EPA -600/5-75-002
JANUARY 1875

Socioeconomic Environmental Studies




RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, Environmental
Protection Agency, have been grouped into five series. These five broad
categories were established to facilitate further development and appli-
cation of environmental technology. Elimination of traditional grouping
was consciously planned to foster technology transfer and a maximum inter-
face in related fields. The five series are:

Environmental Health Effects Research
. Environmental Protection Technology

. Ecological Research

. Environmental Monitoring

. Socioeconomic Environmental Studies

oW

This report has been assigned to the SOCIOECONOMIC ENVIRONMENTAL STUDIES
series. This series includes research on environmental management,
economic anal&sis, ecological impacts, comprehensive planning and fore-
casting and analysis methodologies. Included are tools for determining
varying impacts of altermative policies, analyses of environmental plan-
ning techniques at the regional, state and local levels, and approaches
to measuring environmental quality perceptions, as well as analysis of
ecological and economic impacts of environmental protection measures.
Such topics as urban form, industrial mix, growth policies, control and
organizational structure are discussed in terms of optimal environmental
performance. These interdisciplinary studies and systems analyses are
presented in forms varying from quantitative relational analyses to
management and policy-oriented reports.

REVIEW NOTICE

This report has been reviewed by the sponsoring agencies ~ The
Council on Environmental Quality, U.S. Department of Housing and Urban
Development and U.S. Environmental Protection Agency - and approved
for publication.



EPA 600/5-75-002
January 1975

SECONDARY IMPACTS OF TRANSPORTATION AND WASTEWATER
INVESTMENTS: REVIEW AND BIBLIOGRAPHY

by

. Bascom

. Cooper

. Howell

. Makrides
. Rabe

PR
HONYOH

INTER~AGENCY AGREEMENT NO. EPA-IAG-148(D)
PROGRAM ELEMENT NO. 1HAO09S
ROAP 21ART, Task 11

Project Officers

Edwin H. Clark, Council on Environmental Quality
James Hoben, U.S. Department of Housing and Urban
Development, Office of Policy Development
and Research Staff
D. Robert Scherer, U.S. Environmental Protection Agency
Ecological Impact Analysis Staff
Washington Environmental Research Center

Prepared for

Executive Office of the President
COUNCIL ON ENVIRONMENTAL QUALITY
Washington, D.C. 20006

Office of Policy Development and Research
U.S. DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT
Washington, D.C. 20413

Office of Research and Development
U.S. ENVIRONMENTAL PROTECTION AGENCY
Washington, D.C. 20460



Foreword

The widespread use of environmental impact analysis as a means
of achieving Federal agency decision-making responsive to environmental
concerns was initiated by the passage of the National Environmental
Policy Act of 1969. The Act requires that Federal agencies prepare
statements assessing the environmental impact of their major actions
significantly affecting the quality of the human environment and
indicates a broad range of aspects of the environment to be surveyed.
The Council on Environmental Quality in guidelines for the preparation
of environmental impact statements, dated August 1, 1973, states that
many major Federal actions, in particular those that involve the
construction or licensing of infrastructure investments such as high-
ways and sewer systems ". . . stimulate or induce secondary effects
in the form of associated investments and changed patterns of social
and economic activities.'" Such secondary effects may in turn produce
secondary environmental impacts even more substantial than the primary
environmental impacts of the original action itself. The influence
of highways on development decisions has been extensively researched.
It appears that new sewer facilities are becoming increasingly more
predominant in determining where development will occur, and this
relationship has been much less investigated.

During the last eighteen months, the Council on Environmental
Quality, the U.S. Environmental Protection Agency, and the U.S.
Department of Housing and Urban Development have sponsored a study of
the secondary effects of these two important types of public invest-
ments which stimulate land development - land transportation systems
and wastewater collection and treatment systems.

The first part of the study, reported in this publication,
involved a comprehensive review of previous research and literature
dealing with the impacts of highways, mass transit, and sewers on-
residential, commercial and industrial development. The second part

-of the study involves the development of the tools which may be -
utilized by a variety of professionals, technicians, and laypersons

in estimating land use development which may be expected to be stimu- ..
lated by new land transportation and sewerage facilities. The Yesults’
of this latter effort are expected to be published by the Council on .
Environmental Quality.
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The project is being conducted by the Environmental Impact
Center, 55 Chapel Street, Newton, Massachusetts, 02158 under the
directorship of Dr. A. C. Makrides. The work was co-sponsored by
the Ecological Impact Analysis Staff, Washington Environmental
Research Center, U. S. Environmental Protection Agency; the Office
of Policy Development and Research, U. S. Department of Housing
and Urban Development; the Council on Environmental Quality. EPA is
publishing this document in an effort to make the study results more
widely available in order to improve the analysis of secondary effects,
and to stimulate further research on this most important issue.

N
CAivnrn !
Edwin B. Royce
Director, Ecological Impact Analysis Staff
Washington Environmental Research Center
U. S. Environmental Protection Agency
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Abstract

The Bibliography contains a review of over fifty major studies
and three hundred relevant reports related to secondary envirommental
impacts on various forms of public investments, e.g. land based trans-
portation and wastewater treatment and collection systems. The
Bibliography is organized into four sections:

Section I is subdivided into: (a) a review of secondary impacts
classified according to type of investment (highways, mass transit,
and wastewater treatment systems): (b) where possible, according

to type of secondary effect (economic, sécial and land use); and
(c) a brief summary of modeling techniques which may be utilized to
analyze and ‘project likely secondary environmental impacts.

Section IT condenses the findings of about fifty major studies re-
lated to land transportation and wastewater treatment systems.

Section III is an annotated bibliography of about three hundred
relevant studies.

Section IV clasgsifies these literature studies by: (a) impact; (b)
-Investment type; (c) geographic area examined; (d) type of study;
and (e) type of analytic techniques used in assessing secondary
effects.
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Preface

In the autumn of 1912, the Office of Public Roads summarized the
findings of a definitive study, the full text of which was never
released, on the advantages to farmers of better roads (1). The
publication helped overcome rural opposition to a national road
building program and hasten federal aid for roads under Congressional
Acts in 1913 and 1916. The preface to the summary is worth quoting:

So intimately are the public highways connected with every
aspect of community life that almost any method devised to
measure the benefits of good roads is incomplete. It is
apparent, however, to anyone who has studied road matters
for a period of years that the advantages of improved roads
have been repeatedly proved beyond all argument. There is
no case on record where any community has ever regretted

the improvement of its roads . . . . When the various ways
in which good roads benefit a community are examined, a com-
plex situation is found in which many actions and reactions
take place. When good roads reduce the cost of hauling,
adjacent land becomes more valuable; there is a corresponding
tendency of population to increase; and, in its turn, this
tendency strengthens the demand for more good roads; social
conditions improve; and the life of the community is
influenced in numerous ways.

The summary gave a long list of potential benefits. As Reinsberg
(1) points out, few of these were realized in any form resembling
original expectations. However, notwithstanding these and other
disappointments, it would be unjust not to acknowledge the long term
highway benefits which were not illusory. 'The expectation that
farmers 'with the labor-saving devices and good roads could make a
living on the farm without drudgery . . . and that they could enjoy
some of the fruits of life besides making money on the farm' was
amply fulfilled. Suburbanization was in some measure a realization
of the hope, expressed in 1903, that 'good roads would carry the town
to the country and the country to the town, preserving the blessings
of both'" (1).

The impact of roads, and of other major public investments, has
remained controversial since the pioneering study of 1912. Our under-
standing of the issues has undoubtedly improved, but basic problems
remain unresolved (2)(5). This state of affairs is in part testimony
to the difficulty of assessing accurately social and economic effects
of major public projects. It is also a reflection of special



circumstances surrounding research in this field. Traditiomnally,
economists and social scientists have considered transfer of benefits
in broad terms; accordingly, little research was done on localized
impacts. Agency planners were concerned primarily with fulfilling
public needs perceived in engineering terms. Studies carried out
over the intervening years reflect these attitudes., The majority

of impact studies were commissioned by agencies responsible for
development; some of these studies come dangerously close to special
pleading.

Despite such shortcomings, the results of impact studies carried
out over the last few decades, particularly in the 50's and 60's, are
still useful today. The main findings of previous work are summarized
in the pages to follow. The contents of over fifty publications are
also presented in condensed form. These studies were particularly
helpful to us during the course of a project aimed at quantifying,
to the extent possible, social and economic impacts of major facilities.
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"SECTION 1

SECONDARY IMPACTS OF HIGHWAYS, MASS TRANSIT, AND
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Introduction

Three broad categories are commonly used in analyzing secondary
effects: economic change, social and demographic change, and land use
change. Within each category, many variables or indicators may be
used to measure specific environmental impacts.

Economic secondary effects have received by far the most
attention, primarily as a result of concern over economic benefits on
economic dislocations caused by investments. A more general reason is
the desire of sponsoring agencies to identify financial benefits as a
Jjustification for their projects. Variables used to measure economic
impacts include changes in employment, sales, number of businesses,
capital investment, and land or property values. Economic impacts
associated with businesses are usually subdivided by type of firm —-
manufacturing, trade or commerce, services, and other, more detailed
categories.

Social and demographic effects include changes in population size
and characteristics, and other, more subtle, changes in social inter-
actions among individuals and groups. Population characteristics that
may change include age structure, income and skill levels, and racial or
ethnic mix. A substantial amount of research has been done on relatively
abstract social impacts, such as, community cohesion and stability,
neighbor linkage, and community values. So far, most of the effort has
been aimed at developing quantitative measures for social impacts; less
has been done in applying these measures to specific investments.

Land use changes are derivative to economic and demographic impacts,
both of which imply some conversion in the use of land. Almost every
economic or demographic change of consequence involves a land use change
as well. Transportation and waste water investments affect people and
businesses primarily by influencing their location decisions. Changes in
locational decisions are reflected, in turn, in altered land use patterns.
Changes in the amount of residential, industrial, commercial, agricultural,
and vacant land are general measures of land use impacts.

Secondary impacts can be evaluated at a variety of geographic scales,
ranging from the Nation as a whole to a small parcel of land at a highway
interchange. Effects on land use, however, are usually considered in terms
of relatively small areas.

The review of the literature given here is organized according to
type of investment (highways, mass transit, waste water), and where possible,
according to type of secondary effect (economic, social, land use). This
classification reflects the nature of the literature. A brief summary of
general modeling techniques which can be used to project and analyze likely
secondary effects of major public investments is also given.



I. Highways

A, Economic Impacts

1. Geographic Distribution.

Economic impacts of improved highways include effects on the
national economy, influences on regional rates of growth, and relatively
localized effects within a single metropolitan area.

On a national level, improved transportation aids general
economic development, since it improves the necessary transfer of goods
and people between and within production and consumption centers.
Transportation is also a consumption good in itself. In the particular
case of the United States, the manufacture, operation, and servicing of
automobiles and trucks is a fundamental part of the national economy.

In assessing the overall impact of an improved highway system (e.g.
the Interstate System) on the economy of the nation, it must be borne in
mind that in an already developed country, new transportation investments
of essentially standard technology, alter mobility and relative costs
only marginally. Accordingly, such investments do not have a profound
influence on the growth or distribution of national economic activity
(I-A-24). On a national scale, the main indirect economic impact of the
improved highway was probably the added impetus it gave motor vehicle
travel. Better highways were one more reason why the shipment of goods
shifted from rail to highways.

On a regional basis, the impact of highways on economic growth
appears to be minimal. The economy of the United States, which may be
regarded as comprised of complementary regional economies, has been
mobile and adaptable to competitive economic factars. The most signifi-
cant trends in manufacturing locations over the last several decades
were rapid growth in the South and West and comparative loss in the
Northeast (6). Important factors in this change were climate, labor,
and the availability of raw materials. Climate, to be sure, did not
change over this period. However, climate was important in the growth
of aircraft manufacturing and subsidiary industries in the West and in
the Southwest, in the locations of military establishments, and in
migration, especially of older people.

Improved highways did not play a significant role in the migra-
tion of industry out of the Northeast, nor in the more even geographic
distribution of manufacturing employment throughout the country.
Generally, location of manufacturing plants bears some relation to
availability of raw materials, labor, transportation, and power.
However, as noted above, new transportation investments in a developed
country alter relative costs only marginally. Accordingly, highway



improvements had a marginal influence on regional differential economic
growth.

