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Transportation Planning for National Forests

J. S, MATTHIAS AND R. H. WORTMAN

Recent legislati quires that comprehensive national forest planning be
accomplished by each National Forest organization, A response to these re-
quirements, methods, and approaches was developed to integrate the transpor-
tation planning element into the forest planning process and linear programming
as used by the U.S, Forest Service. The paper describes potential planning
approaches, pl g pr , and the application of linear planning tech-
niques that relate transportation planning to forest resource output and
scheduling.

In response to the Forest and Rangeland Renewable
Resources Planning Act of 1974 as amended by the
National Forest Management Act of 1976, the U.S.
Forest Service developed a set of regulations for
the purpose of guiding land and resource management
planning for national forests and grasslands.
During the summer of 1979, the Forest Service
through its Rocky Mountain Experiment Station in
Fort Collins, Colorado, began the development of a
series of training sessions that dealt with land
management planning. The basic intent of these
sessions was to present pertinent information re-
garding the integration of the multitude of elements
into the planning process to the interdisciplinary
teams that would undertake the planning efforts.

Transportation was recognized as one of the
important elements in the planning because of the
role and implications of access in all forest and
forest production activities. The discussion that
follows describes the planning concepts that were
developed to ensure that transportation planning
concerns were placed in the proper perspective and
integrated in the forest planning process. Although
these concepts focused on forest planning, they
could also be applied to other types of comprehen-
sive planning efforts.

Conceptual approaches are presented to the over-
all forest planning problem as well as a technique
that permits the inclusion of the transportation
element in linear programming solutions.

The Forest Service planning approach is to use
linear programming by means of a program named
FORPLAN. FORPLAN identifies resource output quanti-
ties and schedules the time the outputs or activi-
ties are to be harvested or accomplished. At pre-
sent, FORPLAN cannot directly accommodate the trans-
portation planning element of forest planning. This
study is a report on an initial attempt to develop a
procedure that permits the inclusion of transporta-
tion planning in forest planning that is compatible
with linear programming in the FORPLAN model.

ROLE OF TRANSPORTATION IN FOREST PLANNING

The transportation system includes all modes such as
roads, trails, waterways, airports, utility corri-
dors, trail heads, parking lots, and any other
facility or means of travel. Although the discus-
sion of transportation usually concerns roads, it
should be remembered that all types of transporta-
tion are meant.

The forest planning process must include adequate
transportation systems analysis, as required by the
regulations, because (a) all uses of forest re-
sources and all forest management activities require
transportation--either the transportation of the
resources to the users or of the users to the re-
sources, (b) scheduling transportation systems
development can control resource systems development
scheduling, (¢) the money cost of transportation is

a substantial percentage of any forest agency's
expenditures, and (d) the potential physical, bio-
logical, social, and economic effects of developing
and operating a transportation system are sometimes
very significant. Proper transportation systems
analysis can be a major factor in minimizing costs
and negative effects and maximizing positive effects
of transportation.

Any forest resource use requires access by means
of the forest transportation system. Whether or not
the resource is timber harvest with the consequent
timber haul from stump to mill or the arrival of
people for recreation, the transportation system
provides the means to 'use the resources. The cost
of reaching and using the resources depends on their
spatial location, the initial (or ultimate) location
of the users, and the means of access. A portion of
the resource cost is directly attributable to its
cost access. In the case of timber, the cost of
hauling from stump to mill partially determines its
value. No analysis of forest resources is complete
unless an adequate analysis of the transportation
cost is included. Transportation costs are produc-
tion costs.

The integration of the transportation plan and
the forest plan will aid in identification of exist-
ing and future deficiencies in the transportation
system. All resource outputs can be translated into
traffic units and assigned to links of the transpor-
tation system by using standard transportation
planning techniques. Analysis of traffic loads for
any time period can reveal when an existing or
proposed link will be overloaded, too narrow, or
otherwise deficient.

Transportation does provide access and serves to
integrate various forest activities. In some for-
ests the problem is developing a road network. For
the forests that require additional access, the
planning problem is more related to the development
of new access. For the forests that have a well-
developed road or transport system, the problem is
associated more with the management of the existing
transportation system, such as limitations on use of
roads, operations and maintenance activities, con-
trol of access, and abandonment of roads that are no
longer needed. Transportation planning is required
to ensure that there is a well-organized effort to
identify either new access needs or manage the
existing access.

CONCEPTUAL APPROACHES TO PLANNING

Three concepts were defined as basic approaches for
incorporating transportation planning into the
forest planning process. For purposes of discus-
sion, these approaches were identified as

1. reactive,
2. simultaneous, and
3. iterative.

The reactive approach concept is shown in Figure
1. 1In this approach, the transportation system is
planned in response to a given forest resource land
allocation and schedule. Little or no consideration
is given regarding transport costs in terms of land
allocation and resource production scheduling. The
concept reflects the traditional transportation
planning approach in that the land uses define the



Figure 1. Reactive approach.
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required transport system. If there is little or no
choice in land allocation and resource scheduling,
then there is little opportunity to seek other use
allocations based on the transport cost input.

Figure 2 reflects the concept associated with the
simultaneous approach. 1In contrast to the reactive
approach, the simultaneous approach includes trans-
portation as an integral element in the determina-
tion of the optimal comprehensive forest plan.
Certainly, this would be the more desirable approach
in that transportation is included in the computa-
tion of the least-cost solution for achieving forest
outputs. In this approach, spatial land use alloca-
tions and the transportation system are determined
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Figure 5. Forest planning process and transportation planning element.
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simultaneously for a given desired resource output
level.

Computationally, this approach is very complex
because of the variables that must be considered. A
model, known as the Integrated Resources Planning
Model (IRPM), has been developed by the Forest
Service staff. At present, however, this model is
limited in the number of land units that may be
included because of the computational time require-
ments. The model does represent the simultaneous
approach to the comprehensive planning question,

Figure 3 represents the iterative approach to
planning and indicates a method of including trans-
portation as an active element in the allocation and
scheduling problem while avoiding the computation
difficulties of the simultaneous approach. The
concept is a series of iterations in which the
transport system defined by the reactive approach is
evaluated for the effects on the land allocations.
The land allocations are then reassessed and the new
transport system requirements are redetermined. The
process 1is iterated wuntil 1land allocations and
transport system requirements are stabilized.

The overall relationship of planning models is
depicted in Figure 4. Three general areas of plan-
ning are depicted. They are

1. land allocation,
2. resource scheduling, and
3. transportation planning.

IRPM represents the incorporation of all three
areas and reflects the simultaneous approach. The
Forest Service currently uses a model, FORPLAN, that
incorporates the land allocation and resource sched-
uling areas. Basically, FORPLAN uses linear pro-
gramming in the solution for an optimal plan. An
iterative approach, therefore, must be wused in
incorporating the effects of transportation in
determining a comprehensive forest plan.
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PLANNING PROCESS

The regulations developed by the Forest Service
governing land management planning specified the
steps to be included in the forest planning pro-
cess. The task, therefore, was to develop a trans-
portation planning element that could be integrated
with the forest planning process.

Figure 5 shows the forest planning process and
the conceptual approach to integrating the trans-
portation planning element. Each step of the forest
planning process has a related step in the transpor-
tation planning element. One process cannot advance
or even be completed without the other being ad-
dressed. In essence, the whole planning effort must
be closely coordinated. The portion of the process
enclosed by the dashed line will be discussed in a
later section of this paper.

The issues and concerns are identified by public
response to forest service requests, public hear-
ings, and forest service management concerns. The
forest plan is developed to respond to the issues
and concerns from 1local, regional, and national
sources. Most, if not all, issues and concerns will
either be transportation oriented or at least in-
volve access requirements.

Planning criteria are developed both for evalua-
tion of alternatives and for decision purposes. The
criteria selected for transportation should reflect
the broader forest goals and objectives.

For the inventory and data-collection phase,
there is the need to coordinate the requirements for
the transportation element with those for the forest
pPlan. The nature and format of data must be well
defined in order to eliminate duplication of data
collection for the various disciplinary areas. For
example, the traffic analysis zones should be co-
ordinated with the boundaries of the forest plan
analysis and management areas.

The analysis of the management situation is the
determination of the range of forest resource out-
puts that can be obtained based on various manage-
ment levels, one of which is a stewardship level, or
simply maintain the forest as it is. Another level
is the maximum t:i‘mber output. This section of the
planning process will determine the range in which

feasible forest plan alternatives can be developed.
For this part of the process, it is necessary to
assess the capabilities of the existing transport
system to serve those management levels. In es-
sence, potential transport system deficiencies are
defined.

Those steps enclosed by the dashed line reflect
the interactive process of developing a transporta-—
tion plan for each of the forest plan alternatives.
Given a forest plan alternative,. the transport
system needs are defined and the travel demand
forecast is made. Transport system alternatives are
generated and assessed. The effects of the trans-
portation system are input to the forest plan alter-
native to determine the effect on the plan. If
necessary, the forest plan is modified and the
transport system alternatives are reassessed. The
process is cycled until no further adjustments in
the forest plan or the transport system are re-
quired. The output of the process is the definition
of a transportation plan for a given forest plan
alternative. It is necessary to undertake this
analysis for each of the forest plan alternatives
that are being considered.

Once the forest plan alternatives are evaluated
and a plan is selected, the transportation plan is
automatically defined because of the earlier analy-
sis. At this point the effort focuses on implement-
ing the forest plan along with its corresponding
transportation plan.

APPLICATION OF LINEAR PROGRAMMING

Because the FORPLAN model used linear programming
techniques, it is advantageous to develop analysis
methods that can integrate transportation cost
effects into FORPLAN. Figure 6 shows the linkage
process by which transportation analysis can be
accomplished, cost coefficients developed, a trans-
portation system developed for a given set of forest
resource outputs, and a schedule. This process uses
an iterative approach in that linear programming
coefficients are adjusted based on changes to land
allocation of resources and schedules caused by
changes in the transportation system and costs.
Figure 6 again reflects that portion of Figure 5

Figure 6. Land allocation and transportation system linkage. Land Allocation Linkage Transportation Analysis

Forest Data Base
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outlined by the dashed line, except that Figure 6

depicts the analysis in terms of a linear pro-
gramming approach. The initial step, shown as (1),
is the inclusion of the cost coefficients that
reflect the existing transportation system.

FORPLAN will produce land (resource) allocations
and a schedule for producing the resources. This
will indicate traffic demand shown as (2). Normal

transportation analysis techniques are then used to
develop the transportation system required for the
desired outputs. Revised transportation costs (3)
are developed and placed into the FORPLAN and a new
allocation (4) is made. This is the iterative
process and it can be continued until changes in the
land allocation and/or schedule cease to require
significant changes in the transportation system.

In the FORPLAN model linear programming is used
to allocate forest resource outputs and schedules
the outputs. To illustrate the application of
linear programming the following example was devel-
oped by using only timber and recreation as resource
outputs. This example was developed by the land
management planning staff. In this example there
were 100 000 acres that could be allocated to timber

and recreation. There was also a requirement to
produce at least 20 000 000 board feet (BF) of
timber, and there were between 40 000 and 400 000

recreation visits. In this example, timber can be
cut at 400 BF/acre, but this results in no use for
recreation. If timber is cut at a rate of only 100
BF/acre, then 20 recreation visits/acre can be
realized. These conditions are shown in the total
cost column and include the initial cost of trans-
portation. The objective function equation is
maximize net revenue (Z) 602 + 95, where 1
refers to acres of timber emphasis and 2 refers to
acres of recreation emphasis.

The formulatiocon programming model
is shown in Figure 7a and the graphical solution is
shown in Figure 7b. The optimal solution is vindi-
cated by point C. This graphical solution indicates
an allocation of 80 000 acres to timber and 20 000
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acres to recreation emphasis.

But what happens if the transportation system
will not permit the use of the resource levels
determined by the timber specialist and the recre-
ation specialist? The existing transportation
system cannot safely accommodate the traffic gen-
erated by the resource levels that the 1land can
generate, for example.

There are several options. Outputs can be re-
duced to a level that will not overload the trans-
portation system. This is shown as option 1 (see
Figure 8a): 20 , < 300 000 and/or 400 ; + 100
5 < 20000000 to 375 4 + 15 5 <
20 000 000. This says that the system can handle no
more than 300 000 recreation visits and no more than
a timber harvest of 375 BF/acre and 75 BF/acre if
the transportation system capacity (as planned) is
not to be exceeded.

Figure 8a shows graphically the effects on the
optimal solution of changing only the recreational
constraint: 20 9 < 300 000; 3 = 85 000 acres,
2 = 15 000 acres. The changes in costs are shown
in Figure 8b.

Another option might be to upgrade the road
system so that the resource output levels determined
in Figure 8a might be achieved (remove transporta-
tion system constraints).

This will increase the costs of the resources due
to the costs required to improve or upgrade the
transportation system. This would include construc-
tion, maintenance, operational, and user costs. For
example, timber costs increase from $10.00 to $15.00
and recreation from $1.00 to $2.00.

The resulting changes in the objective function
are shown in Figure 9a; in the graphic illustration
in Figure 9b, note there is no change in the feasi-
ble region.

A third option is to change the existing road
system in such a way as to maintain costs used or
even reduce costs. For example, the existing road
network may be shortened by construction of a new
link; an entirely new route may be substantially

Figure 7. Formulation of linear programming model: (a) basic timber and recreation allocation and (b) basic graphical solution.

(a) Recreation Revenue

Visits/

Timber Revenue

Volume Total

Timber 400 $150 x 0.4 O 0 $60
= $60

Recreation 100 $150 x 0.1 20 $4 x 20 $95
= $15 = $80

Max. Net Revenue = 60 xq + 95 xp Max, Z = 60 x1 + 95 xp

Subject to: 1. X1+ x2 100,000
2. 400 x7 + 100 xp 20,000,000
3. 20 x2: 40,000 ¥  $150/thousand board feet
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5 X1 0, xp O

Budget cost 4 x1 + 21 xp + $740,000
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$ U
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(b) X2

i
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Figure 8. Option 1: (a) graphical solution and (b) changes i cost—problem formulation.
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Max. net revenue $56.25 x1 + 91.25 xp = $6,150,000, a decrease of $550,000

Costs:

3.75 x1 + 20.75 xp

3.75 (85,000) + 20.75 (15,000) =

%630,000, a decrease of $110,000

Figure 9. Changes in cost: (a) option 2 problem formulation and (b) graphical solution.
(b) *2

(a) Timber Recreation
Total Total
Yolume Net Value Visits MNet Yalue Net Value Cost
Timber 400 145 x .4 = $58 4] 0 $58 $6
Recreation 100 145 x .1 = $41.5 20 3 xsgg $74.5 41,5

Max. net revenue = 58 x1 + T4.5 xp or 58 (80,000) + 7T4.5 (20,000)
= $6,130,000, a decrease of $570,000

Costs:

6 x1 + 1.5 x2

6 (80,000 + 41.5 (20,000)) = $1,310,000, an increase of $570,000
cheaper (construction, maintenance, operating, and

road user costs) than upgrading (or reconstructing)
the existing route, with reduced operating and
maintenance costs. Abandonment of excess mileage
can also save operating and maintenance costs.

Assume a road system can be built that is shorter
and thus will reduce maintenance, operating, and
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road user costs (new roads normally do this). This
will change the production costs for timber and
recreation. Figure 10a shows the changes and Figure
10b shows the graphic illustration. Costs for
timber were reduced by $2.00, from $10.00 to $8.00,
and costs for recreation were reduced from $1.00 to
$0.50.
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Figure 10. Changes in cost: (a) option 3 problem for 1 and (b) graphical solution.
(a) Timber Recreation (b) x2

Total Total

Volume  Net Yalue Yolume MNet Value Net Value Cost
Timber 400 152 x 4 = $60.8 0 0 $ 60.8 $ 3.20
‘ e
Recreation 100 152 x .1 = $15.1 20 $4.5 x $20  $105.20 $10.8
= $90

Max. net revenue: 60.8 xq + 105.2 xp

Cost: 3.2 x1 + 10.8 x2

For x1 = 80,000 & x» = 20,000

Revenue = 60.8 x (80,000) = 4,864,000
105.2 x (20,000) = 2,104,000
6,968,000 and increases of $268,000
Costs = 3.2 (80,000) = 256,000
10.8 (20,000) = 216,000

472,000 a reduction of $268,000

This example problem shows the manner in which
transportation costs can affect the cost of resource
outputs. This is true for forest outputs or for any
resource that requires transportation.

Although this example did not address the spatial
location of the allotments to timber and recreation,
the same rationale can be used to determine the land
use arrangement that will produce the desired re-
source outputs at the most efficient transportation
costs.

The process developed should ensure the integra-
tion of transportation planning to produce a land
use plan and schedule that will result in cost-ef-
ficient production of forest products.

CONCLUS IONS

The development of a transportation planning ap-
proach for use in forest planning presented a rather
unique challenge because of the comprehensive nature
of the planning process and the potential trade-offs
between transportation and forest use allocations.
Also, the process and models had to be compatible
with those used in other aspects of the forest
planning process.

Ideally, a simultaneous approach would be the
most desirable attack on the problem. For a large-
scale area, the solution of a problem of this magni-
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tude is restricted by computational capabilities at
the present time.

The- alternative to the simultaneous approach is
one that uses an iterative process whereby use
allocations are adjusted based on the transportation
requirements. In this case, it 1is possible to
incorporate the transportation element into the
linear programming models that are currently used in
forest land use allocations and scheduling.

Although this effort focused on forest planning,
it does represent an attempt to deal with planning
on a comprehensive basis. The concepts and ap-
proaches that were used certainly merit considera-
tion for application to other comprehensive planning
Lovuyil  consliderable wOrK remains
prior to having a fully developed planning process.

oiluativis wvell
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Abridgment

Economic Impact of I-78 in Allentown, Pennsylvania

FRANCIS X. MAHADY AND DIANNE C. TSITSOS

One of the remaining gaps on the Interstate system, 1-78 in Allentown, Penn-
sylvania, has had a controversual history. Despite the existence of an approved
final envir t t, the Pennsylvania Department of Trans-
portation agreed to a re- study of an alternatlve alignment to that recommended
in the environmental impact statement. The re-study was a result of local offi-
cials’ dissatisfaction with the economic analyses performed and their fear that
the recommended route would enhance suburban development potential at the
expense of Allentown’s central city. Their fears were grounded, in part, in a
study of the probable economic impacts of I-78. The study, sponsored by the
City of Allentown and conducted by Economics Research Associates, found
that construction of the roadway would lock in existing investment trends that
heavily favored a suburban alignment. An alternative route would improve ac-
cess to the central city, enhancing its develop tp ial. Following publi-
cation of the study, a central city development committee was formed. This
group included public officials, center city business representatives, and local
bankers. Meanwhile, state and federal officials agreed to reconsider an alterna-
tive alignment for 1-78.

Interstate 78 in the vicinity of Allentown, Bethle-
hem, and Easton, Pennsylvania, has had a long and
controversial history. Now one of the remaining
essential gaps on the Interstate system, construc-
tion of a new roadway or reconstruction of existing
and heavily traveled TR-22 between Easton and Allen-
town would connect points west with northern New
Jersey and the greater New York metropolitan area.
A final environmental impact statement (EIS) was
approved in 1980 for construction of a 54.4-km
(34-mile) bypass segment south of the three cities.
By then, the cities--with the assistance of environ-
mentalists and suburban groups--had successfully
argued for a reduction in the number of suburban
interchanges from 11 to 3. However, Allentown
officials still feared that, in spite of the reduc-
tion, the highway's planned alignment would encour-
age suburban development at the expense of the
city's economy and tax base.

The city's tax and employment bases had, in fact,
eroded in recent years during a time in which sig-
nificant residential, industrial, and commercial
investments were being made in outlying areas.
Exacerbating these concerns were reported develop-
ment plans for major tracts of land south and west
of the city, which contributed to Allentown offi-
cials' fears that the prevailing trend toward sub-
urban investments might worsen with the accessi-
bility improvements to be provided in these areas by
I-78. Controversy centered on the 20.8-km (13-mile)
segment of the approved Southern Bypass route im-
mediately south and west of Allentown.

In September 1979, the City of Allentown con-
tracted with Economics Research Associates to pre-
pare an independent assessment of how I-78 would
affect downtown business in particular and the
city's economy in general. The study had three
major components: a critical literature review to
examine how other bypass facilities had affected
cities of similar size and characteristics else-
where, a transportation analysis (conducted by Alan
M. Voorhees and Associates), and an analysis of
these two components along with the particular

characteristics of the Allentown economy.
The analytic framework used was applied to five

alternatives for I-78:

1. The South, or suburban bypass route, as ap-
proved in the final EIS;
2. The North route, which would be constructed

along an existing highway corridor (TR-22);

3. The no-build, with no major improvements in
the existing network;

4. The no-build, with major improvements to
existing east-west and north-south collector/dis-
tributors; and

5. A modified version of the Southern Bypass that
would substitute the planned suburban western por-
tion with reconstruction of an existing highway
(Route 309) closer to Allentown.

STUDY METHOD

Local officials were particularly interested in
actual cases of bypass effects on central city
economies of similar communities, so the first step
of the method was a review of the literature (see
1-15). The majority of the studies examined were
retrospective in nature. Since the Allentown study
required projecting impacts, a simultaneous investi-
gation of the local economy was undertaken. Field
inspections, extensive personal interviews, analysis
of available statistical data, and critical review
of past reports comprised the research. This ap-
proach resulted in the development of two alterna-
tive local investment scenarios under which each of
the I-78 alternatives could be evaluated. The final
document contained recommendations to the city
regarding the alternative most likely to produce the
optimum development climate for Allentown's central
city.

ECONOMIC CLIMATE

Under any I-78 alternative, the single most impor-
tant factor affecting the magnitude and direction of
future growth in Allentown's economy was found to be
the degree of commitment by private and public
leadership to investment in the central city. This
finding is consistent with past studies in similar
areas, which have generally found that preexisting
trends in local economies have been the real deter-
minants of how the construction of a particular
highway affects an area. The roadway may intensify
certain trends but is unlikely to create new ones.
This result of the literature review provided a
framework within which to investigate the economic
climate of Allentown's central city. The investiga-
tion included the city's development context, local
employment characteristics, and retail activity.

Development Context

On the public side, Allentown now provides financial
and tax incentives to encourage economic develop-
ment, as well as services and amenities that re-
search cites as increasingly important variables in
business and work force 1location decisions. The
city's labor force, economic base, and infrastruc-
ture are adequate to support existing and prospec-
tive new development.

On the private side, however, Allentown's finan-
cial personnel had not been aggressively pursuing
central city investments. Their past behavior had
contributed to a conservative attitude regarding
such investments that had tended to discourage other
venture capitalists. This posture had resulted, in
part, from the influence of the preferred alignment



of I-78, which appeared to have encouraged invest-
ment in suburban areas.

Employment and Retail Activity

In both of these areas, the City of Allentown has
held a fairly strong and stable position relative to
the rest of Lehigh Valley (Lehigh and Northampton
Counties). The city holds approximately 55 percent
of the county Jjob total and more than 60 percent of
county manufacturing employment.

The city has shown per-capita retail sales con-
sistently higher than the average for the two-county
area and has held a constant share of regional sales
since 1974. It appears that, at least with respect
to retail sales, suburban growth has not had a
deleterious effect on Allentown's economy.

TRANSPORTATION SYSTEM

Travel demand forecasts for each of the I-78 alter-
natives were reviewed by Alan M. Voorhees. and As-
sociates under subcontract to Economics Research
Associates. The review concluded that travel fore-
casts were reasonable, given expected growth in the
area, and that use of the alternative alignment (an
existing state route) for I-78, as preferred by the
City of Allentown, would require reconstruction of
the facility from four to six travel lanes.

The service to be provided by I-78 is considered
critical to development in the area. The no-build
alternative 1is unacceptable because of predicted
service failures on other state routes in the near
future. Purely on transportation grounds, the
analysis found both the alignment recommended in the
final EIS and that favored by city officials to
provide adequate travel service.

ECONOMIC IMPACTS OF T-78 ALTERNATIVES

Review of case studies documenting the impacts of
bypass highways on central city economies suggests
that trends in evidence prior to the highways'
construction are likely to be reinforced. Since the
positioning of the financial community in Allentown
is significant to the establishment of positive or
negative trends in the city's economy prior to the
implementation of any transportation improvement,
two impact scenarios were posited for each of the
T-78 alternatives: The firat accnmed sn 2lés-n3
position in central city investments, with core
development significantly increased over the next 10
years, while existing city businesses receive capi-
tal support for their maintenance and improvement.
It would tend to enhance development potential and
other beneficial effects associated with accessi-
bility improvements.

The second scenario assumed no change in prior
investment trends, which would have tended to de-
press development potential and exacerbate other
negative central city effects associated with ac-
cessibility improvements in outlying areas.

STUDY CONCLUSION

The study concludes that the I-78 alignment along
the reconstructed state route, coupled with an
altered investment scenario, offers the best oppor-
tunity to provide needed interregional and local
travel improvements without damaging a healthy
central city economy.

Since circulation of the study, a development
committee was formed to bring together representa-
tives of financial institutions, the central city
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business community, and public officials to consider
the research recommendations, with very positive
results reported since that time. Meanwhile, state
and federal transportation officials have agreed to
back up the process somewhat, in spite of the exis-
tence of an approved final EIS, in order to accommo-
date city concerns. It appears now that a solution
satisfactory to all parties is possible, thus allow-
ing at 1last the construction of this essential
Interstate segment.
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Abridgment

Interstate Highway System and Development in

Nonmetropolitan Areas
RONALD BRIGGS

The current revival of development in small urban and rural communities is
one of the more dramatic changes in socioeconomic trends in this century.
Since other writers have suggested that the Interstate Highway System played
a key role, this paper empirically examines the relationship between the loca-
tion of freeways and migration and employment change between 1950 and
1975 in all nonmetropolitan counties in the United States by using both
descriptive statistics and regression models. The results show that, while
counties with freeways as a group have higher average growth rates, even
after confounding factors such as proximity to metropolitan areas and presence
of urban population concentrations are controlled, the presence of a limited
access highway is far from an assurance of development for an individual
county. Tourist services are the industry most closely associated with
Interstates but, contrary to common conceptions, manufacturing and
wholesaling are not clearly associated. The Interstate system was less able

to explain the spatial pattern of development than nontransportation fac-
tors. Its role appears to have been to raise accessibility levels throughout

the nonmetropolitan United States, which has benefited many com-
munities, not just those adjacent to Interstates.

In the 1970s, nonmetropolitan areas--i.e., small
towns and rural communities beyond the sphere of in-
fluence of major metropolitan centers—--experienced a
major revival in demographic and economic develop-
ment (1). Several writers (2-4) suggdest that
changes in transportation, particularly the develop-
ment of the Interstate Highway System, played a key
role in this reversal of trends in existence for
much of this century. Unfortunately, most highway
impact studies examine urban rather than rural high-
ways, single projects rather than complete systems,
and short- as opposed to long-term impacts (5).
Apart from Bohm and Patterson (6) and Lichter and
Fuguitt (7), the few studies that address the im-
pacts of the Interstate Highway System on nonmetro-
politan development (8-13) are limited in scope,
contradictory in their findings, or have methodolog-
ical inadequacies. They do not permit a definite
answer regarding the role of the Interstate in non-
metropolitan development, which was the purpose of
the research reported on here (14).

DATA AND METHODOLOGY

The study encompassed all nonmetropolitan counties
in the coterminous 48 states, that is, counties out-
side standard metropolitan statistical areas
(SMSAs). An Interstate coding, derived from a com-
puterized administrative data file maintained by the
Interstate Reports Branch of the Federal Highway Ad-
ministration, classified counties as (a) with an
Interstate, if 50 percent or more of the planned of-
ficial Interstate mileage was open to traffic by a
given date (1960, 1970, 1975); (b) on System without
Interstate, if less than 50 percent of the planned
mileage was open; or (c) off System, if the county
had no open or planned Interstate mileage. An es-
sentially similar freeway coding included all
limited access highways and required that a link be
complete to a metropolitan center before a county
was considered to have an open freeway.

Annualized county net migration rates, based on
U.S. Bureau of the Census data, were calculated for
1950 to 1960, 1960 to 1970, and 1970 to 1975. Rates
of employment change were similarly calculated by
using U.S. Census of Population data for 1950-1960

and 1960-1970 and Bureau of Economic Analysis (BEA)
data for change from 1970 to 1975. (Note that the
census data are place-of-residence based and count
people, whereas the BEA data are place-of-work based
and count jobs.) In addition, the industries ex-
amined were those that theory or previous empirical
study suggested were associated with freeways, and
included (a) retailing, (b) tourist-related industry
(defined as eating and drinking establishments,
lodging places, and amusement and recreation ser-
vices), (¢) manufacturing, (d) trucking, and (e)
wholesaling.

The study then proceeded in four main stages.
First, a descriptive analysis was undertaken of the
effect of Interstates on net migration, controlling
for a series of factors that could produce a
spurious relationship between demographic change and
the presence of Interstates. Second, a similar
analysis for employment change was conducted.
Third, a simple model of the interrelationship among
Interstates, employment change, and net migration
was tested by using path-analytic procedures.
Fourth, the importance of the Interstate system
relative to other factors influencing migration was
assessed.

RESULTS

Demographic Change

In every decade counties with an Interstate highway
experienced higher average rates of net migration
than those without Interstates (Figure 1). The same
is true when other migration measures are used, such
as aggregate migration rates, proportion of counties
gaining by net inmigration, and proportion ex-
periencing turnaround from net outmigration to net
inmigration (14). Although this demonstrates a
clear association, it is far from proving a causal
link proceeding from highways to migration. For in-
stance, Interstates may have been planned or con-
structed through counties already experiencing
higher migration rates. Counties adjacent to SMSAs
receive population spillover from these centers and
are more likely than nonadjacent counties to have an
Interstate since these highways 1link metropolitan
centers. Nonmetropolitan counties with urban popu-
lation concentrations have generally experienced
higher migration rates and again are more likely to
have an Interstate because of their 1larger size.
However, there is evidence to suggest a causal ef-
fect of freeways on migration that is independent of
these possible confounding factors.

If counties on the Interstate system are classi-
fied according to date of highway opening (Table 1),
migration rates for any one time period are (a)
highest for the counties where the Interstate opened
in the previous decade and (b) highest for the coun-
ties where an Interstate opened during the migration
period being considered. In other words, the open-
ing of an Interstate during one decade is associated
with above average rates of net migration during the
following decade. This temporal sequencing, in
which the cause precedes the hypothesized effect in
time, provides solid evidence for the existence of a
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causal impact of Interstates on migration, which
cannot be explained by prior growth rates. Similar-

ly, when adjacency to metropolitan centers and size
of urban population concentrations are controlled
(Figure 2), an effect of Interstates still emerges.

Employment Change

Generally, employment change is also associated with
the Interstate System (Table 2), even after adja-
cency to SMSAs and size of urban population con-
centrations are controlled (l4). The major excep-
tion is the lack of association for manufacturing
and wholesaling, which is a surprise, given the many
statements in the literature that both are accessi-
bility dependent.

Interrelationship of Demographic and Employment
Change
Interstates may affect migration directly as well as

Figure 1. Annual net migration rates 1950-1960, 1960-1970, and 1970-1975
by presence of Interstate highway at end of migration period.
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indirectly through changes in employment opportuni-
ties that, in turn, affect migration. 1In order to
assess this interrelationship, as well as identify
the types of industries most affected by limited ac-
cess highways, path-analytic procedures were applied
to the simple causal model in Figure 3 (7).

In contrast to the earlier findings, the results
suggest a weak relationship at best between freeways
and demographic and employment change (Table 3).
The partial correlation coefficients (controlled for
adjacency to metropolitan areas and size of largest
city in county) are very low, as are the standard-
ized regression coefficients (beta weights). Apart
from this, the most notable feature is the minor
role of manufacturing and wholesaling and, compara-
tively, the overwhelming effect of tourism employ-
ment. (The initially striking differences between
the 1960s and 1970s results primarily reflect the
way employment is measured.)

Other Factors Affecting Migration

From the literature, five categories of factors in-
fluencing nonmetropolitan change were identified:
urbanization, industrial base, social base, govern-
ment activities, and environmental amenities. With
net migration for each of the the three time periods
as the dependent variable, regressions were run for
variables within each of these categories as well as
for all variables together. Figure 4 plots the mul-
tiple coefficients of determination (R?) for re-

Table 1. Migration rates by date of opening of Interstate highway.

Interstate System Counties Date

of Opening
Before 1960- 1970- After
1960 1969 1974 1974
Migration Period 4 5 6 7
Mean annual rate of net
migration
1950-1960 -0.393 -1.209 -0.884 -0.874
1960-1970 -0.434 -0.505 -0.585 -0.648
1970-1975 0.370 0.864 0.765 0.538
Number of counties 73 466 160 97

Figure 2. Annual net migration rates for counties
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Table 2. Aggregate annual employment growth
rates for counties with and without freeways.

Figure 3. Model of the impact of limited access

highways on employment and demographic change

in nonmetropolitan areas.

Table 3. Effects of freeways on employment
growth and net migration: path-analysis

results.
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1960 to 1970*

1969 to 1975°

Without a Freeway Without a Freeway

With a On Off With a On Off
Industry Freeway System System Freeway System System
Total 1.95 1.59 1.09 1.50 1.76 1.36
Retail 2.49 2.07 1.62 2.90 2.17 1.83
Manufacturing 2.48 2.63 2.82 -0.50 1:25 -0.04
Tourist 2.76 2,23 1.71 4.07 3.04 3.19
Trucking 2.14 1.92 1.05 2.92 3.66 2317
Wholesaling 345 3.15 2.44 8.99 7.60 11.60

21960 SMSA definition.
1970 SMSA definition.

OTHER GROWTH FORCES EmPLOYMENT CHANGE
- OVERSPILL FROM METROPOLITAN
—»|  AREAS TOURTSH
~ URBAN POPULATION CONCENTRATIONS LI
IN NONMETROPOLITAN AREAS NON-LOCAL SERVICES
\
*
\‘x
) LINK 2
LINK 3
LimiTeED Access HicHwaY NeT MiGrATION
Direct Effect of Indirect Effect of
Freeway on Endo- Freeway on Endog- Indirect Effect as a

Employment Partial Correla- genous Variable enous Variable Percentage of Total
Areas tion Coefficient®  (Beta Weight) (Beta Weight) Effect
1960-1970

Migration 0.07 0.020 - -

Manufacturing 0.04 0.051 0.005 6.6

Tourism 0.07 0.090 0.042 57

Trucking 0.04 0.044 0.004 4.9

Wholesaling 0.02 0.028 0.003 4.8
1970-1975

Migration 0.08 0.053 - -

Manufacturing 0.005 0.005 0.0001 0.2

Tourism 0.03 0.030 0.0178 25.3

Trucking 0.03 0.029 0.0001 0.2

Wholesaling -0.02 -0.016 -0.0005 -
Note: All regression equations include three dummy variables as exogenous controls indexing adjacency to metropolitan

areas, counties with cities of more than 10 000 population, and counties with cities between 2500 and 10 000 popu-
lation, The total effect of freeways is the regression coefficient in a model regressing net migration against the three
exogenous control variables and the freeway variable. The results were 1960-1970, beta = 0.074 and 1970-1975, beta
=0.071.
aBetween freeway and endogenous variable controlled for adjacency and size of largest place.

Figure 4. Relative ability of different factors to explain nonmetropolitan

county net migration rates, 1950-1975.
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gressions within each category, and Table 4 gives
the beta weights and R2?s for all variables to-
gether. The break-in-slope in Figure 4 between the
1960s and 1970s indicates a change in the processes
underlying migration in the 1970s. However, the
consistently small R?s for the Interstate vari-
ables and the small beta weights and negligible in-
crements to R? suggest that the Interstate Highway
System is less able to explain variation in county
migration rates than any other factor examined.

CONCLUSION

Two primary questions are raised by this research.
First, why did the first two parts of the study sug-
gest an impact of Interstates on nonmetropolitan
development, whereas the last two parts suggest
little influence? The resolution of this apparent
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Table 4. Standardized regression coefficients for variables hypothesized to
influence net migration rates in nonmetropolitan counties: 1950-1960, 1960-
1970, and 1970-1975.

Factor 1950s 1960s 1970s
Urbanization
Adjacent to SMSA 0.056 0.105 0.087
City present 0.125 -0.075 -0.162
Town present 0.053 -0.043 -0.105
Industrial base
Agriculture (%) -0.146 -0.239 -0.413
Mining (%) -0.145 -0.248 -0.200

Manufacturing (%) -0.134 -0.068 -0.239

Social base

Median income 0.351 0.240 -0.061

Black (%) -0.069 -0.087 -0.227

Retired population 0.053 0.438 0.195
Government

Administration (%) 0.013 0.017 -0.026

College present -0.048 0.093 -0.037

Military (%) 0.043 -0.054 -0.182
Amenity

Warm winter 0.096 0.015 0.109

Mountain 0.070 0.091 0.109

Coast 0.216 0.022 0.074

Lakes -0.002 0.019 0.011

2nd homes -0.009 0.079 0.227

Recreation 0.055 0.031 0.170
Other transportation

Rail present -0.062 -0.011 -0.018

Air present 0.050 -0.028 0.046
Freeways

Open -0.003 0.015 0.073

New - 0.026 -0.230

Not yet open 0.061 0.003 -0.006
Coefficients of determination

All variables 0.383 0.471 0.389

Freeways excluded 0.380 0.469 0.385

contradiction is that, on average, counties with an
Tnterstate have indeed experienced higher rates of
migration and employment change. However, the ex-
perience of individual counties has been extremely
varied with much overlap in growth rates between
counties with and without Interstates. The policy
planning implication is that the presence of an
Interstate is no guarantee of community development,
but neither is its absence a precursor of community
demise as might have been the case in an earlier era
with the railroad. Second, why is there a generally
weak relationship between the Interstate system and
Aeualanmant . acnecially in manufactuering  for o
ample? The major effect of the Interstate may have
been to raise accessibility levels throughout the
nonmetropolitan United States. Consequently, their
effect has not been as 1locationally specific to
areas in close proximity to freeways as is commonly
expected.
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Improving Minority Participation in Regional Planning

PETER M. LIMA

This paper describes the steps taken by one regional advisory group, the Citizen’s
Advisory Board to the Omaha-Council Bluffs Metropolitan Area Planning
Agency, to improve participation by blacks in the regional planning process.
The Omaha-Council Bluffs metropolitan area, the characteristics of Omaha’s
black population, and the current citizen participation process in the metropoli-
tan area are described and the imp of regional planning decisions on minor-
ities are discussed. Several actions are then recommended to improve minority
participation including (a) recruitment, (b} education, (¢) involvement, and (d)
evaluation and feedback.

This paper describes how minorities currently become
involved in the regional planning of the Omaha-
Council Bluffs metropolitan area and presents recom-
mendations for improving minority participation at
the regional planning level. The suggested recom-
mendations herein are based on some initial steps
taken by the Citizen's Advisory Board (CAB) to the
Omaha-Council Bluffs Metropolitan Area Planning
Agency (MAPA) to improve participation by black in-
dividuals and groups. Although it is much too early
to fully assess the long-range impact of these steps
on increasing participation by blacks in the re-
gional planning of the Omaha area, I have chosen to
present the approach taken by the CAB before it has
been fully assessed in order to stimulate discussion
among planning professionals.

The remainder of the paper is organized into five
sections: (a) characteristics of Omaha's black pop-
ulation, (b) the impact of regional planning on
minorities, (c¢) current citizen participation in re-
gional planning, (d) improving participation, and
(e) concluding remarks.

CHARACTERISTICS OF OMAHA'S BLACK POPULATION

The Omaha-Council Bluffs metropolitan area is a
major midwestern region centrally located within the
United States. The standard metropolitan statisti-
cal area (SMSA) is comprised of Douglas and Sarpy
Counties, Nebraska, and Pottawattamie County, Iowa,
and includes more than 20 incorporated cities,
towns, and villages (1, p. 5). BAmong these munici-
palities, the three most important are the Cities of
Omaha and Bellevue, Nebraska, and the City of Coun-
cil Bluffs, Iowa. In general, urban development
within the region has "...sprawled outward in a low-
density pattern being serviced by lineal commercial
development" (1, p. 9). This sprawling urban de-
velopment has clearly impacted inner-city neighbor-
hoods, many of which are inhabited by black resi-
dents. A later section of this paper discusses in
more detail how these neighborhoods have been im-
pacted by regional planning decisions that encourage
sprawl.

