select the 

appropriate rate of return (~). An example can be made by the use of Table 4. For 

TADLE 15 

CAPITAL RECOVERY FACTORS FOR TRANSPORTATION SYSTEM COMPARISONS 
(Incrementai Annual Benefits Divided by Incremental Total Capital Costs) 

Tr~nRpnrt~tinn 'T'ravPl 'T'imP r.ost PPr Person ($) 
Systems 

Compared 0 0. 50 1.00 1. 50 

2A-5B 5 .4275 9. 6148 13. 8049 17. 9893 
2A-6B 0. 1580 0,3416 0. 5251 0. 7087 
2A-3A * 0. 0718 0. 1789 0.2860 
3A-1A 0.0104 0.0500 

bB-tiB * 0.08ii 0.08ii 0 . ln8 
5B-3A . * H * 
5B-4A * • • * 
6B-3A * * * * 
6B-4A * * 
3A-4A * * * 

'A-Negative benefits (capital recovery factor not applicable). 

TADLE 16 

PERCENTAGE RATES OF RETURN ON INCREMENTS OF INVESTMENT 
BASED ON VARIOUS UNIT TRAVEL TIME COSTS 

Transportation Travel Time Cost Per Person Per Hour($) 
Systems 

Compared 0 0.50 1. 00 1. 50 

2A-5B 543 961 1380 1799 
2A-6B 15 34 53 71 
2A-3A * 5 18 29 
2A-4A . * 0 2 

5B-6B * 0 'I 13 
5B-3A . • • 
5B-4A • * • * 
6B-3A * * * * 
6B-4A * * * * 
3A-4A * * • * 

*Negative benefits (loss on the incremental investment of capital). 

2.00 

22.1766 
0. 8923 
0. 3931 
0. 0034 

o. rni8 
H 

* 

* 
* 

2.00 

2218 
89 
39 

7 

18 

* 

* 
* 
* 
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TABLE 17 

EXAMPLE OF PROCEDURE USED TO DETERMINE MOST ECONO:MICAL TRANSPORTATION SYSTEM 
USING INCREMENTAL RATE-OF-RETURN METHOD BASED ON MINIMUM ATTRACTIVE 

RATE OF RETURN AND $1.00 PER HOUR TRAVEL TIME COSTS PER PERSON 

Transportation Systems Compared Incremental Incremental 
Annual Benefits Total Capital 

Base Alternative Next Most Costly Resulting from Costs for 
Incremental Rate 

Transportation 
Transportation Net Reductions in Transportation 

Capital of Decision 
System Based on Maintenance, Recovery Return 

System for Total Capital Operation, Acci-
System Con- Factor (%) 

Comparison 
Costs dent and Travel 

structlon and 
("Contender") ("Challenger") Tlme Costs 

Equipment 

2A 5B $192,510,000 $ 13,945,000 13 . 8049 1380 Drop 2A 
5B 6B 34,351,000 418,051,000 0,0822 7 Drop 5B 
6B 3A -134, 484, 000 79 , 737 , 000 * * Drop 3A 
6B 4A -214, 774 , 000 136, 487 , 000 * * Drop 4A 

6B is the 
winner 

flNegativo benefits do not produce a return on increments of investment, 

the paired comparison of Systems 5B and 6B at unit travel time costs of $1. 00 per hour 
per person, Table 15 shows a capital recovery factor of 0. 0822. Entering Table 4, for 
a period of 25 years the interest rate for a capital recovery factor of 0. 0822 can be in
terpolated to be near 7 percent. Thus the rate of return shown in Table 16 for the ex
ample is 7 percent. 

Economy of Transportation System Justification-The comparison of Systems 5B, 
6B, 3A, and 4A with the base System 2A by the 1·ate-of-return method shows that three 
of the systems can be economically justified when using a 6 percent minimum attrac
tive rate of return and $1. 00 per hour travel time costs per person (Table 16). Sys
tems 5B, 6B, and 3A each show rates of return in excess of 6 percent when compared 
with System 2A. System 4A compared with 2A did not result in benefits large enough 
to meet the 6 percent minimum attractive rate of return and, therefore, 4A cannot be 
economically justified. 

An asterisk has been used in Table 16 to indicate those paired comparisons of trans
portation systems that would result in negative rates of return on investment of the 
increment of total capital costs. Such incremental investments of total capital, there
fore, would not be economical. 

The highest rate of return shown in Table 16, which results from the comparison of 
Systems 5B and 2A, does not necessarily indicate the most economical transportation 
system. Again, as for the benefit-cost ratio method, the procedure for selecting the 
most economical alternate from a list of multiple alternatives is used to select the 
most economical transportation system. 

Economy of Transportation System Formulation-An example is shown in Table 17 
of the procedure used to select the most economical transportation using the incremental 

TABLE 18 

MOST ECONO:MICAL TRANSPORTATION SYSTEM AS DETERMINED BY 
INCREMENTAL RATE-OF-RETURN METHOD BASED ON VARIOUS 

UNIT TRAVEL TIME COSTS AND MINIMUM ATTRACTIVE 
RATES OF RETURN 

Travel Time Cost Minimum Attractive Rates of Return (%) 
Per Person 
Per Hour 0 3 6 10 15 

$0 .00 5B 5B 5B 5B 5B 

0.50 5B 5B 5B 5B 5B 

1.00 6B 6B 6B 5B 5B 

1.50 6B 6B 6B 6B ~ 
2.00 6B 6B 6B 6B 6B 
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rate-of-return method based on a 6 percent minimum attractive rate of return and 
$1. 00 per hour travel time costs per person. The transportation systems are com
pared by pairs in the order of increasing total capital costs. The incremental benefits 
shown in column 3 are taken from Table 8 for the respective transportation system 
comparisons at the $1. 00 per hour unit travel time costs per person. The increments 
of total capital costs shown in column 4 are taken from Table 14 for the respective 
comparisons of transportation systems. The capital recovery factor shown in column 
5 is obtained by dividing the incremental annual benefits in column 3 by the incremental 
total capital costs in column 4. For capital recovery factors above 0. 28 based on the 
25-year analysis period the percentage rate of return can be determined by moving the 
decimal point two places to the right. For capital recovery factors smaller than 0. 28 
interpolation must be made in interest tables showing capital recovery factors for the 
25-year period in order to determine the interest rate. 

