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FOREWORD

The papers contained in this RECORD present various concepts of evaluative techniques
as related to systems planning and analysis.

Sharpe et al. present a sketch planning methodology and a set of models to facilitate
the selection of the best growth patterns for future development as related to Melbourne,
Australia. The focal point of their presentation is a general planning model developed
to optimize land use allocation on the basis of some quantifiable benefits and costs.

Burkhardt and Eby analyze various methods of computing transportation needs. The
use of need is discussed in the context of multisystems planning and other disciplines.
An in-depth case study of the transportation needs of poverty groups in rural areas is
discussed to illustrate methods of arriving at quantitative need estimates. Using travel
behavior data, they calculated the number of trips required for persons in several
areas of rural poverty to meet the average U.S. travel standard. The amount of trip-
making required to meet such a standard, according to the authors, is so large that it
was concluded that this means of calculating need was impractical. Another alternative,
along the lines of demand and income expenditure analysis, is proposed by the authors
for future research.

Miller and Rea present a corporative review of cost models for urban transit to
identify a model or models, which can estimate costs for alternative transit systems
with sufficient accuracy for use in transportation planning.

Neumann and Pecknold discuss an application of a time-staging approach to trans-
port system planning when there are large uncertainties over demand and community
acceptance of highway projects. A general strategic conditional approach is presented
as one technique for handling the uncertainties associated with any long-range resource
allocation problem.

Goldberg and Davis discuss an approach to urban modeling that seeks to extend the
focus of model building activity from a product to a process orientation.

Stuart presents a method for analyzing transit service trade-offs.



URBAN SYSTEMS STUDY OF MELBOURNE

Ron Sharpe, John F. Brotchie, and A. Ray Toakley,
Commonwealth Scientific and Industrial Research Organization, Australia; and
John W. Dickey, Virginia Polytechnic Institute and State University

This paper deals with an urban systems study for the future development
of Melbourne, a city that has 2.4 million people and is expected to have 5
million by 2000. The ultimate aim of the study is to develop a sketch plan-
ning methodology and set of models to facilitate the selection of the best
growth patterns for future development; as many quantifiable and non-
quantifiable factors as possible were taken into account. The focal point
of this particular substudy is a general planning model developed to opti-
mize land use allocation on the basis of some quantifiable benefits and
costs. The general model allocates activities to zones and financial re-
sources to activities over several time periods. The benefits and costs
include those for travel among activities and for location of activities in
certain areas. Some nonquantifiable benefits and costs are introduced
subjectively using sensitivity analysis techniques. The model has been
specialized to urban planning by inclusion of submodels for such aspects
as trip distribution, land values, and building costs. It has been calibrated
to Melbourne data in a cooperative effort between the planning authority
and the research team, and preliminary information for urban planning
decisions is now being produced.

eTHE model discussed in this paper deals with urban planning and its attempts to bring
about public benefits. The sum of the parts is not necessarily equal to the whole, how-
ever. Millions of personal decisions of maximum benefit to each individual do not nec-
essarily make for total maximum benefit. Webber provides good examples of this
situation relative to the automobile (2):

The most obvious example within the transport sector attaches to the growing problems of air and
noise pollution. Noxious emissions from individual vehicles are harmless; the problems arise only
when the number of individuals gets counted in the millions. . ..Externally, a few motor cars in the
streets of the great cities of Europe do not really matter very much. When the numbers become
large, the subtle qualities of the cities are rapidly eroded, to the loss of residents and visiting ad-
mirers as well.

Owen uses the very descriptive term, "the accidental city" (1), which is connotative of
the way in which cities have developed:

The basic difficulty of urban growth all over the world is that decisions about the use of urban
land are being made by a host of private parties without the guidance of comprehensive plans or
community goals.

What is happening is that each individual decision must be made in the context of the
ones made previous to it. Although these individual decisions may be optimal in their
own regard, they may build on each other organically so as to spiral out of acceptable
bounds. Apparently this is what has happened in many urban areas—not necessarily
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that the city as a whole has become a comparatively disadvantageous place to live (for
if it were, it certainly would be deserted by now) but that there are many disbenefits
that could be eliminated if the atomistic approach were given up.

There are many alternative ways to guide urban growth if the concept of the overall
public good versus the sum of individualistic goods is adopted. This study focuses on
one way: the organization of land use activities to reduce both travel costs and es-
tablishment costs for water, sewer, schools, and other publicly supplied services.
This is an initial formative attempt at using mathematical programming techniques to
determine optimal land use activity patterns with respect to the foregoing costs. (Much
has been done in the 2 years since the writing of this paper. The reader is directed to
the references at the end of the paper.) If future endeavors using the approach sug-
gested here are successful, it is hoped that some valuable inputs can be made to the
development of local, state, and even national land use policies.

STUDY BACKGROUND

In 1970 an urban systems study for the future growth of the city of Melbourne, Aus-
tralia, was proposed by the Division of Building Research, Commonwealth Scientific
and Industrial Research Organization (CSIRO), and initiated under the sponsorship of
the Melbourne Metropolitan Board of Works (MMBW), the authority responsible for the
planning of future development of the city. Melbourne currently has a population of
2.4 million people (1971) and is expected to have 5.0 million by 2000. Current overall
public and private establishment and operating costs in the metropolitan area amount
to more than $1 billion per year. Roads and services are under increasing pressure
as the area and its population expand. To make matters worse, the metropolitan
government has deep financial problems. For instance, water and sewer service
payments barely cover the interest on outstanding debts for these services (7). Fu-
ture growth thus must be directed if the regional government is not to come under an
even greater financial strain.

STUDY SCOPE

The basic aim of the overall study is to find the best growth patterns for Melbourne
based on as many quantifiable and nonquantifiable benefits and custs as possible. This
initial study is set on a macroplanning level. Particular goals of this study include
the following:

1. Definition of the type and accuracy of data necessary in the study,

2. Determination of macro land use patterns that are optimum for the metropolitan
area over the set of planning periods considered,

3. Determination of possible effects of changes in future locational behavioral
patterns, and

4. Consideration of some nonquantifiable factors, such as those involved in the
conservation of natural resources and reduction of pollution, and presentation of mea-
sures of these qualitative factors in a form that allows them to be weighed against the
additional costs and travel times incurred.

URBAN SYSTEMS MODEL
A city may be viewed as being composed of four basic elements:

1. Activities—all of the active and passive occupations and pursuits of the citizens
living in the city, These activities may be grouped into subsets for ease of manipula-
tion, e.g., industry, commerce, residential activity, education, recreation, and con-
servation.

2. Interactions—the flows or movements within and among activities of people in-
cluding services, goods, information, finance, and pollution.

3. Zones—areas that are potentially suitable for the settlement or establishment
of activities.

4. Paths—the routes over which the various activities interact. They take the form
of networks of roads, railways, pipes, wires, rivers, and air currents.



Associated with the preceding components are quantifiable and nonquantifiable ben-
efits and costs. These include the benefits and costs of establishing the activities in
the zones, the paths and flows, and the maintenance, servicing, and operation of these
elements. Included is the cost of subdividing and preparing land, of providing streets
and network services, hospitals, schools, and recreation and commercial centers, and
of block preparation and buildings. A major item is the cost of transportation and
travel.

The measure used initially in this study for the expected benefits of location of a
particular activity in a particular zone is the price that participants in that activity
are prepared to pay in the market for land. Although there are many obvious and se-
rious drawbacks to the utilization of land value in this manner (of which imperfections
in the market is a major one), there are also many advantages. In an open supply and
demand situation, people purchasing land will buy when the value they place on a par-
ticular block is equal to or greater than the selling price. In a residential area, for
example, such values would include the benefits of social desirability, social amenity,
recreational amenity, terrain attractiveness, environmental value, future development
potential, and accessibility to workplaces, shopping, and external recreational areas.
Thus, land value is a good surrogate measure of general desirability of a particular
location.

Benefits and disbenefits of interactions in addition to traffic flows have also been
introduced. These include the reduction in cost when adjacent zones share the same
service trunks and headworks and disbenefits of proximity between activities. One
measure of the latter is in land value increment. In addition, there is a time element
to the process, which for convenience may be approximated by a series of time periods.

From these observations, it is possible to formulate a model to allocate activities
to zones according to some socioeconomic objective subject to certain economic,
technical, political, and social constraints. The nature of such a model must be an
iterative one because the interactions, benefits, and costs are complex functions of
the allocation patterns. Hence, the model may be divided into submodels for allocation,
followed by derivation, and suitably damped to force convergence to an optimal solution
(Fig. 1).

ALLOCATION MODEL

The allocation model is a modified version of a quadratic programming model de-
veloped by Brotchie (8, 9) for optimizing the layout of a group of activities on the basis
of maximizing the total sum of benefits less costs of interactions among, and establish-
ment of, given activities. This formulation is an extension of the assignment problem
developed by Koopmans and Beckman (10).

The N activities of type i in time period m are of magnitude A,,. The M areal zones
each have a capacity Z, and may be filled with a single activity or a mix of activities or
only partially filled. The objective function includes the benefits and costs of estab-
lishing and operating an activity i in a zone j over several time periods (T).

Any portion, a,,,, of activity i can be allocated to zone j in time period m. The
planning problem thus is to select the set of a,,,'s to maximize a measure of merit
U(a,,,) where
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in which

S, x4 = volume of interaction between the portion of activity i in zone j and the
portion of activity k in zone 4 for the nth mode of interaction during time
period m,
R,;.. =length of travel path or travel time between zones j and ¢ for the nth mode
of interaction during time period m,
B, san = benefit less cost of a unit of interaction S, ;4,, along a unit length of path
R’J Lun> and
1y = benefit less cost of establishing and operating a unit of activity i in zone j
during time period m.

C

The first constraint (Eq. 1b) ensures that no zone is overfilled, the second constraint
(Eq. 1c) ensures that each activity is fully allocated, and the third constraint (Eq. 1d)
prevents negative allocations from being made.

The model is a nonlinear programming problem with NMT independent variables
a,;, and M + NT linear constraints. The merit function will normally be nonlinear be-
cause the arrays S, R, B, and C will be complex functions of the independent variables,
to be determined by derivation submodels at each step of the iteration. The method of
solution is presented in other papers (3, 11).

SUBMODELS

The submodels are used to predict the interactions, path lengths, and benefits and
costs of interaction, establishment, and operation of activities. The overall system
has been set up such that the submodels developed initially are relatively crude. It is
anticipated that more detailed models will be employed after this sketch planning en-
deavor indicales Lhe general lypes of benelicial solutions. Following are examples of
the submodels utilized: trip generation, trip distribution, modal split, traffic assign-
ment, trip cost, highway network construction and maintenance cost, service cost other
than traffic, and land value increment.

In the current study of Melbourne, several of the preceding submodels have been
developed to a level worthy of comment and are described as follows.

Trip Distribution Submodel

The submodel used for trip distribution is of the gravity type. The flow generated
by an activity i in zone j to an activity k in zone ¢ for the nth flow mode over the m th
time period may be assumed (12) to be given by

Sises = Pyy Qg Fyy Fiy f(BtokL) )

where

F,, = number of trips generated by activity i in zone j,
F,, = number of trips attracted by activity k in zone 4,

P, = 1/2 Qy Fyy f(Bxskz)’ (3)
Qy = 1/2;, P, F,, £(B, ), (4)
£(By,y) = cost and time function influencing trip length = e *"t3x4, and (5)

ty,x4 = trip time between zones j and £.



Service Cost Submodels

Services such as water, sewerage, drainage, telephone, electricity, and gas have
similar characteristics. They usually consist of source(s) or sink(s) (headworks), a
network of trunks or mains or both, and a distribution network.