In a few specific instances, highway improvements appear to have
been significant for particular locational changes. TFor example, the
rise of motor trucking helped put the South in closer relation to popu-
lation centers in the North and made possible the relocation of certain
aspects of apparel manufacturing to the South, Similarly, some shifts
of manufacturing from New York City to nearby areas of lower labor
costs were facilitated by highways (6).

A generalized impact of highways on manufacturing growth of
relatively small cities (10,000 to 50,000 population) may be inferred
from a statistical analysis of about 100 "city pairs" consisting of
cities matched in most aspects (geographic location, population,
economic base), but differing in location with respect to the Inter-
state Highway System. Nationwide, there was no significant difference
in growth rates for the two types of cities. In areas with dense
population and uneven terrain, e.g., Northeast, Southeast, Pacific
Northwest, cities on the freeway system grew faster (I-A-67).

Regional impacts of improved highways have been analyzed in
connection with the public policy issue of using investments in trans-
portation as a means for aiding economically distressed areas (I-A-27,
36,43,71). A strategy of highway development was followed in a number
of instances (I-A-43,71); however, the preponderance of evidence
suggests that regional development brought about by highways is slight
(I-A-36,71) or moderate at best (I-A-43); other factors carry much
greater weight in determining economic well-being of a region (I-A-27,
36,43,71).

Smaller areas, e.g., satellite cities, can sometimes be helped by
new highways. There is evidence that economically distressed cities,
1f they are near a major metropolitan center, benefit from increased
accessibility through "spillover'" of industry, suburban residents, and
service industries (I-A-~27). The effect appears to be highly localized;
it has occurred when the distressed city is within easy commuting dis-
tance of a metropolitan center (I-A-27), but not for somewhat more
distant cities (I-A-27).

Local effects of highways are more substantial than regional
effects. The bulk of detailed studies summarized below deals with the
impact of highways on intraregional locational decisions of various
types of industrial and commercial enterprises.

2, Business Location in Relation to Highways.

a) Manufacturing.

A series of studies, based mostly on interviews and question-



naires, assessed the importance of highways in site selection by
industry (I-A-04,06,33,34,50,59). In general, industrial location
decisions occur at three separable and sequential levels: (1) primary -
selection of a broad region; (2) secondary - a narrowing of the decision
to one or a few communities within the region; and (3) tertiary - actual
site selection. Three main types of selection factors are involved:
cost, market access, and non-economic considerations. Highway trans-
portation is typically a cost factor at the tertiary level (I-A-34).

Accessibility to highways is one of a number of factors generally
considered in site selection by most industries (I-A-06,33,34,50,59).
The network of existing roads, rather than any one highway, appears to
be important (I-A-34). Manufacturing industry will not, in general,

pay a premium or sacrifice other elements of desirability in order to
gain a highway site.

b) Wholesale and Retail Trade.

Distribution firms and wholesalers are generally more sensitive
to highways than manufacturing establishments. Typically, these firms
are concerned with proximity to a highway network adequate for serving
their markets; they do not, as a rule, require direct access or direct
exposure to a highway (I-A-59).

- Warehousing, wholesaling, and some service industries have
historically occupied locations within the CBD "frame," that is, in an
area surrounding the CBD and characterized primarily by linkages to the
broader metropolitan area (I-A-29). The development of extensive
highway networks around and through metropolitan regions appears to
have encouraged migration of such firms to more suburban locations.

Retail establishments are generally highly sensitive to highway
location. Certain categories of retail businesses have a direct and
intimate relation to roads and are described as "highway-oriented."
These include service stations, motels, restaurants, and drive-in
establishments of diverse kinds.

Retail business in cities appears to be spatially ordered with
respect to the road network (I-A-26). Two basic conformations are
evident: string street development and clusters.  The latter are
hierarchically structured from central business districts to neighbor-
hood facilities. Additionally, retail establishments tend to be
spatially associated with each other. In particular, a group of
business types which tend to co-locate on "automobile rows' can be
identified (I-A-26); another group of highway-oriented businesses are
successful only when located on urban arterials or on highway strips
(1-A-26).

The relative competitive position of the CBD against suburban
shopping centers appears to have been weakened by improvements in the



highway network of most metropolitan centers (I-A-70). Indirect
effects of highways on the CBD are considered in greater detail
below.

¢) Services.

Finance, insurance, real estate, government and other services
{(e.g.; medical services) have been traditionally concentrated in the
central core of metropolitan areas and have been the most intensive
users of commercial office space. The location of services is not,
in general, sensitive to highways. However, some decentralization of
services occurred as the population shifted to the suburbs.

Banking is primarily a "downtown' activity. In any given metro-
politan area, total deposits in distance bands from the CBD core are
inversely related to distance from the CBD (I-A-29). Most banks located
in outlying areas of urban centers are found on or near state or Inter-
state highways. This is probably a coincidence and is indicative of
an attachment of banks to commercial districts on these routes rather
than to highways (I-A-29).

The insurance industry has decentralized significantly from the
CBD core and frame. Insurance offices in suburban locations are
generally in areas of comparatively dense residential settlement rather
than in less built-up, unincorporated areas. Generally, suburban insur-
ance offices are adjacent to major arterials or within a mile of a major
arterial (I-A-29).

3. Highway Impacts on Cities.

Metropolitan areas generally consist of one or more central
cities, secondary industrial and commercial centers, older suburbs of
increasing population density, and peripheral suburbs mainly of single-
family detached homes. About 40 percent of the national population
lives in large metropolitan centers, each with population of one million
or more.

Metropolitan population and employment have been decentralizing
rapidly. In spite of continuing efforts to strengthen central cities,
many have lost population, even after repeated annexations. According
to the Census of 1970, employment outside the central city in SMSA's
with population of 250,000 or more was slightly over 50 percent of the
metropolitan total (7).

Decentralization of population and employment followed different
historical patterns. Population moved to the suburbs first; employment
followed. 1In recent times (1960-1970), rising rates of suburban
employment and slowed population growth in the suburbs have brought the
two into balance.

The role of the automobile (and of highways) in the exodus to



the suburbs was probably that of a catalyst rather than of a causative
factor. Almost universal dependence on automobiles characterizes
peripheral suburban areas where heaviest growth is taking place. The
trends observed in employment dispersion suggest that automobiles and
motor trucks had a specific impact on relocation of certain types of
business.

a) Manufacturing.

Central cities lost and suburbs gained employment in manufactur-
ing over the last twenty years. In the period 1948-1963, there was a
loss of 600,000 jobs in the 24 largest central cities and a gain of
about 1,000,000 jobs in the suburbs (I-B-20). In terms of percentages,
manufacturing employment in the central cities decreased from 67% of
the SMSA total in 1948 to 53% in 1963. It dropped below 50% by the
1970 census.

The findings of specific local studies, e.g., Route 128 in the
Boston Metropolitan Area (I-A-05), suggest that the move from city to
suburb was generally helped by new circumferential and radial highways.
Most '"new'" industries in the suburbs are industries relocating from
the central city (I-A-04,05).

b) Wholesale and Retail Trade.

Wholesale trade, typically a CBD frame activity, migrated
steadily and significantly to suburban locations. Wholesale employment
in the suburbs was negligible in the immediate postwar years (1948);
by 1963, it accounted for about 40% of suburban jobs. In overall
percentages, central cities dropped from about 907% of the SMSA total
in 1948 to 72% in 1963 (I-B-20). Dependence on over-the-road trucking
increased steadily over this period.

There is little doubt that the Interstate highway network,
including circumferential belts, played an important part in the decen-
tralization of wholesale trade activity (I-A-29). Specific locational
studies of wholesale establishments support this conclusion (I-A-59).

Retail trade in central cities dropped comsistently and sharply
from 1948 to 1970, roughly from three quarters of the SMSA total to
less than half (I-B-20). Case studies (I-A-59,70), locational studies
(I-A-26,29), and theoretical analyses (I-A-32,70) all suggest that
highways played a significant role in migration of retail trade to the
suburbs.

c) Services.
General service employment, specialized services and government

employment have remained strong in the central cities. The gain in
service industries in central cities over the last 15 years was



numerically not too different from that in the suburbs; in terms of
respective percentages it was, of course, much less. Highways do not
appear to have played a major role in the relative distribution of
service industries (I-A-29). Mass transit appears to be more signifi-
cant in this respect.

The steady and continuing decline of central cities relative to
the suburbs over the last twenty-five years was not caused by the auto-
mobile. However, automobiles and highways facilitated the process,
determined to some extent its components, and played a large role in
determining the geographic distribution of urban activities.

B. Social Impacts

Direct social effects of highways on a community can be assessed
in terms of dislocation of households and business within the right of
way, taking of public lands, removal of recreational areas, etc.
However, there is evidence that there are secondary impacts on the
stability of existing communities brought about by changes associated
with the highway. Much of the work on ''social" impacts involves
specification and testing of indices or other indicators of social
conditions and change, and deals largely with abstract concepts that
are controversial even to social scientists. Recent work in this
field deals primarily with definition and measurement of composite
indices of secondary social impacts, since it is generally agreed that
a single variable cannot be used to quantify the often controversial
effects of highways on communities (I-B-11,26,50).

One such composite indicator is the "mobility index" (I-B-50).
Changes in the index reflect impacts of highways on community stability
and cohesion. Variables used include percent of persons five years or
older who occupied the same residences for five or more years; percent
of housing units 20 years or older occupied by the same household
continuously; percent of single-family residence units; and percent
owner-occupied units., These quantities were combined linearly to yield
a mobility index.

The index was successfully applied to a test area in Beverly
Hills, California (I-B-50). Data problems were encountered elsewhere.
Although a simplified index was designed, it is doubtful that the
mobility index can be used generally to evaluate community impacts of
highway construction.

An empirical method for measuring residential linkages and
linkage patterns has been suggested as a basis for estimating community
consequences of transportation projects (I-B~11). Linkage definition
involved analysis of activity patterns and important destination points
for households.

Activity patterns were described by assigning a vector to each



destination point. Each vector originated at the homesite and contained
elements describing the characteristics-.of the activity site (e.g.,
geographic location, type of activity), and characteristics of the
household's interaction with the site (e.g., trip rate, mode, travel
time). Activity categories included full-time work; school; religious;
part-time work; shopping; recreation; informal socializing; restaurants;
community activities and formal socializing. Three principal modes of
travel were considered: car, public transportation, and walking.

Definition of a set of residential linkages was based on travel
surveys to identify a complete set of destination points for each
household (travel diaries); household interviews to identify the
activity sites considered important; and discriminant iterations analysis
to identify the criteria underlying the household's choice of important
destination points (linkages).

The analysis was applied successfully in a case study in Skokie,
Illinois (I-B-11). However, as the authors admit, the procedures used
to define residential linkages represent the value set of the authors,
not necessarily those of the households. The small sample size and its
intense geographic concentration limit possible inferences on the
general applicability of the results. General use of the method is also
restricted by the high cost of the necessary surveys (I-B-11).

A simplified mobility index has been formulated based on easily
available information (city directories) (I-B-26). Neighborhoods were
operationally defined as combinations of city blocks with homogeneous
residential housing characteristics. The mobility index for a
neighborhood measured residential mobility at five-year intervals
simply through the proportion of residents in the same dwelling units,
base year compared with five years past.

In case studies of Austin, Houston, and Dallas, Texas, neighbor-
hoods were grouped by socioeconomic level and by their spatial relation
to freeways (I-B-26). Study neighborhoods included communities border-
ing a freeway and communities segmented by a freeway. Neighborhoods
with similar social and economic characteristics, but not in close
proximity to a freeway, were used as controls.

Statistical analysis showed that the segmented neighborhood
category was a significant variable. Residential mobility is likely
to increase significantly for a segmented neighborhood. Conversion of
single dwelling units to apartments or addition of new multiple
dwelling units is also likely to take place in segmented neighborhoods
(I-B-26).

Problems arising from perceived conflicts between established
comnunity values and forces tending to alter the status quo have been
the subject of a number of normative studies dealing with the develop-
ment of an integrated highway planning process (I-D-1,5,8,11,12).



Property values, housing stock, recreational facilities, and aesthetics
were identified as indicators of social and community disruption
(I-B-30,50; I-D-8).

C. Land Use and Values

1. Land Use.
a) Residential.

Residential use of land is not related to highways in any simple
way. Low density, single-family development is often independent of
highways, i.e., other factors (socioeconomic, zoning protection,
schools) have predominant influence (I-A-43; C-01,08,11,29; IV-07).
However, highways appear to promote conversion of vacant (farm) land
to low density residential use at the urban fringe (I-C-08,29,43;
IV-07). Generally, such development takes place some distance away
since various factors related to highways (induced commercial develop-
ment, noise and air pollution) inhibit residential uses (I-C-08).