The first comparison is System 2A, the "contender," meeting the next higher total 
capital cost "challenger," System 5B. The incremental rate of return exceeds the 
6 percent minimum attractive rate of return so System 2A is dropped as a contender 
for further comparisons. System 5B becomes the new contender and it is successfully 
challenged by 6B, so 5B is dropped from further comparisons. System 6B is now 
challenged by the next higher total capital cost transportation system, which is 3A. 
System 3A does not prove to be a successful challenger as it does not show a return 
on the increment of investment. The contender, System 6B, remains to be challenged 
by System 4A, but it too does not show a return on the increment of investment of total 
capital costs. Therefore, Syi:;l~m 6B ls the winner or the most economical transporta
tion system based on a 6 percent minimum attractive rate of return and $1. 00 per hour 
lravd lirnt c0sts per person. 

A similar approach was used for the selection of the most economical transportation 
system based on the use of various rates of return and unit travel time costs per per-
8011. The results are shown in Table 18. The line through the table is a visual aid. 
It delineates the change in the most economical transportation system based on various 
interest rates and unit travel time costs. 

SELECTION OF THE MOST ECONOMICAL SYSTEM 

The selection of the moot economical transportation system by the t.hrP.P. mP.thods of 
engineering economy analysis is shown in Tables 7, 13, and 18. The tables show that 
the methods confirm one another in the selection of the most economical transporta
tion system when using the same interest rate and unit travel time costs. For reasons 
given earlier an interest rate or minimum attractive rate of return equal to 6 percent 
and unit travel time costs of $1. 00 per person per hour were considered preferable for 
use in this analysis. Based on these conditions, System 6B is the most economical 
transportation system. 

Tables 7, 13, and 18 indicate the sensitivity of the analysis to interest rates and 
travel time c.oRts. At low unit travel time costs ($ 0. 00-$ 0. 50) and relatively high in
terest rates (10-15% ), System 5B is the most economical. However, low unit travel 
time costs in effect do not give credit for the decrease in traffic congestion and travel 
time that would result from providing additional trai;isportation facilities over those 
included in System 5B. Also, the use of high interest rates favors any transportation 
system with relatively low total capital costs, ::is iR the case fo · System 5B. System 
2A awl GB ln reality are unacceptable as sy~t ms to accommodat e 1990 travel demands. 
But they must be used as base comparisons in order to determine the economy of other 
transportation systems. Realizing these conditions, it is significant that System 6B is 
indicated as beinp; the next most economical system for the conditions of low unit travel 
time costs. 

It should be noted that the presentation of all possible comparisons of the transpor
tation systems enables a selection to be made of the most economical transportation 
system based on individual land-use plans. The selection from land-use Plan A would 
be System 3A and from land-use Plan Bit would be System 6B. Where resulting total 
costs for t r ansportation systems based on different land-use plans vary on a wider 
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scale than in this analysis, such an approach may be preferred by analysts. Of course 
that approach is dependent on a sufficient number of study systems, based on each land
use plan, being available for analysis. Since there is an admitted limitation in com
paring incremental benefits and incremental costs for systems based on different land
use plans, it is safe to predict that there will be increased emphasis on, and use of, 
the method of total annual transportation system costs. Though it has been proven 
many times that the results by the three methods of analysis are the same, the method 
of total annual costs is more convincing when transportation systems are based on dif
ferent land-use plans. 

LIMITATIONS OF THE ANALYSIS 

Engineering economy analysis is used as a means to compare the tangible costs of 
competing alternative uses of funds. Socioeconomic or intangible factors, although 
they are important considerations, are difficult to evaluate in monetary terms. These 
intangible factors are not included in an engineering economy analysis. Because of 
their importance, however, they must be included as part of the decision-making proc
ess. Realizing these limitations, it should be understood that this particular economic 
analysis is a tool delineating, on an overall region-wide basis, the best choice (based 
only on tangible costs) among a series of alternative transportation systems. 

There were a large number of transportation systems that could have been analyzed. 
Because of the limitations of manpower and time only five general transportation sys
tems were selected for study in detail by PSRTS. Rapid rail transit facilities were 
not included in any Plan B transportation system. Since the Plan B land-use concept 
of cities and corridors would decrease transit usage as compared to Plan A transporta
tion systems, that limitation was not significant. 

Within the five transportation systems analyzed, Plan A systems did not include 
cross-Sound bridge facilities and the significance of that fact was not clear-cut. The 
presence of cross-Sound bridge facilities in the most economical transportation sys
tem (a Plan B system) does not necessarily mean that it would be best to replace ferry 
service by a bridge from a cost standpoint. The cross-Sound bridge would have to be 
studied by the use of engineering economy analysis methods to determine the advis
ability of including the bridge in either land-use plan. 

CONCLUSIONS 

The engineering economy analysis of alternative transportation systems established 
that the worst course of action from a cost standpoint that could be followed in the fu
ture would be to construct no new freeway, expressway, or other major street and high
way facilities after completion of those currently being constructed and those budgeted 
for near-future construction. 

The Plan B land-use pattern, which was the goal-oriented development pattern, from 
a cost standpoint was obviously preferable to Plan A, which represents a continuation 
of present trends in development following the current planning and land-use zoning of 
separate governmental jurisdictions in the region. 