The staging of headworks and trunks is of major importance in the growth of a city
and is highly dependent on the pattern of development. Distribution costs may vary
from zone to zone but may be assumed to be relatively independent of development in
other zones.

In the proposed submodel, the potential trunk network is assumed for a full set of
zones and headworks. The network may then be modified to suit different development
patterns by the omission of links and headworks or by changes in their capacity during
a time period. Thus, with respect to the first time period, for example, each link and
headwork may have one of five state conditions: built during the first time period, built
later, partially built during the time period and upgraded during later time periods, al-
ready existing, and not to be built at all. Other models are required to calculate the
costs of establishing each set of headworks; the cost of building each link as a function
of link capacity, terrain conditions, and staging; the flow in each link of a network;
and the cost per unit activity of distribution networks as a function of local terrain.

Land Value Increment Submodels

Current land values are available from various sources, and records of land trans-
actions provide hard data in this area. Predictions of land values in future time periods
will vary with time and with development and expectations of development.

Two approaches are being followed in the present study. The first is to neglect
future land value increments, as a first approximation, or to project them simply from
present trends. The second is to build a predictive model based on amenity changes
and calibrated on previous data. This second model can then allow for changes in land
value with activity allocations in an iterative process. This second approach now is
being formulated and the corresponding models calibrated.

GENERATION OF AN INITIAL FEASIBLE SOLUTION

An initial feasible solution needs to be generated at the start of the iteration process.
This can be readily accomplished by using any random solution that is not feasible, i.e.,
one that does not obey the constraints (Eqs. 1b and 1c), and the first step of the itera-
tion process to generate a feasible solution. Alternatively, an initial solution may be
generated by the planning authority using conventional planning techniques. Such a
solution may be technically evaluated and compared with the optimum solution gener-
ated from it.

SENSITIVITY ANALYSIS

A sensitivity analysis may be used to determine the sensitivity of the solution to an
increment in a single parameter or group of parameters. The parameter may be a
data item, a constraint limit, or an integer type of variable.

In the case of data, it permits the accuracy required of a critical data item or data
set to be established by observing the sensitivity of the solution to the item(s). Thus
the expense and effort of collecting data may be reduced if the model is insensitive to
certain items.

Sensitivity analysis allows the planner to interact with the model. In this way, the
planner can control all constraints, data, and certain design variables and allow the
model to optimize the remaining design variables. In this way, sensitivity analyses
may be used to find the consequences of planning norms and standards, to determine
the effects of changes in predictions of population and its behavior, and to determine
the effects of future changes in technology or economic structure or nonquantifiable
entities. In the latter case, the less tangible factors associated with overall merit
(or the weighting placed on them) may be varied and traded off against their economic
and technical costs, allowing the directions of an overall optimum solution to be
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subjectively determined and a course to be set in this direction. A series of these
inferactive steps would allow the overall optimum to be located approximately.

Long-term use of the model would allow course corrections to be inserted as ad-
ditional data become available with continuing urban growth. This model, or models
of this type, can be used to help develop an effective information system for urban
planning. Various developer proposals and strategic decisions may be tested and
analyzed, allowing day-to-day as well as long-term decisions to be made taking many
consequences into account.

APPLICATION

The study to date has been carried out at a macrolevel by considering aggregations
of activities and zones at a coarse-grained level to simplify initial data collection and
computer program development.

Three activities have been considered:

1. High-density residential redevelopment at an average increase of 20 people per
gross acre;

2. Low-density, new residential devclopment at an average density of 10 people
per gross acre; and

3. New industrial and commercial development at an average work force density of
20 workers per gross acre.

Each of the preceding densities is assumed to include development of streets and
other public purpose open space. The residential activities also include local shopping,
commerce, education, and park land. The residential increase in population is assumed
to he 1.2 million by 1985 and split in a ratio of 1 to 3 between high- and low-density
development. The increase in work force is expected Lo be 0.4 million persons.

The city has been divided into 34 zones (Fig. 2), each composed of one or more
local government areas. Each is assumed to be homogeneous in character throughout
the zone, and all interactions with other zones are assumed to act through the zone
centroids of the area. In general, each zone has areas of land vacant and available
for one or more of the three activities. The outer zones have large areas of unzoned
land available for development, more than that required for development to year 2000.

The interactions among activities considered are the flows of people for journey to
work, residential and industrial trips, and the flow of goods among industrial activities.
The volume of these interactions has been extrapolated from a 1964 survey carried
out by the Melbourne Transportation Committee (13).

The modes of interaction considered are private vehicles and public transport (bus,
tram, and train). The 1964 travel-time trees for these modes between the 34 zone
centroids have been obtained from the MTC together with the 1985 predicted travel
times. At present only a portion of the proposed freeway network is included, but
studies shall be made later to ascertain the overall benefits of full upgrading of the
freeway and rail networks in stages to the proposed 1985 condition. Associated with
each mode of interaction are unit costs of travel, which are functions of travel speed,
journey length, and traffic volume.

The costs of establishing services of gas, sewerage, water, local roads and streets,
telephone, drainage, schools, and electricity have been assumed initially to be inde-
pendent of level of development within each zone. These costs have been obtained
from the various service authorities on the basis of an assumed 1985 development
pattern (§) and reduced to unit per capita costs by dividing the total development cost
of each service in each zone by the expected 1985 population increase in each zone.
Later, these crude cost estimates will be replaced by using the submodels previously
discussed. Land values have been based on records of land sales and averaged in each
zone. The land value submodels will later allow for future changes with activity and
time.

EXAMPLES OF SOLUTIONS AND SENSITIVITIES

A few examples are presented here to illustrate the results generated by the model.
The distributions of activities to zones are shown in the accompanying figures as



circles drawn to scale and shaded to distinguish among activities, and Tables 1, 2,
and 3 give the per capita costs for each of the examples.

Solution 0 gives the existing work-trip travel times and costs using an uncalibrated
gravity trip distribution submodel. After calibration of the submodel (currently being
undertaken), it is expected that these costs and times will increase because the ac-
tivities are not as homogeneous in the real-life situation as assumed in the study.
After allowing for errors due to nonhomogeneity, however, it is interesting to note
the relative orders of magnitude of the different interaction costs and travel times.

Solutions 1, 2, and 3 give the results of model allocations of the future growth to
1985 in three successive stages, including land values as a benefit (negative cost).
The establishment cost breakdown shows the cost of each service on a per capita ba-
sis. The overall cost less benefit of establishment rises with time because the best
sites are occupied early in the development period, leaving the least attractive sites
to be developed last. The interaction costs and times do not appear to be significantly
affected, although during the earlier part of the 15-year time period there is a slight
decrease in travel costs and times because of a more efficient rearrangement of trip
destinations. For these solutions, only 25 percent of the proposed 1985 freeway net-
work was included. Greater economies are expected when larger portions of the net-
work are included.

Figures 2, 3, and 4 show the growth over the three time periods as circles of ac~
tivity. For easy visual comparison, the allocations are idealized as circles rather
than dispersed.

Figure 5 shows the development pattern if the growth to the year 2000 is allocated
simultaneously for a 30-year period. The average costs and travel times for this
solution are the average over the 30-year period. The interaction costs and travel
times are significantly higher than in the preceding solutions because of the greater
dispersion of the low-density residential areas.

Solution 5 (Fig. 6) is a sensitivity analysis of the effect of constraining all future
low-density development to 1985 to three satellites as shown. Even though the non-
quantifiable benefits of decentralization have not been included, the increases in es-
tablishment and interaction costs over those in the other solutions for the same time
period are not great. Hence, a satellite solution such as this (or some variation of
this) is worthy of further investigation. The small additional costs and travel times
may be weighed against the benefits of dispersion involved.

Other studies for sensitivity purposes that have been made, but that are not included
here, are as follows:

1. Solution excluding land value as a benefit.

2. Solution with a different ratio of population increment split between high- and low-
density residential activities.

3. Solution with establishment and/or interaction costs excluded.

4, Solution with population increment constrained to be equally split between the
northwest and southeast sectors of the city.

5. Solution with a constraint that 25 percent of future industrial development to
take place on edge of Westernport Bay (zone S2). This provides a means of testing
the effect on the city if the proposed port development actually does take place.

6. Solutions for layouts optimized for individual service costs such as sewerage,
water, and gas. These solutions may be presented to the individual service authorities
to enable them to check the accuracy of the data they have provided.

CONCLUSIONS

The systems approach to urban planning provides a framework in which many fac-
tors affecting the future growth of our cities may be given due consideration.

An important part of this approach is to create or formulate a flexible structure
whereby the model and the data may be continually refined as the study progresses
and the general body of knowledge of urban modeling advances. This is facilitated by
structuring the model into a hierarchy of modules or submodels that may be refined
individually without producing premature obsolescence of the system model.



Figure 1. Urban system model. Figure 2. Model allocation for 1970-1975.
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Table 1. Suboptimal solution for establishment cost breakdown.

Establishment Cost Breakdown (average cost per additional person in dollars)

Population

Increase Sewer- Local Tele~ Drain- Elec- Land
Solution (percent) Gas  age Water Roads phone age Schools tricity Value Total
0 (1970 conditions) - -~ - - - - - - - - -
1 (1970-1975) 17 67 285 160 680 280 133 370 490 -2,860 -400
2 (1975-1980) 33 73 298 180 710 295 122 368 600 -2,050 642
3 (1980-1985) ' 50 83 388 196 675 310 83 370 555 -1,700 960
4 (1970-2000) 100 84 641 236 690 310 114 368 528 -1,720 930
5 (satellite gruwll,

-2,000 900

1970-1985) 50 91 410 420 760 320 175 370 500

Table 2. Suboptimal solution for interaction cost breakdown.

Interaction Cost Breakdown (average cost per person per year in dollars)

Population
Increase Journey Industrial  Residential Public Private
Solution {percent) to Work Trip Trip Total Transportation Transportation
0 (1870 conditiona) - 167 (i 58 302 8 224
1 (1970-1975) 17 167 3 55 295 76 219
2 (1975-1980) 33 167 73 55 295 72 223
3 (1980-1985) 50 172 15 56 303 69 234
4 (1870-2000) 100 206 85 59 350 72 2178
5 (satellite growth,
19'70-1985) 50 182 85 62 329 8 251

Table 3. Suboptimal solution for average travel times.

Average Travel Time (min)

Population

Increase Journey Industrial  Residential  Overall
Solution (percent) to Work  Trip Trip Average
0 (1970 conditions) - 36.8 13.8 14.9 25.3
1 (1970-1975) 17 36.2 13.9 15.1 25.1
2 (1975-1980) 33 35.5 14.1 15.1 24.8
3 (1980-1985) 50 36.0 14.6 15.6 25.2
4 (1970-2000) 100 44.1 16.4 16.0 29.9

5 (satellite growth,
1970-1085) 50 38.8 16.0 15.8 27.2




Figure 3. Model allocation for 1975-1980.
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Figure 5. Model allocation for 1970-2000.
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Figure 4. Model allocation for 1980-1985.
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Figure 6. Sensitivity analysis, 1970-1985
(growth constrained to three satellites).
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Likewise the study itself may be treated in a hierarchical fashion, where initial ob-
jectives are to determine what data are necessary and what macro layout patterns
should be pursued in greater detail, e.g., satellite versus fringe development, thus
enabling later stages of the study to concentrate on specific patterns of development.

