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y current volume of the Proceedings . . . is part of fhe continuing
effort of the tew York - HMNew Jersey Division to provide its members and the
geography profession with a record of the annual meeting of the Division.
it Is hoped that the publication of the Proceedings . . . will simulate
greater participation in +he annual meeting by the membership of the
Divislon,

These Proceedings , . . include the program of the Tenth Annual Meeting

of the New York - New Jersey Division of the Association of Amerlcan Geogra-
phers, held October 24 - 25, 1969, at the Skylands Conference Center, Ring-
wood, New Jersey, together with a roster of divisional officers and appointees
for 1968 -~ 69 and 1969 --70. |+ also includes the full text of the papers
given at the flve arranged sesslions,

As In the previous Proceedings . . . papers appearing in this volume
underwent relatively litTle editorial alterations. All papers were re-
typed and the position of the footnotes was altered to provide a uniform
format., The Editor assumes the responsipility for all errors which result
from retyping. Certain tables and illustrations were copied hy an elec-
tronic stancl! cutter and faithful reproduction was assured for only those
drawings having definite sharp contrast. The authors and the [ditor may
agree that this was not the most ideal method for handling [llustrative
material; however, it was the best one available under the present bud-~
getary restraints.

The Editor wishes to express his appreciation to Dr, Kemble Widmer,
New Jersey State Geologist, and to the staff of the New Jersey Bureau
of Geology and Topography for their invaluable assistance In conducting
the meeting at Skylands and In nreparing this copy of the Proceedings . . .
Particular thanks Is due to Dorene Sarnoski, who operated the MT/ST
and retyped all papers and prepared the stenclils. Geologists Carol
Lucey and Barbara Munn cut the electronic stencils and ran the
mimeograph machine. They are to be thanked for their perseverance
In circumventing the mechanical and electronic gremlins, and for
proofreading the copy before cutting the final stencils. The collation
and binding was done commercially. Thanks is also due to LTC Wesley
C. Smith, United States Military Academy for the updated cover design.

Theodore W, Kury
Editor
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EARLY STREET PATTERNS IN PENNSYLVANIA AND NEW JERSEY:
A COMPARISON

Peter O. Wacker
Rutgers University

Geographers have taken an increasing interest in investigating cultural
patterns present in eastern North America. Attention has been directed toward
initial complexes of culture traits transported across the Atlantic by Europeans,
subsequent alteration of these complexes, and the formation of culture hearths
from which new complexes, characteristically American, diffuse. Kniffen, for
example, has devoted himself to house types, Zelinsky has investigated, among
other things, religious and placg«name distributions, and Trewartha's werk on
settlement types is well known.

Generally speaking, the efforts of these geographers have been directed
toward delineating culture hearths and culture regions by means of mapping the
distributions of selected cultural elements through time and also toward an inquiry
into the nature of the process of cultural diffusion.

Recently, the study of street patterns has emerged to join the investigations
of other cultural phenomena. Edward Price, in his article entitled "The Central
Courthouse Square in the American County Seat,"” has indicated that southeastern
Pennsylvania, in addition to being the source area for certain farm practices, house
types, the Kentucky rifle and the Conestoga wagon, was also the hearth of the
central courthouse square. His maps of the diffusion of this distinctive element of

1 Grateful acknowledgement is due the Rutgers University Research Council
for financial support for the research leading to this paper as part of a larger project.

2 Fred B. Kniffen, "Folk Housing: Key to Diffusion," Annals of the Association
of American Geographers 55 (December, 1965), 549-577; Wilbur Zelinsky, °
Approach to the Religious Geography of the United States: Patterns of Church Member-
ship in 1952, " Annals of the Association of American Geographers 51 (June, 1961),
139-193 and "Generic Terms in the Place Names of the Northeastern United States,”
Annals of the Association of American Geographers 45 (March, 1955), 319-349;
and Glenn T, Trewartha, "Types of Rural Setflements in Colonial America,” The
Geographical Review 36 (1946), 568-596. Many other examples could be cited.
Most recently, a folklorist, Henry Glassie, has published a book entitled Pattern in
the Material Folk Culture of the Eastern United States (Philadelphia, Pennsylvania:
University of Pennsylvania Press, 1989), which deals extensively with many of the
joint concerns of folklorists and cultural geographers,

3 the Geographical Review 58 (January, 1968), 29-60.
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the cultural landscape correspond quite closely with those of Kniffen and Glassie -
showing the diffusion of buildinﬁ types and methods westward in the eighteenth

and early nineteenth centuries.” More recently, Richard Pillsbury, in a stimulating
paper entitled "The Urban Street Pattern as an Indicator of American Culture
Regions ,"5 has shown that street patterns can be as effective a parameter as word
usage, religious patterns, and house types in identifying the culture regions and
subregions of Pennsylvania,

My own direct interest in these two studies is that of a cultural geographer
now concerned with preparing an historical cultural geography of New Jersey ending
‘with the beginning of the nineteenth century. For several years, as part of my
-undergraduate course in historical geography, | have designed class research problems
which give students an entree into the use of primary materials and the methodology
‘used in historical cultural geography. Last year, | decided to have my class engage
in a preliminary investigation of seventeenth~ and eighteenth~century county seat
and street patterns in New Jersey to see whether the state fit the models proposed by
Price and Pillsbury for Pennsylvania. The results were so interesting that | repeated
the students' research myself fo make absolutely sure of its accuracy and expanded
the project to more precisely fit the methodology followed by Price and Pillsbury.
Although Pillsbury ended his study early in the nineteenth century and Price in the
twentieth, my own work, as part of a larger study, terminates at the end of the
eighteenth century,

Pillsbury's conclusions were based on his interpretation of data resulting
from the study of three hundred and fifty-eight "urban" places in Pennsylvania
founded before 1815. An 1830 Post Office |list was used to identify places suitable
for study. Those places having little business were deleted from the list.® All
available local histories were scanned to glean information on founding dates, At
least two central place functions had to be present to justify an "urban" designation.
The form of the street patterns was analyzed through the use of the earliest map
available of suitable scale. In many cases nineteenth—century county atlases had
to be utilized, and the earlier pattern inferred from the local histories.

Pillsbury identified four distinctive street patterns in Pennsylvania. These
included the Irregular, Linear, Rectilinear, and Linear-R forms. The term lrregular
referred to any street pattern which had more than one linear element and appeared

4Fred B. Kniffen and Henry Glassie, "Building in Wood in the Eastern United
States: A Time-Place Perspective," The Geographical Review 56 (January, 1966) ’
40-46,

J 5Unpublished paper read at the annual meeting of the Association of American
Geographers at Washington, D. C. in the summer of 1968, Pillsbury's"Urban Street
Patterns of Pennsylvania Before 1815," (unpublished Ph.D. dissertation, Department
of Geography, Pennsylvania State University, 1968), contains this study in full,

6 Less than $24.00 per year,
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to be without any recognizable plan. The Linear form consisted of only one linear
element. Rectilinear patterns were those which were based on parallel streets with
cross streets intersecting at constant angles, The Linear~R type consisted of
single main street with flanking rear access lanes intersected at right angles by
additional access lanes,

Pillsbury constructed a series of maps showing the distributions of. these
plans through time. The Irregular plan proved to be the most important pattern in
Pennsylvania before the Revolution and by 1815 was widely distributed, although
its dominance was clearly In the southeast, southwest and northern border area.
The distribution of Linear towns was essentially the same as that of the Irregular towns,
On the other hand, the Rectilinear plan was confined almost entirely to central and
western Pennsylvania. The Linear~R plan had much the same distribution as did the
Rectilinear plan.

- It can readily be seen then that Pennsylvania's street patterns have a
distinctive regional expression. Central and western Pennsylvania are characterized
by the dominance of Rectilinear and Linear-R plans, southeastern, southwestern, and
northern Pennsylvania are characterized by the linear or irregular nature of the
street patterns.

Pillsbury explained these distributions largely but not entirely as a function
of culture history. The lrregular and Linear patterns he associated with three major
groups who were essentially medieval in their material culture. These included
seftlers who had come to Pennsylvania from western and central Europe before the
middle of the eighteenth century, and Americans of New England and Virginia
backgrounds .

The Rectilinear and Linear-R plans, however, were generally associated
with settlement in central and western Pennsylvania during the second half of the
eighteenth century by people who had been affected by the Classical Revival.
Interest in Rectilinear town plans had preceded the eighteenth century in Europe with
the discovery and translation in the fifteenth century of De Architectura by Vitruvius,
a Roman architect. Military planners became enamored of the rectilinear format and
many new European towns were built in this way, especially when defense was an
important consideration. These ideas were also present in the eastern United States
during the seventeenth century. New Haven, Connecticut, for example, which was
planned in 1638, has been cited as following almost entirely the Vitruvian ideal .

#

7Anfhony N. B. Garvan, Architecture and Town Planning in Colonial
Connecticut (New Haven: Yale University Press, 1951), pp. 45-49.
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Other early Rectilinear plans include Charleston, South Carolina in 1672, Yorktown,
Virginia in 1691, and the early colonial towns of Georgia. Phﬂudelghia, with its

~ grid street pattern and distinctive open square, was laid out in 1682.° Yet in only
one of these cases was there a tendency to develop similar plans as the interior was
settled. Only in Pennsylvania did the Rectilinear pattern become regionally
important in the mid-eighteenth century and then spread westward ,

Pillsbury seeks the reason for the adoption of rectilinearity in Pennsylvania
in the Classical Revival which had affected many of the new settlers from the
Rhineland and Northern Ireland and also the decision makers of the colonial period.
The Proprietors, for example, universally used the idea in laying out county seats
after 1741, This policy was continued by the state government and also by
entrepreneurs who founded many new_urban places in Pennsylvania in the latter part
of the eighteenth century.

The distinctive distribution of town plans in Pennsylvania may be compared
with distributions of house types, word usage, and religious patterns (Fig W1). As
a matter of fact, the street patterns indicate subregions in southeastern and
southwestern Pennsylvuma not fully revealed by studies of the distributions of folk
house types, or religious affiliations. The town plan, then, would appear to be
another element which can be added to the complex of culfure traits which charac~
terize southeastern and south central Pennsylvania as a major culture hearth or source
region in the United States.

Following essentially the same methods Pillsbury used in gathering data,
ninety four street patterns of places possessing "urban" status by 1800 were identified
in New Jersey (Fig.W2). On the basis of these data, New Jersey's urban street
patterns were found to contrast signiﬁcantly with those of Pennsylvania. Of the
ninety-four places studied, only nine had Rectilinear street patterns, thirteen had
Linear patterns, fifty-two were Irregular, and in the case of twenty places | could not
honestly determine on the basis of the available data whether a Linear or an Irregular
pattern was present when the place reached the threshold of two central place functions.
Not one Linear-R pattern was identified in the entire state. Contrasting these findings
with Pillsbury's would yield the following results: By 1800, of 244 urban places in
Pennsylvania by that date, 48% were of the associated Rectilinear or Linear-R types,
30% were lrregular, and 22% were Linear. In New Jersey only 10% were Rectilinear,
14% were Linear, 55% were lrregular and 21% were Irregular or Linear.

The contrast in relative numbers between Pennsylvania and New Jersey in
regard to Rectilinear places is heightened by the fact that of the nine New Jersey
Rectilinear places, five had been established during the seventeenth century, while in
Pennsylvania only one, Philadelphia, had been established before 1700, If one looks

8 An excellent source for early town plans in the United States is John W,
Reps, The Making of Urban America: A History of City Planning in the United States.
(Princefon: Princeton University Press, 1965).
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at the seventeenth.century statistics for an extremely small sample one finds only
ten urban places in Pennsylvania and twelve in New Jersey. Of Pennsylvania's
ten places, nine or 90% were lrregular or Linear. In New Jersey five of twelve
patterns, or 42% were Rectilinear,

A further confrast is in the form of the Rectilinear places themselves, The
"Philadelphiasquar ich characterizes many later eighteenth-century urban
places in Pennsylvama was t in New Jersey before it appeared at Philadelphia.
Bergen, established in 1660 by the“Butch as a village community in order to provide
protection from the Indians, was laid oUt.around a Philadelphis square (Fig ¥3).
the form of Bergen Square this is still ‘present in Jersey City today. Perth Amboy,
with its market square in the Philadelphia form, was surveyed in 1683, Gloucester
City with essentially the same square in 1689. Both Salem, platted in 1675, and
Burlington which was laid out in 1677, were Rectilinear without possessing squares.

The other four Rectilinear places in existence by 1800 were all founded more
than six years later for entrepreneurial purposes and were all within an area of
Pennsylvania influence within the state. After 1800 several new urban places were
esfabhshed and rectilinearity became an accepted convention. Camden, which was
platted in 1773, for example, but by our criteria did not become "urban" until 1815,
was originally designed with a Philadelphia square 10

It might be well to note at this point that "planning" per se and rectilinearity
do not necessarily go-hand in hand (Fig.W4). Rectilinearity isan ideal New
Englanders especially, but also Scots and Germans, planned several Irregular and
Linear settlements in New Jersey during the seventeenth and eighteenth centuries.
New England-settled places which were planned included Elizabethtown, Newark,
Middletown, Shrewsbury, Woodbridge, and Greenwich in the seventeenth century

? The spurces- on\jhese places, in order, include Charles H. Winfield, History
of the County of Hudson, New_ Jersey (New York: Kennard & Hay Stahonery Manu-
tacturing and Printing Company, T1874), p. 72; W. Woodford Clayton, History of
Union and Middlesex Counties, New Jersey (Philadelphia: Everts & Peck, 1882),

p. 603; Isaac Mickle, Reminiscences.of Old Glaucester (Philadelphia: Townsend
Ward, 1845), p. 35; Thomas Cushing and Charles E. Sheppard, History of the
Counhes of Gloucester, Salem, and Cumberland New Jersey (Philadelphia: Everts
& Peck, 1883), p. 367; and Evun M. Woodward and John F. Hageman, History of
Buangfon and Mercer Counties, New Jersey (Philadelphia: Everts & Pem ,
P T12. : _

mGeorge R. Prowell, The History of Camden County, New Jersey (Phila-
delphia: L. J. Richards and fo ., 1886), pp. 418-419.
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and Chester in the early eighteenth century. Scofs settled Matawan in the late
sevenfeeww century. Moravians planned Hope as an lrregular compact village
in 1774,

11 The sources on these places, in order, include Frederick W. Ricord,

History of Union County, New Jersey (Newark, New Jersey: East Jersey History
Company, 1897), pp. 7, 101; Frank J. Urquhart, A History of the City of Newark,
New Jersey 1666-1913 (New York: The Lewis Historical Publishing Company, 1913),
Vol . T, p. 92; Franklin Ellis, History of Monmouth County, New Jersey (Philadelphia: -
R. T. Peck and Co., 1885), pp. 520, 573; Glayton, 552-553; Cushing and Sheppard,
512; A History of Morris County, New Jersey (New York: Lewis Historical Publishing
Company, 1914), Vol. I, p. 177, Ellis, 830; and George W. Cummins, History of
Warren County (New York: Lewis Historical Publishing Company, 1911), p. 168,
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Evidence on the majority of urban places in existence in New Jersey by 1800
indicates that they were unplanned and irregular at the time they crossed the "urban®
threshold defined. Sited on major roads, often at stream crossings or where waterpower
wais ayalluble, these settlements coalesced around a church, store, tavern, or
mill .74 New Brunswick, which developed at a ferry site preceded by an aboriginal
fording place, is a case in point. Records indicate the gradual extension of an
Irregular street pattern through lo?gl ordinance during the eighteenth century, often
following existing property lines.

Clearly, New Jersey's urban patterns do not parallel Pennsylvania’s. At a
time when Pennsylvanians were in the throes of a Classical Revival and planning
Rectilinear towns, most Jerseymen were thinking in a different mold, Although
receiving influences from elsewhere, New Jersey apparently is part of the older
medieval pattern characterizing the seaboard states, not a culture hearth from which
innovations spread, as is so in the case of southeastern and south central Pennsylvania.