In general, the residents of the Omaha-Council
Bluffs metropolitan region enjoy a high quality of
life. In 1978, Omaha ranked 12th in family income
among the nation's 50 largest cities and the unem-
ployment rate was 4 percent, approximately 2 percent
lower than the national rate. Nonetheless, these
favorable statistics for the residents as a whole do
not apply to the black population, which comprises
7-8 percent of the 600 000 people within the SMSA.
Compared with an unemployment rate of 4 percent
among all SMSA residents, 17 percent of the black
labor force is officially unemployed. One report
even estimates that the true unemployment rate among
blacks is between 35 and 40 percent (2, p. 12).

This high unemployment rate among blacks obviously
causes low income--the median yearly income for a
black family of four is $7500 compared with $15 000
for a white family of the same size. Moreover, ap-
proximately 42 percent of the black population is
considered economically disadvantaged compared with
9 percent of the white population (2, pp. 11-13).

The 1living conditions for the black residents
within Omaha are bleak. More than 90 percent of the
black people in Omaha are 1located within an 8-
mile? ghetto in the northeast sector of the city:;
compared with a density of 0.60 persons/acre? for
the SMSA as a whole, the density within this black
sector is 16 persons/acre?. The average 1978
housing value in the black sector of $7000, which
contrasts sharply with the $28 000 for a housing
unit in the white sector, reflects the high-density
condition. The fact that more than 30 percent of
the housing is deteriorated and more than 2500 lots
are vacant is another indication of the poor living
conditions within this sector (2, p. 16).

Low educational levels significantly contribute
toward the high unemployment and low income among
Omaha's black citizens. Only 29 percent of the
black population 25 years and older have completed
high school, while 60 percent of the white popula-
tion in the same age group have high school diplo-
mas. Moreover, 50 percent of the eligible black
school children drop out whereas 28 percent of the
white children drop out. Although 13 percent of the
white population has completed four or more years of
college, only 3 percent of the black population
reached this same level of education (2, pp. 9-11).

Black citizens in Omaha apparently lack faith in
the economic and political system since only 1l per-
cent of the eligible black voters in Omaha vote in
major elections (2, p. 21). This voting gap among
black residents has resulted in a limited number of
black elected representatives, which include one
state representative and a few members on the school
board and other minor boards and commissions. Since
blacks do not vote, they apparently believe their
votes mean nothing. The irony, though, of the situ-
ation is that if blacks do not begin to exercise
political influence, their economic condition may
worsen. As the next section illustrates, regional
Planning decisions that do not reflect the needs of
the black population may even worsen existing condi-
tions within black residential areas.

IMPACT OF REGIONAL PLANNING ON MINORITIES

This section focuses on the direct and indirect im-
pacts that transportation facilities have on black
residential areas, two important issues to black
residents.

The proposed North Freeway within Omaha, which
cuts through the heart of the black residential sec-
tor, is an integral part of the 1995 transportation
plan and is on the 6-year element of the transporta-
tion improvement program. The facility has gone
through corridor planning and preliminary design
stages, and a large portion of the land acquisition
for the project has been completed. The North Free-
way, as originally planned, would have been a north-
south connection between east-west Interstates 80
and 680, and its completion would have completed an
expressway loop within the city (3). In addition,
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the proposed east-west airport connector will con-
nect the North Freeway to the Eppley Airport, which
lies to the east of the proposed freeway. The pres-
ent plan calls for the North Freeway to extend only
to the airport connector and not to I-680 as origi-
nally planned. Interestingly, the cut-off at the
airport connector is the approximate division be-
tween white and black North Omaha. Most of the
North Freeway will then lie within the black resi-
dential sector. This decision to cut off the free-
way at the connector was apparently due to political
maneuvering. Due to the large proportion of the
total right-of-way for the proposed North Freeway
that has been acquired, the project already has had
a significant impact on the black sector. Neighbor-
hood groups are now very active in working out the
details of the design in order to minimize neighbor-
hood disruption, noise pollution, air pollution, and
so forth.

Regional planning can also have more subtle indi-
rect impacts on these residential areas that may be
of greater consequence to blacks than are the direct
physical impacts. Earlier this paper noted that de-
velopment within the Omaha-Council Bluffs region has
sprawled out from the central cities. The generally
well-developed radial and circumferential expressway
system has significantly increased the accessibility
to outlying portions of the region; thus, the out-
ward expansion has been encouraged by the increase
in transportation capacity. An analysis of prelimi-
nary 1980 census data verifies that significant num-
bers of people have migrated westward from the cen-
tral city to the suburbs and, according to the data,
the growth rate for Omaha as a whole decreased be-
tween 1970 and 1980 (4). Public investment in the
highway system made through regional planning de-
cisions has certainly contributed to this outmigra-
tion; but other types of policies made outside the
regional planning process have also put pressure on
western growth including utility expansion, mort-
gage, and busing policies. The net result of all
these policies has been a deterioration of the com-
mercial, industrial, and residential base within the
black sector.

Regional planning decisions clearly have wide-
spread implications for the viability of black resi-
dential areas. Blacks need to become involved early
in the process and they need to participate consis-
tently on a day-to-day basis in order to influence
decisions.

CURRENT CITIZEN PARTICIPATION

The Omaha-Council Bluffs MAPA was formed in 1967
under an Inter-Local Cooperation Agreement for the
purpose of coordinating local planning and develop-
ment activities. A board of directors implements
policy and directs the planning staff, which carries
out the day-to-day planning activities. The board
of directors receives advice from several technical
committees and from a Citizen's Advisory Board (CAB).

The CAB, which was formed to involve private cit-
izens from all socioeconomic segments in the plan-
ning for the five-county region, can make recommen-
dations to the staff, technical committees, and
board of directors. The overall policy for the
CBB's participation activities is set by an execu-
tive committee, but all substantive participation is
carried out by the five working committees: (a)
community involvement, (b) human resources, (c) re-
gional growth and development, (d) natural re-
sources, and (e) transportation.

At present, representatives of various minority
groups serve on the MAPA technical committees of
comprehensive planning, urban affairs, and regional
economic development advisory committee, which have
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been formed as part of a special economic develop-
ment demonstration project. The groups represented
on these committees include the Greater Omaha Com-
munity Action, Comprehensive Employment Training
Agency, Chicano Awareness, and the American Indian
Center. Minority participation on the regional eco-
nomic development committee 1is much stronger than
participation on the other MAPA committees because
it is a special committee that deals directly with
economic problems that impact minorities. But, in
general, minority participation on MAPA technical
committees is at a low level.

Participation by minorities on the CAB is also at
a low level. Of the approximately 80 CAB members,
more than 20 represent various community organiza-
tions, but only three individuals represent minority
groups. One black person is on the executive com-
mittee and very active on the CAB and other civic
organizations, but the overall participation by
blacks and other minorities is very low.

IMPROVING PARTICIPATION

The CAB has taken initial steps to improve partici-
pation by blacks that are based on the current ap-
proach taken by the CAB to improve participation in
general. The CAB annually identifies potential mem-
bers, recruits new members by letter, presents an
orientation session for new members, and immediately
involves each new member in one of the five working
committees. The same general approach with some im-
portant modifications is recommended here for im-
proving participation by blacks and other minorities
in regional planning. Of course, some types of ac-
tions are beyond the immediate control of a regional
planning agency. For example, in my opinion, the
level of minority involvement in the political and
technical decision-making process depends on the
general level of education and employment of minor-
ity individuals. However, regional policies impact
education and employment levels only over the long
run, not the short run. Regional decision makers
cannot instantly create jobs, housing, and transpor-
tation; they can only influence gradual change in
these things. In order to ensure that minority con-
cerns are reflected by long-range regional policies,
minorities must participate in the process now. In
this regard, a regional planning agency can take im-
mediate steps to encourage effective minority par-
ticipation by considerina the followina actions:
(a) All individuals within the area must be given an
equal opportunity to participate in the planning
process, (b) the participants must understand the
planning process, (c) the participants must under-
stand all the issues of choice, and (d) the planning
agency must give due consideration to the partici-
pants' contributions.

Recruitment

Initial recruitment efforts should focus on key per-
sons within the most vital minority organizations in
order to recruit individuals who represent minority
viewpoints and who will participate on an ongoing
basis. An initial phone contact should be made with
a minority representative, followed up by written
material and followed up again by a personal con-
tact. The planning agency representative making the
contact should emphasize (a) the potential impact of
regional planning on minority residential areas, (b)
the existing citizen participation process within
the region, (c) the role that citizens play in the
planning process, and (d) the effectiveness of the
participation process. It is suggested that during
the initial contact the regional planning represen-
tative provide only deneral information and avoid
detailed information that can be provided later.
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Education

Once an individual is recruited into the citizen
participation program, the next step is to educate
him or her in the regional planning process. of
course, a clear understanding of the process can
only be gained after spending many hours in partici-
pation activities. An initial orientation session
is a valuable way to brief individuals on the func-
tions of the planning agency and to explain what
roles each person can play in the participation pro-
gram. It is important that the person or persons in
charge of the orientation session do not provide too
much information to the new participants. Most peo-
ple will quickly narrow down their field of inter-
est. Therefore, it is not necessary that they be
given a detailed breakdown on each activity; it is
more important that they now become involved in
their primary area of interest.

Involvement

One criterion for an effective citizen-participation
program is that each participant understand the is-
sues of choice in selecting various planning op-
tions, and active involvement is the key to a clear
understanding of regional planning issues. One must
dig in and sort out the issues with some guidance
from planning professionals. Above all else, citi-
zen participation must mean something; it must be
important. No one wants to spend hours and hours of
work on frivolous tasks signifying nothing. Thus,
participation roles must be directed toward specific
issues and specific projects. In another paper (5),
1 presented a detailed discussion of four types of
participatory roles that a citizen can play: (a)
review and comment, (b) advocacy, (c) advisory, and
(d) participatory planning. I suggested that the
review and comment and the advocacy roles have the
highest potential among the four roles to encourage
participation because they are usually oriented
toward the specific project issues. Thus, a new
participant should be quickly placed in either the
review and comment or advocacy role. Both roles
should whet the individual's appetite for planning
while minimizing any personal confusion or frustra-
tion. As the participant gains experience in the
Planning process, he or she can then become involved
in the advisory and participatory roles.

One additional comment on involvement is needed.
Regional planning agencies must begin to emphasize
minority issues in their citizen-participation pro-
cess. All too often, participation activities are
centered around majority issues such as environ-
mental impacts, resource recovery, and recreational
facilities. Minority issues such as direct and in-
direct transportation impacts, transit facilities,
and housing impacts need to be stressed more often.
Placing emphasis on such issues will provide an op-
portunity for the individual to impact regional
planning decisions while helping to maintain the in-
dividual's interest in planning at the same time.

Evaluation and Feedback

It is important that the planning agency periodi-
cally evaluate the effectiveness of each participa-
tion role in resolving planning issues by addressing
each one of the four effectiveness criteria: (a) Do
all people within the region have an equal opportu-
nity to participate, (b) do the participants under-
stand the planning process, (c) have the partici-
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pants understood the issues of choice, and (d) has
the planning agency given due consideration to the
participants' contributions?

Individuals must know whether or not their input
to the process has impacted regional decisions. 1In
some situations this will be easy to measure. For
example, the acceptance of a citizen's comment on an
A-95 case is immediate feedback to the citizen. But
other situations will not be as easy to measure.
The impact of a citizen's work on establishing goals
and objectives, for instance, is not an easy thing
to measure. The fact that the agency accepts or re-
jects the list of goals and objectives is easy to
measure, but it is not easy to measure whether or
not regional growth is in fact shaped by these goals
and objectives. Of course, regional decision makers
and citizen participants are going to disagree on
many occasions and both parties will probably com-
promise before a final decision is reached. Thus,
it is important that the participants be given feed-
back as to how their input has influenced the final
decision. In this regard, a participant should ask
the question: Did the decision makers openly re-
ceive citizen comments and did they adequately weigh
the consequences of the comments in reaching a final
decision? Given evaluation and feedback to their
involvement, participants can then change the manner
in which they carry out their roles in order to im-
prove their effectiveness in the planning process.

CONCLUS ION

This paper recommended several actions to improve
minority participation in regional planning based on
my experience on the Citizen's Advisory Board to the
Omaha-Council Bluffs Metropolitan Area Planning
Agency. Although the best citizen-participation
program is one that contains a mix of mechanisms,
such as a citizen's advisory committee, community
workshops, public meetings, attitude surveys, and
mailouts, the recommended actions of recruitment,
education, involvement, evaluation, and feedback
would probably apply best to either technical or
citizen advisory committees, but they could also
apply to special community workshops or meetings.
Minority participation in these committees must be
improved and can be improved by contacting key
persons within minority groups, showing them that
regional planning can impact minority areas hard,
convincing them that they can make a difference in
reaching final decisions, getting them involved in
meaningful activities, and then letting them know if
they really did make a difference.
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Highways and Property Values: The Washington

Beltway Revisited

C. JOHN LANGLEY, JR.

This study is a continuation of an investigation of the impacts of the Washing-
ton Capital Beltway (1-495) on residential property values in the adjacent com-
munity of North Springfield, Virginia. A 17-year (1962-1978) time series of
property values represents the longest continuous longitudinal data base used in
any analysis of highway impacts on residential communities. The results show
conclusively that properties near the highway increase in value at a rate less
than those more distant. It was found that properties in proximity to 1-495
sell for approximately $3000-$3500 less than the others.

Today's society has placed an extremely high prior-
ity on the development of transportation systems
that will facilitate the movement of both goods and
people in a swift and reliable fashion and with the
greatest convenience, comfort, and privacy. Al-
though conflicts of interest are inevitable on the
design and modification of alternative systems,
transportation planners attempt to select those
projects that will provide the greatest net benefit
to society. As a result, there are a number of
tools and techniques available for facilitating the
integration of social impacts into the transporta-
tion planning process (1l). Although efforts to gain
a more meaningful understanding of the benefits and
costs of transportation improvements have considered
a number of modal scenarios, a predominant share of
attention has been directed toward the case of high-
ways.

Specific benefits and costs that are likely to be
associated with the construction or improvement of a
limited-access highway are noted below. Benefits
have been divided into two classes--those for which
highway users are the principal beneficiaries and
those that represent a gain accruing primarily to
nonusers; alternatively, because a dichotomy of
costs by user status would represent a more narrow,
less-meaningful perspective, costs have been con-
sidered as being either direct or indirect:

1. Benefits: (a) for the user--accessibility
(speed and reliability), ftuel cost savings, mainte-
nance cost savings (vehicular), safety, comfort and
convenience, and aesthetics of travel; and (b) for
the nonuser--reduced congestion 1in general area,
economic efficiency, property value changes, eco-
nomic development, and income and employment; and

2. Costs: (a) direct--right-of-way acquisition,
construction, improvement, maintenance, operation,
and relocation; and (b) indirect--loss of tax base,
provision of additional community services, degrada-
tion of community qualities, property value changes,
environmental degradation, and loss of income and
employment.

In order to achieve a greater understanding of
the extent to which the net of highway benefits and
costs is reflected in the values of nearby residen-
tial properties, I conducted and reported the re-
sults of a time-series analysis of residential prop-
erty values along a portion of Interstate 495 (the
Washington beltway) (2). The research methodology
included an analysis of sale-resale data during the
period 1962 through 1972 exhibited by 1676 residen-
tial properties. A principal finding of that study
was that those properties in North Springfield, Vir-
ginia, located in proximity to I-495, exhibited a
tendency (particularly during the 1last 3 years of

the time series) to increase in value at a rate sig-
nificantly less than that for properties more dis-
tant from the highway. The study results suggested
that highway-related environmental externalities
were responsible for a lowering of values of nearby
properties compared with those of properties more
distant from the highway. Aside from the specific
findings of the study, the effort was notable in
that it represented the first attempt to analyze the
impacts of a highway on residential property values
through the construction of a time series of prop-
erty value index numbers.

The study reported in this paper is a revision
and update of the findings of the earlier study,
based on the addition of several more years of data
to the already-existing time series. As a result,
17 years of data (1962 through 1978) were made
available for analysis. This study incorporates a
longer time series of residential property sales
data than has been used previously in any investiga-
tion of the effects of highways on property values.
Following a brief review of the recent 1literature
and a profile of the highway-community interface
that exists in North Springfield, a summary of the
methodological approach and the results achieved is
presented.

RECENT LITERATURE

An examination of the published literature indicates
that a continuing high level of importance is at-
tached to achieving a greater understanding of the
determinants of relative house and land prices. In
addition, recent research efforts have placed added
emphasis on how neighborhood amenities are valued by
people and how such values are translated into
prices of land and/or improvements.

Although it preceded publication of the earlier
Washington beltway studv, a number of empirical ef-
forts into the determinants of relative house prices
were surveyed (3). Emphasis was placed on the in-
clusion of studies that served to isolate and quan-
tify a variety of attributes associated with hous-
ing, particularly those that were related to
environmental quality in both a physical and a so-
cial context. Each of the studies selected for dis-
cussion was limited somewhat in that its respective
methodological approach incorporated the use of re-
gression analysis (and factor analysis 1in some
cases) as applied to cross-section data. None of
those surveyed were based on time series of data.

A recent study analyzed the impact of railway ex-
ternalities on residential prices (4). Another re-
search effort (5) measured the extent to which vari-
ations in levels of local property taxes and public
expenditures affect residential property values.
Alternatively, the technique of using a time series
of property value data was employed in a study on
the effects of airports on land values (6). The
procedure followed was to measure changes in mean
selling prices for various study areas at differing
distances from the airport.

Contemporary interest has shifted somewhat from
attempting to explain variation in house or land
prices, to estimating the implicit valuation of the
specific locational features or amenities that have
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Figure 1. Traffic profile of 1-495, North Springfield, Virginia: 1959-1978.
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a major impact on the selling prices of properties
(7-10). The major research questions raised col-
lectively focus attention on topics such as the rel-
ative usefulness of land only versus the selling
prices of 1land plus improvements; the extent to
which hedonic prices (assumed to be equilibrium
prices paid by informed, willing buyers) are repre-
sentative of the more theoretically acceptable
willingness-to-pay prices (l1); and the development
and refinement of models and techniques for estimat-
ing price gradients for a number of amenities simul-
taneously. Finally, a cross section of residential
property values was used to determine a set of im-
plicit marginal prices for air quality (12). In
combination with income and other variables, the
prices are incorporated into a two-equation demand-
and-supply model (13). Results are expressed in
terms of both price and income elasticity of demand.

STUDY AREA DESCRIPTION

The predominantly residential community of North
Springfield is located in Fairfax County, Virginia,
along the southwest portion of the Washington belt-
way. The study site is bisected by the highway, and
residential structures are limited to single-family
dwellings, of which there are nearly 1700. As com-
puted from Fairfax County courthouse records, prop-
erty sales prices averaged $22 456 in 1962, $33 440
in 1970, and $65 182 for the first quarter of 1978.
Numbers of property turnovers per year were typi-
cally between 125 and 200. Additional descriptive
information regarding the study site may be found in
Langley (2).

As indicated in Figure 1, a variety of highway-
related changes has taken place in the time period
of interest, with the most notable occurring in re-
cent years. The first is that data from the Common-
wealth of Virginia (14) indicate that average daily
traffic (ADT) volumes have risen from 8845 vehi-
cles/day in 1961-1962 to 113 790/day in 1978. Sec-
ond, a widening of the relevant section of I-495
from two lanes in each direction to four lanes, be-
gun in 1974, was completed in 1977. Third, noise
barriers were constructed beginning in 1974 in a
continuous pattern on both the north and south sides

of the highway right-of-way, and minor alterations
to the existing walls were being made as recently as
1980. Technically, the barrier type is metal wall
on earth berm, and the height of the barrier above
the road is 7.6 m. Federal Highway Administration
(FHWA) tests have concluded that noise levels in
proximity to the highway have been reduced by ap-
proximately 15 dB(A), thereby reducing loudness at
least by half (15). In addition to measuring the
effectiveness of various types of noise barriers,
the study evaluated the accuracy of the FHWA Highway
Traffic-Noise-Prediction Model. It is interesting
to note that the same section of the Washington
beltway investigated in the study reported in this
paper was also included among the sites selected by
FHWA for noise barrier analysis. As a result of
personal visits to the study site before, during,
and after such construction, it was evident to me
not only that noise levels had been lowered as a re-
sult, but also that the highway itself was much less
obtrusive, and generally less noticeable.

In an overall sense, therefore, North Springfield
continues to be the type of community that lends it-
self appropriately to a study of highway impacts on
residential property values. While an inherent sta-
bility in the area under study is certainly an at-
tribute from the perspective of research methodol-
ogy, the general absence of non-highway-related
externalities is responsible for a high degree of
homogeneity among properties in the area.

METHODOLOGY

For purposes of analysis, the 1676 study-area prop-
erties were segmented into three groups. The impact
zone (consisting of 1056 properties) was defined to
include all properties in such proximity to the
highway that it could be documented that residents
were subjected to a continuing existence of highway-
oriented disturbances. The results of the earlier
study suggested that a distance of 1125 ft (343 m)
represented an appropriate delimiter, and this mea-
sure was used once again in this study. Second, the
subset of impact zone properties that were located
immediately adjacent to the highway were classified
as abutting properties (99 in number). Finally,
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those properties beyond the bhoundary of the impact
zone were referred to as being located in the nonim-
pact zone (610 in number).

The research plan included these two major ob-
jectives: (a) to construct for each distance-
related category a time series of property value in-
dex numbers that could be used to describe the
behavior of aggregate property values over time and
(b) to compare statistically the yearly index num-
bers among the various property classifications to
determine whether any significant differences
exist. To the extent that discrepancies are noted,
it is accurate to claim that highway-related envi-
ronmental externalities are the primary contributing
factors.

In order to accurately interpret the study re-
sults, it is necessary to recognize an important
distinction that must be drawn between rate of price
appreciation and total or gross impact on property
values. The former places no restriction on the ac-
tual years to be included in a highway impact study,
while the latter would certainly require the mea-
surement of effects on values beginning before con-
struction or even anticipation of the highway. The
approach taken in this study emphasizes the rate of
price appreciation.

The methodology for price index construction used
in this study incorporates only sale-resale pairs of
property transaction values, and employs regression
analysis to estimate the index numbers (2,16).
Courthouse records from Fairfax County indicated
that a total of 1322 valid pairs of study area prop-
erty transactions were recorded for the years 1962
through 1978. Prior to the regression analysis, all
property sales values were deflated by using the im-
plicit price deflators for gross national product
(17). Although the time series of interest began in
the year 1962 (the first full year in which the
highway was opened to traffic), the base year for
applying the price deflators was selected to be 1959
(the year in which the first property sales were
recorded for the study area).

Finally, it is important to understand that the
general approach of this study is valid, even when
one considers some of the recent findings regarding
the appropriateness of methodologies for studying
the impact of location dependent amenities on prop-
erty values. For example, one study suggests that
regression studies cannot be used for predictive

Table 1. North Springfield, Virginia, property sales data: 1962-1978.
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purposes except to the extent that the city is
small, and there is mobility among cities (18).
This means that property values at a particular lo-
cation depend only on amenities (and other relevant
variables) at that location (19). BAside from the
fact that the approach of this study is not regres~
sion-oriented in the same sense as referred to by
those authors, the nature of size and mobility char-
acteristics has no direct bearing on an interpreta-
tion of the results. This is because the study
findings are expressed in terms of differences in
rates of price appreciation among the various North
Springfield property groups, and no attempt is made
to derive an implicit, generalizable valuation for
the existing externalities.

FINDINGS

Table 1 summarizes a variety of residential property
sales data for North Springfield during the years
1962 through 1978. All valid property transfers are
included and, in addition to being presented for all

properties, yearly information 1is subdivided by
property category. Two principal observations are
notable: (a) the mean selling price of abutting

properties tended to be lower on a year-to-year
basis than for the other property types in the study
area and (b) yearly increases in the mean selling
prices of impact zone properties approximated those
of the nonimpact zone. The former is explained
largely by the fact that abutting properties were
priced lower than other properties during the early
years of the time series, and the discrepancy has
continued throughout the period under considera-
tion. The latter observation could be construed to
imply that the existence of highway-associated ex-
ternalities is not reflected in property values
since the averages remain approximately the same
throughout the 17 years. As will be indicated sub-
sequently, such a conclusion is not only premature
but inaccurate.

The results of residential property price index
construction are exhibited in Table 2 by distance
category. In addition to the yearly index numbers,
the logarithms and standard errors of the logarithms
of the index numbers are shown, as well as the total
number of initial plus final sales in each year.
The three time series of index numbers are depicted
in Figure 2. Major observations of interest include

All Properties® Abutting® Impact® Nonimpact®
Deflated® Deflated Deflated Deflated

Year N x($) x (%) N x(8) x($) N x($) x (%) N x($) x(3)
1962 226 22456 21 489 10 20719 19 827 87 22 584 21611 139 22 375 21411
1963 238 22774 21 485 21 22 857 21 563 94 23 432 22 106 144 22 345 21 080
1964 214 23222 21 562 16 24 544 22 789 84 24 396 22 652 130 22 464 20 858
1965 162 24 224 22 002 11 24 733 22 464 69 24914 22 629 93 23712 21537
1966 162 25319 22 268 13 24 557 21 598 62 25534 22 457 100 25 186 22 151
1967 147 26 189 22 384 11 25441 21744 52 26 460 22615 95 26 041 22 257
1968 143 28 730 23491 6 31633 25 865 58 29 625 24 223 85 28 120 22993
1969 129 31257 24 343 5 28 683 22 339 51 31324 24 396 78 31213 24 309
1970 127 33440 24 715 8 30521 22 558 42 33 329 24 633 85 33495 24 756
1971 161 35517 24 977 16 34 985 24 603 57 36 247 25 490 104 35117 24 695
1972 157 39 290 26 529 9 40272 27192 56 39 808 26 879 101 39 003 26 336
1973 133 46 897 29 928 12 47216 30 131 44 47919 30 580 89 46 393 29 606
1974 135 52 009 30273 6 49 658 28 905 43 51 245 29 828 92 52 366 30481
1975 121 56 449 29978 9 55416 29 430 45 56 688 30105 76 56 307 29 903
1976 112 58 905 29 735 5 57 667 29110 35 58 075 29 316 77 59 282 29 925
1977 159 62 817 29 956 9 57 800 27 562 52 62 541 29 824 107 62 952 30 020
1978 33 65182 29914 1 65000 29830 13 67446 300953 20 63711 29239
Total 2559 168 944 1615

Swithin 1676 ft.
'Within 99 ft,
Within 620 ft.

within 1056 .

“Muan sales values were deflated to base year = 1959 by using the implicit price deflator for gross national product (17).
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Table 2. Real estate price indexes, North Springfield, Virginia: 1962-1978.
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Properties in Impact Zone® (within 1125 ft

Properties in Nonimpact Zone® (>1125 ft

Abutting Properties? from highway) from highway)
Log of Log of Log of

Year Index Index Se Log N Year Index Index Se Log N Year Index Index Se Log N
1962  1.000 0.00000 0.00000 8 1962 1.000 0.00000 0.00000 62 1962 1.000 0.00000 0.000 00 96
1963 0987 -0.00583 0.01578 12 1963 1.011 0.004 81 0.00632 68 1963 1.024 0.01042 0.00531 107
1964 0.990 -0.00433 0.01419 18 1964 1.031 0.01310 0.00614 70 1964 1.033 0.01414 0.00503 108
1965  1.030 0.01266 0.01552 10 1965 1.084 0.03508 0.00548 78 1965 1.071 0.029 71 0.005 49 83
1966  1.037 0.01582 0.01575 13 1966 1.088 0.036 51 0.00623 71 1966 1.097 0.040 10 0.00497 107
1967  1.082 0.03408 0.01390 15 1967 1.096 0.03993 0.00638 57 1967 1.101  0.04187 0.00508 118
1968  1.122 0.049 83 0.017 49 8 1968 1.124  0.05069 0.00640 66 1968 1.132  0.05390 0.00516 112
1969  1.122 0.05006 0.018 77 6 1969 1.167 0.06719 0.00637 65 1969 1.185 0.07376 0.00519 107
1970 1.142 0.057 82 0.017 09 9 1970 1.207 0.08156 0.00670 56 1970 1.222 0.08720 0.00525 113
1971 1.197 0.077 93 0.01409 24 1971 1.213  0.08371 0.00613 74 1971 1.245 0.09533 0.00509 123
1972 1.233 0.09099 0.01613 11 1972 1.268 0.10309 0.00649 67 1972 1.307 0.116 44 0.00503 131
1973 1.427 0.154 56 0.01421 13 1973 1.471 0.16765 0.00698 47 1973 1.504 0.17720 0.00527 114
1974 1.444 0.159 67 0.019 20 6 1974 1.422 0.15286 0.00705 46 1974 1.472 0.16790 0.00542 98
1975  1.378 0.13932 0.01513 12 1975 1.434 0.156 60 0.00690 51 1975 1.507 0.178 21 0.005 82 79
1976  1.392 0.143 79 0.020 03 5 1976 1.411 0.14958 0.00780 31 1976 1491 0.17347 0.006 07 69
1977d 1,333 0.124 88 0.018 88 6 1977 1.419 0.15206 0.00734 44 1977 1.487 0.17233 0.005 43 96
1978 1978 1.403 0.14692 0.01106 13 1978 1.466 0.166 13  0.010 08 17
aR2 = 0.8278. bR2 =0.7824. ch = 0.8085. dInsufﬁcient sales of abutting properties.
Figure 2. Property value price indexes: 1962-1978.
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(a) the time series of index numbers
for abutting properties consistently shows less-
than-comparable fiqures for impact and nonimpact
zone properties (aside from the slight aberration of
data in the year 1974), (b) with the exception of
one year early in the time series, index numbers for
impact zone properties are less in magnitude than
those for nonimpact zone properties, and (c) the ap-
parent divergences among index numbers of various
property types are the greatest in years subsequent
to 1973. It is evident, therefore, that properties
nearer the highway exhibit a very definite tendency
to increase in value at a rate less than those more
distant from the highway.

the following:

One-tailed student-t tests were used to test for
statistical significance among the various index
number differences noted above. Table 3 notes those
pairs of index numbers for which the differences
were found to be significantly different at the 10
percent level, or better. While 12 of the 17 years
in the time series are represented in Table 3, a
preponderance of attention is focused obviously on
the years from 1970 to 1978. These findings lend
conclusive support to the contention that highway-
related environmental externalities from I-495 are
responsible for an adverse impact on nearby residen-
tial property values in North Springfield. It is
quite 1likely, however, that the widening construc~
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Table 3. Significant differences among index numbers

and conversion to value differences in dollars. . Index Numbers . Difference

Price Difference Expressed

Year Deflator Abutters Impact Nonimpact Among Indexes in Dollars?
1965 1.101 1.030 1.084 -0.054° 1278
1966 1.137 1.037 1.088 -0.051° 1246
1970 1.383 1.142 1.207 -0.065° 1890
1977 2.097 1.333 1.419 -0.086° 3875
1964 1.077 0.990 1.033 -0.043° 995
1966 1137 1.037 1.097 -0.060° 1466
1970 1,353 1.142 1.222 -0.080" 2326
1971 1.422 1.197 1.245 -0.048° 1467
1972 1.481 1.233 1.307 -0.074 2355
1973 1.567 1.427 1.504 -0.077° 2593
1975 1.883 1.378 1.507 -0.129¢ 5220
1976 1.981 1.392 1.491 -0.099" 4214
1977 2.097 1.333 1.487 -0.154¢ 6940
1971 1.422 1.213 1.245 -0.032° 978
1972 1.481 1.268 1.307 -0.039" 1241
1974 1.718 1.422 1.472 -0.050" 1846
1975 1.883 1.434 1.507 -0.073¢ 2954
1976 1.981 1411 1.491 -0.080° 3406
1977 2.097 1.419 1.487 -0.068° 3064
1978 2.179 1.403 1.466 -0.063" 2950

a 3 . : - .
Dollar differences have been inflated to reflect real value in each respective year, Computation: $22 456 x price

bdeﬂn!or x difference among Indexes,
Indientes shenifi

at 10 p

level.

(cilndlcnles significance at 2.5 percent level.
Indicates significance at 1 percent level.

tion from 1974 through 1977 was responsible for a
portion of the differences in recent years that are
apparent in Table 3.

An added feature of Table 3 is that the signifi-
cantly different index numbers are transformed into
dollar differences that have been inflated to re-
flect real dollar values in the respective years.
These are shown in column 7 of Table 3. Although
the value differences are greatest for abutting ver-—
sus nonimpact =zone properties, the recent differ-
ences between impact and nonimpact area properties
are more representative of the impact on nearby
properties in general. With reference to the dollar
differences shown in the bottom portion of column 7
of Table 3, therefore, it can be stated that proper-
ties in proximity to the highway (within 1125 ft)
sell for approximately $3000-$3500 less than equiva-
lent properties located farther from the highway.

EVALUATION

1nls scuay proves concluslvely that highway-origi-
nated environmental externalities are the major
cause of an inverse relationship between yearly in-
creases in North Springfield property resale values
and proximity to I-495. Aside from simply revising
and updating the results of the earlier study, the
current effort found significant differences among
distance-related property value index numbers in 12
of the 17 years under study. Although significant
differences were found in each of the latest nine
years in the time series under study, it is likely
that the highway widening construction from 1974
through 1977 had some impact on the magnitude of
such differences in those particular years. In gen-
eral, therefore, the overall results justify a much
stronger statement concerning highway impacts on
property values than did the findings of the 1962-
1972 analysis. An additional contribution of this
study is that the 1length of the time series (17
years) was unprecedented in previous highway impact
investigations.

Although the study findings are valid in a sta-
tistical sense, caution should be exercised regard-
ing their overall generalizability. It would be
misleading to attempt to apply the results of this
study directly to the situations of other highway-
community interfaces. It would be very useful, how-

ever, to employ the methodology and procedures of
this study for the purpose of gaining insight into
the net economic impact of highways on property val-
ues in other areas.

It was interesting to note that noise barriers
had been constructed along the right-of-way bounda-
ries of the Washington beltway in North Springfield
and that reductions of up to 15 dB(A) in noise
levels were estimated. As a result, the loudness of
traffic noise has been reduced by at least one-
half. Unfortunately, such improvements occurred so
recently that any possible impact on property sales
values could not have been detected. Perhaps a fu-
ture study may investigate this. While it is well
documented that highway-originated disturbances can
have adverse impacts on the values of nearby resi-
dential properties, it will be interesting to see if
such a trend reverses, given that the level of dis-
turbance has been reduced significantly.

Finally, it is appropriate to mention that the
findings of this studv are quite consistent with
generally accepted theories of capital asset pric-
ing. That is, each yearly deflated housing price
actually represents the present value of a stream of
anticipated housing services and locational ameni-
ties. If such anticipations were to have remained
constant over time, no changes in deflated housing
prices could have been expected. Property sales
prices in North Springfield did change throughout
the period under observations, however. This phe-
nomenon can be attributed to two general factors:
(a) changes in the level or degree of an externality

and (b) changes in consumer attitudes (preference or
tastes) toward an externality. Traffic volumes on
I-495 (level of externality) have increased quite

dramatically and, without any doubt, people have be-
come much more cognizant and concerned about envi-
ronmental issues, including traffic-generated noise
and air pollutants, since the environmental movement
began approximately with Earth Day in 1969. Also,
the construction that took place in order to widen
the highway and the erection of noise barriers must
be regarded as having been annoying sources of envi-
ronmental externalities. These had an adverse im-
pact on those residents in proximity to the highway.
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Highway Noise, Noise Mitigation, and Residential

Property Values
GARY R. ALLEN

This paper presents the findings of a study of the relationship between differ-
ent noise levels and market values for a sample of 206 single-family residences
abutting Interstate-495 in Northern Virginia and for a sample of 207 residences
along two heavily traveled urban streets in the Tidewater area of Virginia. Esti-
mates of the influence of noise on the market price of houses sold in 1978-1979
at these sites, where barriers have since been completed, were then used to esti-
mate economic benefits received by property owners. By using these esti-
mates, it was concluded that recent public expenditures on highway noise

b per h hold far exceed reasonable economic benefit levels, even
for noise reductions of 10 dB(A).

Part 772 of Title 23 of the Code of Federal Regula-
tions emphasizes that final decisions about highway
noise mitigation are not to be made without serious
consideration of the costs of abatement. Para-
phrasing the law, there may be sections of highways
where the costs of abatement are so high in relation
to the benefits received that it would be impracti-

cable to apply noise abatement measures.

At least one author has attempted to provide
evidence regarding the social impacts of noise (1);
yet, economic data are necessary as an aid in deci-
sions about noise mitigation. Early empirical
evidence on the effects of highway noise was pro-
vided by Gamble and others (2) and Nelson (3);
however, the results of these and more recent
studies appear to have had only marginal influence
on noise mitigation policies.

OBJECTIVES AND SCOPE

The objectives of this study were (a) to empirically
estimate the effect of highway-generated noise on
residential housing values and (b) to suggest finan-
cial criteria for the construction of noise barriers
consistent with the estimated benefits that noise
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walls provide the owners of residential properties
within the noise contour of heavily traveled high-
ways. These major objectives were closely related
in the sense that estimates of the reduction in
property value, if any, that results from high
levels of highway noise from mobile sources provide
inferences about the potential benefits to be de-
rived from noise abatement. With this estimate of
potential benefits in hand, the second objective
could be met.

The scope of the research was limited to an
analysis of single-~family, owner-occupied dwellings
within the noise contours of highways to which Part
772 of Title 23 of the Code of Federal Regulations
applies. Business, recreation, and multifamily
properties were excluded from the analysis.

METHODOLOGY

The methodology used in this study is explained in
moderate detail in the subsections that follow.
Simply described, the method involved

1. Demonstration of a theoretical relationship
between residential property values and noise,

2. Development of a mathematical equation to test
the hypothesis "that variations in the market price
of housing adjacent to heavily traveled suburban
highways can be largely explained by differences in
the structural attributes of housing and differences
in levels of noise,

3. Collection and development of detailed housing
and noise data in areas of Virginia where noise
levels are sufficiently high to require noise miti-
gation, and

4. Use of multiple regression analysis to esti-
mate the willingness of housing consumers to pay for
guiet as opposed to relatively noisy houses.

Conceptual Framework

The economic literature is replete with examples of
the basic notion on which this study is predicated.
Simply stated, the notion 1is that households, in
choosing their residential location, are forced to
reveal their preferences (willingness to pay) for
certain characteristics or attributes of housing,
including 1levels of noise. In other words, if
people value gquiet, the market will reflect that
preference. Given this basic premise, the residen-
tial choice problem can be formalized mathematically
into an equation by which the relationship between
the market price of housing and noise can be tested
empirically.

Following Nelson (3) and Allen (4), an economic
relationship can be shown to exist between housing
services and market price, where housing services
refer to the idea that the market value of a dwell-
ing reflects the quantity of services that a house
will supply to a user. This relationship implies
that for consumer equilibrium in the housing mar-
ket--that is, for a given consumer to remain at a
particular location--there must be price differen-
tials among various house locations that compensate
consumers for the differences in the housing ser-
vices at those locations. Stated another way,
consumer equilibrium, which will result because of
mobility and the ability to buy and sell in the
housing market, requires that for identical housing
at locations 1 and 2, where noise at 1 is greater
than noise at 2, the price of housing at location 1
must be less than that at location 2 by an amount to
compensate buyers for the additional noise (5,6).
Otherwise, the consumer will be better off by living
at location 2.

Arguments in the housing literature that consider
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housing as a bundle of diverse items analogous to
the description of food as a basket of goods are
presented by a number of authors. Among these are
Muth (7), King (6), and Nelson (3). This approach
allows one to control empirically for differences in
housing services when estimating the influence of
such factors as noise or public expenditures on the
market price of property (8-10). It is known tech-
nically as hedonic pricing (11-14). Specifically in
the case at hand, the attributes of a house serve as
surrogates for the flow of services associated with
that house when one attempts to relate housing price
to the flow of services. To the extent that observ-
able attributes capture differences in perceivable
service flows, they will help explain variations in
price (12). BAssuming that housing services are a
function of housing characteristics, one can say that

h=f(wg, Wy ... W) 1)

where w; and w, are stock components of the
housing bundle. Nevertheless, the arguments pre-
sented in the previous section concerning locational
equilibrium still hold. It follows that household
locational equilibrium requires, if other signifi-
cant factors are controlled, that differences in
housing attributes must be compensated for by dif-
ferences in housing prices, since differences in
observable attributes account for different service
flows.