High density residential development appears to be promoted by
highways, particularly at or near interchanges. Particularly notable
is development of multi-family apartments along circumferential high-
ways (I-A-12).

b) 1Industrial and Commercial.

Highways promote conversion of vacant and residential land to
commercial and industrial uses. Findings of case studies on land use
are consistent with general patterns of location of industry and
commerce (see section I.A.); in brief, case studies show that increased
accessibility provided by highways introduces pressures for commercial
development of land (I-A-12,43; Cc-01,08,11,29,32,43; IV-07).

Arterial streets and radial highways tend to promote string
development while circumferential highways tend to promote more compre-
hensive development and weld suburban communities into a cohesive
whole (I-A-12,63). Circumferential highways may lead to accelerated
commercial development along major arterials intersecting them (I-C-32).

Highways and other all-weather roads are significant factors
in geographic concentration of retail business in rural areas (I-A-65).

Land use changes are most rapid, and land uses most intensive,
at or near interchanges (I-A-12; C-29,32). Highway oriented businesses
are prominent components of development at rural interchanges (I-A-12,
25,40; €-29,32,50). Industry, commerce, and high-density residential
uses appear much more frequently than highway-related businesses in
development at interchanges along circumferential highways (I-C-50).

10



c) Vacant and Rural Land.

The amount of vacant or farm land is often a significant factor
in the rate of development of an impacted area. Generally, land
utilization progresses from agricultural to a combination of agricul-
tural, residential, commercial and vacant land, with subsequent changes
involving some conversion from low intensity uses (low density residen-~
tial) to commercial or industrial. Highway impacts appear to be most
pronounced initially and are most evident in the rates of conversion
of farm or vacant land. Later changes depend on the rate of urbaniza-
tion of the area as a whole and are often independent of the highway
(I-C-08). '

Land development at rural interchanges involves predominantly
highway oriented business -- service stations, motels, restaurants
(I-A-40; C-50). Topography and distance to nearest urban area are
significant variables in the rate of development (I-A-40). Quadrants
on the right-hand side of motorists approaching the interchange on the
main (Interstate) highway are more prone to development (I-C-50).
Directional and cloverleaf interchanges have roughly equivalent amounts
of development. Among cloverleaf interchanges, those with access pro-
vided by frontage roads have significantly more intensive development
than restricted access interchanges (I-C-50).

2. Land Values.

The value of land adjacent to new or improved highways increases
substantially, typically in the range of 100% to 400% over that of
" control areas in a ten-year period. It should be noted that highways in
urban areas are located so as to minimize land costs. Therefore, land
values in a highway corridor are likely to be less than metropolitan
averages before highway construction.

Changes in land use are important in determining appreciation.
Land value increases are most substantial after conversion to a more
intensive use; particularly, when farm land is converted to commercial
use (I-A-63). The value of land used for single-family dwellings is,
on average, not affected significantly by highways (I-C-01).

The value of farm land seems to vary with its location with res-
pect to roads. When other major determinants of farm value are taken
into account (particularly, land productivity and type of agricultural
use), farm land values are least for locations on dirt roads; and are
progressively greater for locations on gravel roads, farm-to-market
roads, and state highways (I-C-02).

Appreciation of (urban) land depends on its location with respect
to the highway. In some instances, increases were at a maximum for land
abutting the highway and declined regularly thereafter (I-A-30; C-01);
more complicated relations were found in other cases (I-C-01,32).
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1I. Mass Transit

Mass transit, bus and rail, affects urban activities through
the same mechanism -- accessibility -- as highways. However, the
differences between car and transit modes of travel have an important
bearing on their secondary effects. Mass transit is an inherently less
attractive means of transportation for most people because of fixed
routes, a combination of walking and waiting with riding, and the lack
of small comforts and privacy. It is often pointed out that mass
transportation, where available, is substantially less expensive than
auto travel. This is true when automobile owmership is avoided.
However, if an automobile is owned, the overhead costs of depreciation,
maintenance, interest, and insurance must be paid even if the vehicle
is not used. Therefore, transit must be used for all trips to provide
significant savings in cost; such a choice involves a substantial
sacrifice of personal mobility.

The majority of studies dealing with secondary impacts of mass
transit are evaluative and projective rather than retrospective. This
is hardly surprising, since comparatively little was invested in new
facilities until very recently. Mass transit in the United States
declined steadily from its 'abnormal' peak during the years of World
War II to the relatively minor position it has in transportation today.
Only in the 70's, after the congestion, pollution, and inordinate
energy consumption of the automobile became generally apparent, did mass
transit generate new interest and new support.

The decline of mass transit over the last twenty-five years was,
in a sense, a secondary impact of highways and of expanded mass produc-
tion of automobiles. While car ownership rose dramatically, mass tran-
sit ridership fell from about 17 million passengers in 1950 to only
6.5 million in 1972 (8). The decline of mass transit was equally
severe by any other yardstick (8). However, some bright spots in this
bleak picture have appeared recently: the BART system in San Francisco,
MARTA in Atlanta, METRO in Washington. Plans for new systems or
extensions have also been drawn for a number of other urban centers (8).

Mass transit typically serves highly urbanized areas; its
setting makes it difficult to isolate secondary impacts of mass transit
from the diverse influences shaping urban growth. The absence of hard
data, the episodic character of the impact literature, and the limited
number of available studies make generalizations about impacts of
mass transit tentative at best.
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1. Economic Impacts.

a) Manufacturing Employment.

There is no clear evidence that mass transit has a significant
impact on manufacturing employment. Increased employment through
improved accessibility to jobs has been cited as a benefit of mass
transit, usually for inner city minority or disadvantaged groups
(11-07,10,22,35,50). Available data are limited, but on the whole,
they do not support this claim. For example, special bus routes
designed to improve access of inner city residents to suburban manu-
facturing locations have had little impact on employment (II-07,22).

b) Wholesale Trade.

Mass transit is not directly relevant to wholesaling. There is
no evidence that location of wholesale business bears any relation to
mass transit facilities.

c) Retail Trade.

Mass transit is generally viewed as having beneficial impact on
retail sales. The reference is to retail trade in the CBD and the
ability of the CBD to compete with suburban shopping centers. The
evidence, sketchy as it is, seems to support this view (II-19,41).

d) Services.

Mass transit has a significant impact on location of services
(insurance, real estate, banking, other specialized services). Analysis
of changes in land use associated with rapid transit facilities shows
considerable development of office space (II-14,19). It may be inferred
that services, the most intensive users of office space, tend to locate
near areas served by rapid transit.

e) Impacts on Inner Cities.

Mass transit, particularly rapid transit, is generally regarded
as a revitalizing force for urban centers. The available evidence is
ambiguous. Improved accessibility within the city is clearly a benefit
to the urban core; improved accessibility between the inner city and
outlying (suburban) locations may accelerate rather than reverse the
decentralization trend (II-14). High speed transit apparently helped
the downtown area in San Francisco (I1-20,41). In Philadelphia, the
Lindenwold Speedline appears to have accelerated development of suburban
office space at the expense of downtown areas (Philadelphia and Camden
City) (II-14).
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2. Land Use and Values.

a) Land Use.

The relatively limited available evidence suggests that rapid
transit stimulates intensive land uses: high-rise apartments, office
buildings, urban retail centers. Primary evidence of impacts on land
use is provided in studies of Toronto (II-19), Philadelphia (II-14), and
San Francisco (II-41).

b) Land and Property Values.

Some of the earliest impact studies of rapid transit deal with
real estate values. For example, a study of the Flatbush Avenue Line
in Brooklyn, New York conducted in the early thirties combined before
and after with study/control area comparisons to derive quantitative
impacts (9). It was found that assessed valuations per square foot
increased near rapid transit stations by factors up to 10 or 12 from
1920 to 1930. Impacts on real estate values were confined within about
1,000 feet of the station (9). Similar results were obtained in a study
of the Cleveland Rapid Transit System (10). Other studies also suggest
substantial increases of real estate values following extension or
introduction of rapid transit (II-14,19,41).

Two recent impact studies illustrate effects of rapid transit on
land use and values. The 4.5 mile Yonge Street Subway in Toronto was
opened in 1954, In 1963, an eight mile crosstown extension was com-
pleted; additional extensions are planned to enlarge the system to a
total of 21 miles. An analysis of real estate changes in Toronto partially
suggests that the subway was responsible for two-thirds of the property
value appreciation over the period 1952-1962 (II-19). Tax assessment
increases in districts contiguous to the subway ranged from 45% to 107%,
while the remaining city areas averaged only a 25% increase.

About half of all high-rise apartment development in Toronto
occurred in four planning districts through which the subway passes.
Also, the bulk of major office construction during the same period
occurred in three planning districts serviced by the transit line.
About two~thirds of all real estate development was within five minutes
walking distance from the subway.

The Philadelphia-Lindenwold Speedline, a highly automated, dual
rail rapid transit facility was opened in 1969. It links the Philadel-
phia CBD with the City of Lindenwold in Camden County, and passes
through several low-density suburban communities in southern New Jersey.
The Speedline appears to have increased the rate of office space
development in Speedline communities. Associated with this increase
was a displacement of activities from Philadelphia and Camden City.
Thus, the facility appears to have accelerated the decentralization
trend rather than reversed it (II-14).
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III. Wastewater Facilities

The influence of public wastewater facilities —-- primarily
treatment plants and trunk sewers ~- on urban activities and land use
patterns has received limited attention. An extensive search of recent
literature identified only a few, largely qualitative, empirical studies.
Accordingly, the discussion of secondary effects of wastewater treatment
facilities given here is largely based on causal relationships between
wastewater service and location decisions. This analysis is consistent
with the limited findings or hypotheses- available, and has been
supported in a preliminary series of empirical case studies (11). It
suggests that under a set of limiting conditions not uncommon in metro-
politan areas today, sewer investments can be a principal determinant
for the location of development.

A, Business Location in Relation to Sewers %

The influence of public wastewater investments on the location
decisions of businesses depends largely on the extent to which industry
groups rely on sewer systems for the disposal of wastewater. Since the
1972 Water Pollution Control Act Amendments are almost certain to change
this reliance for many industry groups, it is not possible to identify
classes of businesses that have similar sensitivity to sewer service.
In this discussion we assume that all businesses have some requirement
for sewer service, whether sanitary sewage from offices or water wastes
from production processes. Business activities are divided into two
classes: industry, comprising manufacturing, wholesale trade, and
other firms with large labor or material needs; and commerce, including
those firms which primarily sell goods or services to households.

1. Industry.

Industrial location (see Ch. II) depends priﬁarily on access
to labor and to external markets. So important are these factors that
the relative influence of public sewer service is usually small. The
absence of -sewer service in a particular location may nevertheless
effectively constrain development. While most industries are not
sensitive to marginal differences in land costs, the need to fund
their own private wastewater system may prove prohibitive in terms of
additional expense. An industrial firm, for example, may find it less
expensive to purchase developed land with adequate sewer service,
demolish existing structures, and build its own plant than to locate
where undeveloped land is cheap but no sewer service is available.
And since areas with existing sewer service usually have higher accessi-
bility, they are intrinsically more attractive than undeveloped, un-
sewered land in an inaccessible location. Only large-scale industrial
development, e.g., a single major plant or an industrial park, provides
economies of scale sufficient to make private wastewater facilities

* Not supported by refarences

15



cost effective. Even in this instance, a potential site is more
attractive if public sewer service is available.

Construction of urban highways magnifies the importance of new
sewer investments by making suburban sites attractive for industrial
developers. Such sites combine lower land prices than central locations
with equivalent access to labor and improved access to external markets.
Under this combination of conditions, a new sewer investment in the area
will stimulate industrial development. The absence of sewer service,
on the other hand, may limit such development to a relatively minor
amount. Stated differently, if two locations within a metropolitan
area have similar land availability, price, and access levels, but
one has public sewer service while the other does not, then the
location with sewer service will be favored for industrial development.

In practice, industries or industrial developers often do not
face this choice. Local planners typically have been eager to extend
sewer service to industrial developments because of the stimulus they
give to the area's economy. Often, the industry or developer pays
only a nominal fee for this service, with the balance of costs amounting
to a subsidy paid by local residents. 1In this case it is more appro-
priate to say that industrial development caused the sewer investment
rather than vice versa. But it is likely that failure to provide sewer
service would have prevented development from occurring.

