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Impact of Transportation-Facility
Deterioration and Abandonment

Hays B. Gamble, Institute for Research on Land and Water Resources,

Pennsylvania State University

Five studies of the effects of lack of funds for normal maintenance of
transportation facilities were discussed in a conference session. In Penn-
sylvania, a fiscal-review task force has made recommendations in the
areas of program, funding, and management and policy studies. The
most important of these is that highway maintenance, rather than new
construction, should receive first priority. A Federal Highway Adminis-
tration survey has found that, although highway travel has increased in
the last 6 years, the highway capital-improvement program has decreased,
and new highway capacity will soon be needed. A system was developed
in Ohio for measuring the condition (or stage of deterioration) of a high-
way and evaluating the effect of this deterioration on the highway and

its users. The process used in New York State for expending available
federal railroad subsidies, selecting the variables in the analysis, and evalu-
ating their weights is described. Maintenance models that predict the de-
mand for maintenance and maintenance impacts and a maintenance-
management system were developed for the state of Massachusetts.

Many state highway agencies and many railroads are
geverely constrained by lack of funds for normal main-
tenance programs on their facilities. As a result, there
is much deterioration, and some facilities have been
abandoned. Five speakers addressed these problems

in a conference session. The first speaker, Thomas
Larson, discussed highway construction and mainte-
nance policies in Pennsylvania, where future fiscal con-
ditions are constrained. The second speaker, William
Reulein, discussed trends in the changing physical con-
ditions of highways in the United States. Gary Byrd dis-
cussed ways of measuring highway conditions, effects of
deterioration, impacts of deferred maintenance, and the
impacts of these on highway use. The fourth speaker,
Michael Trentacoste, described an approach that is used
in New York State to analyze the impacts of rail abandon-
ment. Michael Markow described maintenance models
that predict demand for maintenance and maintenance
impacts and discussed maintenance-management sys-
tems. These papers are summarized below.

PENNSYLVANIA DEPARTMENT OF
TRANSPORTATION: POLICIES
FOR A FISCALLY CONSTRAINED
FUTURE

Thomas D. Larson, Pennsylvania State University

The Pennsylvania Department of Transportation
(PennDOT) maintains more highways—74 500 km (44 700
miles)—thanthere are inthe six New England states, New
York, and New Jersey together. An important issue
facing PennDOT is the allocation of revenue to meet
maintenance needs and also new construction. At pres-
ent, there are insufficient funds available, and unless
conditions change, this shortfall will become increas-
ingly more acute.

A fiscal-review task force has carefully studied the
problem and developed recommendations that address
three broad areas: program, funding, and management
and policy strategies.

The principal program recommendation was that high-
way maintenance, rather than new construction, should
receive first priority. This is a reversal of long-
standing priorities, but it reflects the wishes of both the
public and the state legislature. PennDOT should adopt

a high standard of maintenance that provides for time-
staged reductions of maintenance backlogs and preserves
the existing highways. It cannot allow deterioration to
increase. It must preserve the existing highways or
someday face the exorbitant costs of total reconstruc-
tion. New construction programs should be limited to
critical safety and structural deficiency problems on the
entire system and to significant improvements on a core
network of vital highways.

New funding will be extremely difficult to obtain.
PennDOT is already in a serious fiscal condition that
can only become worse, primarily because of the heavy
debt-service payments that are required by past bonding
practices. The bonded indebtedness of Pennsylvania
for highway construction is larger than that of any other
state because the legislature made no provisions for in-
creased revenues to cover the costs of paying interest
and principal on bonds. Because continued bond financ-
ing is untenable, the task force recommended that the
construction program be financed by current revenues
and federal aid. To accomplish this will require that
the liquid fuels tax be increased 0.5 cents/L (2 cents/gal)
and other funding sources, such as the automobile sales
tax, the general sales tax, and increased motor license
fees, be sought.

Recommendations directed toward management and
policy strategies included the development of better pub-
lic relations by performance standards and a department
report card to communicate performance levels to the
legislature and the public. PennDOT must improve its
internal efficiency by identifying and implementing oper-
ating economies, including more effective use of person-
nel. Capital programs should be highly selective, with
significant improvements concentrated on a 6700-km
(4000-mile) core of highways. A significant recommen-
dation was that about 21 700 km (13 000 mile) of roads
now maintained by the state should be turned over to local
municipalities. Those roads serve no statewide function,
but are truly local roads. Such a return would save
PennDOT a significant amount in maintenance and capital
costs after the cost of upgrading has been met.

TRENDS IN CHANGING PHYSICAL
CONDITIONS OF HIGHWAYS

William Reulein, Federal Highway Administration

Preliminary information derived from the National High-
way Inventory and Performance Study of the Federal
Highway Administration indicates that the growth in high-
way travel throughout the country is not being matched
by the present highway program. Although demand in-~
creases, the highway capital program, in constant dol-
lars, decreases. If the travel trend continues, and there
is no reason to believe that it will not, a greater per-
centage of the capital program will be needed for the
creation of additional capacity.

During the past 6 years, travel per lane kilometer
has increased significantly in spite of a huge investment
in additional capacity. At the same time, the condition
of the pavement on both arterial and collector roads has
deteriorated. Prior to 1970, many more highways were
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new or nearly new, and with this abundance of quality
pavement, it was possible to place greater emphasis on
providing improvements in highway service. In the next
10 years, however, increases in marginal and poor-
quality pavements and unsafe bridges may force highway
agencies to switch their emphasis away from improve-
ments in service to increases in expenditures for im-
provements that maintain the existing facilities in a
reasonable condition.

The addition of new capacity since 1970, although it
has not matched the increased demand, has brought im-
proved service and safety to highway users. This is
evident from the shift in travel to higher quality pave-
ment, more travel lanes, and divided or access-
controlled facilities. These improvements have gen-
erally offset the deterioration to the physical plant so
that, on the national level at least, systemwide travel
conditions appear to have remained stable since 1970.
This means that, while many highways and structures
should be improved, there has not been a great increase
in deficient highways in this period.

Changes in highway physical conditions do not neces-
sarily result in similar changes in highway performance.
The deterioration in pavement quality and the increase
in travel per lane kilometer have taken place in the in-
termediate ranges with probably only minor changes in
highway performance. Not until there are large in-
creases in highway travel on poor-quality pavement or
under congested conditions will performance decline.
This may not occur until the surplus of high-quality high-
ways that existed prior to 1970 has been absorbed.

These trends and conclusions were developed on the
basis of only two points in time. This means that we
may now be in the middle of a long-range trend or at the
start of some new cycle. Because such information is
vital at both state and national levels if the effectiveness
of our highway programs is to be evaluated and a sound
rationale for future funding levels is to be developed,
the inventory of highway physical conditions should be-
come an ongoing periodic activity for all highway agen-
cies.

DIRECT AND INDIRECT IMPACTS OF
DETERIORATION

L. Gary Byrd, Byrd, Tallamy, MacDonald, and Lewis

An awareness that the highway system ig deteriorating
at a rate that exceeds maintenance and rehabilitation
efforts has generated a growing interest in moving this
problem from a judgmental to a quantitative value sys-
tem that can be used with confidence in resource-

allocation formulas.

Measuring Highway Conditions

A study performed for the Ohio Department of Trans-
portation in 1970 was directed toward (a) the develop-
ment of a system for measuring the condition (or stage
of deterioration) of a highway and (b) the evaluation of
the effect (impact) of deterioration on the facility and
its users.

Over time, various physical and environmental in-
fluences will cause deterioration of the various elements
of a highway. At intervals, these elements can be ex-
amined and their condition measured. Assuming that the
the element can be maintained, a good condition will
show few unrepaired defects, i.e., a high level of main-
tenance quality, and a poor condition will show numerous
unattended defects, i.e., a low level of maintenance
quality.

The methods developed for measuring and evaluating

the quality of maintenance on highways in Ohio were
based on (a) a sampling of the highway system; (b) objec-
tive, qualitative measurements of physical conditions
that could be obtained quickly by regular maintenance
personnel; and (c) presentation of the measurements in
a simple, easily understood format.

A series of highway conditions referred to as record-
able conditions were surveyed by unit counts on various
highway elements. The results of the survey were pre-
sented graphically in computer-generated plots that
showed the cost per lane kilometer overprinted on the
number of recordable conditions per kilometer.

Effect of Deterioration

The individual recordable-condition measurements are
effective managerial tools for assessment of the perfor-
mances of specific maintenance activities. However,
highway management is concerned with the combined ef-
fect that maintenance quality has on (a) the physical in-
tegrity of the highway, (b) its safety, (c) its ridability,
and (d) the aesthetics of the system. To permit this type
of evaluation, four composite measurements were de-
veloped. Each used some or all of the individual
recordable-condition measurements, which were weighted
to produce a single value that is indicative of the main-
tenance quality within a specific area of influence. Each
area of influence must be considered separately because
the measurements suitable for inclusion in different areas
vary.

The general steps taken to produce a unit value for
each of the areas of influence were as follows: (a) The
appropriate measurements were identified, (b) each mea-
surement was weighted to reflect its relative impact on
the area, (c) all of the weighted measurements were
totaled, and (d) the total was divided by the total of the
weighting factors to produce a single number (the
weighted average value).

Management decisions or information developed in
future studies may require changes in the weighting
scales from time to time, but the procedures for devel-
oping the weighted values should not change. The weight-
ing that was used to reflect the effect that maintenance
quality has on physical integrity of the highway was based
on the statewide average direct-maintenance expenditures
for those activities being measured.

The basis for weighting safety conditions was an ex-
posure measure that was developed Lo reiiect the oppor-
tunity that a user has to encounter a recordable condition
on the system. In structuring the safety weightings, the
general areas considered were the pavement, the shoul-
der, and the appurtenances. The quality measurements
associated with the pavement surface are deterioration,
obstructions, and flushing. The quality measurement
associated with the shoulder was developed by observing
traffic on a typical two-lane roadway to establish the
percentage of vehicles encroaching on the shoulder area.
The two conditions of appurtenances evaluated were
guardrail deterioration and sign deterioration.

The American Association of State Highway Officials
(AASHO) has developed a present-serviceability index that
rates the ability of a pavement to serve traffic. This is
basically a ridability rating and canbe adequately repro-
duced by using an objectively established roughness index.

The weightings used for aesthetics attempted to re-
flect the driver's visual perception, which is directed
primarily to an arc of 2.5° around the primary line of
sight. The roadside was assigned 10 percent of the
value of the pavement that is in the direct line of sight
of the driver. Full weight was given to deterioration of
the pavement surface, obstructions, and auxiliary-
marking deterioration. Because the guardrail is in the



line of sight, it received full weighting. Sign deteriora-
tion was also given full weight because the driver is
looking for and at signing. Shoulder obstructions are
also in the line of sight and were given full weight. Fac~
tors associated with the roadside area, such as litter
appearance and drainage-ditch obstructions, were given
a weight of 10 percent.

Impact of Deferred Maintenance

Deferring certain maintenance activities may be more
costly than performing them in a timely manner. For
example, deferring ditch and culvert cleaning may cause
water to back up and pond in roadside ditches, which
will permit mosquito breeding and the sloughing off of
slopes as fills become water-saturated.

In addition to studying the maintenance of the physical
integrity of the highway, which is a principal concern of
the maintenance engineer, this project also studied the
impacts of deferred maintenance on the highway user.
Deferred maintenance may affect the user in the areas
of safety, operating costs, comfort, convenience, and
aesthetics. These impacts may be measured qualita-
tively or quantitatively, but the latter is preferable.
While it is sometimes moredifficult to assign values to
user consequences than to maintenance consequences,
techniques exist for the calculation of these costs. Fi-
nally, any assessment of deferred maintenance should
also consider the liability of the highway agency and its
employees. ;

Impact on Use of Highway

In a 1974 study, the development of a rational approach
to the establishment of warrants for the use of premium
pavements that require reduced maintenance was at-
tempted. As a part of that study, the influence of main-
tenance and rehabilitation work (roadway occupancy) on
the motorist was assessed. By using field data collected
under a wide range of roadway-closure conditions, costs
to motorists as determined by lost time, accidents, and
pollution were computed.

From thesedata, a computer program was developed
to perform an economic analysis of roadway occupancy
for maintenance and rehabilitation. The user specifies
the pavement design and the traffic. The program gen-
erates hourly traffic volumes by trip purpose, direction,
and year; vehicle-operation costs by vehicle weights,
speeds, and project-design alignment; values of time by
trip purposes, income levels, and time losses; and
annual work loads by activity. The influence of roadway
occupancy on the motorist is executed hourly for each
activity and lane closure. The resulting impacts on
operations, time, accidents, and pollution are combined
for all feasible closures including traffic detours and
crossovers. A 16-km (10-mile) section of eight-lane port-
land cement concrete was analyzed for a 20-year period.
At an 8 percent interest rate, the present worth mainte-
nance, rehabilitation, and motorist cost was $1 061 000.
This was divided 38 percent maintenance and rehabilita-
tion, 25 percent motorist operation cost increases, 35
percent value of time losses, and 2 percent increased
accident costs.

It is apparent that the management of maintenance
programs must include an effective tool under the cate-
gory of maintenance quality (or deterioration). This
tool must be developed to permit the setting of proposed
maintenance quality standards based on a technical,
quantifiable procedure and the measurement of the actual
quality standards achieved by the maintenance program.
With this important tool developed and used skillfully,
managers can realize another important step in meeting

their responsibilities to the highway users and taxpayers
whom they serve.

NEW YORK STATE RAIL PLAN:
ANALYSIS OF IMPACTS OF
ABANDONMENT

Michael Trentacoste, New York State Department of
Transportation

Because of extensive railroad bankruptcies, many kilo-
meters of rail lines in the northeastern United States
have been faced with service abandonment. Federal
legislation in 1973 provided funds for continuation of sub-
sidies, but left to the individual states the decision of
whether the avoidance of the negative social impact of
abandonment on individual lines justified public expendi-
tures. The New York State rail plan was adopted in 1976
as the basis for expending the available federal subsidy
funds. This paper briefly explains the process used by
the New York State Department of Transportation in
selecting the variables in the analysis, assigning the
level of importance weights to these variables, computing
a single impact index for each rail line, and ultimately
ranking the lines by their respective impacts. Several
hypothetical importance weights are then applied and the
resultant line-priority implications discussed. Conclu-
sions relative to the development of such a decision-
assisting process, its sensitivity to values, and the
proper interpretation of its results are presented.

The methodology used in this analysis of the impacts
of particular rail abandonments was based on the selec-
tion by individual rail customers, whose rail line was
being abandoned, of one of three courses of action: to go
out of business, to relocate, or to change to an alternate
mode of transportation. In general, the abandonment of
rail lines leaves former users with no direct transporta-
tion facility except highways. In the past, some shippers
faced with such a situation have chosen to use trucks only
between their plant and an alternative railroad station,
but others have diverted their traffic to trucks for the
full length of haul. In the former alternative, the added
costs of time and money associated with the transfer
between modes are an essential consideration. It is the
rail-dependent firms that must either close or relocate
in the event of abandonment of rail service. In this study,
each shipper was questioned as to his probable decision,
and the impacts of that decision only were evaluated. No
attempt was made to verify or second-guess the decision
or to screen out survey-sophisticated responses.

Several assumptions were made to allow for consistent
estimates and statewide comparison of the impacts of
alternative actions on each line. All firms indicating
that they would use an alternative means of transporta-
tion were grouped into a category called team tracking.
The location selected as the proposed team-tracking
facility was the nearest station on a rail line that was not
threatened with abandonment. The commodities shipped
were divided into two categories: bulk and nonbulk. The
multiplier effect of business closings (as, for example,
subsequent decreases in employment in non-rail-oriented
firms) was not considered.

The social-impact factors selected for inclusion in the
analysis were screened from guides published by the Rail
Service Planning Office of the Interstate Commerce Com-
mission.

A number of state and local officials, persons in in-
dustry, and members of special-interest groups were
asked to weight the criteria by considering the nature
and probable application of each of the five social-impact
factors and assigning it a percentage weight that indicated
how important they judged that factor to be in relation to



the other factors listed. The results of this survey
are shown below.

Criterion Weight (%) Impact Aspect or Measure

Employment 31 Railroad, shipper, and related-
service employees

Consumer costs 19 Transportation costs and

competition effects

Income, sales, property, and
corporate taxes

Energy use, air quality,
esthetics, and traffic con-
gestion

Population shifts, urban
versus rural composition,
land use or zoning disruption,
and public investment

Taxes and community 18
economics
Pollution 12

Community cohesion 13

Other 7

Since the number of returns inthe survey was small (66)and
the sampling procedure was noncontrolled, the statistical
significance of the results could not be ascertained.

Five factors were quantified in the analysis. These
were

1. Consumer costs, which were estimated on the
basis of increased transportation costs to firms on ter-
minated rail lines;

2. Employment, which was the net of jobs lost in
firms closing or reducing operations minus additional
jobs created in trucking firms;

3. Tax effects, which include property taxes and
sales taxes;

4. Sales effects, which were losses of sales by firms
closing or reducing operations; and

5. Environmental effects, which included changes in
energy use and the incremental air pollution associated
with alternative transportation modes.

Computation of the impacts is shown below (1 kg =2.2 1b).

Impact
Factor Mean Standard Deviation
Consumer costs, $ 81650 77 000

Employment, jobs 87 274

Tax effect, $ 27 200 50700
Sales effect, $ 11900 19600
Environmental effect, kg -2090 2160

Because the measures are not similar, they are not ad-
ditive. To combine them into a single impact index, the
standard deviations of each impact were scaled so that
an input of one standard deviation was equivalent to five
units on the scale. Figure 1 shows the scaling relation-
ships, andthe table below shows how the scaled values
of the variables are pooled to give an impact index (1

kg = 2.2 1b).

Actual Scaled Final

Social Social Weighted
Factor Impact Impact  Impact
Consumer costs, $ 4968 0.32 0.06
Employment, jobs 114 2.08 0.64
Tax effect, $ 140 385 13.85 1.22
Sales effect, $ 62 745 15.96 1.42
Environmental effect, kg -1610 -3.75 —0.f12
Composite index 2.92

Applications

The social impact-analysis can be used to identify those
rail lines that, if abandoned, would have no negative
social effect on the rail users and communities along the

line. A second result of the analysis is an indication of
the social benefits of each rail line relative to the others—
an importance ranking, The lines having the more sig-
nificant impacts can then be differentiated from other
lines and ranked according to their perceived level of
importance on the basis of the social~impact factors and
criteria weights used in the analysis.

A third significant and useful result of this work is the
use of the social-impact index to construct a benefit-cost
relation or index for each line. This index includes not
only the social impacts associated with each line but
also an indication of the cost of maintaining the line, and
is a cost-effective tool for the allocation of limited funds.

Sensitivity Tests

A test of the sensitivity of the ranking procedure that
uses several different hypothetical weighting schemes,
as well as the actual results of the opinion survey, was
developed. The table below shows four distinct sets of
importance weights that were used in the sensitivity
tests. Set A uses the weights that were actually devel-
oped by the small survey and used in the state rail plan.
The others were chosen to emphasize other factors.