New Jersey also proved to contrast with Pennsylvania in the morphology of her
eighteenth-century county seats. Edward Price's definitive study of county seat types
embraced more than one thousand such locations in the United States, with data being
collected, often on the site, from local historians, county and state records, county
histories, and county atlases. Price's findings indicate the origin of the central
courthouse square in southeastern Pennsylvania in the first half of the eighteenth
century. Central squares were well known in Europe at the time but generally did not
contain principal public buildings in a central location. Notable exceptions to this
rule occurred on the German-Polish border zone and in Northern Ireland, where
Londonderry's "Town House" was standing in the center of its Philadelphia-type square
in 1622. ‘

In Pennsylvania in the early eighteenth century several urban places were
laid out in accordance with rectilinearity and the appearance of a central Philadelphia~-
type square, In the case of Lancaster, which was platted after the formation’of the
county in 1729, a courthouse was placed in the center of a Philadelphia~type square
in 1739. According to Price, it is quite possible that Scotch-Irish settlers decided on
such a placement of the courthouse in remembrance of the Philadelphia~type square and
its centrally placed "Town House" in Londonderry. Price also cites evidence to
indicate the spread of this Idea from its hearth in southeastern Pennsylvania by emigrants
from the region, often of Scotch~!rish background. By 1750 the central courthouse
squares were showing up In states south and west of Pennsylvania.

pe

12 £or some examples, see Peter O. Wacker, The Musconetcong Vulley of
New Jersey: A Historical Geography (New Brunswick, New Jersey: Rutgers University
Press, 1968), pp. 127-131.

13 John P. Wal |, "History of the Streets in New Brunswick, New Jersey,"
Special Collections Department, Rutgers University Library,
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in New Jersey, which Price was not able to visit and gather data locally,
nineteen county seats had contained county courthouses by 1800 (Fig. 5). Two of
these possessed Philadelphia-type squares. One was Perth Amboy, where the first
courthouse was probably erected in 1686 and was placed on one of the major streets,
but well away from the central market square. By 1718 the courthouse had been
shifted to the northeast corner of the same sireet and the public square, The
Gloucester County courthouse was erected in 1696 in Gloucester City in a location
| have not been able to ascertain. A new courthouse was built in 1719 and was
placed on the town's Philadelphia~type square. In 1788 Woodbury became the county
seat., The new courthouse was then built at a crossroads, not inoron a squcn'e.M

Nine of the nineteen New Jersey county seats had their courthouses erected
after the residents of Lancaster had chosen to place thelrs in the center of a central
square. Not one of the New Jersey county seats reflects u similar tendency,
however, despite the fact that in several cases the site chosen for the courthouse had
little or no prior street pattern to influence the actual location of the building or
prevent the design of a Rectilinear town with a central squgre. In Bridgeton,
Cumberland County, for example, the courthouse was put in the middle of the main
road in 1748, Within six years the town was laid out in a largely rectilinear fashion
without changing the relative location of the courthouse. Flemington was a Linear
village chosen to be the county seat and a courthouse was built on the street in 1792.
Morristown largely grew affer the county courthouse had been built there in 1755,
The courthouse was first built in the middle of an irregular green, and then was later
moved to a street running off the green. Newton, planned as a new town on an
unoccupied site, had its courthouse erected in 1763 on land donated by the owner of
the property on which the town was to stand. The courthouse was bunlt facing a green
at an odd angle. The town plan was largely Irregular. Somerville, a small lrregular
village, became the location of the Somerset County courthouse in 1799, The
congregation of the Dutch Reformed Church which offered to share in the cost of the
structure, later chunged its mind, but the courthouse was finally built in a block
shared with the church. 19 Cleurly, the Pennsylvania pattern of courthouse squares
is not found in New Jersey. This, despite the fact that courthouses built on but not
in central squares are quite early in the state.

14 The sources, in order, include the following: Willilam A, Whitehead,

Contributions to the Early History of Perth Amboy and Adjoining Country (New York:
D. Appleton & Company, 13535!, p. 250; Prowell, 588-588; and Cushing and

Sheppard, 168.

15 The sources , in order, include the following: Cushing and Sheppard, 583;
James P. Snell, compiler, History of Hunterdon and Somerset Counties, New Jersey
(Philadelphia: Everts & Peck, 1881), 325; Andrew M. Sherman, Historic Morristown,

New Jersey: The Story of its First Century (Morristown: The Howard Publishing
Company, 1905), &7; snell, History of Sussex and Warren..., 151- 153; and Snell,
History of Hunterdon and Somerset. .. 572,
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New Jersey, then, in both the case of basic street patterns and the
placement of courthouses in county seats, mirrors the patterns of the older Atlantic
Seaboard colonies which reflect the transferral of culture traits directly from
European hearths, not response to great innovations in a New World. On the other
hand, southeastern and south central Pennsylvania, with its distinct assemblage of
culture traits, is a true culture hearth from which a new complex of culture traits
has spread, the street and courthouse square patterns being but two more examples
of a mounting list of traits peculiar to that hearth,

Several questions remain unanswered, however. One concerns the role of
the Classical Revival. Pillsbury attaches great value to classicism in explaining the
ready acceptance of rectilinearity in Pennsylvania, while Price does not consider it
as a factor in the acceptance and spread of the courthouse square. In New Jersey,
however, it s interesting to note the case of the first county seat erected on a new
site after 1800, This was Belvedere, a place name itself reminiscent of classicism, 6
not of a northwestern New Jersey county town. Belvedere was chosen as the seat of
Warren County in 1825, The site for the courthouse had been donated by an
entrepreneur who had platted the town in a rectilinear fashion and had provided a
central public square to be faced by the courthouse. The local newspaper, the
Belvedere Apollo, was in existence at the time the place became the county seat,
and the Belvedere Classical Academ{ opened its doors in the 1840's after the town's
founder had donated some property.!”

Another factor which is poorly understood is the relative role of the
entrepreneur in Pennsylvania and New Jersey in the eighteenth century. In
Pennsylvania risk capital was attracted to development of new town sites in
Rectilinear plats. Artisans, many of them German, flocked to such places to carry
on small-scale manufacturing. In New Jersey this situation does not seem to have
existed. Thus, even in places which were still within the frontier zone in New
Jersey during the 1750's and 1760's sireet patterns continued to evolve in an
irregular medieval pattern rather than be planned in a rectilinear fashion by
enfrepreneurs.

16 5ee Wilbur Zelinsky, "Classical Town Names in the United States: The
Historical Geography of an American ldea," The Geographical Review 57 (October,
1967), 463-495,

1

7 snell, History of Sussex and Warren. .., 475-476, 540.




SOME ASPECTS OF THE CROWTH AND MORPHOLOGY
OF VILLAGES IN CENTRAL NEW JERSEY

John E. Brush, Department of Geography
Rutgers University, New Brunswick, New Jersey

It is the purpose of this paper to present some observations on the growth of
small agglomerated settlements in central New Jersey. The findings are based on field
studies of eight small villages and hamlets on the outer margins of the major metropolitan
belt of northern New Jersey. Califon (No. 1, Figure 1) is located on the South Branch
of the Raritan River in its upper valley, situated within the Appalachian Highlands.
Oldwick (No. 2) is in the Piedmont Lowland, south of the Highland border. Neshanic
_ Station and Neshanic (Nos. 3 and 4) are on the South Branch of the Raritan River in the
Piedmont near the foot of Neshanic, or Sourland, Mountain. The Millstone villages
(Nos. 5 and 6) and Rocky Hill (No. 7) are located on the Millstone River in the Piedmont.,
Crosswicks (No. 8) is situated on the Inner Coastal Plain, far to the south on Crosswicks
Creek, a tributary of the Delaware River.

During a period of ten years, beginning in 1956, | found it worthwhile to spend
a few weeks in each of five years investigating these several villages with the help of
graduate students at Rutgers, toking them as case studies in connection with the course on
settlement geography. Thus, | owe acknowledgment of the labor invested by some fifty
students enrolled at various times in the course,

Procedure

It is not appropriate here to give the details of the procedure. Perhaps it is
sufficient to say that the location and present use of all dwellings and other principal
used structures was determined and identified on a base map derived from existing
topographic quadrangles and cadastral surveys. A door-to-door census of the occupants
was undertaken in some of the villages and in most of them the date of construction and
certain features of house design and construction were recorded. The field work was
supplemented by collecting local histories and investigating the archives and libraries in
New Brunswick and Trenton for old maps, census records and other documentary evidence
of the past. The results were embodied in papers prepared by the students under my
direction. :

Qur findings would seem to merit attention for the insights obtained regarding
settlement morphology and interpretation of the growth trends of such rural population
clusters in an urbanizing region. The results may not qualify as strictly historical
geography because we started with the present landscape and sought explanation of what
is observed today. Yet much attention has been given to the geography of the past and
to the evolution of settlement forms and functions through time. It was, and is, my
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conviction that the present-day geography of any area contains much which cannot be
understood without reference to the past. At *he outset | did not have a theory to be
tested. But it is anticipated that comparative studies such as these will provide the basis
for deducing a conceptual framework .

Before going any farther, | want to emphasize the attractiveness of such small-
scale settlement studies. The foremost udvantage s comprehensibility. When a small place
has retained Its ldentlty for a century or more, one gains satisfaction trom belng
able to trace its development from first-hand investigation. This is much more difficult
to accomplish in a large town or city. There is the additional advantage of investigating
the past while visible evidence of it still exists. We were often able to see defunct
mills, old churches and taverns and sometimes identify original dwellings. We could
identify sites of non-existent structures and old roads, bridges, or railroad alignments,
whereas in densely urbanized areas these things have usually been destroyed and
superceded by new construction. Furthermore, the method is a useful supplement, or
counterpoise, to the abstract theoretical work so popular among geographers today .
Thousands of other small agglomerated settiements await fruitful study in New Jersey
and New York.

Results

All the villages studied had origins between 200 and 250 years ago and much of
their growth has been associated with the agricultural economy as it developed prior to
the 1920's. Although their functions as farm service centers and industrial sites have
been largely superceded, these settlements are far from being lifeless or abandoned.
Population varied from about 250 to 1,000 at the time of our studies and in certain
instances rapid growth is occurring now, as the settlements assume new functions. Today
the old settlement nuclei might be described as "fossil" villages embedded in a matrix of

"exurban" rural landscape with express highways, commercial strips, shopping centers
and housing tracts intruding upon the formerly agricultural area. Crosswicks, for example,
is only 15 miles east of Trenton and six miles from an exit on the New Jersey Turnpike,
while Oldwick is about one mile from an exit on Interstate Highway 78, 18 miles west of
Somerville.

| want to direct your attention to certain features of the growth and morphology of
Neshanic, Crosswicks, Rocky Hill, Oldwick and Califon.

Neshanic and Neshanic Station form a contrasted pair of agglomerations (Figure
2)." The earliest site of growth was in Neshanic at the branching of roads near a church

S

U Field studies were carried out in September-October, 1940, by the following
students: Corl L, Hansen, Daniel Horodysky, John McNamara, Andrew R, Kardos,
Charles B. Packard, Robert J. Sell, Robert A. Simko and Richard F. Veit.
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of the Dutch Reformed denomination, organized in 1752 and built between 1759 and
1772.2 The church is believed to have been preceded by a tavern located across the
road, perhaps as early as 1700 or 1710, which served as a lodging place for travelers
en route by stage across New Jersey on the Amwell Road (New Brunswick to Lambertville).
y 1880 an unplanned strassendorf-like settlement grew up along the main road, consisting
cf 25 dwellings, inhabited by about 120 persons.4 In addition to the hofe!-tavern and
church the village by this time had a general store and a blacksmith shop. By 1960 the
population was about 175, the number of dwellings had approxumutely doubled, and now
old Neshanic was extended nearly two miles along the main road. Most of the growth since
1880, however, has been concentrated on low-lying land near the Raritan, o;osife Corle's
Mill (anure 2) which was established by the first decade of the 19th century.” There was
first a grist mill, then a flour mill at this site, driven by water taken above the dam from
the Raritan where it passes below a sharp bluff on the right bank. Settlement expansion
occurred on the opposite side of the river, mainly along a series of streets laid out with
platted houselots in Neshanic Station, following construction of the Central Railroad of
New Jersey in 1864 and the Lehigh Valley Railroad in 1872.% Farm trade was attracted
to Corle's Mill and Neshanic Station from distances of two to three miles or more and a
variety of businesses flourished here from the 1880's to the 1940's. [t was an attractive
place to live and many substantial homes were built, some of which are now occupied by
commuters who travel 20 to 50 miles to work. By 1960 the number of dwellings in the
newer settlement was approximately double the number in old Neshanic and the
population about 350, Of course, railroad service is virtually abandoned today, although
for seven or eight decades ending in the 1950's the rails were the “lifelines" of many
such small service centers in New Jersey. The only significant new feature at the date
of our survey was the small chemical plant near the river in Neshanic Station, which
used truck transportation exclusively and was dependent on the abundance of ground water
for processing plastic color concentrates.

3

» 2 Ceorge B. Scholten, History of the Reformed Protestant Dutch Church of
Neshanic, New Jersey. Neshanic, New Jersey: 1952, pp. 5-13.

James P. Snell, History of Hunterdon and Somerset Counties, New Jersey.
Philadelphia, Pennsylvania: Everts and Peck, 1881, pp. 766, 864.

4 Tenth Census of the United States, 1880, Schedule 1. Somer;et County,
Hillsborough Township. Ms. in Rutgers University Library, New Brunswick, New Jersey.

e

> James P. SneH Op. cit.

6 John T. Cunningham, Rallroadmg in New Jersey., Newark, New Jersey
Associated Railroads, 1951, p. 27.
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The geographic pattern of the main village of Crosswicks suggests some kind of
planning because of the arrangement of streets and dwellings around an old Quaker
Meetinghouse set in the midst of extensive grounds (Figure 3). i have tried to
reconstruct the growth pattern on the basis of our field survey,” old maps and published
records. It is clear that Friends (Quakers) had an important role in Crosswicks from the
beginning of English settlement in this part of New Jersey, but the evidence shows that
the village, which has something of the appearance of a New England town center with
a green or common, evolved without a prec gcewed plan, The first house of worshj
was built by Fnends in 1692 at this locality ,” called Crossweeksung by the Indians.

It is recorded that two Friends families took up land fronting on Crosswicks Creek in the
early 1680's and that land was donated by them for the original meetinghouse and burial
ground . 10 The present Meetinghouse was erected In 1773 to replace a smaller structure,
which dated from 1706 and stood in the northwest corner of the Quaker Meeting Grounds
(Figure 3} . It seems, however, that the nucleus of settlement by the end of the 18th
century,' ' comprised the frontage on both sides of a winding aboriginal trail, going
southeastward from the fording place (later utilized by successive bridges) and ascending
the bluff to the well-drained natural terrace south of the flood plain. (See Figure 3,
Occupied Area before 1780.) Subsequent expansion of settlement at Crosswicks occurred
during the 19th century on streets which were platted with regular houselots bordering
the Quaker Meeting Grounds on the weff and south and on the north side of the stream
adjacent to the main road to Trenton. © Other religious groups had peripheral sites in

7 Field studies were carried out in September-October, 1964, by the following
students: Steven F. Buckley, Jerry D. Farren, John Gross, Kingsley Haynes, Reid
Kirchberger, Toivo Lamminen, Harry Margulis, Bruce Marich, Theodora Martin, Peter
Muller, Edward Olas, Edward W. Roberts, Kashi Nath Singh, David B, Smith, and
Michael L. Thaller.

8 E. M. Woodward and J. F. Hageman, History of Bur!ington and Mercer .
Counties, New Jersey. Philadelphia, Pennsylvania: Everts and Peck, 1883, p. 275.

? Henry H. Bisbee, Place Names in Burlington Counfy, New Jersey. Riverside,
New Jersey: The Burhngton Pubhshmg Co., 1955, p. 31.

10 E, M. Woodward and J. F. Hageman, Loc, cit.; and manuscript map dated
October 31, 1834 of original land surveys, also showing existing roads and houses as of
the map date, in possession of the Crosswicks Friends Meeting. This map is reproduced
in Chesterfield Township Heritage, Burlington County, New Jersey. Crosswicks, New
Jersey: Tercentenary Committee, 1964, p. 18,

11 See Christopher Colles, A A Survey of the Roads of the United States of America
1789. Edlfed by Walter W, Ristow, Cambridge, Massachusetts: Harvard University Press,
1987, p. 164.