2. Commerce.

The effects of sewer investments on commerce are quite similar
to those on industry. The principal relationship is a negative one, in
that the absence of public sewer service constrains commercial develop-
ment. Commercial locatjion is sensitive to population distribution and
access to households; accordingly, the relative influence of sewer
gervice is probably small. Commercial firms, like industries, are
willing to pay any necessary premiums on rents or land prices in return
for high access.

Conditions under which a new sewer investment will have important
secondary effects are: availability of vacant, previously unsewered
land available at low cost, relative to average cost for comparable
commercial sites, and having high access to households. Individual
stores or small office structures of low density may not require
sewer service. Therefore, some low density commercial development is
possible without public sewers.

The secondary effects of sewers on residential development affect,
in turn, the location of commerce. New residential subdivisions of any
size are followed by supermarkets, drugstores, and the like. The
regional pattern of residential development -- coupled with transporta-
tion facilities -- determines the optimum location of shopping centers
and office buildings. Thus, at least theoretically, sewers have a
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lagged effect on commerce through residential location that may be
more profound than more immediate impacts.

Interactions between major commercial developers and local sewer
planners are generally extensive. In particular, developers of regional

shopping or commercial centers —- which often include dozens of retail
outlets as well as office space -- are often influential in the local
planning processes. Even though land may be unsewered when purchased by
the developer -~ and available, therefore, at a lower price -- there are

often informal agreements with local officials that sewer service will
be provided. The developer probably recognizes in such instance that
if his agreement falls through, wastewater disposal expenses will
reduce, but not eliminate, his profits. While no data have been
gathered to check this hypothesis, such developments are probably
large enough to allow funding of private wastewater systems in the
absence of public service,.

For both commercial and industrial development, one condition
necessary for significant secondary effects is lower land price than
average. - The provision of public sewer service usually causes a rapid
increase in land prices, typically by a factor of two to four. However,
because developers often buy their parcels after sewers are planned but
before they are constructed, they collect the benefits of any subsequent
price increase. Advance information and slow price responses to altered
conditions make this form of speculative activity possible.

B. Residential Location in Relation to Sewers *

The principal link between housing location and sewer service is
density of residential development. Because developers typically
increase their profits (and offer reduced housing prices) through more
intensive use of land, the availability of sewer service is a stimulus
to build. This is particularly true in major metropolitan areas, where
generally inflated land prices discourage low densities even in out-
lying locations. In many regions, use of septic tanks in new homes has
virtually ceased because of the large lot sizes required for leaching
fields. The importance of sewer service, therefore, appears to be
growing.

1. Residential Growth in Relation to Sewer Investments.

In an empirical examination of rapid development in an urban
fringe area of about 17,000 acres located in the northeast section of
the City of Philadelphia (III-06), time series data were used to relate
land values and land development to accessibility, availability of
public facilities (including sewers), zoning, and ownership characteris-
tics. The study period extended from 1945, when post-war development
pressures were beginning, to 1962.

Parcels of land with access to trunk sewers averaged four times
* Not supported by references
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the value of land not accessible to sewers. Because the data were
aggregated over an 18-year study period, part of this difference can
be ascribed to higher average prices paid in later years when land
without sewerage was not available in the area. However, part of the
difference no doubt resulted from different prices at the time of
transaction. Interpretation of these results is ambiguous, since two
different mechanisms may have produced such a correlation. Sewers
might have directly led to increased market values or development
pressures could have led local authorities to sewer the most valuable
and attractive areas. It is probable that both mechanisms operated
during the study period.

Time series data also indicated that average annual percentage
increase in price of land not accessible to sewers was about double
that of sewered land. In explaining this result, it is noted that
unsewered land was transacted in meaningful amounts only during the
first half of the study period (III-06). Subsequently, all land in
the area was fully sewered. It appears that as sewers were extended,
the influence of other factors became predominant.

The main conclusion of the study was that lack of sewers acts
as a negative constraint on development. Their absence inhibits
functioning of operative builders, although it clearly does not pre-
vent all development. The existence of sewers, on the other hand,
cannot overcome other forces limiting development in subareas. The
study concluded that whether selective installation would channel
construction from one subarea to another was an open question.

A retrospective study of development in Fairfax County, Virginia
contains a largely qualitative description of the influence of sewer
investments on residential development (III-10). Although lacking in
rigorous empirical support, the study provides a scenario of rich
details of impacts and their causes, and makes a strong case for a
major role of sewers in sprawl development.

Fairfax County, a southern component of Metropolitan Washington,
experienced nearly a five-fold increase in population from 1950 to
1970. The immigrants were largely accommodated in single-family houses
in the $30,000 to $40,000 range. Because of the demand for low-density
development, the hilly watersheds of the area, and the large reserves
of undeveloped land in the county, sprawl was dominant in the tidal
wave of development. County officials, the study claims, exacerbated
this phenomenon by dutifully extending interceptor sewers into totally
undeveloped areas and granting zoning variances willingly. As a
result, large amounts of open space were needlessly taken, tax burdens
on existing residents grew, public services stagnated, and land specu-
lation increased.

To put these events in perspective, it is important to acknowledge
some purely local factors that encouraged this pattern of development.
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The county is under tremendous suburban growth pressure from
Washington, D.C. Soils are unsuitable for septic tanks; accordingly,
sewerage 1s almost a necessity for development. The county financed
sewers largely without federal assistance and consequently increased
its indebtedness. Finally, land use plans and controls in Fairfax
County were rendered ineffective partially because of court decisions
indicating that limitations on development were arbitrary and
capricious.

Relations between sewers and population growth in the Washington
area were statistically examined in the period 1960 to 1968 in another
study conducted by the Metropolitan Council of Governments (III-04).

The EMPIRIC model was the basic framework for the analysis;
EMPIRIC calibration data were a major part of the data base. In the
EMPIRIC model, the Washington Metropolitan Area is divided into 'policy
analysis districts' on the basis of transportation corridors. Changes
in households and employment levels (divided into various categories)
are allocated in 8-year intervals beginning in 1960. The model was
calibrated for 117 districts (defined on the basis of 1960 census
tracts) with data for 1960 and 1968.

The Washington Metropolitan Area was further subdivided in the
cited study by a grid consisting of 2,000 foot squares. A computer
program digitized and identified each grid square by the EMPIRIC
calibration district to which it belonged. The impact of trunk sewers
on development was analyzed in the first instance by considering
development and trunk service for each grid square.

Sewer data were collected for each grid square and aggregated
by watershed. Statistical analysis showed that growth in a watershed,
expressed as change in share of regional population, was related to
change in design capacity of trunk sewers. Changes in share of region-
al population in a watershed were also related to the amount of vacant
land in the area multiplied by the inverse of its average straight
line distance to trunk sewers. A good correlation was observed when
these three variables were combined into a '"composite capacity and
location factor."

When the same data were aggregated by EMPIRIC policy district
rather than by watershed, no significant correlation of population
growth to the "composite capacity and location factor' was found.

A relatively poor correlation of growth with changes in sewer capacity
was observed; correlation with the amount of vacant land and its
average distance from sewer service was also relatively poor. 1In
general, analyses by watershed and by EMPIRIC district did not yield
consistent results.

A few other studies provide insights into the nature and causes
of secondary impacts of sewers. The most commonly recognized area of
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secondary impact is new development, including rates, magnitudes, and
densities (TII-01,06,10). Most studies have focused on residential
development in urban fringe and outlying areas where the pressure for
development is often highest. Such urban expansion, whether stimulated
or simply allowed by sewerage, usually brings with it a set of induced
impacts on local governmental services, public indebtedness, and housing
characteristics (III-01,10).

Opponents of urban expansion are coming to view interceptors as
a primary growth stimulus. The limited empirical analysis available
suggest that sewerage systems cannot always be isolated as instrumental
causes of development (III-06). However, under a set of limiting con-
ditions not uncommon today, they may serve as a principal stimulus for
localized development.

2. Single-Family Housing.

Single-family housing, the least intense of all urban land uses,
is not totally constrained by lack of sewer service. Densities for
detached homes range, on the average, from one to five units per
acre. Depending on soil conditions and topography, septic tank systems
can effectively serve up to four units per acre. Conditions are seldom
optimal, however, so that in practice septic tank systems often can
work effectively only on half-acre or full-acre parcels. And where
the water table is high or soils are impermeable -- not unusual con-
ditions -~ septic tanks are impractical. Thus even single-family
housing construction can be strongly influenced by sewer service.

Since it is not generally economically feasible to construct
single family homes by demolishing existing structures and redeveloping
the land, the impact of new sewers is directly related to the amount of
vacant land in their service areas. Where little or no vacant land
exists, as in the case of relief sewers to fully developed areas,
single-family construction will not be affected. However, relief sewers
to suburban areas often traverse undeveloped locations. While in this
instance there may be no significant effects on single-family construc-
tion in the intended service area, vacant sites along the sewer line
would be likely to undergo development. Similarly, when local waste-
water systems in a metropolitan area are integrated into a regional
system through construction of interceptor sewers linking local areas,
undeveloped sites along the interceptors become attractive for single-
family housing construction. Since regional wastewater systems are
encouraged by the Water Pollution Control Act Amendments (12), this
situation is becoming more common.

Statistical analyses confirm that the amount of single-family
housing construction in an area is positively correlated with the amount
of vacant, sewered land available (11). By inference, the sewer invest-
ments most likely to stimulate construction are those in suburban
locations with substantial tracts of undeveloped land. However, where
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vacant, sewered land is already available in some quantity, new sewer
investments will have only a marginal influence on development.

The same analyses, however, show that single-family construction
is more strongly correlated with newly sewered land than with vacant
land sewered previously. In fact, there is some evidence (11) that
the delay or lag between sewer construction and single-family develop-
ment is minimal or even nonexistent. This suggests, first, a rush
to build in newly sewered areas before prices adjust to higher levels
normally associated with sewered land. But it also implies that
developers have advance information concerning the location of new
sewers. In fact, residential developers often request that sewers be
extended to subdivisions they are planning. Where this situation pre-
sents problems, developers may construct their own sewer system on the
agreement that the local govermment or sewer authority will subsequently
purchase and operate the system. Here again the situation is too
ambiguous to ascribe a one-way causal relationship between the sewer
and the subdivision. However, only the largest subdivisions (e.g.,
several hundred dwelling units or more) can economically finance their
own wastewater system without assistance from local authorities.

Generally, significant increases in single-family housing
construction can be expected to follow new sewer investments in areas
where there is little vacant, sewered land, where vacant land prices
are low relative to the regional average, and where large tracts of
contiguous undeveloped land exist. Any variation from these condi-
tions reduces the likelihood of major secondary impacts on single-
family housing.

3. Multi-Family Housing.

Multi-family housing, as an inherently intensive land use,
requires sewer service. At the same time, apartment and condominium
developers do not usually require large tracts of vacant land, and
they can pay premium prices for land. Multi-family housing construc-
tion, therefore, responds differently to sewer investments than
single~family development.

The principal difference, of course, is the necessity of high
accessibility for multi-family development, whereas new single~family
housing requires much lower access to -be successful. Like industrial
and commercial development, multi-family residential construction can
take place only where both high accessibility and sewer service are
available. However, since apartments and condominia can be built in a
variety of densities, from two-unit structures to high rise complexes,
developers can trade off access for lower densities to some extent.
There is, therefore, not a single combination of conditions under
which sewer investments significantly affect multi-family construction,
but rather are several situations which create a potential for such
secondary effects.
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The most significant impact on multi-family development will
occur when sewer service is provided to areas with high actess to
existing employment centers and with substantial amounts of vacant land.
This situation seldom occurs exeept in conjunction with highway invest-
ments, where previously inaccessible, partially undeveloped areas are
made accessible. The combination of high accessibility and land availa-
bility is ideal for major, intensive residential development.

If, on the other hand, the amount of vacant land served by a new
sewer is small, the amount of multi-family residential development
likely is less, but what construction does occur will be intense, e.g.,
high rise apartments, This difference is largely a matter of land
prices, with more units per acre necessary to reduce per unit costs.

A relief sewer to a subdivision composed primarily of single-family
homes with septic tanks might create such a situation. The amount and
intensity of subsequent multi-family construction, however, would
depend on the accessibility of the subdivision.

If sewer service is expanded in an area where little vacant land
is available and accessibility is somewhat lower, then some apartments
or condominia will probably be developed, since the scarcity of land
may raise prices enough to prohibit new single-family homes. In this
case, however, the lower level of access would probably limit density.