Now, based on the development in Allen (4), one
can say that

Pij = k(W;, Ajj, dy) ()
where

Pij = market price of house i at location j;
W; = attributes of house i;
Aij = supply of local public goods;
dj = distance of house i to the central
city, a measure of accessibility; and
k = some mathematical function relating Pij to
Wi, and Aij to dj.

Only recently has the literature addressed the
implications of the use of hedonic pricing on choice
of functional forms for empirical testing. However,
Muellbauer (15). Pollak and Wachter (16). and Nelaan
(3) have discussed the assumptions under which
Equation 2 is linear. Nevertheless, as is explained
elsewhere, the testing of several equation forms is
the most appropriate empirical approach (4).

Accordingly, the parameters of Equation 2 will be
estimated under three alternative functional speci-
fications. These specifications are as follows:

1. Pyj=oqWi + BiA;5 - 8;d; 3

where the variables are defined as in Equation 2 and
) By and 84 are estimates of the
implicit price of the variable in question;

2. Estimation of Equation 3 with the dependent
variable as log Pj4j instead of Pjy (this is the
log-linear form); and

3. Estimation of Equation 3 with dependent and
independent variables in logs (this is the log-log
form) .

Data

Because noise data were the most difficult to ob-
tain, the study design called for the housing data
to be taken from parts of Virginia for which the
Department of Highways and Transportation had either
taken or developed extensive noise data. Areas that
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met these requirements were neighborhoods contiguous
to Interstate-495 in Northern Virginia, between
Interstate-66 and Telegraph Road in Alexandria; to
Denbigh Boulevard in Newport News; and to Great Neck
Road in Virginia Beach.

Once these sites were selected, an aerial photo
of each with the 70-dB(A) noise contour superimposed
on it was obtained. Also, site-specific unmitigated
noise level estimates for properties both inside and
beyond the 70-dB(A) contour were developed for each
neighborhood from data collected in an earlier
Research Council study (17). Detailed 1977, 1978,
and 1979 data on house prices and characteristics
were obtained for the Northern Virginia sites from
the multiple listing files of the Washington Metro-
politan Council of Governments. Similar data were
obtained for the Tidewater area sites from the
housing data file maintained by Market Data Center,
Incorporated, for the savings and loan companies in
that area.

EMPIRICAL RESULTS

The results of multiple regression estimations of
the extent to which the market price of residential
housing is influenced by noise are discussed below
on the basis of two study sites. Simplification of
Equation 3 is required for the analysis. Equation 3
argues that, in general, the price of a particular
house equals the sum of the implicit price of its
characteristics times the quantity of each and the
value of local public services minus the cost asso-
ciated with accessibility to the central business
district. The accessibility variable and the local

Table 1. Variables used to test influence of noise on market price of housing.

Type of

Variable  Variable Characteristic Measured

VAL? Dependent Sale price

SPA Explanatory Square feet of floorspace
AGE Explanatory Age of house in years
LOT Explanatory Lot size in square feet
BTH Explanatory Number of baths less 1
FIRE Explanatory Number of fireplaces

STYLEP Explanatory
BSMT® Explanatory
CONST!¢ Explanatory
NOISE Explanatory

Style of house

Type of basement

Type of construction

House location: 1 = inside noise contour,
0 = outside noise contour

TN Explanatory Noise: Ljg - Lgg
TNI Explanatory Noise: Traffic noise index TNI = 4(TN)
+ (Lgg - 30)

LTEN Explanatory Noise: Ljq

LEQ Explanatory Noise: L-equivalent

ASales oceurring in different years have been adjusted to 1978 constant dollars by
Housing Price Indexes for Virginia dard metropoli | areas (21).
Northern Virginta: 1 = ramblers or ranchers, 0 = other styles; Tidewater Virginia:

c(] = ranchers, 1 = other styles.
Northern Virginia: 1 = crawl space or slab, 0 = full basement; Tidewater Virginia:
Basement not used as varinble,
Northern Virginia: 1 = other than full brick, 0 = brick.

Table 2. Sample characteristics: Northern Virginia and Tidewater areas.

Northern Virginia Tidewater Virginia

Variable Mean SD Mean SD

VAL 68 161.40 10 404.10 47 112.70 10 636.50
SPA 1714.77 221.42 1723.07 395.92
AGE 20.45 3.36 9.64 5.01
TNI 49.56 36.01 34.99 24.33
TN 7.45 9.53 3.95 5.61
LEQ 54.31 9.56 50.97 5.59
LTEN 57.16 9.49 54.54 6.24
DAYS 24.88 28.23 - -
LOT 11383.00 3013.34 1.28 1.03
BTH 0.61 0.76 0.83 0.49
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public service wvariable, however, can be dropped
from the analysis in this study because (a) within
the neighborhoods studied neither varies enough to
be expected to influence the price of houses and (b)
separate treatment of the Northern Virginia and
Tidewater samples renders the across-sample differ-
ences in accessibility and local public goods empir-
ically unimportant (1B-21).

Equation 3 has now been revised to argue that the
market price of house A at location B within a
neighborhood that abuts a highway that has traffic
generating relatively high 1levels of noise can be
explained largely by the characteristics of house A
and the level of noise at its location. Neighbor-
hood amenities, such as the neatness of lawns,
cleanliness of streets, and friendliness of neigh-
bors, can be assumed to be the same for houses
within the samples.

The measures of housing characteristics and noise
used to test the relationship between noise and
property values are 1listed in Table 1. Table 2
presents the means and standard deviations of these
measures.

Northern Virginia Sample

Linear Equation Results

Estimates of the parameters of the linear equation
for the Northern Virginia sample (N=206) are summa-
rized in Table 3. Each equation uses basically the
same set of physical house characteristics. The
first equation compares the prices of houses lying
within the 70-dB(A) noise contour with those of
houses outside the contour--that is, those further
from the highway. The other equations examine the
influence of more location-specific noise measures
on the market price of houses close to I-495.

For the statistical technique used in this study
to perform adequately, several conditions are
ideally required. One of the most important is that
the explanatory variables and noise measures used to
explain differences in market price should not be
linearly related. Bmong the variables describing
the physical aspects of housing, the pairwise corre-
lation coefficients are quite low; many are in the
range from 0.01 to 0.30. Those between the noise
measures and the structural characteristics vari-
ables ranged from 0.06 to 0.22, and more powerful
statistical tests for independence showed even
weaker relationships between noise and the other
explanatory variables. Multiple regression of noise
on other variables showed correlations in the range
from 0.02 to 0.13. This is a stronger test of
linear independence than is an examination of pair-
wise coefficients. Thus, the multiple regression
technique should be able to effectively separate
noise from other influences on market price.

Structural Attribute Prices

Blthough estimates of physical or structural attri-
butes are not the primary concern of the study,
their inspection is important as a gauge of the
reasonableness of the results. Several observations
can be made. The first is that the coefficient
estimates are consistent with one another in each of
the equations. Second, the large majority of vari-
ables 1is significant and of the expected sign.
Third, the coefficient estimates appear reasonable
on a priori grounds.

Approximately 70 percent of the variation in the
market price of housing was explained by the struc-
tural and noise variables tested in Equations 1
through 5 as indicated by the R? estimates shown
in Table 3. Furthermore, the low standard error of
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Table 3. Linear estimates: Northern Virginia sample (N=206).
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Equation

Variable 1 t-Statistic 2 t-Statistic 32 t-Statistic 42 t-Statistic 58 t-Statistic
Constant 71 172.00 14.63 71 577.00 14.64

term
SPA 16.07 6.97 15.90 6.85
AGE -873.95 5.43 -884.18 5.47
LOT 0.19 1.21 0.19 1.21
BTH 2393.72 3.32 2480.00 3.40
FIRE 2752.58 4.24 268847 4.08
STYLE -3955.00 3.97 -3864.90 3.87
BSMT -1073.51 1.00 -1012.51 0.94
NOISE -379.48 0.41
TN -32.49 0.71
TNI -8.94 0.74
LTEN -94.37 2.10
LEQ -44.96 1.00
R? 0.70 0.70 0.70 0.71 0.70
Standard 5809 5804 5803 5747 5796

error (8$)
f-statistic 57.6 59.9 57.7 59.3 57.9

Note: For a one-tail test, 2,33 is significant at 0.99; 1.97 is significant at 0.975; 1.65 at 0.95; and 1.29 at 0.90.

P

3Blank cells indicate coeffici and si levels appr to those in Equation 1.

$5800 is indicative of the ability of the model to
explain housing prices. The reader may at first
glance surmise that explaining 70 percent of the
variation in market price leaves a great deal unex-
plained. However, two rebuttals of such a concern
are offered:

1. Cross-section studies that use disaggregate
data bases and many more variables rarely explain
more than 50-60 percent of housing market variation;
therefore, by comparison the model tested here
performs quite well; and

2. More importantly, the objective of the study
is to examine the influence noise has on market
price rather than to forecast market price (as noted
earlier, the independence of the structural and
noise variables used to explain variations in hous-
ing prices is sufficient to test for such noise
influences).

Noise Influences on Market Price

An obvious test for noise influence is to examine

houses inside the 70-dB(A) contour compared with
thnee outeida the 70-3BRIMY 1ins, (Egqucticn 1 shows

a negative but statistically insignificant relation-
ship between houses lying within the noise contour
and price.) Such a test, in my opinion, does not
adequately reflect potential changes in noise levels

for properties located at successively increasing
distances from the noise source; therefore, the
noise measures in Equations 2 through 5 were

tested. The justification for choosing these mea-
sures is fairly straightforward. It 1is reasonable
to argue that annoyance might be a key factor re-
garding how noise might influence consumers' deci-
sions in the market. Further, one can find several
suggestions in the literature of noise measures that

supposedly correlate well with annoyance (18,23).
Among these are the difference between typical
ambient or background noise (Lgg) and that level
exceeded 10 percent of the time (L19) s Leq'

which is the equivalent sound level, usually 2.5-3.5
dB(A) lower than Ljg; and a traffic noise index
that heavily weights variations in noise due to
truck stack noise. In addition to these three noise
variables, Ljg was tested as well.

Results in Table 3 show that (Lyjg - Lgg) =
TN, the traffic noise index = TNI, and the equiva-
lent sound level = LEQ are statistically insignifi-
cant influences on price within any reasonable

confidence levels. Equation 4, however, shows that
for the Northern Virginia sample, house prices do
appear to be influenced somewhat by the Ljg noise
levels. The coefficient point estimate of $94/deci-
bel is significant at the 97.5 percent level of
confidence and suggests that in the relevant range
of noise, where the average Ljg for houses sampled
along I-495 is approximately 63, a house that ex-
periences an Ljg = 69 dB(A) will have a market
price of about $565 less [6 dB(A) x $94] than a
house with otherwise identical characteristics and
an Ljp noise level = 63. For a house experiencing
80 dB(A) the estimated reduction in price would on
average be 17 x $94 = $1598 at 1978 prices.

Log-Linear and Log-Log Equation Results

Because the 1log-linear functional form 1is less
restrictive as an estimator (see section, Developing
an Empirical Test), a summary of results is pre-
sented in Table 4. Although they are not shown,
estimates for the structural variables (when con-
verted to antilogs) are comparable to the estimates
by using the linear equation. The R?, standard

I T e e Ry B s, M -
arvor of tho CCLIMaCT, GGG i = Scatiovito aic aidu

comparable.

The appropriate interpretation of the parameter
estimates on the noise variables is that they are
constant elasticity coefficients; more simply, for
LTEN the coefficient in Table 4 = -~0.0015 means that
a 1-dB(A) increase in noise brings about a 0.15
percent reduction in the market price of the prop-
erty in question. Evaluated at the mean house price
for the Northern Virginia sample, this implies that
1 dB(A) is worth $67 360 x 0.0015 = $101.04 at the
97.5 percent level of confidence. As was the case
for the linear equation, none of the other noise
measures was statistically significant. Table 4
also presents the log-log estimates.

Tidewater Virginia Sample

Results of regression analysis on a sample of 207
house sales in two neighborhoods abutting Denbigh
Boulevard and Great Neck Road in the Tidewater area
are shown in Table 5. The interpretation of this
table is identical to that of the table used to
present the results for the Northern Virginia sample.

The results show that, for reasonable levels of
confidence (95 percent and above), none of the noise
measures used has a statistically significant influ-
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Table 4, Estimates summary: Northern Virginia sample (N=206).

Parameter Estimates

Variable Log-Linear® t-Statistic Log—Log'J t-Statistic
NOISE -0.006 0.44 - -

TN -0.0006 0.97 -0.000 1 0.21

TNI -0.0002 1.02 -0.000 05 0.27
LTEN ~0.0015 2.23 -0.001 0 1.48
LEQ -0.0008 1.19 -0.000 3 0.45

2R2 = 0.69. bR2=0.71,

r Virginia ple (N=207).

Table 5. Estimates summary: Tid

Parameter Estimates

Log- Log-

Variable  Linear® t-Statistic Linear® t-Statistic Log® t-Statistic
NOISE -531.75 0.58 -0.013 0.78 -

TN -102.07 1:33 -0.002 1.27 -0.0013 0.95

TNI -22.55 1.27 -0.0004 1.18 -0.0003 0.94
LTEN -88.26 1.27 -0.0015 1.18 -0.0012 0.96
LEQ -100.98 1.29 -0.0018 1.18 -0.0014 0.98

8R2 = 0.69. bR2 - g.70. ‘r?2=0.171.

ence on the market price of properties sold in the
Tidewater area sample. (The sample was also strati-
fied by high and low property prices and according
to neighborhood, but the results still showed an
insignificant relationship between price and
noise.) However, for confidence levels as low as 85
percent (which policymakers may prefer to accept),
noise was significant. Interestingly, at the 85
percent level of confidence the estimated influence
per dB(A) was similar to that for the Northern
Virginia sample for Ljp: $88 + $72. These
estimates show that, even when one arranges the
statistical tests to allow every possible chance for
noise to be judged as an important influence on the
market price of property, the parameter estimates
will not equal large amounts of money. More spe-
cifically, these estimates for the Tidewater area
show a willingness to pay between $16 and $160 per
dB(A) with the mean estimate being equal to $88 to
avoid noise.

Results are similar for the 1log-log equation
estimates, which also are shown in Table 5.

IMPLICATIONS OF RESULTS FOR NOISE MITIGATION POLICY

The examination of the results presented earlier,
along with financial data on noise barriers pre-
viously constructed at the Northern Virginia and
Tidewater Virginia sites, suggests three conclusions
relevant to future policy on noise mitigation.

First, the regression results presented for the
413 houses at the study sites strongly suggest that
the influence of highway noise on the market price
of housing is relatively minor. In particular, the
reader will recall that only one of the five vari-
ables used to test noise sensitivity proved signifi-
cant for levels of confidence as high as 97.5 per-
cent. For LTEN, the elasticity estimates showed
that a 1-dB(A) increase in the Ljg noise level
would reduce the market price for the Northern
virginia houses by approximately 0.15 percent. For
a 5-dB(A) difference, the reduction would be about
0.75 percent, or for a $65 000 house about $500.
For the Tidewater study sites, noise was not a
statistically significant influence on price, except
for low levels of confidence. A comparison of the
results from this study and those of earlier studies
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of Northern Virginia strengthens the conclusion that
noise is a weak influence on housing price. In a
1974 study of properties in Springfield, Virginia, a
5-dB(A) difference was estimated to result in a $380
reduction in market price (2); in a 1975 study of
the same area, the estimates for noise influence
were comparable. Given the increase 1in general
housing prices in the period from 1975 to 1979, the
estimate obtained in this study of $94 + $88 for
1-dB(A) change is certainly reasonable. Further-
more, in my opinion, the results of these studies
offer important evidence about the order of magni-
tude of the influence of noise on property values.
One can strongly argue that empirical evidence
supports only small monetary relationships between
noise and the market price of housing.

A second conclusion that is important to the
establishment of future noise mitigation policy is
that past expenditures on noise mitigation have not
been reasonably aligned with economic benefits as
estimated in this study. The relevance of the
estimates developed here is that the market reflects
willingness to pay, which is a good monitor of the
value of something to consumers--i.e., the benefits
received. Thus, the figures presented earlier for
the Northern Virginia sample that show a change of 1
dB(A) in the L;o noise level at the 97.5 percent
level of confidence would be reflected by a change
in the market price egual to $94 + $88 f[or a
maximum change of $182/dB(A)] give an estimate of
what consumers, as they perceive noise nuisance,
believe reductions in noise are worth to them as
reflected by their decisions in the market. Given
this interval estimate, one can compare public
expenditures on noise mitigation per house with what
the market indicates people are willing to pay to
avoid higher levels of noise. In Northern Virginia,
for example, one noise barrier was built to protect
60 houses at a total cost of $436 375 ($7273/dwell-
ing). Assuming the barrier achieved typical attenu-
ation levels and reduced the Ljg noise level by 10
dB(BA) /house, the maximum estimated benefits are $182
[10 dB(A)] = $1820/dwelling. Even with a large
margin for error, benefits (as estimated by willing-
ness to pay) are well below $7300/dwelling.

The third conclusion that relates to noise miti-
gation policy is that expenditures per dwelling
protected have been extremely variable. In the
example given previously, the expenditure was about
$7300/dwelling. At two other sites in Northern
Virginia. differences in design and dwellings pro-
tected yielded costs of $14 919 and $24 800/house-
hold. If economic benefits as reflected by differ-
ences in market price between relatively noisy and
quiet houses were to have served as technical input
to the decision process in these cases, one may have
reasonably expected the range of expenditures per
dwelling protected to have been smaller.
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Effects of Beltways on the Location of Residences and

Selected Workplaces

Beltways have been cited as factors that encourage the decentralization of
people and jobs from central cities and thereby contribute to inefficient pat-
terns of urban development. This study compares changes in total population,
manufacturing employment, retail employment, and ting in 24 dard
matropolitan statistical areas, half of which had a beltway constructed during
the study period. When the data are divided into a prebeltway and either a
beltway construction or a postbeltway period, no statistically significant effects
on the central cities are found. The study period is 1950-1970 for population
and 1958-1977 for employment; the population data represent an advance on
prior research because they have been corrected for annexations by the central
cities batween 1950 and 1970. Comparisen with another statistical study by
using regression analysis and eight case studies suggests that other forces such

as land use regulation or local opportunities for annexation outweigh the belt-
way's influence on decentralization.

Energy, environmental, and economic factors have
recently created new demands for downtown develop-
ment. This demand in many cities, however, is felt
to be fragile and susceptible to erosion if govern-
mental actions favor suburban areas (l1,2). Belt-
ways—-—high-speed, limited-access highways encircling
central cities--have been specifically criticized as
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factors that may disrupt emerging downtown develop-
ment markets. In one instance, a research institute
concluded on the basis of trends in three beltway
and three nonbeltway cities that construction of the
Richmond, Virginia, beltway would accelerate the de-
parture of both people and jobs from Richmond and
its central business district (CBD) (3). In late
1979, then Secretary of Transportation Neil Gold-
schmidt refused to authorize completion of the
Dayton, Ohio, beltway because of concern that the
facility would further weaken the central city by
encouraging an exodus of businesses from Dayton
(4). This was a particularly difficult and contro-
versial decision, both because of the magnitude of
its implications and the dearth of information
available on the potential impacts of various
courses of action. Little research on the effects
of beltways on either suburbanization or central-
city vitality has been done. As discussed in the
literature review, previous research has either not
clearly focused on this area or has suffered from
methodological weaknesses.

This paper reports research that examines changes
in residential population and two sectors of employ-
ment, manufacturing and retail trade, in a sample of
12 beltway and 12 nonbeltway metropolitan areas.
The study scope restricted data sources to readily
available secondary sources, especially the economic
censuses and the Census of Population. The objec-
tive of this study was to determine if there is any
systematic association between urban decentraliza-
tion and the presence of a beltway in metropolitan
areas. The research also provides some evidence
about the use of beltways to influence urban devel-
opment in efforts to realize societal goals such as
revitalization of central cities.

BACKGROUND

Recent economic and demographic trends in U.S. met-
ropolitan areas both explain the concern for the
welfare of central cities and assist in interpreting
the data in the 24 sample cities. Between 1950 and
1970 the population of central cities of the stan-
dard metropolitan statistical areas (SMSAs) as de-
fined in 1970 rose slowly from 54 million to 64
million. At the same time, suburban regions of
these SMSAs nearly doubled from 40 million to 76
million. However, between 1970 and 1978, the same
central cities are estimated to have lost about 4
million persons while their suburban areas grew by
an additional 7 million persons. These census fig-
ures include the effects of substantial annexations
by the central cities between 1950 and 1970. Cor-
rection for annexation would probably result in
absolute population losses for the entire period.
Such a correction for annexations by the 24 sample
cities included in this research had exactly that
result. These population changes reflect high sub-
urban birth and in-migration rates compared with the
central cities' heavy out-migration rates combined
with low in-migration rates.

Central-city jobs also declined while suburban
employment rose. Between 1947 and 1963, central-
city employment in 90 SMSAs dropped from 7.4 million
to 6.7 million. These figures have been corrected
for annexations. The corresponding suburban employ-
ment rose in the same period from 3.6 million to 6.6
million. Central-city employment has also shifted
away from manufacturing and toward services and
white-collar jobs. Between 1947 and 1963, manufac-
turing jobs located in the central city dropped 13
percent while service employment in the central city
increased 23 percent (5). Evidence is mixed as to
whether the same downward trends in central-city em~
ployment have continued in the 1960s and early
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1970s, or if employment trends stabilized to a pat-
tern of relatively slow central=-city growth of about
1 pecent annually from 1960 to 1975 compared with
about 3 percent annually in the suburbs (6,7). The
shift from manufacturing clearly continued in the
later period.

These shifts in the relative importance of the
various central-city and suburban employment sectors
indicate changes in the economic function of the
central cities as they become office centers supply-
ing administrative and service functions to their
metropolitan regions and beyond. At the same time,
manufacturing and retail firms are moving to the
suburbs where more space and more customers are lo-
cated. The decline in central-city population and
jobs appears related to the size of the metropolitan
area and to geographic region. The central-city
population losses are most severe in the metropoli-
tan areas with more than 1 million people, and the
jobs and people are shifting from the North and
Northeast to the South and West (7,8).

Previous Research

Previous studies of beltways comprise four case
studies of individual beltways and three largely de-
scriptive statistical studies of groups of beltway
and nonbeltway cities. The four case studies
analyze Boston's Route 128 (9), the Maryland and
Virginia portions of the Capital Beltway in separate
studies (10,11), and the Raleigh, North Carolina,
Beltway (12). All of these studies found that in-
tensive development sprang up about these roads just
as is the case with radial highways. In addition,
there was a noticeable increase in multifamily resi-
dences in the vicinity of the Capital and Raleigh
Beltways. Route 128 quickly attracted industrial
development: Several years after its opening, there
was a net of $80 million in additional industrial
development and 12 000 additional employees in the
corridor.

The beltway studies have often noted that many of
the businesses and industries locating along these
highways are relocating from the CBD; however, a
sustained analysis of CBD changes in relationship to
the beltway lay outside the scope of these case
studies. The Virginia portion of the Capital Belt-
way was found to promote a more compact, less star-
like urban form as residential uses filled in the
entire peripheral area instead of following radial
routes outward from the center. The distribution of
commercial areas was unaffected. Industrial plants
also began to appear in peripheral areas associated
with the Capital Beltway. However, these areas were
previously not easily accessible and it is not clear
whether the same development would have occurred if
a radial had passed through. Knowledgeable local
observers have stated their conclusion that the
Raleigh Beltway is a cause of the decline of the
commercial core of the city, which is assuming the
doughnut form with a comparatively unused center.
Based on a review of the highway impact literature
down to late 1963, Racster (13) hypothesized that
the attractiveness of a beltway location lies in the
access it offers to the entire region as contrasted
to the more limited access along a radial corridor.

The three descriptive statistical studies were
the Urban Institute team's six-city analysis pre-
pared for Richmond, Virginia; an unpublished Federal
Highway Administration (FHWA) staff study of seven
cities with and seven cities without beltways (14);
and a study of office suburbanization along freeway
corridors in seven cities (15). Although the study
of office sites found that radial routes had a lower
percentage increase in office sites than did belt-
ways, this reflects the large, undeveloped areas
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Table 1. Regions and SMSA size classes.

Factor Beltway City Nonbeltway City
Region
Northeast/North Central Washington Philadelphia
Minneapolis-St. Paul Dayton
Indianapolis Grand Rapids
Columbus Springfield
Toledo
Quad cities
South/West Houston Phoenix
Atlanta Portland
San Antonio Sacramento
Omaha Birmingham
Sioux Falls Oklahoma City
Knoxville
Spokane
Size Class®
<750 000 Omaha Oklahoma City
Quad cities Grand Rapids
Sioux Falls Springfield
Knoxville
Spokane
750 000-2 million Atlanta Portland
Indianapolis Sacramento
Columbus Phoenix
San Antonio Dayton
Toledo Birmingham
>2 million Washington Philadelphia
Baltimore Pittsburgh
Houston

Minneapolis-St. Paul

21970 SMSA population.

crossed by the beltways rather than network configu-
ration. The beltway routes had lower absolute num-
bers of sites, and thus the base numbers of sites
for the percentages were very small. The Urban In-
stitute's study has already been described. The un-
published FHWA study found that beltway central
cities lost population less rapidly than nonbeltway
central cities during the 1960s.

Because revitalization was not a major issue when
these studies were prepared, the focus was on sub-
urbanization. The case studies, in particular, do
not give systematic attention to what happened in
the central city. The statistical studies are based
on very small numbers of cases and their findings
may be ot limited general application.

Research Approach

The evidence summarized in this paper is principally
from a nationwide study. The findings of this study
have been supplemented by a recent statistical
study, The Land Use and Urban Development Impacts of
Beltways, prepared for the U.S. Department of Trans-
portation, the Department of Housing and Urban De-
velopment, and FHWA by the firm of Blayney-Dyett
under subcontract to Payne-Maxie. The latter study
included eight case studies based on local inter-
views with officials, developers, and businessmen.

The specific research questions addressed in this
study are

1. Do beltway cities show different rates of
population change in their central cities, suburban
rings, or both, than nonbeltway cities?

2, Do beltways affect patterns of population
density? and

3. Do beltway cities now show different rates of
average percentage change in manufacturing or retail
employment in their central cities, suburban rings,
or both, than nonbeltway cities?

The first step in determining if beltways are as-
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sociated with decentralization is to show whether
any growth rates within a metropolitan area with a
beltway differ from those in metropolitan areas
without beltways. The first and third research
questions focus on differing growth rates. Belt-
ways, by increasing accessibility of suburban areas,
may lead to a more tightly clustered suburban devel-
opment pattern as suggested by study of the Capital
Beltway. As a result, a metropolitan area may con-
tinue to be centralized but around a new feature--
the beltway itself. The second research question
investigates this possibility.

DATA

Data on total population, manufacturing employment,
and retail employment for the central city and the
remainder of the metropolitan area or suburban ring
were collected from secondary sources (16-18). The
sample is composed of 24 SMSAs divided ewvenly be-
tween beltway and nonbeltway areas.

The sample SMSAs ordered by size are as follows:

Nonbeltway
Philadelphia, PA

Pittsburgh, PA
Portland, OR
Sacramento, CA
Phoenix, AZ
Dayton, OH
Birmingham, AL
Oklahoma City, OK
Grand Rapids, MI
Springfield, MA
Knoxville, TN
Spokane, WA

Beltway
Washington, DC

Baltimore, MD

Houston, TX

Minneapolis-St. Paul, MN

Atlanta, GA

Indianapolis, IN

Columbus, OH

San Antonio, TX

Toledo, OH

Omaha, NE

Quad cities (Davenport-Betten-
dorf, IA, and Rock Island, IL)

Sioux Falls, SD

The 12 beltway SMSAs comprise most of the SMSAs
with beltways essentially completed by 1973. Each
beltway forms a continuous loop around at least
three-quarters of its SMSA and is no closer than 2
miles to the CBD. The nonbeltway SMSAs have well-
developed radial networks but relatively few lateral
freeway connectors between suburbs. These SMSAs
were selected to match, as closely as possible, the
size and geographic distribution of the beltway
group. Thus, when comparisons are made in the study
between the heltwav and nanhaltwsw ~vounc tho com-
parison is between two network configurations--
radial and beltway or concentric.

The general approach of this study was to compare
percentage changes in selected economic and demo-
graphic variables for beltway and nonbeltway metro-
politan areas between 1950 and 1977. The metropoli~-
tan areas were divided into central cities and
suburban rings or remainders of SMSAs. Differences
between average percentage changes were tested for
significance by using the difference-of-means test
(19). The SMSAs were disaggregated by geographic
region and by SMSA size in 1970, as shown in Table
1, in an effort to make the samples more homogeneous.

Since the estimates of population after 1970
could not be made entirely consistent with the ear-
lier data from the Census of Population, the popula-
tion data cover the period 1950-1970. The before-
beltway period is 1950-1960, while 1960-1970 is the
period when the beltways were under construction and
opening to traffic. All but three of the beltways
were nearly completed by 1973, and all had substan-
tial mileage open by 1970. Employment and commuting
data were available for the 1970s; the Census of Re-
tail Trade was available for 1972 and 1977, the
Annual Survey of Manufacturing for 1973 and 1976,
and the Annual Housing Survey for 1975. Thus, the
1970s are the after-beltway period for the employ-
ment and commuting analyses. The Census of Retail
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Table 2. Percentage changes in central-city population

in 24 beltway and nonbeltway SMSAs excluding Change (%) Population

AEXanon: City Group 1950-1960  1960-1970  1950-1970 1950 1960 1970
Beltway -8.8 -6.0 5492031 5568266 5213080
Nonbeltway -0.7 -9.2 -10.5 4 805 446 4668455 4315315
Total -9.0 -8.8 10297477 10236 721 9528 395
Note: Data based on unweighted averages.

Table 3. Central-city population in beltway and Populati Ch %)

nonbeltway SMSAs by region, 1950-1970. opulstioy angeit®:
City Group 1950 1960 1970 1950-1960 1960-1970 1950-1970
Northeast-North Central Region
Beltway 3852299 3799 562 3528 880 0.6 -9.2 -8.9
Nonbeltway 3331197 3187525 2982163 -2.4 -10.3 -12.5
Total 7 183 496 6 987 087 6511043 -0.7 -9.7 -10.4
South-West Region
Beltway 1639732 1768 704 1684 200 6.2 -8.2 -2.1
Nonbeltway 1474 049 1480930 1333152 0.5 -8.5 -9.0
Total 3113781 3249 634 3017352 2.8 -8.4 -6.1

Note: Data based on constant 1950 central-city boundaries and unweighted averages.

Trade was the only economic census available for
1977 at the time that the research was conducted.

For groups of central cities or rings, the per-
centage changes used were the average of the indi-
vidual items in each group, not the percentage
change of the aggregate population of the group.
Use of these unweighted averages focused on changes
of individual cities or rings within the beltway or
nonbeltway groups rather than on changes in the
group populations as a whole. There was a large
range in the population size of the individual mem-
bers of each group, and small percentage changes in
the larger ones resulted in large numerical
changes. Aggregate percentage changes for each
group would be overly responsive to these extreme
numerical values.

The data have been corrected for boundary changes
during the study period in two ways. Both the em-
ployment and population data reflect the SMSAs as
defined in 1970 regardless of the date the data
themselves refer to. Thus, counties have been added
to the SMSA definitions of the 1950s and 1960s. The
effects of annexations by the central cities have
been corrected only in the population data through
comparison of the tract maps of 1950, 1960, and
1970. All population data reflect the central-city
boundaries of 1950. It was not possible to make the
same correction to the employment data to produce
standardized areas for the central cities.

In contrast, the Blayney-Dyett sample is larger
(54 SMSAs). It was chosen by using different cri-
teria for the beltway completion date and includes
beltways very close to the CBD and beltways around
coastal cities where a loop around three-quarters of
the city is not possible. Annexations are not cor-
rected in this study, which attempted to isolate the
effects of beltways on population and employment
through regression analysis.

Population Changes

In all three censuses, the total population (ad-
justed to exclude annexation) of the beltway central
cities as a group was greater than that in the non-
beltway central cities, and the gap has widened as
the nonbeltway central cities sustained a greater
population loss within their 1950 boundaries than
the beltway cities. (See Table 2, which is derived
from FHWA and Census of Population data.) When the

20-year period is divided into a prebeltway era
(1950-1960) and a beltway construction era (1960-
1970), the beltway central cities, on the average,
lost fewer persons in the 1960s when their beltways
were being constructed and opening than did the non-
beltway central cities. This was also true in the
prebeltway decade. Tests of the difference between
means show that the differences between the average
percentage changes for the beltway versus nonbeltway
cities are statistically not significant. It is
difficult to relate these changes in levels and
rates of changes to the appearance of the beltways
in the 1960s, since the trends in population levels
and percentage changes favor the beltway cities both
before and after the beltways were built.

Since the nationwide sample showed no effects,
the analysis was refined by analyzing the data by
region and size of SMSA. Many areas of the South
and West have been found to be rapidly increasing in
population in the 1970s. In contrast to these sun-
belt areas, the WNortheast or frostbelt has been
stagnant or losing population. Such regional trends
may obscure trends associated with the presence of a
beltway. Also, the Northeast/North Central cities
are, in general, older cities that developed before
the automobile. Different historical circumstances
may have produced different patterns of land and
automobile uses that result in different responses
to the presence of a beltway. Therefore, the 24
sample cities have been divided into two regions:
Northeast/North Central region and the South/West
region. The SMSAs by region were noted earlier.
The population of the beltway and nonbeltway central
cities in the two regions and their average percent-
age changes appear in Table 3.

These grouped data reveal some influence of over-
all regional population trends. In both periods,
the Northeast/North Central beltway and nonbeltway
cities do not fare as well as their South/West
counterparts. However, the pattern is most pro-
nounced in the 1950s. During the 19608, central
cities in the fast-growing South/West region lost
population nearly as heavily as the Northeast/North
Central cities and regional differences appear to
fade. Within their respective regions, the beltway
central cities continue to gain more or lose less
population than nonbeltway central cities in both
periods. As in the overall comparison between the
regions, differences become very small in the
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1960s. This convergence is particularly notable in
the South/West region. Statistical tests of these
very small samples show no significant differences
between the means of the beltway and nonbeltway for
either region. It should be noted, however, that
there were significant individual variations within
each group. Individual cities are discussed below.
Of the seven individual Northeast/North Central
beltway cities, only Columbus and Quad cities grew
appreciably in the period 1950-1960, and all lost
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population between 1960 and 1970 at rates ranging
from 1 to 17 percent. This information is presented
graphically in Figures 1 and 2. Similarly, the in-
dividual nonbeltway cities in this region have two
growing cities in the 1950s and none in the 1960s.
Percentage changes in the population of the South/
West central cities vary more than those in the
Northeast/North Central cities for both decades
(Table 4). The South/West region has the extreme
gainer (Houston) and loser (Atlanta) for 1960-1970,

Figure 1. Percentage change in population in beltway and nonbeltway central cities in North Central-Northeast region, 1950-1970.
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Figure 2. Percentage change in population in beltway and nonbeltway central cities in South-West region, 1950-1970.
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and the extreme gainer (Houston) and second most ex-
treme loser (Knoxville) for 1950-1960. There is a
group of cities--Washington, D.C., Baltimore, Min-
neapolis-St. Paul, Toledo, Philadelphia, Phoenix,
and Portland--whose population decline has been rel-
atively stable and less than 10 percent since 1950,
The larger number of such cities found in the North-
east/North Central region probably is not signifi-
cant. All of these cities are in the larger SMSAs
and the majority are found in SMSAs 1larger than 2
million in population in 1970. The Northeast/North
Central region contains more sample central cities
in the larger SMSAs than the South/West region.

Surveys of city dwellers have found that the sub-
urban amenity of low density and large lot sizes are
valued (20). This finding suggests that pressures
for and against decentralization may be different in
central cities of different population densities.
Controlling the effect of density may reveal more
clearly the role of beltways in decentralization.
Density of the 24 sample cities was computed for
1950, 1960, and 1970 by using the 1950 areas and
population figures corrected for the 1950 areas.

When the four most-dense beltway and most-dense
nonbeltway central cities are compared with the four
least-dense beltway and nonbeltway cities, density
in the low-density cities fell only 2 percent and
the high-density cities fell 13 percent (see Table
5). Within the density classes, beltway cities fell
less than nonbeltway cities. However, this cannot
be ascribed to the influence of the beltways because
the beltway cities resisted decentralization in the
1950s before construction of their beltways as well
as in the 1960s.

Trends 1in the 24 sample cities reflect national
demographic trends and indicate that beltways play a
minor (if any) role in the growth and distribution
of population in metropolitan areas. Analysis of
beltway and nonbeltway cities reveals either no sta-
tistically significant differences or differences
that can be explained just as easily by other fac-
tors. Similar conclusions are reached in the

Table 4. Population change in central cities of beltway and nonbeltway SMSAs
by 1975 class size of SMSA, 1950, 1960, 1970,

Change (%)

SMSA Size 1950-1960 1960-1970 1950-1970

<750 000 4.1 -9.7 -6.2
Beltway 6.9 -11.6 -5.5
Nonbeltway 2.4 -8.6 -6.7

750 000-2 million 0.2 -11.8 -12.0
Beltway 1.8 -13.2 -11.5
Nonbeltway -1.4 -10.2 -12.5

>2 million -1.5 -3.4 ~4.5
Beltway 1.2 -1.0 0.4
Nonbeltway -7.0 -8.2 -14.5

Note: Data derived from FHWA and Census of Population and based on un-
weighted averages.
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Blayney~Dyett comparative statistical study, which
finds only the distribution of higher-density resi-
dential development to be apparently sensitive to
the presence of a beltway.

The findings do not necessarily preclude the pos-
sibility that a beltway would help or harm the cen-
tral city that it circumscribes. The measured ef-
fects may be overwhelmed by

1. The inadequate time between the beltway's
completion and the last census (1970) for impacts to
be fully consummated:

2. The size of each geographic unit of analysis
and boundary distortions, which may wash out local-
ized impacts; and

3. The concurrent existence of other public pol-
icies, especially in land use regulation and home
finance, which have stronger and more pervasive in-
fluences on population distribution.

The last point is emphasized by the Blayney-Dyett
case studies in which many competing public actions
and market forces are documented. Most importantly,
beltways are only one component of the urban trans-
portation network, and their effects cannot be seg-
regated from the presence of other, noncircumferen-
tial arteries and transit facilities.

Employment
Since the average distance between workers' homes
and their jobs is approximately 10 miles, the popu-

lation characteristics of a city do not necessarily
reflect the economic activities within its bounda-
ries, as is clear from the discussion of national
trends. Suburbanization of employment, changes in
economic activity in central cities, and suburban
congestion coupled with long commuting trips by
automobile are widespread phenomena of the 1950s and
afterwards. They are not caused by beltways; how-
ever, it is not clear if beltways have influenced
these trends.

Sample trends for manufacturing employment show
no significant differences between beltway and non-
beltway cities in either their central cities or
their suburban rings (see Table 6). This is due at
least in part to the small sample sizes and high
variability. Central cities as a group lost manu-
facturing employment more heavily than suburban
areas. Analysis by region and class size failed to
reveal any significant differences.

Results for percentage changes in retail trade
employment also do not show significant differences
between beltway and nonbeltway cities either for all
beltway and nonbeltway cities or for the regional
and size class groups. The tendency for retail
trade employment to be expanding in suburban areas,
in the South and West, and in smaller SMSAs is ap-
parent, but generally the differences are not sig-
nificant.