The most costly alternative transportation system from the standpoint of meeting 
regional objectives was found to be the one which includes a rapid transit system in 
the Seattle area. 
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Economic Evaluation of Investments 
Agricultural Penetration Roads in 
Developing Countries 

. 
Ill 

W. W. SHANER, Stanford Research Institute, Menlo Park, California 

This paper briefly describes the nature of agricultural penetra
tion roads and the highway engineer's part in their evaluation. 
Two reasons are then given for abandoning the traditional 
methods of evaluation; these stem from the characteristics of 
both developing countries and penetration roads. Next an 
alternative set of procedures is described that begins with the 
concepts of engineering economy and becomes modified by 
principles of economic development. Concepts of the former 
include estimation of direct costs and receipts over time, dis
counting, and the like, while those of the latter include con
sideration of a country's goals and development strategy, 
"shadow pr.ices ," indirl?ct rons1?']_11Pnr'.PS , ~ncl thP. loci of the 
decision-making process. The paper closes with a summary 
and some comments on the applicability of the recommended 
procedures. 

•THE PURPOSE of this paper is to offer a set of procedures for analyzing investments 
in agricultur al penetration roads in developing countries. These procedures depart 
from those traditionally used by highway engineers. Some of the results of a case 
study of the Tinge Maria-Tocache colonization project in Peru (1) ar e incorporated in 
the description of the suggested procedures. They ar e only illu$ Lr ali vt::, huwev 1·, and 
are not necessarily representative of agricultural penetration roads in general. 

AGRICULTURAL PENETRATION ROADS 

In a number of developing countries, roads are being extended into regions where 
little or no automotive traffic previously existed. Such roads are sometimes built for 
political or social reasons, but many are built to tap the agricultural potential of an 
area. In most cases, these agricultural penetration roads will handle relatively low 
volumes of traffic (ADT under 400) and will probably not be built to standards of any 
higher quality than those typical of farm-to-market roads in the United States. They 
would be important in providing an all-weather means of travel for heavily laden trucks. 
Noncommercial auto traffic would be light because of the rural nature of the area and 
the low income of the inhabitants. 

A nP.w road might make it possible to convert the existing output of an area from a 
subsistence character to one in which cash crops are marketed. Not only would trans
portation be cheaper, but the new road might permit perishable crops to be delivered 
to market, and it would give much easier access to those who wish to colonize the area. 

In Peru, considerable interest a nd activity has surrounded the building of penetration 
roads designed to facil itate the colonization of the eastern slopes of the Andes. The 
projects under study (including the Tingo Maria-Tocache project) and those in which 
investments have already been made offer the possibility of relieving the overcrowded 
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conditions in the rural highlands and also offer the potential colonists more fertile land 
to cultivate. If these projects develop as planned, agricultural production could in
crease significantly. 

EVALUATION OF INVESTMENTS IN PENETRATION ROADS 

Not infrequently, transportation specialists wig be asked to play either a principal 
or a supporting role in the analysis of investments in penetration roads. Of course, 
agricultural investment is important, and if the government promotes or controls the 
project, agricultural specialists may have prime responsibility. But regardless of 
who is the primary authority, transportation specialists are likely to take an active 
part in the economic analyses. 

Analyses that have been made to date are often based on standards, principles, and 
evaluation procedures used in the United States. This approach has resulted from the 
active participation of U. S. consultants in other. countries, as well as from the exposure 
of persons in the developing countries to our consultants, universities, and literature. 

But how useful are these procedures? Can they be transferred directly or easily 
adapted to the evaluation of agricultural penetration roads in the developing countries? 
Or should new concepts and procedures be employed ? We believe that new concepts 
are involved that require abandoning many of the existing procedures, and only a portion 
of the underlying principles and techniques should r emain intact. The reasons are 
twofold: (a) there are basic differences in the characteristics of the advanced and the 
developing economies; and (b) most procedures for analyzing road investments in the 
advanced economies relate to conditions where traffic is already served by a road 
network and frequently where traffic congestion is a problem. 

Differences Between the Developing and the Advanced Economies 

A number of key assumptions underlying project evaluation in the United States can
not be carried over to the developing countries because of the important differences in 
their economies. These assumptions include the propositions that the economy is rela
tively competitive and that the impact of a project, or set of projects, on other sectors 
of the economy and on income distribution can usually be ignored. Such a basis for 
project evaluation in the developing countries does not apply for the reasons discussed 
below. 

Lack of Competitive Conditions - Even though monopolistic conditions exist in many 
countries, they ar e often accentuated in the developing countries where industries may 
be dominated by a few enterprises. This situation results from several factors, such 
as the smallness of the domestic market, the concentration of political, economic, and 
social power in the hands of a few, and the difficulty of market entry. Sometimes 
pivotal industries are operated directly by the government. 

In addition, communications, transportation, and marketing facilities are generally 
inadequate , and investors, sellers, and workers are often unaware, misinformed, or 
cannot easily take advantage of opportunities elsewhere in the economy. Consequently, 
the economy may be spotted with shortages in one area and surpluses in another. The 
government may further distort the market from the ideal concept of a competitive 
e.conomy by passing social legis lation or by its intensive regulation of the country's 
foreign exchange transactions. Thus, market prices may be substantially out of line 
with the real value of goods and services. 

The Impact on Other Activities-Because of these shortages and surpluses and be
cause of the often expressed desire for rapid economic development, the evaluation of 
a project in the developing countries should not be confined to its immediate conse
quences. Opportunities may exist for the use of underemployed or unemployed facili
ties and resources, and magnified difficulties may arise when demands are placed on 
those facilities and resources that are already scarce or crowded Then, too, oppor
tunities often are present for the coordination of investments. Indeed, due to the limited 
availability of capital in such countries, projects should ideally be screened in the 
hopes of finding those that will have a catalytic effect on the economy. 
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Poor Distribution of Income-Clearly, social unrest, the absence of a large middle 
class, and low per capita income combine to impress on many governments the urgency 
of improving the lot of its low income groups. In some developing countries, the im
pact of a program of investments-sometimes of a single investment-may loom so 
large that special attention should be paid to its income-distributing effects and to 
other factors which influence general welfare. 