Weight of Set (%)

Criterion A B C_ D
Employment | 31 10 10 10
Consumer costs 19 50 10 10
Community economics 18 10 50 10
Environment 12 10 10 50

Twenty-five rail lines that were faced with possible
service discontinuance as a result of the recent railroad
reorganization provided the data for the sensitivity anal-
ysis. For each line, the composite social-impact index
was calculated by each of the four importance sets. The
results of these sensitivity tests showed that reasonable
variations in the weights assigned to the various factors
can produce changes in the relative ordering of the ac-
tions or projects being considered. The extent to which
these changes are important depends on the intended ap-
plication of the resultant rank-ordered list. At one ex-
treme, such a list might be used to determine adminis-
trative priority for a single action decision. At the other
extreme, each rank on the list might be associated with
a different type of action.

Conclusions

Caution is necessary in both the development of the
factor weights and the interpretation of the resultant
rank-ordered list. To properly define the importance
weights, the analyst must sense who the affected parties
are. This is particularly important if actual weights
are to be ascertained by an opinion survey. If the in-
tended application is the decision of whether or not to
subsidize rail freight service, the analyst could choose
to survey the shippers who would benefit from the sub-
sidy, the general taxpayers who would share the burden
of the subsidy program (who generally react negatively
to added public burdens and are uninterested in or unable
to make trade-offs for the general welfare), or the re-
sponsible public officials who theoretically represent
the consensus and appropriate balances. An awareness
of and appreciation for the abilities and limitations of
this type of structured decision-assisting process require
that the analyst take the time to create and analyze sensi-
tivity tests for specific applications.

In addition to the resultant ranking of potential actions
or projects, the numerical values of the measures that
the ranking is based on can provide useful guidance that



Figure 1. Scaling procedure.
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should not be ignored. It would be difficult to defend cut-
off points or subdivision of the list solely on the basis of
the ranking, particularly when the cutoff discriminates
between actions that differ very little in numerical mea-
sure. Moreover, the actual distribution of numerical
values can support the selection of cutoff points.

MAINTENANCE MODELS

Fred Moavenzadeh and Michael Markow,
Massachusetts Institute of Technology and
CMT Incorporated

The demands on state highway maintenance systems have
been steadily increasing. Measured in annual dollars,
average maintenance expenditures increased from 900
to 1800/km (1500to 3000/mile)inthe years from 1963 to
1973. When reduced to constant dollars, this still re-
flects a net increase of 20 percent. As a result, many
highway departments have sought more efficient ways to
provide maintenance services while sustaining desired
levels of road service. This has led many states to the
development of maintenance management systems that
provide a systematic, formal, and objective approach to
planning, scheduling, and performing highway mainte-
nance.

Most state systems in use today are characterized by
the fact that, in the budgeting process, their primary
focus is on the supply of maintenance services in terms
of labor, equipment, and materials used and budget
money expended. There is, however, another side to
maintenance management—the ability to predict the de-
mand for maintenance. Maintenance demand arises
through the combined actions of road use, the response
of the physical road system, the desired or specified
level of service, and the effects of the road environ-

ment. Knowledge of the need for road maintenance is
essential for the evaluation of its impact.

Several states have incorporated various models
within their management systems to attempt to pre-
dict annual maintenance requirements or costs.

These models include quantity standards or work-load
rates and are often developed within the state to in-
clude local physical, operational, and environmental
conditions.

Because these relations are based on historical data
or on regression analyses drawn from existing practices,
they implicitly include a particular level of maintenance
performance; i.e., the standards to which roads have
been or are currently being maintained. However, to
gauge the impacts of maintenance, different levels of
performance must be investigated and compared to
maintenance demand and the difference between the two
then related to the impacts on the state and the motoring
public.

Massachusetts Maintenance Management
System

Recently the state of Massachusetts instituted a program
to develop a maintenance management system that can
quantify maintenance impacts. This will require the de-
velopment of maintenance models that predict the demand
for maintenance and relate demand versus performance
to the probable impact.

The system introduces two basic mechanisms for the
quantification of maintenance impacts. There are

1. The ability to express maintenance policy deci-
sions in terms of quality standards—specific thresholds
at which maintenance actions should be carried out
(quality standards allow managers to (a) evaluate trade-




offs among different maintenance activities competing
for limited resources and (b) tailor an annual mainte-
nance program within current labor, equipment, and
budget constraints] and

2. The use of maintenance models to estimate the
demand for future maintenance as a function of the phys-
ical condition of the road, the traffic, and the environ~
ment [{maintenance models allow managers to determine
(a) the results of holding maintenance levels fixed for
future years, (b) the results of varying maintenance
levels to attempt to achieve a better maintenance pro-
gram, and (c) similar strategy options for improve-
ments 1.

Maintenance Models

The maintenance models predict the future demand for
maintenance, both for budgeting purposes and for gaug-
ing the impact of policy decisions as expressed through
changes in quality standards. In most cases, the models
cover a time span approximately equal to that used for
budget preparation in Massachusetts, which is generally
1 to 2 years.

Predicting Demand for Maintenance

The annual demand for maintenance is predicted for each
of 15 to 20 groups of maintenance activities; e.g., the
model for the flexible pavement group includes the main-
tenance activities of patching, surface treatment, and
crack filling and the model for traffic lighting includes
repair, washing, relamping, and repainting of traffic
signals and luminaires.

The models operate under one of two modes. The
first mode pertains to activities that can be classed as
responsive maintenance; i.e., maintenance that is per-
formed in response to a particular type of damage.
Pavement maintenance is a good example of this mode:
Cracks are filled when they have exceeded a certain
width or extent and depressions are patched when they
have exceeded tolerable limits in depth or extent. The
level of maintenance that is actually performed—e.g.,
the percentage of cracks filled or the tolerance limits
governing patching—can be controlled explicitly by the
maintenance manager on a basis of established quality
standards.

The models required to represent responsive activ-
itieg contain exnlicit functions that relate the condition
or deterioration of the road feature to the pertinent
physical, environmental, and traffic-induced factors
that are thought to affect the life and performance of the
road.

The second mode pertains to activities that can be
classed as scheduled maintenance, where it is assumed
that the underlying physical relations governing the con-
dition or deterioration of the road can be adequately
represented by a linear time-dependent function. Pave-
ment striping and lamp replacement are examples of this
mode. The quality standards in these cases are simply
the frequency with which the maintenance is performed.

Predicting Maintenance Impact

For each of the 15 to 20 groups of maintenance activities,
models were also developed to predict (in a quantitative
form where possible) the consequences of maintenance
performance at a quality level specified. These impact
models cover four basic areas:

1. Safety and legal or regulatory responsibility;
2. Effects on highway users: vehicle operating costs,
travel times, user inconveniences and congestion effects;

3. Preservation of the road investment and preventive
maintenance; and
4. Aesthetics and visual impacts.

The impacts of those activities classed as responsive
maintenance can be expressed in either quantitative terms
(e.g., user costs or benefits or increases or decreases
in pavement life) or qualitative terms (e.g., an increase
in riding comfort). The impacts of those activities
classed as scheduled maintenance can be expressed in
terms of their effect on the total maintenance inventory
(e.g., the percentage falling below some minimum ac-
ceptable level) or overall maintenance trends (e.g.,
whether or not the frequency of maintenance matches the
rate of deterioration) and quantitative or qualitative der-
ivations of these.

Impacts of pavement maintenance are predicted in the
areas of preservation of road investment, user conse-
quences, and safety. For example, the beneficial ef-
fects of pavement maintenance in terms of preserving in-
vestments can be viewed in two ways. If the actual traf-
fic volumes agree with the original projections, then
maintenance extends the life of the pavement; i.e., it
forestalls the time at which overlay or reconstruction is
required. On the other hand, if the actual volumes are
heavier than originally estimated, then proper mainte-
nance can alleviate the effects of this additional damage
and thus retain the originally planned life of the pave-
ment. Both of these views can be quantified by using the
pavement-deterioration relations derived from the
AASHO Road Test.

Impacts in the area of user consequences are quanti-
fied by relating vehicle operating costs and travel times
to road roughness or to congestion arising from the
maintenance activities themselves. In the area of safety,
accident data (e.g., the number and severity of accidents)
can be correlated with pavement condition (measured in
terms of both structure and skid resistance).

These impact data for all maintenance activities and
the costs of maintenance performance are organized in
a table that provides a convenient way to summarize the
comparative costs and impacts of different maintenance
policies, where each policy is defined by a particular
set of quality standards. Managers may then judge the
relative merits of proposed maintenance programs to
adopt that one whose costs and impacts are most accept-
able.

Summary

Maintenance-management systems are typically con-
cerned with the management of maintenance supply, i.e.,
the labor, materials, and equipment used in mainte-
nance operations. Recently the other side of the prob-
lem, the influence of maintenance demand on proper
maintenance management, has been studied and a set of
models has been developed with the following capabili-
ties:

1. The ability to predict the condition or deteriora-
tion of specific road features as a function of relevant
physical, environmental, and traffic factors;

2. The ability to compare this predicted condition
with desirable or acceptable levels set by management—
quality standards—to determine maintenance demand;
and

3. Assuming that this maintenance demand is ful-
filled, the ability to assess quantitatively the impacts
of maintenance performance in the areas of safety, pres-
ervation of investment, user consequences, and aes-
thetics.



Automobile-Restricted Zones

Hays B. Gamble, Institute for Research on Land and Water
Resources, Pennsylvania State University

The automobile-restricted zone, in which the free flow of traffic into a
congested area is reduced, has been suggested as a potential solution to
some of the problems of downtown business areas. This paper reports
on a conference session that discussed problems, experiences, and oppor-
tunities of such zones. The following topics are considered: Recent ex-
periences with automobile-restricted zones in Europe and in the United
States are compared. The concepts, goals, and techniques for imple-
menting automobile-restricted zones are discussed. A series of disaggre-
gate, behavioral travel-demand models that were used to estimate the
impacts of various automobile-restrictive policies on downtown retail and
employment centers are described. The planning and design opportuni-
ties available in automobile-restricted zones are discussed. The economic
approach to congestion problems, i.e., roadway pricing, is introduced, and
its implementation in Singapore is described,

Restricting the free flow of automobile and truck traffic
on downtown city streets is considered by an increasing
number of transportation planners to be a means to re-
duce congestion, revitalize central business districts
(CBDs), improve urban environments, and encourage
more efficient use of mass transit facilities. Con-
cepts, problems, opportunities, and experiences with
automobile-restricted zones (ARZs) were discussed

by seven speakers in a conference session. Joseph
Goodman compared recent experiences with ARZs in
this country and in Europe. Marvin Overway discussed
the concepts, goals, and techniques for implementing
ARZs. William Loudon discussed a series of disaggre-
gate, behavioral travel-demand models that were adapted
for the estimation of the impacts of various automobile~
restrictive policies on travel demand to downtown retail
and employment centers. Lajos Heder described the
planning and design opportunities available in ARZs,
Bert Arrillaga introduced the economic approach to con-
gestion problems—roadway pricing and some of the fac-
tors affecting acceptance and implementation of the con-
cept. Peter Watson and Edward Holland described the
Singapore experience with congestion pricing.

EUROPEAN AND AMERICAN
EXPERIENCES: RECENT
COMPARISONS

Joseph Goodman, Urban Mass Transportation
Administration

One of the major arguments in support of ARZs is the
fact that the potential time savings of mass transit are
lost in central business districts (CBDs) because of traf-
fic congestion. In Europe, the immense growth in traf-
fic on the narrow, medieval streets has become intoler-
able. In the United States, the motivations for ARZs
are broader. Here, we are also trying to recapture
some of the amenities of the cities and stem the decline
in vitality of the CBDs. Decline in transit use and de-
cline of downtown urban areas reinforce each other.

A 2-~year study by the Urban Mass Transportation
Administration (UMTA) has compared the European and
American experiences and shown that there have been
positive effects in Europe: ARZs have stimulated the
use of downtown urban areas and increased business.
The record in the United States, however, is uneven.
Most of the experiences with ARZs in American cities
have been with pedestrian malls, and the effects in
terms of stimulating downtown retail businesses have
been inconsistent.

In Europe, many of the ARZs are large and involve
many downtown city blocks. They are also relatively
clean and simple in design. In the United States, with
the exception of one in Memphis, Tennessee, ARZs
usually involve only a few blocks or a single street. We
have relied heavily on street furniture, such as planters
and benches, which are very expensive. On both con-
tinents, the placement of utilities underground can be
very expensive.

AUTOMOBILE-RESTRICTED ZONES:
CONCEPTS, GOALS, AND
TECHNIQUES

Marvin Overway, Alan M. Voorhees and Associates, Inc.

In the past year or so, the idea of the ARZ has become
increasingly prominent. The term is commonly used to
cover a rather wide variety of situations, depending on
the perspective involved, but the concept that is emerging
may have significant potential for some existing city
centers.

What Is an ARZ?

To begin with, it may be helpful to understand what an
ARZ is or can be. Some examples of areas where auto-
mobiles are restricted (although not necessarily prohib-
ited) include commercial superblock redevelopments,
suburban shopping malls, new-town residential areas,
recreation and amusement parks, and college campuses.
The obvious benefits ARZs offer in terms of environ-
mental quality and overall attractiveness are increasingly
evident, particularly when they are compared to areas
where the automobile continues to be dominant. The cur-
rent interest in ARZ planning is an effort to achieve sim-
ilar benefits within existing city centers by reducing the
impacts of the automobile.

The concept of restricting traffic is not new. Traffic
has always been subjected to a variety of controls, which
have become increasingly restrictive with time. The de-
gree of restriction that can be instituted varies. The
measures used can be grouped into four basic categories:
physical, operational, regulatory, and economic.

Objectives of ARZs

In the highly automobile-oriented society in which we all
function, increasing the restrictions on automobile traf-
fic is viable only if there are corresponding benefits.
These benefits serve as trade-offs with the things that
people perceive as the disbenefits, both real and imagi~
nary, associated with the change,

The goals and objectives of ARZ concepts are distinct
for different types of areas. For existing city centers,
the goals are the vitality of the urban center, its environ-
mental quality, and the stimulation of other travel modes.
Specific objectives for realizing these general goals have
been identified in four categories: transportation factors,
economic factors, social factors, and functional and
physical factors.

Clearly, the degree to which ARZ policies can attain
these objectives is subject to a number of factors, some
of which are only indirectly related to the ARZ concept.
An ARZ can be a catalyst to give impetus to a direction
and a commitment to the maintenance and enhancement



of the city center by changing a situation of congestion
and conflict to one of separation of function.

ARZ Techniques

While the actual design and implementation of an ARZ is
closely related to the specific characteristics of the
area, observation of a variety of existing ARZs suggests
that there are a number of general techniques that are
commonly used. These are

1. Traffic restriction—higher degrees of automobile
restriction are realized through circulation controls with
only limited interference to basic access;

2, Traffic circulation—through traffic is diverted out
of the area, and local traffic is diverted around the area;

3. Transit service—a high level of transit service is
provided to the area to serve as an attractive alternative
mode;

4. DPedestrian orientation—pedestrian facilities are
upgraded and linkages between facilities are provided;

5. Urban activity—existing spaces are reused for
pedestrian-scale activities and to stimulate human inter-
action opportunities; and

6. Environmental quality—the area is made a nice
place to be, with cleaner air, less noise, and improved
urban design features.

The manner in which these issues are related to a
specific site and the degree of their emphasis is tailored
to the unique requirements of each local situation.

The following elements of an ARZ are interrelated to
define a comprehensive ARZ scheme: the basic street
element, the outer diversion element, the initial core
element, the innercirculation element, the expanded
core element, and the reinforcing element.

While the nature of the end product and the emphasis
placed on particular elements are subject to substantial
variation, the issues addressed and the techniques used
are conceptually representative of most ARZ applica-
tions. Beginning with a basic grid system, four district
ARZ plans might reflect, in turn, a pedestrian emphasis,
a transit emphasis, an arterial-preference emphasis,
and a traffic-operations emphasis. ARZs tend to be
shaped over a period of time by the continuous imple-
mentation of specific measures that favorably accom-
modate pedestrian and transit functions and provide in-
creasing disincentives to the use of the private auto-

mobile.

Existing Experience

At present, more than 70 cities of varying sizes in the
United States have instituted some form of automobile
restriction. The most commonly used technique has
been the closure of a downtown shopping street and its
conversion to a pedestrian area in which there is a high
degree of emphasis on improved urban-design features.

An alternative scheme that is receiving increasing
emphasis is the conversion of a downtown shopping
street to a transit mall. Recently, a number of cities
have moved toward a more comprehensive approach to
traffic reorganization, transit emphasis, and environ-
mental improvements. Boston, for example, has a
number of completed projects that, when considered in-
dividually, have limited local impacts. But, as their
number increases and linkages between the individual
elements are formed, a comprehensive picture begins
to emerge.

The concept of ARZs takes on an added dimension in
the European context. Over 130 cities there have some
form of automobile restriction. However, there are

significant differences between European and U.S. cities
in terms of the roles of public transit, land-use controls,
and the importance of the CBD. The following highlights
a number of relevant factors in the pattern of develop-
ment of ARZs in Europe.

1. Most European programs are phased in over time.

2. Automobiles have not been totally eliminated from
the restricted areas. Circulation within the area is se-
verely restricted, but basic access by automobile to
areas within walking and shuttle-bus distances of most
destinations is generally maintained.

3. There has been a high degree of accommodation
and compromise in most cities. Goods deliveries, ser-
vice and emergency vehicles, and access to certain fa-
cilities have been suitably accommodated in a number of
ways that are appropriate to the particular situation.

4. The pedestrian linkages that are created within the
restricted areas serve the movement of people and create
a pleasing shopping environment.

5. The severe opposition and the reservations that
initially confronted these programs in most cities have
generally been replaced with strong support after an ini-
tial 6 to 12-month period of adjustment.

Automobile restriction and environmental improve-
ments cannot by themselves reverse the decay of down-
town areas that are no longer viable centers for functions
that have relocated elsewhere. However, they are an
effective tool in protecting and enhancing downtown areas
that are reasonably viable and serve as an impetus toward
changing the image of the city center and the development
of transit services that can compete more effectively
with the automobile as a means of transport. This ex-
perience is common in both the United States and Europe.

Implementation Issues

The key issues related to implementing an ARZ are the
following:

1. Urban activity—the area must possess some basic
vitality and strength in its activity pattern;

2. Urban design—the purpose of automobile restric-
tion is not simply to eliminate automobiles from city
streets, but to create functional pedestrian and transit-
preference networks;

3. Accessibility—the most critical factor in deler-
mining the success or failure of an ARZ is accessibility
(if accessibility to and within an ARZ is not maintained,
in the short term, there will be a decrease in the num-
ber of discretionary trips such as shoping and entertain-
ment to the ARZ, and in the long run, many activities
will relocate to more accessible sites);

4. Size of the ARZ—city size is only indirectly re-
lated to the success or failure of an ARZ, and the extent
to which travel patterns will change is dependent on the
size of the area subjected to automobile restriction;

5. Transportation policy—there is a wide range of
options for automobile disincentives and for improve-
ments in other transportation elements to maintain ARZ
accessibility; and

6. Institutional and legal factors—institutional issues
are the single most important factor, local leadership is
of primary importance in the process of consensus build-
ing, and interagency cooperation is essential.

Conclusions
ARZs are not a concept that can be clearly categorized

into a representative group of appropriate units to be
conveniently matched to existing real-life situations.



Urban centers have many unique characteristics and
constitute a conglomeration of special situations that
must be dealt with on a site-specific, condition-specific
basis. Automobile-restrictive policies must be tailored
to local conditions.