Since sewer investments usually serve areas with several combina-
tions of these characteristics, a range of effects on residential
development are likely. Portions of the service area with isolated
parcels of vacant land and good access will be attractive for apart-
ments; more outlying portions with contiguous tracts of vacant land
may be subdivided for single-family homes. Local land use controls,
such as zoning, may moderate these secondary effects.

C. General Land Use Effects

General land use secondary effects of sewer investments identi-
fied in the literature are summarized below.

e The increased attractiveness of sewered areas encourages land
speculation and increased real estate values (III-06). Although it is
difficult to isolate sewer-related increases, a doubling in value
seems common, while three-, four-, and five-fold increases in value
are not exceptional (13).

e Sewer-inspired development is often of the dispersed sprawl
type with deleterious effects on available level of public services
to residents of the newly developed areas, on per capita public services
in the region as a whole, and/or on tax burdens to residents of other
areas in the region (III-10).

® A potential physical effect of sewerage investments is
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decreased water quality through storm water runoff in newly developed
areas (14).

Specific mechanisms which provide strong encouragement for
development of newly sewered areas include:

e Interceptor sewers servicing undeveloped or partially develop-
ed land areas subsidize developers by providing relatively low cost
sewer treatment (III-10). The subsidy encourages moderately-priced
housing, as opposed to higher priced housing in unsewered areas (15).

e New sewers increase the density of possible development and
thus the potential economic 'rent" (and development profit) per unit
of land to the owner or developer (III-09).

o New sewerage is often partially financed by revenue bonds to
be repaid through tap-in and service charges. Local authorities tend
to encourage tap-ins through easy rezoning in order to stimulate
revenues while the market is strong (III-10). This provides another
stimulus for development at high densities.

Two other external factors help cause sewer impacts. The
availability of federal funds for capital costs makes over-capacity
sewers and regional sewerage systems more attractive to local decision-
makers. In the case of over-capacity, local planners again tend to
encourage tap-ins in order to quickly repay their share of capital
costs. And because regional systems with a central waste treatment
plant often require long interceptor lines through undeveloped areas,
they encourage development of open space (ITI-03).

An important qualification is that lack of public sewer invest-
ments does not necessarily stop further development. If developmental
pressures are intense, private sewerage systems are financially feasible,
not only in the form of individual septic tanks, but also as package
treatment plants. Thus development can continue unchecked without
public investment in sewer facilities. But the form, intensity, and
rate of development may be significantly altered.
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IV. Modeling Techniques

Attempts to quantify probable secondary impacts of infrastruc-
ture investments include projective techniques based on single equations
(generally calibrated empirically), partial models dealing with a
narrow range of specific impacts, and comprehensive models dealing with
major aspects of a regional system (16, IV-31,36,37).

1. Projective Equations.

Single equation '"models' have been used to describe or forecast
aspects of development (generally land use) given a set of independent
variables. The set generally includes variables related to availabil-
ity of sewers and transportation.

Kaiser (IV-29) analyzed the decision-making process by various
types of developers of residential (single family) subdivisions. The
analysis combined a causal specification of independent variables with
empirical study of their importance to arrive at a simplified expres-
sion for predicting the probability of subdivision development. The
model consists of a linear combination of only four predictor variables
(socio-economic rank, distance to nearest elementary school, accessi-
bility to employment, and availability of public utilities and services).

Regression analyses using data on two medium-sized cities showed
that socio-economic rank was the single most important variable deter-
mining subdivision development. Level of zoning protection, distance
to nearest major street, and public utilities were next in order of
importance. Physical characteristics of the land were not important.

The model treats the spatial distribution (but not the amount)
of only one sector of the residential housing market (single family
subdivisions). It cannot be used for forecasts over long periods of
time. Furthermore, since contextual factors were found to be important,
the model must be calibrated separately for each urban area.

A similar approach was used by Kaiser and co-workers (IV-30)
in a study of land use conversion. Regression analysis was used to
determine whether landowners on the urban fringe would sell their
property for development. Six predictor variables were identified and
grouped into two categories, landowner and property characteristics.
Important landowner characteristics were: residence on or off the land;
employed or retired; single or joint ownership; and length of ownership
of the property. Property characteristics were: amount of contiguous
development and assessed value (per acre) of the land. Experience with
the model showed it to be more accurate when calibrated for each of a
series of concentric rings around an urban center.
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Another approach to single equation models is exemplified by
Schlager's work (IV-43) with linear programming in devising minimum
cost, land use plans. An objective function specifying costs of
development for different land uses is minimized subject to a series
of constraints (land requirements for forecasted urban activities) and
design requirements (e.g., exclusion of construction on flood plains,
restrictions on adjacent industrial and residential development, etc.).
Required inputs in the analysis are costs, inventories and forecasts
of land development, and design requirements.

The use of linear programming assumes that objectives can be
represented in common terms, e.g., dollar costs. It also assumes that
a stable optimum can be attained in the time period under study; this
implies, in turn, that objective and constraint functions and their
coefficients are invariant.

Similar assumptions are necessary in regression analysis.
Calibration of the weight of independent factors generally implies that
these factors are invariant over the study period. A corollary assump-
tion is that "independent' factors are not significantly affected
during the projection period by the variables being predicted (i.e.,
by the dependent variables in the model).

2. Partial Models.

a) Land Use.

Early economic theories of land use generally postulated a free
land market in which different types and numbers of land consumers
compete for different parcels of land. Land owners rent {(or sell) to
the highest bidder. The bid of each consumer or group of consumers
depends upon their needs and their income. Consumers minimize the sum
of expenditures for ground rent and transportation consistent with
their requirements and preferences (17). However, because each parcel
of land goes to the highest bidder, low income families must join in
bidding for small parcels of land, thus increasing density. Further-
more, density tolerance varies with household composition. 'Thus a
certain natural selectivity takes place in which both income and
density tolerance are at work" (17).

Industrial and commercial consumers operate in the same fashion,
but their requirements are different. Rather than employment and
amenities, which guide residential choice, industrial necessities
include labor, markets, materials and services. These factors are
weighed differently.by different types of businesses, and each industry
has its own density tolerance.

In spite of their simplicity, these early economic theories of

land markets and use introduced several important concepts that
strongly influenced later approaches to the problem. Most important
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were the role of accessibility in determining land use and the princi-
ple of minimization of land rent-transportation costs (or its equiva-
lent, maximization of disposable income).

Among recent land use models, the University of North Carolina
Model (IV-07) treats conversion of open land to residential use. 1In
the UNC model, an entire metropolitan area is divided into cells. Some
cells are exogenously specified to be unavailable for residential
development based on a forecast of non-residential land uses. The
probability of development of the remaining cells is proportional to
their "attractiveness' to population groups. Attractiveness is a
weighted combination (calibrated by regression) of initial assessed
value, accessibility to work areas, availability of public sewerage,
and accessibility to the nearest major street and nearest elementary
school. 1In each forecast interval, units of development are assigned
to cells probabilistically according to attractiveness scores. This
assignment continues until all forecasted demand is met.

The UNC model is applicable to areas of growth and new develop-
ment. Housing supply is assumed to be totally governed by demand.
Neither interaction of supply and demand, nor its result, housing
prices, are considered within the model.

Neglect of supply-demand interactions is a characteristic of
many land use models. Supply of land for specific uses is often
formulated as dependent upon demand. For this reason, research has
centered on techniques to derive supply from demand. Two techniques
used extensively are regression analysis and optimization via linear
programming.

b) Economic Activity Location.

Intraregional economic location models address, at least implic-
itly, relative advantages of regional sub-areas. Such advantages can
usually be translated in the end in terms of either lower costs of
doing business or in larger and more attractive markets. These two
categories provide a convenient means for disaggregating industries
in economic location models. The primary determinant of location of
market-oriented industries is, almost by definition, market attractive-
ness. On the other hand, location of non-market oriented industries
is influenced by a variety of factors which make up the overall cost
of doing business.

A so-called "gravity formulation'" was the basis of the retail
market potential model developed for Baltimore by Lakshmanan and Hansen
(IV-32). The gravity model asserts that the extent of interaction
between two areas 1is proportional to the mass (or size) of the two
entities, and inversely proportional to a power of the distance between
them. Measures of mass may be income, car registrations, school enroll-
ment, etc., depending upon the topics addressed by the model. For
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example, the gravity model has been used in transportation studies to
generate traffic volumes between a number of points by using population
as the indicator of mass and by expressing 'distance'" in miles, time,
or travel costs.

The actual model developed by Lakshmanan and Hansen for Baltimore
was a variant of the gravity formulation generally known as the inter-
vening-opportunities model. This version assumes that distance per se
is not a determinant of interaction but rather, as Stouffer (18)
suggests, ''the number of persons going a given distance is directly
proportional to the opportunities at that distance and inversely
proportional to the number of intervening opportunities."

The Lowry model (IV-35) incorporates economies of scale by
imposing a minimum facility size constraint on the location of retail
activity. It is a static model that iteratively solves for equilibrium
between employment and residential location. Lowry models not only
the home-to-shop trips, but the work-to-shop trips as well, so that
retail location is dependent upon all employment and residential
location. This is done by assigning to each zone a score reflecting
accessibility to consumers (from home and work). Total retail employ-
ment (generated by a counversion factor from total households) is
distributed among zones in proportion to the accessibility scores.

The EMPIRIC model (IV-50) employs, as do a number of other models
(19,20,1v-51), regression analysis to calibrate the extent to which
various independent factors determine employment location. These
factors are exogenously specified to provide the bases for future
allocation of employment. In EMPIRIC, different combinations of the
following '"locator variables" are used for projection and allocation:
intensities of land use; zoning practices; automobile accessibilities;
transit accessibilities; quality of water service; and quality of sewer
service. Changes in the following variables were allocated to different
zones in a study of the Boston area: white- and blue-collar population;
retail and wholesale employment; manufacturing employment; and all
other employment.

¢) Residential Location.

As with economic activity, accessibility figures prominently in
many formulations of residential location. In fact, it is convenient
to group residential location models according to whether accessibility
is the prime determinant or merely one of a broader set of locational
criteria. Models in the former group include the original Kain formu-
lation, Alonso's work, and Lowry's metropolitan model. The latter
group includes De Leeuw's housing model, the NBER urban simulation,
the San Francisco model, and Ellickson's formulation.

All these models, whether accessibility-dependent or not,
include, generally explicitly, utility functions representing
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locational criteria of households and the households' attempts to
satisfy these criteria, that is, maximize the utility functionms through
locational decisions.

Kain (IV-27) postulated that households minimize overall costs
consisting of transportation expenses and location rents. Location
rents per unit of residential space of a stated quality and amenity
are assumed to decrease monotonically with distance from workplaces.
At any given distance from an employment center, the total location
rent Increases with consumed space.

Kain considers transportation costs to have three components,
each of which includes both dollar and time costs. However, only the
cost of the journey between residence and workplace is included in
the model. The cost of obtaining services in the residential area
was omitted because it was assumed to be the same for all areas.
Costs which vary with the residence's distance to other areas were
assumed to be trivial.

In an application of the model to the City of Detroit, inputs
were the location remt function, travel costs, and household groups'
incomes and preferences for residential space. 1In Detroit, households
were allocated to one of six concentric rings through a cost-minimiza-
tion procedure in a linear programming format. The minimum-cost
location (residence ring) of any given type of household is defined
by its preference for housing space and by distance from the employment
center at which the sum of the (increasing) transportation costs and
the (decreasing) total location rent for the preferred type is at a
minimum.

Lowry's model -of a metropolis (IV-35) is another static equilib-
rium formulation in which the journey to work is the prime determinant
of residential location. Households are allocated iteratively to zones
in the area in proportion to each zone's score, which is based on the
zone's accessibility to employment. The first distribution of house-
holds determines an approximation to the retail employment distribution.
This approximation, together with base employment locations, redefines
the household distribution. The new household distribution is used to
revise the retail distribution, and the sequence continues, converging
to an equilibrium. Lowry's model is based on the same assumptions as
Kain's formulation.

De Leeuw's housing model (IV-10) provides the first example of
a conceptual extension of accessibility-oriented residential location
models. This equilibrium model provides a one-step projection of the
distribution of families and single persons among concentric zones
of a hypothetical metropolitan area. Three behavioral entities are
included in the model: households, landlords, and builders.
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Households attempt to maximize (in a linear programming format)
a utility function which consists of the following elements: housing
services (measured in dollars) provided by the dwelling unit; the
income remaining after renting a unit (i.e., after purchasing services);
time available after traveling; and zonal average income.

Landlords attempt to maximize profits by adjusting the services
provided and housing prices. Builders meet any demand at a price equal
to the exogenously specified capital and operating costs.