The set of models developed is intended to form the basis of an information system
for urban planning, allowing developer proposals to be analyzed, on a day-to-day basis,
and long-term strategies for future growth to be tested and evaluated.
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COMPARISON OF COST MODELS FOR URBAN TRANSIT

James H. Miller and John C. Rea, Pennsylvania State University

Urban transportation planning often requires a comparative evaluation of
alternate modes of transportation. One of the key criteria for comparing
systems is the cost of operation. Some of the most common cost descrip-
tors used to compare different modes are capital costs, total annual oper-
ating costs, total costs including depreciation and debt service, and cost
expressed in terms of units of output such as route-miles, ton-miles,
passenger-miles, or vehicle-miles. To evaluate proposed urban trans-
port system alternatives, it is normally necessary to completely describe
a hypothetical system and then determine each cost element item by item.
Although this approach is useful and in many cases necessary in making
final system selection, it is unnecessarily burdensome when attempting to
screen a large number of alternatives. A more useful transportation plan-
ning tool would be a relatively simple model that would predict costs based
on a limited set of input data. A review of the literature revealed several
efforts at modeling urban transportation mode costs. It is the purpose of
this paper to review these models and to evaluate their suitability for use
in urban transportation planning. It should be noted that this study results
from work done to establish the viability limits for urban transit modes.
It does not purport to be an exhaustive study of operating cost models.

¢SIX models will be considered in the following sections. These models differ in two
important ways: the type of independent variables considered and the method used to
determine the coefficients assigned to the dependent variables. Three types of inde-
pendent variables are used. They are system output measures, e.g., vehicle-miles,
vehicle-hours, and passenger-miles; system characteristics, e.g., number of vehicles,
length of station platform in feet, and length of right-of-way in miles; and system en-
vironment factors, e.g., age of city and density of land use. Most models use combi-
nations of the types of variables. Parameters for the dependent variables are either
estimated by regression analysis or determined on a unit-cost basis. This latter term
will be defined in the next section. Table 1 gives the six models by type.

As given in Table 1, the models have been developed to determine operating costs
for bus systems. Operating costs are defined as the variable costs of operation ex-
cluding allowances for depreciation, interest payments, and taxes. Exclusion of fixed
costs from bus cost analysis is not a serious omission. For modes without the high
capital costs of separate right-of-way, operating costs constitute 90 percent or more
of the total cost. Variable costs for exclusive right-of-way systems such as the pro-
posed Pittsburgh Skybus account for less than half the total cost; therefore, operating
cost comparisons are less conclusive than for bus or similar modes that are less
capital -intensive.

BUS COST MODELS
Four-Variable Unit-Cost Models

Operating cost models for bus operations were evaluated by Alan M. Voorhees and
Associates (l). These models were designed to reflect certain operating costs such as

Sponsored by Committee on Transportation Systems Design.

11



12

equipment maintenance and garage expense, transportation expenses, traffic and ad-
vertising expenses, insurance and safety costs, and administrative and other general
expenses. They do not reflect moneys needed for depreciation, interest payments, op-
erating taxes, special fare-collection equipment, or income taxes. Two models eval-
uated are identical in general form, the only difference being in the method of estimat-
ing parameters for the independent variables. Both cost models have the following
general form: Cost = A x vehicle-hours + B x vehicle-miles + C x peak vehicles + D x
revenue passengers, where A = cost related to an hour of vehicle operation, B = cost
related to a mile of vehicle operation, C = cost related to a peak vehicle, and D = cost
associated with a revenue passenger other than transportation. Parameters A through
D were estimated in two ways, first by the unit-cost method and then by multiple re-
gression analysis.

To determine the values of parameters A through D, we use the unit-cost system to
first divide the various accounting cost items in a manner given in Table 2 and then
calculate the cost of each item on the basis of the output most directly associated with
it. For example, transportation expenses of supervision, operator wage, and other
transportation expenses, as well as welfare expenses for the employees, are most
closely related to vehicle-hours; whereas insurance and safety costs, for example,
are mostly a function of either the number of passengers or the total amount of revenue
received. Using March 1968 data from D.C. Transit System, Inc., the cost for fuel
was $0.0312 per mile. (Records indicate that a total of 2,786,050 vehicle-miles were
traveled, and $86,786 was spent for fuel.) Assuming that during 1969 D.C. Transit
System, Inc., operated 30 million vehicle-miles, the cost for fuel would be $0.0312 x
30,000,000, or $936,000. A unit-cost model for that situation would be as follows:
Cost = $0.0312 x vehicle-miles (2).

The unit-cost bus models (1) for the four transit operating companies in the Wash-
ington, D.C., area are as follows:

1. D.C. Transit System, Inc.—

Annual cost ($) = (6.431 VH + 0.2187 VM + 1,802 PV + 0.01067 RP) Y
2. Washington-Virginia and Maryland Coach Company, Inc.—

Annual cost ($) = (5.825 VH + 0.1364 VM + 850 PV + 0.01872 RP) Y
3. Alexandria, Barcroft and Washington Transit Company—

Annual cost ($) = (4.244 VH + 0.1824 VM + 1,402 PV + 0.01442 RP) Y
4, WMA Transit Company—

Annual cost ($) = (2.985 VH + 0.1264 VM + 3,114 PV + 0.03281 RP) Y

In these models VH = annual vehicle-hours, VM = annual vehicle-miles, PV = number
of scheduled peak-hour vehicles, RP = annual revenue passengers, and Y = contingency
at 2% percent. It can be seen that the parameters vary widely. In some cases more
than 100 percent variation is seen among the various transit operations. Based on

this example and other experiences of this type of model, it must be recognized that
generalization to other transit operations would not be warranted because of the wide
variation in the sizes of the companies, age and condition of equipment, and labor con-
ditions faced by each company.

The advantage of the four-variable model is the relatively small amount of informa-
tion required to estimate parameters for the equation. The only information that might
not be directly available from operating records would be the number of vehicle-hours
operated. However, this could be obtained by analysis of schedules. After comparison
of the results of the unit-cost model with the regression model, the Voorhees consul-
tants determined that the unit-cost model more accurately predicted costs for its study.
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The unit-cost model can be used to predict future costs for a particular system;
however, any future estimates of cost should be stated in terms of the base-year dol-
lars. I actual dollar costs are to be estimated, the various parameters should be
inflated by a suitable index of the change in cost of that item.

Four-Variable Regression Model

The second type of parameter estimation for the WMATA study (2) was based on a
multiple linear-regression analysis of the system characteristics and annual operating
costs. Data for the period 1962-1970 were used to estimate parameters for the equa-
tion. Costs were stated in terms of 1970 dollars (Table 3); seven different variations
of the basic equation were tried. However, as given in Table 3, at least four of the
regression models did not do an acceptable job of forecasting even though they had a
high coefficient of determination. This is an indication of the sensitivity of the models
to changes in relation among operating characteristics. The consultant concludes as
follows (2, p. 4):

The models were developed using data for a period of operation when passengers were declin-
ing [and] efficiency was constant. The application of the equations to date where there is an
increase in both passengers and system speed results in cost estimates which are questionable.

The advantage of the regression equation model is that the parameters are estimated
based on several observations rather than on one and, therefore, should be a more re-
liable indication of the relation among the variables. However, as just explained, re-
gression equation coefficients are based on one set of operating characteristics, which
may change in the future. It is especially true when the model is being used to aid in
planning new transit systems.

Daily Cost Four-Variable Model

Ferreri developed a similar cost model for use in a Metropolitan Dade County
Transit Authority study. The cost model used in this study is in the following form:
C=AM+AH +AR + AV, where A through A, = parameters determined by the unit-
cost method, C = average daily cost of route operation, M = average daily vehicle-
miles of service on route, H = average daily vehicle-hours of service on route, R =
average daily passenger revenue on route, and V = peak vehicles needed on route (3).
As can be seen, the model differs from the Voorhees model in two ways:

1. The costs and other characteristics are determined on a daily basis instead of
an annual basis, and
2. Total passenger revenue for a day is used instead of number of passengers.

For the purpose of estimating parameters, accounting cost items were again as-
signed to the various output measures or system characteristics. To determine the
validity of this approach, Ferreri performed separate regression analysis comparing
the transportation expenses and measure of output for 11 transit properties.

As a more comprehensive check on these assignments, cost data from a sample of
66 transit properties were analyzed by the authors using regression analysis. Figures
1, 2, and 3 show the scatter diagrams and the related R? values. The cost items shown
in these figures correspond to accounts prescribed by the ICC Uniform System of Ac-
counts for Class I Common and Contract Motor Carriers of Passengers.

As can be seen, assignment of operating costs in a manner similar to the system
used by Voorhees (Table 2) is certainly justified. In addition to the four-variable
formulas, a two-variable formula was also tested by Ferreri. This formula only in-
cluded vehicle-hours and vehicle-miles as the independent variables. The premise
behind this comparative investigation is that, for planning purposes, the simpler the
formula the easier the application if a sufficient degree of accuracy can be maintained.
He also made a route-by-route estimate of costs using the two- and four-variable ver-
sions of the formula for the Miami Transit Authority. When compared to actual
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Table 1. General typology of cost models.

Method for
Type of Parameter Mode Type of
Model Independent Variable Determination Described Cost Estimated
WMATA four-variable (2) Output and system characteristic Regression Bus Total annual operating
cost
WMATA four-variable Output and system characteristic Unit-cost Bus Total annual operating
cost
Slowness function (4) Output Regression Bus Cost per mile
D.R. Miller (6) Output and system characteristic,
- environment Regression Bus Cost per mile
M.G. Ferreri (3) Output and system characteristic Regression Bus Average daily cost per
route
DOT-IDA (_&_)_) Output and system characteristic Regression Bus Total cost
Table 2. Allocation of account items to operating cost model.
Velicle- Vehicle- Peak Hour Revenue
Item Hours Miles Vehicle Passengers
Equipment maintenance and
garage expenses
Supervision X
Maintain service equipment X
Maintain buildings and grounds X
Maintain revenue equipment X
Tires and tubes X
Others X
Transportation cxpcnscs
Supervision X
Operators' wages X
Fuel and oil X
Station expenses X
Others X
Traffic and advertising X
Insurance and safety X
Administration and general
Officers' salaries X
Employees' wages b 4
Legal expenses X
Welfare expenses X
Others X
Table 3. Regression models of bus costs.
Percentage of Original
Estimated Costs
Model R® 1975 1990
1 Y =28.3462 VH + 0.5433 VM + 976.582 PV
- 0.1841 RP - 52,235,544 0.997 68.8 44.2
2 Y =133.2481 VH - 0.1971 RP - 47,658,800 Not given 71.0 39.0
3 Y =1.0717 VM + 10,669 PV - 10,437,042 0.691 91.8 99.0
4 Y =1.0104 VM + 2,729,693 0.649 94.5 104.6
5 Y =25.1411 VH - 0.0532 VM + 2,385 PV
+ 821,010 (VH/RP) - 68,389,056 0.995 s 57.1
6 Y =0.6028 VM + 274,656 (VM/RP) + 8,911,720 0.738 91.9 99.2
7 Y =25.4827 VH + 793,072 (VM/RP) - 68,004,768 0.993 76.2 58.3
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operating results, it was concluded that the four-variable model was substantially
more accurate and warranted the gathering of additional data. The only information
that would not be readily available when proposing a new transit system would be the
number of vehicles needed for peak-hour operations on a route. However, by making
several assumptions about schedules and spare bus requirements, it is possible to
estimate peak vehicle needs. The consultant concluded that, for long-range estimates,
the two-variable model might be adequate. However, for short-range planning and
fiscal planning, the additional effort required to use the four-variable model would be
warranted (3, p. 9).

Slowness Function

A slightly different approach to modeling operating costs was taken by Miller and
Holden (é). They have formulated what they call a slowness function, based on the
premise that vehicle-miles operated and number of hours operated are the two most
important determinants of operating costs. They have combined these two variables
into one that they call slowness stated in minutes per mile (g). Starting with Ferreri's
model, which has the form C =AM = AH + AR + AV, they divide this expression
through by M and get C/M = A + (A, H/M) + (A,R/M) - (A,V/M), where H/M is slow-
ness in terms of hours per mile. If B, = 60A2, the second term becomes B,S,, where
S. = minutes per mile or slowness.