Implementation of ARZ policies is not appropriate for
all situations. Whether or not an ARZ is appropriate for
a specific locality and what it might be like depends en-
tirely on local conditions., An ARZ is not a cure-all:
it is a means of encouraging and enhancing basic attri-
butes that are already present.

MODELING THE TRAVEL-DEMAND
IMPACTS OF AN AUTOMOBILE-
RESTRICTED ZONE

Wayne M. Pecknold and William R. Loudon, Cambridge
Systematics, Inc.

A series of disaggregate, behavioral, travel-demand
models was used to estimate the impacts of various
automobile-restrictive policies on travel demand to
downtown retail and employment centers.

The models were used to predict the change in the
following two major categories of travel demand for each
policy:

1. Regional travel demand: work (mode choice
among automobile drive alone, shared ride, and transit)
and nonwork (frequency of travel, destination choice,
and mode choice) and

2. Intra-CBD travel demand: worker (frequency of
travel, destination choice, and mode choice) and non-
worker (destination choice and mode choice).

The models predict changes in demand (frequency,
destination, and mode choice) by using estimated changes
in travel time and cost because of automobile-restrictive
policies. They differentiate between trips made for work
and nonwork purposes and also between regional trips—
those into or out of the CBD—and intra-CBD trips—those
having their origin and destination both within the CBD,
such as trips made by shoppers, business people, and
workers, during the day. The category of intra-CBD
trips includes trips made in the morning and evening
peak travel periods between parking lots or transit stops
and places of employment, but the majority of intra-CBD
trips occur during the midday (10 a.m. to 3 p.m.). Un-
like the regional trips, the majority of intra-CBD trips
are made on foot, and there are very few data available
to aid in the analysis of the impact of automobile~
restrictive or transit-improvement policies on them.

A modeling approach developed recently is capable of
simulating trips of this type from a very limited amount
of data. These intra-CBD travel-choice models can also
forecast the demand for new circulation modes, such as
a shuttle bus service (either with or without a fare),
which was recommended as a part of a number of ARZ
projects.

The conclusions of the analysis of the travel-choice
impacts of automobile-restrictive policies in a proto-
typical city and in Boston; Providence; Memphis; Tucson,
Arizona; and Burlington, Vermont, are summarized
below,

1. CBD trip patterns, both regional and intra-CBD,
are diverse and complex, but a number of specialized
travel-choice models can be used in an inexpensive and
efficient manner to properly simulate each type of trip.

2. Because of the disaggregate and behavioral nature
of the travel-choice models used in this analysis and
because only changes in travel from existing patterns

are being estimated, the models can be transferred, with
only minor adjustments, to cities other than the one in
which they were estimated.

3. The impact of automobile-restrictive policies de-
pends on the extent of automobile restriction and the de-
gree to which accessibility is maintained through other
measures, such as transit and pedestrian improvements.

4, When implemented in conjunction with nontrans-
portation policies, such as new construction, physical-
design improvements, increased marketing, and im-
proved maintenance, automobile-restrictive policies can
induce travelers to change from automobile use to public
transit and can increase the total number of shopping
trips to the area.

PLANNING AND DESIGN OPPORTUNITIES
IN AUTOMOBILE-RESTRICTED ZONES

Lajos Heder, Moore-Heder Urban Designers

Consider a familiar situation: A downtown shopping
street becomes heavily congested and can no longer han-
dle the automobile traffic. The conventional response
has been to look for ways to improve the traffic flow.
The moment a transportation planner decides to look in-
stead for ways to eliminate or reduce the traffic and im-
prove the street environment, he or she has entered a
new world of planning concepts and working styles. The
mechanistic ideas that relate to achieving the most move-
ment for the least money must give way to complex eco-
logical concepts of environmental capacity and the sim-
ple concept of the need to make places more attractive.

Those on a planning project team must constantly ne-
gotiate a balance among different disciplines. In the
cities, they must look not only for solutions, but also
for new opportunities. They must look about and walk
the streets, because analytical studies do not reveal most
of the opportunities. Urban designers must be able to
invent new ideas for reusing older parts of cities.

The evidence from the automobile-restricted streets
and zones that have been built in Europe and the United
States shows that they do, in fact, help to bring new life
into downtown areas. The indicators of pedestrian ac-
tivity, retail sales, and building reconstruction all show
major improvements. These places show a life that is
in contrast to many dead downtowns. But it is also clear
that to be successful, automobile restriction must be
combined with improved streets for people, alternative
transportation modes, imaginative promotion and man-
agement, and joint action with private developers. The
following examples are drawn from five very different
cities to illustrate the range of opportunities available in
an ARZ,

1. Bringing the working population into the retail
district is one of the opportunities available in Boston.
Recent office construction has increased the number of
workers in the downtown area to over 150 000, but it has
also shifted much of this population just out of easy walk-
ing range of the old retail district. By shifting automo-
bile traffic to the periphery of the retail area, the streets
can become pedestrian-oriented and serve as connectors
between the working population in Government Center and
the financial district and improved shopping places. The
upper floors of older buildings that are now vacant in
spite of the intense business activity nearby could then
become attractive again as living lofts or small specialty
offices.

2. Keeping an old shopping street competitive with
new developments is one of the opportunities in Burling-
ton, Vermont. Creating a pedestrian orientation and
providing shelters, heat in the winter, consolidated
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parking, and other activities will help to maintain shop-
ping on Church Street.

3. Building a city bus terminal and pedestrian ar-
cades connecting the old downtown area to a renewal
area is one of the proposals for Tucson. The terminal
will provide convenient bus service and be the end point
of a pedestrian-arcade system.

4, Building bus and pedestrian arcades along a de-
clining shopping street in Tucson will accommodate wait-
ing bus passengers, who will become pedestrians and
customers. At present, the bus stops on the peripheral
streets are crowded with people huddled on narrow side-
walks. The few pedestrians walk in 43°C (110°F) sun.
The new arcades will provide continuous shade, occa-
sional patios, seating areas, and evaporative cooling.
The image of bus service will be improved.

5. A pedestrian-oriented downtown street as a stage
for promotion and programmed entertainment is also
proposed in Tucson.

6. A central place for city activities can be created
in Providence by clearing away the traffic in front of the
city hall and building a plaza and a sheltered transit
terminal. The old Westminster Mall and proposed re~
development of the Biltmore Hotel and Union Station can
be tied together by a phased program of pedestrian im-
provements and bus facilities.

7. Locating a new transit center in a vacant building
next to the main downtown bus stop is proposed for
Memphis, Leasing the ground floor and opening it to
the sidewalk and providing information, supervision,
food vendors, shelter, and heat all become possible and
may help to alter the image of buses as the transporta-
tion of last resort.

8. Creating pedestrian alleys and recycling buildings
could be combined as a joint development program in the
Cotton Row area of Memphis. The conversion of attrac-
tive, but run down and vacant, warehouses {o apartments,
restaurants, and specialty shops has begun and will be
encouraged by the public contribution of repaving and
lighting the alleys for pedestrian use,

The examples shown all concentrate on making the
most of what the city already has and not on expensive
reconstruction. The capital costs of the recommended
improvement programs were in the range of $3 to 5 mil-
lion for each city. While the issues may be typical, the
solutions depend on the ability to discover the unique and
cften-neglected resources of the particular city., This
is a discovery and design process that must go beyond
quantitative analysis and requires the partnership of

transportation planners and urban designers.
PRICING APPROACH TO AUTOMOBILE
RESTRICTION: SUMMARY OF
ACTIVITIES

Bert Arrillaga, Urban Mass Transportation
Administration

Roadway-Pricing Concept

In roadway pricing, a fee is charged to low-occupancy
vehicles that wish to use a designated area during highly
congested periods, such as the morning peak hours. The
fee is charged by selling a windshield license sticker on
a daily, weekly, or monthly basis. The extent of the
charge depends on the desired reduction in congestion
and the needed revenue. High-~occupancy vehicles,
police, and emergency vehicles are exempt.

A collateral element is the implementation of signifi-
cant transportation improvements in the months prior
to implementation of the pricing scheme. These im-~

provements may include the addition of conventional
fixed-route buses or small vans. Service on these would
be very low in price or free, and their headways would be
10 min or less. Park-and-ride lots could be strategically
located around the restricted area so that automobile
users could easily park and take a free shuttle bus to
their destinations. Car pools, van pools, and shared-
ride taxis would be encouraged. The reduction of traffic
in some areas may free space in which to provide pedes-
trian amenities or physical improvements, such as side-
walk widening for cafes and shops.

Preliminary Analysis

Six cities expressed interest in a demonstration program,
but only three (Berkeley, California; Madison, Wisconsin;
and Honolulu) were willing to perform a preliminary
analysis of alternative pricing schemes. A preliminary
sketch design provided an opportunity to interact with
local people and inform them about the concept and its
possible impacts, and after this, a 6-month study dealt
with the following key issues: public information, tran-
sit planning, project operators, cost estimates, and the
development of an advisory group.

The table below summarizes the alternative pricing
schemes studied for Madison. These schemes included
a morning parking charge, several areawide charges on
the downtown core area, and an urban-area permit for
the entire city. The time of automobile restriction is
the peak hours from 7:00 a.m. to 10:00 p.m.

Annual Net
Automobile  New Transit  Revenues

Alternative Fee ($) Reduction Riders ($000)
Parking surcharge 2.00 1000 1350 -864
Core-area permit

Drive alone 2.00 8 000 3300 -187

All automobiles  2.00 12 000 4500 +4 097

All automobiles  1.50 11 000 3500 +2 242

All automobiles  1.00 10 000 2930 +617

All automobiles  0.50 10 000 2475 -1408
Urban-area permit  2.00 1000 1100 +15729

The alternative providing the greatest amounts of
automobile reduction and transit increase is the $2.00
areawide license permit applied to all automobiles. This
alternative results in an annual net revenue of over $4
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sit fares minus the costs of administration, enforcement,
and transit operations). Care must be exercised in the
selection of the charges because, in some cases, the
costs of administration and operations are not covered
by the revenues generated.

In Madison, the preferred strategy was a $1.00 core-
area permit for all automobiles, which was close to
break-even. The transportation improvements proposed
for this alternative were 113 new buses running at a
7.5-min peak headway on all major transit routes and
six or seven park-and-ride lots with shuttle service at
15 min or less headway.

Similar analyses for Berkeley and Honolulu led to
similar results. In Berkeley, the initial reactions were
positive, and a formal resolution to proceed with the
more detailed study was passed. However, a press re-
lease on this action caused an unfavorable reaction from
the public, which forced the study to be stopped.

In Honolulu, there was general interest, but business
groups were concerned that the concept might be per-
ceived as a tourist tax.



Additional Study Sites

Preliminary analyses are also being considered in Lake
Tahoe, California, and Traverse City, Michigan, which

have shown interest in the application of pricing schemes.

Lake Tahoe, where visitors outnumber residents four
to one, has proposed a parking pricing scheme to re-
strict trip ends but allow through traffic. Parking per-
mits would be sold at the rates shown below.

Time Cost {$)
3d 5
10d 10
1 year 20

The major purpose of this scheme is to raise revenue
to pay for the numerous transportation improvements
planned for the area. It is expected that the parking
charge would generate $13.8 million for fiscal year 1978.

At present, UMTA is studying the impact of the pro-
posed Lake Tahoe plan on revenues and traffic congestion
as compared to parking differential rates and areawide
charges. The legal issues are also being studied, and
an enabling legislation permitting the regional authority
to enact a variety of pricing schemes is hoped for.

Factors Affecting Concept Acceptance
and Implementation

The use of pricing schemes to control travel behavior in
favor of high-occupancy vehicles is not a readily accept-
able concept. Numerous factors affecting the implemen-
tation of the concept were perceived through personal
contacts and visits made to the selected cities. These
include the following:

1. The realism of a daily use fee;

2. Disbelief in proposed transportation improve-
ments and their success in providing good mobility;

3. The inconvenience of obtaining a permit;

4. Effects on business;

5. Association of the concept with a commuter tax
or a tourist tax;

6. Effects on low-income groups; and

7. Legal issues such as (a) whether the charge is a
toll and whether it can he implemented on federal-aid
roads, (b) the right to travel and the right to equal pro-
tection under law, (c) the availability of local enabling
legislation, and (d) enforcement problems.

Future Directions

The experience gained by the initial interactions with
city officials and local transportation planners and en-
gineers convinced the UMTA study team that new direc-
tions must be taken to provide a better basis for the

acceptability of the concept and its future implementation.

These are

1. Ensure that the detailed feasibility-study phase
is quite broad and considers not only the application of
areawide charges but also parking strategies;

2, Deal fully with existing and planned transportation
improvements;

3. Include other amenities, such as closing streets
or lanes for expanded sidewalks for restaurants and
shops;

4. Provide financial support for developing a com-
prehensive community-interaction program;

5. Develop an informative package to be used in
citizen workshops or public hearings and for press con-
ferences;
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6. Be ready to accept a case-study site for perform-
ing detailed studies; and “

7. Have a larger and more widely publicized site-
selection process so that many cities will become ac-
quainted with the program and have an opportunity to ex-
press their interest.

CONGESTION PRICING: EXAMPLE
OF SINGAPORE

Peter L. Watson and Edward P. Holland, World Bank

The concept of road pricing and the details of its imple-
mentation in Singapore in the form of the area license
scheme have been described previously. In this paper,
the explanation of the design of the scheme is limited to
a brief summary; the main purpose is to report the im-
pacts of the scheme as measured in an extensive moni-
toring program.

Area License Scheme

The government of Singapore, having decided to take
preventive action before traffic congestion grew to seri-
ous levels, instituted the world's first area license
scheme in June 1975. The essence of the scheme is that
a special supplementary license must be purchased and
displayed on any automobile entering a designated re-
stricted area during the peak commuting period in the
morning. The license scheme is supplemented by in-
creased downtown parking charges, and a park-and-ride
service is provided as an alternative to driving downtown
or using the standard bus service all the way.

The restricted zone was designed to include areas
with congestion problems, leave diversion routes for
motorists who do not have destinations in the zone, mini-
mize the number of entry points that must be monitored,
and take advantage of existing facilities for use as fringe
car parks. The zone has an area of about 5 km® (2 miles?)
and has 22 enfry points. The license fee was set at
S$60/month (S$1 = U.S. $0.43) or S$3/day.

To focus the impact on peak commuting traffic, the
license was initially required only for vehicles entering
the restricted zone between 7:30 and 9:30 a.m., but later
the period was extended to 10:15 a.m. to eliminate a
peak that developed just after 9:30 a.m. It was thought
that applying restrictions during the morning peak would
significantly reduce traffic both then and in the evening
peak, but the latter reduction has proved much smaller
than desired. However, the scheme has not been modi-
fied to deal with the evening peak.

The license is not required for buses or commercial
vehicles, tofavor public transportation and maintain com-
mercial activity. To encourage higher vehicle occupancy
and more efficientuse of road space, car pools (defined as
automobiles carrying at least four persons) are also ex-
empt from the license requirements, as are motorcycles.
These exemptions also counter the objection that driving
into the center would become a luxury that only the rich
could afford; others can also do so if they form car pools
or ride motorcycles. Taxis are not exempt.

Park-and-Ride Scheme

A park-and-ride scheme was designed to complement the
area license scheme. Ten thousand spaces in parking
lots around the periphery of the restricted zone were
opened to commuters, and special shuttle buses were
introduced to carry commuters from these lots to the
central area. The combined monthly cost of parking and
using the shuttle bus was set at S$30. This service
attracted very few patrons.
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Parking Policy

Parking charges were sharply increased at public park-
ing lots within the restricted zone. Previously, there
had generally been a flat rate of $$0.40/h. The new
rates are designed to favor short-term, as opposed to
all-day parking. The rates for the most congested part
of the restricted zone are shown below.

Time Cost (S$)
First hour 0.50
Second hour 1.00

Each subsequent half hour 1.00

The monthly rate for all-day parking in the central area
has been increased from S$40 to 60 to S$50 to 80.

Monitoring Impacts on Travel

The World Bank, in cooperation with the government of
Singapore, and with support from the United Nations
Environmental Program, the U.S. Department of Trans-
portation, and the U.S. Environmental Protection Agency,
set up an extensive monitoring program that consisted
of traffic counts, household interviews, speed versus
flow measurements, interviews with businessmen, ob-
servations of pedestrian and parking behavior, and pol-
lution measurements. The monitoring was begun more
than 6 months before the scheme was implemented, so
that before-and-after comparisons would be possible.
The scheme was implemented during the middle of 1975,
The implementation was carried out very smoothly, and
no serious problems were observed.

The most visible impact was a decrease of 44 percent
in the number of vehicles of all types entering the re-
stricted zone during the restricted period. This was
primarily the result of a 73 percent decrease in the num-
ber of automobiles entering during those hours. Of those
automobiles that did enter, about 40 percent qualified as
car pools (this can be compared to about 7 percent before
the scheme was implemented and from 5 to 10 percent
during unrestricted hours after implementation]g.

With these reductions in flow, one would expect to
find increases in average traffic speeds, at least within
the restricted zone. Technical problems prevented a
direct before-and-after comparison, but by comparing
speeds during the congested evening peak with those dur-
insithe regtricted hours, 4% can be inforred thot speeds
during the restricted hours have increased about 20 per-
cent inside the restricted zone and from 10 to 20 percent
on various inbound radial roads. Increased congestion
on some parts of the ring road, however, may have re-
duced speeds as much as 20 percent in those locations.

From the household surveys, changes in travel be-
havior were analyzed in detail. The principal impacts,
of course, were on people making trips to work in the
restricted zone, especially those who had formerly
driven automobiles. For these people, the monthly cost
of commuting by automobile during the restricted hours
increased from S$153 to S$228. Because of this, the
proportion of trips that members of vehicle-owning
households made as automobile drivers decreased from
34 to 27 percent, and the proportion that these persons
made as bus riders increased from 33 to 46 percent. In
addition, the proportion of work trips that were begun
before 7:30 increased from 27 to 40 percent for auto-
mobile drivers and from 17 to 28 percent for automobile
passengers. About the same numbers of persons from
vehicle-owning households chose the options of changing
to the bus, joining or forming car pools, and making the
trip at a different time. People from non-vehicle-
owning households did not change their behavior—90 per-

cent of them traveled by bus both before and after the
introduction of the area license scheme. The changes
in travel time reported by travelers who did not change
mode were very small, The only categories for which
the average reported time changed more than about a
minute were automobile drivers who changed to the bus
and bus riders who changed to the automobile (mostly as
passengers), The former lost an average of 9 min, and
the latter gained the same amount.

The second group to be significantly affected were
workers who traveled to work through the restricted
zone to destinations on the other side of the city. Among
these persons, the proportion of trips made by automo-
bile decreased from 53.5 to 50 percent, but the propor-
tion of automobile trips made in car pools increased
from 9 to 28 percent. The proportion of trips begun be-
fore 7:30 a.m. increased from 50 to 60 percent. These
travelers also had the option of detouring around the re-
stricted zone, Before the introduction of the scheme,

88 percent of their trips had passed through the zone,
but afterward only 66 percent of them drove through the
zone, and of these, only 13 percent drove through during
the restricted hours. The remainder changed time to
avoid the fee,

Impact on Business

Many persons have expressed concern that a scheme
such as that in Singapore could hurt business in the cen-
tral area of the city. In-depth interviews with selected
leaders in the business community, including store
managers, bankers, wholesalers, and property agents,
showed a consensus that the area license scheme has not
had a serious adverse impact on the business climate.