Examination of manufacturing and retail trade em-

Table 5. Average density and average
percentage change in density for high and low

Density (persons/mi.le2)

Change (%)

density central cities, 1950-1970, Densicy:and CGity

Group 1950 1960 1970 1950-1960 1960-1970 1950-1970

High density (N=8)
Beltway (N=4) 10928 10759 9814 -1.3 -9.9 -11.2
Nonbeltway (N=4) 11 569 10 985 9940 -4.7 -10.6 -14.8
Total 11 249 10872 9877 -3.0 -10.3 -13.0

Low density (N=8)
Beltway (N=4) 4493 4953 4642 10.4 -6.0 4.2
Nonbeltway (N=4) 4 649 4688 4266 1.4 -8.6 -7.8
Total 4571 4 820 4454 5.9 -1.3 -1.8

Note: Data based on 1970 central-city boundaries and unweighted averages.
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Table 6. Mean percentage changes with standard deviations for manufacturing and retail trade employment for beltway and nonbeltway SMSAs by size of SMSA and

region, 1972-1977.
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Manufacturing (1973-1976)

Retail Trade (1972-1977)

Non- Non-
Factor Beltway  SD beltway SD Beltway SD beltway SD
Area
24 SMSAs N=10° N=9° N=12 N=12
Central city -9.57 8.81 -13.67 6.27 21.77° 25.51 8.81 33:32
Ring 1.83 8.48 -3.94 6.54 35.51 19.51 33.32 15.12
North East/North Central N=6 N=4 N=7 N=5
Central city -12.30 3.35 -13.70 5.98 2.70 17.41 -4.14 14.52
Ring 0.25 10.62 -9.08 5.01 27.14 10.27 19.34 6.24
South/West N=4 N=5 N=5 N=7
Central city -5.45 13.68 -13.64 7.20 18.06 26.01 13.74 9.02
Ring 4.20 3.88 0.16 4.41 47.22 24.02 43.14 10.84
Size
>2 million N=4 N=2 N=4 N=2
Central city ~6.58 11.58 -16.30 5.52 1.25 25.49 -0.87 20.14
Ring 6.10 7.93 9.40 1.27 32.03 9.61 26.98 10.80
2 million-750 000 N=5 N=5
Central city N=6 K<g ) 4.90 1820 4.52 18.89
Ring Classes combined | Central city _11.57 6.88 -11.73 6.45 29.20 17.29 4442 11.70
<750 000 for mfg. only Ring “lo2 890 _3ds & 55 ! N=3 N=5
Central city : : : . 26.57 18.55 9.14 13.36
Ring ) 50.67 29.21 28.56 13.20

Note: Data based on Annual Survey of Manufacturing, 1973 and 1976; Geographic Area Services, Census of Retail Trade, 1972 and 1977.

?Data unavailable for Sioux Falls and Quad cities.

Table 7. Percent distribution of workers by place of residence and place of
work, 1970-1975.

Place of Work

Outside
Central City Central Cily Outside SMSA

Place of Residence 1970 1975 1970 1975 1970 1975
Beltway SMSA

Central city 82 78 12 21 | 1

Outside central city 51 45 46 53 3 3
Nonbeltway SMSA

Central city 81 81 15 17 4 2

Qutside central city 31 30 60 64 9 7

Note: Du{u based on u.s. Elu:uu of Census, Census of Populution: 1970 Detailed
Current Popul Reports, Series P-23, Special Studies B6,
89. 98, and unpublished datn.

ployment growth in the past for the 24 sample cities
reveals that the central city and suburbs of the
beltway and nonbeltway cities have not differed sig-
nificantly in employment growth either as a group or
by region or size class for the periods 1958-1963,
1963-1967, and 1967-1972. Employment in both sec-
tors shows a pattern of stagnation in central cities
and brisk expansion in the suburban rings. This
decentralization appears as early as 1959-1963 and
predates all 12 beltways. The pattern is particu-
larly striking in the Northeast/North Central re-
gion's SMSAs whose overall loss of manufacturing em-
ployment was actually confined to the central cities
while their suburbs gained.

Blayney-Dyett, relying on census data, analyzed
the suburbanization of manufacturing employment for
1967-1972 and the suburbanization of retail trade
for a partial sample for 1972-1977. They did not
find any significant relationships between beltways
and the other variables that could not be ascribed
to other causes.

Commuting

Rather limited data are available on commuting in

Data unavailable for Sacramento, Springfield, and Spokane.

the 1970s. Data from the 1970 Census of Population
reflect patterns during construction of the belt-
ways. However, the Annual Housing Survey for 1975
includes 6 of the 24 sample SMSAs divided evenly be-
tween beltway and nonbeltway SMSAs. The cities are
Philadelphia; Portland, Oregon; Springfield-Holyoke-
Chicopee, Massachusetts; Atlanta; Columbus; and San
Antonio. Table 7 suggests that longer commuting may
be more common in beltway SMSAs where higher per-
centages of people live in one jurisdiction and work
in another than in the nonbeltway SMSAs. However,
significant conclusions cannot be drawn on the basis
of such a small sample size and small numerical
changes. Blayney-Dyett also found no significant
relationships between commuting patterns and belt-
ways that could not more easily be ascribed to other
causes.

The sample cities show the decentralization of
employment and increase in long-distance commuting
across jurisdictional lines characteristic of U.S.
cities since at least the late 1940s. This national
trend predates the beltways. There is no evidence
from either the 24 sample cities examined in this
study or from Blayney-Dyett's larger sample that
links beltways with a different degree of decentral-
ization or a different commuting pattern than is
characteristic of nonbeltway cilties. Most U.S.
cities suffer to some degree from the fiscal and
equity consequences of decentralization; there is no
evidence from this study that beltways are a spe-
cific cause of decentralization leading to these
consequences.

In part, the finding of no significant beltway
impact may be due to problems with the research de-
sign and availability of data, similar to the prob-
lems documented in the population section. The
1972-1977 period used as the "after" period of ex-
pected beltway impacts is short and contains a
recession. The beltways were actually completed
throughout the 1960s and early 1970s. Thus there is
no clear-cut "before" or "after" period. The un-
availability of major portions of the economic cen-
suses of 1977 limited the analysis for this and the
Blayney-Dyett study.
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Another problem arising in the research design
was the small sample size and high variability
within the sample as measured by standard devia-
tions. This problem is not easily corrected since
both studies include all beltways that met study
criteria. However, examination of the average per-
centage changes in employment in Table 6 suggests
that in many instances the percentages are suffi-
ciently similar between the beltway and nonbeltway
cities that a larger sample would not result in sig-
nificant differences.

CONCLUSIONS

Subject to the caveats raised in the concluding
paragraphs of each subject discussion, beltways ap-
pear to have no significant effects on overall
central-city vitality or on overall suburbanization
of people and jobs. Blayney-Dyett's case studies
suggest that land use regulation, tax and mortgage
policies, and other factors generally outweigh the
influences of beltways. These findings based on ag-
gregate data cannot take the place of detailed,
project-level analyses that explicitly take into
consideration the types of local factors that the
case studies found to be important.

The findings of this research, in combination
with the case studies, suggest that beltways and
probably transportation facilities in general are,
at most, one of many influences on the pattern of
urban development and that policies to support revi-
talization of central cities might be better imple-
mented by using beltways or other transportation
facilities to support measures such as land use con-
trols that bear more directly on urban development.
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Monitoring Traffic Management on Retailing Activities:

Problems and Possible Solutions

A.D. MAY AND P.M. WEAVER

A method for objectively ing the effect of traffic management on re-
tailers’ receipts is discussed. It identifies the need for information on these
effects and, by considering the impact of traffic management on retailing activ-

ities in general terms, highlights the problems in obtaining such information.
A checklist of criteria for studies designed to ¢ effects on trading per-
formance is presented and used as a basis for developing a new method designed
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to be both objective and generally applicable. The method involves collection
of indexed monthly receipts for a stratified sample of individual shops and the
use of national control data to project expected levels of trade. These are then
used to identify changes in trading performances. The method is tested by us-
Ing a traffic manag h in York, England. Results indicate that ef-
fects, while significant, were smaller than those claimed by traders and were
short lived. Outstanding methodological issues are identified.

Traffic management measures have been developed
largely to help the car or bus user, pedestrian,
cyclist, and resident; the business community is
rarely identified as a group to be assisted. In-
stead, the traffic engineer all too often sees busi-
ness people as inevitable opponents of traffic man-
agement, whose fears are ill-founded and who need to
be pacified if possible. Not surprisingly, business
people tend, therefore, to view traffic management
as a threat and react against schemes that are pro-
posed rather than suggesting ways in which schemes
can be devised to help them. There has been a need
for some time to reduce the delays in implementation
that such differences of view cause; one obvious ap-
proach to solving this problem is to provide a
clearer understanding of the ways in which traffic
management can affect or assist business activity.
Recently, the need to resolve these differences has
become more acute since there has been a growing in-
terest in the use of traffic management schemes as
land use planning tools to help revitalize business
activity. Many pedestrian streets have been inttro-
duced with this in 'mind (1, 2) as have the Urban
Mass Transportation Administration's recent experi-
mental automobile-restricted zones (3), and traffic
cell schemes such as that in Gothenburg (4) .
Clearly, it is important not just to convince busi-
ness interests of the merits of such schemes, but
also to be sure that their beneficial effects on
business are sufficient to justify the restrictions
imposed.

An understanding of the mechanisms by which traf-
fic management affects business activity and of the
magnitude of the effects produced is therefore of
value to transport planners and engineers and to the
business community. Others who might benefit in-
clude public transport and car-park operators, cus-
tomers, and clients and other professional groups
such as Chartered Surveyors (5).

This paper looks briefly at the general form of
such a mechanism and its application specificallv to
retailing activity. It discusses some of the prob-
lems of working in this field, reviews some other
studies on the topic, and then describes a study
conducted recently in York, England, which has been
used to test some possible survey and analysis pro-
cedures.

RELATION BETWEEN TRAFFIC MANAGEMENT AND RETAILING
ACTIVITY

The ways in which traffic management can affect re-
tailing activity are best seen by considering the
general relation between transport and land use
(Figure 1) (6). Transport policies can affect land
use in three distinct ways:

1. By consuming or releasing land,
2. By improving or reducing accessibility, and
3. By improving or worsening the environment.

Traffic management schemes rarely consume land
except for minor junction improvements. However,
schemes may release road space for other uses such
as pedestrian streets, meeting areas, and markets.
All traffic management schemes affect accessibility
(in terms of journey time, distance, cost, and reli-
ability) and most will improve or worsen the en-
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vironment by adding to or reducing the traffic in
individual streets.

The ways in which these changes might affect re-
tailing activities are depicted in Figure 2 and are
briefly described below.

1. Improvements in environment and in accessi-
bility may encourage additional custom. Conversely,
a deterioration in these factors could discourage
custom. In practice it is often the case that traf-
fic management improves the environment while
worsening accessibility (or vice versa) and the net
effect on custom is thus uncertain.

2, It is worth noting that changes in accessi-
bility and the quality of the environment do not
have to occur for effects on custom to be felt; ad-
verse publicity about an otherwise successful scheme
may discourage customers (7).

3. Changes in consumer behavior may affect shop
receipts; however, it is possible for receipts to
stay constant despite changes in consumer behavior,
if customers compensate by buying more on each visit
(8).

4. A shop's operating costs can be affected both
by changes in consumer behavior and, directly, by
changes in accessibility that may add to servicing
and staffing costs.

5. The combined effect on receipts and operating
costs may affect the profitability of shops in the
short term and may in the longer term 1lead to
changes in the mix, intensity, and quality of ac-
tivities in the shopping center.

6. Both consumer behavior in the short term and
land use changes in the long term can be influenced

Figure 1. Transport-land use relation.
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Figure 3. Temporary traffic management measures for York's road network,
October 1978,
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by a wide range of external factors such as seasonal
factors, inflation, fiscal policy, and competition
from other centers. In particular, it is worth not-
ing that improved accessibility to one center may
reduce receipts in a competing one, even if its ac-
cessibility is unchanged (7).

The work reported on in this paper limits itself
to assessing the effects of traffic management on
shop receipts. It excludes both the short-term ef-
fects on operating costs and the long-term ones on
land use patterns.

STUDY REQUIREMENTS

Even with this limitation, the requirements of a
study of the effects of traffic management on retail
activity are complex. As indicated by Figure 2,
four interrelated strands of inquiry are needed.
The first must attempt to assess the impact of traf-
fic management on the accessibility and environ-
mental quality of the shopping center as a whole
and, ideally, the specific effects of individual
elements of the traffic management scheme and on in-
dividual 1locations within the center. The second
will need to identify changes in the number and na-
ture of shopping journeys to the center. The third
must attempt to establish whether these changes in
consumer behavior are caused by environmental or ac-
cessibility changes or by external factors. The
fourth must identify specific changes in shop re-
ceipts and relate these to identified changes in
consumer behavior. Only when all four of these
strands are available will it be possible to draw
tentative conclusions about the short-term influence
of a traffic management scheme (and, ideally, of its
individual elements) on retailing activity.

PROBLEMS FACED IN MEASURING RETAIL IMPACTS

Many difficulties will have to be overcome in order
to satisfy these study requirements. First, a de-
cision is needed on the extent of the area to be
studied, since the effects of traffic management
measures need not necessarily be confined to their
immediate vicinity (9). Second, environmental and
accessibility changes need to be measured for dif-
ferent locations in the center and, in the case of
accessibility, for journeys from different origins
and by different modes. Third, changes in numbers
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of customers may be difficult to assess and may need
to be estimated from proxy measures such as pedes-
trian and parking counts. Fourth, it is often dif-
ficult to obtain adequate and valid data on receipts
since firms are usually reluctant to release commer-
cial information. Fifth, even if it is possible to
measure changes in consumer behavior and in re-
ceipts, causality remains to be established. Com-
parative data from a panel of control shops or from
shops in a control location will be needed to ensure
that external factors are not influencing results.
Finally, even if changes can be attributed to traf-
fic management, the complexity of the effects will
make isolation of the specific cause extremely dif-
ficult.

The study of which this report forms part has at-
tempted to tackle all these problems. However, this
paper concentrates on methodology developed to deal
specifically with the problems of measuring changes
in receipts and establishing suitable controls.

CRITERIA FOR MEASUREMENT OF CHANGES IN RECEIPTS

The first stage in this process was to establish a
checklist of criteria for measuring changes in re-
ceipts. The method should

1. Be based on objective data, since experience
suggests that assessment based on surrogate measures
or on traders' subjective opinions is liable to be
inaccurate;

2. Take account of past trading performances to
isolate the effects of seasonal and secular trends
in individual shops' performances;

3. Isolate the effects of external economic and
social factors by using a control that should ideal-
ly be specific to the types of shops and center
being studied;

4, Enable any statistically significant devia-
tions in trading performance to be identified and
quantified; and

5. Be able to assess whether changes in trading
performance had varied with time, by shop type, or
by location within the shopping center, as a basis
for identifying short-lived and longer-term effects,
activities particularly at risk, and specific causes
of changes.

THE YORK STUDY

Based on these criteria, our own work seeks, not so
much to make a case study of a particular scheme,
but rather to establish and test a method for mea-
suring effects on retail activity that might be seen
to be objective and generally applicable. The traf-
fic management scheme on which this method was
tested and the other surveys of which the study of
retail trade formed a part are described below.

The Scheme

The scheme under study, which has been fully des-
cribed elsewhere (10), was associated with the tem-
porary closure of Lendal Bridge for repair. The
scheme operated from October 4, 1978, to April 8,
1979. During this period, Lendal Bridge remained
open for buses, taxis, and cyclists, but all other
traffic had to find alternative routes. Since
Lendal Bridge is one of only four river crossings in
the city center, providing more than 25 percent of
cross~river capacity, serious congestion was feared,
particularly in the narrow, medieval streets in the
heart of the center. Therefore, to control through
movement, two important thoroughfares, Davygate and
Coppergate, were closed except for buses and for ac-
cess. (See Figure 3.)
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Related Surveys

This scheme was particularly well suited for a study
attempting to devise and test methods of assessing
the effects of such measures on retail trade. The
general background to VYork's traffic problems was
already well documented (ll).. The U.K. Department
of Transport was measuring the direct effects on ac-
cessibility and environment and the specific changes
in numbers of shopping journeys, pedestrians, and
parked cars (8). Early analysis of these results
indicated a significant shortfall in the number of
trips to York during the first stage of the scheme.
Over the midafternoon period a fall of 19 percent
was recorded in the number of vehicle movements
crossing the river for personal business or shopping
trips. Of this shortfall, 75 percent was caused by
a drop in the number of personal business or
shopping trips originating from south of the river.
However, while giving grounds for further enquiry,
the mere spatial and temporal coincidence of these
events do not, of themselves, imply causality.
Moreover, as already noted, a reduction in shopping
trips, however caused, need not necessarily imply a
loss of trade in monetary terms.

York traders did, in fact, claim that receipts
had fallen by as much as 25 percent as a direct re-
sult of the scheme but, as noted earlier, such esti-
mates are not necessarily reliable. Investigation,
both into the causes of changes in consumer behavior
and into actual changes in trading performance, were
still required, but the Department of Transport was
unsuccessful in seeking the agreement of the York
Chamber of Trade and Commerce to such surveys. The
Chamber was, however, prepared to accept the in-
volvement of the Institute for Transport Studies,
acting as an impartial and objective third party.
The techniques used by the Institute to identify
causes of changes in consumer behavior and the find-
ings of that inquiry are documented elsewhere (12).
The following sections describe the techniques
adopted to measure trading effects and outline the
results obtained.

TRADERS' SURVEY

The survey and analysis method was designed to meet
the criteria set out above by

1. Collecting objective data in the form of
traders' receipts;

2. Obtaining information for a sufficient period
to identify seasonal and secular trends for individ-
ual shops:

3. Using national data to provide a control and,
with data from number 2 above, to project expected
levels of trade for individual shops over the period
of the traffic management scheme;

4. MAnalyzing statistically the differences be-~
tween projected and achieved receipts for individual
shops; and

5. Aggregating these differences to permit com-
parisons by time period, type of shop, and location.

Methods Used to Collect Trading Data

A questionnaire was drafted that sought information
from individual stores on the shop's characteristics
(e.g., type of business, number of employees, and
whether a chain store) and trading trends since
January 1976. The decision to ask for trends in re-
ceipts from 1976 was a compromise between the desire
to have information going back as far as possible
for analytical reasons and the risk of low response
if shopkeepers were asked for too much information.
Turnover trend information was obtained by asking
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retailers to plot receipts graphically for succes-
sive months. A monthly time interval was chosen to
maintain compatibility with national data (13) and
to enable short-lived and longer-term effects to be
isolated. Traders were asked to choose their own
scale for the axis indicating receipts. The only
constraint was that they should choose an equal in-
terval scale starting from a zero origin. Having
constructed the graphs, traders wishing to preserve
confidentiality were invited to cut the receipts
scale away. This left only a pattern of points
that, by depicting the relative magnitude of succes-
sive trade figures, could be converted into a numer-
ical time series based on index linking.

Before distributing the questionnaire, the Uni-
versity, in cooperation with the York Chamber of
Trade and Commerce, convened a meeting of local
traders. This gave the opportunity to publicize the
survey, explain the approach adopted, and assess
trading opinion. By the close of the meeting a show
of hands indicated almost complete support for the
survey. It was on this basis that, for the pilot
survey, it was decided that further personal contact
would not be necessary. However, a postal survey
proved very disappointing with response rates of be-
low 20 percent. Discussion with shopkeepers later
showed that, in almost all cases, failure to respond
was due, not to a reluctance to supply information,
but rather to the time and effort involved in com-
pleting the questionnaire. Evidently, for the full
survey, the survey procedure had to be revised.

First, a new questionnaire was designed. Many of
the background questions asking about the store and
its business and most of the more complicated expla-
nations were omitted. It was decided that the re-
vised questionnaire should be distributed and
collected personally. The intention was to give
most of the explanations and instructions for com-
pleting the forms verbally, while also building some
degree of rapport with individual traders to boost
response rates. Throughout the distribution phase,
an official from the York Chamber of Trade and Com-
merce was at hand both to demonstrate the authentic-
ity of the survey and to encourage traders to com-
plete their forms.

Questionnaires were distributed to all department
stores and to a 20 percent stratified random sample
of all other shops in the city center. Stratifica-
tion was both by store type and location within the
city center. Four categories of store were recog-
nized: foodshops, clothing and footwear stores,
household durables (furniture, carpeting, and deco-
rating) shops, and specialty bhard-goods stores
{e.g., jewellers and electrical goods). 1In addition
the city center was divided into an inner and an
outer zone (Figure 4) to test whether the core of
the center, which included@ the main traffic restric-
tions, was more seriously affected. Of the 92 ques-
tionnaires distributed, 58 usable returns were ob-
tained. This represented a 100 percent return from
the department stores (7 questionnaires) and a 60
percent return from the other shops (51 question-
naires). This meant that a usable return was ob-
tained from approximately one in every eight shops
in York's city center.

No statistically significant differences were
found between the composition of the achieved sample
(classified both by store type and location) and the
population distribution. However, it should be
noted that while this revised procedure achieved a
much more satisfactory response rate, the effort in-
volved in distributing and collecting the question-
naires was considerable at up to 2 h/shop.

Projecting Expected lLevels of Trade

In order to counter the effect of external economic
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factors, the time series data for each shop was com-
pared with the national pattern of sales for shops
of a similar type. The comparison was made by di-
viding successive monthly trade figures for each
shop in York by the corresponding national index.
This left a series of trading ratios for each store
that described the trading performance of that store
over time relative to national levels. BAn example
is given in Table 1.

A time series analysis was then performed on the
trading ratios for each shop. The secular trend was
obtained in each case by a least-squares, line-fit-
ting procedure and the seasonal component was iso-
lated by using a conventional additive model.

Thus calibrated, the time series models could be
projected forward under the assumption of stable,
but not static, conditions to predict trading ratios
for each shop in the absence of the traffic scheme.
Expected levels of trade were then set for each shop
by multiplying the projected ratios by the corres-
ponding national index for each month that the traf-
fic management scheme was in operation. An example
is given in Table 2.

Comparing Achieved with Projected Levels of Trade

This put the projected figures, calculated to take
account both of past trading performances and na-
tional trends, into a form enabling direct compari-
son with the achieved figures for individual shops
reported by traders. The percentage difference be-
tween actual and expected trading 1levels was then
calculated for each shop on a monthly basis. Table

Figure 4. Division of
city center into an inner
and an outer zone,

Key: A - Inner Zone BIC -Outer Zone |  @IN

Table 1. Hypothetical example to show derivation of trading ratios.

37

2 illustrates how these comparisons were made. By
weighting these monthly figures according to the
relative importance of each month's receipts, com-
parisons were then made for the entire six-month
closure period of Lendal Bridge. Only at this stage
was aggregation across groups of shops by type or
location possible, because the measure of trading
performance used--the percentage deviation of
achieved from expected trading levels--was common to
all shops and was independent of the type of scale
used by individual shopkeepers to supply the initial
trading data.

Limitations of the Method

Obviously even such a complex procedure has its
limitations. It relies on shopkeepers to provide
valid information and to have constructed their
graphs correctly. While the 1latter point was
checked when collecting the information, it was not
considered possible to include questions to check on
the validity of the information. Ideally, the in-
formation should have covered a before period of
more than 2.5 years to identify seasonal trends with
greater accuracy; however, as noted above, it was
felt that requests for further data would have re-
duced the response rate. The use of a national con-
trol is subject to criticism on the grounds that it
contains shops from a variety of urban, suburban,
and rural locations that may not be suitable for
identifying the external influences occurring in
towns similar to York. This problem was imposed on
the study by the aggregate form in which national
data were then available (13); the only alternative
would have been to identify a suitable control
center. Finally, the analysis gives equal weight to
all shops, irrespective of their importance to the
center's economic health or overall trade. This
limitation is imposed on the analysis by the reluc-
tance of traders to release absolute receipt data.
It is worth noting in this respect that only 5 per-
cent of the respondents elected not to remove their
receipt sales.

Results of Trading Analysis

In the analysis, department stores were considered
separately from other shops. As has been mentioned,
information was obtalned from all seven of York's
department stores and, in consequence, analysis of
the data was not concerned with the estimation, but
rather with the derivation, of population parameters.

Over the full period of closure of Lendal Bridge,
the mean percentage deviation of achieved from ex-

Ratio  Trading Factor Jan. 1976 Feb. 1976 March 1976  April 1976 May 1976 June 1976*  Sept. 1978
a Trading index (York shop) 100 120 160 180 220 230 300

b Trading index (national) 100 132 164 180 200 200 250
a/b Trading ratio 1.00 0.91 0.97 1.00 1.10 1.15 1.20
2This analysis was continued for 33 months.

Table 2. Hypothetical example to show derivation of expected trading levels and comparison with achieved figures.

Ratio Trading Factor Oct. 1978 Nov. 1978 Dec. 1978 Jan. 1979 Feb. 1979 March 1979
a’/b Projected trading ratio 1.1 1.0 0.9 0.8 0.9 1.2

b Trading index (national) 150 160 200 125 130 140

a’ Expected trading index (York shop) 165 160 180 100 117 168

a Achieved trading index (York shop) 160 152 171 105 117 170

a-a’fa’ Deviation from expected (%) -3.0 -5.0 -5.0 +5.0 0.0 +1.2
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Table 3. Mean percentage deviation of achieved sales from expected sales by
shop type.

95 Percent
Standard Confidence
Type Mean Error n Bands
Foodstores -6.0 2.0 8 5.6
Clothing, footwear stores +1.4 23 14 #£5.1
Household durables +3.2 2:3 8 5.4
Specialty hard-goods stores =5.6 2.6 21 +5.4

Table 4. Mean percentage deviation of achieved sales from expected sales by
zone,

95 Percent
Standard Confidence
Zone Mean Error n Bands
Inner -4.2 1.9 31 *3.9
Outer +0.3 1.8 20 4.4

Figure 5. Mean monthly deviation of achieved from projected level of trade for
all shops except department stores.
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pected sales was -2.4 percent (*2.9 percent) for
all shops except department stores. The mean devia-
tion for department stores was +1.1 percent.

Table 3 gives the mean deviation of achieved from
expected sales for different types of shops. It can
be seen that two categories of shops, foodstores and
specialty hard-goods stores, experienced levels of
sales that were significantly better than those of
foodstores and specialty hard-goods stores (at least
at the 90 percent level and, in most cases, at the
95 percent level).

Trading performances were also found to differ
according to location within the shopping center.
Table 4 shows that the performance of shops in the
middle of the center was significantly below that
expected (at the 95 percent level) and was signifi-
cantly worse than the performance of shops in the
outer fringes (at the 90 percent level). The extent
of the shortfall in the case of shops in the inner
zone was 4.2 percent (+3.9 percent).

Finally, trading performances varied throughout
the six-month period during which Lendal Bridge was
closed. Figure 5 shows how the mean trading per-
formance of all stores except department stores
varied by month. Over the first three months, the
mean trading performance was below expected levels.
The shortfall was significant at the 90 percent
level. Trade was significantly above that expected
in January 1979; it then returned to projected
levels in February and March.

These results suggest that York's shopkeepers,
and particularly those selling food and hard goods
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and those in the inner part of the center, did ex-
perience a pattern of trade different from the pat-
tern that they might have expected during the period
that Lendal Bridge was closed. This effect was most
marked in the initial period of closure.

These results, as indicated earlier, provide one
input to an assessment of the effects of the closure
of Lendal Bridge on retailing activity. It is not
possible from these results alone to identify the
closure of the bridge as the specific cause of the
changes in trading performance, since other factors
peculiar to York may have been responsible. Indeed,
York experienced a serious flood in late December
that had some effect on trade. The results of the
study of consumer behavior (12) are being used to
isolate specific causes.

Preliminary results indicate that closure of the
bridge was the most important cause of any changes
in behavior and, hence, receipts, although its sig-
nificance wvaried with origin and mode of the
shopping journey. They also suggest that problems
of route finding and parking as a result of the
closure were the major factors causing changes in
shopping patterns. This may explain the greater im-
pact in the inner zone. It appears likely that dif-
ferences between retail sectors in the number and
location of alternative shopping opportunities ac-
count for the variation in trading performance by
type of shop.

However, the most important point to note is that
the aggregate effects were not only small, but also
short lived, and significantly less pronounced than
traders or changes in shopping journeys had sug-
gested.

CONCLUS IONS

Although it has been possible to draw some conclu-
sions specific to York above, this paper has been
concerned mainly with the problems of measuring the
effects of traffic management measures on retail-
ing. The following conclusions can be drawn on this
issue.

1. A measure of trading performance based on re-
ceipts does not necessarily lead to the same conclu-
sions as an assessment based on traders' opinions or
the interpretation of surrogate variables. Although
it is not possible to say that any of these methods
provides wholly rellable answers, the method based
on receipts is certainly the most objective.

2. It is possible to obtain details on receipts
from shopkeepers. However, it is a time-consuming
task and may well need to be done by an independent
and impartial agency.

3. From the work in York and work in the Nether-
lands, reviewed elsewhere (l4), it seems possible to
achieve a response rate of at least 50 percent; how-
ever, it would be worth trying to find ways of in-
creasing this rate.

4. Given the kinds of changes in economic condi-
tions that were experienced over the course of this
study, a control to separate external influences on
receipts is essential. Asking shopkeepers to spec-—
ify the cause of any change in receipts is probably
not a sufficiently reliable approach.

5. Obtaining such a control is difficult. In
the United Kingdom, national data can be used (al-
though their format has recently been changed), but
this does not necessarily represent expected pat-
terns of trade in a particular town. The use of a
control town is an alternative approach, and it may
be worth devoting more effort to identifying suit-
able control towns.

6. However, it appears that effects of traffic
management schemes on receipts, even for the most
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severely affected groups of shops, may well be rela-
tively small. It will be important, therefore, to
devote as much effort as possible to studying the
more-direct costs imposed on retailers' operations.
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Nonlocal Traffic in a Residential Neighborhood: The
Problem and Its Management as Seen by Residents

PHILIPPOS J. LOUKISSAS

This study examines the problem of nonlocal traffic in a relatively lightly trav-
eled residential neighborhood adjacent to the Pennsylvania State University
campus at State College, Pennsylvania. The purpose of this research is, first, to
assess what constitutes a traffic problem for the area residents and, second, to
evaluate their preferences among alternative traffic control measures. The data
were collected through field observation and a home-interview survey on a
sample of streets in the neighborhood. An analysis of variance shows significant
overall differences between medium- and light-traveled streets in the residents’
perception of the problem and willingness to accept traffic restraint measures;
however, the residents’ location relative to a particular control device and how
it affects their mobility, as well as other socioeconomic factors, account for a
great deal of the difference. Controlling speeding in the neighborhood is the
residents’ most important concern and four-way stop signs are the preferred so-
lution to that problem. The research findings point out some of the inade-
quacies of traffic engineering practices, such as traffic counts, accident records,
and solicitation of citizen complaints when viewed in isolation to be used as a
basis for traffic management decisions.

Management of nonlocal traffic in residential neigh-
borhoods has been a complex and controversial issue
among transportation planners and the public. Ac-
cording to standard planning principles, streets in
residential areas that are designed for local traf-
fic should not be used by nonresidents to minimize
travel times, to avoid traffic signals, or for
parking (l). Environmental research has shown that
high traffic volume and speed directly increase
traffic accidents, as well as noise and air pollu-
tion; they have also been associated with decline in
neighborhood quality and property values (2). Al-

though traffic management strategies have been shown
to alleviate some of the above problems, they have
met with opposition from area residents and out-
siders because they inhibit mobility and are an in-
convenience, especially to those who do not benefit
directly from the reduction of traffic (3).

IMPACT OF THROUGH TRAFFIC ON RESIDENTIAL
ENVIRONMENTS

Studies of the quality of residential environments,
as perceived by residents, have identified noise;
accessibility; social compatibility with neighbors;
maintenance of lawns, buildings, and streets; and
safety of both self and property as important dimen-
sions of neighborhood satisfaction (4,5). Through
traffic in a residential neighborhood disturbs many
of these qualities and threatens that environment.
Traffic noise causes the greatest disturbance (2).
Noise is related to volume of traffic and the speed
and type of vehicle. Perception of noise correlates
strongly with objective noise levels (6). However,
personality, past experience, and situational vari-
ables such as time of sound are important in deter-
mining how a sound is perceived (7,8).

The volume and speed of traffic threaten the
safety of residents. Families with young children
and the elderly are especially fearful. For in-
stance, in one study 74 percent of child and automo-
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bile accidents were found to have occurred within 1
km of the child's home and, in more than 70 percent
of these, the child is the cause of the accident,
presumably because he or she has not yet developed
skills to react to traffic movement (9). Property
owners are concerned with the effect that increased
traffic may have on the value of their property.

A question of interest to environmental research-
ers has been how people adapt to various environ-
mental stress conditions. Appleyard, for example,
found that high traffic volumes lowered social in-
teraction that, in turn, led to a reduction of
neighborhood cohesion and, ultimately, to a decline
in homeowners' incentives to maintain their resi-
dences (2). A high level of traffic has also been
associated with rapid population turnovers and with
changes of land use from residential to commercial
activities (10).

Effects of the volume of traffic form a vexing
question. What matters is the perception of traffic
and the willingness of residents to do something
about its negative impact. The perception is deter-
mined by personal characteristics, such as one's
frame of reference; by the status of the perceiver
(homeowner versus renter, or permanent resident
versus student); and, finally, by how the traffic
affects the individual (location of home relative to
traffic control device).

RESIDENTIAL TRAFFIC CONTROLS

Several types of traffic control have been imple-
mented in the United States to manage nonlocal traf-
fic in residential neighborhoods. Such controls can
be categorized according to three types of strate-
gies. Each is briefly described here.

Peripheral Strategies

Peripheral strategies are intended to reduce or stop
nonlocal traffic from entering secondary residential
streets along the periphery of the neighborhood.
Such controls include traffic signs such as "Do Not
Enter” or "No Left Turn" or they involve actual con-
struction of physical devices, such as median bar-
riers along arterials to prevent left turns and to
increase the traffic capacity of the arterial. Out-
ward flowing one-way streets and cul-de-sacs appear
to be the most effective controls. The advantage of
this approach is that controls are placed at the
very site where the problem begins to occur. The
strategy is effective because fewer motorists vio-
late rules on busy streets where the perceived like-
lihood of enforcement is great (3).

Internal Strategies

Internal controls include stop signs (two-way or
four-way) at key intersections, speed bumps and un-
dulations with the intention of slowing down traf-
fic, diverters of various designs, redesign of local
streets, and limited-access pedestrian ways. The
common version of speed bumps has a bad reputation
among residents and local governments alike. The
issue of the liability of local governments for in-
jury due to speed bumps has come up in the courts
(1) . Research is currently being conducted to eval-
uate a new type of undulation design, and it is ex-
pected that the problems will be overcome (2).

The redesign of streets to a limited-access local
automobile-pedestrian way c¢an be accomplished by
widening certain sections of the tree bank, planting
shrubs in appropriate locations, allowing street
parking for visitors, and even providing play
areas. This approach allows local vehicles to pass
through but makes it inconvenient enough so that
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nonlocal traffic would avoid the area. Such designs
have been successfully implemented for years in many
European cities and are currently being tried in
Cambridge and Boston (ll). Various parking strate-
gies can also be used as means to discourage and
regulate through traffic and speeding.

The advantage of most of the controls included in
this approach is that measures can be implemented on
a street-by-street basis depending on the traffic
situation and the needs of the adjacent residents.
The problems stem from the fact that such controls
are not obvious to the outsider, can be very frus-
trating, may encourage violations, and are difficult
to enforce.

External Strategies

Through traffic problems are usually associated with
congestion on nearby arterial roads and intersec-
tions. The conventional approach is to relieve con-
gestion by either increasing the capacity of the
existing network or by expanding that network. The
advantage of this approach is that it tries to solve
the problem at its origin. The disadvantage is that
such solutions are usually too expensive to imple-
ment and do not guarantee that motorists will stop
going through the neighborhood.

Impacts of Controls

Research findings suggest that a residential neigh-
borhood experiences a significant increase in prop-
erty values and a reduction in accident rates as a
consequence of a program involving street diverters
and street closings (12); however, such strategies
have been found to create side effects and to be po-
tentially in conflict with a number of community in-
terest groups (13). For instance, residents of the
neighborhood in question may have to sacrifice their
mobility in order to achieve the increased safety
and tranquility that the traffic controls aim to ac-
complish. Motorists from the rest of the city are
denied their right of access to portions of the
urban street network, or they are diverted to other
more congested streets, thus contributing to further
deterioration of the traffic situation on those
streets. The conflicts created by some of these
strategies end up being contested in the courts,
where challenges are made regarding the reasonable
exercise of municipal powers (3). Emergency and
other public service vehicles may be inconvenienced
in their operations. Traffic engineers, who have
the responsibility to facilitate the safe flow of
traffic, are usually not experienced in handling the
problems brought up here. Their engineering hand-
books were developed to solve traffic problems on
large roadways and have not been adequately adapted
for use in medium- and 1light-traffic residential
areas (1).

The problem of through traffic cannot be solved
simply through reliance on technical application of
solutions. The minimization of adverse side effects
requires that the solution be responsive to the
problem as it is perceived by local residents. 1In
addition, the solution must anticipate residents’
reactions. The present study focuses on these two
aspects of the larger issue. It does so through
measurement of both residents' perception of the
through traffic problem and their responses to sev-
eral alternative solutions.

EAST COLLEGE HEIGHTS NEIGHBORHOOD CASE
East College Heights is a low-density, single~family

residential neighborhood of approximately 0.5 km?
in the northeast end of the Borough of State Col-



Transportation Research Record 812

Figure 1. Borough of State College and the East College Heights neighborhood.
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lege, Pennsylvania (see Figure 1). State College is
a university community of 35 000 that has experi-
enced problems of rapid growth due to increases in
student enrollment. The neighborhood is one of the
oldest and most stable in the Borough. 1Its mature
landscaping, attractive and well-maintained housing
stock, serenity, and walking proximity to the campus
make it a highly desirable place to live. Its resi-
dents have a long history of taking action to pro-
tect the character of their environment from outside
threats such as transient parking, through traffic,
and conversion of single-family units into rental
apartments for students.

The neighborhood is bounded on the west by Ather-
ton Street, a major four-lane arterial that is the
only north-south corridor to carry a very heavy
traffic load of 22 000 average daily traffic (ADT).
Its southern boundary is Park Avenue, another heavy
traffic arterial (10 000 ADT) that separates the
neighborhood from the wuniversity campus. On the
north and east sides it is surrounded by open space
and park land. The intersection of Atherton and
Park is one of the busiest in town, characterized by
an F-level of service, where the greatest number of
collisions and injuries occurs. Other intersections
with high rates of traffic collision involving rear-
end or left-turn accidents are at Atherton with
Cherry Lane, Mitchell, and Hillcrest.

The traffic problem is created by southbound
traffic heading toward the central business dis-
trict (CBD) and the university on Atherton from sub-
urban communities. In order to avoid the heavy
traffic on Atherton and delays at traffic lights at
Hillcrest and Park, many motorists cut through the
study area (see Figure 1). A motorist can save time
if he or she goes through the area during morning
rush hours. The reverse movement takes place during
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evening rush hours. One recent study documented
that there were more vehicles cutting through the
neighborhood during rush hours than were turning at
the intersection of Park Avenue and North Atherton
Street (13).

Several direct and indirect solutions have been
entertained in the past but have not come to frui-
tion, including completion of the State College by-
pass, extension of University Drive, and the addi-
tion of a third lane on Park Avenue. Six years ago,
a no-parking policy was adopted for the whole neigh-
borhood in an effort to solve the problem caused by
nonresidents who parked on these streets. The idea
of imposing controls to restrict nonlocal traffic is
not a new one. In the past, proposals were pre-
sented by the planning staff to close streets at one
end of the neighborhood but failed due to the resi-
dents' opposition. Neighborhood action was trig-
gered recently to control through traffic because of
the prospective development of a major shopping mall
less than 1 km north of the area along Atherton
Street. The mall, according to Pennsylvania Depart-
ment of Transportation studies, would generate
16 900 additional trips per day, many of which were
expected to cut through College Heights (13). In
Bpril 1980, the mall developers withdrew their plans
after considerable community opposition.

The planning commission staff, at the request of
the State College Borough Council, conducted an
opinion survey of area residents in January 1980. A
questionnaire was mailed to all 365 area households
in order to assess the residents' attitudes about
through traffic and to evaluate alternative measures
to correct the situation. Of the 142, or 39 per-
cent, of the households that responded, 72 percent
felt that there was a through traffic problem and 84
percent felt the Borough should take action to con-
trol through traffic.

The survey presented five alternatives that con-
sisted of a combination of three basic techniques:
post-type bollards to create dead-end turnarounds,
intersection barrier diverters, and traffic signs.
Residents were asked to rank them according to their
preferences. The use of only a system of diverters
was the most popular one (13). There was not much
consistency in the recorded preferences. It appears
that the more complex alternatives were the least
popular among the respondents, while the most simple
alternatives were the most popular. The main find-
ing from the respondents' comments was that many
felt too many restrictions were placed on their
mobility. The community service and emergency vehi-
cle personnel, whose opinions were also solicited on
the alternatives, complained that they would be re-
quired to use roundabout routes that would conceiv-
ably cause delays and waste energy.