An iterative sequence is followed in which households choose
dwelling units according to their utility-maximizing criteria. A few
dozen households and units represent the entire market. Some units are
selected by more than one household, and some not at all. In these
situations, the housing price is raised or lowered, respectively, by
an exogenously specified amount, and the amount of services provided
modified accordingly. Minimum limits are set for the rent levels.

The next iteration of household location is performed with the new
distribution of prices and services available to households. This
process continues as long as housing units either are selected by more
than one household or are vacant with a price above the minimum allow-
able level.

De Leeuw assumes that, contrary to Kain's journey-to~work theory,
housing quality and neighborhood (income) effects are, in fact, deter-
minants of residential location. 1In addition, a more explicit repre-
sentation of supply-demand interactions yields price adjustments in
working toward a market-clearing solution.

Market-clearing interactions are placed in a more dynamic frame-
work in the NBER model (IV-28). Rather than solve for equilibrium,
this formulation documents the effects of housing submarket disequilib-
ria from one time period to another in a time-stepping simulation.

Housing 'bundles" replace De Leeuw's concept of housing services.
These bundles include attributes of the dwelling unit as well as
exogenously specified attributes of the neighborhood, such as density,
quality of public services, and socio-economic characteristics.

Each household has a preference for a specific bundle and
attempts to minimize (by linear programming) its travel costs accord-
ing to the location of available supplies of housing. To compute
these, interzonal matrices of travel costs and times are specified
for different travel modes. The result is that each moving household
(not all move in every time period) chooses the housing bundle it
desires at the location nearest its workplace.
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The total supplies of housing change gradually. Filtering occurs
when is it not economic to maintain a unit, given the market price the
unit is drawing. Construction of new units also depends on market
prices and associated economic factors.

A formulation similar to the NBER model, but without explicit
consideration of accessibility, is the San Francisco Housing Simulation
Model (21). Households with specified desires for housing types are
matched with available supply of each type. Excesses of supply or
demand in submarkets generate price changes that affect the economic
feasibility of changing the level of stock of each housing type.

Households are broken down by size, income, race, and age of
head. Housing is disaggregated along two lines: dwelling unit char-
acteristics (cost, size, and condition) and what are essentially
"neighborhood" attributes (socio-economic status of residents, density
of development, topography, and historic status).

Each household type (114 in all) is assigned a preference list
of housing types. To the extent that dwelling unit and neighborhood
characteristics do not match the characteristics preferred by the
population (all have the potential for relocating in each time period),
price and stock (construction and conversion) changes are examined for
economic feasibility.

The mechanisms by which market interactions produce subsequent
changes are similar to those in the NBER model, but the San Francisco
simulation is notable for its assumption that accessibility plays a
minor role in determining location, and for its extremely disaggre-
gated representation of supply and demand.

Sociological surveys provide a number of factors for possible
inclusion in locational decision functions. Stegman (I-B-37) reports,
from a national survey of reasons for household relocation, that the
most frequently cited cause was a desire for more space. Other causes,
in order of frequency were: desire to own a home; forced moves; desire
for a lower-cost alternative; improved housing quality; and improved
neighborhood quality. A move to a location more accessible to a job
was ranked seventh.

Hinshaw and Allott (I-B-17) report the outcome of a housing and
neighborhood preference survey of urban youths, with the results dis-
aggregated according to race/ethnicity, family income level, and type
of housing presently occupied. Housing preferences, throughout almost
all groups, were for single-family suburban homes, with little desire
for proximity to relatives. Neighborhood preferences, ranked accord-
ing to importance, were “...overall, safety and proximity to good
schools are considered to be critically important. Attractiveness,
proximity to transit stops, friendliness of neighbors, and access to
parks are considered important or very important as decisional factors,
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while proximity to shops, entertainment, and place of work are consid-
ered relatively unimportant."

3. Holistic Models

Holistic models incorporate theories of land use, housing, and
residential and employment location to project population, levels of
employment, and their geographic distribution.

The Lowry model (IV-35), discussed above in connection with
household and industrial location, has provided the basic structure
for many subsequent holistic modeling efforts. The iterative solution
sequence of the Lowry model can be summarized as follows:

Base Employment Location ————= Industrial Land Use
Househo!d Location ———w=Residential Land Use

Retail Location ———=Retail Land Use

The Pittsburgh Urban Renewal Simulation Model (IV-46) incor-
porated a revised Lowry formulation named Time Oriented Metropolitan
Model or TOMM (IV-09), an input-output interindustry model, and an
intraurban industrial location model called INIMP (IV-4l).

The input-output model generates basic employment projections
for several employment categories for the region, county, and city.
INIMP distributes projected base employment increases and decreases
among tracts in the city. Employment decreases are either: (a)
allocated to tracts in proportion to the amount of industry in that
tract; or (b) if the decrease exceeds externally specified '"shutdown
percentages," a Monte Carlo procedure deletes facilities until the
projected decrease is less than shutdown levels, allocating the
remaining decrease according to (a). Increases are allocated in a
three-stage process. Some industry types require certain location
attributes (e.g., near a river or airport), which are specified for
the model. Tracts with suitable attributes may accept corresponding
industry types. Allocation among these tracts is in proportion to
scores assigned to them according to four factors: assessed value,
available land, structural density, and industrial clustering.
Finally, new facilities are generated by any tract industry increase
which exceeds a capacity constraint.

This base industry location provides the inputs for TOMM. The

Lowry-type iterative process locates population and retail industry
in the city. There are three changes in this formulation from that
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of Lowry's. First, it is assumed that reduction of the study's bound-
aries to that of a city does not conflict with the location model's
structure, i.e., exurban or inter-county commuting is insignificant.
Second, households are disaggregated by income. Income and households
determine, through a conversion factor, retail activity distribution.
Third, only a fraction of households and retail activity can relocate
within one time period, thereby abandoning the equilibrium solution
for a dynamic simulation.

The Bay Area Simulation Study or BASS (IV-06) modeled a much
larger area -- that of nine and thirteen counties, in two different
versions of the model. Historical employment and population trends
were extrapolated to obtain totals for the area, with the assumption .
that the forces behind this development in the past would continue in
effect in the future.

Different types of employment are located according to a variety
of formulations. Primary (agriculture, mining, etc.,) employment is
allocated by trend extrapolation. Construction employment is allocated
in proportion to new housing and new employment. Retail employment is
allocated in proportion to relative attractiveness indices, which
combine market potentials (generated by a gravity model) with a measure
of commercial site suitability. This suitability was calculated using
regression analysis based upon employment in certain other industries,
employment and population accessibilities (from matrices of inter-zonal
travel times), and density of development. :

The allocation of manufacturing industries (IV-17) uses a formu-
lation similar to INIMP. For projected increases, a two-step process
is employed. Tracts are first examined for "essential factors' for
each Industry. Attractiveness scores are assigned to tracts possessing
such factors according to regression-calibrated weightings of forty
characteristics. These include levels of employment, accessibilities,
and land availability. The area with the highest score receives an
employment increase equal to the average size of that industry's
facility. This process continues until the entire regional increase
has been allocated. Industrial declines are allocated among tracts
according to the percentage of the industry in each tract.

Household location is computed in terms of housing demand,
disaggregated by single- and multi-family housing of high, medium, and
low value. Households are allocated to subareas in proportion to each
subarea's accessibility to employment. Housing demolition is forecast
exogenously. Constant proportions are specified for the value classes
of housing, and construction and filtering are formulated to attempt
to maintain these proportions.

The entire Northeast Corridor of the U.S. was the subject of
the Northeast Corridor Transportation Project (IV-08). This analysis
was originally designed to include a hierarchy of three models: ECON,
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an econometric model for projecting industrial sectors' labor demands
and the demands for sectoral output; IRIO, an interregional input-
output model; and INTRA-1, an intraregional allocation model, IRIO
has since been deleted. The INTRA-1 formulation (22) has been changed
substantially, and the current version is known as INTRA-II (23).

The latter formulation is examined here, and referred to simply as
"INTRA."

INTRA was developed as a set of highly interrelated components.
Extensive feedback processes in the model produce a time-stepping
simulation of the system. INTRA uses the output of ECON to produce
forecasts, by county, of employment in industrial sectors, population,
income levels, and land use. Incremental changes are computed by
econometrically derived equations in order to provide a dynamic
formulation.

Changes in employment distribution are based upon counties
relative advantages in procurement, processing, and distribution. Pro-
curement advantage 1s highly dependent upon accessibility to required
inputs. Processing advantage reflects the relative costs of production
factors, particularly land and labor. Distributional advantage is
dependent upon accessibility to markets and the market potential (for
an intermediate good or a final consumable).

Births, deaths, and migration determine county population levels.
Births and deaths are formulated as being dependent upon income levels
and population densities. Migration is generated by feedback from
unemployment, accessibility to employment, and wage differentials.
Wage and property incomes are the primary components (though others
are also computed) of personal income. Land value is dependent upon
the density of the land's use (by population and industry). Further-
more, land consumption by all users is dependent upon the cost of that
land.

A similar system of models was proposed by Engle et al. (IV-12).
Modifications included a more disaggregated population (by age, race,
and skill level), inclusion of the effect of local taxes on locational
decisions, and consideration of structural semi-permanence of housing
on the housing market and on land use.

Forrester's Urban Dynamics (IV-14) effort modeled a complex
feedback system intended to represent major forces causing development
or decline within a city. The primary variables in the model are three
skill levels of population, land, three stages of industry, taxes, and
three qualities of housing. The model assumes that all workers live
within the city.

Attractiveness of location in the city by population groups is
dependent upon unemployment, housing quality, availability, public
expenditures per capita, and density of development. As there is no
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geographic disaggregation, accessibility and its effects are not treated.
A specified '"normal" growth rate of industry is modified by land avail-
ability, labor force, taxes, and past growth. This assumes that all
industry types respond to the same locational factors,

Hester (IV-22) has revised the Urban Dynamics formulation to
include city-suburbs interaction in the labor market.

The regional dynamics of the Susquehanna River Basin were modeled
by Hamilton, et al. (IV-20,21). The basin was divided into nine con-
tiguous regions relatively independent of each other, except for river
water (quantity and quality) interdependencies. For each region, a
formulation was provided for interdependencies among employment and
demographic variables.

Population was disaggregated into age groups, each of which
displays relatively homogeneous behavior with respect to migration,
birth and death rates, and labor force participation. Statistically
validated relationships were established between unemployment and
birth rates and between unemployment and migration by age groups.
Unemployment was also a determinant, over time, of labor force partic-
ipation (the 'discouraged worker' effect). A cumulative measure of
skills (affecting labor productivity) was maintained for each region.

Employment was disaggregated into export industries and local
serving (market-oriented) industries. The latter group was broken
down into household- and business-serving components. Export employ-
ment was further divided into four component categories, depending
upon economic sensitivity of 3-digit SIC industries to labor costs,
transportation costs of products to market, and transportation costs
of raw materials to processors.

Household-serving employment was calibrated to depend solely on
population. Business-serving employment was determined by the level
of all other employment. Regional costs in terms of the three export
industry factors cited above, and the importance of these factors to
each industry, determine the attractiveness of the region to each
export industry. Transportation costs were represented as the
measured ratio between regional and national transportation costs in
an industry. Labor costs (wages) are dependent upon the mix of
industries in the region and unemployment.

Swanson and Waldmann (IV-47) later adapted the same basic
formulation of economic and demographic sectors for application to
Kent County, Michigan. Population was further disaggregated into five
occupation groups. The 'water sector' of the Susquehanna model has
since been revised -- as RIVERZ -- in an application to the Grand
River Basin (IV-03).
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4. General Discussion.

Partial models have a number of weaknesses. External forecasts
of key variables (such as employment or population) often required as
inputs are actually highly dependent upon factors endogenous to the
models. Similarly, so-called "independent factors," for example,
accessibilities and availabilities, are often greatly affected by the
variables being projected. There is, additionally, no allowance for
shifts in the relative importance of independent factors over time.

Many formulations are of a static equilibrium nature. Therefore,
there is no treatment or documentation of the dynamic process by which
equilibrium is reached, such as time-lagged interactions of supply and
demand in land, housing, and labor markets. It is, in fact, question-
able whether equilibrium can be attained by a complex socio-economic
system.

Perfect knowledge of and immediate response to regional condi~
tions (e.g., land or housing markets) is assumed in many models. This
is a direct consequence of using non-dynamic approaches. 'In addition,
market operation is often assumed to be free of any government influ-
ences or constraints such as zoning regulations.