12 J. D. Scott, Atlas of Burlington County, New Jersey. Philadelphia, Pennsyl-
vania: 1876, pp. 52, 77.
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the 19th century: the Methodists, at the eastern end of the village from 1790 to 1884, 13
and the Orthodox Quakers, one block west of the 1706 Meetinghouse site, from 1833, 14

Four taverns and a grist mill were significant features of early Crosswicks. (See
Figure 3.) The oldest tavern, established in the late 17th century, is at the road fork one
quarter of a mile east of the Quaker Meetinghouse .15 Three other taverns in existence by
1834 were all located on main roads in or near the village. The mill site in North
Crosswicks was utilized as early as 1700 and is believed to have been one of the two oldest
in West Jersey. 16 No railroad was built through Crosswicks.

While detailed results of similar studies in the other settlements cannot be presented
- here, it was found that incipient nucleation in the first century or so usually occurred
around a tavern or a church, more often than not located near a stream crossing and/or a
mill dam site. Further growth, especially in the last third of the 19th century, was
concentrated near railroad depots and local milling industries. Once we had identified the
sequence of events in each place, the present morphology of settlement could be interpreted
readily in the light of institutional and economic factors.

Cycles of Settlement Growth

The geography of settlement in New Jersey reflects changing economic conditions
over a relatively long period of continuous occupance . characterized by waves of population
growth and urban expansion. In a previously analysis 7 | found that rural population growth
predominated in New Jersey until 1840, Thereafter the state as a whole has become
progressively more urban until today less than one in eight of the inhabitants are classed as
rural by the Bureau of the Census. In the rural townships, the census record commonly shows
a rise of population from initial farm settlement about 1700 or earlier until 1860 or 1870,
e.g., Chesterfield Township, Burlington County (Figure 4) in which the main village of
Crosswicks is located. The farm population declined sharply for three or more decades and
then stabilized from about 1900 to 1920, The second cycle of growth in the rural areas of
New Jersey began in the 1930's as a "back to the land" movement and was resumed after the
S:cond World War as automobile travel and metropolitan sprawl became dominant throughout
the state,

13 Chesterfield Township Heritage, Burlington County, New Jersey, Edited by
Certrude M, Brick. Crosswicks, New Jersey: lercentenary Commiftee, 1964, pp. 196-200.

4 Ibid., p. 146.

15 Ibid., p. 127.
16 Ibid., p. 202.

17 John E. Brush, The Population of New Jersey. New Brunswick, New Jersey:
Rutgers University Press, 1958.




-2 2=

1880
|

'5C Py -'7150' ™ ' P T - Y 600
GROWTH OF ROCKY HILL
Population Census f\
Qrecmmmety .
100 e Rocky Hill Borough ’“#’l \/ 400
HE Building Date of '
Existing Structures
50 200
i3 3
& et
E=) ulals i~
: e - 5
z 0 ﬂ!"‘l o) n!nnnn R 1 &
1700 '35 '65 1800 '35 '65 '80 1900 '20 '35'45'56 S
1750 1850 1980
i L4 [ ¥ ¥ ¥ v T L ‘ LS L ¥ 1] LJ L] " T il
50— GROWTH OF CROSSWICKS 3,000
e—2 Populgtion Census
Chesterfield Township
00— HFH Building Date of 2,000
Existing Structures
50 1,000
(4]
g : s
P . . &
3 Innnh (1A =
E 0 lw !jnnlguulln t rﬂl t 0 2
o 1700 ‘35 ‘65 1800 '35 '65 '80 1900 '20'35'95 '64 Q

Figure B4
Growth of Rocky Hill and Crosswicks

John E.Brush

e

Source: Department of Geography, Rutgers University



23

The varying effects of these two phases of development may be traced in Crosswicks
and Rocky Hill (Figure 4) and in Califon and Oldwick (Figure 5). Separate census
tabulations are not available for the majority of the settlements studied because they
remained "unincorporated places" without legal status and hence their population has been
included in whatever township each is situated. In the case of Rocky Hill, which was
incorporated as @ municipal borough in 1889, the population is seen to have fluctuated
between about 300 and 500 for some fifty years. In the case of Califon, which did not
achieve municipal status until 1918, the evidence from our counts of structures and those
identified on maps of three earlier dates shows a late start and fairly continuous growth for
the last one hundred years,

Physical expansion of urban settlements in the United States has occurred in irregular
cycles of fifteen to twenty years duration. Data on building of residential housing and other
structures from the 1850's to the present show that seven distinct periods of growth have
occurred. '® There was a cycle of building activity after the Civil War which reached a peak
in 1871, followed by the late 19th century cycle, which rose to highest intensity in 1889,
Then another cycle came in the early 20th century with its peak in 1909. This was followed
in quick succession by a cycle after the First World War, which reached its climax in 1925,
ond the post-Depression Cycle in the late 1930's with its rise sharply curtailed after 1941,
Finally, there was the long cycle after the Second World War with its first and highest peak
in 1950, which continued at a high level with minor fluctuations until the mid-1960's. Low
levels of building activity occurring for short periods between these upturns usually have
coincided with general economic depressions. But the major construction cycles lasted two
or three times as long as the cycles of prosperity in business. 1t is clear also that residential
construction, which has become increasingly non-farm and urban-based, is widely and
unevenly spread over the United States. Nevertheless, | have taken the known building
cycles with adjustments of the beginning and ending dates so as to coincide with years ending
whole or half-decades as a chronological frame of reference for grouping of dwellings and
other buildings for which approximate dates of construction were obtained in our studies. For
the period before 1865 | have adopted arbitrary time periods of approximately one=third of a
century, following the dating practice in the Historical American Buildings Survey.]

18 Historical data on residential housing construction is compiled for cities and
various other statistical areas, in Housing Construction Statistics: 1889 to 1964. U. S,
Department of Commerce, Bureau of the Census, 1966. See also, Housing Starts, Con-
struction Reports, Series C 20-67~7 (1963 to 1966). U. S. Department of Commerce,
Bureau of the Census, 1967, See annual and monthly reports {Series C 20) for continuation
of the same data. Earlier statistical data and general interpretations of the economic aspects
of cycles in the construction industry will be found in C. D. Long, Building Cycles and the
Theory of Investment. Princeton, New Jersey: Princeton University Press, 1940, and in
J. R, Riggleman, ™Building Cycles in the United States," Journal of the American Statisti-
cal Association, Vol. 28, 1933, pp. 174-183,

19 Historic American Buildings Survey. A Catalog of the Measured Drawings and
Photographs of the Survey in the Library of Congress, March 1, 1941, Washington, D. C.:
National Park Service, 1941,
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No strucfures survive in the settlements under examination from earlier than the 18th
century. Thus, there are in all eleven time periods, as follows:

Early 18th Century 1700 to 1735 Late 19th Century 1880 to 1900
Middle 18th Century 1735 to 1765 Early 20th Century 1900 to 1920
Late 18th Century 1765 to 1800 Post World War | 1920 to 1935
Early 19th Century 1800 to 1835 Post Depression 1935 to 1945
Middle 19th Century 1835 to 1865 Post World War i1, or

Post Civil War 1865 to 1880 Middle 20th Century 1945 to 1965

These are the time periods indicated by the heavy vertical lines and dates shown in the
graphs of growth (Figures 4 and 5).

| recognize that a fully accurate depiction of development trends in the four villages
should be derived from precise dating of every building erected, including those no longer in
existence. Such exacting determinations were not feasible within the scope of our studies
and, indeed, séem not to be attainable with exhaustive effort, 0 We endeavored to date
the structures within the correct time periods. Yet uncertain and unknown dates eliminate
from the counts between five and twenty per cent of all structures mapped. It is thought that
the major trends of growth by periods are fairly accurately portrayed, however.

Our chronologic analysis demonstrates that what is seen now in the four villages is a
19th~-century or early 20th-century landscape. Although nucleation of settlement may have
been incipient as far back as 200 or 250 years ago, most of the developmenf occurred after
1865 and it is hardly appropriate to call .any of these places "colonial™ or "pre-Revolutionary .’
Crosswicks is apparenily older than the three other villages, but less than half, or eight out
of seventeen, of the existing structures antedate the Post Civil War Cycle. In Oldwick the
ratio of pre~Civil War structures to the remainder is three out of seven, Only one out of
three structures in Rocky Hill was built before 1865, Almost nothing in Califon existed before
the Civil War and only one of every four strictures dated was built before 1900,

#

Conclusion

These exploratory studies have shown the ways in which the morphology of small
unplanned settlements has developed and persists. The original highways and streets, the
landholding divisions, the private dwellings and churches, or meetinghouses, are relatively
conservative elements of New Jersey's settlement fabric. Commonplace domestic architecture
is often the most durable evidence of the pust.m Buildings used for retail ‘stores and other
commercial purposes and the industrial establishments are more readily abandoned, remodeled
or replaced. Fortunately, many such unplanned villages and hamlets have been maintained

20 Stydies were carried out in Oldwick and Califon during September-October, 1966,
by Raymond W. Andrews, Frank P. Colpini, Bharat L. Bhatt, Stanley Dart, Steven B, Frakt,
Michael H. Gordon, Noel P, Granzow, Gerhart H, Kellner, Robert F. Kossielski, Gale
Paley, Thomas Scbieszczyk and Paul R. Swanson.

21 John E. Rickert, "House Facades of the Northeastern United States: A Tool for
Ceographic Analysis, Annals of the Association of American Geographers, Vol . 57, 1967,
pp. 211-238,
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with pleasing

z%uc!ities and an informal atmosphere which cannot be reproduced today
at any price,

) For this reason new residents have been attracted and seek to preserve
the kind of landscape which belongs to an era before automobiles became ubiquitous.

e e A s g

22 ¢,
.Ehzabefh C. C. Menzies, Millstone Valley. New Brunswick, New Jersey:
Rutgers University Press, 1949.

CROSSWICKS FRIENDS MEETINGHOUSE, 1773,

The meetinghouse stands in the midst of extensive grounds
now occupied also by the Crosswicks Community House,
the white structure seen in the background. The large
white oak in the foreground was living when Friends set-
tled on farms hereabouts in the 1680's.

Photo by John E. Brush, 1968.
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MAIN STREET, CROSSWICKS
A view southeast along the oldest street of the village,
which originated as a winding trail leading to the ford

over Crosswicks Creek.

Photo by John E. Brush, 1948.

MAIN STREET, CROSSWICKS

A view northwest on the same street, The dwellings
were built before 1834 and some earlier than 1780.

Photo by John E. Brush, 1968.



THE HIGHLAND FORESTS: FOUR CENTURIES OF CHANGE

Alfred Philip Muntz
The Natlonal Archives

The New Jersey Mighlands, which extend approximately sixty miles
across the northwestern part of the state, are in a2 number of respects
representative of all those parts of the Appalachian hill lands that
flank the western borders of Megalopolis. This generalization applies
+o many elements of the physical as well as the cultural geography of
+he area. |t Is true, for example, of the forests, which have always
been a consplicuous [f not the dominant feature of the Highlands. The
forest and its products are recurring themes In many of the descrip-
+lons and historlies of the area, and Industries based entirely or In
part on the forest resource were the economic mainstay of much of the
reglon for more than two centuries. This was particularly true of the
part of the New Jersey Highlands located north of the terminal moraine
of the Wisconsin lce sheet, where farming was !imited by large areas
of scoured rock, thin and excessively rocky soils, and many poorly
dralned bogs and hollows, This Is the area on which this paper Is
focused. |*s purpose Is to describe some of the more significant
aspects of the changling forest geography of the glaciated Highlands in
relation to human occupance over a period of four centurles, with
particular emphasis on the perlod between 1700 and 1900, when the role
of the forest was especlally Important.

The Pre~European Forests It Is usuaily impossible to reconstruct
exactly the forest conditions of any particular area during the period
of Indlian occupance, although several lines of evidence can be used as
a basis for meaningful generallzations. With regard to composition,
there seems to be general agreement among most plant geographers and
ecoleogists that the major forest reglons and associations have long been
fairly stable, and that present day species are usva!ly a reliable gulde
to those which existed before European settlement.' ([n the Highlands,
the major exception to this generallzation Is the American chestnut,
which was unti| the present century one of the most abundant trees
throughout the vast oak-chastnut forest of eastern North America. The
chestnut has been destroysd as an important tree by an introduced bllight,
and its place fllled by other deciduous species, particularly oaks.

Although the scope of this paper precludes a detalled description
of the forest communities within the Highiands, some mention of the

| "
Hugh Raup, "Botanical Studies in the Black Rock Forest", Black
Rock Forest Bulletin, No. 7, 1938, p. 83.
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‘major species and their distribution Is In order. Oaks are the dominant
specles in the Highlands. Chestnut, red, black, and white oaks are all
abundant, with chestnut oak occurring most frequently at higher eleva-
+ions, espaclally on dry and rocky sites. Black birch and black oak are
common assoclates of chestnut oak In these situations. On lower slopes,
where solls are deeper and more moist, red oak Is more common, In assocla-
+ion with other oaks and the tullp tree, and also red and sugar maples,
yellow birch, beech, ash, and -hemlock. In sheltered valleys and along
fower slopes of north-facing ridges, northern hardwoods may predominate,
and almost pure stands of hemlock are not uncommon in cool ravines.
Shagbark hickory and pignut are also present, especlally on well dralned
uplands. & -

Swamps and bogs, which are numerous in the glaciated highlands,
support a varled cover. Red maple is probably the most abundant tree
on poorly drained sites, and eim and pepperidge are also common. On
abandoned old flelds, grey birch Is a frequent pioneer; It Is quickly
replaced by mixed hardwoods when undisturbed.

-~ It seems probable that the first Europeans to enter the Highlands
encountered the same specles that have been mentioned, although un-
doubtedly the relative abundance of various trees has varied considerably
In both time and place. But what of the density and distribution of the
pre-Eurcpean woodlands? Present conditions are of |ittle value In
answering this question. Probably the most useful information can be
found in the writings of early European observers. Surprisingly, most
of these descriptions do not support the forest primeval concept that
has so long prevalled In many of our historical and literary works. The
notion of a boundless, unbroken and undisturbed forest extending from
the Atlantic to the Mid-Western prairies Is essentially a product of the
romantic imagination rather than of objective analyslis. Undoubtedly
areas of undisturbed climax forest did exist in Eastern America in 1600,
but it seems probable that the Indian population, in spite of its low
density, had radlically altered much If not most of the eastern woodlands
long before the arrival of Europeans. - ' '

The principal agent of forest destruction or alteration employed
by the Indlans was fire. There |s abundant evidence that Indian burning
was frequent and widespread all along the Atlantic Coast and well into
the Interlor.Z2 The most important result of repeated burnings was the
establ Ishment and maintenance of an open, parklike forest In which
relatively fire resistant specles such as oaks, chestnut and hickory were
favored. Aithough the Indlan population of the northern Highlands was

2Gordon M, Day, "The Indlan as an Ecologlical Factor in the North-
eastern Forest", Ecology, XXXIV, No. 2 (1953), 329-346; Alfred Philip
Muntz, The Changlng Geography of the New Jersey Woodlands, 1600-1900
unpublished Ph. D. dissertation, University of Wisconsin, 1959, p. 36~
39; Peter 0. Wacker, The Musconetcong Valley of New Jersey Rutgers,
New Brunswick, 1968, p. 29-30,
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small, early surveyor's reports describe treeless areas and open woods
that must have been the result of fire. Also, Peter Hasenclever, 2
Colonlal ironmaster, complained that the trees of the area around
Ringwood and Long Pond (now Greenwood Lake) produced an !nfeg!or grade
of charcoal because they had been damaged by Indlan burning.

It would be erroneous to infer from the evidence cited that there
were no areas of dense forest in the Highlands when the first Europeans
arrived, or that open land predominated. Undoubtedly most of the area
was wooded, but It must have been a compiex woodland of varying density,
consisting mainly of cak and chestnut with.a considerable admixture of
other decliduous specles as well as hemlock and a few other conifers.