Study Obijectives

Because of the difficulty in interpreting the re-
sults, limitations in the design and implementation
of the above mail survey, and more recent develop-
ments, the planning department, in cooperation with
university staff, decided to undertake a new survey
in order to provide the necessary detailed and up-
to-date information on which a decision could be
made to proceed with controls or not. A new instru-
ment was designed with the following objectives in
mind:

1. To define more precisely the meaning of a
traffic problem as perceived by neighborhood resi-
dents;

2. To determine a relation between actual traf-
fic volume and the impact on residents' attitudes
and actions;
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3. To discover how the relative location of res-
idents' homes to proposed control devices affects
attitudes toward particular traffic control devices;

4. To get a better understanding of how factors
such as size of household, 1length of residence,
length of intended future residence, ownership, oc-
cupation, mode of transportation used to go to work,
as well as values toward residential environment in-
fluence respondent's opinions;

5. To acquire a more representative sample of
the whole area population;

6. To obtain evaluations of additional alterna-
tives that had been suggested on the basis of a re-
view of the relevant literature; and

7. To acquire opinions since the defeat of the
proposed mall.

Methodology

A field observation survey was used to record physi-
cal characteristics of streets. Objective measures
of activity patterns such as traffic counts were
taken on each street block at five separate 15-min
time intervals each day over a four-day period.

Attitudinal data were gathered by in-home per-
sonal interviews conducted during the first two
weeks of July 1980. Twelve street segments were
selected to represent different parts of the neigh-
borhood defined in terms of volume of traffic and
proximity to campus and to arterials. The sample
population included all 186 households on those
street segments. At 68 households on the selected
street blocks, residents could not be found at home
and 10 households refused to cooperate. Some 108
interviews were completed, or 58 percent of the
study area population. This response rate is con-
sidered high for this type of survey and compares
favorably with the 39 percent response in the previ-
ous mail survey.

The questionnaire is divided into three parts.
The first part includes questions about personal and
family characteristics of the respondents such as
age, sex, length of time residing at present ad-
dress, ownership of dwelling, size and composition
of household, size of hometown, number of years in
dwelling, number of years intending to stay, and a
five-point scale on appreciation of factors that
contribute to the quality of residential environ-
ment. The second part of the gquestionnaire consists
of attitudes on traffic perception in general, as
well as perception of traffic speed and noise spe-
cifically. Impacts of the ways in which traffic in-
terferes with household activities and the actions
that respondents take to prevent a worsening of the
situation are also included in this part. 1In the
third part of the questionnaire opinions about the
effectiveness of 11 alternative measures of con-
trolling traffic are solicited and the popularity of
the alternatives under two future scenarios is
assessed (see section on Attitudes Toward Alterna-
tive Traffic Control Measures later in this paper).
The first scenario serves as a baseline situation in
which no major changes in traffic patterns are as-
sumed, while the second one assumes a substantial
increase of through traffic due to a major commer-
cial development similar to the proposed mall along
the Atherton Street corridor. A twelfth alternative
labeled "Do nothing" was also included. The atti-
tudes of respondents toward potential impacts of the
traffic measures were also assessed.

ANALYSIS AND RESULTS
The analysis is divided into two parts. In the

first part the relation is examined among the ob-~-
jective traffic volume and reported impacts of traf-
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fic on the personal life of residents, attitudes
toward volume of traffic, noise and speed of traf-
fic, and, finally, actions that individuals have
taken or are willing to take in order to alleviate
traffic problems. In the second part, the relation
between traffic volume and the attitudes and prefer-
ences toward each of several alternative traffic
control measures and the anticipated impacts of
those measures are examined. In both parts of the
analysis, responses are grouped by street. The 600~
700 north blocks of McKee Street are reported to-
gether with East Mitchell Avenue, and the 500 north
block of Holmes Street is reported together with the
same block of McKee Street.

Traffic flows range from 20 vehicles/h to 300 ve-
hicles/h during morning and evening peak hours.
This is an otherwise quiet, homogeneous community.
Of the respondents, B9 percent are homeowners. The
majority of respondents are associated with the uni-
versity: 36 percent are university professors, and
most of the 27 percent who were retired have worked
at the university. Some students tend to occupy
rental apartments on streets near the university
where the percentage of rental dwelling units
reaches 40 percent. With the exception of the
students, who comprise a small percentage of the
total population, the neighborhood seems very
stable. Some 60 percent have been living in the
same unit for more than 10 years. Due to the prox-
imity of the neighborhood to the university the ma-
jority walk or bike to work. There is a consensus
of values regarding factors that contribute to resi-
dential quality. Traffic safety, ability to get
around by walking, and quiet and tranguil environ-
ment to walk, ride a bike, and play ranked highest.
Accessiblity by car to work and facilities ranked
lowest.

Analysis of variance and Pearson's correlation
coefficient were used to study the relations among
traffic volume, attitudes, and action. The volume
of traffic by street forms the categorical inde-
pendent variable and the attitudes or opinion scores
are used as dependent variables. The five-point
scale perception of the problem and popularity of
solutions were assumed to have interval properties.

Attitudes and Impacts

To the question--how do you feel about the traffic
problem in the East College Heights area--73 per-
cent responded that there is a problem, but only 25
percent felt that the problem is serious. Those 60
percent of the respondents who indicated that they
had participated in the previous mail survey felt
that traffic was a more serious problem than those
who had not participated, suggesting that the previ-
ous results were biased. They suffered from a se-
lection bias. Some 52 percent said that it was only
morning and/or evening rush-hour traffic on their
block that bothered them; 66 percent felt that traf-
fic on their street is speeding. According to
police reports speeding is an occasional phenomenon;
but, from discussions with residents, it is evident
that whenever speeding occurs, it bothers the resi-
dents because they feel it should never happen.

Noise was not found to be a problem in general:
60 percent felt the traffic noise to be acceptable.
However, residents of properties located close to
intersections with arterials--especially Atherton
Street--felt that noise from traffic on the arterial
is a very serious problem. Noise complaints corre-
late highly with traffic volume, while perception of
the traffic problem correlates highly with speed
complaints. According to respondents, traffic has
been an increasing problem in this neighborhood.

When asked--which of the following everyday ac-
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Table 1. Reported attitudes, impacts, and actions as they relate to through traffic.
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Light-Traffic Street

Far from Close to Campus Medium-Traffic Street
Campus
—_— 500 N. Far from Campus Close to Campus
E. Mitchell Mckee
(and 600-700 (and 500 800 N. 600-700 500N, All
Survey Categories N. Mckee) Hartswick N. Holmes) Ridge Woodland Hillcrest ~W.Mitchell ~ Allen N. Allen  Allen Streets
Traffic volume?® 29/26 21/30 45/153 75/87 99/150 99/165 258/138 84/141 276/234 318/306
Attitudes®
Overall traffic problem 2.40 2.45 2.63 2.42 2.78 2.11 2.00 1.83 0.175 2.33 2.32
Speed 2.27 2:217 2.54 2.28 2.28 2.00 1.85 1.50 1.50 2.16 2:12
Noise 2:11 3.00 2.54 2.57 2.85 2433 2.42 1.83 2.00 1.83 20,52
Impacts
Backing from driveway (%) 36 36 10 42 50 77 100 50 100 83 56
Interference with indoor 40 27 36 42 42 44 42 66 62 66 44
activities (%)
Accidents (%) 22 9 27 0 35 33 50 50 3% 0 28
Actions
Talk to neighbors (%) 54 36 27 42 50 55 85 83 50 0 55
Sign petition (%) 31 27 36 57 7 22 78 33 25 0 33
No. of observations 22 11 il 7 14 10 14 6 8 6 108

;Eslin\:\md number of vehicles per morningfevening peak-liour derived through extrapolation of 15-min counts obtained from field observations (13).

Computed mean from five-point scale (1, very serious problem; 5, no problem at all).

tivities does traffic interfere with--backing the
car out of driveway was the most frequently cited,
followed by crossing the street on foot and working,
sleeping, or having a conversation in the house.
Backing the car out was found to be highly corre-
lated with the volume of traffic and with the per-
ception of the problem, while the interference with
indoor activities was particularly associated with
noise complaints. To the gquestion--have you or any
other member of your household had any traffic acci-
dent or incident, such as a near miss, in this
neighborhood--28 percent responded yes. The police
have reports only on a very limited number of acci-
dents. The reason for this discrepancy may be that
many accidents reported in the interview were not
felt to be worth reporting or were near misses.

In terms of actions exercised by residents to
prevent a worsening of the situation, a majority of
respondents had already talked to their neighbors
about the traffic problem. Many had already or had
considered attending meetings and had signed peti-
tions. It was interesting to find out that the ac-
tions had very low correlations with the objective
traffic counts. The problem is not considered to be
severe enough to warrant massive behavior change
such as planting shrubs, fencing yards, spending
less time outdoors, or even relocating.

A significant difference exists overall in the
perception of traffic between residents of light-
traffic streets and those who live on medium-traffic
streets. However, resident's perception of the
traffic problem is not always directly related to
the actual volume of traffic on the street. For ex-
ample, it is worth noting that residents of the 500
block of North Allen Street, which is the most
heavily traveled in the neighborhood, do not differ
much in their perception of the traffic problem from
residents of the quiet blocks of McKee Street. Res-
idents on busy Woodland Drive are the least con-
cerned about the problem. A look at the composition
of residents of these streets offers a possible in-
terpretation for some of these differences. We are
dealing here with the most transient and most stable
blocks in the area. Most residents on Allen Street
are students who have the shortest duration of
stay. Only 33 percent plan to live there indefi~
nitely. Other findings suggest that the Allen
Street residents do not care as much about what
happens to their street. It is the only block on
which residents reported that they do not discuss

the problem with neighbors, nor have they partici-
pated in any meetings or sent any letter of com-
plaint to Borough authorities. On the other hand,
85 percent of the residents on Woodland plan to stay
indefinitely in their present residences and 78 per-
cent of them have been living in the same dwelling
for more than 10 years. It is probable that, during
this period, Woodland Drive residents have adapted
to the traffic situation on their street. They seem
to prefer to live with what they are used to rather
than to take a chance on measures that may prove to
be an inconvenience. Finally, on gquieter streets
like McKee Street and East Mitchell Avenue, a few
speeding cars can draw attention and provoke resi-
dents. Table 1 provides estimates of traffic volume
in number of vehicles per peak hour, the computed
means of answers to the problem perception gques-
tions, and the traffic impacts and action taken by
residents categorized by street.

Attitudes Toward Alternative Traffic Control
Measures

A total of 12 alternative measures, including a do-
nothing approach, was presented and residents were
asked to indicate for which alternatives they would
be willing to allocate local tax money for construc-
tion and enforcement. A brief description of these
measures follows.

Peripheral Strategies

1. No turn signs and traffic 1light. Install
signs to prohibit left turns at the intersections of
Atherton with Mitchell, Woodland, and Ridge as well
as Park Avenue with Holmes and Burrows. In addi-
tion, install a traffic light at Cherry Lane and
Atherton that allows only a few cars to turn at a
time.

2. Median on Atherton. Construct a center bar-
rier along Atherton from Park to Cherry Lane, with a
break at the Hillcrest intersection.

3. Cul-de-sac. Close off end of local streets
that intersect with arterials (e.g., Mitchell, Wood-
land, Ridge, Holmes, and Burrows).

Internal Strategies

4. Parking. Remove parking restriction on one
side of streets with heavy traffic problem to reduce
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the speed of traffic (e.g., Allen, Mitchell, and
Woodland) .

5. Four-way stop signs. Add four-way stop
signs at key intersections (e.g., Mitchell and Allen
and Allen and Ridge).

6. Enforce speed limit. Improve enforcement of
legal speed limit in whole neighborhood.

7. Diverters. Install physical barrier diago-
nally across the road at the intersection of Allen
and Hillcrest to prevent straight-through traffic
while allowing passage for emergency and service ve-
hicles.

8. Limited-access pedestrian street. Alter de-
sign of streets, give priority to pedestrians, and
allow residents and emergency service vehicles to
have complete slow access.

9. Speed bumps. Install undulations in streets
with speeding traffic.

External Strategies

10. Third lane on Park Avenue. Add a third lane
on Park Avenue between Atherton and Allen Streets.

1l. University Drive Extension. Build the pro-
posed University Drive Extension as an alternate
north-south connection.

The only three measures that were received posi-
tively were the extension of University Drive, the
enforcement of speed limits, and the installation of
four-way stop signs at key intersections. The most
unpopular choice was the restoration of on-street
parking. Four additional measures were popular
among those who consider traffic to be a serious
problem; these include diverters, cul-de-sacs, speed
bumps, and no-turn signs on Atherton Street. A
five-point scale, ranging from strongly in favor to
strongly against measured the popularity, while
another five-point scale ranging from definitely
would improve to definitely would not improve mea-
sured the effectiveness of each alternative in terms
of improving the through-traffic problem in the
neighborhood.

The peripheral strategies, including the no-turn
sign, median on Atherton, and cul-de-sac measures,
are clustered together. Residents who favored this
group of measures assigned the highest priority to
their implementation. The internal strategies are
broken down into three subcategories that are highly
intercorrelated. The most popular group includes
four-way stop signs and enforcement of speed
limits. Both of these measures are soft--that is,
they still allow traffic to pass through the neigh-
borhood though traffic is expected to be slowed.
The second category includes more novel, drastic,
and difficult-to-accept measures such as diverters,
limited-access pedestrian street, and speed bumps.
On-street parking was considered a category by it-
self. The only other measure whose popularity cor-
relates highly with it is the limited-access street
in which parking is both an integral part of the
street and one of the tools for discouraging speed-
ing traffic. The two external strategies--the addi-
tion of a third lane on Park Avenue and the exten-
sion of University Drive--are also found to be
highly correlated. Finally, the do-nothing approach
is the least popular and is negatively correlated to
most other suggested measures.

In order to examine the relation between per-
ceived effectiveness of measures and their popular-
ity, the popularity rank and the effectiveness rank
for each street on each measure were compared.
Diverters ranked high in effectiveness (4) but low
in popularity (9). Residents who are against di-
verters seem to be expressing a real concern regard-
ing their ability to move around freely by car. The
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limited-access street alternative ranked low in ef-
fectiveness but high in popularity. The measures of
extending University Drive and controlling speed
limits were considered to be the most effective and
popular alternatives, although there are some doubts
about the effectiveness of the 1latter. The on-
street parking and do-nothing approaches were con-
sidered the least popular and least effective.
Table 2 presents the Pearson's correlation coeffi-
cients between the popularity scores of the alterna-
tive measures. The diagonal cells in the matrix
provide the coefficients that relate effectiveness
with popularity for each measure.

Another important question to be examined was the
influence of traffic volume and location of house-
hold on the preference of the measures. For the
examination of a street-by-street breakdown of opin-
ions, an analysis of variance was used. The effects
of the different impacts are considered both over-
all, by using an F-test to test the hypothesis that
the population means are equal and in pairwise com-
parisons among means of opinion by using the multi-
plé t-ratio to detect statistically significant dif-
ferences between pairs of streets (l14). Table 3
presents the mean popularity index of the measures
for all respondents on each street.

Three measures proved significantly different
overall between medium- and light-traffic streets,
the enforcement of speed limits, speed bumps, and
the do-nothing approach. Three other measures were
found to be significantly different among individual
streets. For example, the no-turn signs on Atherton
were favored by residents of West Mitchell Avenue,
while they were opposed by residents of the 800
block of North Allen because this measure would re-
sult in channeling through traffic to Cherry Lane
and Allen Street. Residents of Allen Street are
strongly in favor of internal strategies, especially
those that aim at reducing speed.

The socioeconomic characteristics of respondents
did not prove to have great influence on their re-
sponses. The number of years that the household
intends to stay in their present dwelling appears to
be one of the variables that proves significant but
is contrary to what was expected. If volume of
future traffic is assumed constant, residents who
plan to stay indefinitely do not consider traffic to
be a serious problem and their preference of control
measures differs from those of the rest of the popu-
lation.

The mode of travel used to go to work by the pri-
mary income earner was found to be significant in
influencing a household's attitudes toward traffic.
Those who bike or walk to work consistently think
traffic is more of a problem and are more willing to
accept solutions that inhibit the free use of the
car, such as limited-access pedestrian streets,
diverters, speed bumps, and cul-de-sacs. Occupation
seems to influence responses. The retired residents
seem more conservative than university professors in
their preferences of alternatives; they do not con-
sider traffic to be such a serious problem. There
were very few households with young children (ages
of less than 10 years), and they are too dispersed
throughout the neighborhood to be able to make any
generalizations. However, larger households (four
or more) tend to be more concerned about the traffic
problem.

The size of the city where the respondent has
spent most of his or her life was expected to influ-
ence responses in that big-city folks were expected
to perceive the traffic problem of State College as
minimal; however, the opposite result was found. An
interpretation of this attitude might be that former
residents of big cities expect near perfection from
a small college town such as State College.
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Table 2. Correlation of popularity scores for traffic control measures (Pearson’s coefficient).

Third University

No Park- Four-Way Enforce Limited Speed Laneon Drive Do
Traffic Control Measure Turn Median Cul-de-Sac ing Stop Speed Diverters  Access Bumps Park Extension Nothing
No-turn signs 0.77*  0.45* 0.42° 0.07 -0.00 -0.00 0.09 0.15 0.04 0.00 0.07 -0.36"
Median on Atherton 0.69  0.312 0.05 0.14 0.01 0.14 0.30% 0.16 0.12 0.07 -0.15
Cul-de-sac 0.64% 0.05 0,12 0.13 0.52% 0.29? 0.16 -0.04 0.04 -0.34%
Parking 0.742 0.13 0.04 0.07 0.24% 0.04 0.00 0.03 0.04
Four-way stop signs 0.752 0.542 0.09 0.16 0.10 0.02 0.08 -0.26
Enforce speed limit 0.562 0.02 0.18 0.13 -0.00 -0.11 -0.20°
Diverter 0.66° 0.262 037" 0.05 0.08 -0.18
Limited-access street 0.60° 0.35° 0:25% 10.32% -0.192
Speed bumps 0.77% 0.08 0.08 -0.23%
Third lane on Park Avenue 0.82°  0.19* -0.04
University Drive extension 0.73"% -0.07
Do nothing 0.58%
Note: Coefficients on the diagonal signify the correlations between popularity and effectiveness.
aSignificant at 0,05 level.
Table 3. Resident attitudes toward traffic control measures by street.

Light-Traffic Street

Far from Close to Campus Medium-Traffic Street

Campus

—_— 500 N. Far from Campus Close to Campus

E. Mitchell Mckee z 2

(and 600-700 (and 500 800 N. 600-700 500 N. Al
Traffic Control Measure N. Mckee) Hartswick N, Holmes) Ridge Woodland Hillcrest ~W. Mitchell ~ Allen N. Allen Allen Streets
No-turn signs 3.18 2.81 3.27 3.28 3.57 3.11 1.92% 4.16% 3.50 3.66 3.14
Median on Atherton 3.36 3.45 3.63 3.00 3.50 3.11 2.64 3.66 3.50 3.66 3:32
Cul-de-sac 3.68 3.09 3.63 3.28 3.42 3.55 2.78 3.50 2.87 4.00 3.37
Parking 3.54 4.54% 3.09 3.71 4.07 3.66 3.42 3.50 3.25 3.33 3.63
Four-way stop signs 2.68 227 2.45 3.14 2.35 2.66 2.78 1.16% 1.37% 2.66 2.43
Enforce speed limit? 2.40 1.63 2.36 2.42 2.42 2.66 2.21 1.16% 1.75% 1.33*  2.14
Diverter 3,63 327 3.63 2.71 3.14 3:33 3.35 3.16 3.00 3.66 3.34
Limited-access street 3.40 3.45 3.54 3.42 3.35 2.88 2.50 3.33 3.37 2.83 3.22
Speed bumps® 3.217 3.36 3.90 3.28 3:71 3.22 2.92 2.66 3.24 2.83 3.29
Third lane on Park Avenue 3.86 3.45 3.36 3.57 3.14 2.332 297 3.00 3.62 2.00 3.24
University Drive extension 1.95 3.00 2:.72 2.28 1.71 1.55 2.07 1.66 2.87 1.83 2.15
Do nothing? 2.95 4.18 3.18 2.71 2.78 3.22 3.85 4.33% 4.00 3.66 3.39
No. of observations 22 11 11 7 14 10 14 6 8 6 108

Note: Computed mean from five-point popularity scale (1, strongly in favor; 5, strongly against).
aStatistica]ly significant difference from overall mean (0.05 level).

Finally, those who consider through traffic to be
a serious problem were found to be concerned about
the effect of traffic on the value of their proper-
ties and less concerned about the restrictions on
their mobility or the congestion on other streets.

CONCLUSIONS AND IMPLICATIONS
The study makes contributions in three areas:

1. It provides better and more detailed informa-
tion for State College officials than what was
available from the previous mail survey;

2. It confirms findings from the research liter-
ature regarding acceptance of traffic control mea-
sures in residential areas; and

3. It contributes to existing knowledge of how
residents perceive problems in neighborhoods charac-
terized by medium-to-light traffic.

The survey provided a more representative view of
residents' attitudes. It defined more precisely
what the residents felt to be the extent of the
traffic problem, and it offered more alternative
traffic control measures to choose from. It is not
the volume of traffic or the noise but speed and
safety that primarily concern residents.

The most popular internal solution was found to
be speed control. The solution of diverters that
was found to be the first choice in the original

survey was among the least popular alternatives in
the present study. Current levels of traffic volume
do not warrant any more-severe measures than four-
way stop signs, and the majority of residents as-
signed medium-to-low priority to implementation of
even that measure in relation to other Borough proj-
ects. However, there were some streets on which
more drastic measures were thought to be necessary
and all streets would opt for strict controls in the
event that through-traffic volume increases in the
future.

The majority of respondents are very concerned
about preserving their neighborhood and want to be
assured that their present level of mobility will be
maintained. Many residents see a continuous turn-
over of the properties on the more heavily traveled
streets to students and transient households as a
threat that, in the long run, may expand into all
areas of the neighborhood. However, residents still
have to realize that they have to give up the cur-
rent level of mobility in order to improve the traf-
fic situation.

Enforcement of speed limits has been a continuing
problem in the East College Heights area, especially
since there is only occasional speeding and the cost
of law enforcement under such conditions is prohibi-
tive. Control of speeding by other means such as
stop signs, speed bumps, and altering the design of
the street must be explored further. This analysis
confirms previous studies about the difference of
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opinions held by traffic engineers and the public
about the appropriate use of four-way stop signs and
speed bumps (1).

The survey showed that residents were unfamiliar
with the concept of altering the design of the
street, but after an explanation they were very much
willing to accept it. The East College Heights area
has a positive experience involving two streets
(Ridge Avenue and Hartswick Avenue) with a much nar-
rower street pavement, 4.8 m wide as opposed to 9 m
on other streets. In addition to the benefit of
discouraging through traffic, such a design is more
environmentally sound, is aesthetically pleasing,
and provides energy savings. It provides more open
space and land for vegetation and controls run-off.
Narrow pavements reduce heat reflection in summer
and, finally, it is 1less expensive to install
smaller areas of pavement (15).

Another important conclusion of this study seems
to be that objectively measured traffic volume, ac-
cident records, and accounts of citizen complaints
to authorities are not sufficient to provide a com-
plete picture of the extent of a traffic problem in
a neighborhood. This is especially so with respect
to relatively light-traffic residential areas. It
was found that residents appeared to be bothered
more by occasional speeding by unexpected nonresi-
dents or the passage of a truck on lightly traveled
streets, than they were by the constant flow of
traffic in more heavily traveled areas. The varia-
tion in the type of residents on the respective
streets was found to contribute to the differences
in the perception of the problem. It has been ob-
served that a few influential neighbors can change
the opinion of the block. The police record only
major accidents, but it was found that it is the
number of incidents, near misses, or the fear of an
accident that might influence resident's percep~
tion. Finally, citizen complaints may be exagger-
ated or omitted depending on the personality of the
resident or the environmental context. This analy-
sis in itself is not sufficient to establish cri-
teria for residential traffic management, but it
does provide important empirical findings that can
point out the inadequacies of current practices to
decision makers.

Because of the novelty of the alternative mea-
sures suggested, there are only a few case studies
that can be analyzed and evaluated. If a traffic-
restraint program is to be implemented, it should
start with simple solutions on a street-by-street
basis and should then be modified and improved as
conditions warrant. We are considering here rela-
tively inexpensive projects, some of which can be
implemented as part of the standard street mainte-
nance program. The public should be fully informed
about the implications that are known about the al-
ternative control measures and should be made fully
aware of how they can participate in the decision-
making process. Citizens must realize that they
have the power to shape their neighborhood, if they
want to. It was surprising to find that, even in a
small, sophisticated, and concerned community, about
half of the respondents in the survey indicated that
they do not feel confident that they can change
their street and their environment. It is believed
that traffic management should be accomplished in a
positive manner and with goals of improving and
maintaining the residential environment and making
it a good place to live in--not as a reaction to
individual complaints or as the aftermath of a seri-
ous accident but as an integral component of ongoing
neighborhood preservation plans.
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The Chevy Chase

Section Four, Maryland, Experience

MARTY J. WELLS AND HARVEY R. JOYNER

The Town of Chevy Chase Section Four, Maryland, is an affluent community of
3000 people lying between two major north-south radial travel corridors in
suburban Washington, D.C. Several town streets have become convenient short-

cut routes for commuters on their way to downtown Washington and for shoppers

and employees in downtown Bethesda, located immediately west of the town.
New economic development and the advent of regional rail rapid transit in down-
town Bethesda is expected to exacerbate current through-traffic problems. This
paper describes a proposed plan to alleviate the town's traffic problems. The
focus of this paper is the issues that shaped the development of the plan and
citizen reaction to it. These issues include whether or not a community has the
right to deny access to nonresidents, the importance of public acceptance of any
plan, the need for citizens to understand each other’s problems and concerns,
citizen reaction to physical barriers and other traffic-control devices, and the
limited effectiveness and applicability of some control measures. The Chevy
Chase Section Four experience is of interest to transportation engineers, local
officials, and neighborhood groups considering the development of neighbor-
hood traffic management plans in their communities.

Few transportation system management strategies
arouse more citizen interest or generate more con-
troversy than the automobile-restraint method in
residential neighborhoods. Neighborhood traffic
management programs have wide-ranging social, eco-
nomic, and environmental impacts that directly
affect the lives of area residents. Neighborhood
automobile-restraint measures literally hit close to
home .

Over a period of years, the Town of Chevy Chase
Section Four, Maryland, has developed a traffic-
restraint system that has had limited success in
dealing with neighborhood traffic problems, particu-
larly with through-traffic encroachment. This paper
describes the problems in Chevy Chase Section Four,
the traffic management plan that was recently recom-
mended to solve these problems, and, most impor-
tantly, the underlying issues that shaped the de-
velopment of the plan and citizen response to it.
The issues discussed in this paper include whether
or not a community has the right to deny access to
nonresidents, the importance of public acceptance of
any plan, the need for citizens to understand each
other's problems and concerns, citizen reaction to
physical barriers and other trffic control devices,
and the limited effectiveness and applicability of
some control measures.

The Chevy Chase Section Four experience is of
interest to transportation engineers, local offi-
cials, and neighborhood groups because the problems
faced there are similar to those of many communi-
ties. This experience illustrates the important
issues that must be addressed to resolve conflicts
and develop a traffic management plan that can be
supported by the entire community.

THE PROBLEM

Chevy Chase Section 4 Setting

The Town of Chevy Chase Section Four is a close~in
suburban community of 3000 people in the Washington,
D.C., metropolitan area. It is bounded on three
sides by major, multilane arterial highways and on
the fourth side by a two-lane secondary arterial
street (see Figure 1l). These four arterials carry a
total of 110 000 vehicles per average weekday. An-
other secondary arterial street, Leland-Maple, pene-
trates the town from the west to the north. This

route carries 5000 vehicles on an average weekday
and approximately 800 vehicles during the evening
peak hour.

The close proximity of these major arterial
routes and major traffic generators places signifi-
cant traffic pressure on the town. This pressure
manifests itself in the form of through-traffic
encroachment and parking by nonresidents on neigh-
borhood streets. Traffic oriented toward the
Bethesda, Maryland, central business district, lo-
cated along the western town boundary, uses town
streets. Commuters also use town streets during the
early morning and late afternoon to avoid delays on
the congested peripheral arterial street system.
With the opening of regional rail rapid transit ser-
vice in 1983 and greater development of downtown
Bethesda in the future, the town's traffic problems
will be exacerbated.

Approximately 1100 vehicles/h currently enter and
leave the town during the peak commuting hours that
begin at 8:00 a.m. and 5:00 p.m. Some streets carry
as many as 800 vehicles/h, while others carry as few
as 15 or 20 vehicles/h at these times. Based on the
total number of vehicles entering and leaving the
town and empirical estimates of the number of trips
generated by Chevy Chase Section Four households, it
was estimated that roughly half of all traffic on
town streets during peak commuting hours is nonresi-
dent through traffic. Through traffic currently
ranges from 460 to 740 vehicles/h between 8:00 a.m.
and 9:00 a.m., and from 290 to 670 vehicles/h be-
tween 5:00 p.m. and 6:00 p.m. The magnitude of
through traffic could double in the future in re-
sponse to new economic development and kiss-and-ride
activity at the new Metrorail station in downtown
Bethesda. The major through-traffic movements are
shown in Figure 2.

Town Efforts to Control Traffic

The Town Council of Chevy Chase Section Four created
a traffic committee in the fall of 1975 to consider
the increasing impacts of traffic on the town and to
develop a comprehensive traffic plan for coping with
these impacts. The automobile-restraint system
shown in Figure 1 was subsequently instituted. The
first part of the system is a nonresident parking
ban that has been successful in reducing nonresident
parking encroachment. The second part is a through-
traffic-restraint system consisting of commuter
peak-period turn and enter prohibitions on most of
the entrances to the town. Also, a one-way street
"maze" was implemented in one of the neighborhood
sectors.

The results of these restraints are mixed.
Through traffic continues to encroach because (a)
not all entrances to the town could be posted, (b)
many motorists chose to ignore the restrictions, and
(c) while the one-way maze is generally successful,
through-traffic paths still exist and are used by
outside traffic. Also, the system imposes signifi-
cant excess travel on residents of certain areas and
none on others. Having concluded that these mea-
sures were not adequately deterring through-traffic
encroachment, the town, working through its traffic
committee and with consultant assistance, undertook
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Figure 1. Existing traffic-restraint system in Chevy
Chase Section Four.
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Figure 2, Recommended neighborhood traffic plan.
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PROPOSED SOLUTION

Development of Traffic Management Plan

Preliminary plan alternatives
presented to the town council, town manager, and
town traffic committee. Each alternative encom-
passed a combination of two or more of the following
restraint techniques (1):

were developed and

1. Posted turn prohibitions on peripheral arte-
rials,

2. Physical barriers or diverters within the
local street network to eliminate direct through
routes,

3. Closure of local streets at the town periph-
ery to reduce the number of entrances to the town,

4, Back-to-back one-way streets, and
5. One-way street maze patterns on local streets.

Some alternatives relied primarily on physical
barriers and diverters to divert through traffic;
others relied primarily on regulatory measures. The
use of stop signs and traffic signals to reduce
travel speeds and deter through traffic was not con-
sidered a viable control strategy. Flagrant viola-
tion of these controls has been observed in other
communities (2). Placement of stop signs at inter-
sections where there is visibly little need to con-
trol right-of-way can breed driver contempt and
hazardous disregard for these devices. Stop con-
trols have been observed to have very limited effect
in reducing traffic speed, except in the immediate
vicinity of Lhe device itself (3). The exclusive
reliance on peak-hour turn prohibitions and on one-
way streets also was not considered a viable control
strategy. Traffic monitoring during the course of
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this study indicated that 30 to 50 violations of
existing controls of this type occur each day on
town streets during peak commuting hours. These
controls can be effective only if a high degree of
police enforcement is available.

The town traffic committee selected three plan
alternatives that were analyzed in greater detail.
Each plan was evaluated in terms of the following
criteria:

1. Effectiveness in reducing through traffic;

2. Degree of inconvenience to residents entering
and leaving the town;

3. Ease of circulation within the town;

4. Impact on public services, such as police and
fire protection, emergency vehicle access, snow re-
moval, trash collection, etc.;

5. Impact on school bus routes;

6. Degree of enforcement required; and

7. Approximate capital cost.

Computer network analyses were used to quantify the
first three criteria. The remaining criteria were
measured qualitatively.

The traffic committee recommended that the traf-
fic management plan shown in Figure 2 be presented
to the town residents and adopted by the town coun-
cil. New diagonal traffic diverters and one-way
streets would inhibit the flow of through traffic
and divert it to the peripheral arterial street sys-
tem. The diverters would force approaching traffic
to turn right or left; through traffic would not be
permitted. The middle 12-ft section of each di-
verter would be designed to provide enough ground
clearance for emergency vehicles such as fire trucks
to pass over them safely. According to Anthony Kanz
and William Keim, other communities in the region
have used this type of diverter successfully for
some time and, thus, have established a local prece-
dent for their use. Inexpensive temporary diverters
made from stock highway construction items such as
wooden barriers would be installed for an initial
trial period. Permanent diverters made of bollards,
wooden or metal guard rails, or brick or masonry
walls would be constructed and attractively land-
scaped and signed pending a successful demonstration
of the temporary diverters. The 1initial capital
cost of each diverter could range from several
hundred dollars to $15 000 or more, depending on the
design and the extent to which intersection recon-
struction is required.

Public Involvement and Reaction to Plan

Local officials and town residents played key roles
in developing the recommended neighborhood traffic
management plan. Formal working sessions between
the consultant, members of the town council and
traffic committee, the town manager, and school,
county, state, and public service representatives
were conducted at each major milestone of the proj-
ect. Town residents volunteered to conduct traffic
counts and a traffic sign inventory. They partici-
pated in two public meetings, one at the outset of
the study to indicate their perceptions of traffic
problems and one near the end of this study to
solicit reactions to the plan recommended by the
traffic committee. Each household was mailed a
short summary report describing the town's traffic
problems, the process by which the recommended plan
was developed, and the recommended plan itself.
Approximately 200 persons attended the first public
meeting and 300 persons attended the second public
meeting. Members of the traffic committee conducted
three additional meetings subsequent to the second
public meeting to answer further questions and

49

solicit suggestions for improving the recommended
plan.

Strong community support for alleviating neigh-
borhood traffic problems was expressed at both
public meetings. However, at the second meeting,
there was adamant, vocal opposition to the traffic
diverters. Opponents outnumbered proponents four or
five to one. The opponents favored a plan that
would include more turn prohibitions, one-way
streets, stop signs, speed bumps, and/or traffic
signals on the streets most frequently used by
through traffic. In addition, there was a ground-
swell of support for establishing the town's first
police force (or contracting with a neighboring com-
munity for such services) to more strictly enforce
existing and any additional traffic control de-
vices. As might be expected, the strongest opposi-
tion came from those who do not now experience sig-
nificant traffic problems but feared that they would
if the recommended plan was adopted. They generally
supported efforts to solve traffic problems in other
areas of the neighborhood but were concerned that
the proposed plan would merely divert traffic to
their street--and not to the peripheral arterials.
They were especially supportive of regulatory mea-
sures to control outside traffic and favored the
status quo over the traffic diverter solution. Some
opponents threatened legal action if the proposed
plan was implemented.

Chevy Chase Section Four has subsequently elected
to experiment with less drastic measures before
further considering a barrier solution. A series of
stop signs has recently been installed at three
intersections on Leland-Maple Street. The town
traffic committee is also investigating the forma-
tion of a town police force. The cost to the town
for one police officer and equipment has been esti-
mated at approximately $25 000 annually. Other non-
barrier solutions are also being explored by the
committee.

ISSUES

The neighborhood traffic problems experienced by
Chevy Chase Section Four and the residents' reac-
tions to the proposed installation of physical
diverters are similar to those of many other commu-
nities. The underlying issues that shaped the de-
velopment of the Chevy Chase Section Four plan and
the citizen response to it are described below.

Each community must resolve for itself the ques-
tion of whether or not it has the right to deny
access to through traffic. Most citizens believe
that high through-traffic volumes, excessive speeds,
and nonresident parking encroachment are not compat-
ible with life in residential areas. There is typi-
cally general support for some type of neighborhood
traffic management that will preserve the integrity
of the neighborhood, reduce the potential for traf-
fic accidents and property damage, and reduce litter
and noise and air pollution. In the context of a
functional classification of highways, local neigh-
borhood streets are not intended to carry signifi-
cant through-traffic volumes but rather to serve as
access to residents' homes. Others believe that
neighborhood traffic controls will divert through
traffic to other adjacent communities, overburden
already congested arterial streets, and reduce the
efficiency of the overall transportation system.
They feel that, since the regional highway network
has evolved over a period of decades and residents
from all parts of the region have routinely used
town streets for some time, the town residents have
no right to deny them access. Although the Chevy
Chase Section Four residents are clearly in favor of
adopting measures to discourage through traffic,
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they have elected not to barricade themselves from
the outside world.

Public acceptance is the key to establishing any
kind of neighborhood traffic management program. It
is important that the public participate in (a) de-
fining neighborhood traffic problems, (b) identi-
fying and assessing solutions to these problems, and
(c) selecting the best plan for implementation. In
the case of Chevy Chase Section Four, this involve-
ment extended from local elected officials to ordi-
nary citizens. Members of the town council, the
traffic committee, and town manager were actively
involved in every step of the planning process.
Input from the general citizenry was received during
the data-collection effort, through their repre-
sentatives on the traffic committee, and at two
public meetings. Those who are now most affected by
neighborhood traffic problems and would benefit most
from a successful control strategy attended in
greater numbers and were most eager to be heard at
the first public meeting. Those who are now least
affected by neighborhood traffic problems and feel
most threatened by changes in existing traffic pat-
terns dominated the second public meeting. Greater
involvement of both groups of citizens during the
formulation and assessment of various plan alterna-
tives may have promoted greater understanding and
facilitated development of a recommended plan that
could be supported by the entire community.

Citizens from all areas of the community must
understand each others' problems and concerns. Not
everyone is affected equally by neighborhood traffic
problems; some residents are greatly affected, and
others are not affected at all. Those who are least
affected must be made aware of their neighbor's
legitimate traffic problems, if they are to be en-
rolled in the effort to combat these problems. A
cooperative problem-solving process must be estab-
lished so that no single neighborhood group is
unduly made worse off for the betterment of others.
Otherwise, a situation develops that pits citizens
who are most directly affected by neighborhood traf-
fic problems and want something to be done about
them against those who are less affected and per-
ceive that they can only be made worse off by any-
thing that disrupts the status quo. The polariza-
tion of neighborhood residents into two groups--
clear winners versus clear losers--obviously reduced
the chances of developing and implementing a suc-
cessful neighborhood traffic management program.

Consider, for example, the effort to combat
through traffic. Through-traffic encroachment is
not a new problem in the town; it has existed for
many years. Those who purchased homes in recent
years presumably did so in full recognition of traf-
fic conditions on their street and with the expecta-
tion that these conditions would not change dramat-—
ically during the period over which they would own
their homes. Those who purchased homes on streets
heavily traveled by through traffic would directly
benefit from the diversion of this traffic to other
streets. Those who purchased homes on streets to
which through traffic is diverted would be adversely
affected. Thus, some citizens would benefit to the
detriment of others. Ultimately, this could be
translated into changes in property values and
direct income transfers that could be considerable
in an affluent community such as Chevy Chase Section
Four.

A well-conceived traffic management plan would,
of course, divert through traffic from local town
streets to the peripheral arterial street system,
not from one local street to another. Nonetheless,
citizens who perceive, correctly or incorrectly,
that a neighbor's problem will be solved by divert-
ing through traffic onto their street will oppose
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such plans. Citizens who are not convinced (or will
not be convinced) that a plan will divert through
traffic to peripheral streets will not support the
plan. This kind of concern was the greatest source
of opposition to a barrier solution in Chevy Chase
Section Four.

Strategies that rely on traffic-control devices
are generally more acceptable than those involving
physical barriers or diverters. Barriers and di-
verters are viewed by many citizens (and transporta-
tion engineers as well) as a source of inconve-
nience, a nuisance, and potentially hazardous. Turn
prohibitions, one-way streets, and stop signs are
less onerous. The extent to which they will result
in through-traffic reductions depends on the degree
to which they are enforced. Some citizens believe
that traffic signs must be obeyed by outsiders
passing through the town but not by residents
traveling to and from their homes. As a result,
they think that by selectively enforcing traffic
signs, through traffic can be eliminated without
inconveniencing them. This may have been why some
citizens endorsed the use of more signs and opposed
traffic diverters in Chevy Chase Section Four.