This brief comment on the differences between the developing and the advanced 
economies could be extended and further elaborated, but it should be sufficient to reveal 
the necessity for reconsidering the assumptions that underlie the techniques currently 
employed in the analysis of projects in the developing countries. 

Differences Between Penetration Roads and Other Types of Roads 

The procedure commonly recommended for evaluating the merits of most road in
vestments is to estimate the volume of traffic with and without the improvement, and 
then to assign a set of benefits and costs that are related to these two estimates. Bene
fits are usually divided according to users and nonusers of the road. If benefits exceed 
construction and other costs, after the values have been properly discounted, the project 
is considered desirable. Most of the emphasis in estimating benefits has been given 
to the subject of user benefits. One common subdivision of them cited by Lang and 
Wohl (2) is 11 (a) vehicle operating cost savings; (b) time savings; (c) a reduction in 
accident costs; and/or (d) an increase in 'comfort and convenience'. 11 The same authors 
have even argued that "there is no logical basis for assuming highway improvements 
can produce any net economic benefits over and_ above user benefits. 11 

Note the wealmoss of thie approach when applied to an a~ric11lli1r::il pP.nP.tration road 
in a developing economy. If a region is largely undeveloped and without adequate road 
facilities, estimates of future traffic are tenuous at best. As for imputed benefits, it 
is possible tho.t those attributed to noncommercial traffic and to cert<li n ~nmmP.rC:ial 
traffic may be very limited. As Adler (3) puts it, "In. many developing countries there 
is extensive underemployment, so that tnne savings may merely make the situation 
worse." Moreover; increases in comfort and reduction in annoyances may have very 
low priority if the collective will of the society, or the government, favors a higher 
rate of economic development. 

If a road is built to stimulate economic growth, a much mur~ :;alisfactory basis for 
estimating the benefits would be one that measures the resulting increase in goods and 
services. This measurement can be made directly without reference to traffic volume. 
But once this approach is undertaken, accompanying investments must also be con
sidered because the road by itself is not sufficient to increase agricultural production. 
Farmers must settle, invest, and incur operating costs. Additional services are re
quired: marketing, technical assistance, and so on. Road investment becomes only 
one of several categories of costs. In addition, the value of output that may be allocated 
to the road investment alone becomes of much less interest; emphasis is on the in
Cl'ease in total output, together with the accomplishment of other goals, that can be 
attributed to the integrated set of investments. Estimating traffic volume becomes 
only a poor surrogate for measuring the value of the project to the economy. Under 
these circumstances, the reason for estimating traffic volume is to learn what type 
of road facility should be provided. --

AN ALTERNATIVE APPROACH 

If the general approach to project analysis in the United States, particularly that 
related to road investments, is rejected, what is to take its place? The remainder of 
this paper outlines an alternative approach, together with some of the reasons for its 
selection. First, the goals and development strategy of the particular country under 
study should be known. Second, the integrated set of costs and benefits resulting from 
the project should be considered. Third, market prices should be adjusted in the light 
of their corresponding "shadow prices." Fourth, the indirect consequences of the 
project should be examined. Finally, the decision-making process should be expanded 
to include those whose scope of interest is broader than that of the project analyst. 
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A Country's Goals and Strategies 

It seems obvious that a public project should be evaluated in terms of a country's 
goals. Yet often this is not done, nor is it easy to do, because the goals may be diverse 
and even inconsistent. But because of the nature of many of the problems in the devel
oping countries, a clear understanding of what the government is attempting to accom
plish should receive high priority. 

If the government is to act effectively, it must be able to resolve conflicting goals, 
decide on an appropriate strategy of development, and translate this strategy into 
programs of action-some of which will involve investments in public facilities. An 
enlightened approach to project evaluation can help accomplish these objectives. 

An example of conflicting goals is a government's wish to maximize its rate of 
economic development, while also wanting to redistribute income, preserve its cultural 
heritage, develop a particular region, or possibly build certain prestige facilities, such 
as a steel mill. While the project analyst is hardly in a position to resolve these con
flicts in goals, he should learn which ones take priority. Not only is it possible for 
him to show how the project helps to accomplish major objectives, but he might also 
show the costs of obtaining some of the objectives in terms of the loss in economic 
efficiency. 

With a country's goals in mind, the strategy (explicit or otherwise) of economic 
development should be easier to understand. A sampling of some of the strategies 
suggested for developing countries includes emphasis on balanced growth and the "big 
push," emphasis on unbalanced growth, monetary measures vs structural measures to 
correct a country's problems, industrialization as the best way, improvement of agri
culture as fundamental, and dispersal of industry as the key. Some even say that the 
economists are off the track on all these counts because they have unduly ignored the 
human factor. 

Part of this diversity of opinion is due to the widely varying conditions found among 
the developing countries; indeed, it would be surprising if a single remedy could be 
prescribed for all. Thus, the strategies selected would depend on the characteristics 
of each country: its goals, resources, stage of development, economic advisors, and 
related factors. Regardless of what strategy is selected, however, it would be expected 
to help identify important sectors of the economy, such as agriculture, agricultural
based industries, or foreign trade, that may be strategic during a given point in a 
country's growth process. It should also stress the importance of certain components 
of economic activity, such as capital, foreign exchange, and entrepreneurship. 

Government influence should be exerted and investment encouraged where sectors 
and activities accommodate the strategy being employed. Thus, the strategy facilitates 
the selection of candidate projects for evaluation. Efficiency criteria related to benefit
cost analysis remain, but the decision-makers will also want to know about other aspects 
of a project, namely, (a) the extent to which it affects key sectors of the economy, (b) 
its use or generation of components important for economic activity, such as capital and 
foreign exchange, and (c) its impact on noneconomic factors. 

Direct Consequences of a Project 

If an area is to be opened for colonization, as was the case in the Tingo Maria
Tocache project, then a primary economic objective would be to increase agricultural 
production. A social or political objective might be the provision of self-employment 
for the colonists. 