The last term in V is also a function of slowness because V = §,L./H, where L is the
total round-trip mileage of the route under consideration, and H is a peak-hour head-
way in minutes. The term R represents the cost of injuries and damage because in-
surance is often based on revenue. For purposes of this paper, it is assumed, how-
ever, that large transit properties may operate in a self-insured manner; therefore,
this variable is dropped. The form of the final cost model then is C/M = B, + B,S;.

To estimate the parameters B, and B,, Holden and Miller used data mainly from
the New York City Transit Authority (NYCTA) and the San Francisco Municipal Rail-
way. Some of the data from the Southern California Rapid Transit District and Chicago
Transit Authority were also used. Table 4 gives parameter values determined in sub-
sequent applications of this slowness function as reported elsewhere (5).

The advantage of this model is its simplicity. With only one independent variable,
and depending on only two measures of output, it is the simplest of all the models
evaluated. Holden and Miller have also included a factor to reflect variations in labor
costs. However, even with this, the model does not adequately consider differences
in operating systems and, therefore, is only valid for the particular transit system
whose data were used for calibration. As will be seen in a later section that com-
pares these various models, the slowness function cannot be used to generalize op-
erating costs for systems other than those with identical characteristics to the one
used for estimation of parameters.

3

Urban Environment Cost Model

Figure 4 (8) shows that, for bus operations in 1970, operating costs per mile
varied greatly, from $0.29 per mile to $1.97 per mile. Obviously, managerial ef-
ficiency alone does not account for this wide range in operating cost. An analysis of
variance study indicates that per-mile operating costs are related to fleet size (F =
54.3, significant at 0.001 level), possibly suggesting diseconomies of scale. How-
ever, because large fleets usually operate in large congested cities, there can be little
doubt that the cost is more directly related to environmental operating context than to
fleet size, which explains the variation in operating costs.

Miller (6) has attempted to identify factors that explain this wide variation in cost.
Variables that help explain variations in cost include population density of the urban
area, the age of fleet, the age of city, scheduled speed, and labor costs in a particular
area. Inclusion of these variables improved the explanatory power of the regression
model. Labor rate, scheduled speed, and city age were all significant. Miller's
conclusion was that the other variables, such as fleet age and population density, in-
fluenced operating costs; however, because of inaccurate or inappropriate measure-
ment of the variables, they were not statistically significant in the regression model.
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Figure 1. Relation between
administrative expenses and peak
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Figure 2. Relation between annual
equipment and garage expenses and
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Figure 4. Frequency distribution of operating
costs (8).
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Table 4. Summary of reported data on slowness function (5).

Slowness Constant

Property Date (Ss) (B1)

NYCTA 1969 Oct. 1969 19.38 5.28
Rapid busway Nov. 1969 15.65 34.56
Bus 1967-1968 Nov. 1970 9.21 22.3

Bus 1970 Mar. 1971 18.15 30.83
San Francisco streetcars Aug. 1971 11.9 85.10
San Francisco trolley bus Aug. 1971 7.89 89.30
San Francisco diesel bus Aug. 1971 11.61 56.50
Bus 1970 Aug. 1971 9.66 87.79
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Another effort (_Q) to model bus costs is of interest for several reasons. First, it
models total cost including depreciation and debt service. Second, it includes a variable
that reflects prevailing wage rates. In addition, a dummy variable reflecting form of
ownership (publicly owned or otherwise) is included because this influences capital
costs. The model is of the following form: ¢C =a, +a,mB +a, ;nW +a, gnVEL +
a,A +agS +a, (PUB/a;s), where C = total cost, B = bus-miles, W = hourly wage rate
of operating personnel, VEL = bus-miles per bus-hour attained by the firm, A =av-
erage age of fleet, S = average seats per bus, PUB = one for publicly owned firm and
zero otherwise, and s = proportion of fleet purchased with capital grant.

These variables explained virtually all of the variation (R* = 0.990). Note that the
VEL variable is the reciprocal of Holden's slowness variable. This variable was found
to have a strong effect on costs, but a decrease in cost is slightly less than proportional
to the increase in VEL. The dummy variable for ownership was significant. In fact,
public agencies enjoyed total costs that were 10 percent lower than those of private
firms (9). Fleet age, as in Miller's model, was only weakly significant. Possibly the

same measurement problems he noted are the cause.

COMPARISON OF THE MODELS

Three distinct approaches to modeling costs have been presented (unit cost, four-
variable regression, and slowness regression). To evaluate the relative merits of
each, we assembled several sets of data and applied them to each model. Because it
is not possible to check directly the predictive ability of the regression models, the
criteria used to evaluate the model were (a) the degree to which the model explained
variation in cost (R?) and (b) the data requirements for estimating parameters and using
the model.

Data from the D.C. Transit System, Inc., for the years 1962-1970 were used to
compare the four-variable regression cost model with the slowness model. The result-
ing equations are as follows:

1. Four-variable model—C = 28.095 VH + 0.5488 VM + 1.438 DV - 183 RP and
R® = 0.9966, where VH = annual vehicle-hours in thousands, VM = annual vehicle-
miles in thousands, PV = peak vehicles required, RP = annual revenue passengers
in thousands, and C = annual operating cost.

2. Slowness function—C/M = 0.9975 + 0.15 S, and R* = 0.997 (b for S, not signifi-
cantly different from 0.0), where C/M = operating cost per mile, and S, = slowness
expressed in minutes per mile.

Although the four-variable regression model explains variations in costs, when
applied to future operating characteristics of D. C. Transit System, Inc., it under-
estimated costs by as much as 68.8 percent. It was thus rejected for the Washington
study.

The slowness function cannot be calibrated from these data because the value of the
coefficient assigned to S, is not significant. This is undoubtedly due to the nature of
the data. Ten observations over time for the same company were used. If we assume
that operating practices, technology, and operating environment remain constant, any
variations in cost would be random or at least not explainable by a variable measuring
speed of operation. These results are in contrast to Holden and Miller's analysis of
the New York Transit operation. Using line-by-line data for the NYCTA (5), the fol-
lowing equation was determined: C/M = 8.585 + 19.097 S, and R® = 0.9888. Apparently,
because of the lack of change in transit systems over time, the slowness function can
only be calibrated from data on individual routes of a single transit property at one
point in time. The time series data were adjusted to a constant dollar; therefore,
this should not be a source of variation.

On the basis of explanatory ability, the four-variable model is clearly superior for
time-series data. For cross-sectional line-by-line data, the slowness function ex-
plains substantially the same amount of variation as the four-variable model. Neither
model is especially suitable for explaining variations in costs when data from several
properties are combined for regression analysis. Application of the four-variable
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model to the American Transit Association's sample of 69 firms yielded an R? of 0.52.
The slowness function provided less explanatory capability.

The second criterion of data for evaluating the models is less important than the
first. Size of data requirements is a factor only if a simpler model does an equally
adequate job of prediction. In this case, the slowness function requires fewer pieces
of input data but often does a poorer ]ob of predicting. Using the Miami Transit Au-
thority data presented by Ferreri, an R? of 0.45 was obtained with the slowness func-
tion, whereas using a two-variable cost function of the form C =a VM + b VH led to
explanation of 99.5 percent of the variation in total cost. For the NYCTA data, the
slowness function explained 99 percent of the variation. The four-variable cost function
explained virtually 100 percent of the variation. For the Washington, D.C., data, the
slowness function could not be used, whereas the four-variable function explained
99.66 percent of the variation. Annual mileage alone explains 65 percent of the vari-
ation.

The conclusion reached from this comparison is that the four-variable regression
model is equal to, and usually superior to, the slowness function. Additional data re-
quirements for the four-variable model are easily satisfied; therefore, there is no
reason not to use the four-variable version.

To check the accuracy of the unit-cost model, data from the Pittsburgh Skybus and
D.C. Transit System were used. The resulting equation for 1970 D.C. Transit Sys-
tem, Inc., data is C = 7.885 VH + 0.254 VM + 2,124 PV + 0.0121 RP. When the 1970
model was used to predict 1990 costs, the figure computed came within 5 percent of an
estimate made in a detailed engineering cost study.

To further check the suitability of the unit-cost model for planning purposes, data
from the Pittsburgh Skybus project were evaluated. Based on 1970 estimates, the
following unit-cost model was determined (7) C =0.496 VH + 0.148 VM + 0.008 RP +
10,321 PV. Applied in 1980 engineering estimates, this model predicted costs to
w1th1n 3 percent of actual estimates of operating costs. The conclusion reached is
that the unit-cost method of determining parameters appears to be an accurate method
when used to predict future costs for the same system.

SUMMARY

The purpose of this comparative review of cost models for urban transit has been
to identify a model, or models, that can estimate costs for alternative transit systems
with sufficient accuracy for use in transportation planning. Five of the models estimate
operating costs and are best suited for bus transit systems or other systems where op-
erating costs constitute a substantial part of the total cost of operation. Capital costs,
although difficult to model, are a relatively insignificant part of the total cost of opera-
tion for buses and are included in the sixth model. The simplest model in terms of
data requirements is the slowness model; however, it is the least desirable for general
application. The single independent variable only describes one of the cost determi-
nants. It can only be used for cost estimation for additions to the property for which
it was calibrated due to its stringent ""ceteris paribus" requirements. The four-
variable unit-cost model is much better suited to generalization even though it too
does not encompass all factors influencing costs. The data requirements are not
limiting. Recent experience of the authors using this model indicates that it is well
suited for short-range planning purposes. As suggested by the Washington, D. C., study
(1) described in this paper, the four-variable regression model is not as useful.

Efforts to formulate a general cost model, such as that by Miller, have been only
partially successful. Further research is necessary to refine measurements of en-
vironmental variables such as urban density. Also, as Miller points out, better
measure of fleet age and route structure might lead to a model better able to reflect
cost variation from property to property.
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APPLICATION OF THE TIME-STAGED
STRATEGIC APPROACH TO SYSTEM PLANNING

Lance A. Neumann and Wayne M. Pecknold, Massachusetts Institute of Technology

This paper is concerned with an application of a time-staging approach to
transport system planning when there are large uncertainties regarding
demand and community acceptance of highway projects. A general strate-
gic conditional approach is presented as one technique for handling the un-
certainties associated with any long-range resource allocation problem.
An example of the approach applied to a highway planning problem in Santa
Barbara, California, is presented, and conclusions are drawn as to its gen-
eral applicability to other transport planning problems, most notably when
network constraints and regional budget constraints provide additional in-
centives to stage alternatives in a conditional way.

eTHERE are three major factors that any planning process designed to be sensitive to
community values and environmental concerns must recognize. First, change is en-
demic in the society in which we live. Community goals and planning objectives, trans-
pertaticn necds, and the impact of transporiation facilities on the enviromment ail
change over time and require new responses in the planning of transportation systems.

In most states, these changes have been reflected in increasing and more vocal
opposition to urban highways, growing pressure to develop mode options other than the
private automobile by opening the highway trust funds (both national and state), and a
renewed debate over the states' development goals and transportation requirements.
The controversies generated by development plans for Mineral King Canyon near Los
Angeles and the Boston transportation plan are illustrative of increasing public and
private interest in the environment.

The second important factor that must be recognized is that public policy and invest-
ment decisions can strongly influence the patterns of change in a region. Though the
long-run interaction between the transportation system and the myriad social and eco-
nomic forces is not well understood, there is much evidence to suggest that the trans-
portation system can encourage growth and development patterns that in turn may place
new requirements for capacity on that system. Hence the need for transportation can-
not be described in the abstract without consideration of the system proposed to meet
that need.