Barriers and diverters, even those with mountable
center sections, are also opposed by the police,
fire departments, and emergency rescue squads. They
were concerned that the diverters would reduce emer-
gency response by fire trucks and ambulances, cause
equipment damage, and endanger the safety of bicy-
clists, motorcycle riders, and firefighters who ride
on the back of fire trucks.

It is important that all concerned understand the
effectiveness and applicability of the various
traffic-restraint techniques. Consider the case of
speed bumps. Several citizens believe that speed
bumps would be an effective measure to reduce vehi-
cle speeds and the amount of through traffic on
Maple-Leland Street. The idea has a logical appeal;
the best way to slow down a speeding vehicle is to
place obstacles in its path (4). After all, speed
bumps appear to be successful in many apartment com-
plex and shopping center parking lots. Experiments
in other communities, however, have shown that, far
from reducing speeds, these bumps could cause driv-
ers to speed up to minimize their shock and discom-
fort (4). The bumps could cause vehicle damage;
endanger the safety of bicyclists, motorcyclists,
and firefighters; and possibly involve 1legal ac-
tion. Speed bumps have been removed in some commu-
nities because of the noise generated by vehicles
hitting them (3). Some citizens were skeptical of
these arguments and remained convinced that speed
bumps were applicable in their community.

Most neighborhood traffic problems are relative.
For example, it does not matter that the number of
nonresidents using or parking on town streets is
less than neighboring communities, if residents per-
ceive that these problems seriously affect their
quality of life. What may be considered tolerable
in one community may be considered excessive in
another.

CONCLUSIONS

The experience in developing a neighborhood traffic
management plan for Chevy Chase Section Four illus-
trates that there are inescapable trade-offs between
the benefits that would accrue to some versus the
hardships that would be imposed on others. These
trade-offs are of two types: {a) reduced traffic
problems in the community versus increased travel
time and cost to diverted through traffic and others
using the peripheral arterial streets and (b) the
benefits that accrue to those who would have through
traffic diverted from their street versus those who
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would be made worse off by changing existing neigh-
borhood traffic patterns.

Technical solutions to neighborhood traffic man-
agement problems can be found to make the community
as a whole better off. 1In the case of Chevy Chase
Section Four, several feasible solutions were iden-
tified. However, all of these solutions had some-
thing in common. In the jargon of the economist
Lester L. Thurow, each solution had a significant
zero-sum element (5). That is, someone had to be
made worse off so others could benefit. For this
reason, the selection of a recommended course of
action becomes a matter of political choice.
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Assessing Traffic Management Strategies in

Residential Neighborhoods

ADOLF D. MAY AND SAID M. EASA

This paper describes the develop and app of a dense network-type
of model, with emphasis on the assessment of traffic management strategies in
a residential neighborhood. The MICRO-ASSIGNMENT model was selected for
use in this study after extensive literature review and operational experience.
The model input and output were modified and fuel computation added. The
model was applied to the College Terrace residential neighborhood area of Palo
Alto, California. The no-control base condition and five transportation-system-
management-type neighborhood strategies were evaluated. The strategies in-
cluded interior traffic restraint measures and improvement of surrounding arte-
rials. The selected strategies were compared with the no-control base condition.
The assessment was on the basis of comparative flows, travel times, and fuel
consumption rates on individual links and vehicle miles, vehicle hours, and fuel
consumption for residential and arterial street subsystems. This assessment,
supported by extensive literature review, served as the basis for developing
initial policy guidelines for traffic management strategies in residential neigh-
borhoods.

In recent years, transportation system management
(TSM) has become a viable approach to solving traf-
fic problems in various operating environments--
dense networks, freeway corridors, arterial net-
works, rural highways, and so on. The key objective
of TSM is to conserve fiscal resources, energy, en-
vironmental quality, and quality of wurban 1life
through short-term, low-cost transportation improve-
ments. In order to effectively achieve this objec-
tive and predict consequences before implementation,
analytical techniques are needed for these various
operating environments.

This paper describes a research project that was
concerned with the development and application of
such an analytical technique for dense networks
(1,2). The particular dense network covered in this
paper was a residential neighborhood. A companion
paper addresses a central-business-district-type of
dense network.

LITERATURE REVIEW

A literature search was undertaken to make a survey

of existing experience and to identify existing and
emerging analytical techniques (3).

The survey of existing experience included iden-
tification of the problems encountered in the neigh-
borhood areas, various types of TSM strategies
implemented, and measures of effectiveness con-
sidered. Special attention was devoted to well-
documented case studies.

The literature survey also was directed to the
identification of analytical techniques tht might be
employed to evaluate TSM-type strategies (3). More
than 30 such techniques were identified, and six
models were evaluated in some detail (4).

MODEL SELECTION

As mentioned in the 1literature review, 30 models
were initially identified (3), and six were selected
for in-depth study (4). The six models were CATS
(5), CONTRAM (6,7), DHTM (8), MICRO-ASSIGNMENT
(9,10), MICRO-UROAD (11,12), and TRANSIGN (13). The
six models were evaluated with respect to their in-
Put requirements, their method of representing
driver behavior and intersection operations, and
their history of use and potential for incorporating
expanded impact capabilities. Two models, CONTRAM
and MICRO-ASSIGNMENT, appeared to be the best-suited
for this study. Their nearly offsetting weaknesses
and strengths resulted in their both being recom-
mended for use in an actual application to determine
which one would be ultimately more suitable for the
objectives of this project.

The two models were placed in operation on the
IBM system at the California Department of Transpor-
tation (Caltrans) and applied simultaneously to the
College Terrace residential neighborhood area. The
results of these applications provided first-hand
information concerning model use-related features.
In addition, the theoretical basis of the models and
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Figure 1. Component programs of microassignment.
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the relative predicted cost of modifications were
assessed. The final evaluations of the two models
were almost equal, and the final selection hinged on
the level of anticipated modification. Since the
anticipated modification was relatively minor, the
MICRO-ASSIGNMENT model was selected for use in this
study (10,14).

MODEL DESCRIPTION AND REFINEMENT

The MICRO-ASSIGNMENT model is capable of assigning
traffic to a finely coded street network by various
time periods throughout the day. These time periods
can range from as short as 6 min to 24-h. Although
the model does not simulate gueuing conditions re-
sulting when demand exceeds capacity, it does at-
tempt to account for the associated delays in mini-
mum path selection.

The MICRO-ASSIGNMENT model incorporates separate
programs that perform different activities related
to input data, main program processing, output re-
sults, and plotting facilities. The model consists
of seven programs as shown in Figure 1. The LNKER
program is used to organize and check the supply
data, and the BMTPS program performs the same func-
tion for the demand data. These data are then input
to the main program, MICRO, which performs the traf-
fic assignment procedure, and the results are
printed by another separate program, PMLKV. The
other three programs (PLNET, PLTRES, and PLVOL) are
used, respectively, for plotting the network, the
minimum route trees, and the predicted volumes.

The MICRO-ASSIGNMENT model has a number of unique
features. For example, nodes are located at mid-
block locations (not at intersections), which permit
each turning movement to have its own link and sim=-
plify turn restrictions and turn-control features.
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Another important feature is the wide variety of in-
tersection control that can be modeled. Specifical-
ly, the model simulates the operation of various
types of signalized intersections, as well as non-
signalized intersections that include two-way stop
signs, four-way stop signs, and yield signs. A key
element in the model is the traffic assignment fea-
ture. An improved iterative multipath assignment
Procedure was developed by Caltrans to overcome the
disadvantages associated with the sequential assign-
ment method used in the original version (15).

Several alternative refinements were considered
and, after careful investigation of their antici-
pated costs and benefits, three were selected and
implemented in the model. The first refinement was
adding fuel consumption calculations, which provided
information for each link, selected groups of links,
and for the total network. The second refinement
enables the user to specify in advance grouping of
links for which overall impacts are calculated. For
example, in the analysis of traffic operations in
the College Terrace neighborhood, this feature was
used to obtain overall impacts for neighborhood
streets, collector distribution streets, and arte-
rials separately. The third refinement was modify-
ing the final calculations and tabulations of output
results. One such example was warning messages on
links that exhibited poor operational performances
such as low fuel-economy rates, low average speeds,
and near-capacity lane flows.

The final version of the model is operational on
CALTRANS IBM/370 computer and the model, including
the modifications, was extensively tested before
proceeding with the case study.

CASE STUDY

This section is devoted to the application of the
MICRO-ASSIGNMENT model to a residential neighborhood
area. The residential neighborhood area is the Col-
lege Terrace neighborhood in Palo Alto, California.
The purpose of this exercise is fourfold. First, it
can be considered as a user's guide to illustrate
the data-collection, model calibration, and model
application procedures. Second, the results may
have practical significance and be of value to the
city of Palo Alto. Third, these real-world applica-~
tions permit a detailed evaluation of the modified
MICRO-ASSIGNMENT model. And, finally, the evalua-
tion of several traffic management schemes provides
additional insights toward the establishment of
guidelines for traffic management in neighborhoods.

Study Area

The College Terrace study area was selected because
of its typical residential area characteristics, the
availability of origin-destination (0-D) data, and
the excellent cooperation of the city of Palo Alto.
A map of the study area is shown in Figure 2. The
study area is approximately 1 mile long and 0.6 mile
wide; it contains approximately 30 blocks and 50 in-
tersections. The residential area 1lies between
Stanford and California Avenues on the east and west
and Yale and Amherst Street on the north and south.
Stanford University 1is located west of Stanford
Avenue, and the Stanford Industrial Park is located
between California Avenue and Page Mill Road. El
Camino Real (CA-82) and Page Mill Road are major ar-
terials, while Stanford, Peter Coutts, and Cali-
fornia might be considered collector streets. All
other streets are residential streets.

The traffic problem in this neighborhood is pri-
marily due to its location between Stanford Univer-
sity and the Stanford Industrial Park and the fact
that over time El1 Camino Real and Page Mill Road
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Figure 2. Study area. -
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traffic has increased. Eight signalized intersec-
tions are in operation along El1 Camino Real, Page
Mill Road, and Stanford Avenue. All other intersec-
tions are controlled by stop signs, either for
selected approaches or for all approaches.

Four small parks have been constructed (two on
Wellesley and two on Dartmouth) to discourage
through traffic from penetrating the residential
area. Ten full-access control barriers have been
constructed to further discourage through traffic.
Six such barriers were installed just east of Stan-
ford on Williams, Cornell, Princeton, Columbia, Bow-
doin, and Amherst. Three others are located just
west of California on Oberlin, Harvard, and Hanover,
while the tenth barrier is located on Yale, west of
College. This is the control plan that has been in
operation since January 1979.

Data Collection

The MICRO-ASSIGNMENT model requires network-related
data and O-D demand data. The network-related data
were collected for January 1979 in a straightforward
manner. The O-D demand data were more complicated
because the complete data set was not available and
also because the O-D data set had been collected in
January 1973 for the neighborhood area only and had
to be modified to conform to the large study area
and to be projected to January 1979.

The O-D traffic demands used in the evaluation
study corresponded to the afternoon peak period
(3:00-6:00 p.m.) for January 1979. The demand data
were based on a roadside interview survey conducted
by the city of Palo Alto in January 1973. The in-
terviews were taken at seven locations that repre-
sent the major entry (or exit) points to the area.
The survey extended for 10.5 h (7:30 a.m.-6:00
p.m.), and drivers were interviewed as they entered
the neighborhood.

Based on these interviews, the O-D traffic de-
mands were established (on an hourly basis) from
actual external origins to external destinations and
from station-to-station on the neighborhood bound-
ary. The station-to-station demands for the neigh-
borhood were used since the study was particularly
concerned with travel within the neighborhood. Two
problems were encountered. First, origins (and des-
tinations) within the neighborhood had to be disag-
gregated. Second, three of the interview stations
were within the cordon line of the network and O-D
data had to be transformed to artificial origins and
destinations on the periphery.

In establishing the origins and destinations
within the neighborhood, available information on
dwelling unit characteristics was used. Such in-
formation included the average trip rate per dwell-
ing unit, the number of dwelling units in each
neighborhood block, and dwelling unit classification
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(single family or multiple family). The average
trip rate was estimated as 10 trips per dwelling per
day (note that these are one-way trips). Clearly,
the estimated average trip rate would only be valid
for the 24-h period of the day. 1In studying the
morning or the afternoon periods, the average trip
rate would certainly be different and, consequently,
the trip-making frequency for neighborhood traffic
was required.

With available information on the demands from
the interview stations to the neighborhood and the
directional volume counts at the interview stations,
the trip-making frequency of the neighborhood trips
was established at stations 1 and 5. It should be
noted that these stations were the only stations at
which volume counts and the roadside interviews were
conducted on the same day. The trips originating
from the area exhibited three peak periods, where
the midday peak period is likely due to shopping and
other nonpeak trips. For the trips destined for the
neighborhood area, a substantial number of these
trips occurred between 8:30 and 9:30 a.m. This is
attributable to the fact that the trips destined for
the neighborhood area include not only those trips
to the neighborhood itself, but also those to a por-
tion of the Stanford Industrial Park.

It was estimated that the number of trips origi-
nating from the neighborhood during the morning peak
period (7:30-10:00 a.m.) was 25 percent of total
daily trips produced by the neighborhood. The
number of trips destined for the neighborhood during
the afternoon peak period (3:00-6:00 p.m.) was es-—
timated to be 40 percent of the total daily trips.
These percentages were then applied to the total
daily neighborhood trips in order to determine the
number of trips originating from, and destined for,
the neighborhood during peak periods.

As mentioned previously, some interview stations
were located within the study network, and it was
necessary to modify the demands corresponding to
these stations in order to be compatible with the
origins (and destinations) located on the periphery
of the study network. Such a modification was re-
quired for stations 1, 2, 3, 4, and 5 since the re-
maining stations were already located on the periph-
ery of the study network.

Establishing the O-D demands was accomplished in
two steps. First, the trip demands at the five sta-
tions mentioned above were assigned to several O0-D
nodes on Page Mill, El1 Camino Real, and Stanford.
The disaggregation of trip demands was accomplished
by using the information that described the actual
trip origins and destinations available from the
roadside interview survey. Second, the reader can
immediately see that restructuring of the trip de-
mands at the interview stations was not sufficient.
This is because other trip demands (mainly through
trips) that used the surrounding highways and arte-
rials were not included. Consequently, additional
trip demands for El Camino Real, Page Mill Road, and
Peter Coutts were fabricated, based on actual traf-
fic volumes on these roads. For example, in order
to match the observed volumes on El Camino Real, a
demand of 4457 trips in each direction was assigned
to that highway for the 3-h peak period. With the
above procedure, the process of establishing the O-D
demands for the afternoon peak period in January
1973 was completed.

Calibration Process

The O-D demand data available for January 1973
needed to be adjusted so that the predicted traffic
was consistent with that measured in January 1979.
It was found that a 5 percent overall O-D demand
growth rate adjustment on the 1973 data was adequate
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to represent traffic demands in January 1979. In
the following paragraphs, the selection of the
growth rate and the comparison between the adjusted
traffic and that measured in January 1979 are des-
cribed.

Two types of O-D demand changes are generally
possible: overall demand growth and specific local
demand changes due to particular land utility
changes. Since there was little local land utility
change in the study area during the years from 1973
to 1979, the overall traffic demand growth was the
only adjustment considered. Growth rates of 5 per-
cent and 10 percent were tested. The results indi-
cated that the demands obtained by a 5 percent in-
crease from the 1973 data adequately predicted the
traffic conditions in January 1979.

Two important measurable traffic operating quan-
tities were used in the comparison of the predicted
and the real situation. They were the traffic
volume on important links and the travel time along
selected streets. The quantities predicted, based
on the 5 percent O-D demand increases, are compared
with the measured values in the following paragraphs.

The comparison of the predicted and actual values
in January 1979 included two measures: traffic
volumes and travel times. The actual data were col-
lected by the city of Palo Alto during the afternoon
peak period (3:00-6:00 p.m.). Traffic volumes were
collected at five intersections and at several mid-
block locations. In addition, travel time runs were
conducted along four selected routes. Below are the
results of the comparisons of predicted and actual
traffic volumes and travel times.

The traffic-volume counting stations were ar-
ranged to emphasize the volume on the peripheral ar-
terials as well as the cross traffic between the
residential area and the peripheral streets. The
comparison of the measured and predicted volumes in-
dicated that 72 percent of the locations exhibit a
difference of 1less than +10 percent. For loca-
tions with higher volumes, the results were even
better. For example, for locations with a volume
range of 500 to 100 vehicles/h, 9 out of 12 loca-
tions (75 percent) exhibit a difference of less than
+10 percent, and for the 1000-1500 vehicles/h
range the difference is less than *10 percent at
all locations.

The travel times along several selected routes
were measured as another comparison between the pre-
dicted and actual values. The routes include the
peripheral arterials in both clockwise and counter-
clockwise directions, the eastbound and westbound
directions along College Avenue, round-trip travel
along California Avenue, and the northbound and
southbound directions along Hanover Street. These
test routes cover the surrounding arterials, the
main entrance to the residential area from the pe-
ripheries, and transverse streets in the residential
area.

The differences were within 5 percent, except for
the clockwise direction along the periphery and the
eastbound direction along College Avenue. The over-
all difference was 9 percent.

From the above description, 1t can be seen that
the 5 percent overall increase O-D adjustment
matches actual traffic conditions within 10 percent
without systematic deviation. Furthermore, the
traffic management staff in Palo Alto reviewed the
results and agreed, based on their knowledge of
local traffic conditions, that the simulation re-
sults were acceptable and that TSM strategies could
be evaluated, based on these calibrated O-D demands.

Evaluation of Control Plans

After the calibration process was completed, the
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Table 1. Control plans selected.

Additional Action Taken

Within Residential

Plan Area On Surrounding Arterials

0 None None

1 Existing control None

(10 barriers)

2 None Proposed improvement (El Camino-Page Mill
interchange)

3 None Proposed, improvement (Page Mill added
lanes)

4 None Proposed improvements (El Camino-Page Mill

interchange and Page Mill added lanes)
S Proposed control None
(Hanover barrier)

next step was to evaluate the impacts of several
control plans. The selection of the College Terrace
neighborhood as a study area provided a good stan-
dard for analyzing residential areas. The primary
purpose of traffic management in this area was to
reduce environmental impacts within the residential
area while maintaining an acceptable level of traf-
fic operations on the surrounding arterials and
neighborhood accessibility. Based on these basic
criteria, five control plans were studied and com-
pared with the base conditions (no control).

Description of Control Plans

Five control plans, in addition to the do-nothing
alternative, were selected for evaluation. The ma-
jority of these plans was proposed by the city of
Palo Alto. A list of selected plans is shown in
Table 1. For comparison purposes, the do-nothing
alternative (no control) was designed as plan 0, and
the five selected plans were compared with this
plan. The control plan in operation today is desig-
nated as plan 1 (see Figure 2). In this plan, all
cross streets were closed at one end or the other in
order to keep the traffic out of the neighborhood.
Plan 2 was to convert the E1 Camino Real-Page Mill
intersection into an interchange that would improve
traffic conditions along the E1l Camino Real and Page
Mill Road. PAnother strategy selected, plan 3, was
to add one lane in each direction to Page Mill
Road. Plan 4 was a combination of plan 2 and plan
3, and plan 5 was to block Hanover Street each of
California Street.

As noted, these plans can be classified into two
groups. One group is designed to push the through
traffic outside the neighborhood (plans 1 and 5) by
restricting the access (or egress) to the area. The
other group is designed to pull the through traffic
out of the neighborhood (plans 2, 3, and 4) by im-
proving the operations on the surrounding arterials.

Results of Control Plans

To evaluate the impacts of control plans, a separate
input of network data was prepared for each plan.
The calibrated O-D demand data were not changed,
since all plans were evaluated for January 1979 con-
ditions. Separate computer runs were then made for
each plan. The number of iterations varied from
plan to plan because of the convergence of the traf-
fic assignment results. Both total vehicle hours
and total vehicle miles were used as indicators of
the convergence.

The impacts of the control plans on both traffic
volume and travel time were calculated for selected
locations. Traffic volumes were compared for each
plan on three screen lines and travel times were
compared for through movements at four major signa-
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lized intersections as shown in Figure 3. Section
A-A is located immediately north of Cornell Street,
section B-B is located north of Columbia Street, and
section C-C is parallel to the longitudinal direc-
tion of the study area and is located just east of
California Street. The intersections used for
travel time comparison are located along Page Mill
Road at Peter Coutts, Hanover, and E1 Camino Real,
and along El Camino Real at California.

A number of predicted volumes on the streets
crossing each section and the percentage differences
(compared with plan 0) are shown in Table 2. A sum-
mary of predicted travel times for the various in-
tersectional movements and percentage differences
(compared with plan 0) are shown in Table 3.

Now attention is directed toward the impacts of
the six control plans on the total system. Results
for the residential, arterial, and total area por-
tions are presented in Figure 4. Three curves are
drawn on each of the nine diagrams. The six plans
that were evaluated are denoted on the horizontal
scale. The various measures of effectiveness are
indicated on the vertical scale. The thrusthold
value for fuel rate was <5 miles/gal and for speed
was <10 mph.

Assessment of Control Plans

The individual control plans will now be evaluated,
considering the results of the previous subsection
(see Tables 2 and 3 and Figure 4). Again, let it be
stressed that only one point in time (January 1979)
and only the effect on highway users were considered.

Plan 1 consisted of installing 10 barriers around
the residential area and no modifications on the
surrounding arterials. This plan had little effect
either in flow levels or travel times on the sur-
rounding arterials. While the flow level on in-
terior streets was slightly reduced at a few loca-
tions, most locations show an increase, particularly
on College Avenue. Areawide results indicated that
total link flows, vehicle miles of travel, total
fuel consumption, and total vehicle hours of travel
increased; fuel economy rates decreased; and average
speeds were unchanged. These adverse effects occur-
red on the residential streets as well as for the
total study area. Based on these results, plan 1
was not an improvement over plan 0.

Plan 2 consisted of building an interchange at El
Camino Real and Page Mill Road, with no additional
actions within the study area. Flows on the arte-
rials slightly increased, but arterial travel times
were essentially unchanged except for the signifi-
cant reduction at Page Mill Road-El Camino Real
crossing. Flows on the collector and residential
streets were slightly less. While total link flows
and total vehicle miles remained unchanged, a
greater proportion of travel was handled by the ar-
terial portion of the network. Fuel consumption was
reduced and fuel economy rates increased. Total
travel time was reduced and average speeds in-
creased. Based on these results, plan 2 was an
improvement over plan 0 in almost every respect.
However, the cost of this improvement would be sig-
nificant.

Plan 3 consisted of adding a lane in each direc-
tion along Page Mill Road, with no additional ac-
tions within the study area. Flows on the arterial
increased, while the travel times on Page Mill Road
decreased. Flows within the residential areas were
about the same except the flow at California (sec-
tion A-A) decreased, while the flow at Hanover (sec-
tion C-C) increased. While total 1link flows and
total vehicle miles remained unchanged, a greater
proportion was handled by the arterial portion of
the network. There was little change in total fuel



56 Transportation Research Record 812
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Table 2. Comparison of traffic volumes.
Stanford College California Page Mill
Change Change Change Change
Section Plan Volume (%) Volume (%) Volume (%) Volume (%)
A-A 0 2160 0 208 0 1847 0 7795 0
1 2025 -6 356 #71 1751 -5 7877 +1
2 2146 -1 206 -1 1728 -6 7929 +2
3 2123 -2 209 0 1637 -11 8040 +3
4 2146 -1 206 -1 1726 -6 7930 +2
5 2087 -3 200 -4 1461 =21 8586 +10
B-B 0 1987 0 47 0 496 0 6697 [¢]
1 2264 +14 584 +1150 633 +21 6578 +1
2 1978 0 44 -1 502 +1 6548 0
3 1960 -1 47 0 521 +5 6544 0
4 1978 0 44 -1 502 +1 6548 0
5 2287 +15 272 +485 685 +38 7251 $11
E] Camino Hanover Peter Coutts
c-C 0 8735 0 1945 0 612 0
1 8755 0 1832 -6 646 +6
2 9127 +3 1819 =1 606 -1
3 8923 +2, 1698 -13 610 0
4 9126 +3 1817 -1 606 -1
5 9986 +10 0 0 1751 +185
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Table 3. Comparison of travel times at selected intersections,

57

El Camino-California Page Mill-California

Page Mill-Hanover Page Mill-Peter Coutts

Westbound  Eastbound Westbound  Eastbound Northbound Southbound Northbound Southbound Northbound Southbound
Plan TT (%)* TT (%) TT (%) TT (%) TT (%) TT (%) TT (%) TT (%) T (%) TT (%)
0 41 0 41 0 59 0 60 0 55 0 58 0 69 0 69 0 63 0 66 0
1 41 0 41  +2 59 0 60 0 S5 0 58 0 69 0 69 0 63 0 66 0
2 41 0 42 +2 17 =71 18 -70 26 -53 25 57 69 0 70 +1 63 0 66 0
3 41 0 42 12 59 0 60 0 53 -4 56 -3 66 -4 67 -3 60 -5 63 -5
4 41 0 42 +2 17 -71 18 -70 24 =56 23 -60 66 -4 67 -3 60 -5 63 -5
5 42  +2 42 42 59 0 60 0 55 0 48 0 68 -1 70  +1 62 -2 66 0
Note: TT = travel time.
Apercent change with respect to plan 0.
Figure 4. Comparison of overall performance of control plans.
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consumed and fuel economy rate. Total vehicle hours
were slightly reduced and average speed slightly in-
creased. Based on these results, plan 3 was an im-
provement over plan 0 and almost as good as plan 2.
Plan 4 consisted of adding a lane in each direc-
tion along Page Mill Road and building an inter-
change at El Camino Real and Page Mill Road cross-
ing. No other actions were taken within the study
area. Flows on the arterials slightly increased,
while arterial travel times on Page Mill Road, in-
cluding the crossing at E1 Camino Real were re-
duced. Flows on the collector and residential
streets were slightly less. While total link flows
and total vehicle miles remain unchanged, a greater
proportion of travel was handled by the arterial
portion of the network. Fuel consumption was re-

duced and fuel economy rates increased. Total
travel time was reduced and average speeds in-
creased. Based on these results, plan 4 was an im-

provement over plan 0 in almost every respect. Plan

Plan Number Plan Number

4 results were very similar to plan 2 results. How-
ever, the cost of this improvement would be the
highest of all plans.

Plan 5 consisted of a single barrier placed at a
strategic location on Hanover just east of Cali-
fornia. No other actions were taken within the
study area. Flows on the arterials increased, while
travel time on arterials only slightly increased.
Flows on the collector and residential streets were
reduced in the northern portion of the neighborhood
and increased in the southern portion. The overall
measurements for the residential portion of the
study area showed significant improvements (i.e.,
lower vehicle miles of travel, lower vehicle hours
of travel, less fuel consumption, etc.), while the
overall measurements for the arterial portion of the
study area showed significant disbenefits (i.e.,
higher vehicle miles of travel, higher vehicle hours
of travel, more fuel consumed, etc.). Plan 5, when
compared with plan 0, gave contradictory results.



Figure 5. Elements of traffic management in residential areas.
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The neighborhood situation was improved at the ex-
pense of travel on the arterials.

Many additional control plans could have been de-
veloped and evaluated. Additional measures of ef-
fectiveness (MOEs) could have been investigated.
However, the paper has presented an analytical
framework and demonstrated its application, and
further investigations and extensions are left to
future research.

SOME INITIAL GUIDELINES

As mentioned earlier, one of the purposes of apply-
ing the MICRO-ASSIGNMENT model to the College Ter-
race neighborhood was to provide some insight into
the development of preliminary guidelines for traf-
fic management in residential areas. In an attempt
to provide more comprehensive guidelines, traffic
management studies in other residential areas were
carefully reviewed. Based on this review, and with
the information gained from the application to the
College Terrace neighborhood, a list of goals, ob-
jectives, and MOEs was prepared and is shown in
Figure 5.

In Figure 5, the specific goals for traffic man-
agement in residential areas that have often been
considered are shown. These specific goals are sub-
sets of the more general goals of improving quality
of operations and minimizing adverse impacts on the
operating environment. Little attention, however,
has been given to other general goals such as mini-
mizing system cost, increasing system efficiency,
and so on. For the three specific goals, 12 objec-
tives are shown along with their associated MOEs.
The list shown in Figure 5 should be useful in pro-
viding the traffic analyst with the various objec-
tives and MOEs that have been used for traffic man-
agement in residential areas.
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Resource Implications of Electronic Message Transfer in

Letter-Post Industry

ALFRED M. LEE AND ARNIM H. MEYBURG

As Western societies move more and more rapidly to information economies,
the need for face-to-face human interactions and for the exchange of physical
goods is being replaced by the need to exchange information. New technologies
have been and are being developed that facilitate this flow. The impacts of this
change in orientation are many. Substitution of personal travel and hard-copy
communications transport by electronic means is a significant social develop-
ment with implications for energy consumption, vehicle fleet, paper, and labor
requirements, among others. This paper attempts to illustrate some of the im-
pacts of substituting communication for transportation. The use of electronic
message transfer technology by the U.S. Postal Service is examined in the con-
text of current first-class mail shipment patterns. Limited energy, vehicle, and
paper resource conservation possibilities could be enhanced by implementing
policies to stimulate the development and use of electronic message transfer
technologies.

Western societies are moving at a rapid pace toward
information societies. The information £flow re-
quired per person in personal life-styles, in re-
search, in administration, in all service indus-
tries, etc., is increasing dramatically. All
aspects of daily life and of society in general are
affected by this acceleration in the exchange of

information. Few households are without telephones
or televisions. Banks and travel agencies without
computers are rare. Government recordkeeping would
be virtually impossible at the present scale without
the extensive use of electronic devices.

Transportation and communications are closely
related infrastructural elements of society (1).
These modes are used to enhance and facilitate

exchange in the national and international economy
and to increase the level of human interaction. As
society moves toward an information economy, the
need for exchange of goods, defined in a very broad
sense, is being replaced by the need to exchange
information. This evolution is changing the nature
of demand for these services.

In some instances communications may substitute
for particular transportation needs. In other
cases, they may be complementary. Patterns of
telephone use serve as an example of the substitu-
tion potential of communications for transporta-
tion. Telephone communications have reduced the
need to transport various kinds of messages and also
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the need to travel personally to communicate. Com-
Plementary relationships develop in situations where
communication activities affect the operation,
safety, efficiency, and effectiveness of transporta-
tion services.

This paper is concerned with the resource impli-
cations of transportation-communication trade-offs.
In order to avoid confusion about the distinction
between the substitutive and complementary relation-
ships, which is at times difficult to maintain, sub-
stitution analyses will be confined to those situa-
tions in which a trip 1is entirely replaced by
communications. Since extensive examples of the
complementarity aspect were published previously,
they will not be considered here (2,3). This paper
concentrates on the substitution aspects of communi-
cations for transportation, specifically in the con-
text of electronic message transfer.

Numerous studies have considered the substitution
potential of communications for transportation
(e.g., 4-8). Most research has dealt with technolo-
gles to reduce personal travel needs. Two technolo-
gies that seem to be particularly promising candi-
dates to influence future travel demand patterns are
the videophone and the teleconferencing unit.

The video telephone adds a visual dimension to
the telephone, allowing transmission of pictures of
the communicating parties or conveyance of visual
information. Communication of graphic data, for
example, could facilitate consumer decisions regard-
ing purchases by telephone and also allow security
monitoring. The motivation behind the development
of this technology lies in a desire to enhance the
performance of traditional voice communication sys-
tems to a deqree that they are attractive alterna-
tives for satisfying some traditional personal
travel needs. The potential for augmented audio
communications and the possibility of viewing tex-
tual and graphical material are considered to be the
pPrincipal advantages of the technology. The poten-
tial benefits of this technology have not been fully
realized due to the lack of development of a suit-
able market. While at the present time consumers
have not perceived a sufficient increase in utility
to justify purchasing and using this expensive
equipment, demand is expected to grow in the fu-
ture. In the United States, the videophone, de-
veloped by Bell Laboratories of the@Bell System, 1is
known by the trade name Picturephone .

Teleconferencing services are essentially an
extension of the videophone capability. They are
designed to reduce personal travel needs to attend
meetings. Also, these services could have a sub-
stantial impact on the character of work trips. It
is feasible to decentralize office locations by
using teleconferencing services. Such workplace
location decisions are significant since people
working in the <central business district (CBD)
travel twice the distance and have approximately
2.25 times longer trip times than those persons with
suburban employment. Obviously office or workplace
locations in different cities can be connected by
means of teleconferencing technology, thus reducing
the need for intercity business travel.

New electronic message transfer technology now
under development offers the potential to alter
transportation demand in a significantly different
fashion. Innovative electronic systems that trans-
fer both messages and information can reduce needs
to transport paper-based media. This discussion
will sketch the rudimentary features of such systems
and then consider the resource conservation implica-
tions of substitution possibilities, particularly
with respect to the letter-mail market.
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ELECTRONIC MESSAGE AND INFORMATION TRANSFER

Emerging electronic message and information transfer
systems include a range of newly developed technolo-
gies that could have a dramatic effect on the volume
of discretionary travel demand such as shopping,
social-recreational, educational, human interaction,
personal, and business travel needs. One such tech-
nology is known by the generic term as viewdata, and
by the trade names Prestel (United Kingdom) and
Bildschirm-text (Federal Republic of Germany), among
others. Essentially it consists of modified tele-
phone and television units that allow subscribers to
gain access to complete libraries, newspapers, mail-
order catalogues, entertainment information, elec-
tronic games, home computer services, news, sports,
and weather information. The number of potential
services is only limited by the willingness of in-
formation suppliers to make their products available
to subscribers.

These systems offer primarily information re-
trieval, interactive gaming, or teleprocessing capa-
bilities. Data are accessed by telephone lines from
a central data storage bank and displayed on modi-
fied television receivers. At a somewhat more
sophisticated 1level, this operational technology
could allow subscribers with modified television-
keyboard units to generate and exchange personal
messages. Such systems could stimulate changes in
methods of distributing books, publications, news-
papers, etc. These practices could affect transpor-
tation, energy, and paper requirements.

A second objective of evolving electronic message
transfer technology is to facilitate the exchange of
person-to-person communications that are graphic or
alphanumeric character-oriented and digitally en-
coded. Such services convey messages electronically
but may at some stage produce and transfer paper
copy by conventional means. The U.S. Postal Service
(USPS) and private corporations are currently evalu-
ating the operational and economic feasibility of
electronic message transfer services. The private
sector is concentrating primarily on terminal-to-
terminal systems. The USPS has been developing a
nationwide system that integrates conventional
postal operations with electronic techniques.

The USPS has been developing this hybrid elec-
tronic message transfer system design for more than
two decades. The current design will provide a
nationwide service with next-day delivery for 95
percent of messages entering the system by 5 p.m. on
the previous day. Plans are also being made to pro-
vide a priority service (i.e., 1-2 h transfer of
messages) at a premium price. Both the overnight
and priority service will use the conventional
postal collection and distribution system along with
new electronic equipment under development.

Various input alternatives will be available.
Large-volume users, such as banks or credit card
companies whose messages mostly consist of computer-
generated material, will be able to drop off mag-
netic cards or tape containing encoded messages.
The USPS will provide equipment to read and route
these messages electronically. Other heavy users
with messages already printed on paper will be able
to submit paper packs (i.e., bundles of nonenveloped
message pages boxed in cardboard containers), which
will be facsimile encoded by USPS personnel. Indi-
viduals with single hard-copy messages will access
the system by using coin-operated facsimile machines
called "electronic mailboxes", which are to be
located in post offices and public facilities (e.g.,
shopping malls). Those users with input terminals
will be able to submit messages over local telecom—
munication 1links, although USPS is not encouraging
wire-~line input at this time.
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Figure 1. The USPS electronic hybrid
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Messages contained in paper packs or on magnetic
media can be deposited at post offices or regional
postal facilities (called sectional centers). From
there they will be transferred by truck to special-
ized message centers to be electronically routed
toward receiving centers. In the case of remote
electronic mailboxes, encoded messages will be moved
electronically to message centers over local lines
or stored on magnetic media and trucked to centers,
depending on the cost-volume characteristics of each
mailbox. The 87 electronic centers, which are ex-
pected to cost $320 000 each, will be located geo-
graphically according to generated message loads.

Messages arriving at destination centers can be
conveyed to intended recipients by several means.
Messages that are directed to user terminals will be
routed to a communication processor and interface
and are held until contact is made between message
centers and remote terminals. Messages to be con-
ventionally delivered are reproduced on paper, en-
veloped, and then sorted according to carrier deliv-
ery sequence. After hard-copy production, messages
will be trucked to the local postal distribution
stations to be fed into the conventional mail-
stream. Hard-copy message production requires the
use of sophisticated paper-handling equipment to
facilitate the movement of paper through the output
subsystem. The USPS hybrid design is illustrated in
Figure 1.

The integration of conventional and electronic
message delivery activities suggests some resource
conservation possibilities, which will be discussed
later in this paper. Some competitors fear that
eventually USPS may operate local telecommunications
links for input and output directly between stations
and message origin-destination points. Others feel
that provision of all-electronic services to hard-
to-reach rural areas would be a cost-effective move
for USPS. Such an expansion of service might reduce
both carrier personnel and vehicle requirements.
However, suggestions that USPS operate either elec-
tronic collection or distribution services have been
met with quite vocal oppostion.

RESOURCE SAVINGS POTENTIAL

During the last decade the general public has become
increasingly aware of the unpredictable nature of
energy supplies and the impending scarcity of non-
renewable energy sources (especially fossil fuels).
As a result, there is greater public sensitivity to
energy issues, more debate over which energy poli-
cies are most desirable (e.g., developing nuclear
versus new nonnuclear sources, and conservation ef-
forts), and also greater efforts devoted toward con-
serving resources, especially energy supplies.
Therefore, the resource conservation potential of

transport

electronic message transfer cannot be ignored. The
application of such technology in USPS letter-post
operations could result in limited resource savings,
especially in fuel and vehicle requirements, as will
be illustrated in the following sections. of
course, additional resource savings are clearly pos-
sible as applications of new communications tech-
nology permit the elimination of various discretion-
ary and business travel needs, as noted previously.

Energy Implications

The energy requirements of conventional postal
technology can be compared with those of electronic
message transfer. Any complete analysis of these
alternatives would require an examination of the
total energy use of each system (i.e., energy re-
quirements to produce necessary machinery along with
energy used in equipment operation). However,
within the resource constraints of the research
project that underlies this paper, only the energy
used in electronic transfer operations 1s compared
with that required for conventional transportation
of messages. This concise analysis is only intended
to initiate a larger discussion of the energy con-
servation potential of electronic message transfer.
It is hoped that these order-of-magnitude calcula-
tions will be expanded and refined through addi-
tional research efforts.

The data in Table 1, provided by the Ford-Philco
Corporation, 1list the 1labor, equipment, and power
requirements of a model electronic hybrid transfer
system. Notice the power requirements of the four
transmission station types. A complete transfer
system, consisting of a varied mix of these sta-
tions, would use 25 141 200 kW*h or 85.78 billion
Btu's to move 30 billion messages. On a per-message
basis, each transmission would require an average of
2,9 Btu's.

Table 1. Resource requirements of an electronic message transfer hybrid
system {30 billion messages/year).

No. of
Item Terminal  Shifts Requirement
Staffing Aand B 3 1 engineer?, 2 technicians®
2 2 technicians
Cand D 3 1 engineer and 1 technician
2 2 technicians
Control 3 2 engineers
2 1 engineer
Power A 50kW = 438 000 kW-h/year
B 30kW = 262 800 kW-h/year
Cand D 20kW = 175 200 kW-h/year

aEngineer salary = $40 000. bTechnician salary = $25 000.
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To derive an estimate of energy used by the
equivalent conventional transportation activity,
several assumptions must be made. First, the trans-
portation of messages between conventional pro-
cessing stations and transportation terminals, which
is provided largely by the USPS fleet, is assumed to
be similar to the transportation requirements of
moving hard-copy messages between the electronic
processing centers and conventional distribution
centers. This simplifying assumption suggests that
the transportation requirements of the intercity
contract fleet will be equivalent to those of the
electronic transfer activity. A second necessary
assumption involves the distribution of messages
carried by each mode. Virtually all nonlocal,
first-class messages travel on airline passenger
flights while the remaining messages move by truck.
Since 40 percent of first-class mail is nonlocal, in
this sample calculation 40 percent of the message
load is assumed to move by air while the remaining
60 percent is moved by truck.