It is believed that the increased parking charges have
further depressed retail sales in the central area but
that these were already suffering from recession and
decentralization. It is also believed that the restrictions
on automobile travel to the center are accelerating the
existing trend toward decentralization. In both cases,
the area license scheme and the increase in parking
charges are viewed as adding slightly to existing prob-
lems, but not as creating new ones.

Effects on Pedestrians

Before and after implementation of the scheme, time-
lanca nhatanranhe wwara mada at wvarinue timac Aaf Anwr ot
lapse photographs were made at variocus times of day at
different locations within the restricted zone to study the
conditions for pedestrians. In general, there were more
pedestrians at most locations after institution of the

scheme, and they had less difficulty crossing the streets.
Air Quality

Although air pollution had not been considered as a prob-
lem, measurements made by the antipollution unit indi-
cated an improvement, with changes in carbon monoxide
levels that closely corresponded to changes in traffic
flows.

Administration and Finance

Enforcement of the scheme has not been difficult. Dis-
tribution of licenses has gone smoothly. Revenues from
license sales have exceeded operating costs (including
the special police for enforcement) by a margin that was
sufficient to pay off all the capital costs, including a
gross overinvestment in fringe parking lots, in a little
more than a year.



Evaluation

An opinion survey showed that residents of Singapore be-
lieve that the area license scheme has relieved conges-
tion and improved conditions in central Singapore. Pe-
destrians, bus riders, taxi riders, and motorcyclists
believe that they personally are better-off as a result of
the scheme. Central area residents report that it is
easier and safer to cross the streets, that general con-
ditions in the restricted zone have improved, and that
the amount of fumes has been reduced. Motorists re-
port that they are worse-off, but not greatly so. All,
including the motorists, believe that the effect on Sin-
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gapore as a city is favorable.

In terms of the general objective of forestalling future
congestion problems by forcing people to change their
attitudes toward the use of automobiles for commuting,
the area license scheme appears to be a success. Major
modifications in travel behavior have taken place.

Whether these are simply short-term modifications
or whether they represent fundamental changes in the
attitudes of motorists cannot be determined at this point.
It seems likely, however, that the continued use of such
measures will result in a more widespread acceptance
(rather than mere tolerance) of public transportation and
car pooling.

Analyzing Indirect Impacts

of Alternative

Automated-Guideway-Transit

Systems

Lawrence C. Lavery and Darwin G. Stuart, Barton-Aschman

Associates, Inc., Evanston, Illinois

A computer methodology is described for analyzing at a sketch-planning
level five types of indirect impact of automated guideway transit: right-
of-way land consumption, community disruption, household and business
displacements, aesthetics, and noise disruption. Application of the tech-
nique in a recent case study of dual-mode transit planning in Milwaukee

is discussed. The methodology is also applicable to the preliminary analy-
sis of other automated-guideway-transit systems. The procedures used in
the inventory of potential link and station characteristics and in the
analysis of network and corridor alternatives are reviewed. It is concluded
that such analyses of neighborhood and environmental factors should be
coordinated with other demand-and-supply-oriented, sketch-planning
methodologies.

In the last 10 years, transportation planners have been
introduced to a variety of new and proposed transporta-
tion technologies. Many of these technologies represent
generic modes of travel for which there is no previous
operational experience., Personal rapid transit and
automated dual-mode transit are two examples of new
transportation modes that, when viewed from the per-
spective of the traveler, offer performance characteris-
tics that are significantly different from the more tradi-
tional, urban transportation modes. New planning
methodologies and techniques are required to effectively
analyze and determine the most appropriate role for a
new transit technology within an existing mix of multi-
modal, urban transportation services. For simplicity,
those new transit technologies that require some form
of fixed facility or guideway are generally categorized
as automated-guideway transit (AGT).

The Urban Transportation Planning System (UTPS)
package of computer programs can represent the phys-
ical extent and operational characteristics of current
and new transit technologies, for purposes of multi-
modal transportation-system, demand-and-supply
analysis (13). The UTPS package can also be used for

sketch-planning analysis—a procedure that can be used

to rapidly iterate through alternative multimodal trans-
portation systems and delineate feasible combinations

of modes and service philosophies for more detailed,
implementation-oriented studies. Sketch-planning has
received increasing emphasis in urban travel-demand
forecasting (1, 4, 11, 12), because it provides the fol-
lowing advances over the traditional urban-transportation
planning process:

1. The ability to examine a much wider range and
number of alternative systems to screen out concepts
that can be shown to be less workable and delineate
other designs for further, more detailed analysis;

2, The ability to analyze these alternatives relatively
quickly and at low cost;

3. A selective focusing on major consequences and
performance characteristics; and

4, The ability to perform parametric analyses that
examine changes in these consequences because of varia-
tions in other system characteristics.

Sketch-planning programs are particularly useful at the
system-planning level and may also be useful at more
detailed levels, such as corridor planning (3, 9). They
can be used in the planning and evaluation of both high-
way and transit systems, on a multimodal basis, and
include the consideration of alternative transit tech-
nologies.

Much effort has been devoted to the development of
sketch-planning procedures for analyzing travel demand
and the related system-performance characteristics,
but it is also important to develop methods for analyzing
other, more indirect impacts of transportation-system
alternatives (8, 7, 8, 10, 14). All too often, indirect
impacts are not considered at the stage of alternative-
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Table 1. Definitions of community and environmental-impact variables.

Category

Variable

Definition

User benefits

Environmental
impacts

Neighborhood
impacts

Consumer surplus

Accident costs®
Accessibility"
Disadvantaged®

Air pollution*
Fuel*

Noise
Aesthetics

Land use for right-of-way
Community disruption

Aggregate willingness to pay of transit users minus what they actually pay; this
is an economic user-benefit measure

Number of accidents during peak period (highway and transit)

Indexes of transit accessibility to selected work, shopping, and recreation zones

Indexes of transit accessibility to selected work, shopping, and recreation zones,
from primarily low-income-and-elderly zones

Peak-period air-pollutant emissions

Peak-period fuel consumption

Residential neighborhoods traversed by guideway network
Types of neighborhoods traversed by elevated guideway

Land-use consumption (by type of neighborhood) for main line of guideway
Community boundary orientation of guideway network

Displacement
Land values

Number of modal-interchange stations adjacent to different types of land use
Development potentials near several sample stations (subjective}

2Reductions or gains analyzed by comparison with 1890 conventional bus alternative; analyses of these impacts derived from computer-modeling outputs.

Figure 1. Indirect-impact analysis process.
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for application at a sketch-planning level, is the subject
of this paper. The method was developed as a part of
an analysis of alternative dual-mode transit systems,
but can be extended to other AGT-system alternatives.
Five basic impacts are considered: (a) right-of-way
land consumption by type of land use; (b) community dis-
ruption; (c) household and business displacement; (d)
aesthetics; (e) and noise disruption. The computerized
portion of the methodology is simply an accounting pro-
cedure designed to permit the rapid analysis of many
different AGT systems or networks and to facilitate
parametric analyses. The method is base on a careful
field reconnaissance of the study area and appears to
save time and effort only if a fairly large number of
alternatives (probably more than 10) are analyzed,

The technique was used in a recent case study of
dual-mode transit-planning in the Milwaukee region (2).

The 12 community and environmental-impact variables
that were examined at a sketch-planning level are

defined in Table 1. The analyses of the first 6 of those



impacts were derived from UTPS-modeling outputs and
are not to be discussed in this paper. The 5 impacts that
are considered here were initially analyzed by hand.

The information needed for a more systematic, computer-
based analysis, which would permit consideration of a
larger number of alternatives, gradually accumulated,
but this kind of analysis was only partially implemented
in the project. This paper consequently represents an
extension of the methods actually used, and offers a
recommended procedure for carrying out such analyses
more efficiently.

Figure 1 summarizes the basic steps in the analysis
procedure and suggests relationships with other steps in
the sketch-planning process. These other steps include
the design of alternative systems, travel-demand anal-
yses, capital-cost analyses, and parametric analyses
of demand, supply, cost, and impact trade-offs. The
following sections of the paper will discuss each of
these steps in turn, with some illustrative results from
the Milwaukee study.

INVENTORY LINK AND STATION
CHARACTERISTICS

The first major step shown in Figure 1 is the identifica~-
tion of the significant AGT -link and station characteris-
tics to be analyzed. These characteristics fall into
three categories: demand-related, impact-related, and
design-related. These three types of characteristics
provide inputs, in turn, to three subsequent steps in the
process: (a) preliminary identification of probable AGT
routes and station locations throughout the region under
consideration; (b) field reconnaissance and inventory of
impact-~related characteristics of the most reasonable
route and station locations; and (¢c) computer-based
calculation of pertinent right-of-way-related impacts,
based on the general design characteristics of the type
of technology selected.

Preliminary Route and Station Locations

A preliminary examination of guideway location oppor-
tunities should be undertaken as an important site-
related input to the design of the AGT -network alterna-
tives and a subsequent input to the UTPS-based demand-
and-performance analyses, In general, the identification
of opportunities for multiple use of existing transporta-
tion or utility rights-of-way should be emphasized. In
the Milwaukee case study, existing and planned non-
transit transportation systems were examined for these
location opportunities., Both route or link and station
location opportunities were considered.

The following criteria were used to identify prelim-
inary route locations. Potential AGT routes should

1. Follow existing freeway corridors to provide
congestion relief;

2. Follow proposed freeway corridors to provide a
modal alternative;

3. Follow major arterial streets (preferably but not
necessarily those with available median rights-of-way)
to provide service closer to residential trip ends;

4, Take advantage of other existing right-of-way
opportunities, such as railroads, utility lines, drainage
channelg, and similar land uses; and

5. Cover all major urbanized and urbanizing sub-
areas of the region with both radial and gridlike network
configurations.

After preliminary, hypothetical AGT corridors were
identified, the following criteria were used to identify
potential AGT station locations., The stations should
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1. Serve all major activity centers, including
business and commercial, medical, university, govern-
mental, recreational, and other trip-end concentrations;

2. Be interspersed according to station-spacing
policies appropriate for the AGT technology under con-
sideration [for example, 3 to 6 km (2 to 4 mi) for per-
sonal rapid transit]; and

3. Be located near major cross streets to facilitate
modal transfers.

Field Reconnaissance of the Study Area

While this preliminary identification of potential AGT
routes and stations can be conducted as an office activity
by using the appropriate maps and plans, the develop-
ment of the necessary impact-related data will require
field inspections of each potential route alignment., From
the analyses conducted in Milwaukee, it was concluded
that the following six types of link data and four types of
station-area data should be collected.

Link Data

1. Predominant right-of-way land-use: (a) freeway
median or sidestrip, (b) arterial-street median or curb
strip, (c¢) vacant (1974), (d) industrial, (e) mixed resi-
dential and commercial, (f) medium-density residential,
(g) low-density residential, (h) railroad, and (i) utility;

2. Adjacent neighborhood land-use type: (a) low-
density residential, (b) medium-density residential, (c)
mixed residential and commercial, (d) commercial, (e)
industrial, (f) vacant (1974), and (g) park and institu-
tional;

3. Community boundary orientation: (a) follows
boundary, (b) follows existing barrier (freeway), (c) fol-
lows existing spine (arterial street), (d) traverses low-
density residential, and (e) traverses medium-density
residential;

4, Guideway configuration (construction type): (a) at-
grade, (b) open cut, (c) depressed, (d) cantilevered
elevated, (e) straddling elevated, and (f) tunnel;

5. Right-of-way width; and

6. Unique features

Station Area Data

1. Right-of-way width: (a) freeway median or side-
strip and (b) arterial-street median or curb strip;

2. Adjacent neighborhood land-use type: (a) low-
density residential, (b) medium-density residential, (c)
mixed residential and commercial, (d) commercial, (e)
industrial, (f) vacant (1974), and (g) park and institu-
tional;

3. Station configuration (construction type): (a) at-
grade, (b) open cut, (c) depressed, (d) elevated, and (e)
tunnel; and

4, Unique features.

(Links are defined as intervals between potential sta-
tions and may be further subdivided if significant land
use changes occur. Link-data items 1, 2, 4, and 5
and station-area-data items 2 and 3 can be determined
from field reconnaissance. Link-data items 1, 3, and
4 and station-area-data items 1 and 3 can be determined
by analysis of appropriate maps and plans. Link-data
item 4 and station-area-data item 3 should indicate mini-
mum cost or disruption configurations. Link-data item
5 applies only to constricted route locations. Link-
data item 6 and station-area-data item 6 are not coded.)
In the case study of dual-mode transit planning the
existing urban development, land use, and transporta-
tion characteristics of the Milwaukee region were sur-
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veyed. Much of the data listed above were collected.
The purpose of the field surveys was to become directly
familiar with the potential locations for guideway align-
ment and right-of-way and for stations. Basic right-of-
way characteristics for 20 different potential AGT -
service corridors (including alternative alignments
within some corridors) were inventoried, and more
than 100 potential station areas were located along
these hypothetical guideway alignments. The Milwaukee
central business district and seven outlying commercial
centers were visited to become familiar with activity-
center characteristics. Detailed field notes and sketch
maps were prepared. Each of the 20 potential guideway
corridors was driven on.

ANALYZING ALTERNATIVE NETWORKS
AND CORRIDORS

The next major step in the analysis process shown in
Figure 1, the identification of alternative AGT networks
and the associated station-spacing and service policies
is largely external to the indirect-impact analysis. In
the Milwaukee case study, only five basic networks
were initially identified, and it was therefore possible
to carry out much of the indirect-impact analysis by
hand. However, after a series of additional networks
was identified as a part of the parametric analyses and
the number of networks increased, it began to appear
that 2 more streamlined procedure for performing
routine calculations would be useful. The more tedious
portion of the impact analyses described below, the
derivation of station-space requirements, was carried
out by a simple computer program from the beginning.

Impacts Related to Right-of-Way

After the alternative networks have been identified in
the overall sketch-planning process, it is possible to
calculate and analyze the right-of-way-related impacts.
As indicated in Figure 1, this requires four types of
input data. The first involves the designation of an as-
sumed right-of-way alignment within those corridors
where alignment options—in terms of land-use
requirements—have been defined, for each alternative
AGT system to be analyzed. The second involves the
designation of an assumed type of guideway construction
for those links where more than one construction type
appcars applicable. In both cases, the purpose is to
identify a single set of AGT links and their associated
impact characteristics, from among all of the links that
were inventoried, to unambiguously represent a single
AGT system,

The third type of input data involves design-related
location characteristics. These vary by type of AGT
technology (for example, bus rapid transit, light rail
transit, small-group rapid transit, and personal rapid
transit) and, again, an unambiguous designation of
guideway design features that may affect indirect im-
pacts should be made. The pertinent design-related
characteristics include

1. Guideway, right-of-way width requirements by
technology and construction types (these width require-
ments need be verified only for those links where a
constricted right-of-way has been indicated, to flag
those locations where additional displacements might
be created) and

2. Station-space requirements (preferably both
width and total area), as related to passenger-flow
volumes, by technology and construction types (these
data should be in the form of a table or graph indicating
changes in station-space requirements as a function of

passenger flow and covering three station components:
the mainline guideway~-ramp connections, the station site
itself, and the park-and-ride facilities).

The fourth type of input data involves the impact-
related inventory characteristics collected in the field
reconnaissance and office research activities. The
impact-analysis process then involves no more than the
summation of the indirect impacts for each particular
set of links and station areas contained within each alter-
native system. A report can then be generated, either
by hand or preferably by computer, that describes the
length of the route or the number of stations in each
right-of-way land-use category, neighborhood land-use
type, and community boundary-orientation category and
each station-~location land-use category and neighborhood
land-use category traversed by the guideway. Further
interpretations and comparisons, particularly among
the different systems, can then be made.

Analysis of Requirements for Station Space

In addition to developing generalized sketch-planning
impact data by summing the link and station char-
acteristics that fall in the different categories,
analyses of the station-space requirements should also
be made. Particularly for dual-mode transit stations
where modal-interchange operations must take place,
the relatively large station-space requirements can lead
to significant dislocation impacts, so that even at a
sketch-planning level of detail, some preliminary in-
dication of the number and size of such stations is de-
sirable. These analyses must be based on the station-
design concepts and site plans that have been developed
as a part of the hardware-oriented, AGT-system plan-
ning (5). A simplified computer subroutine was de-
veloped to process the demand-modeling outputs (as in-
dicated in Figure 1) and the design-related data together
to determine the average station-space requirements for
each alternative system.

Two types of demand-analysis data are required for
the determination of station-space requirements: (a)
peak-hour person trips, inbound and outbound, by zone
Lcovering walk-in, park and ride, on-board (no transfer),
and transfer trips] and (b) number of stations per zone
by station type (modal-interchange, walk-in only, transfer
only, and possibly others).

The 1oliowing analysis steps are then taken:

1. Allocate passengers per zone among stations per
zone;

2. Use the total number of walk-in, park-and-ride,
and transfer passengers per zone (peak direction) to
calculate, by using station design and size require-
ments, the space requirements for each station; and

3. Calculate average station size and space require-
ments by station type (this step is important to emphasize
that the space requirements calculated for any particular
station or zone should not be taken too literally, since
they are preliminary and generalized and that only aver-
age or total station-space requirements are pertinent at
a sketch-planning level of detail).

Results of Milwaukee Case Study Illustrative

Tables 2 to 8 summarize the results derived in the
Milwaukee case study of dual-mode transit planning.
The results for the five initial dual-mode networks and
the four networks defined as a part of the parametric
analysis are given. The five basic networks were of
two small-scale, two medium-scale, and one full-scale
systems. The four parametrically-derived networks



Table 2. Dual-mode systems summary: guideway configurations.

Length of Type of Construction (km)

Elevated Elevated
System At Grade Open Cut Depressed (cantilevered) (straddling) Tunnel Total
A4 17.2 3.4 - 3.5 4.8 - 29.0
Al 7.4 5.6 2.7 10.8 2.6 - 29.1
Al max 18.7 11.7T 2.7 14.2 2.6 - 49.9
Al min 1.8 3.4 1.6 6.9 2.6 - 16.3
B4 11.7 5.5 6.9 34.0 14.5 1.1 73.5
B1 9.7 5.5 6.9 25.3 12.9 - 60.2
Bl max 73.1 15.0 6.9 52.1 15.1 - 162.2
Bl min 5.1 5.5 6.0 21.6 7.6 - 45.7
c4 110.4 18.7 6.9 90.6 32.3 1.1 260.1
Note: 1 km = 0,62 mile.
Table 3. Dual-mode systems summary: land-use consumption (main line of guideway).
Length of Guideway in Type of Land Use (km)
Mixed Median or
Low- Medium- Residential Curb Strip Median or
Density Density and Vacant of Arterial Side Strip
System  Railroad Residential Residential Commercial Industrial  (1974) Street of Freeway  Total
Ad 7.4 - - - - - 5.8 15.8 29.0
Al 5.6 - - 3.2 0.6 - 3.9 15.8 28.1
Al max 5.6 - - 3.2 0.6 = 3.9 36.5 49.9
Al min 1.6 = — 3.2 0.6 — - 10.8 16.1
B4 7.4 - — - 1.8 - 35.1 29.3 73.5
B1 5.3 - - - 1.8 - 25.4 27.5 60.0
Bl max 18.8 e — — 1.8 — 45.4 96.1 162.1
Bl min 2.3 - - - 1.8 - 23.2 18.3 45.5
c4 32.7 - - - 2.6 20.0 93.3 111.4 260.1

Notes: 1 km = 0.62 mile,
Stations and intersections not included.