Finally, the wide range of locational decision criteria postu-
lated indicates substantial differences of opinion on the causal forces
at work. Particularly notable is the debate over the prominence of
accessibility in determining household location. It is clear that
significant additional research is needed on the nature of the location
process.

Some of these shortcomings are carried over into holistic models.
In particular, the use of exogenous forecasts of major variables is
widespread. In determining regional levels of population and employ-
ment, the questionable assumption of constant forces continuing to
shape the future underlies most formulations.

Models treating urban centers in isolation have a serious weak-
ness. These formulations ignore important interactions with outlying
areas and their subsequent locational implicatiomns.

The location of discrete industrial facilities is currently
treated in an awkward fashion. Common units are '"average facility
sizes'" and "'shutdown percentages' and much of the mathematics has only
a tenuous relationship to real-world phenomena.

Finally, while many models address immediate effects of changes
in transportation facilities, there is a notable lack of treatment of
the longer-term ways in which regional socio-economic cuanges feed
back to affect the transportation system (e.g., the phenomenon of
supply-induced demand).
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I. HIGHWAYS

A. Economic Activity and Industrial Location
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Bardwell, George E. and P. R. Merry, "Measuring the Economic Impact of
a Limited-Access Highway on Communities, Land Use, and Land Value,"
Highway Research Board, Bulletin.268, pp. 37-73, 1960.

Summary

Impacts of bypass, limited-access highways (U.S. 85 and 87) on
business activity and land use and value in bypassed communities are
assessed. Rates of economic change and highway economic impacts are
estimated from annual sales tax data (1946 to 1957) for five industry
groupings. Land value and land use are examined using property sales
records in the "before" and "after" time periods. Three locations are
analyzed: land along new highways; old highways; and improved old
highways.

Study Area and Investment

U.S. 87, a north-south, limited~access highway through Denver,
was constructed from 1949-1956. The road bypasses seven small towns
outside Denver; economic activity in one of these towns (Brighton) is
examined to evaluate highway impact. Land sales data were examined over
the entire length of the new and old routes. Portions of U.S. 85 (the old
route) merge with 87, while other segments have been improved or remain
unimproved.

Methodology

Sales tax collections were used to measure business activity in
Brighton and in the state as a whole from 1946 to 1957. Five industry
groups believed to be highway associated were defined: (1) apparel;
(2) automotive; (3) food; (4) furniture; and (5) general merchandise.
Graphic representations for each group were constructed and rates of
change for the town and state were compared.

Land value was determined by sales price per acre during the before
and after periods, defined by the date of approval of the highway project
by federal and state authorities. Land types considered in analyzing sales
prices included: improved or unimproved land; use (grazing, -dry farm,
irrigated, or "rurban'"-suburban, as determined by assessed valuation); and
location with respect to the new highway, the improved highway, or the old
highway.

Sales price per acre was related to distance (in miles) of parcel
from an urban community; size of parcel in acres; and land type.
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Impacts

Sales tax data indicated that the bypass did not significantly
affect the general level of business activity in Brighton. Of the five
industry groups studied, only the automotive group showed an immediate
decline in gross sales (about 13 percent per quarter for one year). There
was subsequent improvement in this activity and it was expected to reach
the level existing before the bypass. Rates of change in other industry
groups were comparable to state rates, and appeared to be independent of
highway construction. i

The sales price per acre of nearly all types of rural land (whether
improved or unimproved) increased in the "after'" period. There were greater
value increases among parcels located along new highways than along old
improved highways, and also greater increases for unimproved vs. improved
land. The number of transactions alongside new highways was substantially
larger than along improved old highways.

The average parcel size decreased during the "after" period, and the
average distance from a metropolitan community was greater for land sold
during this time period. Examination of land type in relation to these
two variables showed that for grazing land and "rurban'-suburban land
parcels there was no discernible pattern during the 'before'" period while
in the "after" period there was an inverse relationship between sales price
per acre and parcel size and distance from nearest urban area. This is
interpreted by postulating that growth of a community occurs in areas made
accessible by improved highways, and that as land becomes scarce, parcels
available for purchase are farther from the community. Examination of
similar relationships among dry farm land and irrigated land parcels were
obscured by proximity of portions of the new and old highways.
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I-A-04.

Bleile, George W., and L. Moses, "Transportation and the Spatial Distribution
of Economic Activity," Highway Research Board, Bulletin 311, pp. 27-30,
1962,

Summary

Industrial relocation, expansion, and new location, in the Chicago
Metropolitan Area from 1950-1960 are classified by radial distance from
the central business district (inner city, city fringe, suburban rings).
Forces affecting relocation decisions are discussed and hypotheses of
locational change are tested.

Study Area and Investment

A trend toward dispersion of manufacturing activity away from the
inner city was evident in the Chicago Metropolitan Area during 1950 to 1960.
Transportation is assumed to have influenced this trend, although no specific
highway investments are cited. A

Impacts

Examination of industry relocations from 1950 to 1960 by distance
from city core led to four major conclusions: (1) Distance from the central
business district (CBD) does not play a role in the decision to relocate.
Relocation of firms out of the CBD is numerically large, but in terms of
percentage, no different from other metropolitan areas. (2) Firms located
closer to the CBD are less likely to expand facilities there. (3) Industry
movement from the CBD is generally to the city fringe (not to suburbs).

(4) The "seed-bed" hypothesis -- that the inner city acts as a spawning

ground for new small firms -- is empirically supported. Small firms are
attracted to the city because of the ready availability of leased space;
loans provided by a competitive banking environment; auxiliary business

services; and a large pool of low-wage, unskilled labor.

Conclusions

The relocation decision is influenced by two conflicting sets of
forces: those favoring relocation (e.g., lower-priced land and improved
transportation); and those opposing relocation (e.g., established labor
supply and ties with firms providing services). Friction of these forces
tends to minimize the relocation distance, and may account for the small
(5 mile) median relocation distance found for this area. This friction is
also reflected in the trend to move to the urban fringe (within the political
bounda(ées of the city) rather than into the suburbs.
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I-A-05.

Bone, A. J. and Martin Wohl, "Massachusetts Route 128 Impact Study," Highway
Research Board, Bulletin 227, Washington, 1959.

Summary

The study examines land use changes (industrial and residential) along
a circumferential highway, Route 128, in the Boston Metropolitan area and
evaluates the impact of these changes on the metropolitan area as a whole.
Route 128 encouraged Boston area companies to relocate in newly accessible
suburban locations; it also attracted some new industries. Although the
metropolitan area as a whole experienced economic growth, the central city
lost employment. The study also found that land use and values near the
highway were influenced by its construction.

Study Area and Investment

Route 128 extends for 60 miles in a semicircle on the western side of
Boston, approximately 10 miles from the central business district. The highway,
constructed in stages from 1933-51, originally cut across large sectors of
undeveloped land between older radial highways.

Exogenous Factors

Timing was a major factor in Route 128's economic impact. The highway
made guburban land accessible at a time when many of Boston's businesses were
expanding to a point where they could no longer operate efficiently in
expensive yet obsolete buildings in the cramped central business district.

Some topographic features and zoning regulations may have reduced the highway's
effect on residential development.

Impacts

Industrial firms within one mile of the highway were classified into
four types - production, distribution, service, and research and development.
Their origin was examined to establish whether they were new to the area or
had relocated from other parts of the metropolitan region. Production and
distribution firms accounted for about 80 percent of total development in
terms of capital investment, employment, and number of firms. Over 78 percent
of all Route 128 firms had relocated from the greater Boston area (primarily
the central city). In examining net changes in industrial development, it
was estimated that the Boston area gained about $80 million in capital invest-
ment and 12,000 new jobs. The central city, however, suffered a net loss of
approximately 1,500 jobs.

Changes in residential development and land values in two towns through
which Route 128 passed were also evaluated. Residential development (number
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of units, density of units, and value of land) in town areas near the highway
or near interchanges were compared to control areas. Land values and density
of units were significantly higher for the highway zones than for control
zones; access to interchanges was more important than general proximity to
the route. The number of new units constructed and the rate of construction
depended upon the existing amount of development. In the more. developed

of the two towns, the highway had a smaller impact on residential develop-
ment, although land value increases were equivalent or greater than those in
the lesser-developed town.

A survey of Route 128 firms to establish factors that influenced their
site selection showed that of 15 commonly cited factors, the most important
were: (1) land for expansion; (2) labor market; (3) employee access; and
(4) commercial access.

Methodology

Data for the study were collected through mailed questionnaires and
direct interviews. Residential and land price data were acquired from tax
assessors' records, and building and occupancy permits.

Conclusions

Route 128 stimulated outward relocation of existing industry. Thus,
suburban expansion occurred partly at the expense of the central city. Since,
however, the highway also attracted some new industry, the metropolitan area
as a whole experienced a net increase in industrial activity.

The highway stimulated residential development in the towns through
which it passed. Industrial and residential development can be ascribed, in
a general way, to an increase in congestion-free 'regional access" resulting
from the construction of Route 128.
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I-A-06.

Bowersox, D. J., "Influence of Highways on Selection of Six Industrial
Locations," Highway Research Board, Bulletin 268, pp. 13-26, 1960.

Summary

. Plant location procedures used by six Michigan industrial firms in
1957-58 are described. Surveyed firms considered highway facilities important,
but not critical in their decision making. General trends in the use of
highways by industry, and specific considerations in plant location (e.g.,
access to markets and space availability) are discussed. Several examples

of significant industrial development after highway construction are summarized
(e.g. Route 128 and the New York Thruway).

Study Area and Investment

The six plants in the study were located adjacent to free-access roads
in Michigan. They had all relocated after 1950 but they varied significantly
in size.

Impacts

All firms recognized a need for proximity to highway transportation,
but in only one case was proximity considered critical. Similarly, the type
of highway was not considered significant, except in one case. Potential
advertising or public relations benefits of location near a highway were
considered unimportant.

Methodology

Field interviews were conducted with the one or two members of each
firm who were most instrumental in the location decision. It is noted that
responses contain biases of these individuals, and that elapsed time since
relocation may have distorted perceptions of important factors in the loca-
tion decision. Interview results were checked against records of the Michigan
Economic Development Department.

Conclusions

The author concludes that 'the typical firm does not fully appreciate
the total economic impact of highways on business operations.' Realization
of highway impacts on cost factors is also limited. However, it is suggested
that the national trend toward increasing reliance by industry on trucking
transportation and the decreasing availability of industrial space in the
central business district will increase general recognition of the importance
of highways.
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I-A-12,

Connally, Julia A., The Socio-Economic Impact of the Capital Beltway on
Northern Virginia, Bureau of Population and Economic Research, University
of Virginia, Charlottesville, Va., 1968,

Summary

Changes in demographic, industrial, and land use characteristics in
Northern Virginia near-the Capital Beltway (Washington, D. C.) during 1950-
1965 are identified and related to the Beltway. The Beltway increased
suburban industrial and high-density residential development and associated
land values. Low-density residential development was not influenced signi-
ficantly, nor were the values of single-family homes. The Beltway appears
to have reinforced, rather than altered, existing trends toward suburbaniza-
tion. The Beltway interchange areas have emerged as focal points for new
and intensive development in Northern Virginia.

Study Area and Investment

The area under study, located south and southwest of Washington, D. C.,
included Fairfax County and parts of the City of Alexandria in Northern
Virginia. The area has experienced rapid growth since 1950. Population
grew from 91,000 to 363,000 between 1950 and 1965.- Development prior to
1950 was primarily along radial arteries to Washington.

The Capital Beltway was constructed in the early 1950's as a by-pass
around Washington, D. C. and as a link to the growing Virginia and Maryland
suburbs. Sixty-six miles long, it lies approximately 10 miles from the
central city and encircles the most densely populated portions of the
metropolitan area.

Methodology

Land use data were gathered from aerial photographs and compared to
tax assessment records for consistency. Assessment records were also used
to determine property values, with estimated values of building improvements
subtracted to reflect true land value appreciation. Three groups were
surveyed to determine use of the Beltway: shoppers; residents of apartments
near the highway; and industries located near the Beltway.

Impacts

General analysis indicates that the pre-beltway radial development
trend persisted, but a circumferential pattern was added following Beltway
construction.
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A narrow band along both sides of the Beltway captured the largest
share of growth. Development in this area was attributed to the highway.
Parts of the study area further away from the highway and the central city
experienced low-density, primarily residential, development with no
apparent effects from the Beltway.

Land close to the highway and zoned industrial, commercial, or
high-density residential increased most in value. Single-family residential
land appreciated in value independently of distance to the Beltway.