In FY 1977, USPS estimated that 400 million ton-
miles of transportation moved 53.7 billion first-
class mail pieces between processing centers (9).
Assuming a 40/60 split in traffic by mode and that
modal energy intensities are 3300 Btu/ton-mile for
belly freight carried on passenger flights and 2700
Btu/ton-mile for intercity truck, it can be esti-
mated that 1176 billion Btu's were required to move
53.7 billion pieces (10). Directly scaling this
estimate to match the system output of the elec-
tronic system suggests that 30 billion messages
required 657 billion Btu's. On a per-messade basis,
intercity transport of each message required an
average of 21.9 Btu's.

Comparing energy use in the transfer of 30 bil-
lion messages by electronic message transfer to that
required by current conventional transportation
practices, only about 571 billion Btu's could be
saved by sending messages via electronic message
transfer or 19 Btu's/message. Such energy savings
are equivalent to about 98 450 bbl of crude oil. 1In
the event that energy intensities of both conven-
tional and electronic transfer technologies could be
improved by 10 percent over the next decade, the
conservation potential would amount to only 88 638
bbl. Actual savings of crude petroleum could be
greater than the above figures indicate since elec-
tronic message transfer uses electricity that can be
generated from nonpetroleum sources. By shifting to
electronic message transfer, message movement could
be accomplished without relying so heavily on petro-
leum sources of energy.

In terms of the aggregate domestic energy con-
sumption, the potential savings due to electronic
message transfer are quite small (11). In 1977
energy use was estimated to total almost 76 x 1015
Btu's. Of this aggregate amount, petroleum use
accounted for approximately 37 x 10!35 Btu's or
about 6.7 billion bbl. When electronic message
transfer energy savings are compared with these
statistics, such possibilities amount to only 0.5
percent of petroleum consumed in one day and an even
smaller proportion of the total energy used in
1977. Yet, an annual savings of 98 450 bbl will not
be completely insignificant as petroleum supplies
become more scarce.

One might expect much greater savings if conven-
tionally conveyed messages shifted to an end-to-end
electronic message transfer system. However, USPS
uses only 350 million gal of gasoline and diesel
fuel to move all classes of mail (i.e., more than
message traffic). This annual figure, which 1in-
cludes fuel used in all owned, leased, and con-
tracted vehicles, amounts to only 0.1 percent of
national petroleum consumption in 1977. While the
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implementation of electronic message transfer tech-
nology has the potential to save previous petroleum
resource, it cannot offer the resource-saving poten-
tial that, for example, other transportation or
space-heating conservation programs could provide.
However, it can contribute to general energy conser-
vation efforts. Much greater energy savings are
possible as consumers learn to substitute electronic
alternatives for a wide range of travel needs. As
petroleum supplies become more scarce, the govern-
ment may well encourage the use and development of
electronic message transfer services.

Vehicle Fleet Requirements

In FY 1978, USPS delivered more than 96 billion
items of which almost 56 billion were first-class
message items. To accomplish this task, an average
of more than 40 million stops were required each
day, amounting to an equivalent mileage of four
round trips to the moon for rural routes and 1
million miles for city routes (12,13). As one might
expect, USPS operations represent a unique assembly
of resources and management practices.

USPS has one of the largest vehicle fleets in the
world, currently owning approximately 120 000 vehi-
cles in active service with another 70 000 wunder
contract. This sizable transportation pool is
larger than the combined fleets of the top five com-
mercial carriers. The physical plant, vehicle
fleet, and labor force managed by USPS amount to
much more than that available to the very largest
corporations such as American Telephone and Tele-
graph.

It is difficult to judge the effect that elec-
tronic message transfer will have on postal-owned
vehicles and on leased and contract vehicles. Over
the short term, this fleet of 190 000 vehicles will

remain relatively stable. In the more distant
future, vehicle requirements may change more radi-
cally. For instance, the delivery fleet, which

totaled about 150 000 vehicles in FY 1978, may
shrink if patrons overwhelmingly adopt electronic
collection and delivery options and also if they are
willing to accept reduced conventional services
(e.g., three-day-per-week deliveries). Intercity
contract vehicle needs may also change. If messages
migrate from conventional to electronic alterna-
tives, both the size and the number of trucks re-
quired may be reduced. Any shift in vehicle fleet
requirements will depend on public response to both
conventional and electronic alternatives.

Paper Requirements

One can anticipate that electronic message transfer
will have implications for paper, a medium that has
historically recorded and stored messages. End-to-
end electronic message transfer and office automa-
tion systems have been commonly depicted as cata-
lysts for promoting the paperless society. Ideally,
recipients could review their correspondence in
video form and decide whether to produce a paper
copy or simply store it electronically. Considering
the amount of paper-based correspondence and trans-
actions flowing among business and government, one
could imagine that such potential for saving re-
sources 1is great. The hybrid electronic message
transfer technology could actually increase the use
of paper resources since each time a message is sent
from a public terminal two paper copies of the
message will be created. While the technology
offers real options for paper conservation, the
actual amount will depend on user habits.

SUMMARY

We have suggested that resources, notably paper,
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vehicles, and energy, can be conserved if consumers
react favorably to the introduction of hybrid elec-
tronic message transfer technology into the letter-
post industry. Potential resource savings could be
even greater if end-to-end systems become popular.
Government may wish to implement policies to stimu-
late the development and use of electronic message
transfer in order to realize these and other poten-
tial resource conservation possibilities.

This paper focuses on the resource implications
of substituting communication services for transpor-
tation services. While the use of electronic
message and information transfer services in the
letter-post industry will not have the resource
conservation possibilities of other programs, par-
ticularly in the transportation area, it could con-
tribute to efforts to reduce the total resource
consumption in the United States, in addition to
offering potential speed and cost advantages. At a
later stage, when the hybrid system equipment has
been fully specified, it will be possible to make a
much fuller energy analysis, comparing total energy
use (i.e., construction and operation requirement)
of the alternative systems. Of course, other appli-
cations of electronic message transfer technology
(e.g., teleshopping, utility telemetry, and decen-
tralized workplaces) could be even more significant.

In the context of this paper we were only able to
cite one example of the likely impacts of this tech-
nology. The overall research effort that underlies
this paper addresses a number of other dimensions,
namely issues of privacy, liability, and capital or
labor substitution possibilities in postal opera-
tions. The development of technically, economi-
cally, and socially efficient communication alterna-
tives to transportation services requires that both
the costs and the benefits be considered when de-
signing and implementing such systems.
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Discussion
C. John Langley, Jr., and Rammohan Pisharodi

The first order of business is to compliment Lee and
Meyburg for a very interesting and relevant paper.
This contribution appears to comply with the intent
as well as the spirit of the charge to the Subcom-
mittee on Social and Economic Effects of Energy Con-
straints of TRB Committee A1B03. While the topic of
substituting communications for transportation has
received a variety of attention in the past 10 years
or so, there is no question that the concept inte-
grates the nature of general concern for these two
areas of national priority.

This paper provides some very interesting in-
sights into the resource implications of substitut-
ing communications for transportation, specifically
in the context of electronic message transfer. This
is in contrast with the fact that most of the past
studies in this area have dealt with technologies to
reduce personal travel rather than messages.

The hybrid electronic message transfer system
being developed by the U.S. Postal Service (USPS)
provides an excellent case study for investigation.
Although the research project admittedly did not
consider every imaginable aspect of the resource
savings potential of electronic message transfer, it
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does represent a concise exploratory research study
on an aspect of the transportation-communication
trade-off in which several claims had been made
previously with little empirical support. The paper
also raises several issues regarding the energy con-
servation potential, vehicle fleet reduction, and
paper conservation opportunities associated with
electronic message transfer. The analysis indicates
that the potential of the system for conserving
energy supplies, while not completely insignificant,
cannot offer the dramatic results of alternative
programs such as public transportation or space-
heating conservation.

It appears that the electronic message transfer
system has the potential to substitute fully for
letter mail, at least in the context of the needs of
business and industry. The system can transmit
product specifications, technical details, market
information, purchase orders, copies of contracts,
etc., in a very short time. This could lead di-
rectly to shorter market response times and purchase
lead times, which in turn would permit companies to
reduce their inventory levels, while simultaneously
providing an equal or improved level of customer
service. This in turn will reduce the waste of
resources such as materials, manpower, and facili-
ties that could result from a sudden change in
market conditions. While it would be very difficult
to measure the resource conservation potential of
consequential impacts such as these, we can specu-
late that it would be considerable.

In an overall evaluation of the potential of
electronic message transfer, we cannot help but
agree that the level of innovation associated with
the concept is high. Also, the energy saving poten-
tial is notable, particularly with regard to fuel
and vehicles. While we would agree also with a con-
tention of Lee and Meyburg that the USPS represents
a unique assembly of resources and management prac-
tices, we have no evidence to believe that the re-
sults to date at the USPS have produced an unusual
number of efficiencies, economic or otherwise. The
simple fact is that without its exclusive franchise
for the delivery of first-class mail, the USPS would
have preceded the fate of REA Express by many
years. Thus, innovation to date by the USPS has
occurred largely in the environment of monopoly
business enterprise, and has relegated economic
efficiency to the role of sacrificial lamb. The net
energy and resource savings that would result from a
greater trend toward free market enterprise would
without question far surpass the relatively meager
savings resulting from electronic message transfer.
Our recommendation is that any government interest
in stimulating the development and use of electronic
message transfer should place a high priority on
coordinating its actions and policies with the
skills and abilities of the private sector. Firms
such as UPS, IBM, and ITT have proven themselves
capable of operating in economically competitive
environments, and they should be given an equal
opportunity to contribute. What we are really
saying here is that the problem is not with the
technology but with the institutional realities.

Another perspective on the problem is the concern
expressed recently by Sorkin (14) that the develop-
ment of electronic message transfer capabilities on
a fully competitive basis would spell financial di-
saster for the USPS. This conclusion is supported
by three contentions, namely that

1. The postal service is far behind private
industry in the area of technological development,

2. The postal service has performed 1little
market research or evaluation of alternative techni-
cal systems for electronic message transfer, and
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3. The postal service would be required to pro-
vide a standard set of services in competition with
a set of diverse and unstandardized offerings by
other firms.

Considering factors such as these, it seems that a
cooperative, rather than competitive, environment
between government and the private sector would be
the most appropriate solution.

As a general statement, however, the success of
the system will depend ultimately on how readily
society accepts it. While the system itself could
bring about tremendous changes in the habits of
people, businesses can be expected to be early
adopters due to the greater value they place on the
prompt communication of information. When a con-
siderable number of private persons and businesses
do not consider an electronic letter to be a proper
substitute for a regular letter, the simultaneous
existence of two parallel systems of communication
might result. The 1likely impacts would be an in-
crease in the cost and a reduction in the efficiency
of reqgular letter-mail service.

Lee and Meyburg have mentioned a number of other
important implications of the transportation-
communications trade-off--specifically, the issues
of privacy, liability, and capital-labor substitu-
tion. Among these, the issue of privacy might have
the greatest impact on the implementation of the
technology. Business and private persons might not
readily accept human handling of their uncovered
private letters. This problem could be alleviated
by a high degree of automation in the handling of
letters and by technological development that would
ensure that only authorized persons would have
access to the information contained in the letter.
We will look forward to learning of future develop-
ments in this area.
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Estimation of Gasoline Price Elasticities for New Jersey

JOHN G. J. DeJONG

Gasoline price elasticities are useful in projecting vehicle miles of travel, gaso-
line use, and gasoline tax revenues. The two objectives of the study were (a)
to develop a method for the estimation of two types of price elasticities of
demand for travel by automobiles and (b} to arrive at empirical elasticities for
a state. One-year and medium-term elasticities were estimated for New Jersey.
Travel counts and real gasoline prices from 1972 to 1979 were correlated to
determine the one-year and medium-term elasticity for New Jersey. The
elasticities that resulted out of this correlation were compared with other
elasticities in the literature. The estimated four-year elasticity conforms very
well with the medium-term elasticities in the literature. Four scenario ad-
justments were used to represent the growth rate in travel as caused by factors
other than the real gasuline price. The first scenario resulted in elasticity
estimates that conformed to the best of those in the literature: a four-year
elasticity of -0.28 and a one-year elasticity of -0.14.

The purpose of the study was to develop a one-year
and a four-year elasticity of demand for travel by
automobiles. A price elasticity of demand for
travel is defined as the change in the quantity of
automobile miles demanded in response to a change in
the gasoline price. Vehicle travel counts and real
gasoline prices in New Jersey for each month from
1972 to 1979 were correlated to determine a one-year
and a four-year elasticity for New Jersey. By com-
paring two of the same months with four years in be-
tween, or two of the same months in two consecutive
years, a large number of elasticity estimates were
arrived at and can be used in calculating an average
elasticity estimate.
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Four travel growth scenarios were used to adjust
for the factors, other than the gasoline price, that
affect miles of travel. An adjustment was made to
determine how the quantity of miles traveled is af-
fected by price changes only. A scenario approach
was taken because it is not exactly known how much
of the growth in vehicle miles of travel (VMT) is
caused by factors other than a changing real gaso-
line price.

This paper will focus mainly on the methods used
to estimate the one-year and the medium-term elas-
ticities.

METHODOLOGY

Traffic volumes of 30 permanent counting stations on
the major highways of New Jersey were used as a mea-
sure for VMT on these highways. Miles traveled by
diesel-powered vehicles were not subtracted from the
vehicle volume data. It was felt that the subtrac-
tion of vehicle counts for diesel-powered vehicles
is not very relevant in developing an estimate for a
price elasticity because most diesel vehicles are
trucks and truck use is not significantly affected
by fuel price increases. This means, however, that
the elasticity estimates arrived at in this paper
are probably somewhat low in absolute terms because
the percentage change in quantity is somewhat larger
when truck travel is taken out.

Monthly vehicle-volume data of 30 permanent
counting stations were taken out of the Annual Traf-
fic Count Summaries for 1972 through 1979, which are
published by the New Jersey Department of Transpor-
tation (NJDOT).

The calculations for the individual elasticity
estimates were done by computer. A price elasticity
of demand represents the reaction of consumers to a
change in price in the form of a change in the quan-
tity demanded. The basic formula for a price elas-
ticity is the change in quantity divided by the
change in price. If the period in between the two
quantities and the two prices is one year, it is a
one-year elasticity. During one year, the fleet
miles per gallon cannot change very much so that the
price elasticity of demand for travel is equal to
the price elasticity of demand for fuel.

The basic formula was adjusted to take into con-
sideration the factors that historically have in-
creased travel on major highways in New Jersey
(e.g., increasing real per capita income, popula-
tion, and supply of road facilities). A similar
type of adjustment was made when Curry, Scott,
Piske, and Scardino (1) calculated their expected
quantity. They defined expected quantity as the
quantity of travel that would have taken place if
there would not have been an oil-supply crisis. The
adjusted formula is

[(a2 - a1)/(q1) - (adjustment)] /(P, - P, )/(Py) @

where g is the quantity of travel and p is the real
price of gasoline.

The variable adjustment was made in the form of
scenarios so that they can be evaluated by the
reader. An upper limit for the adjustment was ar-
rived at by calculating the average annual rate of
change in VMT (VMT as a proxy for traffic counts) on
New Jersey's highways from 1957 through 1972: 4.55
percent annual growth (as calculated by the NJDOT
Bureau of Data Resources). This is an upper limit
because one of the factors that has increased travel
from 1957 through 1972 is a declining real price of
gasoline. The lower limit of a 3 percent adjustment
is arrived at by following the rule of thumb that
total VMT on all roads is increased by about 3 per-
cent up until 1972. This was an attempt to quantify
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the relation between real price and automobile
travel; thus, all extraneous factors, other than a
changing gasoline price, that have historically in-
creased miles of automobile travel were deleted.
Four scenarios, with 0.03, 0.035, 0.04, and 0.045 as
adjustments, were used to calculate four different
one-year elasticity estimates. Three four-year
elasticity estimates were calculated with the three
scenarios of a 0.03, 0.035, and 0.04 adjustment.

The effect of gasoline availability problems has
to be taken out in an analysis that quantifies the
relation between price and the quantity demanded.
For this reason, months in which the governor of New
Jersey had announced gasoline rationing (by means of
odd and even license numbers) were eliminated. 0Odd-
even rationing started officially on February 11,
1974, and ended in March. To take into considera-
tion the possibility that the governor reacted late
in imposing rationing and to take out the effect of
an after shock of the oil crunch on fuel use, data
for the months of October 1973 through June 1974
were eliminated. Similarly, data from March through
October 1979 were eliminated.

AVERAGE FOUR-YEAR ELASTICITY ESTIMATE

After estimating the individual elasticities it was
found that the four-year estimates were distributed
closely together, while the one-year estimates had
several outliers in the tails of a normal distribu-
tion graph. A moving average in calculating the
four-year elasticity estimates was used with the
thought that the moving average would take away
minor fluctuations and would arrive at an underlying
trend in the elasticity estimates (based on data
from 1972 to 1979). An average four-year elasticity
was calculated by using a three-month moving aver-
age. For example, the quantity of vehicles counted
during January, February, and March 1976 was com-
pared with the quantity during January, February,
and March 1972.

AVERAGE ONE-YEAR ELASTICITY ESTIMATE

Another method was used to estimate the average one-
year elasticity. Because the use of a moving aver-
age would create interdependencies among the indi-
vidual elasticity estimates, which would prevent the
use of a statistical method to exclude outliers,
straight elasticities were used to calculate an av-
erage one-year elasticity estimate. Straight means
that the quantity and price of a particular month
were compared with the quantity and price of the
same month in the next year. In contrast to the
price changes during four years, the price changes
during one year were sometimes very small. It might
be that the price data that are used in the denomi-~
nator are not expressed at the right level of pre-
cision. Price data have one decimal place, while
quantity is in tens of thousands of vehicles. Some-
times, the resulting elasticity estimates are very
large- in absolute terms because of the very small
price changes, even though the quantity change is
moderate.

The average one-year elasticity estimate is cal-
culated by adding a number of individual elastici-
ties. Then it is divided by that number of elas-
ticities.

If the frequency distribution for the individual
elasticity estimates is plotted, an approximately
normal distribution is produced: There is a central
tendency about the mean and a portion of the values
falls into the two tails. An averade elasticity
that includes observations in these tails may be
unduly influenced by the magnitude of these relative
infrequent tail wvalues. The primary reason that
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Figure 1. Total frequency distribution for individual one-year
elasticity estimates in 0.03 travel growth scenario.
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Table 1. One-year elasticity estimates based on four scenarios for background
growth in miles traveled.

No. of Range of
Elasticities Elasticity Average
Between Estimates One-Year
Adjustment No. of -0.35 and Without Elasticity
Scenario Elasticities -0.15 Screening Estimate
0.03 36 6 -10.17 to (-4.988/32)
6.53 =-0.14
0.035 33 7 -4.53 to 0.165
14.77
0.04 32 5 -5.36 to (4.103/32)
16.83 =0.128
0.045 31 5 -6.2 to 0.084
18.8

Table 2. Four-year elasticity estimates based on three different scenarios for
background growth adjustment.

No. of
Elasticities
Between Range of Average
Adjustment No. of -0.45 and Elasticity Elasticity
Scenario Elasticities -0.25 Estimates Estimate
0.03 29 5 -1.72 to -0.284
0.217
0.035 29 11 -6.57 to -0.431
1.14
0.04 29 7 -11.77 to -0.590
3.38

these values exist is attributable to the character-
istic of a quotient and the fact that there are a
number of one-year elasticity estimates with a very
small price change. For this reason elasticity es-
timates with a price change smaller than 1 percent
were excluded in estimating the average one-year
elasticity. After excluding these elasticity esti-
mates, there were still some suspect tail values.

The following might help the reader to appreciate
the sensitivity of the elasticity ratios and further
explain why a judgmental procedure was followed to
exclude more quotients. The elasticity estimates
are actually variables that are used to estimate the
true value of the population elasticity parameters.
These estimates have a distribution about the true
population parameter; this suggests that a statisti-
cal technique could be used to detect the presence
of outliers. In fact, direct analytical outlier de-
tection of a ratio distribution must be approximated
and can only be done if both numerator and denomi-

elasticity estimates {rounded off)

nator have a small coefficient of variation, i.e.,
if the standard deviation of the denominator (or
numerator) is small relative to the mean (2). This
requirement was not met by the data on hand, so an
alternative, but more judgmental, procedure was fol-
lowed. Because a statistical method, like a confi-
dence interval analysis, could not be used, all
elasticities of an absolute magnitude of 3.0 or more
were excluded as outliers. Real-world observations
of New Jersey drivers tend to support this exclusion
since their reaction as a group was not very strong
to gasoline price changes in the short term. A
final common-sense reason for the latter exclusion
is that, if the few large quotients are included in
the calculation of the average elasticity estimate,
they would totally overshadow the majority of the
elasticity estimates that are in between -1.5 and
+1.5.

As shown in Figure 1, the primary cause for ex-
cluding some estimated values was a very small
change in the reported prices. Table 1 presents in-
formation about the individual elasticities used in
the estimation of the average one-year elasticity.

RESULTS

One-year elasticities are expected to be lower in
absolute terms than medium-term price elasticities
of demand because people have had more time to react
to the price change. The estimates for the one-year
elasticities are presented in Table 1.

The change in sign of the average elasticity es-
timate going from the 0.03 scenario to the 0.035
scenario is a result of having a quantity change
that becomes negative while the real price change is
negative in both the 0.03 and the 0.035 scenarios.
A declining quantity correlated to a declining real
gasoline price results in a positive individual and
sometimes positive average elasticity estimate.

Not one of the four elasticity estimates in
column 5 of Table 1 conforms perfectly to the elas-
ticities in the 1literature. Brookhaven National
Laboratory reports that the estimates for a three-
month gasoline price elasticity of demand for gaso-
line is in the range of -0.07 to -0.14 (3). One-
year elasticities can be expected to be higher.
Altshuler reviewed the literature and found that the
range for one-year price elasticities of demand for
gasoline is -0.2 to -0.3 (4).

The four-year elasticity estimates conformed very
well to the elasticities in the literature (see
Table 2). The reader can choose the most reasonable
scenario from the three that follow.

Medium-term elasticities are to

expected be
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larger in absolute terms than one-year elastici-
ties. Column 5 of Table 2 conforms to this expecta-
tion. Green of Oak Ridge National Laboratory
studied 1966-through-1975 gasoline consumption and
estimated the medium-term gasoline price elasticity
to be -0.34 (5).

Both the one-year and the four-year elasticity
estimates of scenario one conform the best to the
findings in the literature. The four-year elastic-
ity for New Jersey appears to be on a better method-
ological base than the one-year elasticity esti-
mate. The four-year elasticity estimate of -0.28
means that with a 10 percent increase in the real
price, automobile travel in New Jersey decreases by
2.8 percent.

FUTURE RESEARCH

Further research on the question of how the estima-
tion method of this type of one-year elasticity can
be improved is desirable. As noted above, taking
out truck travel will result in a more correct and
higher elasticity estimate in absolute terms.
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Land Use and Energy Intensity

HERBERT S. LEVINSON AND HARRY E. STRATE

This paper summarizes the energy implications of urban land use in the metro-
politan Toronto area. It identifies the transportation and nontransportation
energy intensities of various land uses, assesses the effects of population density
on energy consumption, and suggests measures to improve energy efficiency.
The annual energy requirements of various land uses, including transportation
energy, were manufacturing, 40 percent; residential, 35 percent; commercial,
19 percent; and other, 6 percent. The total annual energy consumption of
various types of residential development was computed by adding the annual
transportation energy consumed to the annual energy required to build and
operate buildings. Composite annual energy requirements were single-family
attached—504 000 MJ/unit; single-family detached—376 000 MJ/unit; walk-up
apartment—284 000 MJ/unit; and high-rise apartment—216 000 MJ/unit. Single-
family residences consumed 50 percent more energy than did apartments on a
per-unit basis. However, on a per-capita basis, apartments were found to be only
15 percent more efficient. Better land use planning to encourage compact
urban development, increase residential densities, balance jobs and people, ex-
pand transit ridership, encourage ridesharing, and reduce per-capita space re-
quirements would improve energy efficiency. These are desirable actions,
especially in rapidly growing metropolitan areas. However, they appear diffi-
cult to achieve in view of public preferences and the incremental nature of im-
plementing land use plans. Consequently, the greatest near-term gain in energy
conservation probably will come from improving the operating energy efficiency
of existing and new buildings and from improving transportation energy effi-
ciency.

This paper summarizes the energy implications of
urban land use in the metropolitan Toronto area
(). It overviews the state of the art, identifies
the direct and indirect transportation and nontrans-
portation energy intensities of various land uses,
assesses the effects of population density on energy
consumption patterns, and suggests measures to im-
prove energy efficiency. It is based on a review of
travel behavior and energy data for both Canada and
the United States.
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Much has been written on urban form, transporta-
tion, energy, and density; yet, many key parameters
have not been quantified. There are differences of
opinion among analysts regarding the effects of
development density on energy consumption. Accord-
ingly, the paper addresses two basic areas: (a)
What are the energy requirements of various types of
urban land? and (b) how does development density
affect both transportation and nontransportation
energy consumption?

STATE OF THE ART

The specific building factors that influence energy
consumption include construction techniques, exposed
surfaces, exposed surface-to-volume ratio, heating
and cooling systems, insulation and fenestration,
and climatological characteristics. However, most
studies relate energy consumption to building types,
age, and density, which may obscure many valid
causative relationships. For example, a poorly
insulated high-rise luxury apartment with spacious
units may consume more energy per dwelling unit, per
capita, or even per square foot, than a medium-
density development of the same number of units per
acre (2).

More study has been done of patterns of residen-—
tial energy consumption than any other land use seg-
ment, and many of these findings are applicable to
other land uses, such as commercial. For example,
the cube minimizes the surface-to-volume ratio,
thereby reducing heat-transfer potential; another
example, shared walls, can reduce per unit energy
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consumption equally as well for retail establish-
ments as for residential units.

Generalizations

From current literature, some generalizations may be
made:

1. Higher residential densities relate to lower
energy consumption;
2. Single-family detached

homes consume more

energy than low-rise, attached, and multistory
housing;

3. Estimates for Ontario indicate that, for
space heating, semi-detached houses require 25

percent less energy than single-family houses, and
row houses require 50 percent less (3);

4. Decreasing exposed surface per enclosed
volume minimizes heat transfer; surface can be
minimized by creating cubical space or sharing

common walls;

5. Landscaping and massing of buildings can
serve as a shield to wind, sun, or other climatolog-
ical extremes;

6. Increases in residential density may create
opportunities to (a) increase efficiency of electro-
mechanical systems through area heating and (b) min-~
imize appliance use by sharing (e.g., washer-dryer);

7. Higher-density housing units tend to be
smaller than single-family houses and thereby
require less energy for heating and cooling; and

8. High-density 1living often means dreater
public transport use and lower automobile use.

Costs of Sprawl

The Costs of Sprawl study carried out for the U.S.
Council on Environmental Quality attempted to
isolate the variables of density from neighborhood
age, obsolescent design, and low-income population,
and to measure the most important consequences of
urban form (4). Detailed estimates of the energy,
environmental, capital, and operating costs were
made of six hypothetical new communities--each
containing 10 000 dwelling units, each housing an
average urban fringe population mix, and each con-
structed in a typical environmental setting. The
six communities varied by density (high, medium,
low) and community design (optimal, typical). At
the extremes were an optimally designed high-density
community (19 units/net residential acre) and a
typical low-density community (3.5 units/acre).

The analysis dealt with residential heating and
air conditioning and with automobile use. The well-
designed high-density community was found to be
optimal with reference to all four key indicators
examined, and the typical low-density community was
least desirable with reference to all four. The
overall consumption of the well-designed high-
density community was 44 percent less than consump-
tion in the typical low-density community.

In contrast, Altshuler (5) points out that many
of the energy savings reported for high-densities
dissolve on close examination. He indicated that
the 44 percent savings in energy use for space
heating and air conditioning reflected the different
indoor space standards used:

Overall, the high-density community had 34 per-
cent less residential floor space than the low-
density community and this accounted for five-
sixths of the claimed energy savings....

If one holds dwelling unit size constant and
allows only 20 percent of the claimed auto travel
savings (but still levies no charge for mass
transit energy usage), the energy demand differ-
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ential between the well-designed high-density
community and the typical low-density community
shrinks from 44 percent to 14 percent. If one
compares the well-designed high-density community
with the report's well-designed low-density com-
munity, moreover, the differential narrows to 6
percent.

Urban Form and Density

Pecple living in cities with high population densi-
ties, concentrated employment in the city center,
and extensive transit systems use substantially less
gasoline per driver than those residing in low-
density communities with dispersed employment. Each
driver in New York and Chicago consumes less than 10
gal/week compared with some 15 gal consumed per
driver in Los Angeles, Tucson, and Houston (§6)-.

A few studies have modeled the future travel
requirements associated with alternate urban de-
velopment options over the past several decades. A
study of five regional year-2000 plans in the Hart-
ford, Connecticut, area showed that a balanced plan
would have a work-trip length of 0.92 times that for
the trend development. Corresponding ratios for
linear development, satellite cities, and strong
center plans were 0.96, 0.97, and 1.14, respectively
(7).

A study on Energy, Land Use and Growth Policy:
Implications for Metropolitan Washington analyzed
six alternative 1992 development scenarios in terms
of future energy consumption: wedges and corridor,
dense center, transit oriented, wedges and corridors
with income balance, sprawl, and beltway oriented
(8) . The dense-center scenario would consume about
8 percent less energy in the design year than with
sprawl conditions.

STUDY APPROACH

Land use, transportation demand, and energy consump-
tion are closely interrelated. Fiqure 1 illustrates
this land use, transportation, and energy cycle and
summarizes the steps followed in developing energy
intensity factors: (a) the energy consumed in
buildings and in operating various types of residen-
tial and nonresidential land was quantified, (b) the
travel resulting from separations of various urban
activities was estimated for various development
densities, (c) composite energy intensity factors
were obtained by adding the transportation and non-
transportation energy, and (d) policy implications
relative to energy consumption were identified.

The MTATES study assessed urban form, transporta-
tion, and energy relationships based on an earlier
work by the Metropolitan Toronto Transportation Plan
Review. Transportation system performance, based on
assumed land use and transportation configqurations,
was tested by a number of criteria, including simu-
lation of travel demand and performance. Three of
the criteria used have direct bearing on energy
consumption:

1. Average automobile trip length,
2. Average transit trip length, and
3. Mode split.

The selected systems tested and results of these
evaluations are summarized in Table 1. Of the
systems summarized, the Eglinton Corridor plan had
the highest overall mode split at 47 percent. The
shortest automobile trip length was achieved by the
Metro Dispersion/Toronto Center plan--more than 0.5
mile less than the decentralized concept of regional
dispersion.

Evaluating the energy consumption characteristics
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Figure 1. Land use energy cycle.
TAND USE é ACTIVITY
INDUSTRIAL
ENERGY
RESTDENTIAL
GOODS URBAN
COMMERCIAL TOTAL
AND | POLICY
SERVICES ENERGY P ENERGY DECISIONS
EDUCATTON INSTITUTIONAL
AND —D> ENERGY
RECREATION
TRAVEL TRANSPORTATION
DEMANDS e ENERGY
Table 1. Transportation performance
of preferred land use and Avg
¥ binati Automobile Avg Transit Mode Split
transporeation combinations Development Designation Description Trip (km) Trip (km) (%)
Centralization (M3) Highest level of central area growth 14.77 11.41 40
Binodal (06) Downsview Airport major center 14.51 11.09 39
Subcenter (D3) Subregions at North York, Mississauga, 14.74 11.42 45
and Oshawa
Corridor development
(G2) Eglinton corridor 14.69 11.39 47
(F1) Lakeshore corridor 14.92 11.73 46
Metro dispersion (C3) Toronto Center 14.42 11.13 38
Regional dispersion (L3) Decentralization 14.95 11.89 39
Note: Data from Metropolitan Toronto Transportation Plan Review, Report No. 63, Jan. 1975.
Table 2. Influence of land use on transportation energy.
Centralization® Subcenter? Regional Dispersion® Load Factor FixP
Analytic Factors Car Bus Total Car Bus Total Car Bus Total Car Bus Total
Daily urban person work trips 1.39 0.92 2.31 1.27 1.04 2.31 1.41 0.90 2.31 1.31 1.00 2.31
per household
Mode share 60.00 40.00 100.00 55.00 45.00> 100.00 61.00 39.00 100.00 57.00 43.00° 100.00
Avg trip length 1477 1141 - 1474 1142 - 1495 11.89 - 1495 11.89 -
Daily person kilometers 20.53 10.50 - 18.72 11.88 - 21.08 10.70 - 19.58 11.89 -
MJ/person kilometer 4.602 0.70* - 4.608  0.76b - 4.60? 0.70* - 4.10¢ 0.60¢ -
Total daily MJ/household 94.44 7.35 101.79 86.11 17.13 93.24 96.97 7.49 104.46 80.30 7.13 87.43
Total energy (MJ) 50 895 000 46 619 000 52 228 200 43 715 000
Equivalent gasoline (39.84 MJ/L) 1461 000 1338 000 1499 000 1255 000
Savings over dispersion (%) 2.70 10.90 - 16.40

Note: Data from Wilbur Smith and Associates.

a "
Assumes bile y of L.36 p
Assumes transit load factor increases 6 percent (ridership increase of 12 percent).

/vehicle and single value for all transit trips—subways, street cars, bus, etc,

Assumes Iransit load factor increases 5 percent (ridership increases 10 percent), and automobile occupancy increases 10 percent to 1.50.

of each, the subcenter plan that closely approxi-
mates the current Metro official plan consumes 10
percent less energy than the regional dispersion
plan. As summarized in Table 2, subcenter even
outperforms the centralization plan focused on the
Toronto central business district (CBD).

Even more significant increases (11 percent) in
energy efficiency can be achieved through strategies
aimed at increasing automobile occupancy 10 percent
and transit ridership 10 percent, as illustrated by
the load-factor-fix scenario. These behavioral
changes are not easy to obtain, yet hold potential
for significant increases in efficiency. To illus-

trate, a 10 percent increase in automobile occupancy
would require that one out of every eight drivers
would no longer drive alone.

LAND USE AND ENERGY CONSUMPTION

The energy consumed by urban land use reflects the
types, intensities, and spatial separation of the
activities that take place. It includes the energy
involved in construction and actual operation.

Energy Profile

The annual energy consumption profile of each region
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Table 3. Relation of land use to travel and energy consumption.
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Distribution Energy Transportation Energy Consumed with
of Person Consumed by Energy Transport Energy
Developed Destinations® Sector 1978¢ Redistributed, Distribution According

Use Land? (%) (%) Ontario to Columns 3 and 4

Residential 28.0 50.1 20.5 +14.7 35.2

Commercial 2.6 21.5 10.2 8.1 18.3

Manufacturing 5.7 8.5 37.7 2.5 40.2

Transportation, common, utilities 6.2 1.0 29.3 -29.1 0.2

Public and semipublic buildings 29.9 12.9 2.3 3.8 6.1

and open space
Streets and alleys 27.6 - - - -
Total 100.0 100.0 100.0 0 100.

3Data from H. Bartholomew, Land Uses in Ameri¢an Cities, Harvard Univ. Press, Cambridge, MA, 1955.

‘Data from TARMS, 1971,
Data from Cnturio Koyl Commission on Electric Power Planning, 1978.

Table 4. Typical values for annual energy consumption in Buffalo and Toronto
metropolitan areas.

Land Use Annual Energy Consumed (MJ/m?2)

York? Oakville?  Buffalo®

Residential
Single-family detached (120m?) 1540 - 1710
Single-family attached (110m?) - - 1240
Multifamily low-rise (100m?) 1470 - 1160
Multifamily high-rise (60m?) 1470 - 1520
Composite residential (110m?) - 1420 s
Annual
Operating
Torontod
(%) Torontod Qakvilleb Buffalo®
Commercial
Hotel, motel 9 2320- 1700 1310
1700
Office (large) 1940 1640 2290
Office (small) 47 1740 1640 1200
Shopping center of - 2270 2040
Service station 10 3210 - 3
Store 23 2320 - 1620
Theater, auditorium - - - o
Composite wholesale = . 1700 -
Food store 1 4450 - %
Total 10
Annual
Totald
(%) Toronto?  Oakville?  Buffalo®
Institutional
Clinic - - 2160 1460
Community center - = = 1140
Gymnasium - = = 1470
Hospital 32 4530 2160 3330
Nursing home 2 890 2160 1340
School, elementaryf 17 1320 1360 1200
School, secondary® 19 1740 1360 1420
Community college 4 2130 - -
University 24 2520 - -
School administration building 2 - - -
Total 100

3 yata from Annlysis of the Relationship between Urban Form and Energy Consumption.

Ministcy of State for Urban Affairs, Toronto, Murch 1979, sald §
bDnm from Energy Management at the Loenl Level, Royal Commission on Electrle Power

Planning, Toronto, 1975,
Datn (r:m Federal Register, Vol. 44, Na., 20, November 28, 1?79.
Data from Patterns and Lovels of Commercial and Industrial }.||tr5)' Consumption: A
Case Study of Metcopolitan Toronto. Ministry of Energy, Mines, and Resources,
Toronto, 1979,

©See entry for stores. o
Ottawa school range = 970 to 1470 MJ/mz. Datn based on Energy Consumption in
Schools. Ministey of Energy, Mines, and Resourees, Toronto, 1979.

or municipality will vary, depending on the economic
base and mix of activities. The annual energy
consumption within the metropolitan Toronto area was
estimated to be the following (9):

1. Residential, 20 percent;
2. Commercial, 11 percent;

3. Institutional, 2 percent;
4, 1Industrial, 38 percent; and
5. Transportation, 29 percent.

The composite annual energy requirements by land
use were estimated by redistributing the energy
involved in transporting people to each type of
use. The resulting estimates of the overall energy
consumed in the Toronto metropolitan area by sector
are shown in Table 3. Estimates were derived as
follows:

1. The distribution of developed land by type of
use was based on Harlan Bartholomew's classic study
of developed land in North American cities (column
1);

2. The distribution of person-destinations by
land use was based on 1971 data for the Toronto area
regional model study (column 2);

3. The distribution of energy consumed by sector
was based on Ontario energy consumption for 1978
(column 3);

4., The transportation energy consumed was re-
distributed to the various types of use in accor-
dance with the distribution of person trip genera-
tions (column 4) (for example, 50.1 percent of the
29.3 percent transportation energy, or 14.7 percent,
was reallocated to residential land use); and

5. The composite energy consumption (column 5)
represents the sum of columns 3 and 4.

The results are as follows:

1. Residential land occupies about 28 percent of
the total developed land and consumes about 35 per-
cent of the total energy,

2. Manufacturing consumes about 6 percent of the
developed land and consumes about 40 percent of the
total energy, and

3. Commercial activities consume about 3 percent
of the developed land and 19 percent of the energy.

Changes in the distribution and density of resi-
dential land would involve about one-third of the
area's total energy. If residential energy consump-
tion could be reduced by half, it would result in
about a 17 percent reduction in areawide energy
consumed.

Building Operating Energy

The annual building operating energy requirements
for the various land uses in Buffalo, New York, and
in the Toronto metropolitan area are shown in Table
4, (Buffalo has similar climatic conditions to
Toronto, and thereby provides a good data source
where Toronto specific data are unavailable.)
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1. Single-family detached homes have the highest
residential consumption rate. They consume nearly
50 percent more energy than a multifamily, low-rise
unit. Multifamily, low-rise wunits are the most
efficient of the four types or residential forms
with 1160 MJ/m? annually.

2. Among commercial establishments, foodstores
consume the most energy each vyear, i.e., 4450
MJ/m2. Hotels, motels, and office buildings

consume about 2000 MJ/m? annually.

3. Hospitals represent the most energy-intensive
institutional use; they consume more than 4500
MJ/m? annually.

Building Construction Energy

The total direct and indirect energy consumption
involved in new building construction is shown in
Table 5. The total construction energy is highest
for hospitals (19 540 MJ/m2?) and office buildings
(18 530 MJ/m?) and lowest for residential con-
struction (7100-8400 MJ/m?).

Table 5. Typical values for construction energy.