Table 4. Dual-mode systems summary: community-boundary orientation.

Length of Guideway (km)

Following Following Traversing Traversing
Existing Existing Spine Low-Density Medium-Density
Following  Barrier (arterial Residential Residential
System  Boundary (Ereeway) street) Area Area Total
Ad - 23.2* 5.8 —: - 29.0
Al - 20.6 8.5 - - 29.1
Al max - 41.5 8.5 - - 50.1
Al min - 11.6 4.7 - - 16.3
B4 6.4 35.7 17.1 - 14.3 73.5
Bl 6.4 31.9 7.4 - 14.3 60.0
Bl max 6.4 111.7 29.1 - 14.3 161.6
Bl min 6.4 19.6 5.1 - 14.3 45.5
c4 53.9 124.1 41.5 10.5 24.1 260.1
Note: 1 km =0.62 mile.
®Includes portions where guideway follows railroad.
Table 5. Dual-mode systems summary: land use in station-area environs.
Number of Stations Adjacent to Type of Land Use
Low-Density Medium-Density Mixed Residential Park or
Residential Residential and Commercial Commercial Industrial Vacant (1974) Institutional
Freeway Arterial Freeway Arterial Freeway Arterial Freeway Arterial Freeway Arterial Freeway Arterial Freeway Arterial
System M W M W M W M W M W M W MW MW MW MW MW MW M W MW
Ad* - - - - 1 - - - = - 1 - 1 = - - 5 - - = 2 = 1 = 2 - - -
Al - = - - 3 2 - 1 = =~ - - - 3 3 1 2 4 1 = - - - - 2 1 - -
B4 2 - - = g8 - 10 - - - 14 - 4 - 10 - & - 6 = - = - - 4 - - -
Bl - = - - 5 2° 3 5 = - - - 2 6 33 4 7T 1 = - = - - 2 1 1 1
B1 with shorter
station spacing - - - - 5 11 3 15 - - - - 2 12 3 8 4 14 1 2 - - - - 2 3 11
B1 with longer
station spacing - = - = 5" - 3 1 - - - = 2 3 31 4 1 I = - = - - - 2 1 1
B1 with minimum
guideway - = - - L =P 2 3 - - - - 1 4 3 3 4 6 1 = - = = = 2 1 1 1
B1 with maximum
guideway 1 5 - - 6" 6 7T 14 - - -1 3 6 5 6 6 T 1 = 15 8 1 - 3 4 1 1
cs 3 - - - 11 - 15° - 1 - 13 - 3 - 9° - 6 - 4 - 13 - 14 - 2 - - -

Note: M = modal-interchange station; W = walk-in-only station.

®Walk-in station locations were not investigated for the initial baseline systems. For these systems, modal interchange {or transfer) stations for both automated guideway and manual on-street operations were

analyzed,
5One additional station located on railroad right-of-way,
¢ Includes 3 stations within railroad right-of-way.
9Includes 4 stations within railroad right-of-way.
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Table 6. Dual-mode systems summary: neighborhoods traversed by elevated guideway.

Length of Guideway in Type of Neighborhood Traversed (km)

Mixed
Medium- Residential

Low-Density Density and Park or
System Residential Residential Commercial Commercial Industrial Vacant  Institutional Total
A4 0.6 - 2.3 0.6 1.3 2.1 1.3 8.2
Al - 4.0 - 4.3 3.7 - 1.3 13.4
Al max - 5.8 = 4.3 4.7 - 1.9 16.7
Al min - 2.1 - 2.4 3.7 - 1.3 9.5
B4 - 28.0 2.9 9.5 7.7 - 0.3 48.4
B1 - 19.2 2.9 8.0 7.7 - 0.3 38.1
Bl max - 30.6 6.8 14.8 8.7 2.1 1.4 66.9
Bl min - 16.4 0.2 7.2 5.1 - 0.3 29.3
Cc4 9.3 56.0 13.4 21.4 15.4 3.4 4.0 123.0
Note: 1km = 0.62 mile. »
Table 7. Dual-mode systems summary: neighborhood environs traversed.

Length of Guideway in Type of Neighborhood Land Use (km)

Mixed
Medium- Residential

Low-Density Density and Vacant Park or
System Residential Residential Commercial Commercial Industrial (1974) Institutional Total
A4 0.4 1.9 2.3 0.6 8.5 11.3 3.7 29.0
Al - 8.4 1.4 4.3 111 0.2 3.9 29.3
Al max 4.3 16.7 1.4 5.0 12.4 4.2 6.1 50.2
Al min - 2.7 1.4 2.4 5.6 0.2 3.9 16.3
B4 - 39.1 2.9 11.3 16.3 - 4,0 73.5
Bl - 29.1 2.9 8.7 16.3 - 2.9 59.9
Bl max 10.6 51.0 6.8 17.5 20.0 47.6 8.0 161.6
Bl min - 23.2 0.2 7.1 13.7 - 0.8 45.5
c4 20.8 80.1 13.7 25.4 29.0 76.0 15.0 260.1

Note: 1km =0.62 mile.

Table 8. Dual-mode systems summary: station-space requirements.

Avg Station Size (m?)

Modal-Interchange Station

Basic Station

Park-and-Ride

Walk-in-Only

System Facility Area Total Station
A4

Al 11 812 5209 17 021 5266
B4 11 812 3427 15 239 6685
Bl 11 812 3785 15 597 5194
Bl with shorter station spacing 11 812 3980 15 792 5176
Bl with longer station spacing i1 812 3022 14 834 5454
B1 with minimum guideway 11 812 3785 15 597 5184
R1 with mavimnum gnideway 11 812 37R5 15 597 5197
Cc4 11 812 2210 14 022 6900

Note: 1m? =107 ft?
9This initial baseline system was not analyzed

were minimum and maximum alternatives of the small-
scale and medium-scale systems, The following con-
clusions are derived from the results reported in Tables
2 through 8.

1. Because of relatively narrow guideway-width re-
quirements, it appears possible to locate most of the
main line of the guideway within existing transportation
rights-of-way (freeways, arterial streets, and railroads).
The system B4 network would require acquisition of
about 2 or 3 percent of its land from land in current de-
velopment, and the system C4 network would require
acquisition of about 1 percent of its land from land in
current development and about 8 or 9 percent from
land that is currently vacant.

2. Community-disruption potentials would exist, but
not in any major degree. Furthermore, the disruption
caused by the relatively narrow, often-elevated guideway

would probably be much less than that commonly asso-
ciated with urban freeways. About 20 percent of the sys-
tem B4 network and 12 percent of the system C4 network
would traverse residential neighborhoods, not following
existing boundaries, barriers, or (typically strip com-
mercial) spines.

3. There are fairly significant residential and busi-
ness displacement potentials associated with guideway-
station-space requirements, especially for modal-
interchange stations on arterial streets, For the system
A4 network, 9 percent of the guideway stations would be
in residential areas and none on arterial streets. For
both systems B4 and C4, 30 percent of the stations would
be in residential areas, and 15 percent would be on ar-
terial streets. In each system, a smaller percentage
of stations would be in commercial or industrial areas.
While this would achieve close integration with surround-
ing urban land uses, which would maximize the potential



for walk-in patronage, the typical modal-interchange,
station-space requirement of 3010 to 10 950 m® (32 500
to 99 000 ft?) would create significant displacement prob-
lems. Further work in hardware design aimed at mini-
mizing the space requirements of stations appears nec-
essary.

4. Aesthetic-intrusion potentials were assessed pri-
marily in relation to the land uses traversed by the ele-
vated guideway. Even though there are fairly pleasing
guideway and vehicle designs, the mere presence of an
elevated guideway in a residential area, for example,
could be aesthetically distracting. About 36 percent of
the system B4 and 24 percent of the system C4 networks
would be located in residential neighborhoods, where the
disruption potential might be highest.

5. Noise intrusion potentials were related primarily
to the extent to which guideways would pass through res-
idential neighborhoods of varying density, Because the
anticipated noise characteristics of dual-mode transit
vehicles do not greatly exceed the ambient noise char-
acteristics typically found in residential neighborhoods,
the potential for serious noise intrusion does not appear
very great. About half of the system B4 and 44 percent
of the system C4 networks would be located in residen-
tial neighborhoods.

6. The minimum or maximum guideway networks
(for systems A1l and B1) do not affect (reduce or in-
crease) the right-of-way land requirements (for the
main-line guideway only) for areas currently in urban
development. For either variation of the system, guide-
ways added or deleted would be located within existing
transportation rights-of-way.

7. The minimum or maximum guideway networks
would not affect (reduce or increase) the length of guide-
way traversing residential neighborhoods. For either
variation of the system, guideways added or deleted
would primarily follow existing boundaries or barriers
(freeways or railroads).

8. The minimum and maximum guideway networks
have some potential for reducing or increasing aes-
thetic intrusion in residential neighborhoods. For the
system A1l network, the potential for such intrusion
would be decreased from 4.0 to 2.1 km (2.5 to 1.3 miles)
for the minimum guideway and increased from 4.0 to 5.8
km (2.5 to 3.6 miles) for the maximum guideway. For
the system B1 network, the variations would be from
19.2 to 16.4 km (11.9 to 10.2 miles) for the minimum
guideway and from 19.2 to 33.3 km (11.9 to 20.7 miles)
for the maximum guideway. There are similar varia-
tions for commercial and industrial areas.

9. The minimum and maximum guideway networks
have similar potentials for reducing or increasing the
extent to which residential neighborhoods are exposed
to some additional degree of noise intrusion. For the
system A1l network, the length of guideway through res-
idential neighborhoods would decrease from 9.8 to 4.2
km (6,1 to 2.6 miles) for the minimum guideway and in-
crease from 9.8 to 11.5 km (6.1 to 14.0 miles) for the
maximum guideway. The comparable figures for the
system B1 network are 32.0 to 23.3 km (19.9 to 14.5
miles) and 32.0 to 64.7 km (19.9 to 40.2 miles).

SENSITIVITY ANALYSES

A major part of the Milwaukee case study dealt with the
parametric analysis of significant variables—supply,
demand, cost, and community and environmental char-
acteristics—associated with dual-mode systems. The
emphasis was on the use of the UTPS sketch-planning,
demand-analysis methodology, with its relatively low
costs and quick turn-around time, to examine the con-
sequences of designated changes in selected variables.
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The results of such analyses can, of course, be ex-
tremely useful in the more careful design of subsequent
system alternatives, as more detailed levels of system
planning are undertaken, After the most significant vari-
ables in each cluster —supply, demand, cost, environ-
mental—were identified, a three-stage approach to the
parametric analysis was followed., The three stages in-
cluded single-variable analysis, within-cluster analysis
(relations between variables within the same cluster),
and between-cluster analysis (which is more demanding,
and necessarily more selective, because the between-
cluster combinations of variables that might affect one
another can be large) (2).

The first two stages of the parametric analysis, for
the five community and environmental factors considered
here, were conducted by using a series of eight sample
guideway stations, of which seven involved dual-mode
modal-interchange stations, one involved a walk-in-only
station, and four involved an adjacent guideway intersec-
tion. There was a balanced geographic distribution
among these prototype stations: Three were located on
arterial streets, at medium-density residential (with
commercial frontage), low-density residential, and low-
density commercial locations, The field reconnaissance
indicated that, for most arterial-street guideways,
there are commercial land uses of some kind at most
of the major intersections identified as candidates for
station areas. The sample also included four guideway -
on-freeway stations, at medium-density residential and
low-density residential locations, and one CBD station.

For each of the eight station locations, generalized
site plans were sketched by using the results of the
station-space analyses. A minimum land-consumption
design was used and, as a part of the single-variable
and within-cluster parametric analyses, a few design
variations were explored. The only impact variable of
the five considered here that varied significantly was
that of household and business displacements.

Between-cluster parametric analyses were then con-
ducted at the level of the overall system. Of all the
between-cluster variations that were examined para-
metrically for system-wide sketch-planning analyses,
only the minimum guideway and maximum guideway vari-
ations resulted in significant changes in all five of the
neighborhood environmental-impact variables,

Station-area impacts, particularly household and busi-
ness displacements, can also vary with other supply-and-
demand variations of the system, These impacts can
vary both with changes in the number of stations and in
their average size. Station-area land requirements and
household and business-displacement potentials can
change in association with eight basic variations of sys-
tem supply and demand; shorter station spacing, longer
station spacing, lower station sizing (decrease in de-
mand), higher station sizing (increase in demand), mini-
mum guideway, maximum guideway, increased land-use
density (in the vicinity of station areas), and decreased
urban sprawl (increased concentrations of demand closer
to the central city).

CONCLUSIONS

The parametric analysis of neighborhood and environ-
mental impacts, set within a broader sketch-planning
methodology, can help to enrich the amount of informa-
tion on the consequences of AGT systems. For example,
potential route alignments and station locations with sig-
nificant negative impacts can be quickly identified, and

a general picture of the extent of these impacts can be
gained, Subsequent alternatives can be refined to reduce
or mitigate such impacts, Other combinations of poten-
tial guideway links and stations—additional system alter-
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natives—canbe quickly tested by specifying those individ-
ual links and stations to be included in the new alterna-
tive. It may also be necessary to add more potential links
and stations to the initial field inventory; this can be an
important contribution to the thoroughness with which later
system planning is conducted. Finally, the related
between-cluster impacts on community and environmental
factors that canbe attributed tothe many supply-and-
demand variations of the system canbe quickly examined.

The limitations of the indirect impact-analysis meth-
odology suggested here should also be clearly under-
stood; these are essentially the limitations attached to
sketch-planning in general,

1. Sketch-planning results are generalized in nature.
Specific impact estimates for individual links or station
areas, such as areas of land to be acquired and numbers
of dwelling units to be displaced, should not be expected,
and procedures for their calculation are not included,

2. Care must consequently be exercised in using
these generalized results in community and public-
agency interactions. Because specilic alignments, cen-
terlines, and station locations are not investigated, it
is possible that subsequent system and corridor planning
will, for any individual link or station, significantly
alter the initial assessment of consequences.

3. In the area of community and environmental fac-
tors, particularly at the corridor-planning level, con-
siderable and major additional efforts are necessary to
adequately specify the indirect effects that will actually
be generated,
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Comparison of the Usefulness of Two
Multiregional Economic Models in
Evaluating Transportation Policies

H. Theresa Coulter, Federal Highway Administration, U.S. Department of Transportation

This report describes and compares two large-scale economic-forecasting
models—the multiregional input-output model developed by Polenske
and the multriegional, multi-industry forecasting model developed by
Harris—to examine their usefulness for transportation planning at national,
state, and local levels. The models use fundamentally different methods
of economic forecasting, and thus have different appropriate applications.
Both the Polenske and the Harris models are currently used in analyzing
regional economic activity by industrial sectors. A basic difference is that
the Polenske model is used mainly for analyzing the effects of changes in
interindustry trade flows between regions, whereas the Harris model is
used mainly in forecasting regional growth and evaluating effects of al-

ternative highway and other transportation systems. The Polenske model
provides a framework for describing and analyzing the sales and purchases
of all industries in every region of the economy and has been used to ana-
lyze the role of trade in the economic growth of particular regions, such
as the California-Oregon-Washington region, as compared to the rest of
the United States. The Harris model is designed to make both short-run
and long-run forecasts of economic growth. Because it provides a frame-
work for analyzing interindustry purchases, it has been used to evaluate
the regional economic and environmental effects of alternative highway
systems.



The assessment of regional effects is increasingly im-
portant in the development of transportation programs
because of changing patterns of regional growth in the
United States and because transportation investments and
programs can significantly affect the economic growth

of a region. To predict the regional economic effects

of major capital investments, such as highways and other
transportation facilities, a number of economic-
forecasting models have been developed and are being
used in transportation planning and policy evaluation at
national, state, and local levels. These models have
been developed as tools for transportation planning and
policy evaluation and should be used with good judgment
and other methods of social and economic analysis.

This paper describes and compares two large-scale
economic-forecasting models—the multiregional multi-
industry forecasting (MRMI) model developed by Harris
at the University of Maryland and the multiregional
input-output (MRIO) model developed by Polenske at the
Massachusetts Institute of Technology and Harvard Uni-
versity—to examine their usefulness for transportation
planning at national, state, and local levels. These
models use fundamentally different methods of economic
forecasting and thus have different appropriate applica-
tions.

Their similarities and differences are discussed under
the headings of: (a) description, (b) uses, (¢) major as-
sumptions, (d) strengths and limitations, and (e) conclu-
sions concerning their usefulness in transportation plan-
ning.

DESCRIPTION OF MODELS
Harris Model

The MRMI model is an econometric model composed of
three major components, as shown in Table 1—a set of
forecasting equations, a transportation-cost linear-
programming algorithm, and a regional highway-
congestion index—and uses national forecasts obtained
from the interindustry forecasting model of the Univer-
sity of Maryland (INFORUM), developed by Almon (1),
(INFORUM is not a component of the MRMI model, but
rather is an independent model that has been used in a
variety of applications, including the application de-
scribed here.)

The basis of the Harris model is a set of forecasting
equations that explain industrial location choices by the
relative prices that industry faces at different locations.
These prices include land, labor, and capital costs and
the transportation costs that are incurred in shipping the
raw and finished goods into and out of the region.

Through the use of a transportation-cost linear-
programming algorithm for each of 71 commodity indus-
tries, transportation-rate data are converted to marginal
transportation costs, which are the costs of transporting
a marginal unit of a commodity either into or out of a
region. These marginal transportation costs vary con-
siderably by region.

Transportation-rate data include national and regional
data on shipments by size, weight, type of goods, dis-
tance, and mode of transportation and use Interstate
Commerce Commission formulas that consist of line-
haul costs and terminal costs. The transportation rate
of shipping a good between two regions is calculated ac-
cording to the minimum cost by mode of transport, for
each weight class, aggregated over all weight classifi-
cations.

The regional highway-congestion index, the third
major component of the Harris model, is an index that
measures the amount of traffic congestion on principal
roads within each region. It was computed for each of
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the 173 Bureau of Economic Analysis (BEA) economic
areas from Federal Highway Administration data for ur-
banized areas (aggregated or adjusted to the BEA areas)
on vehicle distances traveled, lengths of freeways and
arterials, and capacity of freeways and arterials.

INFORUM, which is a national input-output model,
makes forecasts of the final-demand spending (consumer
expenditures, investment, governmental expenditures,
and exports minus imports) of the national economy for
each year and generates a set of national output levels
for each industry that is consistent with the final demand.
Historical trends of technological changes and expected
rates of adoption of new technologies are incorporated
into its forecasts.

The Harris model makes regional economic forecasts
under alternative transportation assumptions, such as
changes in the transportation system, with the regional
forecasts controlled to sum to the INFORUM national
forecasts, which ensures consistent and reasonable re-
gional forecasts. The Harris model forecasts regional
shares and then applies the national values to obtain the
regional values. In different applications, the regions
used have been either individual counties or the BEA
economic areas, which are multicounty areas consider-
ably larger than metropolitan areas.