The Exploltation of the Highland Fores?sl !700 1900. In 1684, the
Highlands were apparently largely unexplored.” There |s a record of
settiement in the vicinlity of Pogpfon Plains, along the eastern front of
the Highlands, as early as 1700,” and at Pompton in |697,6 but apparently
the narrow valleys west of the Ramapo fault did not attract settlement
until much later. When settlers did enter the area, many of them ap-
parentiy came as lronworkers rather than farmers. Ons of the first
known settlers was Cornellus Board, who purchased land on the upper
Ringwood River In 1736, and began operating a2 bloomery shortly there-
after. In 1740 he purchased large blocks of land from the East Jersey
Proprietors near the place where Ringwood Manor was later built, and
established a forge. Other purchases of mineral lands and manufacturing
sites followed, the famous Ringwood company was established, and 19 1742
a blast furnace, the first In the Northern Highlands, was erected.’ With-
in a few years, other forges, bloomeries and furnaces were established at
various sites on the Ringwood, Long Pond, Pequannock, and Rockaway Rivers
and their tributaries, and the smelting and working of lron had become
a major activity of the area.

Most of the accounts of the early Ironworks Indicate that they were
established in empty areas. The historlan Thomas Gordon wrote that the
first settlers were " . . . rather manufacturers that agriculturists . . ."
and that ". . . the narrow valleys of the mountain region . . , were only
partially tilied for the subsistence of wood cutters and bloomers, The

3peter Hasenclever, The Remarkable Case of Peter Hasenclever,
Merchant London, 1773, p. 84. .

4samus Smith, The History of the Colony of New Jersqy {(reprint
of 1765 ed.) Tren?on, 1890, p. 186.

Garrett C. Schenck, "Early Settlements and Settlers of Pompton,
Pequannock, and Pompton Pla‘ns" Proceedings of the New Jersey Historical
Society, New series, IV, 1919, p. 44-87.

6James M. Ransom, Vantsh!ng lronworks of the Ramapos, Rutgers, New
Brunswick, 1966, p. 108,

Tibid., p. 29-30.
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forge was unlversally the precursor of the tarm."8 Although a recent
study has shown that Gordon's generallzation Is not appllicable to parts

of the unglaciated highlands, where agricultural settlement did precede
lron maklng,9 [+ does seem to hold true for most of the northern Highlands.

The primacy of lron manufacturing in the area was directly related
to Its forests, and the relationship was one of both cause and effect.
The forest supplied fuel for the iron Industry In the form of charcoal,
and there can be no doubt that the abundance of trees In the Highlands
was & factor In attracting Iron makers to the area. The industry re-
quired vast quantities of fuel, with the charcoal blast furnace being
particularly voraclous, and the avallabllity of an adequate supply of
wood was a prime consideration In locating an Ironworks., Once estab-
bished, the Insatiable appetite for charcoal of the furnpaces, forges
and bloomeries led to complete deforestation of large areas. In spite
of the very large tracts of forest land that were associated with the
major lronworks, lack of fuel, indicating extenslve deforestation, was
reported well before the end of the I8th century. The following state-
mont by the German scholar Johann David Schoepf, who traveled In New
Jersey In 1783-84, Is especially revea!tng In this respect.

"The business of the mines and foundries, in New Jersey
as well as throughout America, cannot be sald to be on as
firm a basis as In most parts of Europe, because nobody is
concerned about forest preservation, and without an un~
Interrupted supply of fuel and timber, many works must go
to ruin, as indeed has already been the case here and there.
Not the least economy Is observed with regard to forests.
The owners of furnaces and foundries possess for the most
part great tracts of appurtenant woods, which are cut off,
howaver, without system or order . . . The Unlon, a high
furnace in New Jersey, exhausted a forest of nearly 20,000
acres In about twelve or fifteen Y?Brs, and the works had
to be abandoned for lack of wood."

The furnace mentioned by Schoepf was located in the unglaciated Highlands,
but thers are also reports of deforestation in the northern Highalands
before 1800, and by 1834, according to the historian Thomas Gordon,

the growing scarcity of fuel had led to the abandonTenf of many I|ronworks
and had curtalled the operations of the remainder.!! The Clinton:
Furnace, near Newfoundland, “?E reported to have been abandoned in

1837 because of lack of fuel, and the construction of the Wawayanda

8Thomas F. Gordon, A Gazetteer of the State of New Jersey Trenfon,
1834, p. 185. ‘ ® .

%acker, p. 102-103.
10johann Davlid Schoepf, Travels in the Confederation ((783-1784)

(Translated and edited by Alfred J. Morrison) Philadelphia, 1911, p.
36-37.

"Gordon, p. 23,
'zRansom, p. 102.
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Furnace at a remote site in the northwestern part of the Highlands In
1846 suggests that wood was no longer avaliable at sltes more advantageously
located with respect to transportation and markets.

The history of the charcoal iron Industry In the Highlands Is com-
plex, marked by fluctuations in the price of iron, technological changes,
and various other factors which stimulated or depressed the Industry
drastically at different times. By the 1850's anthracite was being used
widely In smelting liron, aIThough charcoal was still used in several
furnaces and in many forges According to one authority, the last
charcoal forge In the Highiands was abandoned in 1879.14 The accuracy
of this date Is of little significance here. The important polint is
that by the time of the Clvil War, charcoal was of relatively little
Importance In fron smelting In northern New Jersey, and it ceased to
be used shortly thersafter.

During the century and more In which the Industry flourished, the
forests of the northern highlands were cut drastically and repeatedly.
It Is unlikely that any major tracts of forest were spared by the coal-
wood and fuelwood cutters. Apparently maximum deforestation occurred
In the mid-1800's, when large areas ", . . presented a perfectly bare
appearance."!3 Substantiation of this statement occurs in the following
description of the forests around the Sterling Furnace, located In the
New York Highlands near the New Jersey boundary, in 1865, ". . .
around Sterling, for miles, there Is scarcely a stick as thick as a man's
arm, but has been scraped off and consumed in the insatiable maw of the
furnace."!® The Sterling Furnace was converted to anthracite at this
time, and the wonds In that vicinity, and throughout the Northern
Highlands, began a slow recovery. By 1900 the Highland for?§fs were In
much better condition than during most of the 18th century.

0Of course the forssts were utilized for purposes o?her than charcoal
making during the 18th and 19th centurles. Small farms were scattered
throughout the area, and the woodlands were an indispensable resource
to thelr owners. They provided fuel and fencing, and since most of the

361 fred Phi11p Muntz, "Forests and lron: The Charcoal fron
SndusTry of the New Jersay Highlands", Gquraflska Annaler, Vol. XLIt,
No. 4, 1960, p. 319.

‘4will¥am S. Bayley, Iron M!nes and Mlnlggy!n New Jersey (Vol.
Vil, Final Report of the State Geologist) Trenton, 1910, p. 2.

'5Gaologlcal Survey of New Jersey. Annual Report of the Stats
Geologlst for 1899, Trenton, 1900, p. 20.

’

t6Ransom, p. 198.

'7Geoiogtca| Survey of New Jersey, Annual Reporf . . ..1899, p.
20"2‘ 3
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farms In the glaciated Highiands were |it+tle more than subsistence
operations, thelr owners also depended on the forest for much of thelr
cash income. This was derived mainly from cutting saw logs and other
+imber, fencing, and cordwood for fuel, with the last being the most
important, since wood was everywhere the only fuel of significance
until well info the 1800's. Although small guantities of anthracite
were being burned In New York City and Phtlad?éphla by 1820, and sub-
stantial amounts were being consumed by 1840, In rural areas wood was
the only fuel of importance Intil well into the present century.

It Is difflicult, In this era of "automatic" heating systems, for
us to Imaglne the enormous quantities of wood that were required by open
fireplaces and woodstoves. Crevecoeur, in his Sketches of Eighteenth
Century America, wrote "One year with another | burn seventy loads,
that s, pretty near so many cords". !9 Since each cord contains roughly
128 cubic feet, Crevecoeur burned almost 9000 cubic feet of wood per
winter. According to Benjamin Franklin, "An English farmer in America,
who makes greet fires In large open chimneys, needs the consTags emp oy~
ment of oné man to cut and haul wood for supplying them . .

It has been estimated that a good wood stove is ten times more
efficlent than an open firepiace, and undoubtedly wood requirements
were considarably reduced when stoves came into general use. Neverthe-
lass the population of northern New Jersey must have required vast
quantities of fuelwood, especlally during the 18th and 19th centuries.
Most of this population |ived outside of the Highlands, and it seems
likely that most of [+s fuelwood came from local woodlots and non-
agricultural areas such as the Pallsades and the Watchungs. There can
be little doubt, howsver, that the Highland forests supplied large
quantities of cordwood for use outside the region.as well as for local
inhabltants.

it Is Iimpossible to differentiate between cutting for coalwood and
for cordwood, except that the latter was somewhat more selective and
continued long after the charcoal Industry was defunct. Its effect
on the woodlands was probably iess drastic than the clear cutting that
characterized coalweod cutting. Like cutting for charcoal, cordwood
cutting provided an Important source of Income for many residents of an
area where opportunitlies for employment were extremely Iimited unfll
the present century. |

'8Robert G. Alblon, The Rise of New York Port, New York, I939, P.
135-137. .

195+, John de Crevecoeur, Sketches of Elghfaenfh Cenfury Amerlca,
(Henri L. Bourdin, ed.) New Haven, 1925, p. 144,

-

2°Benjamtn Franklin, Observations on Smoky Chimneys, London, {793,
p. 49,
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The cutting of trees for fencing, although less significant In
tarms of Its effect on the forest than cutting for charcoal or cordwood,:
was an Important activity in the Highlangs. The most popular fences on
most of the hill farms were of the style called snake or Virginia ralf,
which required more wood than any other . They were usually constructed
of chestnut, which is extremely durable and splits cleanly and evenly.
The remnants of some of these old chestnut fences are stiil visible In
some parts of the Highlands, a testimony to the durabllity of the wood
of one of the flinest trees of the eastern forest, now unfortunately
exterminated.

- Commerclal {umbering - that 1s, the cutting of trees for sawlogs,
mine timbers, rallroad tles, boat fenders, and pliings - was of some
importance In the Highlands, although the actlivities of the coal and
fuelwood cutters left little large timber for the sawmill operators.
The Highland forests were the source of several other products.
Before the paper box and bag era, when barrels were the standard con-
tainers, the cooperage trade was of considerable-Importance, and large
quantities of staves and hoops were obtalned from the woodlands.
Tanbark was also produced, especlaliy from the bark of the chestnut and
hemiock, but thls industry was never as important In the Highlands as
in the northern hardwood forests where hemlock was more abundant.
Finally, the forest were a source of |livestock fodder in the form of
grass, browse, and mast. Although the practice of running |lvestock
In the woodlands was a damaging one, i+ had an Important place in the
subsistence agriculture that prevalled In much of the area.

The modern era {t Is not possible to date precisely the end of
tha era of exploitation of the Highjand Forests. {ts demise was a~
gradual process which extended over a perfod of many years and varied
from one area to another. It seems clear, however, that the role of the
forests begen to change markedly in the last generation of the nine-
teenth century. One of the major factors was technologlical change and
the emergence of a modern industrial socifety. Wood simply was not
needed for the same purposes as in the previous two centurles, and the
forast gradually ceased to be the mainstay of the the Highlands economy.
The decline of the charcoal Industry after the Civil War was perhaps
the best Iliustration of the results of a changing technology, and its
effects on the forest were pronounced, since It lted to a fa!rly raptd
rejuvenation of grow?h over large areas.

At about the same time there began to emerge a conservation sthic,
marked by a growing concern over the abuse of natural resources. .Conser-
vation became a dominant theme in forestry In particular, and the State
became Involved In forest surveys, forest management, fire protection,
and other programs Intended to improve the condiflon of the woodtands 2l

o 2'Geolagh:at Survey of New Jersey, Annual Report . . . 1899. This
entire report ls devoted to forestry In New Jersey.
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Perhaps the most Important factor of all in ushering in a new era
for the Highland forests was the Increasing urbanlzation of northern New
Jersey. One of its effects was that the water requirements of the major
cltles Increased rapidly, and the unpolluted rivers of the northern
Highlands, which could be easily tapped by gravity systems, were a natural
source of supply. In 1893, C.C. Vermuele described the potentlal supplies
avallable in the major watersheds of the northern Highiands, and pointed
out that the Pequannock River was already almost fully ufillzgg by the
East Jersey Water Company, which suppllied the clity of Newark. I+ was
widely recognized that the forested Highlands were an ideal watershed
area, and In the 1899 Annual Report of the State Geologist (p. 7 and 8)
Vermuele wrote "The value of thls Highlands forests is in the favorable
conditions which 1+ makes for gathering ground for the streams supplyling
water to the citles of the northeastern part of the state. The brooks
in the woods do not carry so much earthy material as streams which
recelve water from bare ground and ploughed fields. The water is clear
and not turbld or rofly and Is suited to city supply. The superior
quality of water from such wooded districts . . . makes it desirable
that the forests in the Highlands should be kept, and not be cleared and
put In farms." Vermuele's words were apparently heeded; the clty of
Newark systematically acquired almost all the Pequannock watershed, and
developed a system that has provided water of exceptional quality since
before the turn of the century. Other watersheds of the Highlands were
also tapped, reservoirs were built and a large part of the Highland
forests became a protected gathering ground for Water that was consumed
in the urban areas of northern New Jersey.

It Is interesting that the establishment of the Newark watershed
lad to a diversification of the forest cover In various parts of the
Pequannock dralnage area. As part of a reforestation program, various
conifers, especially Norway spruce, several species of pine, Douglas fir,
and larch were planted. Although the total area affected was not great,
the conifer plantations became a distinctive feature of the upper
Pequannock basin.

The urbanization of northern New Jersey and a rising standard of
living In the area inevitably led to a great Increase in the demand for
recreational land. The heavily wooded northern Highlands, located within
a few miles of the metropolis, were a prime recreational attraction. It
Is Impossible to treat the complex subject of recreational land use in the
Highlands in this paper, but a few general observations might be In order.
Historical ly, recreational use of the Highlands has been almost entirely
on a private basis, and has been centered on the numerous lakes and ponds,
both natural and man-made, that dot the area. Until very recently, the
State showed |I1ttle interest In developing the recreational potential of
the Hightands., Fortunately this policy appears to have changed, ‘as
evidenced by recent programs of the New Jersey Department of Conservation
and Economlc Development, which have included the development of several

Zzeao!ogical Survey of New Jersey, Annual Report of the State
Geologist for 1893 Trenton, 1894, p. 38T.
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state parks, forests and other recreational arsas within the northern
Highiands. [t {s questionable, however, If present programs have gone
far enough in reserving vacant forest lands in the Highlands for public
use., These lands, already an extremely valuable resource, will become
priceless as Megalopoiis continues to expand and develop. It Is unthink-
able that any part of the Highlands now in public ownership, such as the
Newark watershed area, should not be preserved essentially in {ts natural
state for recreation, using that word In !+s fullest sense. Even those
who do not share Thoreau's bellief that "in wilderness Is the preservation
of the world" would probably agree that not all of northern New Jersey
should be roofed and paved. Through a serles of unusual and fortunate
‘circumstances, a large area of forest land, with a rich historical legacy,
has survived within a few miles of the world's greatest metropolis. A
truly civilized soctety would insure Its preservation for Ifself and for
future generations.



THE APPLICATION OF GRAPH THEOQRY TO THE SIMULATED WATER TRANSFER
NETWORKS OF NORTHEASTERN NEW JERSEY, 1970-]1985%*
Robert M. Hordon

Rutgers University

INTRODUCTION

The obJectlives of this paper are twofold: 1) to modify the beta Index
by introducing !ink weights; and 2) to apply these modifications to the
simulated northeastern New Jersey water transfer networks that resulted from
a separate study.. : .

Graph theory Is a branch of mathematics that can be used to examine
the topological characteristics of many different kinds of networks. The
+opology of a network Is concerned with those aspects of the geometry of
a figure which are iIndependent of distance and angularity, l.e., the
pattern of nodes and |inks.