Finally it must be recognized that changes in values, demand for service, and the
influence of transportation improvements on these changes cannot be predicted with
certainty. In addition to uncertainty in demand and factors influencing demand (e.g.,
population growth), the resources to be available in the future to meet these demands
are also subject to change.

In California, the freeway and expressway system master plan will probably never
be implemented in its entirety and certainly not on schedule. Had this been known or
anticipated at the time of its conception, there may have been an intermediate system
(in scale or location) that could have better served the state's transportation require-
ments in the 1970s and still provided adequate service in future years. For example,
instead of building some major freeways in rural portions of the state, more moderate
upgrading might have occurred over a larger segment of the highway system. There
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is currently some discussion within the California Division of Highways of the need to
explore more thoroughly the opportunities for constructing interim improvements.

Thus transportation options must be developed with the knowledge that present deci-
sions must be based on an imperfect understanding of the future of the region. Unfore-
seen changes may require new responses and adaptations that are impossible to fully
evaluate at the present time.

Many of the problems currently facing state highway departments are directly
related to the inability of the present system planning process to explicitly deal with
uncertainty and effectively relate near-term programming decisions to longer range
system plans. System planning must focus not only on desirable master plans but on
implementation strategies as well.

DEVELOPING STAGING STRATEGIES

Historically, transportation studies have developed a number of candidate systems
for some future target year and then chosen one of these plans to be implemented over
the time horizon considered. The urban transportation studies done as a result of the
1962 Federal Highway Act focused almost exclusively on evaluating systems to be im-
plemented by some target year. Usually, if alternative networks were even evaluated,
there were only minor differences among them (4).

However, transportation plans are not implemented instantaneously in ""one shot"
but rather as a series of stages over time, and transportation planners ought to ex-
amine different strategies for implementing a plan. For example, the 20-year master
plan might be divided into 5-year stages with alternative strategies consisting of dif-
ferent actions staged over this time period. Each stage of a particular strategy might
include construction of a number of highway links or transit options as well as different
studies. At the end of the first stage, the subsequent stages in a strategy could be
revised or updated in light of new information or changes that have occurred.

A brief example will illustrate the concept of a time-staging strategy. The approach
follows the general sequential decision model described in an earlier work by one of
the authors (1) In Figure 1, A;, B,, and C, represent the potential first-period actions,
and L, represents an uncertam variable (demand, community acceptance, etc.) that,
at the end of the first stage, may affect the feasibility or desirability of particular
actions. Associated with each value of L; is a probability Pi(L,). Second-stage deci-
sions depend on both the first~period action and information gained on the L; during
the first stage.

A staging strategy then represents a first-stage decision leading to a range of
choices in later stages. Decisions in future stages are conditional on the impacts of
previous decisions and the information gained in the interim. Although each first-
stage decision leads to a range of choices available in the succeeding stages, as deci-
sions are made, the number of choices and systems that can evolve during the specified
period decreases because of budgetary and time constraints.

In most cases the agency has the option not only of immediate actions—particular
transportation system changes—but also of deferring implementation of an action to
acquire more information about the problem. For example, if there is a great deal
of uncertainty about demand, it might be more efficient in the long run to delay con-
struction of a new system for a period to collect sufficient information to reduce this
uncertainty.

The time-staging approach recognizes that significant decisions on a system plan
are in reality going to be postponed until environmental impact, corridor, and initial
route studies are under way or complete. The mode, scale, specific alignment, and
indeed existence of a particular facility may be determined in later phases of planning.
Time-staged system plans recognlze the possibility of a number of outcomes from
these later studies.

By the time-staging actions on facility improvements, emphasis is placed on what
choices are available over the planning time horizon and how present decisions affect
the range of choices available in future stages. The different sequences can explicitly
recognize uncertainty by evaluating the impacts of a number of outcomes from nego-
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tiations or impact studies. Thus, staging strategies provide a convenient framework
for relating system and project planning by focusing on both short-term decisions and
longer range plans.

With the staging approach, initially, no particular "end state' need be identified as
a target system. By prematurely focusing on one future system, the master planning
approach loses flexibility to revise plans in the future. In addition, by not considering
implementation strategies, a master plan often represents an unrealistic goal that may
distort near-term project decisions.

LEVELS OF STAGING STRATEGIES

In general, there will be a number of uncertainties present and a wide range of dif-
ferent sequences of actions possible over the planning horizon. Also, probabilities
may be different at different stages, and a network simulation model may be required
to evaluate alternatives at each stage. Thus, an agency could never expect to provide
for all the possible contingencies in developing staging strategies.

Although the resources available for planning will restrict the number of sequences
and uncertainties that can be considered, attention need not be limited to one sequence
over time. Staging strategies cannot represent a statement of everything that may
occur in the future but can represent what appears today to be the major choices facing
the decision-making process. Research has been ongoing to develop practical tech-
niques for treating transportation planning as a sequential decision process in the face
of uncertainty (1).

To simplify the use of the staging approach, one can define different levels of strat-
egies, each addressing different though related issues. Relating the staging approach
to statewide transportation planning suggests the following three levels at which staging
strategies for transportation facilities might be developed:

1. Project level—In this case, strategies would trace out alternative ways to im-
prove transportation service in a specific location or alignment over time. The basic
choice would be on the scale and timing of improvements. For example, the choices
might be to build two lanes now and two later, four lanes now or four lanes later (6).
Staging construction would allow expansion if future demand levels are high or delaying
expangion if demand is low or improvements in other locations are more urgent.

2. Corridor level—A corridor will be defined as a subarea of the region in which
project stagings cannot be considered separately because of network interdependencies.
Corridor strategies might consider a number of projects that differ in location and mode
as well as scale and timing.

3. Regional level—At this level, a staging strategy would trace out how resources
might be shifted among all the investments proposed in the region. The essential
trade-off at this level will be the allocation of funds to different corridors or projects
based on the possible outcomes of studies and decisions made for staging strategies at
these other levels. For example, given high demand in all corridors being studied in
the region, large improvements could be funded in some areas with no improvement in
others, or intermediate improvements might be funded in all corridors.

Thus a corridor strategy may include a number of project strategies, and, within
a region, several independent corridor and project strategies may be developed. When
particular projects or corridors are funded for study, any of a number of improvement
sequences could develop because a staging strategy represents alternative decisions
that may occur over time. At the regional level, all strategies will be related by the
budget constraint on transportation improvements.

Figure 2 shows the relation between corridor and regional strategies. In each
corridor, A and B, different strategies for improving transportation service could be
studied separately. The alternatives implemented in one corridor will not affect the
desirability of alternatives in the other, except in terms of restricting the resources
available for improvements there. At the regional level, staging strategies trace out
the combinations of improvements that can be funded over time in both corridors.
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By considering a range of possible outcomes from the studies in each corridor,
regional strategies recognize the budget dependencies between strategies in each cor-
ridor without initially restricting the range of solutions studied in either. If only
small improvements are acceptable to the communities in B, then more major im-
provements could be funded in A. Likewise, if communities in both corridors wanted
major improvements, then a compromise would have to be achieved with either inter-
mediate improvements funded in both areas or all but minor improvements delayed in
one of the corridors.

Because a regional level staging strategy must include decisions on both program
selection (set of projects) and individual project development, it must explicitly address
the interaction between system and project planning. That is, strategies must recognize
that information acquired during more detailed route studies may affect both the sched-
ule and the design of the improvements in that location and in turn affect the scale and
timing of improvements in other locations.

APPLICATION OF THE STRATEGIC APPROACH IN CALIFORNIA

To illustrate the concepts involved in a time-staged strategic decision-making
process, we developed a case study based on projects currently under way in the
California Division of Highways Planning Program. The focal point for the example
is the Crosstown Freeway project in the city of Santa Barbara located in District 5 in
the state of California. Experience with the Crosstown project highlights many of the
limitations of the present process for developing an investment program that the staging
concepts can help to address more directly.

The case study makes use of decision analysis in evaluating the expected economic
efficiency of different strategies for the Santa Rarbhara area. The examples deman-
strate both the effect of considering the uncertainty of community acceptance of a pro-
posal and the interdependence of projects caused by a budget constraint.

Project Background

The Crosstown Freeway project in Santa Barbara has been concerned with improv-
ing the transportation service into and through the city. In particular, the proposed
Crosstown Freeway will upgrade the existing four-lane downtown section of US-101 to
freeway standards. Currently the downtown section has four signalized intersections
and is one of the few remaining segments of US-101 that is not at freeway or express-
way standards.

Santa Barbara, a scenic coastal city, has traditionally placed a high value on aes-
thetics. The existing alignment of US-101 forms a border between the beach and
recreational area and the main business district. Figure 3 shows a map of the area
and the location of alternatives for the Crosstown Freeway and for two of the proposed
bypass routes. During the past 17 years, the controversy surrounding the Crosstown
project has been focused principally on the location and design of the freeway. Although
many different interest groups within the city have felt some improvements are desir-
able, a number of nonfreeway alternatives have been proposed, and recently a group
of citizens opposing any further improvements on the downtown highway system has
emerged. Over the years the city council has steadfastly refused to accept a facility
design felt to be detrimental to the city's visual and recreational assets. What began
in 1954 as a 1-mile project with cost estimates around $10 million is currently a 2.7-
mile project with cost estimates ranging from $38 million to $55 million.

For the most part, the city has favored either a completely depressed freeway or
a partially depressed, landscaped alternative. At first, the Division opposed all
depressed alternatives because of their high cost and proposed a viaduct design and
a number of at-grade alternatives. Subsequently, a groundwater study concluded that
a depressed freeway on the existing alignment was unacceptable based on environmental
grounds. As each impasse was reached, new alternatives were studied and compro-
mises sought.

As a result of the difficulty with developing an acceptable improvement for the Santa
Barbara corridor, the District 5 planning program has experienced a large amount
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of project schedule slippage and reordering of project priorities. Such fluctuations in
planning program schedules have made it difficult for District 5 to effectively allocate
its resources because the Crosstown project represents a large part of the southern
half of District 5's total allocated budget. When the project was continually postponed,
augmentation projects had to be found so that legislatively defined District 5 and Santa
Barbara County budget minimums could both be met.

Over the years, it has become more and more difficult to find interim projects to
substitute for the Crosstown Freeway. Some of these interim projects, advanced for
early right-of-way acquisition and construction, have also run into delays and contro-
versy during the necessary negotiations with the communities involved. More impor-
tantly, many of the substitute projects are of relatively low priority and are funded
primarily to meet the legislated minimums.

One additional problem at the district level is that effective allocation of manpower
resources has suffered as a result of delays to the Crosstown Freeway project. When a
project is pushed ahead and scheduled for early right-of-way acquisition, personnel
must be shifted to this new project and work hurriedly to meet a new deadline. Because
District 5 is a relatively small district, it does not have a great deal of flexibility in
reassigning personnel and moving projects ahead on short notice.

Project Level Alternatives in the Santa Barbara Corridor

The three freeway designs chosen to demonstrate the time-staged strategic approach
at the project level were the depressed alternative on the Haley-Cota alignment, an
elevated landscaped fill alternative on the existing alignment, and the at-grade alterna-
tive combined with relocating the Southern Pacific tracks along the existing US-101
alignment (Fig. 3).

The decision to be considered in developing staging strategies is which alternative
should be advanced to final design in order to present a request for a freeway agree-
ment to the city. Given the size of the District's staff, there are only enough manpower
resources to do final design on one of the three alternatives, and therefore a decision
must be made to do a final design on one of the alternatives.