Improvements in highways or other transportation
systems affect the cost of shipping goods between regions
and thus have an effect on the marginal transportation
costs or shadow prices. For example, if construction
or the improvement of a highway results in a reduction
in truck travel time between two regions, then the total
transportation costs between the two regions will be re-
duced. These changes in marginal transportation costs
have an important influence on industrial location de-
cisions. In addition, highway improvements affect in-
dustrial location by reducing congestion within a region
and by construction spending, which stimulates employ-
ment and income during the construction period.

For each of the 173 economic areas, the model makes
year-by-year (from 1970 to 1990) forecasts of output,
earnings, personal consumer expenditures, exports, and
imports for each industrial sector; equipment purchases
for each equipment-purchasing sector; construction ex-
penditures for each construction sector; and government
spending for each government sector. Figure 1 (_2_) shows
how each year's forecasts are developed from the pre-
vious year's forecasts.

To test the accuracy of the model, forecasts for 1966
to 1970 were made, and the 1970 forecasts were com-
pared with the actual 1970 regional data by using regres-
sion equations. Forecast accuracy was very high for
total population, total employment, and total personal
income. For employment, it was high in 83 of the 103
industrial and labor sectors, fair in 19, and poor in 1
(agr;culture, which depends upon many noneconomic fac-
tors).

Polenske Model

The MRIO model requires three component sets of data
for implementation as indicated in Table 1—base-year
input-output tables for each state or region, interregional
trade-flow tables for each commodity, and final demands
for each state or region—and uses these data sets to make
forecasts of interregional trade and interindustry outputs
for future years. The model has three versions—column
coefficient, row coefficient, and gravity coefficient. The
column-coefficient version has been developed in the
greatest depth and is used most often in implementation;
thus it will be the only version described here. It can be
implemented with differing degrees of aggregation. The
most disaggregated version, which is discussed here,
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uses the 50 states plus the District of Columbia and 80
industries. For any level of aggregation, the process
of implementation is similar.

The first component is a set of input-output tables
for each state, which is prepared from base-year (1963)
data by using state and national sources (3,4). These
tables show, for each state, all the interindustry pur-
chases and final-demand purchases (by private and pub-
lic consumers) made in that state in 1963. An example
of such a table is given in Figure 2a [ modified from
Polenske's figure (5)], in which the entry in the motor-
vehicles row under the machine-shop-products column
shows the total purchases of motor vehicles by the
machine-shop-products industry in Michigan in 1963.
The sum of each industry column in that diagram shows
the total production of that industry in Michigan, and the
sum of each industry row shows the total consumption of
the output of that industry in Michigan regardless of
where that output was produced.

To show the interstate trade that accounts for where

Table 1. Basic characteristics of models.

the output was produced, the second component of the
model—interregional trade flows for each commodity—
was developed. Interregional trade-flow tables for the
base year 1963 were prepared for each industrial com-~
modity. For example, in Figure 2b, the trade-flow
table for motor vehicles shows the amount of motor ve-
hicles shipped into and out of each state in 1963, which
equals the column sum in the input-output table in Figure
2a. Trade-flow tables were prepared by using state and
national data sources, with checking and adjustments to
ensure a set of consistent data.

The third component for implementation—a set of
[inal demands for each state—was prepared for the base
year 1963 and projected for the forecast years 1970 and
1980 (3, g). Final demand includes consumer expendi-
tures, private investment, governmental expenditures,
and net foreign exports. By using national and state
data, each category of final demand was estimated for
each state for the base year 1963 and for the forecast
years 1970 and 1980.

Characteristic MRMI (Harris) Model

MRIO (Polenske) Model

No. of regions
metropolitan statistical areas
No. of sectors

1972 base
Components

from INFORUM

173 BEA economic areas; can also analyze counties and standard

216 (99 industrial, 28 construction, 8 governmental, 69 equipment-
purchasing, 2 extra import, 6 population, and 4 extra labor)
Years 1965-1966 and 1970 (base); 1970 to 1990 (forecast); to be updated to

Set of forecasting equations; transportation-cost linear-programming
algorithm; regional highway-congestion index; national forecasts

51 (50 states plus District of Columbia); can also analyze
census divisions
86 (80 industrial and 6 final demand)

1963 (base); 1970 and 1980 (forecast); to be updated to 1972
base

1963 base-year input-output tables for each state; interregional
trade-flow tables for each commodity that is shipped; set of
final demands, such as consumption, investment, and gov-
ernment expenditures for each state for each year to be fore-
cast

Figure 1. Development of year-by-year forecasts in multiregional multiindustry forecasting model.
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Figure 2. Relation between interregional trade flows and regional input-output table in the multiregional input-output model.
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After assembly of the three components, the Polenske
model uses computerized input-output techniques of
matrix transformation and successive iterations to fore-
cast interindustry purchases and interregional trade
flows for the years 1970 and 1980. These forecasts
show the levels of output of each industry in each state
and the shipments of each commodity from state to state
that would be generated by the levels of final demand
that are projected for 1970 and 1980.

This information is useful to transportation planners
and others because it can be used to analyze the changes
in state outputs and trade between base and forecast
years and provides an analytical framework for analyz-
ing other changes. For example, in making decisions
about highway and other transportation investments, it
is important to predict the demands that will be placed
on the proposed transportation system. Forecasts of
industrial outputs and commodity shipments between
states are an important element in predicting such de-
mands and can also be used to analyze projected income
and employment changes. However, because forecasts
from the Polenske model are based on assumptions of
unchanged technologies and structures of trade between
states, it is more useful for short-run than for long-run
analyses.

The accuracy of the model was tested by running it
for 1947, 1958, and 1963 and comparing the resulting
forecasts with actual data from those years. The re-
sults were very accurate for 1963 (the year on which it
is based), moderately accurate for 1958, and less ac-
curate for 1947, For example, forecast output for 1958
was within 10 percent of actual output in two-thirds of
the sectors tested.

By modifying the model, for example, by updating or
disaggregating the data in sectors that are of particular
importance to transportation, planners can use the model
to analyze the impacts of recent or projected changes in
those sectors on other industries and commodity ship-
ments,

USES
Both the MRMI and the MRIO models are currently being

used to analyze regional economic activity by industrial
sectors. A basic difference is that the major use of the

Harris model is in forecasting regional economic and
environmental impacts of alternative investments and
programs, including highways and other transportation
systems, whereas the Polenske model is used mainly for
projecting the short-term effects of changes in inter-
industry purchases and trade between regions. The
Harris model is designed for both short-run and long-
run forecasting and for measuring the impacts of ex-
ternal changes in economic variables and can make eco-
nomic forecasts at the county and functional-economic-
area levels. The Polenske model provides a framework
for describing and analyzing sales and purchases between
industries in different regions and can be used to mea-
sure the short-run direct and indirect effects of changes
in industrial purchases throughout the country.

Harris Model
Current Uses

1. The regional economic and environmental effects
of hypothetical alternative U.S. highway systems were
analyzed for the Federal Highway Administration (6).
Six alternatives were studied—a base year system (if
Interstate construction were stopped in 1970), a com-
pleted Interstate system (if construction were completed
in 1976), an extended primary system, an economic-
development system, an urban system, and a piggy-
backing (trailer-on-flatcar) system. These systems
affect regional growth because improved highways lower
transportation costs between regions and congestion
within regions, and highway construction expenditures
stimulate employment and income.

The model was also used to forecast 1990 regional re-
source and energy requirements for each alternative
highway system. Data on national energy use, resource
requirements, and pollutant emissions were converted
to national coefficients for each industry (indicating the
amount of energy used or pollutant emitted per unit of
output), by using the INFORUM national input-output
model (1). These coefficients were applied to the re-
gional forecasts of industrial outputs to determine re-
gional forecasts of energy use, resource use, and pol-
lutant emissions for each alternative highway system.

The results of these applications showed that the
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benefits of a completed Interstate system by population
size of the areas were mixed; i.e., some high-population
areas would benefit, but others would not; and some low-
population areas would benefit, but others would not.
Both low-income and small BEA areas would benefit by
extended primary or economic-development systems,
with relatively more areas benefiting from the economic-
development system. An urban system would stimulate
growth in the largest urban areas, but the percentage
gains are not large,

Energy, resource, and pollution forecasts generally
reflect the impacts of the alternative highway systems.
For example, if a large urban area gains in output by
the construction of an urban highway system, its energy
use, resource use, and pollution levels also increase.

2. A Canadian version of the Harris model was de-
veloped for the Ministry of State of Urban Affairs (7).
This application involves the analysis of the interre-
gional, multi-industry structure of the Canadian economy
and the development of a model that uses Canadian na-
tional and regional data. The resulting Canadian version
can be used to evaluate alternative transportation invest-
ments in Canada.

3. The model was applied at the county and
metropolitan-area levels to forecast the economic
and population impacts of proposed highway or other
transportation investments (7). For example, the ef-
fects of a proposed 32-km (20-mile) segment of Inter-
state 190 were forecast for Worcester County, Massa-
chusetts. Forecasts from the model have also been
used to provide control totals for county and
metropolitan-area transportation-planning models.

The control totals can be used with national technical
coefficients (inputs per unit of output for each industry)
to generate county-level, input-output tables for use in
transportation and other regional planning.

4. The effects of possible cutbacks in natural gas
supplies in different areas of the United States were
analyzed at the county level (1). In Maryland, the Harris
model was used to evaluate two alternative allocation
formulas for the distribution of the anticipated reduction
of natural gas to users and the regional economic im-
pacts of these formulas. In Texas, Arizona, New Mex-
ico, and California, the model was used to evaluate the
impacts of possible reduced agricultural production be-
cause of the decreased supply of natural gas, which is
used as the source of power for irrigation.

Studies Under Way

1. The model is being used to analyze the regional
economic effects of changes in personal travel costs and
expenditures by modifying the national input-output model
and the multiregional forecasting model to forecast the

regional effects of personaltravel-related expenditures (8).

2. The Harris model is being used for national and ~
regional-level transportation-policy analysis and as an
input in the urban transportation planning process (8).

It is also being extended to analyze the economic and en-
vironmental effects of alternative transportation policies
at all regional levels (national, state, metropolitan area,
and county) for all major modes (highway, rail, air, and
water). An important part of the study will be to modify
the INFORUM model to predict the growth effects on the

gross national product that would result from alternative
investment levels in various transportation modes.

3. The model is being used in a project sponsored by
the Federal Highway Administration to analyze the eco-
nomic impacts of alternate levels of national highway
performance, i.e., conditions of highways (taking into
account operating characteristics such as average speeds
and traffic levels and necessary maintenance), to obtain

information for use in planning national highway policies.
Polenske Model
Current Uses

1. The economic interaction between electricity,
coal, and freight transportation created by changes in
regional technologies for generating electricity and in the
interregional shipments of coal was analyzed (9). The
1963 base-year table of technical coefficients was up-
dated to include 1970 data on coal and electricity produc-
tion and the 1963 trade-flow table was updated to include
1970 coal-shipment data. The model was then rerun to
forecast the effects of these changes on production and
interregional trade.

For example, the eastern states were forecast to
have decreased input requirements for nearly all indus-
tries (not just those directly related to coal) and the
mountain and Pacific states were forecast to have in-
creased industrial requirements, when compared to the
nonupdated version of the model. The updated results
are generally more reliable because they include more
recent changes in technology and trade. Similar updating
can be done for other industries and for years later than
1970.

2. Trade in the California-Oregon-Washington region
and differences in economic growth between this region
(a fast-growing region) and the rest of the United States
were analyzed (10). The results showed that from 1963
to 1970 the California-Oregon-Washington region was
growing fastest in those industries that were also grow-
ing fastest nationally. Also, growth in final demand in
the California-Oregon-Washington region helped to gen-
erate increased production in other regions to supply
those demands. This type of study can serve as a basis
for analyzing the role of transportation in interregional
trade and can be extended to other regions.

3. The impacts of expenditures for the proposed Con-
solidated Rail Corporation (Conrail) on employment and
income in the Conrail region and in the remainder of the
United States were analyzed (11). The Conrail region in-
cludes the northeastern and middle Atlantic states, Vir-
ginia, West Virginia, and some Great Lakes states. The
Polenske model was used to calculate three major in-
direct effects of Conrail expenditures—increased indus-
trial outputs, induced spending, and induced investment.
The resulls showed lhal the greatest amount of jobs and
income would be generated in 1985, the final year of in-
vestment expenditures.

Studies Under Way

1. Changes in technology and trade flows and invest-
ments are being incorporated into the Polenske model to
extend it into a dynamic framework; i.e., regional tech-
nical coefficients and interregional trade coefficients
would be predicted to change over time, according to
past trends, and the dynamic model would be used to make
more realistic long-run forecasts (9).

2. The regional and industrial interrelationships be-
tween the transportation and energy sectors are being
analyzed. This has been done already for coal, elec-
tricity, and freight transportation and can be extended to
other sectors and other years by modifying the model to
include regional pollution and energy-use data by source
industry, including transportation-related industries.
This modification will enable the model to analyze alter-
native energy and transportation policies in general (g).

3. The economics of the automobile industry in Mich-
igan are being analyzed by the Michigan Department of
Commerce.



MAJOR ASSUMPTIONS
Harris Model

The equations for forecasting output, employment, in-
come, consumer expenditures, and other variables were
fitted by using 1965-1966 cross-section data and partial
1970 data. For example, 1965-1966 and 1970 regional
data on income, industrial output, and other factors
were used to fit equations for each industry to predict
its output in each region. As 1972-1973 data become
available, the equations will be reestimated, and this
reestimation will be used to update the coefficients of
the equations. The equations have been used to make
year-by-year forecasts from 1970 to 1990,

Firms attempt to maximize profits and minimize
costs. This is a standard assumption of most
econometric forecasting models.

The 1965-1966 data on demand by industry used in
fitting the equations include direct county data on per-
sonal consumer expenditures, federal defense expendi-
tures, and gross foreign exports (aggregated to BEA
areas’). But, for all other industrial-demand data (inter-
industry purchases by each industry, other federal pur-
chases, and state and local government purchases),
direct county data were not available, and so national
technical coefficients (inputs per unit of output calculated
from national data) were applied to county totals (12),

Firms attempt to minimize transportation costs.
Except for rate differentials, firms are indifferent to the
mode of transportation used in shipping goods.

By using a linear-programming method of computa-
tion, national and regional transportation data (ship—
ments by size, weight, type of goods, distance, and
mode of transportation) are converted to marginal trans-
portation costs for each industry in each region. Truck
and rail are the only modes considered because it is as-
sumed that industry location will be influenced primarily
by the availability of those two modes.

Linear programming is the framework for the calcu-
lation of the marginal transportation costs associated
with a given level of shipments out of and into a region,
which are important factors-influencing industrial loca-
tion and thus are important in the Harris model.

Polenske Model

The trade-flow table, which indicates interregional
shipments of goods, and the table of interindustry tech-
nology, which indicates amounts of inputs per unit of
output of each industry, are constructed by using 1963
data. As 1972 data become available, these tables will
be reestimated to reflect the 1972 structure of trade and
technology. The 1963 structure of trade and technology
has been used to make predictions (assuming different
levels of final demand) of 1970 and 1980 levels of output
in each industry in each region and of interindustry trade
flows between regions. However, neither the structure
of trade between regions nor the structure of technology
is generally stable over time, and thus long-run fore-
costs of trade flows are generally not very reliable.
More work on trade-flow forecasts is necessary, and as
new data become available, the model can be modified
to allow prediction of changes in technology and trade
structures over time,

The column-coefficient version of the Polenske model,
which is the version discussed here, assumes that, for
each region, the fraction of total consumption of a good
in that region that is important from another region is
the same for each industry in the consuming region.

For example, if 10 percent of the steel used in Michigan
is imported from Indiana, then this percentage is as-
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sumed to be the same for every industry in Michigan
that uses steel. This is equivalent to holding each sup-
plier's share in each region's consumption constant over
time, As a result, the net transfer (outflow minus in-
flow) out of a region may be progressively overestimated
(or underestimated) in each time period following the
base year, if production and outflow are growing (or de-
clining), but the percentage of a region's consumption of
a good coming from each remaining region is held con-
stant (13).

The regional trade data used in constructing the inter-
regional trade-flow table include the value of crosshauls
(shipments of the same good in opposite directions, e.g.,
the value of oranges grown in California and shipped to
Florida and the value of oranges grown in Florida and
shipped to California). Crosshauls are somewhat im-
portant because aggregation of several commodities into
a single commodity class can obscure the differences in
the composition of traded commodities. For example,
if crosshauls of oranges and other fruit between Florida
and California were not counted in the trade-flow table,
but rather only the net transfer of fruit from one state to
the other were counted, then important data on trade
patterns would be obscured (13).

STRENGTHS AND LIMITATIONS
Harris Model

Regional supply and demand are interrelated because of
the use of forecasting equations, which allows changes in
the location of output and resources to take place between
regions. This avoids the problem of many input-output
models in which the use of predetermined levels of final
demand does not permit the production of goods in a re-
gion to influence demand (145.

The model is deliberately designed to predict indus-
trial changes over time. Changes in technological rela-
tions are also included by using the INFORUM model to
generate national totals, which incorporates estimates
of technological changes into its technical coefficients.

Transportation information including costs and the ef-
fects of alternative systems (at present only highway
systems are included, but the model can be generalized
to other modes) is developed in considerable detail, and
thus the model is capable of evaluating the regional ef-
fects of alternative highway (and later, other modal)
systems.

Forecasts are generated from equations that were
fitted by using 1965-1966 and partial 1970 data. Fore-
casts of the industrial output of regions that had un-
usually good or bad production in 1965-1966 will be over
or underestimated relative to other regions. (However,
updating of the model to a 1972 data base is planned,)

The model forecasts the distribution of highway bene-
fits between regions, but has not been used to forecast
total national net benefits of alternative highway systems.

Polenske Model

The data base of the model is comprehensive as a result
of extensive data gathering and analysis. Interregional
trade-flow data include trade between regions in both di-
rections (crosshauls) rather than only net transfers (9).

The regional input-output and trade-flow data are in-
ternally consistent with each other and with the Depart-
ment of Commerce national input-output model and the
Bureau of Labor Statistics final-demand projections.
Thus the results of the model can be linked to subregional
and subindustry studies and to national input-output
studies that use Depariment of Commerce or Bureau of
Labor Statistics data.
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Regional supply and demand are not interrelated;
they are estimated in separate steps. First, future
levels of final demand are estimated, and then fixed
technical coefficients (inputs per unit of output, estimated
from base-year data and assumed unchanged) are applied
to obtain output levels (supply) for each industry.

The model, as currently developed, does not allow
trade coefficients, which indicate flows of goods into and
out of each region, or technical coefficients to change
over time, and thus is not generally reliable in providing
long-range forecasts.

There is no explicit development of transportation
costs or the effects of alternative transportation systems;
the only transportation data are the interregional trade
flows, which do not include data by cost of transportation.

CONCLUSIONS

This report has described and compared two multire-
gional economic-forecasting models to examine their
usefulness in transportation planning. The Harris model
is an econometric model that is designed for short-run
and long-run forecasting of regional economic and popu-
lation impacts of alternative transportation and other in-
vestments. It has been used to make year-by-year fore-
casts to 1990. It uses a set of forecasting equations that
explain industrial location on the basis of the costs (in-
cluding transportation costs) that firms face at alterna-
tive locations. The Polenske model is an input-output
model that is designed for projecting interindustry pur-
chases and trade between regions for selected years by
constructing and using multiregional input-output tables.
It is useful in forecasting short-run impacts of changes
in trade patterns and industrial production.