The appllc?fion of graph theory to problems in geography Is discussed
by Haggett (7),' Cole and King (2), and Werner (15)., Other applications
include studies concerning the connectivity of highway systems (3),
consumer behavior (9), nodal reglion delineation (12), the structure of
transportation networks (4,5,10), historical geography (i13), urban growth
networks (11), the topology of river systems (14), and urban water supply
transfers (8), : ' ’

There are approximately 145 separa*ely-managed water supply agencies
In the nine northeastern counties of New Jersey.“ Of these 145 agencies,
55 (38%) engage in major interagency transfers, form a more or less
connected network, and account for the bulk of consumption In the study
area. The agencles and the transfers among them have been abstracted
into a pattern of nodes and links, the first step iIn a graph-theoretical
analysis.,

*The work upon which this study Is based was supported in part by funds
provided by the U.S. Department of the Interior, Office of Water Resources
Research, Grant No. 14-01-000|-|583, | have benefited greatly from discussions
with Professors Leonard Zobler (Department of Geography, Columbia University),
George W. Carey (Department of Urban Planning and Policy Development,

- Rutgers University), and Michael R. Greenberg (Department of Geography,
Columbia University).

INumbers In parenthesis refer to the works cited at the end of this paper.

2Bergen, Passalc, Hudson, Essex, Union, Morris, Middtesex, Somerset
and Monmouth.
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A varlety of graph-theoretic measures of network structure have been
developed In the |lterature. Kansky (10) provides an excellent summary
of these Indices. One of the Indices, beta, is a descriptive measure of
connectivity within a network. The input for calculating beta conslists
simply of the number of nodes and links, all welghted at unity. This
last factor suggests several ways of modifying the beta index by intro-
ducling empirically-derived alternative |ink-welighting schemes.

THE BETA INDEX ~ MODIFICATION ONE

‘The first modification of beta (hereinafter called BM~-1) Incorporates

a transfer coefficient resulting from an Input-output model of water
transfers in the New York Metropolitan Reglon(hereinafter called NYMR)
that was developed by Carey (in 16). Instead of calculating beta with aly
links equal to one, BM-| welights all links with the appropriate transfer
coefficient for the specified time period. For example, If the entire
consumption of a sink node S is furnished by a source node R, the |link
RS recelves a welght of 1.0, 1f source R furnishes sink S with 45%

-of the latter's consumption, the link RS is weighted 0.45, and so on.
“In this fashlon, BM-1 weights all links with a value ranging from zero
t+o one, depending upon the Importance of the link to the sink. A link
weight of zero denotes the absence of a connection for that particular
t+ime period.

The calculation of beta and BM-1 for a sample network Is Indicated
In Filgure Hl., Assume that R is a source node, S is a sink node, and T
Is an intermediate node In the sense that it both transfers and receives
water. |In part A, the links are weighted at unity; consequently, the
beta Index Is |.0, The same network is shown in part B, this time wiih
the pertinent transfer coefficients Indicated next to the |ink.

R supplies S with 70% of the latter's consumption; hence, |ink RS
is welghted 0,7, R also supplies T with 104 of T's consumption; T,
In turn, supplies S with 10% of S's consumption. Thus, |inks RT and T
are both weightad 0.1. Note that the actual fiow in links RT and TS need
not be equa! even though the transfer coefflicients happen to be the
same In the sample problem. By simple subtraction, sink S Is 20% self-
sufficlent, as it receives 80% (704 + 10% = 80%) of Its needs from other
sources.

Figure HI-D deplicts the input-output matrix for the sample problem
in part B. The tows-and columns are conslidered sources and sinks,
respectively, with the flow of water golng from the row agency to the
column agency. The bottom row, called diversions, represents the
primary Inputs for the system and specifically refers to water belng
diverted from reservoirs and aquifers. Note that this system Is analogous
to the producing and purchasing sectors of the economy in an lnfartndus?ry
accounting system (1),
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With the appropriate transfer coefficlients in the numerator and the
number of nodes In the denominator, the sample BM-| Index is 0.3. |+ is
read!ly apparent that BM-| is a more realistic measure of functional |inkage
change within a network.

THE BETA INDEX ~- MODIFICATION TvO

The second modiflcation of beta (or BM-2) also uses an empirically~
derived method of |ink welghting. In this instance, each link Is assigned
a value ranging from zero to one depending upon the degree of utillization
of the link's capacity. If link RS has a capacity of flive units, and only
four units are being shipped through the connection during the time period
in question, the link receives a welght of 0.8, and so on.

Figure HI-C 1llustrates the calculation of BM~2 In a sample network.
The beta index In part A is 1.0, The links in part C are denoted by a
fraction - the numerator indicates the flow while the denominator shows
capacity. Link RT has a capacity of ten units with only four units actually
flowing; thus, RT Is weighted 0.4, The sample BM-2 index is 0.5,

In sum, the unmodifled and modifled Indices can be arranged on a spectrum
of data avellabllity and level of abstraction. The most abstract, and the
one requiring information only on the number of nodes and links, Is beta.
If flow Information Is avallable, one can use theta, which is the total
volume of Interagency transfers divided by the number of nodes in the
net. BM-l Is further up the spectrum, as it requires data on transfer
coefficlents. BM-2 may be the hardest to obtain, since it requires a
capacity tableau for each network. Thus, the modified %ndlces require more
data and are less abstract than the unmodiflied Indices.

THE SIMULATED WATER TRANSFER NETWORKS

Carey (In 16) has developed a |inear programming model of the water
transfer systems of t+he NYMR which can be used to simulate future networks.
In this paper, discussion will conslider only the most complex network in
3+ha NYMR - that of northeastern New Jersey.

Greenberg (6) has developed demand projections for every water supply
agency In the reglion for five-year intervals from 1970 to 1985. His pro-
Jections formed the Input to the Carey |inear programming mode!, along with
agency safe yield estimates and |Inkage capacitles for all interconnections.:
The objective function was defined as potential delivery to final demand.
Thus, the Ilnear programming problem was formulated as follows: maximize
the objective function glven demand, safe yleld, and transfer capacity

3Although not illustrated here, BM-] and BM-2 reduce the computational
bias inherent In calculating beta for small networks and faci!itate Inter-
network differentiation, '
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constraints. An optimal solution for a simulated run Is obtained when
the demand for every agency Is satisfied subject to the specified con-
stralnts.

One method of arriving at an optimal solution for each simulated
period was to rearrange the network geometry. Existing |inks were ex-
panded and new ones postulated between adjoining agenclies before safe
yleld Increments were programmed In. The rationale behind network re-
design was to Increase network connectivity and faciliitate Interagency
+ransfers as much as possible as long as surplus water was avallable in
the system. Only after network alteration had allocated all surplus water
were planned safe yleld Increases brought in.

The computer simulations for New Jersey were based on the major net
of 55 agencies. These agencies accounted for 80% of the total consumption
of water In the nine counties in 1967. The proportion of transfers to
t+otal consumption was expected to grow from 36% in 1970 to 59% by 1985.

To handle the projected demands, 2! existing links were increased in
capacity and seven new |inks were postulated. The simulated BM-I,

BM-2, and theta values rose from 0.67, 0.55, and 3.52 mgd in 1970 to

0.74 (+9.8%), 0.92 (+68.1%), and 8.16 (+131.8%) mgd in 1985, respectively.
in the interest of brevity, only the 1970 and 1985 simulated networks

will be illustrated.

The optimal solutlon for the 1970 demand projections required four
link expansions while alliowing a surplus of 58 mgd to remaln in || source
agencles. The model dropped |5 |inks that were not essentlal for the
solution. The resulting digraph (Figure H2) is disconnected, with 14
nodes [solated from the major net. Jersey City (no.6) and Hackensack (no.5)
form their own subgraphs. (See Table | for a list of the identiflcation
numbers for each agency.)

The simulated 1985 network (Figure H3) required two new links and 18
link expansions. Note that the iink from Jersey City (no. 6) to Newark
(no. 3) Is of major topological and hydrologic importance, as it connects
two of the largest source agencies In the network. The resulting Interaction
yields a complex pattern of water transfers, but one which is optimal iIn
terms of water a|location.

Authenticity was realized !n the simulations by Insuring that all
yleld Increments were Introduced years after thelr probable date of con-
struction and that all postulated |inks were based on either activation
of existing but non-utliized Iinks or on agency contiguity. A thorough
discussion of the value of computer simulations as a means of designing
networks for optimal allocation of a region's water resource Is found In (16).

The simulated BM-|, BM-2, and theta values for the four projected time
periods In New Jersey are shown in Figura H4., A marked upward trend is
apparent in all cases. The non-|inearity of the theta curve suggests that
some form of logarithmic relationship may be In order. |f one plots the
values on semi-log paper (Flgure H5), a definite linear relationship emerges.
Apparently, B ~| and theta, and BM-2 and theta are related by an exponential



function of the form:
Y = ab®* or log ¥ = log a + X log b

The estimating equations and the standard errors of estimate are
indicated in Figure H5. Although the samples are small (N = 4), the sim-
uletions suggest that as the connectivity of a network increases arith-
metically, the volume of water being transferred Increases geomefricalfy.4
The planning implications of this relationship are significant. For
example, by increasing the number of |Inks or the utilization of existing
links arithmetically, the potential for interagency transfers increases
exponentially. Therefore, the prospect of having deficient supply in
certaln agencles while others report surpluses shouid diminish rapidly
as network connectivity increases, as long as total system supply exceeds
total demand.

CONCLUS IONS

) The modified graph-theoretic indices are less abstract than the
beta Index and require considerably more data to calculate, but they appear
to be capable of more reallstically assessing functional |inkage change
within a network.

2) The simulated networks of New Jersey have been abstracted into
patterns of nodes and links. The resulting digraphs are models of the
maze of plipes and condults of all types and sizes that connect (or are
projected to connect) one water system to another. As such, the models
simplify reality, but only so as to better understand the structure of
a compiex system.

4This finding Is strengthened by an examination of 1961-1967 data.
In particular, the slopes of the BM-2 and theta equations for the historica
and simulated periods are similar and significant.
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Toble 1

LIST OF IDENTIFICATION NUMBERS FOR NORTHEASTERN NEW JERSEY
WATER SUPPLY AGENCIES

Passaic Valley Water Commission

. Elizabethtown W.C.
. Newark
. North Jersey District Water Supply

Commission
Hackensack W.C.
Jersey City
Commonwealth W.C,
Essex Fells (Essex)
Cedar Grove (Essex)

. Montclair (Essex)
. N. J. Water Service Co. (Passaic) .
. Verona (Essex)

. Bloomfield (Essex)
. East Paterson (Bergen)

Edison (Middlesex)

. Elizabeth (Union)

. Fair Lawn (Bergen)

. Carfield (Bergen)

. Middlesex W.C. (Middlesex)
. Nutley (Essex)

. Pequannock Twp. (Morris)

. Bayonne (Hudson)

. Belleville (Essex)

Bound Brook W .C. (Somerset)

. Caldwell (Essex)

Kilmer (Middlesex)

. East Orange (Essex)

Essex County Hospital

. Franklin Twp. (Somerset)
. Glen Ridge (Essex)

. Haledon (Passaic)

. Harrison (Hudson)

Highland Park (Middlesex)
Hoboken (Hudson)

Kearny (Hudson)

Lincoln Park (Morris)
Livingston (Essex)

47 .
48,
51.
52.
53.

55.
56.
61.
64.
65.
69.
71.
73.
75.
76.
77.
78.

80.

Lodi (Bergen)

Lyndhurst (Bergen)

North Arlington (Bergen)

North Caldwell (Essex)

North Jersey School -
Totowa (Passaic)

Orange (Essex)

Packanack Lake (Passaic)

Rahway (Union)

Roseland (Essex)

Saddle Brook (Bergen)

Somerville W.,C. (Somerset)

South Orange (Essex)

Totowa (Passaic)

Wallington (Bergen)

Wayne (Passaic)

West Caldwell (Essex)

West Paterson (Passaic)

Winfield (Union)

W.C. = water company
County names in parentheses
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URBANIZATION, THE MANAGEMENT OF PUBLIC WATER SUPPLY SYSTEMS,
AND THE WATER SUPPLY CRISIS: THE CASE OF TWO MUNIC!PA* WATER
SYSTEMS ON THE NEW YORK METROPOLITAN REGION

Michael R. Greenberg

Columbla Unlversity

American citizens grow, bulld, and buy more than any
other group in the worlid., They also demand more public services.
The Increase in the number and variety of public services provided
in & more affluent and urbanized society combined with the increase
In the variety and spesd of the mass media have resulted in
intensifled scrutiny of these services. Judged by the mass media's
coverage, publlc services may be broadly dichotomlzed Into contro-
versial andnoncontroversial groups. Transportation, health services,
education, and law enforcement seem to be constantiy In crisis.
Not only must the service be provided, but Its success Is dependent
upon the public's subjective evaluation., Usually, the public
initiates the crisis, ' '

Power, water supply, fire protection, solid and i{iquid waste
disposal experience periodic crises. Their performance is less
controversial because thelr services are more standardized. |In several
cases Judgement Is monitored by machine. Consequently, the public service
manager, rather than the public, usually Inttiates the crisis. This
paper examlines the role of the management of municipally controlled
water supply systems In initiating and solving pub%ic water supply
crises in the New York Metropollitan Region (NYMR).4 The study Is
feasible because the NYMR is not dominated by a single wholesaling

IThis research was funded by the Office of Water Resources Research
UsDl, grant no. 14-01-000i~1583 made to Barnard Coliege, Columbia.
University. The author is Indebted to Mr. Edwin T. Erickson, Dlvision
Englneer of the Newark Divislon of Water Supply and Mr.. James A. Neary,
Water Works Superintendent of the Yonkers Bureau of Water for the use
of agency records.

zPrivafe!y owned public systems which account for about one fifth
of Reglonal output are not considered. Thelr managerial objective Is
profit maximization. As a result they tend to avoid restrictive
measures unless forced to do so by a political authority.

&
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and/or retalling agency.3 I+ Is hypothesized that management's reaction
to a possible supply-demand problem is a function of each agency's

unique supply and demand characteristics. A planning Impliication of

the hypothesis Is that water supply crises have been artlfacts of

narrow operational responsibilities. In turn, this would suggest that
integration of the myriad of Independentiy managed systems would alleviate,
if not eradicate, most publlic water crises.

The hypothasis is tested by examining two municipal, publlc
water supply systems with opposite supply and demand characteristics
$rom the late nineteenth century through the water crisis of 1965-1966.
The paper Is divided Into three sections: (1) an overview of the study
area; (2) a chronology documenting the reactlon of the two systems
to similar regional suppiy-demand clrcumstances; and (3) a speculation
regarding the nature of future public water supply crises.

Summary of Findings

I+ Is found that the hypothesis Is supported until| World War 11,
Since the Second World War, a tendency toward equifinality in management
practices has deveioped In the densely urbanized portions of the Region,
it Is suggested that this tendency toward similar management practices
will be escalated in the future,

The Study Area

A test of the hypothesis requires a paralle! examination of a
serlies of crisas In systems with a variety of supply and demand
characteristics. The paucity of avallabie records argued for an
In-depth study of two systems. Newark, New Jersey and Yonkers, New York
were selected. Presantly Newark and Yonkers contrast the most among
the more populous cities in the N74R and perhaps among the clities in
the larger area of-Mega!opo%%s.4 Newark Is generally tdentified with
heavy lIndustry, a low Inccme popuiation, and population emigration,
Yonkers with suburban living, an upper middle income population, and
population Immigration.

3Generally agencies In +the arid west and the number of systems in
the more humid east are dominated by a single wholesaling and/or
retailing agency. See Garrett A, Smith, Jr., "A Method for Comparing
the Water Distributicn Structurss of United States Urban Reglions,"
In Leonard Zobler, George W. Carsy, Michael! R, Greenberg, and Robert
M. Hordon, Benefits from integra~’ed Water Management In Urban Areas --
The Case of The New York Matrono i 7an Reglon, A Report Submitted to
the Qffice of Water Resources Research, USDI, April, 1969.