Proper appraisal of the project would include a detailed study of the investment, 
operating costs, output, and other anticipated benefits. In accordance with the princi
ples of engineering economy outlined by Grant and Ireson (4), an estimate would be 
made of the amount and timing of investments, i.e., in the penetration road, access 
roads to individual farms, land clearing and preparation, houses and farm structures, 
tools, equipment, and whatever community and marketing facilities might be required 
to make the project viable. Annual operating costs would include road maintenance, 
farm operation, and technical assistance for the farmers; miscellaneous expenses 
should also be estimated. 
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The main source of economic benefits would be the increase in agricultural output, 
whose value can be taken as that which the crops would receive if sold in the local 
marketplace. In this way, the value of output is related to the costs incurred in its 
production. Clearly, the value of output could be taken as that paid by the ultimate 
consumers, but this would require the consideration of additional expenditures needed 
to put the product in its proper form and location for consumption. These additional 
expenditures and receipts will be considered later under the heading of "Indirect 
Consequences." 

Other types of economic benefits commonly associated with road investments-e.g., 
savings in noncommercial travel time-may be involved, but they are considered to be 
of less importance and will not be considered further. On the other hand, certain 
noneconomic benefits may be quite important and will be discussed in a subsequent 
section. 

Finally, the stream of annual benefits and costs may be discounted by an appropriate 
interest rate to yield the net present worth of the project's direct consequences. Or 
alternative interest rates may be used for discounting so as to obtain the project's 
internal rate of return. (Details of these two procedures may be found in Part II of 
Ref. 4.) 

The results of such an analysis for the Tingo Marfa-Tocache project are given in 
Table 1. The table shows (at the bottom of the last two columns) that the internal rate 
of return lies between 6 and 7 percent, since it is between these two discount rates 
that the net present worth is zero. Considering the capital needs of a country in Peru's 
stage of development, this rate of return is no doubt too low, and the project might be 
rejected largely on these grounds. However, in one of the final chapters of the Ti ngo 
Maria-Tocache s tudy (1), the length of project life and other variables were altered to 
test the sensitivity of the outcome. It was found that lengthening the project's life 
beyond 20 years considerably improved its economic attractiveness. 

Consideration of "Shadow Prices" 

The estimates of costs and values of output described above were based on market 
prices. Although these prices may be appropriate for financial analyses and for 
economic analyses in the advanced economies, they should be replaced by "shadow 
prices" when the governments of the developing countries consider alternative invest
ments and policies. 

The concept of shadow prices is fundamental to economics. According to Tinbergen 
(5 ), "They are the prices at which supply is just sufficient to satisfy demand." Under 
conditions frequently encountered in the advanced, competitive economies, shadow 
prices are generally similar to market prices and adjustments are seldom made. But, 
as indicated earlier, "in a number of underdeveloped countries, the market price struc
ture is not a correct guide for taking decisions" (5). 

The use of shadow prices can be justified on three counts: (a) the fundamental dis
equilibrium of the economic system of a country, (b) the influence that large invest
ments may have on future prices (5), and (c) the failure of the market to reflect the 
social values of goods, where these differ from the sum of individual private values (6). 

Chenery (2_) has this to say about disequilibrium: -

Important cases involve structural unemployment of labor, balance of pay
ments deficits, excess demand for capital, and similar phenomena. These 
types of disequilibrium are particularly important in the underdeveloped 
countries, where it is one of the main purposes of governmental develop-
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ment programs to offset them •••• In fact, the use of such [shadow prices] 
may be one of the most effective ways of improving resource al location 
without execessive centralization of in vestment planning and production 
contro I. 

The possibility of a project influencing future prices requires careful analysis of 
the markets that are affected-those where inputs are obtained and outputs are sold. 

Finally, social values may differ from private market values when the market fails 
to reveal the full impact of economic activity on the individuals involved. For instance, 
the political process may be the only substantive way for a society to show its prefer
ence for economic development, i.e., a willingness to sacrifice and save during the 
present time period in order to invest, increase the country's productive capacity, 
and enjoy greater consumption in some future period. 

Despite the logical appeal for considering shadow prices, their practical application 
in project analysis has scarcely begun. Undoubtedly, a major cause has been the dif
ficulty of measuring them. To measure shadow prices precisely r equires more infor
mation about an economy, and the alternatives that are open to it, than is currently 
available. Nevertheless, the need to consider shadow prices is clear-cut. For instance, 
few persons in the United States would argue that our government's "pegged" farm 
prices represent their true economic value to the economy. For a developing country 
that controls the pril".e an<l s11pply of forei gn exchange, the official rate would hardly 
seem appropriate when it is known that many are willing to pay a higher price for it. 
Also where substantial amounts of labor are either unemployed or are not engaged in 
productive activities, the "going" wage may be significantly above the shadow wage. 
Such a condition could arise as a result of minimum wage laws or from other conditions 
that interfere with a competitive market. 

The dilemma caused by the need to consider shadow prices and the current lack of 
techniques and data to provide refined solutions is not as serious as it might appear. 
The answer lies in understanding the causes of the deviation of market prices from 
their true economic values. This understanding not only indicates the direction of the 
deviation but often the relative magnitude of it. Therefore, some estimate of shadow 
values should be attempted, even though it is approximate. 

Writers on this subject usually suggest that the shadow prices of foreign exchange, 
capital, and labor-the three primary factors of production-be considered in analyses. 
If certain skills, materials, or products are in short supply, their shadow prices could 
also be included. However, the reason for treating just the primary factors is that 
the costs of goods and services can ultimately be broken down into these three. For
eign exchange is distinguished from (domestic) capital in that the two are not fully in
terchangeable. Concerning labor, Boon (8) argues that "from an economic point of 
view, only unskilled labour can be considered as labour, and skilled labour as a com
bination of unskilled labour and capital." 

Estimating shadow prices is a complex task that should be carried out at the central 
planning level, but the application of these prices is conceptually straightforward and 
can be readily undertaken by the project analyst. For this the analyst should have a 
clear and detailed understanding of the components that make up the project's direct 
costs and benefits. 