The Beltway interchange areas have emerged as the focal points for
new and intensive development in Northern Virginia. The interchanges contain
several multi-family developments, a shopping area, and one of the region's
largest employers. Current construction and rezoning indicate intensive
uses are continuing.

The major burden of controlling the impact of the Beltway on land
development was placed on traditional zoning policy. Zoning boards were
not able to withstand consistently the intense development pressure generated
by the Beltway.

The influence of the Beltway on industrial growth was reflected in
responses to the industrial survey. Some 80 percent of the managers
questioned stated that either the Beltway route or access to the route was
a significant factor in site selection. Beltway sites apparently were
preferred in spite of limited access to blue collar workers. However, a
survey of workers in Beltway apartments revealed that labor market boundaries
were expanded by construction of the highway. More than 50 percent of those
interviewed commuted to work via the Beltway. Most respondents viewed the
Beltway as a connector to arterial roads into and out of the city.

Suburban retail sales in Northern Virginia showed no consistent
change as a result of the Beltway. Shopper interviews revealed only a
small percentage of Beltway users. Thus the Beltway does not appear to have
expanded suburban market areas in any dramatic fashion.

Conclusions

The Capital Beltway was an important factor in the development of
Northern Virginia. Local conditions (saturation of land east of the Beltway
and rapid growth of the Washington, D. C. area as a whole) made the impact
of the highway greater than what it might have been otherwise. The Beltway
apparently did not cause new growth, but rather helped determine its
location. Economic and residential decentralization, a dominant trend prior
to construction of the highway, continued subsequent to construction. The
Beltway allowed more diffuse, rather than strictly radial, suburbanization.
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I-A~24,

Fromm, Gary, ed., Transport Investment and Economic Development, The Brookings
Institute, Transport Research Program, Washington, D. C., 1965.

Summary

The role of transportation investments in stimulating economic
development and the normative design of national transportation policies to
achieve social and economic goals of undeveloped countries are discussed in
a series of articles. The discussions cover policy strategies for maximizing
national output and for optimizing interregional economic and demographic
distributions. The treatment ranges from purely theoretical to largely
empirical, with the majority of articles concentrating on theoretical aspects
of economic development.

The first essay (Chapter II) focuses on objectives of transportation
given both economic and noneconomic goals and effects. The economic character-
istics of alternative transport modes -- economies of scale, capital intensity,
flexibility, and so forth -- are examined in Chapter III. The next chapter
discusses technological change in transportation and describes some future
possibilities for lowering costs and increasing mobility.

Chapter V discusses problems in design of the transport sector of an
economic development plan. The next essay outlines a comprehensive, dynamic
planning model and discusses its implications for wage, pricing, regional,
and transportation policies. A review of the role of transportation in
Soviet development follows. The next article suggests that application of
regional linear programming techniques should enable countries to plan and
manage the development process with greater efficiency.

Chapter IX describes cost-benefit evaluation as a tool in establishing
priorities for transport projects. Chapter X explores the implications of
different pricing schemes and proposes a multi-part charging scheme for
obtaining full cost recovery. Inadequate consideration of financing require-
ments can have grave consequences on the availability of public investment
funds and may create inflationary pressures, discussed in Chapter XI. The
final essay examines a decision to construct railroads in Chile.

Conclusions

On a national level, transportation plays a multi-faceted role in
achieving developmental objectives. Not only does it permit the necessary
transfer of goods and people between and within production and consumption
centers, but it also shifts production possibilities by altering relative
cost factors through decreased transport costs. Transportation is also a

49



consumption good in itself. The selection of a specific mix of transport
modes can heighten any of these roles and their subsequent impacts on
development.

The derivation of a comprehensive transportation plan for a developing
country involves the recognition of practical constraints in maximizing long-
term national productivity and welfare. The setting of goals should include
minimum acceptable gains as well as desired gains for a full range of social
and economic objectives.

Finally, it is pointed out that in an already developed country with
an existing, effective transport network, new transportation investments --
if they are of standard technology -- alter mobility and relative costs only
marginally and therefore do not have a profound influence on the growth or
distribution of economic activities.
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I-A-25.

Gamble, H. B., D. L. Raphael, and 0. H. Sauerlender, 'Direct and
Indirect Economic Impacts of Highway Interchange Development,"
Highway Research Record, Number 149, pp. 42-55, 1966.

Summary

An analysis of expected economic impacts of the Keystone Shortway
(I-80) on Clinton County, Pennsylvania was conducted using a static
Leontief input-output model. The basic model consisted of 54 economic
sectors, each representing a type of economic activity within the county.
The flow of funds from each sector to the others was represented by
coefficients derived from a transactions matrix. Previous research-
results on predicting interchange development provided a basis for evaluating
future interchange development in the study area. Direct and indirect econo-
mic impacts were derived under two assumptions -- local ownership of the new
enterprises or chain (non-loczl) management,

Study Area and Investment

The Keystone Shortway is a four-lane, limited access, toll-free
highway crossing Pennsylvania from Youngstown, Ohio in the west to
Stroudsburg, Pa. in the east. The Clinton County portion of the highway
was scheduled to be constructed last; four interchanges were planned within
the county.

Methodology

Primary 1964 data sources were used to construct the basic economic
model, using interview, questionnaires, and sampling techniques. Fifty-four
economic activity sectors were identified. A transactions matrix was con-
structed showing total value in dollars of purchases of one sector from
every other sector, and total amounts of money flowing into or out of each
sector from the outside world. A set of technical coefficients representing
the proportionate distribution of income, as expenditures, to other sectors
of the region and to the outside world was constructed from the transactions
matrix. Given a set of external incomes to the various sectors of the
region and the set of coefficients, the economy of the region could be
simulated. The model could be altered by: (1) changing the level of
outside sales or export demand; (2) changing the technical coefficients of
any economic sector; or (3) adding new sectors to represent new businesses.

Previous research on interchange development identified significant

exogenous factors (e.g., topography, distance from key cities, age of
interchange) and important endogenous factors (e.g., population at inter-
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change, public utilities at interchange, existing development at or near
site) governing the rate of development. Although quantitative relations
between these factors and development were not available, the authors
eviluated these factors in conjunction with specific data on the four
proposed interchange sites, and forecasted four types of development --

a trucking terminal, a 100-unit motel, four service stations, and two new
restaurants. Three new sectors were added to the model to represent these
establishments. (The trucking terminal was considered a relocation, and

a new model sector was not necessary.)

Impacts

Impact analysis was carried out assuming: (a) increase in non-local.
retail purchasing plus impact of the three new activity sectors when
restaurants and motel are under non-local ownership; and (b) the same as
(a) except that restaurants and motel are locally owned.

Total economic activity in the county under local ownership of new
facilities increases by about $5 million per year; of this, about $2.2
million is new money from outside the county. These external sales
generate an additional $2.8 million of economic activity internally,
yielding a multiplier of 2.27. ©Non-local ownership leads to a smaller total
increase ($4.7 million) because the multiplier, 2.17, is smaller.

Much of the gain in total economic activity involves counting the
same dollar as it passes from one business to another. The net residual
benefit or income to households, local governments and nonprofit organiza-
tions is a more accurate measure of economic benefits. About 40% of external
sales (or 18% of total economic activity generated) accrues as net residual
income under local ownership, with the bulk (34%) to households, 4% to local
government and 2% to nonprofit organizations.

Gains in the total economic activity generated indirectly are
primarily in retail, wholesale, government and industry.

Results are also computed by impact response functions constructed
for each one of thirteen aggregated sectors formed from the original
54 sector model. The functions are linear combinations of increases in
external income according to service (new restaurants, motels, service
stations, and new retail external income) multiplied by coefficients
derived from the direct and indirect response of each sector to one dollar
of external income from the various new income sources. Calculations using
response functions are in good agreement with results obtained from the
input-output model.
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I-A-26.

Garrison, William L., B. J. L. Berry, D. F. Marble, J. D. Nystuen and
R. L. Morrill, Studies of Highway Development and Geographic Change,
University of Washington Press, Seattle, Washington, 1959.

Summary

The impact of highways and highway improvements on retail business
and residential land use are discussed theoretically and through analysis
of a series of case studies. Impacts of highways on customer movement
(in connection with retail business location) and on delivery of services
are also discussed. Geographical structure is the central theme of these
related analyses.

Highways and Retail Business

A review of empirical and theoretical work on the spatial ordering
of urban land use suggests that the retail business structure of a city
has two basic conformations: string street development and clusters
(hierarchically structured from central business districts (CBD) to
neighborhood facilities). Analyses of business location in Spokane,
Wash., Phoenix, Ariz., and Cincinnati, Ohio and along U.S. 99 in the
State of Washington show consistent patterns in terms of these two con-
formations for different types of spatially associated business. In
particular, a group of business types which tend to co-locate on "automobile
rows' are identified; another group of highway-oriented businesses are
successful only when located on urban arterials or on highway strips.

Impact of highway changes on business establishments is discussed
with particular reference to Marysville, a small city in Washington bypassed
in 1954. A variety of sensitivity indices are used to characterize the
short-run sales records of business establishments in Marysville before and
after highway re-orientation.

The conclusion drawn from the empirical studies is that almost
without exception, retail business location patterns are determined by the
network of highways. They generally conform to efficient arrangements of
specialization dependent on transportation availability.

Highways and Urban Residential Land Use

The relation of residential spatial structure to the urban road
network is discussed in terms of general models of urban growth and struc-
ture and in terms of factors determining residential site selection by
individual households. A number of case studies are reviewed, particularly
a study based on travel diaries in Cedar Rapids, Iowa. The relatively
brief discussion of the many factors involved in residential site develop-
ments concludes that it is difficult to measure the effect of highway
improvements on residential land use within a city.

53.



Customer Movement and Retail Business Location

The same primary data on Cedar Rapids are used to define how people
move to obtain services of retail business. The spatial relation of
businesses to their customers' home locations, and the association of a
business with other businesses as established by customers' habits of
shopping for more than one item on a single trip, are examined in detail.
Empirically, it is found that customer travel resembles the expected
pattern but with some important exceptions. The average distance traveled
for low order goods is much greater than expected. Persons travel through
low level centers to high level centers to purchase items available at
low level centers. A combination of purposes often motivates longer trips.
Analysis of shopping stops on multipurpose trips shows a wide range of
association only generally resembling the spatial arrangement of business
establishments.,

Highways and Services

Introductory discussions and review of pertinent literature on the
relationship of highways, service areas, and the movement of persons with
particular reference to demand for physician care are followed by an account
of empirical observations of movement of persons to physicians in Western
Pennsylvania and Seattle, Washington. These studies suggest that producers
of services gain most from highway construction in areas where trade and
consumption may increase. Consumers pay more, but receive more, and possibly
better, care. Where trade and consumption are relatively inelastic, con-
sumers gain most. through transport cost savings (primarily vehicular
benefits). New highways help central cities to retain expenditures of
wealthy suburban residents but also serve to aggravate the relative disparity
between rural-small town and large urban center; at the same time, they help
rural-small towns to consume more easily the more specialized services.
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I-A-27.

Grossman, David A. and M. R. Levin, "Area Development and Highway
Transportation,' Highway Research Record, Number 16, pp. 24-31,
1963.

Summary

) Highway effects are examined for three major types of economically
distressed areas: manufacturing-based regions (the textile cities of

New England); mining regions (areas in Pennsylvania, West Virginia, and
Kentucky); and agricultural regions (Appalachia). Stimulation of economic
growth by highways is slight in mining or agricultural regions. However,
case studies show that manufacturing areas can be stimulated when a highway
provides access to a nearby metropolitan area with a more diversified
economy. ’

Study Area and Investment

The New England textile industry has experienced continuing
employment declines since the 1920's due to automation, relocatiom, and
international competition. Four former textile cities in Massachusetts
were examined: Lowell and Lawrence (approximately 25 miles from Boston)
and Fall River and New Bedford (40-50 miles from Boston). These cities
were connected by radial expressways to Route 128, a circumferential high-
way 10-15 miles from Boston.

Distressed mining areas generally suffer from resource depletion,
competition from other raw materials, and from effects of increased mechani-
zation. Some areas also have mountainous topography (e.g., eastern Kentucky
and West Virginia) and are relatively inaccessible,

Mechanization and surplus agricultural production may produce dis-
tressed agricultural areas. In some instances, e.g., southern Appalachia,
whole regions fail to remain competitive in the national agricultural
economy.

Other distressed areas include areas formerly dependent on the
railroad industry, on discontinued government or military installations,
and some