4Jean Gottmann, Megalopells: The Urbanlzed Northeastern Seaboard
of the United States (Cambrlidgs, Massachusetts: Twentieth Century
Fund, 1961.
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A comparison of relative population change, median family income,
and the value added by manufacturing demonstrates thelir present polarity.
In 1960, forty-two cities In Megalopolis had more than 75,000 residents.
Batween 1950 and 1960, only thirteen of these communities lost a greater
share of thelr population than Newark. Conversely, Yonkers ranked third
in positive population change.S in 1960, Newarg ranked thirty-seventh
in median family income, Yonkers ranked fourrh. And In 1963, Newark
ranked tenth in_per capita value added by manufacturing, Yonkers ranked
+hirty-seventh.

However, the present contrast is of relatively recent origin.
in the late nineteenth century, per cag:fa value added by manufacturing
was greater In Yonkers-than In Newark.® Population emigration from
Newark and mass suburbanlization In Yonkers were not manifest unti! the
close of World War Ii. Previously, Yonkers had recorded higher relative
population growth, Newark higher absolute growth,

Per caplita water demand reflects these observations. Total
per capita demand Is presently fifty percent greater in Newark (Table |J).
It was simliiar unti| the depression of 1929. Domestic per capita demand
was paralliel through the Second World War. Then growth In upper middle
Income families living in single fam!ly homes raised domestic per capita
demands In Yonkers twenty percent above Newark's., While Yonkers has
lost several of Its largest water-using Industries, Newark has outstanding
representation In the heaviest public water-using industries such as
food and chemical.

in addition to thelir present contrasting demand patterns, the
two communities have assumod opposite positions in obtalning their
suppliles. Newark has become a source agency for as many as a dozen
nelghboring systems, while Yonkers has become dependent on the New York
City supply. Overali, If the hypothesis Is valid the systems' policles
should have become progressively dissimiiar.

2y.s. Department of Commerce, County and City Data Book: 1967
(Washlington: U.S. Government Printing Office, 1967), Table A-2.

ibid., Table 4.

Tu.s. Bureau of the Census, Census of Manufactures - 1963 - Area
Statistics (Washington, D.C.: U.S. Government Printing Office, 1963).

81n 1890, per capita value added by manufacturing was $322 in
Yonkers, $261 In Newark. By comparison i1 was only $188 in the present
seventesn~county New York and northeastern New Jersey Standard Con-
solidated area. v
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TABLE | -~ Gallon Per Capita Dally Water Conaumpfion:
: Yonkers and Newark: 1900-~1961

Yonkers Newark

Total Yonkers' Use As Comm, -~ Comm.

Year Newark Yonkers Percent of Newark's Domestic Indus. Domestic iIndug
j900 98 76 78 - - -— -
1915 1o R 106 - - L - -
1925 106 I3 : - 107 37 38 38 48
1935 105 92 ; 88 40 20 42 41
1945 147 100 68 45 21 - 48 72
{955 159 127 80 84 19 . 54 7€
95

1961 190 129 68 72 17 61

A Chronology of Water Supply Crises in Newark and Yonkers

Analysis of agency records suggested a three-stage sequence of crises
paralleled by urbanization: (1) Pre-World War | -~ local crises and |imited

management reactions as hypothesized; (2) World War | to World War (| --
local crises still dominate, but management reactions become more pronounced;

and (3) Post World War || -- a tendency toward equifinality in management's
perception and reaction to crises, refuting the hypothesis. :

The Late Nineteenth and Early Twentieth Centuries

The hypothesis is supported by evidence prior to World War |,
Management's decislions varied according to local conditions. In 1874,
Newark's chlief engineer, G.H. Balley, decided against participation with
Jersey City to develop lakes and streams In the northern part of New
Jersey because the City's supply was adequate (Newark, 1874). Jersey City's
supply was threatened by salt water Intrusion, Newark's was still
satisfactory. Between 1874 and 1877, dally consumption rose forty-two
percent due to the economic recovery following the depression of 1873.

It was planned to reinvestigate new supplles. However, the drilling
of wells and the metering of the seventy-eight largest consumers tem-
porarily matched the growth Increment (Newark, 1879). In 1886, daily
consumption was aimost double consumption a decade earlier. In response
metering of Industrial consumers was intensified. And in turn, consumption
per tap decreased twenty-one percent between 188! and 1886 (Newark,"1886).
T?U?. management's reactions to the first problems were specific and

mited., _ :

9Source material for this table are annual reports of the two agencles.
To conserve space In the text references are clted by clty and ysar,
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However, in 1889, ten years after its original recommendation,
Newark contracted for 27.5 mgd in the Pequannock watershed., The
action had been forced by a combination of local growth and urban-
Ization upstream along the Passaic River which had polluted Newark's
Belleville supply., By 1891 dally demand was almost three times
consumption fifteen years earller. Consumer response to climate
added to the growth Increment set off a speclific reaction aimed
at a specific mechanism threatening the supply. During the months
of June, July, August, and September fans had caused an "extraordinary
Increase" In consumption. Consequentiy all but motors for church
organs were metered. B8y 1894, consumption per tap in these months
had been driven down twenty percent (Newark, {894). Thus, in Newark -
the first crises were manifestations of national trends In urbanization
and economic fluctuations, and local trends in supply. The crises
were met by specific measures almed at holding demand until the supply
could be incremented.

By 1895, consumption was almost four times the use of two decades
earlier. The first serious crisis was Just ahead. The early warning
was high winter demands, caused by residents allowing their water to
run during the cold winters (Newark, 1895). In 1898, daily demand
reached 27.4 mgd. During the bllzzard of 1898, average dally con-
sumption rose forty percent above the supply of 27.5 mgd (Newark, 1898).
Besides securing the rights to another |5 mgd through well driltling
and purchase, Newark embarked on its first extensive metering program.
In 1893, five percent of the services wers metered, by 13903 forty percent.
The effect on those consumers tabbed most "wasteful" by inspectors was
marked. Consumption dropped eighteen percent between 1898 and [903.

The supplementary |5 mgd was not needed (Newark, 1899, 1900, 1903).

In 1900, Newark's supply was Increased one hundred percent
when It obtalned rights to the Pequannock system. Policy Immediately
changed. In 1910 and 1911, the system was able to profit from
a small drop in regional precipitation which adversely affected the
supplies of neighboring agencies without access to a major surface
supply. Thus, prior to World War 1, Newark's position changed from
a system facing periocdic crises to one profiting from others' crises.

Yonkers' water supply circumstances were simifar to those of
Newark's suburbs. In 1900, Yonkers was dwarfed by New York City to
the south and I+s population was too small (47,931 or about one-fif+th
of Newark's) for the development of large-scale surface systems.
Yonkers' supplies were |imited to local socurces, while New York City
developed surface suppiies In northeastern Westchester. As a result
management's reactions were simliiar tc those of Newark's suburbs.
Unitke Newark, in Yonkers metering had been adopted and proceeded as
the system expanded (Yonkers, 1898). Yet water was purchased In 1895
and 1896 (Yonkers, 1895, 1896)., In 1898, new wells saved water to
factories from being furned off (Yonkers, 1898). And in 1910 and 1911,
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whlle Newark sold water, Yonkers had to purchase water, despite
improvements in its storage and purlfication systems (Yonkers, 1957},
Thus, In the early twentlieth century, supply conditions dictated

policy. A crisis In Yonkers tended to be paralleled by a profit

for the Newark system. Whliie Newark's management was able to use
metering selectively, Yonkers was forced to Institute unlversal metering.

World War | fo World War I}

in the perlod from 1910 through the depression of 1929,
the clity of Yonkers experienced its largest population increase,
while Newark grew at a lower rate, but recorded a higher absolute
Increment, The result was a radical change In water supply policy
in Yonkers and an escalation of the previous trend in Newark.

In Newark, the last demands of the First Worid War and construction
of Port Newark Initiated a second crisis to surplus cycle. Between
1915 and 1916, use rose from 42.6 to 47.7 mgd, or less than three
percent away from the supply. Previously, metering had been
directed largely at industrial and commerclal consumers. Domestic
consumers were the new targets. Domestic consumption per capita
declined substantially. Total consumption dropped from 118 to
{14 gpcd. This step permitted the enlarging of a watershed reservoir
which satisfied demand until 1924 (Newark, 1917, 1924). |In 1924,
metering of Industrlal consumers, probably those recently settled
in Port Newark, was Intensified to keep demand under 50 mgd untl|
the exlisting watersheds storage capacity could be expanded. Per
capita demand was kept steady and absolute consumption was kept
within the avallable supply. With the addition of a new system
In 1930, Newark, unlike Yonkers, had no problems with the "drought"
(Yonkers Statesman, February 17, 1931) of 1929-1932. Thus, the
second crisls to surplus cycle In Newark was similar to the first,

The reaction to the crisis was the application of metering to an
Increasing percentage of the population to stabliize demand. When the
supply was Incremented the system agalin profited from a crisis in
nelghboring communities.

In Yonkers as urbanization continued the supply probiem
intensifled. In 1924, Yonkars permanentiy connected [ts system
to New York City's supply. After 1924, one can generally measure
urban growth in Yonkers by the Increments of water purchased from
the New York Clity system (Table 2). .

'Oin 1905, the New York State Leglsiature gave Westchester:
communities the option of withdrawing water from the New York City
supply at the per caplta rate used In New York City.
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TABLE 2 -- Water Purchased from the City of New York
by the City of Yonkers: 1925-1965

Year Water Purchased (mg) Percent of Water Used In Yonkers
1925 . 483 : 10
{936 - 537 : . 14
1945 735 : 14
1955 4394 55
1965 6435 74

Source: Yonkers' agency records.

The change In source was matched by a change In the reaction
of management +o crisis: reluctance to impose restrictions. In
1931, New York City urged Yonkers to ration water. The management
asked for voluntary restrictions, and promulgated minor restrictions
govarning street cieaning (Yonkers Statesman, January 30 and February
17, 1931). While Yonkers was dlsputing New York's call for re-
strictions, Newark was able to sell almost thirteen percent of
1+s supply. Thus, prior to the Second World War, Yonkers and .
Newark were managed with local perceptual ranges: crises were
local and actlons to meet them reflected local constraints. These
constraints had been established forty years earlier when Newark's
tax base was sufficlent for the establishment of a surface system,
whiie east of the Hudson River New York City's dominance influenced
policy. Overall, the Reglon's water systems may be characterized
by the highly Independent systems shown in Figure G2-A.

Worid War |l to the Presén?

et — —.  —————

The post World War .1l perled has been marked by a tendency
toward equifinaltty in system management In the densely developed
portions of the Reglon. Crises and management solutions have been
relatively similar, . . :

In Newark not until the demand generated by World War |l had
been sustalned g{4 consumption threaten the supply agaln., As in
the 1890's consumer reactions to climate gave the early warning,
in 1944, 1947, and 1948 high summer .temperatures initiated short-
term supply problems due to the unauthorized use of flre hydrants
(Newark, 1944, 1947, 1948), Finally, in 1949 a thorough set of
restrictive measures was Imposed. After intensifying the metering
of alil consumers and appealing for voluntary restrictions involuntary
restrictions were promuligated for the first time In the last
two months of 1949: +the use of water for street cleaning was eliminated,
car washing was prohibited on four weekdays, large.alr conditioning
units were required to have water saving devices installed, and
pressure was cut in given areas (Newark, 1949). In turn, between
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1948 and 1950, dally per capita consumption dropped fourteen percent:
from 159 +o 139 gpcd. Thus, In Newark growth resuiting from World
War || produced the simultancous {ntens!iflcation of metering of

all consumers and Involuntary restrictions both for the first time.
However the effect only compared to the initial effect of metering
at the turn of the century.

Post World War (1 growth also produced the first widespread
involuntary restrictions in Yonkers, though again quite reluctantiy.
From December 8, 1949, through January 18, 1950, The New York Times
had dally front-page articles on what was called the worst drought
in New York City's history. The following were among the harsher
measures and threats proposed by New York City: no auto washing
(New York Times, December 8, 1949), the threat of metering 150,000
multiple dwelling units (New York Times, December 10, 1949),
threatened cutback of Industrial use, especially breweries and soft
drinks, cutoff of school showers (New York Times, December 12, 1949),
threat of prison for those caught violating the restrictions more
than once (New York Times, December 21, 1949), and a serles of
shaveless and bathiess Fridays and Saturdays. Between 1948 and
1950, per caplita distribution in New York City dropped twenty-four
percent: from 150 to 121 gallons.

In 1950, Yonkers obtalned almost forty-five percent of its
water from New York City sources. Desplte the indirect pressure
of the media and direct pressure from New York City, Involuntary
restrictions were not promuigated In Yonkers until February 25,
1950 (Yonkers Herald Statesman, February 25, 1950). Between 1948
and 1950, use In Yonkers fell twelve percent, half of the decline
In New York City. However, per caplta consumption fell from |14
to 100 gallons, twelve percent less fthan New York City. In short,
a8s In the 1930-1931 problem, Yonkers with the New York Clty supply
to draw on was reluctant to Iimpose restrictions. When it did, the
measures were similar to those imposed in Newark. Urban development
was the reason. Both systems had obligations requiring involuntary
restrictions to achleve the deslired short-term effect.

The role of urbanization in overriding local supply and demand
conditions is clearly illustrated by the 1949 crisis. |In contrast
to the serles of articles noted above, Meigs stated that "the
New York 'drought' of 1949 simply ?ccenfuafed the long-term trend
of Increasing demands for water.' Examination of precipitation
records in the Newark watershed and the Central Park station support
Melgs' contention. The precipitation deficit In the five years
Immed!ately preceding the restrictions was less than the deficits
In previous local crisls periods: 1908~1912, 1914-1918, and
1928-1932. Thus, demends initiated by fthe Second Worlid War and
sustainaed by urban growth generated comprehensive Involuntary
restrictions by both agencies for the first time.

Hpevert | Melgs, "Water Problems In the United States," Geographical

Review, 42 (July, 1952), p. 363. Meligs was the Chief of the Cli-
matological and Physics Section, Pollution Branch, Office of the
Quartermaster.
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The tendency toward simllar management perception and reaction
was strongly manifest during the 1965-1966 crisis. Between 1950
and 1965 Newark and Yonkers assumed their present opposite
socloeconomic characteristics. And Newark became a larger supply
agency, Yonkers a larger sink of New York City. Nevertheless,
the Newark and Yonkers systems declared Involuntary restrictions
only twenty deys apart: Newark through Governor Hughes (June 12, 1965)
and Yonkers (July 2). The restrictlons were similar in both
communities and more thorough than the 1949-1950 sets; no filling
of pools, no auto washing by individuals, no lawn sprinkiing, no
street cleaning, and no air conditioning devices without water-
saving attachments (New York Times, June 13, 1965; Yonkers Herald
Statesman, July 2, 1965).

Between 1948 and 1950, consumption had dropped fourteen percent
In both Newark and In Yonkers. Between 1964 add 1965, use dropped
six percent In Newark, eleven percent In Newark and Its suburbs,
and fourteen percent In Yonkers. Because of [ts coincldence with
the mid-year, a more accurate view of the impact of the restrictions
is obtained by examining monthly averages. In the months affected by
involuntary restrictions, consumption declined twelve percent in
Newark, twenty-three percent In Yonkers. Relative to the 1949-1950
drought and to one another, the data suggest that the effect was
more marked In Yonkers because of that City's growth between 1950
and 1965 In single famlly residential land use, the sector cost
affected by the restrictions. The effect may have differed, but
the policy was similar. As the difficulties of meeting increasing
absolute Increments have grown short-term measures aimed at holding
demand unti! supply can catch up have become more widespread
more stringent, and more uniform.

The tendency toward equlfinallty among systems In densely
developed portions of the Reglon Is supported by an examination of
the spatial distribution of demand contractions during the latest
crisis. |f urbanization Is responsible, the less developed portions
of the Reglon should have demonstrated |imited or no restrictions
during the 1965-1966 perliod. They did. Between 1964 and 1965,
distribution by public systems dropped from 2.2 bgd to 2.0 bgd.
Restrictions were rarely required in the intermediate ring. They
were In the core and Inner rings. Between 1964 and 1965, distribution
declined iIn eleven of the tweive counties entirely or partially in
the core or Inner rings. Conversely, consumption dropped only
In one of nine Intermediate ring countles.