In the Tingo Marfa-Tocache i,Ludy, Lhis aulhor estimated the costs of roads, farming, 
and ancillary activities on the basis of anticipated expenditures for unskilled labor, 
skilled labor and domestic materials, and purchases from abroad. According to these 
classifications, the breakdown of r oad costs during the firs t 20 yea rR was es tim ated to 
r ange from 30 to 55 percent for foregin purchases (mostly road- building equipment), 
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from 30 to 40 percent for skilled labor and domestic materials, and from 15 to 30 per
cent for unskilled labor. The percentage of farm costs attributed to unskilled labor 
averaged about 70 percent, while skilled labor and domestic materials were expected 
to dominate the ancillary costs. 

Benefits were categorized according to whether or not the farm commodities pro
duced by the project would earn foreign exchange. Such currency would be earned if 
the commodities were exported or if they were to displace imports. In the Tingo 
Maria-Tocache study approximately 40 percent of the output was assumed to earn 
foreign exchange. Now it should be clear that the delivery of farm commodities to 

TABLE 2 

ECONOMIC EVALUATION OF THE TINGO MARIA-TOCACHE PROJECT 
USING SHADOW PRICEsa 

(Thousands of Soles) 

Net of Adjusted 
Adjusted Costs 

Adjusted Costs and Receipts 
Year 

Road Farm Ancillary Total Receipts 
Discounted Undiscounted at 10~ 

1963 56, 306 3,476 109,939 169, 721 1,089 (168, 632) (168,600) 
1964 68, 375 8,193 69, 443 146,011 3,574 (142,437) (1 29, 500) 
1965 66,189 12, 290 54,778 133,257 12, 628 (120,629) (90, 700) 
1966 28, 479 27, 581 50,365 106,425 28,954 (77,471) (58,200) 
1967 29,851 51, 706 54, 701 136, 258 58, 577 (77,681) (53,100) 
1968 26, 288 67,620 38,225 132, 133 98, 120 (34,013) (2 1,100) 
1969 17,038 84,778 33, 338 135, 154 142, 163 7,009 4,000 
1970 17,038 102,842 35, 198 155,078 191,600 36, 522 18,700 
1971 17,038 106,452 28, 554 152,044 236,493 84,449 39,400 
1972 17,038 111,999 33, 340 162,377 282,273 119,896 50,800 
1973 17,038 118,724 21, 683 157,445 328,810 171,365 66, 100 
1974 17,038 126, 100 21,683 164,821 373, 595 208,774 73,200 
1975 17,038 133, 599 21,683 172,320 416, 586 244,266 77,800 
1976 17,038 141,821 21, 683 180, 542 455,738 275, 196 79,700 
1977 17,038 148,039 21,683 186,760 490,008 303, 248 79,800 
1978 17,038 153, 501 19, 541 190,080 520,199 330,119 79,000 
1979 17,038 158,840 18, 294 194, 172 547,418 353, 246 76,900 
1980 17,038 163,439 18, 294 198,771 570,319 371, 548 73, 500 
1981 17,038 169, 401 18, 294 204, 733 591,040 386,307 69, 500 
1982 17,038 175, 387 18,294 210,719 614,713 403,994 66,100 

Net Present Worth 324,300 

0 Based on an assumed life of 20 years. 

the local marketplace (the point for measuring the value of the direct ouput) cannot be 
used in estimating the full amount of foreign exchange earnings. For example, coffee 
destined for export must be shipped to the coast, prepared for delivery, and so on. 
Eventually, this shortcoming should be corrected. The discussion of indirect con
sequences, in the next section, will provide a basis for doing so. 

To complete the analysis, estimates of the shadow prices-as a percent of their 
market Vl;llues-were made as follows: 50 percent for unskilled labor, 100 percent for 
skilled labor and domestic materials, and 120 percent for foreign exchange. Unskilled 
labor was known to be abundant in Peru, and there were reasons to suspect that the 
current wage was too high. Therefore, a shadow wage of 50 percent of the market 
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wage was used to reflect this condition. Domestic materials and skilled labor were 
assumed to be properly priced when consideration was given to certain offsetting tenden
cies, and foreign exchange was assumed to be worth 20 percent more than the official 
rate of exchange. Together with these assumptions , an interest rate of 10 percent for 
the price of capital was applied for discounting the adjusted costs and benefits of the 
project. 

The substitution of these shadow prices for market prices significantly i nfluenced 
the economic evaluation of the direct consequences of the Tingo Marfa-Tocache project 
because much of the overall cost was for unskilled labor engaged in farming and be
cause of the sizable portion of the agricultural output that was anticipated to earn foreign 
exchange. Results of the revised analysis based on shadow prices are shown in Table 2. 
The discounted values yield a positive net present worth, which indicates that the project 
is economically efficient in terms of its direct consequences. 

Indirect Consequences of a Project 

In addition to the direct consequences, just described, indirect and secondary con
sequences are also important in project evaluation. Indirect consequences relate to 
the inputs required by the project and to the manner in which the output is distributed. 
Secondary consequences are those that stem from the increased income created by the 
project. The increased income of the farmers, for instance, should lead to greater 
consumer sales of both domestic and imported products. These secondary consequences 
are more related to broad economic factors than to the specifics of the project itself. 
Consequently, they are believed to be better handled at the central planning level and 
will not be considered further in this paper. 

Evaluating the nature and extent of the indirect consequences calls for an estimate 
of the indirect production requirements of the project. Therefore, attention will first 
be given to the measurement of such indirect production followed by the way in which 
this information might be utilized at the planning level. 

Measuring the Indirect Production-An approximation of the indirect production can 
be made by noting the amount of inputs according to the type of supplying industries and 
by following the flow of the project's output to its point of final conswnption. The value 
of these estimates will be a first approximation to the value of indirect production. 
This can be illustrated by considering the inputs and ·outputs of the farming activity 
once farm investment has been made. In this section, which is based on anticipated 
market transactions, it is necessary to rely on market prices. Shadow prices may 
once again be applied by those at the planning level after the indirect production has 
been estimated. 