The probability of obtaining an agreement on a final design will depend on the alter-
native chosen. Figure 4 shows one staging strategy based on the decision to do final
design on the at-grade alternative. By the second period, if the community accepted
the design and signed a freeway agreement, right-of-way acquisition could begin with
construction taking place in the third period. If the proposed alternative was unac-
ceptable to the community in the second period, however, the Division would have to
redesign the at-grade alternative or do final design on another alternative. Then,
depending again on whether or not the community accepted the new design in the third
period, right-of-way acquisition could begin or a new design would again be needed.

Thus, assuming that these three freeway alternatives are available, the Division
would continue to choose to redesign rather than drop all studies if no freeway agree-
ment was obtained. Figure 4 shows the choices available over a span of three planning
periods for one possible alternative. A similar staging strategy can be developed in-
volving a first-period decision to design the depressed or elevated alternatives.

Once a first-period decision is made and the design proceeds, future decisions
become conditional on both the previous decision to design a particular alternative
and whether or not the design presented to the community was acceptable. A staging
strategy then is represented by a first-period decision and a series of conditional
future decisions that represent the choices left open over the current planning horizon.
The desirability of a particular first-period decision would depend, to some extent, on
the choices left open and the magnitude of the uncertainties present.

To simplify the example our attention is limited to the effect of uncertainty on the
relative economic efficiency of the three designs, and a straightforward expected value
decision analysis is performed. The method assumes that subjective probability es-
timates are appropriate for explicitly considering uncertainty. [Raiffa (Z) discusses
in detail decision analysis and the assumptions it makes.]
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The cost figures for right-of-way and construction for this example were taken from
the final environmental impact statement for this project. The economic efficiency
benefits were calculated from the state's planning, programming, budgeting system
(PPBS) indexes reported for the project in the 1972 planning program. The benefits
for all three designs were assumed identical because each project is assumed to pro-
vide the same improvement in service.

The net present value of each alternative strategy is the evaluation technique used,
which measures the net economic efficiency benefits of an alternative, given that imple-
mentation begins at some specified time. In describing the staging strategies based
on doing final design on one of the alternatives during the first 4 years, however, explicit
recognition was given to the fact that Santa Barbara may reject any or all of the pro-
posals, and therefore the implementation time of each alternative was uncertain. To
account for uncertainty, then, the economic value of an alternative must be weighted
by the probability of obtaining community acceptance for that design for any particular
period. By using expected values, we assume that the Division is not "risk adverse" (7).

Given the staging strategy shown in Figure 4, the Division can estimate the prob-
ability that the design of the at-grade freeway would be acceptable or unacceptable to
the community at the beginning of the second 4-year period. Likewise, if the at-grade
was unacceptable, one could estimate the probability that designs on any of the three
alternatives could be acceptable at the start of the third 4-year period. Once the proba-
bility estimates are made, an expected net present value can be calculated for a staging
strategy.

To calculate the expected value of a staging strategy, one must use the standard
"average-out and folding-back'" procedures. This involves working backward through
the decision tree, calculating the expected value at each decision point (assuming you
have reached this point in the tree), and discounting back until an expected net present
value is obtained for each possible first-period decision. This backward search pro-
cedure is necessary because the actions in the last period cannot be evaluated until
the history of actions and uncertain events up to that period is known.

Thus, one assumes a history of actions and events leading up to the last period and
then calculates the expected value over all possible outcomes for each action at that
time. The best decision for this point in time is then chosen as that action yielding the
highest expected value. For example, we could assume that the at-grade freeway was
designed and unacceptable to the communities in the first two periods. In the last
period then final design could be done on any of the three alternatives, and an expected
value for each could then be calculated.

Using the benefits and costs described previously, and the staging strategies devel-
oped as a result of doing final design on one of the three alternatives in the first period,
we calculated the expected value of each strategy for a range of probability estimates.
One example is shown in Figure 5. Here the probability of the community accepting the
depressed alternative was assumed to be 100 percent and for the elevated and at-grade
alternatives, 20 percent and 30 percent respectively.

The values shown at the end of the third period were obtained by assuming that, if
the community remained opposed to the alternative presented, after the third period
no further studies would take place. The $2.86 million net benefit shown for the deci-
sion to redesign the at-grade in the third period, then, represents the 30 percent prob-
ability of the community accepting the design times the net present value at the time of
right-of-way acquisition ($14.3 million) plus the 70 percent probability of no acceptance
with a return of zero (because studies are assumed to be dropped).

For the probabilities assumed in the figure, the strategy with the highest expected
economic return is to design the at-grade alternative, the second branch of the tree
(Fig. 5). If the community rejects the proposal in the second period, the strategy
involves redesigning the at-grade facility and, if rejected again, designing the de-
pressed in the third period. In reality, of course, the range of decisions in later
stages, as well as the probability estimates, may also change.

The strategies shown were tested with a variety of different probability estimates
each time but always assuming less than a 50 percent probability of acceptance for the
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at-grade and the elevated alternatives and more than a 50 percent probability of accep-
tance for the depressed alternative. In all cases, the decision to design the at-grade
alternative in the first period had the highest expected net present value, whereas the
second- and third-period decisions changed as the probabilities shifted.

Naturally, the expected net economic efficiency benefit is not the only criterion to
be considered, just as the present PPBS indexes are not the sole consideration in
placing projects in the planning program now. Accounting for uncertainty with respect
to a quantitative criterion can be accomplished in the formal manner shown for eco-
nomic efficiency. However, it is only illustrative of how considering uncertainty may
affect decisions. In this case, the preservation of the visual connection between beach
and downtown provided by the depressed alternative had to be weighed against its
greater impact on the relocation of homes and business establishments.

Relating Santa Barbara Corridor Decisions to the Rest of District

Two types of relations may exist among different improvements considered in a
planning program. First, within a given area there may be network effects (i.e.,
changes in traffic patterns of volume) that create dependencies among the gcale and
timing of proposed improvements. In the case of the Santa Barbara corridor, a num-
ber of improvements on US-101 outside the Crosstown section are contingent on a free-
way being built. Unless the Crosstown Freeway is constructed, these improvements
will also not be constructed.

The second and more general type of relation among improvements is that resulting
from the budget constraint. With scarce resources, a decision on a particular im-
provement must be made in light of the alternative uses available for those resources.
Thus, o decisicn o construct a freeway in Santa Darbara restricts a large amount of
funds and manpower from being used elsewhere. We will not illustrate how the desir-
ability of improvements in the Santa Barbara corridor may be affected by improvements
being considered elsewhere in the district.

In California, the relation among projects due to the budget constraint has two di-
mensions because of the existence of budget minimums as well as maximums. In
past years in District 5 when the Crosstown Freeway was delayed, substitution proj-
ects were needed to meet the District 5 and county minimums. The effect of the mini-
mums was to constrain the geographic area in which substitution projects could be
developed.

Before adverse environmental impact of a depressed alternative on the existing
alignment was uncovered by a groundwater study, the Division had ruled it out as too
costly. Before making such an assessment, however, one must consider both the un-
certainty associated with the community accepting a particular design and the alter-
native uses for the funds if the Santa Barbara project is delayed.

The previous example will be modified by assuming that, now if the Crosstown Free-
way is delayed, some funds would have to be spent on one or more substitution projects
just to meet the district minimum. Furthermore, as before, the only improvement
alternatives in the Santa Barbara corridor are the three designs considered earlier.

Given these conditions, two substitution programs were developed from projects
identified in the 1972 Multi-year Financial Plan as candidate substitution projects if
the Crosstown is delayed. The net present value of these substitution programs was
negative, confirming the Division's judgment that many of the substitution projects
were low-priority improvements whose schedules had been pushed forward prematurely
just to meet the District 5 and county minimums.

Figure 6 shows how the decision to design a freeway alternative in the Santa Barbara
corridor is related to the overall District 5 planning program. The decision to design
a particular freeway alternative can again result in two outcomes. If the community
accepts the design, right-of-way acquisition can begin in the second period, followed
by construction in the third. If the design is unacceptable, a substitution program must
be funded in the second period and a decision made to redesign the alternative rejected
or design one of the other two freeway options.
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Figure 5. Expected value of designing freeway alternatives.
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By evaluating the strategies considered in the previous project level example (but
with the requirement now that a substitution program be funded if a design is unaccept-
able in a given period), the strategy with the highest expected net present value has
changed from designing the at-grade alternative initially to designing the more costly
depressed freeway. In fact, the strategy of designing the depressed freeway in the
first period continued to have the highest expected net present value even when the
probability of acceptance on the other alternatives increased to 50 percent. The impli-
cation is that the higher probability that the community will not accept the at-grade or
elevated design, coupled with the need to fund premature and low benefit-producing
substitution projects if the freeway is delayed, suggests that designing the depressed
alternative in the first period may be a better decision with respect to increasing the
expected economic efficiency from the entire planning program.

CONCLUSIONS

A broad application of the time-staging approach will allow system plans to both
reflect and leave open a range of the choices available and at the same time restore
more continuity to investment schedules.

When significant uncertainty exists, whether it involves community acceptance,
demand forecasts, or another factor, a transportation agency should systematically
examine the consequences of the uncertainty. One cannot eliminate the depressed
alternative in the Santa Barbara case because of the $10 million cost differential with-
out examining its probability of acceptance (or earlier acceptance) relative to other
alternatives under consideration.

Even where significant uncertainties do not exist, the timing and design of projects
in an investment program must be interrelated because of budget constraint, Trans-
portation projects cannot be designed independently, but rather the design and timing
of an improvement must reflect the alternative uses of those funds.

The role of system planning in the context of staged alternatives is to carefully
anticipate the choice issues that must be resolved as planning continues and to devise
tentative sequences of improvements based on potential outcomes from these choices.
At the same time, it must be recognized that no amount of caution or effort can antici-
pate all the choice issues or recognize all the feasible alternatives. New options will
be added at some later point and others will be dropped from consideration.

The time-staging approach is decisive, by requiring action on first-period plans,
and realistic, by recognizing that it is neither desirable nor necessary to make tenta-
tive decisions over a long time horizon. While leaving future decisions open until
more information is obtained, staging strategies take into account possible future
options and events and are able to evaluate the most flexible direction for present
decisions.
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NEED AS A CRITERION FOR TRANSPORTATION PLANNING

Jon E. Burkhardt, Resource Management Corporation; and
Charles L. Eby, Systems Discipline, Inc.

Transportation improvements are sometimes based on estimates of unful-
filled needs of particular groups. However, the concept of need (as dis-
tinct from that of travel demand) has not as yet been defined well. This
paper analyzes various methods of computing how much transportation
people need. The use of need is discussed in the context of health systems
planning and other disciplines. An in-depth case study of the transporta-
tion needs of poverty groups in ruralareas is discussed to illustrate meth-
ods of arriving at quantitative need estimates. Ways of defining necessary
trips (by trip purpose) are discussed. The number of households needing
transportation is calculated according to the transportation services avail-
able to the household and the transportation services that the household can
afford. A scale of five levels of need is derived from transport service
availability and affordability. Using travel behavior data collected through
home interviews, the number of trips required for persons in several
areas of rural poverty to meet the average U.S. travel standard is calcu-
lated. The amount of trip-making required to meet such a standard is so
large that it was concluded that this means of calculating need was im-
practical. Another alternative, along the lines of demand and income-
expenditure analyses, is proposed for future research.

eTRANSPORTATION is generally considered to be a service that is consumed not for
its own merits but rather to achieve some secondary goal. Transportation is not an
end in itself—it is a means to an end.

Ways of determining how much transportation service should be provided are rela-
tively standardized. However, recent attention to the problems of poverty groups has
shown that some persons, not by their own choice, use a great deal less transportation
than others. This group (which also includes the elderly, the handicapped, the very
young, suburban housewives, and others) is now known as the transportation disadvan-
taged. The members of this group are often thought of as using much less transportation
service than they need. Therefore, according to this argument, they should be provided
with more transportation. However, existing transportation planning models are not
useful for specifying the additional transportation to be provided.