This sharp distinction reinforces the relationship between
density of development, nature of source, and managerial policy.
The average agency In the core and inner rings operates at a larger
scale than Its counterpart In the intermediate ring. The first
distributes more water at a greater density than the second (Table 3),
Consequently, except where geclogical conditions leave |ittle
cholice, the larger agencles have developed surface sources requiring
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substantial caplital Investments over extended periods. Surface
systems were rapidly deple?ed during the 1962-1966 perlod. Conversely,
systems on the Reglon's periphery, generally operating on a smaller
scale, rely on relatively underutilized ground wa+er, less -

freguentiy on lakes and small streams. ,

TABLE 3. -- Water Distribution Data:
Core and Inner, and Intermediate Rings

Maasure | . Cors and lnner Intermediate
Number of agencles .16 ' 274
Distrlibution per aqency (mgd) 16.57 .96
gpcd - 147 12
D!sfrlbufton in mgd per :

square mile 1,46 : .08

At the county scale, the two exceptions reinforce the general
pattern. Nassau was the only county in the core and inner rings
to Increase distribution between 1964 and 1965, All of Nassau's
public water supplles ars groundwater which can he mined during
a crisis. Monmouth was the single county in the.intermediate
ring tc record a drop. The largest agency In the county, supplying
more than half of the water, Is largely dependent on surface
supplles.'z Thus, management In the densely developed porfions
of the Reglion demonstrated similar policies, while thelr counterparts
In the less urbanized areas reacted individually or not at all,

Spesculation: Future Water Supply Crises in +the NYMR

Additional regional Trends in sys?em managemen+ suggest fha?
the tendency toward equifinallty revealed by this historical study
Is Iikely to be escalated In the future. Uniform reaction s
suggestaed by the Increasing size of retalling systems, the Increasing
costs and therefore slze of water supply projects, and ressarch
suggesting the baneflts of Intercomnecting systems. In the model
pictured In Figure G2-C not only would long-term local crises be
minimlzed, but short-term seasonal and daily peak problems might
be alleviated by systems responding automatically to any Intraregional
problem, in addition, interregional exchanges might minimize
regional crises.

'zMonmoufh Consol idate draws much of Its supply from Swlmmtnq
River, Shark River, and Whale Pond:Brook. : .



SOME COMMENTS ON THE SOCIAL DIMENSIONS OF SEWAGE TREATMENT
PLANT LOCATION
Steven B. Frakt

Rutgers University

The sewage treatment plant Is an essential element in the movement
to upgrade the quality of the environment, yet ironically it is
often viewed In itself as a detriment to the environment from people
who face the prospect of having such a facility located in their
neighborhood. Past protests against these plants in the New York
Metropolitan area have been based on perceptions of the faclli?les
as "detrimental to the health angd welfare" of the community,!
depressant on real estate_values< and "an affliction to the eyes . e
an attack upon the nose."> In Harlem, plans for a 220-million~
gallon-daliy plant were attacked as "an affront to minoritles" and
an indignity Imposed on the community which would allow everyone to
"know at once where Marlem begins,"4

The public at large Is apparently not-alone In I+s low opinion
of a sewage plant's character. New Jersey's Assistant Director
for Water Pollution Control has offered this assessment of the en-
vironment surrounding the state's *reafmen+ plants:

Today there.are more than 750 sewage treatment plants
serving communitlies or parts thereof operating In New
Jersey . . . Each of these treatment plants 1s the center

of a bllghfed area In Its locality. No one voluntarily
makes his home near a disposal plant. _ ,

A recent report co-authored by New Jersey's Commissioner of Health and
Its Director of the Division of Clean Air and Water also makes reference
to "many of the ‘exlisting treatment pianfs [which] are focal points

of local blight."6

INew York Times, Feb. 16, 1965, 29:1.

21b1d., June 10, 1947, 6:4.

31b1d., March 20, 1947, 29:1. |

4lb!d., Aprll 5, I968 29:1; April 26, 1968, 45:1.

S5Robert S. Shaw, "The Sfony Brook-Mi | Istone Valley: A Case Sfudy of

+he Reglonal Approach to Sewerage Collection and Treatment," New Jersey
Municipalities, May, 1967.

6Roscoe P. Kandle and Richard J. Sullivan, Anticipated Capital Needs

;or Sewerage facl|litles Lﬂ,Ngﬁ_iggsgx, New Jersey Department of Health,
eb., 1969.
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In view of thls apparently wide-spread negative attitude towards
sewage treatment plants and the possibie blighting effects these
faclliities may Introduce, research was undertaken to gauge the
soclal dimensions of sewage treatment plant location. Hopefully an
analysis of the real and percelved effects of treatment plant
location on & community's soclial ecoleogy might be useful in formulating
an overall system design for an urban water resource program,

This paper is a report on one aspect of the proposed research:
the effect of sewage treatment plant Installation on local real estate
values. Despite the above Indications that the publlic perceives
these plants as an obnoxious intrusion Inte thelr environment, an
analysis of the area surrounding two New York City plants before
and after thelr construction has given no support to the hypothesis
that property values are adversely affected by the introduction
of a sewage plant. These findings, although drawn from an admittedly
smal! sample and subject to the methodological qualifications
discussed below, do ralise some interesting questions as to whether
an "Information gap" between planners and the public is partiy to
biame when tensions mount over proposed projects of this sort. |f
this s the case, perhaps perceptions which lead to disruption of
the system design might be overcome by increasing the information
concerning the project which Is available to the community.

Bitter political struggles and social unrest can often result
from protests of a local community against the location of such public
works as sewage treatment plants, highways, alrports and the like.
Quite apart from these unfortunate consequences, another result of
public opposition to undertakings of this type can be a sudden change
in the overall system design of which the particular facility is
but one element. Since it is the nature of systems that a change In
one part is met by adjustments in its other elements, the delay or
abandonment of a sewage plant or highway route can impalr the
effectiveness of an urban area's water supply-waste disposal system
or transportation system. |t Is therefore Imperative from the
standpoint of the overali system -- not to mention, of course, the
wel|fare of the people Involved -- that planners and decision makers
conslder the social impact of a public works policy, less community
opposition to Individual elements cause a disruption in the system design.

An tllustration of this last point Is offered by the local reaction
to the previously clted Harlem treatment plant. The faclility, to be
located along the Hudson River from 137th to 145th Streets, s one element
In New York City's planned eighteen~plant sewage system, the general design
of which dates back to the City Planning Commission's 1941 Master Plan of
Sewaga Treatment Plant Sites and Tributary Areas.7 Aside from the comments
mentlioned earitier, Harlem [eaders were also oufraged at the plant's archi-.
tectural design, which called for enormous fountains and water displays
to decorate the twenty-two acre roof. They belleved that the community
could meke better use of parks and playgrounds rather than fountalns on

Ty.s. Dept. of Health, Education and Welfare, Proceedings, Conference
In the Matter of Pollution of the Interstate Waters of fhe Hudson River
and {1s Iributaries, Sept. 28-30, 1965, p. 391,
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+he roof. The net result of the controversy Is that the fountalns have been
eliminated and a group of local residents 1s advising the city on how the
area surrounding the plant might best be utillized to meet the needs of the
community.8 1+ Is unfortunate that I+ took a few years to bring together
t+he public and the planners since the plant will now undoubtedly remaln In
+he design stage for some additlional time. Construction was originally
schaduled to begin In December, 1968.9 Meanwhile, New York City's effort to
establlsh an efficlent waste~-water system Is still plagued by the raw sewage
which 1s dumped into the Hudson and Harlem Rlvers from Manhattan's West Side
and Northern tip.

If It were possible to measure the soclal costs of projected projects In
+he manner that economic costs and engineering constraints are utilized for
cost-benefit analysis, it might be possible to identify In advance those
areas in which community concern might pose a threat to the system. Apparently
|1++le work has been undertaken along these lines In regard to water resources.
For example, the Bibliography on Soclo-Economic Aspects of Water Resources,
lssued by the Office of Water Resources Research In 1966, |ists only a relatively
few entries under '"soclal aspects", and most of these are actually concerned
with cost-benefit analysis, The present sutdy Is one small attempt to fill
this void by comparing the parceived view of sewage treatment plants as
blighters of the environment wlith rea! estate data for the area surrounding
two of these facillitles.

The Owls Head Sewage Treatment Plant in Brooklyn and the Rockaway Plant
In Queens (Figure FI) both began operation in 1952. Under the assumption
that any blighting effect which these plants may have had on their local en-
vironments would be reflected In the census block data on apartment rental
rates and private home values between 1950 and 1960 was made.!0 These two
plants were selected for study on the basis of the avallable data and also for
the fact that thelr construction sarly In the decade allowed ample f!me for
long~range results to be refiected In the 1960 census.

BNew York Times, November |1, 1968, 43:2.

%u.s. Dept. of ln?er!or,bFederal Water Pol lution Control Admln!sfraf!on,
Proceedings, Conference In the Matter of Pollution of the Interstate Waters
of the Hudson River and Its irlbutaries, Second Session, Sepf. 20~21, 1967, p.175.

10The census ciassifies housing units as "renter-occupled and "owner~
occupied." For simpliclty the assumption Is made that the former are apartments
and the latter are private homes. In addition, the 1950 census Includes vacant
units In tts computation of the average rents and home values for each block,
whereas the 1960 cnesus bases its figures on!y on occupled units. The net
effact of the elimination of vacant units in 1960 Is considered to be of
minimal signlflcance for thlis study since all blocks are equally affected.
he change wouid have an effect only if a block had a large number of vacant
units, relative to the number of occupied units, In 1950 whose value
differed consliderably from the value of the occupled units.



-66-

if the facllities did act as a depressant on real estate values,
one might expect that a positive relatlionshlp would exist between distance
from the plants and the rate of Incrsase of rental rates and home values,
That Is, blocks nearer fo the plants would show smaller percentage
" Increases than blocks farther away. (!t shouid be noted that all values
would be expected to rise In absolute terms due to Inflation.) Data
were compiled for blocks within a one mile radius of each plant., The
results are given in Figures F2 through F4,

No apparent relaftonshlp betwaen dlsfance and rate of increase of
rent or home value stands out on these scattergrams. |t Is possible,
however, that some spatial pattern Is masked by the aggregation of
all data by distance, irrespective of direction. To test whether
sectors of varylgg socio-economic characteristics exlist about the
Owls Head plant'“ and whether within these sectors there Is variation
In rent and home value with distance from the plant, four |ines were
drawn at random In different directions out from the plant. For
each line a comparison of distance from the plant with rent and
~ home value was made for the blocks touching on that line. No re-
latlonship was found in any of the four cases. '

One questlion which this report has not dealt with is over how

. great a distance would one expect any blighting effects of a sewage plant
to be felt? Intultively, the local environment of the plants studied
here was belleved to be less than one mile., Measuremsnts were taken for
distances up to a mile In order that comparison could be made between
blocks near the plant and areas which were not likely to be affected

by the plant. But might this "affected area" -- that area in which
people percelve tha plant as a threat to their environment -- be

larger than one mile? Or might it be a matter of only one or two
thousand feet, In which case the data for Owis Head would be of little
value since the nearest residential area Is about 1400 feet from the
sewage facility?

It would seem Tha? the affected area would be partly a functlion
of aspects of the visible environment, not the least of which in a
congested urban area wouid be the size of +he buildings. It Is possible
that tf an Individual's vista were limited by tall bulldings he
might not percelve the existence of a sewage plant, even though the
actual physical distance between the Individual and the plant was small.
Clearly, further research along these lines wil| have to consider
a more’sophlsf!cafed concept than strict {inear distance as an exp!anafory
variable.

ViNo graph Is presented for owner-occuplied units arcund the Rockaway
plant due to the relatively small number of occurrences thera.

12Th1s method could not be applted to Rockaway In view of lfs location
on a narrow penninsula, .

I3These scattergrams are not included in this paper.
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it must be emphasized that no fleld work was undertaken in connection
with this study. The author Is unaware of features In these two
areas which may have Influenced the values of the housing units. Never-
+heless, the data do suggest that sewage plants do not necessarily
pring conditions of blight to a neighborhood, at least as the blight
is raflacted in rents and home vaiues. This ralses the question of
whether In some cases the blight Is Inadvertently Introduced by the
public themselves by means of a self-fulfilling prophecy. How much
of the soclal cost of a publlic project and how much of the resultant
system disruption can be traced back to community perceptions which
are based on inadsquate information?

The lack of any negative effect on real estate values around the
Owls Head facility illustrates that soclal costs might possibly be
reduced by a program which Increases the Information avallable to the
community. In the case of thls plant, which was opposed by residents
of the area, a program was lns?ifuf?g to meet this opposition as
described in the following passage:'”

+ « . the site is less than 2000 ft+. from reslidences.

Bay Rlidge dwellers wondered whether elimination of a
widespread condition would not breed one of another
nature and dump It right in thelir laps. Visits to other
city treatment plants and explanations of the elaborately
planned design features for elimination of objectionable
odors broke down thelir protests over the plant site,

14m0w1s Head Sewage Treatment Plant," Diesel Power and Diesel
Transportation, Vol. 30, No. 3, March, 1952, p. 30.
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CONSUMER TOWN SELECTION!
Richard A, Mitchell

S.U.N.Y, at Buffalo

Introduction

Problems of determining the places In which people spend their money and
why they choose some places in preference to others have long been of concern
to students of geography. The history of geographic thought is marked by a
great deal of speculation and a large volume of research that is designed
to establish the characteristics of the relationships between customers
and the places they patronize. OQut of these efforts has arisen a
considerable body of inter-related principles that has come to be known
as "central place theory." One part or aspect of that theory has received
little emphasls, however, and that Is the Individual and his movements in
space. This fact has been noted by several researchers In recent years,
Marble, for example states that:

"Turning to general location theory, as exemplified by the
works of lIsard, Lefeber, and others, we find that only a
small amount of attention has been glven to the spatial
problems of the iIndividual consumer. Most of the attentlion
of workers in the field has been dlirected toward problems

of a broader scale than those encountered by the Individuals
moving In space."

Huff makes a simiiar point:

"One of the most potent agents shaping the spatial structure
of soclety Is the individual consuming unit and his movements
in space. The complex patterns of movement manifested by the
consumer not only affect the location of most tertlary
activities but they also have a strong bearing on nearly all
forms of land uses. Yet, despite the significance of the
individual consumer in spatial analysis, very few agalysfs
have focused their research efforts at this level."

Thls paper Is directed toward learning more about how consumers, particularly
rural consumers, move In spacs.

'This paper represents part of the research which was conducted under
& Faculty Research Fellowshlp during the Summer of 1968. The writer wlshes
to express his gratitude to the State University of New York - Research
Foundation for that support.

2Duane F. Merble, "Transport Inputs at Urban Residential Sites," Papers
and Proceedings of the Reglonal Science Assoclatlon, V (1959), p. 254,

3pavid L. Huff, "Toward a General Theory of Consumer Trave! Behavior"
(unpublished Ph.D. Dissertation, Department of Marketing, Transportation
and Forelgn Trade, Unlversity of Washington, 1959), p. |.
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Data

We might begin by noting that the movement of consumers in space ls,
Indeed, complex, This can best be shown by taking a brief look at the
data that this paper Is based on.

The data consists of a random sample of |15 rural nonfarm residents
In the state of lowa. Collected from the sample respondents was Information
for the 1960 calendar year as to type of expenditure and the urban places
at which the expenditures were made..- The number places that the respondents
traveled to, to make purchases from, ranged from one to fifteen, with
the median number being five. Slixteen percent of the respondents purchased
goods and services from nine places or more, Thus, it would appear that
we are faced with a falrly complex situation.

Rule |

The second thing we might note Is that the explanation of the expendlture
pattern of a rural population is Implicit in central place theory. That
Is If we take some of the assumptions that are often made in central place
work, we may develop a simple rule which designates the set of towns that
should be patronized by a rural consumer. For example, let us assume that:

(1) a consumer will purchase a good or service from the closest piace
offering that good or service

{(2) each town has the same set of goods and services as all smaller
towns plus an additional set.