An important question for transportation planners and
policymakers is whether these multiregional forecasting
models can be used at the state level, or with state-level

(15, 16) and metropolitan models that have been developed.

" The Harris model has been applied at the county and
metropolitan-area levels to develop forecasts that can
be used as control totals for country and metropolitan
planning models. In a study to be conducted for the Fed-
eral Highway Administration, outputs of the Harris model
will be extended to the level of detail commonly used as
transportation-planning inputs in land-use models and
trip-generation analysis; e.g., employment by categories
and population by households. Also, outputs at the re-
gional and county levels from the Harris model can be
used with national technical coefficients to generate
county-level input-output tables for use in regional
transportation planning.

The Polenske model can be used at the state level by
using its state input-output tables in statewide economic
planning and forecasting, Thus, a state could use the
Polenske model either as its principal planning model or
in conjunction with other state or substate models. For
example, the state of Michigan is using the Polenske
model to study the economics of the automobile industry,
whichis an important component of the Michigan economy.

Both the Harris and Polenske models have several
uses in transportation and other related areas and thus
are practical and important methods of economic analy-
sis. Both models are examples of the growing useful-
ness of large-scale economic modeling in the transporta-
tion planning and policymaking process at the national,
state, and regional levels.
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Transportation on the Spread of

Urban Blight

Rolf R. Schmitt, Department of Geography and Environmental Engineering,
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Large-scale, urban transportation developments can affect the spread of
urban blight through residential areas both directly and indirectly.
Sources of blight and their specifications in filtering models are reviewed.
Relations between transportation developments and sources of blightare
considered to determine whether filtering models can be used to predict
the impacts of a development. While none of the models is adequate for
this purpose, they provide the basis for a procedure to consider a pro-
posed development’s impacts.

Transportation has long had an important role in the spa-
tial organization of cities (12). This role is most clearly
specified and generally accepted as a constraint on sub-
urbanization at the urban fringe (5). Within the city,
however, it is less clear, particularly with respect to
the spread of urban blight. This role has been investi-
gated through two approaches.

The more theoretical approach is that of the latter-
day disciples of von Thunen (3), who suggest that the
poor are the most sensitive to transportation costs and
consequently live near the job-rich central business dis-
trict. A reduction in cost of transportation by new de-
velopments would encourage the poor and their attendant
blight to expand outward. This theory assumes that
transportation costs are significant determinants in the
household-location process, an assumption that has been
empirically challenged by Stegman (485. Moreover, the
direct relation between the spatial diffusion of low-
income groups and the spread of urban blight has not
been rigorously specified and remains open to question.

The more intuitive approach to examining urban blight
is based on the filtering concept. As housing stocks ex-
pand and contract relative to the number of households,
the population of the location is said to filter between
neighborhoods as it seeks better housing or is forced into
less desirable sections. This movement and its rates
have been empirically observed (30). It is hypothesized
that the forces that drive the movement of households
also stimulate the concurrent spread of blight. The in-
tuitive logic of this approach has been accepted in trans-
portation literature (9), although the filtering concept
was developed in response to other issues and has been
challenged elsewhere (10).

This paper examines the filtering approach and its
possible application to the estimation of the potential im-
pacts of transportation on urban blight. Postulated
sources of blight and their specifications in filtering
models are surveyed. The relations between transporta-
tion developments and blight are then considered to de-
termine the applicability of existing models of filtering.
Finally, a procedure is advanced for anticipating the po-
tential impacts of a major transportation development
on urban blight.

SOURCES OF BLIGHT

Postulated sources of blight are as numerous as its def-
initions. Terms such as economic retardation and so-

cial viability have been used for over 50 years (54), but
each definition of blight essentially focuses on a state of

environmental deterioration that sooner or later develops
a physical expression. Consistent with its origin in bi-
ology, blight is defined as a transitional state, rather
than an end condition.

Most simplistically, urban blight is related to the
aging of the housing stock although, while age is an im-
portant variable, it can be offset by local investment in
home maintenance, as shown by stable ethnic districts
and the traditional center-city enclaves of the rich. Age
also presents spurious effects in studies of urban trans-
portation impacts because older residential neighbor-
hoods are usually located along historical transportation
corridors (gﬁ_, 34, 38,53). The tendency of radial free-
ways and rapid-rail lines to follow these corridors ex-
agpgerates the effect of age in subsequent transportation-
impact studies (9).

If maintenance expenditures can offset the effects of
time on housing stocks, then the sources of blight should
be identifiable from residential disinvestment processes,
which are rooted in the shifting demographic patterns of
the city and the consequent redistribution of capital.

Urban demographic patterns are surprisingly stable
considering the high degree of residential mobility in the
United States. The majority of personal moves are at-
tributed to changes in the life stage of individual house-
holds and usually include changes in family size (44).
Intrametropolitan moves tend to follow stable paths, as
a neighborhood's out-migrants are replaced by house-
holds having similar characteristics (1). Neighborhood
change can be introduced by abnormally high out-
migration, reduced numbers of replacement households,
or the desire and ability of a different group to success-
fully compete with traditional replacement families for
the available residences.

Capital shifts, which reflect moving concentrations of
investment resources, can cause or follow demographic
shifts. Declining personal incomes in a neighborhood
can erode the ability of its residents to meet maintenance
costs. When lending institutions perceive this declining
as a risk factor, they generally reduce the availability
of capital for major maintenance and thus guarantee the
neighborhood's physical deterioration (11). This disin-
vestment process can be triggered by influxes or dislo-
cations of specific income or racial groups (20), by
short-term strategies of residential investors (10, 47),
and by long-term, profit-maximizing strategies of lend-
ing institutions that direct their assets to new construc-
tion in the suburbs (24). Whether triggered by shifts of
people or money, the change introduced by shifting intra-
urban migration patterns is reinforced by local reactions
to the influx of a new socioeconomic group (45).

Filtering models generally describe the flow of peo-
ple—categorized by their income—between given stocks
of housing. The degree to which such flows can be re-
lated to the disinvestment process determines the ability
of these models to describe the spread of urban blight (a
problem that is shared with the other approach to investi-
gating blight). Filtering models, however, have the ad-
vantage of specifying a greater variety of push and pull
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forces on the migration of households, and these forces
more fully represent the disinvestment process and its
impacts on future housing stocks.

DEVELOPMENT OF FILTERING
MODELS

Most filtering models are developed to justify the pro-
vision of low-income housing through the construction of
new housing for the rich. As the rich move into the new
housing stock, their residences become available to the
poor, who enjoy a subsequent increase in residential
quality. The poor are thus pulled into better housing as
the rich are pulled into new neighborhoods. More recent
formulations, less interested in rationalizing laissez-
faire housing policies, focus on the pressure exerted by
the poor to push into adjacent neighborhoods.

Both push and pull forces were described in the first
major exposition on filtering by Hoyt (25). In attempting
to identify stable neighborhoods for Federal Housing Ad-
ministration mortgage support, Hoyt related centrifugal
population shifts along radial sectors to the spread of
blight from the city's core. Expanding housing stock at
the periphery pulls the rich outward and reduces their
desire to resist invasion by the poor across the inner
boundary of the sector. Resistance to the invasion of
the poor and the subsequent blight is found mainly in
districts with strong historical and ethnic traditions (14).
Disinvestment originates in the desire for new residences
expressged by the rich (8) and market imperfections that
force sale to lower income groups who are closer at
hand (41). Undermaintenance and the division of dwelling
units during the transition period generates blight and
encourages the remaining higher income residents to
abandon the neighborhood.

In contrast to the negative aspects of instability sug-
gested by Hoyt and his contemporaries, the models de-
veloped in the following decades present filtering as a
positive process that expands housing opportunities for
the poor. Grebler's (17) empirical studies in New York
stimulated a variety of mechanistic formulations based
on the pull effects of expanding housing opportunities at
the suburbanizing fringe. Fisher and Winnick (15) used
Grebler's data to show that expanding the aggregate sup-
ply causes a reduction of rent in the inner city, which
brings more housing stock into the financial reach of the
poor. By assuming differentiated but stable quality, the
arguments of this period tocused on the ability of filter-
ing to open adequate housing opportunities to the poor.
Calls for public housing (40), urban-renewal projects
(21), quasi-public development corporations %_1_3_), and
keeping hands off (46) have been based on variations of
the Fisher and Winnick approach. All of these studies,
including the attempt by Weathersby (5_6) to optimize the
process with linear-programming techniques, ignored
the possibility that blight will accompany the filtering
process and offset its benefits.

Lowry (33) presented the major consideration of the
relation belween blight and filtering when he showed that
the high depreciation inherent to older neighborhoods
during periods of expansion of new housing stock may
encourage short-range investment strategies and under-
maintenance. The existence of such strategies has been

reported by Chatterjee (10), Smith (47), and Stegman (49).

Declining rents open the neighborhood to lower income
groups, but only as the neighborhood deteriorates phys-
ically. Lowry suggests that first blight and then filtering
follow the shifting opportunities, with questionable bene-
fit to the poor.

Only recently have discussions of filtering considered
the push effects inherent in Hoyt's formulation. Racial
and economic constraints have trapped a growing popula-

tion in the inner cities, and this group is now slowly
pushing into older middle-class neighborhoods (2, 36, 39,
43). Grier (20) postulates that major dislocations of the
poor by public works (speci_fically the Baltimore express-
way system) will generate enough pressure to accelerate
ghetto expansion and the exodus of higher income groups.
The subsequent loss of property taxes from the demolition
within the city and the retreat from it will decrease the
resources available for public efforts to arrest blight.
Harvey (2_3] suggests that the exodus applies only to the
middle-income groups who lack the political and financial
power of the rich. Unable to resist ghetto expansion or
push the rich outward themselves, this group is forced
into the suburbs.

Each of these formulations of the filtering process
partially addresses the sources of urban blight. Models
based on the pull of shifting opportunities describe the
demographic shifts that result from excessive out-
migration or a lack of similar replacement households.
The ability of different groups to successfully compete
with similar replacement households is suggested by the
invasion models driven by push effects. These models
remain descriptive and symptomatic and leave the link
between demographic and capital shifts ambiguous. Lowry
and Grier are exceptions, in their respective arguments
that blight is triggered by the undermaintenance inherent
in short-term investment strategies and the influx of low-
income groups with their lesser ability to meet mainte-
nance costs.

Can these filtering models capture the impact of trans-
portation improvements on the spread of urban blight ?
The relations between transportation and the sources of
blight are now examined to evaluate the use of filtering
models as predictive, transportation-planning tools.

TRANSPORTATION, FILTERING, AND
BLIGHT

Charles River Associates (9) have suggested several
ways in which transportation decreases the productive
value of property and thus affects the spread of urban
blight. They argue that transportation developments
cause:

1. Condemnation of existing housing stocks,
2. *Proximity effects of a noxious facility, and
3. Shifts of housing opportunities to the suburbs.

It is hypothesized that these direct impacts generate the
secondary impact of spreading urban blight through filter-
ing. The first two direct impacts are most commonly
the results of land-extensive freeways, although major
joint-development projects undertaken with rapid-rail
transit have the same effects. Both freeways and rail
service are associated with the third impact.

The push forces from the removal of housing stock by
condemnation for rights-of-way exert the greatest pres-
sure on the inner city because many high-volume trans-
portation facilities pass through this area of high popu-
lation density en route to the central business district.
Moreover, inner-city residents are the least able to
move out of their current environment because of their
income and race. Given a stable demand for inner-city
housing, the decreasing supply of inner-city housing
stock will stimulate increasing rents. Often, the poor
can only meet rent increases by doubling up households
in existing units. This is most easily done in unsubdi-
vided houses at the fringe of the blighted area. Block-
busting (43), race riots (23), and other activities (29)
all help to realize the push of blight following the dislo-
cation of the inner-city poor.

The direct impacts of condemnation are not limited



to the residents of blighted areas. Many low-income
ethnic groups are held to the inner city by cultural bonds
rather than by racial or related constraints (50). These
cultural bonds are often dependent on the physical infra-
structure, such as a local school, church, or park. Dis-
ruption of its critical infrastructure can destroy a neigh-
borhood's cohesiveness and scatter its residents, as
shown by some urhan-renewal projects in the last decade
(4,18). The neighborhood-based financial institutions
that support these ethnic neighborhoods disappear with
their clientele (23), leaving the neighborhoods without
capital for maintenance as the adjacent residents of
blighted areas invade.

The proximity effects of a noxious facility are similar
to the effects of condemnation for that facility with one
major difference: proximity effects encourage, rather
than force, dislocation. As a consequence, groups with
stricter constraints on residential location will be less
able to escape the added noise, air pollution, and safety
problems created by increasing through-traffic. More
affluent residential areas can offset proximity effects
through larger setbacks and other physical buffers that
are available in lower density areas (52), which have not
shown significant sensitivity to these effects, at least
with respect to property values (16,27). The residential
instability caused by proximity effects is potentially high-
est in the low-income, high-density, nonblighted neigh-
borhoods that are harder to buffer and relatively easy to
escape, as described by Harvey (23).

In contrast to the effects described above, transporta-
tion developments pull blight outwards according to the
third hypothesis by Charles River Associates (9). This
hypothesis must be considered in two stages: First, do
transportation developments cause residential and em-
ployment opportunities to shift to the suburbs ? If this
can be established, does blight necessarily follow the
centrifugal trend ?

At least since Hurd (26), analysts have confidently
attributed the city's spread to transportation develop-
ments. In earlier works, the role of transportation is
considered as analogous to that of a skeleton, which pro-
vides a framework around which activities can be orga-
nized (38), Enlarging the skeleton increases the area
available for new employment activities and housing
stock. More recent works focus on transportation as
a circulation system that provides the links between ac-
tivities (53). Faster links allow greater distances be-
tween activities and thus expand the area for new housing
stock, According to Barden and Thompson (5), both the
skeletal and the circulatory roles of transportation de-
termine the urban frontier and, by implication, the ex-
tent and spread of the housing stock within that frontier.

This view of transportation as a determinant of the
limits of urban growth has intuitive appeal, but lacks
validated evidence. Other forces have also acted on
suburbanization, the dominant form of recent urban
growth, during the period of urban freeway construction.
Cheap loans backed by the Federal Housing Administra-
tion have been one of the many inducements for expanding
new housing stock in suburbia. Of the many highway-
impact studies summarized by the Federal Highway Ad-
ministration (53), none have attempted to disaggregate
the concurrent forces that can influence housing-stock
expansion independent of freeway development, While
few refute the constraint on a city's spread by the skele-
tal function of transportation, the degree to which its
circulatory role stimulates or constrains housing de-
velopment remains unspecified.

Advocates of a dominant role for transportation in
urban expansion cite the suburbanization of truck-
dependent industry as a major inducement to freeway-
caused housing-stock expansion. Hammer, Siler,
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George Associates (22) offer some of the more convincing
evidence that freeway developments have been a major
force in decentralizing industry. For this to cause hous-
ing to follow, however, requires a greater employee
sensitivity to the journey-to-work distance than has been
found in recent studies (19, 48).

The view that better circulation will encourage resi-
dential expansion assumes that households tend to allot
constant amounts of time to travel. However, the only
attempt to verify this assumption (58) used cross-
sectional data to confirm a temporal phenomenon with
questionable curve-fitting techniques, and so the assump-
tion remains inadequately tested.

Even if the impact of transportation on urban expansion
could be specified, the use of filtering models to predict
a subsequent pull on blight is questionable. Filtering
models are particularly weakened by their deterministic
nature. The flow of housing-stock ownership between
categories of households must be free and continuous,
yet many imperfections of the housing market are known
to operate in opposition (10, 35), An attempt to capture
these many imperfections would be susceptible to the
problems associated with large-scale urban-development
models enumerated by Lee (31). Indeed, forces such as
Firey's historical prestige can be modeled only by super-
ficial descriptions or probabilistic techniques, both of
which tend to stress symptoms rather than causes (42).

These problems are compounded when the process of
blight is added to filtering models. It has not been proven
that the forces that drive filtering also generate blight or
vice versa. For example, a factor such as differential
property taxes may generate blight without stimulating a
filtering process (32). Transportation impacts are en-
tangled in the complex interplay of urban processes be-
yond our present ability to fully extract them.

PROCEDURE FOR PREDICTING
TRANSPORTATION IMPACTS
ON BLIGHT

Thus, the filtering concept appears to have limited ap-
plication to predicting the impacts of transportation on
urban blight. The relations between transportation and
blight have not yet been rigorously identified, but the po-
tential for transportation developments to influence the
spread of blight remains and should be considered in the
planning process. The simple tabulation of dislocated
households and businesses by income, race, or area is
inadequate to this task. An alternative procedure is now
suggested.

The proposed method focuses on the low-income
groups directly affected by the planned facility and their
push effects on peripheral, middle-income areas. It is
assumed that the inner-city population is most directly
affected because the majority of urban transportation
projects are located in their neighborhoods. It is also
assumed that the wealthy will successfully resist the ef-
fects of noxious facilities and the invasion of lower in-
come groups (23, 57). Pull effects exerted by expanding
housing stock are considered unpredictable in view of the
previously suggested complications.

The first phase of the suggested procedure identified
blight-sensitive areas. Because blight tends to spread
contiguously, existing blighted areas are identified first.
The most common method for delineating such areas is
based on social indicators, as discussed by Bixhorn (6).
Once the boundary of existing blight is located, adjacent
areas exhibiting current instability can be identified by
high turnover rates and shifting socioeconomic character-
istics, by using indicators similar to (but independent of)
the blighted-area delineators. This areal classification
will normally be limited in detail to census tracts. Dur-
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ing this phase, the number of housing units available in
each neighborhood (census tract) at a given time interval
is tabulated by income and racial or ethnic constraints.

The second phase of the procedure identifies areas
and populations that will be directly impacted by the
planned facility. The special-area-analysis procedure
for examining dislocation effects (51) outlines a method
for delineating rights-of-way condemnation areas. These
areas are then expanded to include all proposed joint-
development projects that would dislocate the local pop-
ulation and their infrastructure through direct redevelop-
ment or rehabilitation induced by property-tax increases
(37). The dislocated population is categorized by the
characteristics relevant to the housing-unit constraints
used in the first phase. This population includes house-
holds suffering intense proximity impacts (primarily
noise, vibration, and dirt). Proximity impacts from
construction as well as the completed and in-use facility
are considered (55). Public and quasi-public facilities
destroyed or heavily impacted are also listed if they
represent a critical infrastructure for the location pop-
ulation (28).

The third phase of the procedure compares the blight-
sensitive areas delineated in the first phase with the di-
rectly impacted populations and infrastructure delineated
in the second. The potential direct and indirect impacts
of the planned transportation facility on the spread of
urban blight can be traced through the following nine
steps.

1. For nonblighted neighborhoods, the dislocation of
households and the physical infrastructure critical to the
neighborhoods's cohesion is tabulated. Dislocations
caused by right-of-way acquisition and severe proximity
effects are included. If an insignificant number of
households and no infrastructure are effected, proceed
to step 6.