Depending on the type of farming activity foreseen, certain types and amounts of 
agricultural inputs would be needed from other industries-both domestic and foreign. 
These intermediate inputs would be such things as seed and seedlings, insecticides and 

TABLE 3 

INPUTS FOR THE FARMING ACTIVITY OF THE 
TINGO MARIA-TOCACHE PROJECT IN 1982 

Inputs 
Value Coefficients (Thousands of Soles) 

lntcrmcdlntc 
Seed and seedlings 2, 800 0.005 
Inse cticides and fertilizers 22, 200 0.039 
Transport 24,400 0. 043 
Miscellaneous 10,600 o. 019 

ToW 60,000 0.106 

Prlmary3- 506,400 o. 894 

Value of Outputb 566,400 1. 000 

0 Primary inputs include wog-cs, pn)rits, rent, interest, and whatever else remains 
after the cost of intermediate fnpvts hcis been deducted from the value of the 
output. 

bAs measured in the l0cal market. 
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TABLE 4 

ADDITIONAL ACTMTIES REQUIRED IN THE SALE OF THE 
TINGO MARIA-TOCACHE PROJECT'S OUTPUT IN 1982a 

(Thousands of Soles) 

Product Trade Net Manufacturing Total Transportb or Proceaalngc 

Rice 10, 205 1,288 0 11,493 
Beans 5, 327 541 0 5,868 
Peanuts 2, 122 388 10, 200 12,710 
Corn 3, 049 98 0 3,147 
Tobacco 3, 910 523 24,615 29,048 
Bananas 43 , 920 5,594 0 49, 514 
Other food 4, 690 (1, 377) 3,614 6,927 
Fruit 117,375 15, 744 43, 353 176, 472 
Fibers 22, 134 2, 180 145, 873 170, 187 
Rubber 18,081 2, 855 70, 514 91 , 450 
Cacao 8, 204 861 36,876 45,941 
Coffee 1,169 214 1,880 3,263 
Other Industrial 6, 511 837 31,973 39,321 
Beef 5,058 272 17,770 23, 100 
Milk 2,136 197 2,912 5,245 
Hides ~ 72 ~ ~ 

Total 254, 492 30,287 391, 192 675,971 

0
l ncludes only additional activities implied by the project; thus, that portion of soles 
of raw rubber which displaces imported raw rubber does not imply additional monu
focturin; activity. 

6Net t,omporr is the amount of additional cost involved in moving the form commodi
ties from the local market to more distant points of use, less savings when they are 
consumed on the farm. 

CThis is the estimated f.o .b. value of the manufoctured or processed product at a Lima 
plant. Actually, some manufacturing or processing would occur elsewhere, but such 
possibi Ii ties were not considered. 

Parentheses indicate a net reduction in transport activity when the source of demand is 
taken into account. 

129 

fertilizers, supplies, and various services. The amounts of such inputs for the last 
year of the analysis period for the Tingo Marfa-Tocache project are given in Table 3. 
The amount of intermediate inputs is small compared with the value of output because 
the method of farming is to be small-scale and relatively unmechanized. 

The section on direct consequences mentioned that the value of farm output was 
based on the prices received in the local market, but it is unlikely that all of the output 
will be sold there for consumption in its unprocessed form. Instead, some of the com
modities will be consumed on the farm, while others will be consumed in more distant 
markets, will be exported, or will be transformed into higher priced commodities. 

As noted earlier, approximately 40 percent of the value of the farm output was as
sumed either to be exported or to displace imported products. This percentage includes 
exports of coffee, cacao, and hides, and the substitution of imported vegetable oils, 
fiber sacks, and meat products. In following the flow of farm commodities from the 
local market to their point of final domestic consumption, or export, a variety of ac
tivities is involved, including those of export agents, wholesalers, retailers, transport
ers, manufacturers, and process ors. The estimates of the 1982 value of these activi
ties for the Tlngo Maria- Tocache project are shown in Table 4. 

It is important to realize that the activities associated with supplying the inputs and 
marketing the output are implied in the design of the project. In order to estimate the 
costs of the farming activity, farming practices and the inputs required for agricultural 
production must be known; otherwise, there would be little basis for estimating farm 
costs. Similarly, some estimate of the demand for the farmers' crops is necessary 
if the estimates of the value of output are to be reliable. Therefore, estimating the 
indirect production should involve little more than the careful recording of costs, ac
tivity by activity. The first approximation of the value of indirect production would 
then be the value of the sum of the production by all of these activities. Clearly, unless 
these activities are capable ofaccommodating the farming activity, the project will not 
develop as planned. 

Considering the limitations in the amount of data available to the project analyst, 
the estimate of indirect production probably cannot be carried much further than this 
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TABLE 5 

INDIRECT PRODUCTION FOR THE TINGO 
MARIA-TOCACHE PROJECT IN 1982 BASED ON 

PERU'S TWENTY SECTOR INPUT-OUTPUT TABLE 
(Thousands of Soles) 

Agriculture 
Extractive 
Foodstuffs 
Beverages 
Tobacco 
Textiles 
Footwear 

Industry 

Wood manufactures 
Furniture 
Paper 
Printing 
Leather 
Rubber 
Chemicals 
Petroleum and coal 
Cement, etc. 
Basic metals 
Metal transforming 
Miscellaneous 
Services 

Total 

Percent of direct outputa 

• Direct output is 566,400,000 soles. 