How much transportation does any person need? If someone needs more transporta-
tion than he now uses, should he be provided with all that he needs or with one-half of
what he needs? How would increases in travel and mobility affect the lives of the trans-
portation disadvantaged" It is important to distinguish between mobility and travel. Mo-
bility represents the supply function of transportation services facing an individual {(or
group). If two people have accesstothe same transportation services at the same price,
then they have equal mobility. Travel, on the other hand, refers to the actual behavior
of an individual (or group) when he uses transportation services. An individual's travel
is generally considered to be a function of several factors, including his mobility, in-
come, personal tastes, employment status, age, sex, the supply functions for other
goods, and his demand for other goods.
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PREVIOUS ESTIMATES OF TRANSPORTATION NEEDS

Although many analysts have argued that various groups of people should be provided
with more transportation than they now use, very little has been written on precisely
how many trips are needed by which persons. This is not surprising, given the com-
plexity of the concept of need. The estimation of travel demand, based partially on the
characteristics of the traveler and the travel facilities, still has some shortcomings
despite the large amount of previous research (1). How then are we to estimate travel
behavior if we are to say that the basic travel demand features (namely, personal and
system characteristics) are inappropriate and ought to be changed for certain classes
of riders?

One of the few significant contributions to the literature is Wickstrom's recent arti-
cle (2) that evaluates transportation systems from the user's viewpoint in terms of
available opportunities. Using data from the Washington, D. C., metropolitan area, he
found that (averaging subareas within the SMSA) work trips that were made from sub-
areas accessible to 75 percent of all SMSA work places within 45 minutes by automobile
accounted for 90 percent of all work trips. He concluded that "areas which can reach
75 percent of regional employment in less than 45 minutes are better than the regional
average and have superior access to employment (and vice versa)." (One should note
that Wickstrom's definition of accessibility is stated only in terms of time and does not
include cost or other considerations.)

Wickstrom found that "the highway system does and will continue to provide a higher
level of access to regional opportunities to its users than to users of the transit system,
either bus or future rapid rail."" Because not all persons can use the highway-automobile
system, he developed a balanced transportation measure for a region based on the sum
of the products of the proportion of the population in each subarea times the ratio of
actual to desired opportunities reached within a certain time.

The problem with this construct is that it is based on current actual behavior of per-
sons who travel and does not consider why persons do not travel. Thus, an area with no
public transportation is able to receive a perfect score on Wickstrom's index if the time
constraint can be met by the highway-automobile system. The actual availability of
transportation must enter into the calculations if transportation needs are to be accu-
rately identified.

Other studies have discussed the travel needs of specific groups, potential demand,
latent demand, and unmet needs (3), but none of these studies produced concrete mea-
sures of the number of trips required by specific groups of people. All in all, the pre-
vious attempts to define the need for transportation are incomplete, ambiguous, and
arbitrary. Although there are many possible definitions of need, they usually depend
on (a) the collective opinion of a body of experts as to the amount of travel people ought
to undertake to meet some standard of living, (b)the actual amount of travel undertaken
by some group whose travel behavior is taken as a norm, or (c) the target group's
own perception of what it would like to have.

Well-intentioned as they are, these methods of establishing transportation needs are
arbitrary in the context of actual impacts on the lives of the disadvantaged. The first
criterion can be seen as a variety of professionalism, which too often ignores inputs
from those actually being served. The second criterion seems to be the expression of
an equalitarian principle embodying social and economic leveling. The presumption
here is that everyone wants to (and should) travel as much as everyone else. These
ways of defining need are flawed because either they ignore the autonomous behavior of
the target groups or they make unwarranted assumptions about that behavior. The third
criterion depends on the ability of the disadvantaged to imagine how they would use a
service that they may never have had before. It has been found that the observed be-
havior of a group given a new transportation service may be quite different from be-
havior predicted in advance by the group itself. Therefore, each of these methods has
serious flaws.

Efforts have been made in health and economics to make the concept of need workable
in these disciplines. After considering what has been achieved in these fields, we will
discuss a specific attempt to estimate transportation needs.
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THE CONCEPT OF NEED IN OTHER DISCIPLINES

Although the use of a concept of need is widespread, very little has been done in the
way of defining the concept. Two articles that work toward a definition are written in
the context of medical care services, but their discussions are applicable to the provi-
sion of all social services. In the first of these (4) the population's health needs are
defined as follows: '"That quality of medical services which expert medical opinion be-
lieves ought to be consumed over a relevant time period in order for its members to
remain or become as 'healthy' as is permitted by existing medical knowledge."

Other related concepts are defined in the article; The population's wants for health
service are the quantity of services the population feels it ought to use. The popula-
tion's demand for health services is a function relating the quantity of services that the
population desires to consume, prices, financial resources, size, and psychological
wants. A normative shortage is the amount at which needs exceed market equilibrium
consumption. A market shortage is the amount by which market equilibrium consump-
tion exceeds actual consumption. These definitions are given in Table 1 (4).

The concept of need described in the table is arbitrary because it ignores consumer
behavior and it is vague about impacts of quality of life. The only connection between
need and quality of life implied by this criterion is that the level of services represented
by the need criterion is that which maintains a generally acceptable level of good health.
The analog of good health in the field of transportation is not obvious because the con-
sequences of varying amounts of travel are not obvious. Using travel as an analog to
health status would be like using doctor visits or days in the hospital as measures of
good health.

Boulding (§) describes differences between the concepts of need and demand, which
we have already encountered: Need is an ideal determined by experts, whereas demand
is what the consumer wants and buys. He notes that the expert-opinion criterion of
need involves homeostasis—the maintenance of an organism (individual or society) in
some generally acceptable state of being. He also points out that this definition leaves
us with the problem of determining exactly which state of the organism is to be main-
tained. This is simply a restatement, in more abstract terms, of the arbitrariness to
which we have already objected. Concerning the difference between demand and expert-
opinion need, Boulding (5) says,

All fields of life seem to feel the necessity of working out an uneasy compromise between the
concepts of demand as defined by the consumer and need as defined by the professional. . . .Un-
diluted consumer sovereignty, whether in economics or politics, where it takes the form of the
absolute sovereignty of the voter and the sovereignty of the nation, is ultimately intolerable and
leads to corruption and disaster. On the other hand, total professionalization, in the case of the
doctor, the economist, the sociologist, or the political scientist, is likewise intolerable; and the
revolt against paternalism, no matter how benign, is an essential aspect of the human identity.
Somewhere between the proposition that the customer is always right and the proposition that
the public be damned must be an uneasy Aristotelian mean....

Boulding goes on from the concept of expert-opinion need and considers the need of the
poor due to financial constraints:

One’s need in this sense is noi merely what some wise professional person thinks one ought to

have, but what one cannot afford because he is poor. In this sense also, need is thought of as

something which stands in contrast with demand, and the need for a concept of need arises be-

cause of certain deficiencies in demand as a principle of allocation. The concept of need as a crit-

icism of demand here refers to the fact that effective demand is closely related to income and to

the distribution of income. Need is an equalization concept.

This concept of need leads to what Boulding calls the grants economy in which govern-
mental agencies manipulate the marketplace to achieve a more socially desirable pat-
tern of consumption. Within the grants economy, two usually antipathetic schools exist:
one advocating grants of moneytothe needy (showing a reliance on demand criteria) and
the other advocating grants of goods and services (showing a reliance on expert-opinion
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need). The problem with both of these techniques is that, unless they are based on
careful estimates of actual consumer behavior, they can produce market distortions
leading to tremendous social loss. Boulding reports that the research to date on the
need for medical care, for example, has produced quantitative estimates of need that
are "absurdly inflated' because of their neglect of the problems of demand and price
structure.

CASE STUDY OF TRANSPORTATION NEEDS

We have been involved in a number of research efforts (6, 7) where one of the spe-
cific objectives was to produce estimates of the need for transportation among specific
groups of people. We have found that, to be useful, a definition of need must define which
trips are needed and produce quantifiable estimates of the number of households and/or
persons requiring additional transportation and the number of trips required.

Identification of Necessary Trips

Who needs to take a particular trip? This must be answered in terms of the attri-
butes of the trip (e.g., purpose, frequency, cost, and destination) and of the person
(e.g., age, family status, and employment). For example, grocery shopping (or other
means of food-gathering) is an activity that is considered necessary for survival. How-
ever, it is not necessary to make one trip per day to the grocery store, whereas it is
necessary for most people to make five round trips per week to work to get the money
to buy the groceries. Therefore, we must first establish some overall estimate of the
need (for trips as previously specified) and then subtract the amount of transportation
now being obtained. The remainder will be the additional trips required. [When de-
signing a new transportation system, the number of trips needed will figure in the cal-
culations of trips generated by the new system, which must be added to the number of
trips diverted from existing systems to arrive at a total required system capacity. Ex-
perience has shown that the diverted trips will be greater than the generated trips when
new transportation systems are implemented to serve the rural poor (8).]

We have now produced what we feel to be a complete list of ways in which an overall
level of need could be derived. These are as follows:

1. Optimize economic productivity by determining what level of transportation ser-
vice would have the greatest effect on the regional economy through increases in em-
ployment and personal income.

2. Establish the level of transportation that you consider to be the moral right of a
person through the political process.

3. Test a hypothetical range of transportation to determine at what point the benefits
of providing the service outweigh the costs by the greatest amount.

4. Use what the poor have now in terms of frequency as the definition of the mini-
mum amount of transportation required.

5. The minimum transportation required to achieve social goals is a possible alter-
native (experts in health, nutrition, employment and training, and other areas establish
the minimum level of travel required for each).

6. Use the personal perceptions of the poor as the estimate of need.

7. Run a demonstration project to determine how people would actually behave when
the system was actually there and see which of the preceding methods comes closest to
predicting the actual use.

Whatever method is used, it is important to stratify trips into required and discre-
tionary categories. Required trips are defined to be those that are highly income-
inelastic; that is, they will be taken almost irrespective of their price. Discretionary
trips are those that will be deferred as their cost rises. We found that, in an area of
rural poverty where free bus transportation was introduced, income-production trips
(work, welfare, and food stamps), grocery shopping, and health trips did not increase
significantly in frequency in the face of drastic trip cost reductions, whereas trips for
miscellaneous purposes, community action, visiting, and other shopping increased
quite markedly when free transportation was available (8).
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In a sense, we require a social-worthiness criterion for trips of various purposes.
It would seem that health trips would be higher on a list of priorities than would trips
to the pool hall. What portion of the gap between behavior and need might warrant
social support? After all, when someone receives additional income through the wel-
fare system, he gets only a minimally adequate level, not the national average.

Households Needing Additional Transportation

Having established which trips are needed, we can turn to the estimation of how many
trips are required. There are two factors that interact to produce an unmet need for
transportation service: the availability of some form of transportation and the con-
straints (financial, legal, and physical) on the options of the traveler. These items
should also be calculated in light of the characteristics of a particular trip, namely,
purpose, cost, destination (with respect to origin and other trip destinations), frequency,
and other attributes. We could then say, on a trip-by-trip basis, whether or not a par-
ticular household needed additional transportation according to the procedure shown in
Figure 1. This algorithm begins with the question of automobile ownership for the
household. It then asks if the automobile is available for that trip (it may not he for the
housewife in a one-car family), if the particular traveler in question can operate the
automobile (persons that are too young, too old, or handicapped cannot operate it), and
if the traveler can afford the cost of that particular trip (low-income persons may not
travel in certain instances to save money for other trips). The availability and afford-
ability questions are asked for each transportation mode to determine a residual number
of persons without transportation meeting their requirements. They are those people
who answer no to the last question on the list.