2. Dislocated households are matched with available
housing stock in areas that are not sensitive to blight.
The matching is based on financial, distance, and racial
constraints. The dislocated population thus accommo-
dated is assumed to move without adversely affecting
their new neighborhoods. Their old neighborhood is re-
classified as sensitive to blight. Step 3 is now considered
for the population thus accommodated, and step 4 is con-
sidered for households unable to find homes in non-
blighted neighborhoods.

3. The ability of the local infrastruciure io survive
the departure of households in step 2 is evaluated. (For
example, would local school enrollments drop below the
minimum threshold for continued operation?) If some of
the infrastructure fails, return to step 2 for households
that would subsequently consider leaving. If the infra-
structure does not fail, proceed to step 6.

4, If the housing stock available in blight-sensitive
areas can accommodate the still-homeless population,
proceed to step 5. If not, the local population will prob-
ably not leave their directly impacted neighborhoods,
and the potential for local blight will increase. If hous-
ing opportunities open up at a later time, the population
will probably move, and the neighborhood will become
blighted. Proceed to step 6.

5. The ability of the infrastructure in blight-sensitive
neighborhoods to accommodate in-migration is con-
sidered. [ Chapter 8 in Boyce and others ('_7_) is an ex-
ample of this.] If the infrastructure becomes over-
burdened, the local population suffers dislocation. For
this indirectly impacted group, return to step 2.

6. When all affected populations in existing areas of
blight have been considered, the analysis is terminated
and documented. Otherwise, proceed to step 7.

7. If the housing stock available in blighted areas

can absorb the households dislocated by both the planned
facility and ancillary projects without increased subdi-
vision of housing units, the analysis is terminated and
documented.

8. The ability of the dislocated population to push
into blight-sensitive areas is evaluated in terms of the
existing demographic and financial stability of those
areas. If the push is unsuccessful, an increase in the
population density of the blighted areas will probably oc-
cur, which also increases the potential for conflict and
greater social pathologies (43).

9. The results of a successful push into blight-
sensitive areas are evaluated by focusing on property
values and rent adjustments. If values must drop to ac-
commodate the invading population, the transition will
have a large and immediate potential for blighting the
neighborhood. If the invading population can pay existing
values and rents, the transition should be relatively
orderly and have a lower potential for inducing the spread
of blight, provided there is appropriate public interven-
tion and support with respect to capital availability.
Proceed to step 5.

Once potential areas of transportation-induced blight
are determined, the long-term impacts of a project can
be more fully incorporated in its evaluation. If the proj-
ect is approved and implemented, plans can then be laid
for careful monitoring of neighborhood changes, and pub-
lic intervention strategies can be prepared to arrest the
potential blight before it spreads. Such strategies can
include the provision of low-income housing, various
financial-assistance programs, and direct replacement
of the infrastructure.

CONCLUSIONS

This paper has examined several hypothesized impacts
of transportation on the spread of urban blight. Models
of filtering in the housing stock have been considered as
a way to describe and predict those impacts, but have
been found to be inadequate, and an alternative procedure
has been proposed.

The precise impact of transportation on the spread of
urban blight remains obscure, but the need to address
the potential impact is important. The procedure out-
lined here is designed to consider the negative conse-
quences of a proposed facility and provide adequate warn-
ing for the prevention of those consequences.

ACKNOWLEDGMENT

This research was sponsored in part by the Maryland De-
partment of Transportation through the Johns Hopkins
University Center for Metropolitan Planning and Re-
search. The results and conclusions are those of the
author only.

REFERENCES

1. R. Abler, J. 8. Adams, and P. Gould. Spatial
Organization: The Geographer's View of the World.
Prentice~Hall, Englewood Cliffs, N.J., 1971.

2. C. Abrams. Forbidden Neighbors. Kennikat Press,
Port Washington, N,Y., 1955,

3. W. Alonso. Location and Land Use.
Cambridge, 1964.

4. M. Anderson. The Federal Bulldozer.
Cambridge, 1964.

5. R. Barden and J. H. Thompson. The Urban Fron-
tier. Urban Transportation Institute, Syracuse
Univ., Occasional Paper 4, 1970.

6. H. Bixhorn. Descriptive Methodology for Composite

MIT Press,

MIT Press,



10.

11,

12,

13.

14,

15.

16.

17

18,
19,

20.

21.

22.

23.
24,

25,

26.

217.

Social Indicators and Measures of Change. In
Social Indicators (A. D. Livingood, ed.), Urban
Studies Center, Univ. of Kentucky, Louisville, Aug.
1973, pp. 36-54.

D. E. Boyce and others. Impact of Rapid Transit
on Suburban Property Values and Land Development:
Analysis of the Philadelphia-Lindenwold High-Speed
Line. U.S. Department of Transportation, Phase 1
Rept., Nov. 1972,

E. W. Butler and others. Moving Behavior and
Residential Choice: A National Survey. NCHRP,
Rept. 81, 1969,

Measurement of the Effects of Transportation
Changes. Charles River Associates; Urban Mass
Transportation Administration, 1972,

L. Chatterjee. Real-Estate Investment and the De-
terioration of Housing in Baltimore. Johns Hopkins
Univ., Baltimore, PhD thesis, 1973.

L. Chatterjee, D. Harvey, and L. Klugman. FHA
Policies and the Baltimore Housing Market. Center
for Metropolitan Planning and Research, Johns
Hopkins Univ., Baltimore, April 1974.

F. S. Chapin, Jr. Urban Land-Use Planning.
Univ. of Ilinois Press, 2nd Ed., Urbana, 1965,

M. Edel. Filtering in a Private Housing Market.
In Readings in Urban Economics (M. Edel and J.
Rothenberg, eds.), Macmillan, New York, 1972,
pp. 204-215.

W. Firey. Land Use in Central Boston.
Univ. Press, Cambridge, 1947.

E. M. Fisher and L. Winnick. A Reformulation of
the Filtering Concept. In Social Policy and Social
Research in Housing (R K. Merton, ed.), Associ-
ation Press, New York, 1951.

H. B. Gamble and others. Community Effects of
Highways Reflected by Property Values. Federal
Highway Administration, Rept. DOT-FHWA-11-
7800, Aug. 1973.

L. Grebler. Housing-Market Behavior in a De-
clining Area. Columbia Univ. Press, New York
1952,

S. Greer. Urban Renewal and American Cities.
Bobbs-Merrill, New York, 1965.

D. Greytak. Central-City Access and the Journey
to Work. Socio-Economic Planning Sciences, Vol.
8, 1974, pp. 57-58.

G. W. Grier. Social-Impact Analysis of an Urban
Freeway System. HRB, Highway Research Record
305, 1970, pp. 63-74.

W. G. Grigsby. Housing Markets and Public Policy.
Univ. of Pennsylvania Press, Philadelphia, 1963.
The Influence of Central-City Radial Freeways on
Manufacturing Location Decisions. Hammer, Siler,
George Associates; Socio-Economic Studies Di~
vision, Federal Highway Administration, Oct.
1973.

D. W. Harvey. Social Justice and the City. Johns
Hopkins Univ. Press, Baltimore, 1973.

D. W. Harvey. The Political Economy of Urbani-
zation in Advanced Capitalist Societies: The Case
of the United States. In The Social Economy of
Cities (G. Gappert and H. M. Rose, eds.), Sage
Publications, Beverly Hills, Calif., 1975, pp.
119-163.

H. Hoyt. The Structure and Growth of Residential
Neighborhoods in American Cities. Government
Printing Office, 1939.

R. M. Hurd. Principles of City Land Values.
Record and Guide, New York, 1903.

J. F. Kain and J. M. Quigley. Measuring the Value
of Housing Quality. Journal of the American Sta-
tistical Association, Vol. 65, June 1970, pp. 532-548,

Harvard

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46,

47,

48,

49,

50.

31

Social Characteristics of Neighborhoods as Indicators
of the Effects of Highway Improvements. Marshall
Kaplan, Gans, and Kahn; Federal Highway Adminis-
tration, 1972.

S. V. Kasl and E. Hamburg. Perceptions of the
Neighborhood and the Desire to Move Qut. Journal
of the AIP, Vol. 38, Sept. 1972, pp. 318-324.

J. B. Lansing, C. W. Clifton, and J. N. Morgan.
New Homes and Poor People: A Study of Chains of
Moves. Institute for Social Research, Ann Arbor,
Mich., 1969.

D. B. Lee, Jr. Requiem for Large-Scale Models.
Journal of the AIP, Vol. 39, May 1973, pp. 163-178.
A Study of Property Taxes and Urban Blight. Arthur
D. Little; U.S. Department of Housing and Urban
Development, Jan. 1973.

I. S. Lowry. Filtering and Housing Standards: A
Conceptual Framework. Land Economics, Vol. 36,
Nov. 1960, pp. 362-370.

H. M. Mayer. The Spatial Expression of Urban
Growth. Association of American Geographers,
Washington, D.C., Commission on College Geogra-
phy Resource Paper 7, 1969.

M. Meyerson, B. Terrett, and W. L. C. Wheaton.
Housing, People, and Cities. McGraw-Hill, New

York, 1962.
R. L. Morrill. The Negro Ghetto: Problems and
Alternatives. Geographical Review, Vol. 55, July

1965, pp. 339-361.

Transit Station Joint Development. National League
of Cities and U.S. Conference of Mayors, U.S. De-
partments of Transportation and Housing and Urban
Development, June 1973.

W. F. Ogburn. Inventions of Local Transportation
and the Patterns of Cities. Social Forces, Vol. 24,
May 1946, pp. 373-379.

C. Rapkin and W. Grigsby. The Demand for Housing
in Racially Mixed Areas. Commission on Race and
Housing, Berkeley, Calif., 1960,

R. U. Ratcliff. Urban Land Economics.
Hill, New York, 1949.

McGraw-

L. Rodwin. The Theory of Residential Growth and
Structure. Appraisal Journal, Vol. 18, July 1950,
pp. 295-317.

A. Rogers. Theories of Intraurban Spatial Structure:

A Dissenting View. Land Economics, Vol. 43, Jan.
1967, pp. 108-112.

H. M. Rose. Social Processes in the City: Race
and Urban Residential Choice. Association of Amer-
ican Geographers, Washington, D.C., Commission
on College Geography Resource Paper 6, 1969.

P. H. Rossi. Why Families Move. Free Press,
Glencoe, 1l., 1955.

J. W. Simmons. Changing Residence in the City:

A Review of Intraurban Mobility. Geographical Re-
view, Vol. 58, Oct. 1968, pp. 622-651.

W. F. Smith. Filtering and Neighborhood Change.
Center for Real Estate and Urban Economics, Univ.
of California, Berkeley, Res. Paper 24, 1964.

W. F. Smith. Housing: The Social and Economic
Elements. Univ. of California Press, Berkeley,
1971.

M. A. Stegman. Accessibility Models and Residen-
tial Location. Journal of the AIP, Vol. 35, Jan.
1969, pp. 22-29.

M. A. Stegman. Housing Investment in the Inner
City: The Dynamics of Decline. MIT Press, Cam-
bridge, 1972.

D. W. G. Timms. The Urban Mosaic:
Theory of Residential Differentiation.
Univ. Press, London, 1971.
Special-Area Analysis, Final Manual. U.S. De-

Toward a
Cambridge



32

partment of Transportation, Aug. 1973.

52. Social and Economic Effects of Highways.
Highway Administration, 1976.

53. W. D. Velona. The Role of Travel-Time Limits in
Urban Growth (A Postulated Urban-Area Definition).
U.S. Department of Transportation, April 1973.

54, M. L. Walker. Urban Blight and Slums: Economic
and Legal Factors in Their Origin, Reclamation,
and Prevention. Harvard Univ. Press, Cambridge,
Mass., 1938.

55. G. R. Waltz. Disposal of Materials in Urban Free-
way Construction. HRB, Highway Research Record
372, 1971, pp. 42-44.

Federal

56. G. B. Weathersby. Formal Methods of Filtering in
the Housing Stock. Paper presented at the 38th Na-
tional Meeting of the Operations Research Society
of America, Oct. 1970.

57. J. Wolpert, A. Mumphrey, and J. Seley. Metro-
politan Neighborhoods: Participation and Conflict
Over Change. Association of American Geogra-
phers, Washington, D.C., Commission on College
Geography Resource Paper 16, 1972.

58. Y. Zahavi. Travel Time Budgets and Mobility in
Urban Areas. Office of Highway Planning, Federal
Highway Administration, May 1974.

Insights Into the Practice of Joint
Development: Lessons From

Experience

Malcolm D. Rivkin, Rivkin Associates, Inc., Washington, D.C.

Case studies of joint-development projects in six states and one Canadian
metropolitan area were conducted for the Federal Highway Administra-
tion. Land acquisition associated with joint development, the extent to
which highway agencies and other public bodies acquire more land than

is actually needed for specific facility sitings, and the incidence of comple-

mentary public and private development projects on the surplus land were
evaluated. Examination of the literature showed severe legal, financial,
political, and institutional constraints that restrict this form of expanded
acquisition and subsequent joint development. At the same time, however,
numerous individual projects are being undertaken and somehow circum-
venting the constraints. The case studies examined over 35 specific projects
completed or planned in Arizona, Florida, Kentucky, Maryland, New Jer-
sey, and Nevada and a large number of developments on surplus land of
the Toronto subway system. The studies showed situations where the
highway or transportation agency was used as an arm of general-purpose
local government in undertaking expanded acquisition. Many of the suc-
cessful examples illustrated special administrative and financial arrange-
ments between local government and the transportation agency for the
acquisiiiun and disposition of the iand, unique institutionai soiutions for
planning and implementing projects, significant support from public
opinion, and a high quality of technical and political leadership.

Joint developments of public and private facilities asso-
ciated with transportation systems have, for at least a
decade, been a subject of some interest to federal and
state transportation planners and professionals from a
variety of disciplines. The term joint development has
been defined in many ways. Essentially, it means proj-
ects related in space and time to the construction of a
highway or a rapid rail line. The projects can range
from public works (schools, fire stations, or parks) to
commercial ventures (office buildings, hotels, or fac-
tories). The locations of these projects are related in
space to the transportation facility (over, under, ad-
jacent to, or within an immediate~impact corridor), and
their construction is related in time gsimultaneously, or
relatively soon before or after) to the construction of the
transportation facility.

' Functionally, joint-development projects are in some
way dependent on the transportation facility. A need for
access to it is the most common form of dependency.

Mitigating the impact of the facility on a neighborhood or
community is—in the case of parks and social services—
another functional tie.

The institutional context for joint development is in-
variably complex. The transportation agency plays a
critical role in planning or in providing a site. Other
public bodies are involved in financing or in processing
approvals. Citizen groups and (in the case of commer-
cial reuses) private entrepreneurs are also participants.

Much of the interest expressed in joint development
has come from persons who view it as a way to balance,
for public benefit, the land-use impacts of highways and
rapid rail and to mitigate the adverse environmental,
economic, or social impacts of transportation facilities
on communities.

This interest has been discussed in numerous con-
ferences and papers (1,2). The Federal Highway Ad-
ministration EFHWA) has provided some tangible support
by

1. Making certain aspects of joint development eligi-
ble for administrative and financial participation (the
highway act contains authorization for participation by
highway agencies in various complementary facilities
ranging from hiking and bicycling paths to replacement
of public facilities acquired for highway use, the pro-
gram manuals contain basic administrative provisions
regarding highway agency participation in joint develop-
ment, and the Mass Transportation Act of 1974 has cer-
tain provisions, which are as yet unfunded, enabling
federal financial support to joint development in mass
transit corridors) and

2. Funding several joint-development planning ef-
forts involving Interstate highway corridors or impact
areas, including the Baltimore concept team, and studies
in Pensacola and St. Petersburg, Florida; and Reno and
Sparks, Nevada.

Some states (e.g., Arizona, Nevada, Florida, and
New York) have passed enabling legislation allowing their



highway departments to participate in various aspects
of joint development.

FHWA has published a catalog of joint developments
(3), which identifies projects that have been planned or
constructed across the country. This catalog is now in
the process of being updated.

Although there has been extensive discussion of joint
development as a concept, the results of actual efforts
have not yet been formally evaluated. Have federal pol-
icies and programs to encourage joint development been
consistent? Have they been effective? What factors
bear on the success or failure of projects attempted un-
der existing legislative authorizations ? What can the ex-
perience of actual projects tell us about how well or how
poorly existing mechanisms work? If joint development
is to be an objective of national transportation programs,
does experience suggest that changes are warranted at
the federal or state level ?

In 1976, a number of case studies of actual projects
where joint development had been effected or planned
were evaluated for FHWA. This was not the full-scale
program review and evaluation suggested above. Rather,
it focused primarily on one aspect of the process~land
acquisition. Nevertheless, in view of the overall in-
formation gap that currently exists, some of the findings
and conclusions from these case studies may be of par-
ticular interest because they can suggest certain factors
that are required to establish effective joint-development
projects and provide insights as to possible new policy
and program approaches.

The evaluation dealt with joint development on surplus
land adjacent to the transportation right-of-way. It was
a part of a larger study and literature review on the
subject of excess or expanded land acquisition by trans-
portation agencies and other public bodies (4).

Four types of acquisition were examined—remnant and
remainder purchases, land purchased to protect a facil-
ity or to protect an area from the impacts of a facility,
land purchased expressly for recoupment of facility
costs, and land purchased expressly for siting public or
private projects complementary to a major facility.

Data from the larger study showed that there is little
expanded acquisition, except by highway agencies, and
that even highway-agency activity is seriously con-
strained,

Legal constraints arise from the strict interpretations
of public use that are maintained in state enabling legis~
lation and by the courts. Unless legislative mandates
expressly include complementary facilities, clear trans-
portation purposes must generally be demonstrated as
the basis for acquisition. Moreover, the courts gener-
ally strike down attempts to purchase for recoupment of
costs by resale.

On the fiscal side, the restricted budgets of most
public agencies, including highway agencies, generally
limit acquisitions to the land necessary for a specific
facility site, even when broader mandates are available.

The public mood of increasing mistrust of govern-
mental action and the public awareness that land acqui-
sition has been and can be a source of corruption have
also served to limit flexibility.

These constraints have been internalized by the exec-
utives of highway and other public-works agencies. Ac-
quisition roles are seen as restricted to mandated re-
sponsibilities, not as part of a larger community-
development framework.

The overview emphasized the constraints and limita-
tions and concluded that surplus lands available for joint
development would be accidental or the affect of partic-
ularly favorable local circumstances.

At the same time, numerous projects are apparently
being attempted across the country despite the con-
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straints. Here is the significance of the case investiga-
tions. FHWA wanted to know the legal, financial, po-
litical, and institutional dynamics of these projects.
What kinds of uses were being developed? Were there
any common lessons to be learned ?

CASES

The cases selected for detailed field investigation came
from six states and one Canadian jurisdiction, metropoli-
tan Toronto. Joint development on surplus land of the
Toronto subway system was included for comparative
purposes. ‘

All together, 13 separate jurisdictions were repre-
sented, and 35 individual acquisition-and-reuse projects
were examined—exclusive of Toronto, where over 20
private developments have been built on surplus land.
All of the U.S. cases involved acquisition associated with
major Interstate, toll road, or Appalachian highways.

All but one were situations where the highway agency was
the primary or sole acquisition body. In many cases,
new developments already exist on the land. The others
are planned or programmed for construction. Although
private commercial projects are represented, the largest
number of joint developments already existing are for
public and community facilities (except in Toronto). The
public and community facilities are quite diverse, how-
ever, an