Indirect Production 

91, 200 
19, 500 

139,700 
100 

103, 600 
337, 500 

1,900 
2,300 
6,400 
6,200 
4,600 
1,900 

47,100 
25,300 
18, 200 

1,400 
500 

2,700 
14,000 

237, 100 

1,061, 200 

187% 

first approximation. However, industries 
that contribute to the indirect production 
will require inputs from still other indus
tries. For instance, a manufacturer of 
peanut oil who might purchase peanuts 
from the project could require inputs of 
certain additives, containers, shipping 
cartons, power, and so on. Each of these 
industries will, in turn, have its own re
quirements from still other industries. 
Some of the requirements may be imported, 
while others must be supplied by domestic 
industries. 

Tracing these additional activities is 
not easily accomplished in a straightfor
ward manner. However, if the country 
should have an appropriate input-output 
table for its economy, the sum of these 
activities can be estimated with relative 
ease. Fortunately, Peru has such a table, 
so that a more detailed and extensive 
estimate of the indirect production could 
be made than that shown in Table 4. The 
results are given in Table 5, which shows 
that the level of indirect production is con
siderably larger (187 percent) than the 
value of direct output. 

Using the Estimate of Indirect Production-It has been shown that if a project is to 
function as planned, certain inputs must be supplied to the project and the project's 
output must flow to its ultimate source of demand. The overall result of these trans
actions may be thought of as a "pressure" on the economy. Where the economy is 
slack, the pressure should be a positive factor in stimulating production; where it is 
nul i:;lack, lhe prei:;i:;ure cuul<.l creale pru!Jlemi:; !Jy placing <.lemau<li:; uu Iacluri:; lhal a!'e 
already in short supply. 

What is important about this pressure is that it is seldom neutral and therefore 
deserves careful consideration. In this regard, an analysis of the characteristics of 
the indirect production would be helpful in three ways: (a) it would provide data for 
general planning purposes, (b) it would indicate the use and generation of resources of 
special importance to economic growth, e.g., foreign exchange, and (c) it would point 
out the extent to which the project might affect those industries that occupy a pivotal 
role in the economy. 

However, consideration of these matters should not be the responsibility of the 
project analyst; instead, their analysis should be undertaken at the planning level, 
where the view of the overall economy is clearer. But the project analyst is in a 
preferred position to estimate the nature and amount of the indirect production. After 
making his estimate, the project analyst should pass it along to the planners for their 
evaluation of the project's implications for the rest of the economy. 

Levels of Analysis and Decision-Making 

The levels at which analysis and decision-making take place depend on the nature of 
the data being considered and on the qualifications and authority of those doing the 
analysis-the politicians, the economic planners, and the project analysts. 

Because developing countries have goals besides those that are purely economic and 
because strategies of development must ultimately be reflected in some form of invest
ment program, the highest level of project evaluation should rest with the politicians. 
Their authority or responsibility spans the breadth of society's interest, and only at 
this level can weights, or values, be assigned to the mix of economic and noneconomic 
factors. 
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The importance of the noneconomic goals of a project can hardly be overemphasized. 
In the developing countries, progress toward the attainment of better income distribution, 
land reform, improved diets, political unity, and so on, cannot be left to chance without 
ultimately endangering the political, social, or economic stability of the country. Ac
cordingly, noneconomic goals tend to take on more significance in project evaluation 
in the developing countries than in the advanced ones. And the project analyst should 
be alert to the contribution (or obstruction) that the project makes toward the attain
ment of these noneconomic goals, doing what he can to quantify them for review at the 
political level. Examples of what might be included are the number of jobs created, 
the number of families resettled on their own land, and the possibilities for improved 
diets. 

The next level of analysis and decision-making involves questions of economic growth 
and nationwide efficiency. This requires study by economists at the central planning 
level along the lines already described. 

Finally, the project analyst is concerned with the economic evaluation of matters 
related to the direct consequences of the project. The fact that his decisions are made 
at the bottom level should not diminish the importance of his activities. The degree 
of detail involved in estimating the direct consequences should make the results of his 
analysis more reliable than those related to the indirect consequences. 

CONCLUSION 

Highway engineers will have noted that this paper has cautioned against the use of 
the tools of analysis commonly employed in the evaluation of road investments. In
stead, more general methods have been suggested, such as estimation of direct costs 
and agricultural benefits and their subsequent discounting. Additional procedures have 
also been recommended that take into account conditions typically found in the develop
ing countries; that is, attention should be given to a country's goals and strategies, 
shadow prices should be applied, indirect consequences should be estimated, and the 
decision-making process should be split. The reasons for this emphasis may be sum
marized as follows: (a) costs of the penetration road are only a portion of total costs, 
with farming expenditures expected to dominate the rest; (b) benefits from the invest
ment can be measured more comprehensively by considering the increases in agricul
tural production than by relying on estimates of future traffic and assigning benefits 
to such traffic flows; and (c) the need to relate the project to the country's goals and 
strategies and to other sectors of the economy calls for additional information and new 
procedures. 

However, the preceding argument applies to the type of road where little or no prior 
vehicular traffic existed in the region under study. Should this not be the case, i.e., if 
prior traffic were substantial, then the road could hardly be classified as a penetration 
road and the foregoing procedures would have to be reexamined. It is the author's 
suspicion that the more traditional methods of road analysis would have to be incorpo
rated with some of those suggested for penetration roads. 

The author has been questioned about the difficulties of applying these revised 
procedures because a country may lack the personnel, time, or funds to conduct such 
extensive and intensive studies. It can be claimed that a "poor" decision made in time 
is better than a "good" one that is too late. Also, the inadequacy of data may preclude 
all but very crude methods. Furthermore, an approach that returns the analysis to 
the central planners for additional study can hardly be applied to all of the many road 
investment decisions. 

On the other hand, large investments, or those affecting a great number of people, 
should be weighed carefully. Also, some analysis, such as the one presented in this 
paper, is necessary if substance is to be ·given to the theories of economic development. 
Furthermore, recent strides in computational procedures should help the analyst. For 
instance, high-speed computers ease the work load, and their use is certain to increase. 
Finally, the amount of additional computational time needed for such analyses may 
often be small compared with the effort involved in gathering the original data and 
presenting it in its final form. 
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