Estimating Procedure for the Number of Households in Need of
Transportation Services

It has not been possible to date to disaggregate the trip characteristics as previously
proposed. As of the present, one level of availability and affordability has been estab-
lished for all trips. Four normative levels of need have also been established according
to the availability of transportation and the ability of the individuals to afford it. These
levels are as follows:

1. Dire need—little or no transportation available or little or no purchasing power;

2. Strong needs—restricted transportation available and restricted purchasing power;

3. Moderate needs—several transportation options available and moderate purchas-
ing power; and

4. Slight needs—personal transportation available in good condition and moderate
purchasing power.

In addition, there is an implicit fifth level that may be called '"do not need additional
personal transportation."” Persons in this group have two cars available or one car plus
another mode that they can afford to use.

Transportation Availability—We have found that individuals with no transportation
resources whatsoever are so few that they are not worth mentioning (6, 7, 9). (This
conclusion applies to the most rural and poorest areas of our country.) The problem
becomes one of measuring how much is available, not if it is available. Obviously, a
person who does not own an automobile does not have as much transportation available
as one who owns an undependable automobile, who does not in turn have as much as a
person who owns a dependable automobile. Degrees of availability are distinct here, if
difficult to quantify. The following situations represent important measures of the lack
of transportation:

When the family does not own a car,

When no taxicab service can be called to pick up a person,

When no bus service is available nearby,

When friends or neighbors cannot or will not supply transportation, and
When walking is not feasible.

U1 WD
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Figure 1. Algorithm: households needing transportation.
Does this household own a vehicle ?
Yes -n.__v.No

Is it available
for this trip?

YesD—H—N

Can this traveler operate it?

Yes l No.

Can he afford
to oper;ﬁa it?
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Passenger mode available?
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Afford it?
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Taxi available?
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Afford it?
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Bus available?
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Afford it?
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Walking feasible?
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When none of these situations occurs, the availability of transportation is very good,;
when all occur, it is extremely poor. Several levels of availability are possible be-
tween these extremes.

We have developed a ranking scale based on the availability of transportation. This
scale is as follows: bus stops nearby, 1 point; taxi service available, 2 points; vehicles
owned, 7 points apiece; vehicle in poor condition, subtract 1 point; and vehicle not run-
ning, subtract 6 points. (If bus service is available frequently, it could be scored on
an equal basis as a taxicab. However, in many rural areas only one round trip per day
is possible on existing bus systems.)

It should be noted that availability, as used in our calculations, is based on the per-
ception of the individual and not of the analyst. It is common for the poor in rural and
urban areas to be unaware of the transportation services actually available to them. We
would argue that these people are in need because the ultimate effect is restriction of
their travel. However, the solution to their need is relatively simple: an information
and education program.

Transportation Affordability—When a household cannot afford to travel on existing
modes of transportation (including its own car), that household has unmet travel needs.
We have used the following criteria to form our definition of need:

1. Income less than $2,500 per year—household cannot afford to travel by car (sub-
tract 1 point if automobile available);

2. Income less than $3,100—household cannot affort to travel by bus (if income is
$3,101 or more, add 1 point if bus available);

3. Income less than $3,800—household cannot afford to travel by taxicab (if income
is $3,801 or more, add 1 point if taxicab available); and

4. Income exceeds $7,401—household has comparatively little difficulty traveling
(add 1 point for such households if any transportation mode available).

These figures are for nonfarm households. The corresponding incomes for farm house-
holds are $2,500, $3,000, $3,500, and $6,500.

The somewhat arbitrary nature of these definitions is recognized. A more satisfac-
tory procedure would be to contrast annual household income with trip cost and perform
the calculations on a per trip basis. However, the proposed procedure is felt to be an
adequate approximation of needs for the moment.

Composite Levels of Need—The points generated from information pertaining to each
household according to the availability and affordability criteria are added. The levels
of need previously described are defined to represent the following scores: dire needs,
0 to 1 point; strong needs, 2 to 3 points; moderate needs, 4 to 6 points; slight needs, 7
to 9 points; and no additional transportation needed, 10 points or more.

Estimated Number of Households Needing Transportation

The foregoing procedure was tested in five areas of rural poverty. Table 2 gives the
number of households in need in each of the five study areas. Several conclusions are
apparent from this table. First, in these five states few households have all the trans-
portation they need, but the percentage not needing additional transportation is remark-
ably similar among states. The percentage of households in dire need of additional
transportation varies substantiaiiy from state to state. North Carolina and South Caro-
lina have the highest proportion of persons in the first need category and in the second
as well. Minnesota has the lowest percentage of the rural poer population in these crit-
ical categories.

Estimated Number of Trips Required

An implicit objective of the research project previously described was to bring the
rural poor up to some national level of transportation adequacy. Therefore, we tested
the implications of the gap analysis method as the basis for an estimate of the amount
of transportation required by households in need.

The number of trips by households in need, using a gap analysis, may be calculated
by comparing the number of trips now taken by those households with an accepted norm
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of travel behavior. If the present travel frequency of those in the study group falls be-
low the given norm, then the difference is the number of trips needed by the study group.
The total number of trips needed per area is then the total number of households in need
times the number of trips needed.

The norm of travel behavior chosen is the average number of trips made by all per-
sons more than 5 years of age in the United States. This figure, according to the Na-
tionwide Personal Transportation Survey of the Federal Highway Administration, is
807 trips per person per year or 67.25 trips per person per month. A trip is defined
by this survey as "anytime you went from one place to another by motor vehicle or some
form of public transportation."

Table 3 gives the number of trips required by households in need in each of the five
study areas. As one can easily see, the number of trips required by the rural poor to
bring them up to the average trip-making behavior of the entire nation is phenomenal.
Our figures show that a poor person in the five study areas only travels one-sixth to
one-fifth as much as the average American. The number of additional trips he should
be making to be consistent with the national average is almost two per day.

Applying the numbers of trips required to the total number of persons in need pro-
duces an estimate of the number of trips required to satisfy the various levels of need
in each of the five study areas. The impossibility of providing anything resembling a
national standard of transportation for the rural poor should be immediately obvious
from the table. If standards are to be used, they must instead focus on local areas
and/or specific population groups to avoid arbitrary and unreasonable measures of need
(such as that of the national average).

DIRECTIONS FOR FUTURE RESEARCH

The arbitrariness of a concept of need based on average travel behavior is readily
apparent from the previous section. Although this may be the only viable approach at
the moment, there are more promising avenues that should be explored.

Future research should focus on a concept of need that refers to transportation ser-
vices that would be used (instead of those that should be used). Needs must be based
on actual behavior (or estimates of actual behavior), not on some idea of what people
ought to do. This forces the use of the values of the target group rather than the values
of planners.

One reason, already mentioned in the quotes from Boulding, for the evaluation of a
concept of need in contrast to demand is the feeling that the use of demand disenfran-
chises those who cannot afford themarket price of the commodity in question. This
feeling is completely erroneous. This form of disenfranchisement is a result of the
way in which demand is used, not the result of the concept itself. The economist's con-
cept of demand is simply a description of consumption behavior under a variety of con-
ditions. It has no normative aspect; it is purely descriptive. This concept leads to
economic disenfranchisement of the poor only when it is coupled with the idea that all
transactions must occur in a free, competitive market. That idea is strongly norma-
tive (it is certainly far from descriptive of most real markets) and is responsible for
producing a situation in which the economic votes of the poor are largely ignored be-
cause they cannot meet the market price.

Of course, it is not at all necessary to use the norm of a free market in conjunction
with the descriptive concept of demand. It is perfectly acceptable to ask how people
would behave if the price of transportation were X without addressing the question of
how the price X would come about. In fact the approach that we now recommend to de-
termine the transportation needs of the disadvantaged is to estimate the impacts that
would actually occur under various hypothetical supplies of transportation, without ask-
ing how these supplies might come about (except that we would limit our hypotheses by
technological feasibility). Some examples are as follows:

1. What would happen if free door-to-door transportation to work were provided
to the disadvantaged ?

2. What would happen if they could use the existing public transportation services
at zero cost?
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Table 1. Concepts of demand and need.

Concept

Related Phenomenon

Relation

Need [or medical
services

Wants for medical
services

Demand for medical
services

Quantity of medical
services demanded

Market shortage of
medical services

Normative shortage
of medical services

Total shortage of
medical services

Biological and psychological health states
as perceived by expert medical opinion.

Biological and psychological health states
as individuals perceive them and as re-
lated to cultural, educational, and social
status.

Market behavior as related to consumer
wants, prices of medical services,
prices of other good, and financial re-
sources.

Consumption of medical services given
values of determinants of demand.

Excess demand: at existing prices, quan-
tity demanded exceeds quantity sup-
plied.

Extent to which quantity of medical service
needed exceeds quantity of medical ser-
vices demanded at existing prices.

Extent to which quantity of medical ser-
vices needs exceeds quantity of medical
services supplied at existing prices.

Unique quantity comparable to total quantity of medical
services wanted and to the quantity demanded, given
determinants of demand.

Unigque quantity comparable to total quantity of medical
services wanted and to the quantity demanded, given
determinants of demand.

As a concept refers to no unique quantity of services,
but rather refers to a functional market behavioral
relation between quantities of medical services that
will be demanded, given levels of the determinants of
demand.

A unique quantity of medical services comparable to
both quantity needed and quantity wanted.

A unigue quantity of medical services comparable to
quantity needed, a normative shortage, etc.

A unique quantity of medical services comparable to
quantity needed, a market shortage, etc.

A unique quantity equal to the sum of market and
normative shortages at a given price.

Table 2. Level of need of households requiring additional transportation.

Arizona Minnesota Missouri North Carolina South Carolina
Number Number Number Number Number
of of of of of
Transportation House-  Percent- House- Percent- House- Percent- House- Percent- House- Percent-
Need holds age* holds age® holds age® holds age" holds age”
Dire 1,552 28 1,500 17 4,470 27 4,680 44 13,000 41
Strong 269 5 0 0 1,636 10 1,008 10 1,868 6
Moderate 911 17 4,210 48 4,070 25 1,652 16 8,450 27
Slight 2,268 42 2,425 28 4,470 27 2,820 27 7,380 23
Total houscholds
in need 5,000 92 8,135 93 14,646 89 10,160 97 30,698 97
Households not
requiring
additional
transportation 435 8 612 7 1,910 11 314 3 949 3
2Percentages based on estimated rural poor population in each study area,
Table 3. Calculations of required trips.
Additional Number of
Trips Percentage Trips per
Required of National Month Required
Trips per Persons Trips per to Meet Standard by Persons of
Household per Person National Now Dire Need to
State per Month* Household per Month Standard® Obtained Meet Standard
Arizona 52.1 4.58 11.4 55.9 17.0 389,662
Minnesota 26.4 2.81 9.4 57.9 14.0 244,050
Missouri 43.9 3.64 12.1 55.2 18.0 898,157
North Carolina 31.8 3.02 10.5 56.7 15.6 801,356
South Carolina 48.9 4.82 10.1 57.1 15.0 3,577,800

2Trips reported by respondents to survey {8} adjusted for comparison with national figures.
bCompared to national standards of 67.25 trips per month per person, according to FHWA's Nationwide Personal Transportation Survey.
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3. In the case of the handicapped, what would happen if they were given transporta-
tion ?
4. What would happen if the cost were nonzero in the three preceding cases ?

You can see that our approach is one that asks why these groups travel less and
seeks the answer by estimating how they would travel if one thing at a time were
changed. This is what economists do when they conduct demand analyses. There are
also some interesting parallels with marketing research, which is also trying to de-
scribe consumption behavior, but marketing researchers usually feel constrained to
operate within the limits of the currently existing type of market. They usually do not
consider situations that would require manipulation <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>