Other
Direct Energy ~ Manufacturing,
for Actual Component
Construction Parts, etc.
Land Use (MJ/m?2) (MJ/m?2) Total
Residential
Single-family, detached 990 6970 7 960
Single-family, attached 1170 5920 7 090
Garden apartments (low-rise) 1320 6 030 7 350
High-rise residential 1710 6 640 8350
Commercial
Hotel, motel 2790 10 020 12810
Office building 4110 14 420 18 530
Garage, service station 1740 7010 8750
Store, restaurant 2500 8 080 10 580
Miscellaneous 3560 12 880 16 440
Institutional
Dormitory 3720 11520 15 240
Religious building 2830 11 440 14 270
Educational 3020 12 700 15720
Hospital 4020 15520 19 540
Miscellaneous 3560 12 880 16 440
Industrial
Industrial building 1120 9920 11 040
Warehouses 880 5950 6 830

Note: Data from Energy Use for Building Construction, U.S. Energy Research and Demon-
stration Administration, 1967; and Center for Advanced Computation, Final Report,
Energy Use for Building Construction—Supplement, C00-2791-4 CAC Document
No. 228-A, Oct. 1977.
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Total Building Energy Intensity

The total annual building energy intensity for vari-
ous types of buildings was derived by annualizing
the construction energy and adding it to the direct
operating energy. The results are summarized in
Table 6. A 30-year service life was assumed for
warehouses, service stations, and single-family
residences; a 40-year service life for apartments,
hotels, and stores; and a 50-year service life for
institutional and other commercial and industrial
uses. Hospitals are the most energy intensive, con-
suming 4920 MJ/m? annually. Residential single-
family detached buildings consume about 2000 MJ/
m2?, compared with 1370 for garden apartments and
1760 for high-rise apartments. These values are
subsequently used in assessing the total energy
requirements of differing development densities.

TRANSPORTATION AND TRAVEL IMPACTS

The effects of population density on urban trip
generation and travel modes have been well docu-
mented (10,11). These relationships provide a basis
for deriving the transportation energy impacts asso-
ciated with various types and densities of land use.

The generalized effects of population density on
urban trip rates are shown in Figure 2. As popula-
tion density rises, there is an increase in the
total number of person trips, including pedestrian
trips, and a corresponding decrease in the number of
trips in vehicles. This is because many shopping,
social, and school trips and some work trips are
made by foot, and a greater proportion of the non-
walking trips are made by public transport in high-
density environments. As a result, the number of

automobile trips per dwelling unit reduces from
about 10 at 3000 persons/mile? to less than two at
30 000 persons/mile? and even 1less at higher
densities.

Residential trip generation rates derived by the
Institute of Transportation Engineers were used to
quantify the effects of residential density on
travel demands and energy consumption. These trip
rates are shown in Table 7. Total person trips were
estimated, assuming an occupancy of 1.4 persons/car,
and modal-split characteristics observed in Toronto
and other large urban centers.

COMPOSITE RESIDENTIAL ENERGY REQUIREMENTS

The estimated effects of various types of residen-
tial developments on annual energy consumption in

Table 6. Total annual energy consumption.

Construction Annual Energy (MJ/m?2)
Energy Service Life

Structure Type (MJ/m2) (MJ/m?2) Construction®  Operating Total
Residential

Single-family, detached 7 960 30 260 1710b 2000

Single-family, attached 7090 30 240 1240b 1510

Garden apartment (lowarise) 7350 40 180 1160Y 1370

High-rise residential 8350 40 210 15200 1760
Commercial

Hotel, motel 12 810 40 320 2000 2320

Office building 18 530 50 370 1900 2270

Garage, service station 8750 30 290 3210 3500

Store, restaurant 10 580 40 260 2320 2580
Institutional

Dormitory 15 240 50 300 2000 2300
Religious building 14 270 50 280 2500 2780

Educational 15720 50 310 2000 2310

Hospital 19 540 50 390 4530 4920
Industrial

Industrial building 11 040 50 220 NA NA

Warehouse 6 830 30 210 910 1120

2Rounded to the nearest figure.

badd 30 MJ/m2 for delivery of municipal services to obtain total energy.
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Figure 2, Generalized effects of density on urban trip rates. 204
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Table 7. Trip rates for dwellings.

PERSONS/SQUARE KILOMETER (000)

Assumed Car Trips

Units per Avg Weekday Vehicle Car Trips (1.4 as Percentage of Assumed Total
Type of Dwelling Unit Net Acre Trip Ends per Unit persons/car) Total Person Trips3
Single-family, detached 3.0 10.0 14.0 95 14.7
Single-family, attached 6.0 19 11.0 90 12.0
Low-rise apartment 15.0 5.4 7.5 80 9.0
High-rise apartment 30.0 3.7 32 65 8.0
Note: Data from Trip Generation—An Institute of Transportation Engineers’ (Washington, D.C.) informational report, 1976.
ARounded to the nearest figures.
Table 8. Estimated energy intensity of residential land use.
Single-Family Home Single-Family Attached Apartment Walkup Apartment High-Rise
Item Car Transit Total Car Transit Total Car Transit?  Total Car Transit Total
Transport
1. Person trips (%) 95 5 100 90 10 100 80 20 100 65 35 100
2. Daily urban person trips/ 14.0 0.7 14.7 11.0 1.0 12.0 75 L5 9.0 5.2 2.8 8.0
dwelling unit
3. Avg trip lengthb 10.5 113 - 10.5 11.3 - 10.5 11.3 - 10.5 11.3 -
4. Daily person kilometer 147.0 7.9 - 115.5 11.3 - 78.8 17.0 - 54.6 31.6
(2x3)
5. Annual person kilometers 44 100 2370 - 34 650 3390 - 23 640 5100 - 16 380 9480 -
(4x300 days)
6. MJ/person kilometer® 5.9 1.8 - 5.9 15 - 5.9 15 - 5.9 1.5 -
7. Total annual transport 260190 3555 263745 204435 5085 209520 139476 7650 147 126 96 642 14220 110862
energy (MJ/s/unit) (5x6)
Nontransport
8. MI/m2 2000 1510 1370 1760
9. m2/unit 120 110 100 60
10. Total annual MJ/unit (8x9) 240 000 166 100 137 000 105.600
11. Total annual MJ /units 503 745 375 620 284 126 216 462

(7-10) (000s)

Note: Data from Wilbur Smith and Associates,
2Mode used. YTARMS, 1971.

the Toronto area are shown in Table 8. These compu-
tations reflect the preceding estimates of direct
and indirect residential energy construction, and
the trip rates and modal split.

This table also reflects the following additional
assumptions:

1. Average trip lengths of 10.5 km for car trips
and 11.3 km for transit trips, based on the Toronto
area regional model study (July 1971).

2. The total direct and indirect energy for
automobiles, assumed at 8.28 MJ/vehicle-km, based on
a specific analysis of energy consumption in

Toronto. This translates into 5.9 MJ/person-km (12).
3. The total direct and indirect energy for pub-

lic transport, assumed at 21.01 MJ/vehicle-km. 1In
1978, the Toronto Transit Commission averaged 13.96
passenger-km/bus-km. This corresponds to 1.5 MJ/
person-km.

4. The square meters per residential unit for
various types of residential construction, based on
Ontario conditions.

The results of these computations are summarized in
Figures 3 and 4. They are as follows:

Annual Energy
Consumption per

Building Type Unit (MJ) Index
Single-family home 503 745 1.00
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Annual Energy
Consumption per

Building Type Unit (MJ) Index
Single-family attached 375 620 0.75
Garden apartment 284 126 0.56
High-rise apartment 216 462 0.43

Several qualifiers should be taken into account in
evaluating these results:

1. A large part of the energy savings associated
with multifamily units results from the smaller
amount of space they occupy.

2. There is a tendency for the number of persons
per dwelling unit to decrease as density rises.

Assuming an approximate uniform amount of square
feet occupied per person, the following indices of
energy efficiency on a per-capita basis are obtained:

Assumed Annual
Persons Megajoules
Building Type per Unit per Person Index
Single-family home 4.0 125 936 1.00
Single-family
attached 3.3 113 824 0.90
Apartment walk-up 2.6 109 279 0.87
Apartment high-
rise 2,0 108 231 0.86

Figure 3. Estimated annual energy intensity of residential land use.
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Figure 4. Estimated effect of residential density on 600
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These figures imply that a 15 percent energy
savings on a per-capita basis would result from
apartment development--gains that fall within the
range identified by Altshuler. Equally as signifi-
cant, the analysis shows the sensitivity of energy
consumption estimates to the assumed number of
persons per dwelling unit.

LAND USE IMPLICATIONS

The preceding analysis suggests several land use
implications and future directions. Some of these
are briefly noted below.

Land Use Planning

There are major savings in energy consumption as
population density rises. Land use planning to
achieve compaction, increase densities, relate
people to Jjobs, coordinate public transport with
jobs, and encourage transit ridership and rideshar-
ing is desirable from an energy perspective.

1. Gains in energy efficiency can be achieved by
better arrangement of urban activities, by encourag-
ing higher development densities, and by 1limiting
single~-family construction. These gains could
reduce total residential energy consumption by about
50 percent on a per-dwelling-unit basis and about
15-20 percent on a per-capita basis. They would be
accompanied by savings in the commercial sector--
since high-density developments would reduce trans-
port requirements to shopping and work areas and
encourage clustering and building efficiency.

2. While it is difficult to model, energy gains
could likely result from reducing the journey to
work by increasing self-containment of new communi-
ties and/or by creating a better balance between

employment and population. (Quantifying these
efforts remains an essential research project.)
3. Without any overall increase in gross

density, clustering and associated modifications in
street layout can reduce the length of streets and
utility installations. Energy is saved in the
construction and, later, in the maintenance of
streets, transmission of electricity and water, and
provision of services like garbage collection.

4. At the community level, higher density and
mixed =zoning (a) can potentially reduce travel
distances and make transit more feasible by locating
home and work places closer together and (b) bring

major traffic generators near to each other. Inten-
TOTAL
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--------—----------_-_
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Table 9. Impact of conservation design on energy use and construction costs.

Reduction in Energy

Consumption with Conservation Change in
Design (%) Construction
Cost with
Northeast North Central Conservation
Structure Type United States United States Design (%)
Single-family 30 30 +1
Single-family 15 15 +0
Low-rise apartment 51 32 -2
Office building 62 61 -2
Retail store 42 43 -1
School building 46 44 -2

Note: Data from D. Elliot Wilbur, Jr., Energy Conservation and New Technologies in
Building, California Energy Seminar, May 10-11, 1977.

sifying land use along transportation corridors can
encourage the use of public transit and give people
a choice of travel modes--a valuable option whenever
shortages arise.

5. Reducing the per-capita space requirements of
new residential construction would substantially
reduce energy consumption over the long run. How-
ever, this runs contrary to the trend and desires to
increase space as incomes rise.

In sum, an energy-conservant transportation and
land use strategqgy should:

1. Provide residential densities in all parts of
the region that can support transit;

2. Concentrate new urban development along major
transit corridors and around suburban centers;

3. Increase multifamily residential construction
throughout the metropolitan area;

4. Improve the balance between people and jobs
in all parts of the metropolitan area;

5. 1Increase the mix and integration of land use;

6. Provide closer residential developments on
smaller lots and locations where houses can be
served by public transport;

7. Encourage infilling of vacant parcels within
the central city and its surrounding suburbs, es-
pecially with uses that enhance functional integra-
tion; and

8. Encourage mixed-use buildings where large
office, shopping, and residential complexes are
combined into single structures (for example, Eaton
Center, Toronto; Water Tower Place, Chicago; and
Peachtree Center, Atlanta).

These are important actions, and urban development
policies should provide necessary incentives and
controls to help achieve them. At the same time, it
should be realized that attainment in many metro-
politan areas will be difficult because (a) imple-
mentation of land use plans has not been effective,
(b) much of the future metropolis is already in
place today, and (c) people continue to increase
their space requirements, especially as their
incomes rise. Consequently, only limited gains can
be anticipated from these land use measures over the
near-term future in many metropolitan areas, even
though they represent a desirable public policy
direction.

Building Improvements

The greatest galns in future energy conservation,
therefore, will ©probably c¢ome from two other
sources: (a) improving the gasoline mileage effi-
ciency of private automobiles and (b) increasing the
operating energy efficiency of existind and new
buildings. These gains will probably exceed those
associated with land use planning per se, since they
can be applied on a metropolitan basis. They will
be especially desirable in those metropolitan areas
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where population has stabilized and little growth is
anticipated.

Efforts should be directed toward improving
space~-heating efficiency since this accounts for
more than two-thirds of the annual building energy
consumption; and energy-conservant design represents
another important way to save 30 to 50 percent of
energy in new building construction. The potential
savings from adhering to the standards developed by
the American Society of Heating, Refrigerating, and
Bir Conditioning Engineers (ASHRAE) are shown in
Table 9. These standards have been adopted by all
the model building codes.

Extension to Other Areas

The research methodology outlined in this paper has
been applied to the metropolitan Toronto area. Sim-
ilar procedures can be used to estimate the energy
impacts of various land uses in other North American
cities. These efforts should reflect variations in
population density, city size, transit use, and
rates of growth. Thus, a broader cross section of
relationships and implications can be derived to
provide a sound basis for establishing energy-
conservant transportation and land use decisions.
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Alternative Reuses of Abandoned Highway Right-of-Way

MARY R. KIHL

The combination of organized citizen opposition, increased envirc
awareness, and rising construction costs has halted construction of an increas-
ing number of proposed highways. Where this has happened after right-of-way
was already acquired and partially cleared, cities have been confronted with the
need to find alternative land uses that are both creative and broadly acceptable.
Representatives of planning bodies of four affected cities—Atlanta, Milwaukee,
Minneapolis, and Lincoln (Nebraska)—presented case studies that emphasized
both the planning process and the alternative selection. Despite the unique
characteristics of each project, the four cases underscored three major recurring
themes: (a) the importance of selecting alternatives consistent with density,

use, and cultural characteristics of adjacent neighborhoods; (b) the essential
quality of broad and active participation of key interest groups, government
officials, financial interests, and developers; and (c) the critical need for an atmo-
sphere in which interest groups are willing to compromise specific objectives

in order to further the broader goal of community revitalization.

The legacy of rapid postwar highway development pro-
grams and of the organized citizen opposition they
engendered has been the demapping of state and fed-
eral highways after
acquired and partially cleared. As of June 1980,
the Federal Highway Administration (FHWA) has de-
mapped 31 sections of the Interstate system as pro-
posed in the 1960s (see Figure 1l). Numerous state
and municipal highways have been similarly with-
drawn. Ironically, the neighborhoods that citizen
groups fought to save have deteriorated as urban
blight spread from cleared right-of-way to proper-
ties flanking it.

Although the specific circumstances surrounding
each case differ, affected cities share the opportu-
nity to stimulate community revitalization through
creative redevelopment of land reclaimed from aban-
doned highway right-of-way. They also share the
challenge of finding alternative land uses accept-
able to all concerned interest groups.

Believing that shared experience would prove to
be mutually beneficial, the Transportation Research
Board Committee on Land Use and Transportation as-

sembled a panel of planners from four affected
cities: Atlanta, Milwaukee, Minneapolis, and
Lincoln (Nebraska). These cities represent with-

drawals ranging from Interstates to municipal high-
ways and stages of redevelopment ranging from pre-
liminary planning to construction.

A spokesperson for the Office of the U.S. Secre-

Figure 1. Location of demapped highways.
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right-of-way had already been

tary of Transportation introduced the issue by plac-
ing it into the broader context provided by the fed-
eral perspective. The Atlanta Great Park experience
underscores the conflict and controversy engendered
by competing interests as well as competing visions
of future land use. In Milwaukee the Park West
Project, a project emphasizing neighborhood revital-
ization, is now at the implementation stage. The
key role of citizen groups is also apparent in Min-
neapolis where approaches to reuse of two corridors
provide useful contrasts. The problems of abandoned
highway corridors are not only the province of large
cities. Medium-sized cities including Lincoln, Ne-
braska, are also seeking alternative uses for high-
way right-of-way. The case of the Northeast Radial
Highway in Lincoln also provides the opportunity to
review the reuse planning process at an earlier
stage.

USING ABANDONED RIGHTS-OF-WAY: AN OVERVIEW
(Maureen Craig, Office of the U.S.
Secretary of Transportation)

Passengers and freight daily log millions of miles
on this country's transportation system--a dynamic
network of goods, vehicles, corridors, origins, and
destinations that is constantly changing. Unforseen
needs and new uses arise while outmoded ones are
discarded. BAgainst this complex framework lies the
question of what to do with corridors cleared for
highways never constructed. The prudent reuse of
these corridors demands an appreciation of both past
and potential uses, a knowledge of pertinent poli-
cies and legislation, and an understanding of the
most outstanding problems. A hard look at what the
future face of the United States should look like is
an absolute necessity.

Legislation addressing this topic has been passed
at all levels of government. The Surface Transpor-
tation Act of 1978 provides for disposition of prop-
erty acquired by states that used FHWA monies in
connection with these kinds of projects. Subsequent
amendments and proposed rulemaking have further de-
fined procedures for doing this. The payback issue
has been a particularly thorny one--i.e., how much
should the federal government be repaid if the pur-
pose for which public funds were originally intended
has changed? The situation sharpens considerably if
private interests stand to profit from these kinds
of project modifications. Payback preference is now
given to right-of-way uses deemed consistent with
U.S. Department of Transportation (DOT) policies and
the public interest.

Numerous problems have arisen despite the best of
intentions. Money is a perennial one. Proponents
of reusing these rights-of-way insist that enough is
not available. However, potential sources can in-
deed be found in both the public and private sec-
tors. U.S., Department of Housing and Urban Develop-
ment (HUD) grants have covered the construction of
housing projects and community facilities located in
abandoned rights-of-way. Some localities have used
U.S. Department of Labor Comprehensive Employment
Training Act (CETA) monies. Property originally
purchased with FHWA monies can be thought of as re-
sources of high financial value. State and local
governments have used a variety of funding mecha-
nisms, as have groups 1like the National Trails
Council and state trail associations. The private
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Figure 2. Atlanta’s Great Park.

sector has spent millions in realizing development
opportunities along abandoned corridors.

With so many actors involved, coordinating the
reuse of these abandoned rights-of-way is no incon-
siderable undertaking. Federal interests are di-
vided among the U.S. Department of Interior (DOI),
DOT, HUD, the Federal Commerce Commission (FCC), and
others. Garnering state and local support both in
and out of government is a challenge of multilevel
dimensions.

Nuisance problems have arisen as well. Neighbor-
ing landowners complain about the newly introduced
activities. However, property values adjoining
these rights-of-way have been shown to actually rise
once new uses have been established.

Two looming problems must soon be faced. One is
legal--i.e., the transfer of the title to the lands
involved. The process can be a particularly
lengthy, complex, and expensive one. Well-
intentioned local groups are easily frustrated by
the maze of easement restrictions, reversionary
clauses, and other limitations that has been previ-
ously placed on transportation rights-of-way. The
second major problem is potential conflict among na-
tional priorities. Federal urban policy calls for
redevelopment of available city land in a manner
supportive of urban revitalization. This includes
the dense, mixed~up development being planned for
and constructed on abandoned rail and highway
rights-of-way. Such development effectively pre-
cludes any future transportation use of the corri-
dor. Opponents of these projects argque that the
aging cities need breathing space and therefore sup-
port conservation of the open space qualities typi-
fying these linear rights—of-way. Conservationists
support the creation of linear parks accessible to
large portions of the urban population. Other pro-
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ponents of preservation maintain that we may once
again need these very same corridors for future
transportation uses in the coming age of petroleum
scarcity and decreasing mobility. In any event,
these conflicts can be expected to continue.

Despite these conflicts and opportunities, what
does the future hold? Close questioning of the need
for completing the Interstate highway system and/or
adding other roadways to a network already requiring
major repair will continue. Greater demand will be
experienced for urban recreational opportunities as
well as alternative means of transportation, plus
less public money to pay for either. Overall, more
parties competing for reuse of abandoned transporta-
tion rights-of-way and one-time-only opportunities
that cannot afford to be missed are likely prospects
for the future.

ATLANTA'S GREAT PARK (Catherine Thomas,
City Planning Bureau, Atlanta, Georgia)

The issue of abandoned highway rights-of-way has
been called an urban phenomenon of the 1970s.
Atlanta's contribution to this phenomenon is a tract
of land located immediately east of the central bus-
iness district, which was cleared for the construc-
tion of two major highways, the Stone Mountain Toll-
way and Interstate-485 (see Figure 2). This prop-
erty, which is known as the Great Park, is the
largest single tract of abandoned expressway right-
of-way in the country. It is bordered by medium-
density, single-family neighborhoods being renovated
that have active community organizations.

In 1973, Governor Jimmy Carter, following the
recommendations of a blue-ribbon committee, declared
that the Stone Mountain Tollway would not be built.
I-485 was the first of a number of expressways that
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were to form an inner loop to be removed from the
region's plans. Community opposition to this facil-
ity was intense; it was accompanied by court action
and, ultimately, led to withdrawal of political sup-
port for the project. In 1975, shortly after the
environmental impact statement for this project was
rejected, I-485 was demapped. About 219 acres of
right-of-way had been acquired and cleared for these
two freeways. The right-of-way is in a cross-shaped
configuration. The east and west legs are where the
Stone Mountain Tollway would have been constructed,
and the north and south legs were to be I-485.
There is a large area in the center where the inter-
change of these two expressways would have been
built. The reuse of these abandoned rights-of-way
has engendered a controversy as intense as that over
the construction of the expressways themselves.

In 1974, the city of Atlanta took the reuse plan-
ning initiative by proposing a Great Museum Park in
the abandoned right-of-way of the Stone Mountain
Tollway (this was the origin of the term Great Park
now used to describe the properties). This plan
called for the construction of a museum complex with
associated parking facilities and contained no pro-
vision for a transportation artery in the area. 1In
1975, an ad hoc committee was established by the
city to advance the Great Park concept. Neither of
these plans gained the support of the governor, the
state transportation department, or community organ-
izations. As a result, a new group was formed in
1976--aAtlanta Great Park Planning, Incorporated--
with representatives from the neighborhoods around
the rights-of-way and government organizations. In
1977, the group presented its plan, which called for
new housing units and parkland devoted primarily to
passive recreation. This plan, 1like its prede-
cessors, did not include a major transportation fa-
cility.

A major obstacle to the implementation of any re-
vised plans has been the insistence of the Georgia
Department of Transportation (GDOT) that a major
east-west traffic carrier be constructed in the
right-of-way to substitute for the expressways that
will no longer be constructed. The GDOT, not the
state of Georgia, actually owns the properties in
question. The cooperation of this agency, there-
fore, is an essential ingredient to any reuse solu-
tion. The transportation issue, however, has been
the overriding source of disagreement in the devel-
opment of a reuse plan.

Governor George Busbee attempted to resolve the
impasse by soliciting the services of an Atlanta ar-
chitect, John Portman. Perhaps the most interesting
part of the Portman plan, which was presented to the
governor In 1979, was the transportation solution.
Portman basically rejected the GDOT's desire to
build a highway through the areas as infeasible,
both from the standpoint of political acceptability
and the reuse alternatives. Instead, Portman pro-
posed that the freeway terminus be extended 1in
tunnel through the right-of-way. This tunnel was
estimated to cost about $64 million. Portman also
proposed 1500 housing units and that a variety of
major community facilities, such as an amphitheater
and an aquarium, be constructed in the right-of-way.

Unfortunately, neither the imagination of Port-
man's proposal nor the prestige of ‘its creator could
produce a consensus oOn reuse. In 1980, the state
legislature established a seven-member Great Park
Authority to study all previous plans and recommend
a new solution to the stalemate. This authority
conducted a round of public hearings and decided to
concentrate its efforts on the transportation ques-
tion; it had concluded that an answer to this was
essential before addressing other parts of the reuse
question. The authority's recommendations included
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several transportation options. Further development
of the park appears now to hinge on the possibility
of developing a Jimmy Carter Presidential Library in
the rights-of-way (see Figure 3).

There are many similarities between Altanta's ex-
periences and those of other cities. 1In regard to
the types of reuse, Atlanta was similar to other
cities in its desire to "reweave the fabric of the
city" by incorporating housing and recreational fa-
cilities in its reuse plan. Commercial and indus-~
trial reuses were not as common as in other cities,
probably because the right-of-way is almost totally
surrounded by residential areas. The question of
alternative transportation facilities was important
in many cities, but it has assumed a paramount role
in Atlanta.

One unfortunate aspect of Atlanta's experience
has been the unwillingness of all groups to compro-
mise. On the housing issue, for example, the neigh-
borhoods proposed 500 units, while Portman recom-
mended 1500. This has been a major issue of
controversy on which both sides might compromise by
supporting the construction of, for instance, 1000
units. But no one has been willing to do this.
Similarly, the GDOT has always contended that a new
parkway through the areas is needed.

On a philosophical plane, reuse presents an
interesting contract between the comprehensive,
grand-plan approach and incremental planning. The
219 acres in Atlanta have always been regarded by
government authorities as an opportunity to develop
something truly unique and magnificent, an approach
that is embodied in the Portman plan. The surround-
ing residents, in contrast, would prefer to see
development put back approximately as it was before
the GDOT acquired the land--that is, single-family
houses to blend in with the existing residences,
local streets to provide access to the housing, and
a few parks for quiet relaxation. If the grand plan
cannot be implemented and the land is sold back to
previous owners, this is probably what will occur.

THE PARK WEST PROJECT (David Hoeh, Park West
Redevelopment Task Force, Milwaukee;
based on printed reports)

The history of the Park Freeway West began 20 years
ago. In 1954, the North Avenue Expressway was
designated, running north of and parallel to North
Avenue. In 1957, the freeway route was changed to
bypass the Sears and Roebuck store. In 1964, the
expressway was renamed Park Freeway West. Acquisi-
tion and clearance for the highway occurred from
1966 until 1972 when a coalition of west-side citi-
zen groups succeeded in winning an injunction to
halt further activities until an environmental im-
pact statement had been prepared and approved. 1In
1976, the statement was submitted to the DOT and in
December 1976 it was rejected as inadequate. In
January 1977, the Park West Redevelopment Task
Force, comprised of elected officials who repre-~
sented the Park West area, representatives from
community groups, and a small at-large membership,
was convened by Congressman Henry Reuss.

Between March and August 1978, approximately 40
workshops were held with community and church
groups, business and professional associations, and
other interested parties. In each workshop, a
series of alternative plans for the corridor was
presented, issues were discussed, and reactions from
the participants were gathered. Comments and reac-
tions were incorporated in later workshops and plan-
ning documents to refine redevelopment plans.

In July 1978, an amended urban development action
grant application was approved to provide commercial
revitalization loans. The $100 000 grant was to be
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Figure 3. Park West Development project area.
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used to leverage $1 million in conventional loans
for the area. Responding to suggestions developed
at community workshops, the Park West Task Force
worked with business leaders, as well as industrial
and civic groups, to develop an integrated multipur-
pose approach to revitalizing the corridor.

A draft property disposition plan was adopted by
the task force in August 1978. In December 1978,
the Milwaukee Common Council and the Milwaukee
County Board of Supervisors approved a revised dis-
position plan for the Park West corridor. When this
was accomplished, Acting Governor Martin Schreiber
transferred all state interest in the land to Mil-
waukee County. Since that time, negotiations have
continued between the city and county, with task
force participation, and have led to a transfer of
approximately one—-half of the cleared land to the
clty of Milwaukee for housing and commercial rede-
velopment.

The redevelopment project that is now under way
includes a linear pedestrian parkway, several
county-developed parks, an expanded school site,
housing development of varying types and densities,
commercial district improvements, and industrial
site preparations. An incomplete 1interchange from
the o0ld freeway will be constructed to provide
improved access to the community. As part of the
redevelopment program, house moving is being con-
sidered as are programs that will stimulate revital-
ization of the existing residential and commercial
properties adjacent to the cleared 1land. A new
farmers' market is under construction and will serve
as an attraction for new commercial activity. Ex-
isting industries have expanded both plant and em-
ployment. The city of Milwaukee has appropriated $3
million for capital improvements and an application
for $1 million in Economic Development Administra-
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tion (EDA) funding for industrial site improvements
1s pending.

A developer for the housing has been designated
and is pulling together the details of construction
and permanent financing. Architects are at work on
detailed site plans and a housing unit program.
Construction of the housing is expected during the
current construction season.

The redevelopment process in Milwaukee has
begun. New challenges continue. Yet the coopera-
tion between government units and active citizen
participation that brought the project to this stage
should help weather new challenges as well.

REUSE OF I-335 AND HIAWATHA AVENUE RIGHTS-OF-WAY IN
MINNEAPOLIS (Ollie Byrum, City of Minneapolis;
presented by Ghaleb Abdul-Rahman,

Metro Council, St. Paul)

Interstate-335 was to have been the 4-mile north leg
of a freeway belt around downtown Minneapolis that
would create a major transportation facility in a
corridor where before only local streets had ex-
isted. The Hiawatha Avenue project was to have been
a 13-mile freeway connecting downtown, Wold-
Chamberlain Airport, and suburban communities to the
southeast. In contrast to 1I-335, Hiawatha Avenue
has historically been, and always will be, an im-
portant transportation corridor.

In each case, right-of-way for the proposed proj-
ect was acquired and cleared with major relocation,
I-335 has been withdrawn from the Interstate system
and no major facility will be built. The plans for
Hlawatha Avenue are being scaled down from a freeway
to a major upgrading of the existing highway, possi-
bly to include high-occupancy-vehicle lanes or light
rail transit.
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In the case of I-335, the land in question en-
compasses about 50 acres. Major considerations in
determining reuse were (a) there would be no major
transportation facilities, (b) the proposed right-
of-way had removed both residential and industrial
property and was located in an area where residen-
tial and industrial edges had met and overlapped,
(¢) the land is less than a mile from downtown Min-
neapolis, (d) most of the corridor is bordered by a
railroad, (e) in Minneapolis--as in most central
cities--there is a need for both industrial and res-
idential land as well as an opportunity for river-
front recreational land in this neighborhood, and
(£) strong politically sophisticated citizens'
groups had experienced urban renewal projects and
had been able to stop the freeway when their orig-
inal goal had only been to redesign it.

Reuse issues in the corridor tended to center
around land use, density, who would decide, and who
would implement.

The I-335 Alternate Use Advisory Committee, es-
tablished by the city council in 1976 and which con-
sisted of neighborhood and city agency representa-
tives, had several objectives:

l. A balanced land use plan that attempts to
meet the diverse, and often conflicting, needs--from
a physical, social, and economic standpoint--of the
affected neighborhoods, the Northeast and Near North
communities, and the city as a whole;

2. A coordinated land use plan that attempts to
consider and incorporate the expressed concerns and
plans of a large number of organizations and agen-
cies (the Minneapolis Housing and Redevelopment
Buthority, Minneapolis City Planning Commission,
Joint Powers River Committee, Minneapolis Park
Board, Minneapolis Industrial Development Commis-
sion, Neighborhood Project Area Committees, Minne-
sota Highway Department, etc.);

3. An economically feasible land use plan that
takes into consideration not only the benefits but
also the costs and marketability of any recommended
actions;

4., An intensive land use plan that, without neg-
atively affecting the neighborhoods' needs, recom-
mends where appropriate an intensive level of devel-
opment to increase the taxes generated and thus ease
the tax burden on Minneapolis property owners; and

5. A land use plan that preserves and enhances
the natural amenities within the I-335 right-of-way,
particularly the Mississippi River Corridor, and
that provides access to those amenities for commu-
nity and citywide residents.

In order to meet these objectives, this committee
recommended that the land be acquired by the Minne-
apolis Housing and Redevelopment Authority as a re-
development district.

Because there would be no major transportation
facility, the committee was able to recommend struc-
turing or amenity elements that would enhance land
use choices. These were a riverfront park and a
residential parkway. These in turn set the stage
for recommending that a major portion of the land be
reused for low- and medium-density residential pur-
poses.

The major reuse debate concerned only 4 acres of
land. This tract was abutted by the proposed park-
way, existing residential area, a small industrial
tract, a major street, and a railroad. The neigh-
borhood argued that to use the land for industrial
reasons was not making use of the parkway amenity.
Others, including many at city hall, argued that the
land was unmarketable as residential land and that
the industrial use should be permitted to provide
space for expansion of the adjacent industrial oper-
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ation. This was principally because another oper-
ation by the same owner would be relocated by an-
other city project. After debate by the planning
commission and the city council, the neighborhood
was given three years to market the land for housing.

After three years, the land is still held by the
state, but the neighborhood has a long waiting 1list
of potential residential buyers, and it appears the
use will be residential.

The Hiawatha Avenue land is quite different. The
land cleared was adjacent to an existing transporta-
tion facility. The excess land, which will not be
specifically defined until redesign work is com-
Pleted, will be a narrow strip of variable width
along one side of whatever project is finally de-
cided on.

The transportation corridor has always served as
a boundary between industrial and residential land
use. The cleared land is on the residential side,
and the adjacent residential use is largely for low-
density, detached single-family houses.

As in the case of I-335, years of debate over the
nature of the transportation improvement for Hia-
watha Avenue have helped create a very knowledge-
able, alert, and influential citizenry that has
substantial impact on transportation planning and
will now also have substantial impact on land use
planning. However, in this case there will be a
highway with which reuse must reckon and be compat-
ible. Also, serious consideration is being given to
major transit improvement. Active community partic-~
ipants tend to favor light rail transit as the pre-
ferred transportation alternative. However, justi-
fication for transit in a corridor with industrial
use on one side and low-density housing on the other
is marginal. High-density reuse would help the
cause but is viewed with concern by present resi-
dents. Thus, in this corridor, the issues are (a)
reconciling the interests of the city and various
neighborhood groups, (b) compatibility of land use
and design of the transportation facility, (c) bal-
ancing land use density with existing land uses and
with the need for transit patronage, and (d) maxi-
mizing the development potential that may result
from transportation improvements.

The process for determining the reuse of land in
Minneapolis in the I-335 and Hiawatha corridors is
not yet complete. The experience to date suggests
several conclusions, some of which are probably
quite obvious. First, citizens who develop the
power and expertise to stop a freeway will be a
major determinant in reuse of land in the corridor;
second, more choice is open in corridors where no
major transportation facility exists or will exist;
third, in a corridor where mixed uses were present
before clearance, the residential area tends to ex-—
pand in the reuse plan, as adjacent residents strive
to use the new development as a buffer between them
and nonresidential use; and fourth, the narrow
linear character of such land use planning areas
naturally results in existing adjacent 1land uses
being a principle determinant of reuse. Much less
flexibility is available than in other shaped tracts
of similar land area. In a sense, it becomes an
"edge problem" throughout.

NORTHEAST RADIAL REUSE (Gordon Scholz,
University of Nebraska, Lincoln)

Lincoln, the state capital of Nebraska, lies about
50 miles west of the Missouri River in the south-
eastern part of the state. With a population of
172 000, Lincoln is second in size to Omaha. Inter-
state-80, built through Nebraska in the late 1950s
and early 1960, connects Lincoln with Omaha to the
northeast.
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The concept of a northeast radial highway to con-
nect downtown Lincoln with northeast areas of the
city has been proposed, developed, and altered nu-
merous times over a 30-year period as a part of the
city's planning efforts. In 1967, a preliminary
design for a roadway was prepared. The proposal was
for a four-lane, median-divided roadway 2.3 miles in
length to be built over a l7-year period at an esti-
mated cost of approximately $30 million.

Following this design study, the city proceeded
with land acquisition and expended approximately
$3.4 million for that purpose between 1967 and 1973,
when the city council called a halt to all land-
acquisition activity in response to opposition to
the proposed roadway.

After attempts to revive the radial concept
failed in 1979, the Radial Reuse Task Force was es-
tablished in the summer of 1979 as an advisory group
to the city council. Its 12 citizen members were
appointed by the mayor and city council to represent
the following interests: citizens-at-large, neigh-
borhood organizations, businesses, commercial and
industrial interests, alternative energy, and the
financial community. The general charge to the task
force was to present recommendations to the city
council within six months on alternative uses of the
city-owned land along a major portion of the pro-
posed corridor.

The city-owned land in the reuse area, approxi-
mately 50 acres, is primarily rented to private
tenants, although some acreage is used for public
purposes. There are broad expanses of vacant land
and mature trees. A natural waterway crosses the
corridor area and nearby are large grain elevators.
There are many unpaved and unimproved streets. A
variety of types, styles, and ages of housing (in-
cluding mobile homes) exists in the area, as do com-
mercial and industrial establishments.

Based on a study of existing conditions and
plans, the task force prepared a book of background
information, which provided a problem statement and
base information for an interdisciplinary visiting
team of volunteer professionals called a Regional/
Urban Design BAssistance Team (R/UDAT). This group
was invited to Lincoln by the task force to assist
in generating reuse ideas. The R/UDAT is a public-
service program offered by the national office of
the American Institute of Architects.

During the four-day R/UDAT visit to Lincoln, the
seven-person team was taken on a bus tour of the
reuse area, and special briefing sessions were ar-
ranged with various city department staff members.
An important part of the R/UDAT weekend was a public
hearing at which anyone could vocice opinions to the
team.

Following the R/UDAT visit, the task force de-
fined and prioritized reuse goals. This was accom-
plished by synthesizing the findings and results
from earlier studies and the R/UDAT recommenda-
tions. A list of 23 goal statements was formulated
and arranged in priority order through a process
that allowed each task force member to allocate 100
points across all 23 goals. Median and mean weights
for each goal then determined the order and relative
importance assigned to each goal. Based on the goal
statements, reuse recommendations were prepared and
A Plan for Urban Growth and Redevelopment was pub-
lished.

The overall design concept that emerged featured
industrial land on the north that was separated from
residential land on the south by a continuous linear
park and bikeway. The linear park and continuous
commuter bikeway became a central organizing feature
of the reuse proposal. In addition, the proposal
included provision for cluster housing along the re-
use corridor and in-fill housing on vacant parcels.
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The reuse plan was presented to the planning com-
mission and city council in August 1980; it was sub-
sequently endorsed by the planning commission in
September and adopted by the city council in No-
vember 1980. Implementation of the plan, however,
has been delayed by efforts to reconsider the build
and no-build options for another section of the cor-
ridor.

To date, the case reemphasizes the importance of
including a broadly representative task force in the
planning process and of providing for the oppor-
tunity for public involvement. Outside experts may
provide ideas and stimulation, but goals and land
use alternatives must ultimately be determined by
local representatives if they are to be supported
for implementation.

CONCLUSIONS

These cases illustrate a variety of alternative land
use proposals ranging from a mixed-use concept to a
major emphasis on housing rehabilitation. The op-
portunity for preservation of open space through the
linear park concept was recognized in several of the
cases. Radical departures from previous land use
patterns were not encouraged, although opportunities
for community revitalization were noted both in
housing mix and in commercial patterns selected. 1In
most cases, the transportation use for which the
corridor had originally been designated seemed to be
all but overlooked in the emphasis on creating an
improved urban environment. All cities seemed de-
termined to regard the abandoned highway right-of-
way as a valuable resource for community redevelop-
ment.

The primary contribution of the case studies,
however, was not in the field of urban design but in
illuminating key elements in the planning process
that would facilitate development of alternative
land uses. These elements included references to
both planning substance and to implementation strat-
egy. They should blend with both existing city land
use plans and with the built environment adjacent to
the corridor. Grand revitalization schemes should
be replaced by proposals consistent with the den-
sity, use, and historical or cultural character of
adjacent neighborhoods that fought successfully to
prevent dissection by a highway.

The panelists stressed that political cooperation
at all levels is essential if the proposed alternate
uses are to be implemented. The citizens successful
in opposing highway construction must be involved in
proposing viable alternative uses. Other interest
groups represented by chambers of commerce, indus-
trialists, environmental 1lobbists, or government
officials must not only be consulted but coopted by
participation in a task force primarily responsible
for developing an alternative land use proposal.
Continued participation of such varied interests is
only possible given considerable patience and a
spirit of compromise among all parties. Outside
consultants may stimulate thinking or add specific-
ity but they cannot substitute for the local plan-
ning effort if the plan is to have sufficient pop-
ular and government support for implementation. 1In
the final analysis, however, community dedication
must be reflected not only in broad public partici-
pation but also in the financial support of lending
institutions, industrial developers, business inter-
ests, and real estate developers who are convinced
of the need for and viability of the alternative
land use plan.

(Editor’s Note: This paper highlights presentations made during a panel discussion on
“Alternative Land Uses for Abandoned Right-of-Way " during the January 1981 TRB
Annual Meeting. Publication is sponsored by Committee on Transportation and Land
Development,)