(3) +the needs of the consumers are such that they rgqulre the complete
set of goods and services offered by the towns.

Under the above assumpflons the followling rule should complefely specify
the towns which a consumer will patronize.

Rule |: The consumer will purchase from the town which is closest to
him and then progressively from the nexf largest place at an
Increased dlistance.

Rule | was applied to the 115 consumers previously described and the
resuits can best be described by the Venn diagram displayed Iin Fig., Mi. The
diagram shows the three possible results In this situation I.,e. the relative
number of places that were predlicted to be visited but were not; the
placas that were vislited but not predicted; and finally the places that
were'both predicted and vislted.

4A more detalled description of the data and sample design can be found In:
Richard A. Mitchell, "An Explanation of the Expenditure Pattern of a Dis~
persed Population' (unpubllshed Ph D. dissertation, Department of Geography,
University of lowa, |964)

5This assumpflon Is troubleseme as It is doubtless not true for the one
year perlod for which the data were collected.
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The 42% predlicted and visited does not appear to be an exceptional
result but there Is no base against which to measure the fligure and thus
tf nothing else it can stand as a benchmark agalinst which to ascess future
results.

The 25% visited but not predicted, at first biush is a rather vexing
result. Thils result only ecccurs when a consumer purchases from a town
t+hat Is smaller than some closer town, A different view of consumer
expenditure patterns reduces the magnitude of +his problem but does not
eliminate I+. It should be noted that the percentages presented in Fig. Ml
refer to number of towns; a different picture emerges if we |ook at
dollars as opposed to number of towns. In terms of dollar amounts the
predicted and visited towns account for approximately 86% of the total
dol lars spent while the visited and not predicted account for 14%, Thus
even though large numbers of towns are Invoived in this seemingly "irrational"
behavior, a somewhat smaller relative amount of money Is Involved.

In addition many of the expenditures are composed of such things as
travel expenses (e.g. food and gas on a frip) i.e. items which might not be
considered as a part of a regular shopping pattern. Unfortunately In
the questionalre that was used in collecting the data upon which this paper
is based, there was no attempt at Identifying what were "regular" or
"usual' shopping patterns.

Ruie 2

The predicted but not patronized towns also present a problem, especially
since they constitute 33% of the total places either specified by Rule | or
visited by the consumers. The problem Is the overspecification of towns
by the ruie. Many explanations for this overspecification are possible.
One explanation might be that the consumers recognize a hlierarchy of places
in terms of thelr purchasing behavior. |f thls Is the case, then It is
possible that two or more of the towns predicted for a particular consumer
belong to the same town-size class. In this situation I+ would be
necessary to visit only one of the towns to purchase a set of goods and
services, as they would, presumably, all offer the same set of goods and
services. Rule | would, In this situation, tend to overpredict the
number of places visited and a more realistic rule might be:

Rule 2: The consumer will purchase from the town which Is closest to
him and then progressively from the next closest place In a
town-size class larger than the preceding class.

The only problem with this line of reasoning is that a technique is needed

to determine the town-size classes recognized by the rural consumers.

Although the hlerarchy of places is frequently mentioned in work.in central
place theory there have been few attempts +to actually determine the popujation
ranges of the town-size classes. One sych attempt, utlllzing data used In the
present study, was made by thls writer.b

SRichard A, Mitchell, "ODetermining the Population Sizes in the Hlerarchy
of Central Places," presented at the Annual Meeting of the Association of
American Geographers, St. Louis, Mo., April, 1967,
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Space does not perml? a detalled description of ?he method for determiniy
the population ranges for the classes in the hierarchy but a brief descr‘p*toﬂ
follows.

(1) The consumers who, it was assumed, purchased from a town in each
town-size class in the hlerarchy, were ldentified. There were eleye
such consumers and they each purchased from six d:ffarenf places,
hence a six~-place hierarchy.

(2) The populations for the towns wers grouped according to the town-
slze classes they represented and plotted as six frequency
~distributions; each distribution thus being an estimate of one of
the classes in the hlerarchy.

(3} The distributions overlapped and the dividing lines between
adjacent distributions were taken as the population ranges for
the classes In the hilerarchy,

(4) The dividing lines between distributions were determined by the formu(

-

Xi 04 )+ Xep o

D1y i+t=
& + G4

where Dy 4y Is the dividing line between the Ith and the next higher
order class; Xy , Xi+j and o} , ©j+) are the means and standard
deviations of the I+h and next higher order class; and | = 1,2,3,4,5,6

, The hierarchy ldentifled by the ?echn!que described above Is presenfed
In Table 1.

The Test of Rule 2

Rule,2, utillzing Tne classes lden*lf‘ed in Table |, was applled to the
~sample of rural consumers, The results are dlsp!ayed In the Venn dlagram
of Fig, M2. :

The use of Rule 2 had the expected resul+ of lowering the number of
-places that the consumers were predicted to purchase from. Unfortunately,
some of the places correctly assiqned by Ruie |, were now Incorrectly
assigned by Rule 2. The net result is that Rule 2 is no better than Rule I.

The poorness of the result of Rule 2, upon a little reflection, is
not surprising. The fault however, may not lle with the notlon of a hierarchy
per se, but with the. notlon that the hlerarchy is a set of rigldly defined
ciasses. In the hlerarchy described In Table |, for example, a town of
7,653 paople is viewad as the same size as a fown of 2,500 people while
a town of 7,654 Is viewed as larger than a town of 7653. That this situation
{5 untenable {s self-evident.

What Is needed is a ruie such that, when given that a consumer purchases
from a place of a particular size, it wiil speclfy the size of the next most
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viable place to purchase from. Such a rule would, In effect, define a
nyariable hlerarchy'" which is dependent upon point of entry into the
nierarchial system. The problem Is to find an approach for the development
of such a rule. A possible approach Is a slight modification of a technlque
used by Professor Gerard Rushton in approaching a similar problem of consumer
bghavior,

The Rushton Approach

The problem zpproached by Rushton Is +hat of predicting the fowg In which
a member of a rural population will make his major grocery purchase.’ The
procedure he followed was to develop a subjective preference function for
a set of rural residents, utilizing a scaling technlique developed In psychology.
Briefly the technique Invclives the categorization of possible cholces
avallable to a consumer for the purchase of groceries. These cholices or
"locational types' are based on the population size and the distance a town
Is from the consumer. Any gliven consumer will have many locational types
avallable to him and one of them is the type from which he makes his grocery
purchase. Information from many such consumers yields a set of data which
are aoperated on via a method for making paired comparison and the final
outcome is a ranking of the original locational types. (Study Table 2].

In order to define the varlable hlerarchy, It may be possible to utilize
the technique empioyed by Rushton In the following way. First of all,
the alternatives In the way of possible places of purchase facing a sample
of rural consumers would be categorlzed on the basis of distance and
town-slze combinations. The actual places of purchase would also be
designated. Then, glven the consumers who purchase at a particular location
typs, all other locational types, for that set of consumers, composed of
larger and more distant towns would be treated as a set of data and operated
on via scaling or ranking techniques. The result would be a ranking of
the locatlional types that are the next most preferred over the original
type. Upon performing the operation on all the locational types, the result
would be & set of rankings that would designate the next most preferred
town In all situations. This procedure will be the subject of future research.

Further Comments on the Rushton Approach

The technique and approach utllized is interesting to say the least and
will doubtless prove extremsly useful In analysing certaln spatial problems.
The application of the technique at the present time Is not without Its
problems, howaver, and one cannot help but wonder whether or not there might

TGerard Rushton, '"The Scaling of Locational Preferences,'" presented at the
Annual Meeting of the Association of American Geographers, Washington, D.C.,
Aug., 1968.
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be an alfernate approach to the problem in question. [t might be possible,
for example, to use a gravity model for the selection of a town for a
particular type of purchase. What is being suggested is that the rural
consumars weigh the altarpatives facing them and that relative welights of
the alternatives have the same ranking as the famillar £.index assigned to
gach town, |t should aiso be noted that |+ wouid be reascnable to compute
the index for only those towns with a population equal to or in excess of
the threshold population of The good or service in question. This kind of
approach is, of course, not new In geography, as the gravity model does
have a long history. Further, one couid easlly argue that the epproach used
by Rushton Is essentiaily a gravity concept and lndeed, in a previous
work he developed a different modal for determining the town of maximum
grocery purchase, which likewise contains the eolements of a gravity mode!.8
in order to test the hypothesls suggested above, two things are reaquired,
data and a procedurae for establlishing the proper exponent on distance. One
way to approach both of these problems Is to operate on the "set of data"
presented In Table 2, Clesrly each of the locational types presented can
be converted 1o P over D ratlos by letting the midpolints of the population
and distance intervals represent the entire Interval. The proper exponent
can then be found by:

(1) umlnq that the ranking of locationa! types developed by Rughton
is a "good" ranking,

(2) c¢reating a number of rankings for the locational types based on
the F over D= ratios when « is assigned 2 varlety of values, and

(3). then compating‘*he various gravity model rankings with the Rushton
ranking.

The bast axponant will, of courss, be the one which yields the best results
when The comparisons are made,

Table 3 displays fhe rasults of the procedure described above with rank
corralations employad to faclilitats the comparisons. Thaese results {llicit
saveral comments: :

(1) The relatlonships between the various gravlty rankings and the
Rushton ranking are high with most of the variability found
within the first four locational types and types |4 and 19,

(2} Locational types 14 and |9 are especially interesting in that they
point up a rather pecuilar situation in the Rushton ranking. Type
i4 identifles .a town of between {,000 and 2,000 pecple and Is
between 16 and 20 miles from the consumer. | has a rank on the
praference scale of 24, Type |5 has a population between 1,000 and

8Gerard Rushton, Spatial Pattern of Grocery Purchases by the lowa Rural
Population, University of lowa, Bureau of Business and Economic Research,
Monograph Ne. 9, 1966.
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2,000 pecple and is 2i to 25 mliles from the consumer. |t

has a rank of 22. What this In essence says Is that a town
of say 1,500 people, 22.5 miles from a consumer, Is a more
des'rab!s place to purchase groceries than a town of 1,500
people, 17.5 mlles from the consumer. A similar slfua*!on
exists betwoen locational types 19 and 20. These resuits
would seem to be unienabie on fogical grounds and it should
be ncted that the gravity approach cannot yleld such results.

(3) There Is little difference betwzen the various gravity rankings;
l.e. It appears that any exponent from 1.5 through 4 ylelds
basically the same results,

After ana'ysing Table 3 a question stil! remains, and that question
pertains to Just how weil the towns for grocery purchases can be predicted.
Thus far It has only been established that various pairs of rankings are
simllar. To get at this question, the gravity technique was applied to the
same sample of lowa rural non-farm residents discussed earlier In this paper.
That Is, the gravity ranking of towns, using - , was caluclated for each
consumer In the sample and the town with the largest Index was the predicted
town for the major grocery purchase. This procedure correctly predicted
50% of the cases in question.

Now the question still remains as to whether 60% prediction is a "good"
figure or not. To have some base against which to judge this, we note
that applying rule "purchase grocerles from the closest town", yleids
only 35% prediction. The writer Is therefore somewhat encouraged by ths
results, especially In light of the crudeness of the approach.

Many reflinements In the approach are feasible, ranging from more
sophisticatad techniques for deriving the optinum exponent for distance, to
better ways for measuring the size of a town and distance to It. Two of
the households Incorrectiy predicted, for example, have thelr major wage
earner emploved In the town In which groceries are purchased. Clearly
the deflinition of distance is not adequatse in these cases,

Another problem area appears to be county-seat town. County-seats
ettract a disproportionate share of the consumers (approximately 58%) in
regard to grocery purchzses. This Is no doubt In part due to the fact that
county-seats are larger, on average, than non county-seats but this does
not entirely explaln their popularity. There were eleven instances in
the sampie when households purchased grocerles from a particular town when
2 larger town was at a closer distance, Of the eleven, fcur are county-seats.
This suggests tha population may not bte an adequate surrogate for measuring
the "slze'" or .attractive power of a county-seat.

On the basis of the above results I+ wouid appear that the gravity model
approach might also warrant further raesearch,
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RESULTS OF RULE 1%

Predicted ==« { 337, & Visited

FIGURE Ml .

RESULTS OF RULE 2%

Predicted ——emee—m ! &—Visited

FIGURE M2,

*Predicted (J Visited = 100%
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Table 1

POPULATION RANGES OF THE TOWN-SIZE CLASSES

Population
Range

1 1 - 550
b"’x
s Z 551 - 2,197
b
o
&
ot 3 2,198 - 7,653
2 ,
o 4 7,654 - 34,739
orid
P
® 5 34,740 - 137,143
©

6 137,144 - ?




TABLE 2

TABLE 3
DEFINITION AMD RANK OF LOCATIONAL TYPES* RANK OF LOCATIORAL TYPES DEFINED BY %:c
W e
Locational |Distance Groups | Town Size Groups Rank of P P P P P P P
Types (Miles) {Population) Locational Type T pl.5 | D2 pe.5 D3 3.3 Fh
1 1.5 0- 500 11 15.5 11 7 6 5 5 5
2 6-10 0- 500 15 21.5 20 i9 16 14 14 12
3 11-15 0- 500 19 , 23 23 22 2z 22 20 20
4 16-20 0- 500 28 24 24 24 24 24 24 24
5 21-25 0- 500 25 25 25 25 25 25 23 25
6 1-5 5006-10060 5 8 5 4 4 4 4 4
7 6-10 500-1000 12 15.5 14 12 il 10 10 10
8 11-15 500-1600 17 19 18 i3 17 17 17 16
9 16-20 500-1000 21 20 21 21 21 20 21 21
10 21-25 500-1000 23 21.5 22 23 23 23 23 23
11 1-3 1000-2000 4 3 3 3 3 3 3 3
12 6-10 1000-2000 8 11 9 g 9 8 8 8 ®
13 11-15 1600-2000 10 14 15 14 13 13 13 i4 T
14 16-20 1600-2000 24 i7 17 17 19 18 18 18
15 21-25 1000-2600 22 i8 19 20 20 21 22 22
16 1-% 2000-4000 1 2 2 2 2 2 2 2
17 6-10 2000-4000 6 6 6 6 7 7 7 7
18 11-15 2006-4000 9 10 10 11 10 il 11 11
19 16-20 2000-4000 18 12 13 13 15 15 15 15
20 21-25 2000-4C00 15 13 16 i6 18 1% i9 19
21 1-5 4000-8000 2 1 1 1 1 1 1 1
22 6-10 4000-8000 3 4 4 5 5 6 6 6
23 11-15 4000-8000 7 5 7 7 8 9 9 9
24 16-20 4000-8000 13 7 8 10 12 12 12 13
25 21-25 4000-8000 14 9 12 i5 14 16 16 17
*This table is' constructed from a ranking {presented in .89 .92 .93 .95 .93 . 9% .93
Fig. 2) and Table 1 in the paper by Rushton identified in foot-
note 7. The table and ranking have been modified,as 5 location- The numbers above are Spearman rank correlation co-
al types, involving the town size group, 8,000-208,980, are not efficients between the variocus rankings of Tzble 3 and
presented here. It was felt that the midpoint of that group the ranking in Table 2.
could not adequately represent the group and it would thus be
useless for making comparisons between the rankings of Table 2 *See text for explanatiom.

and Table 3. :



GROWTH POTENTIAL OF THE PRIMARY METALS AND
ENG INEERING INDUSTRIES OF THE BUFFALO AREA
Raymond W. Waxmonsky

State University College at Buffaio

Introduction

This paper Is a report of a research project undertaken by the
author and the Greater Buffalo Development Foundation of Buffalo, New York.
The objective of the project was to evaluate the employment growth potential
of the primary metals and englneering Industries of the Buffalo Metropolitan
Area. The composition of these industries and thelr employment for selected
years s presented as Table |. These flve industries are related such that
in most cases, each Is a principal iIntermediate purchaser of the others'
output. Consequently, thera are strong |inkages among tham and they may
be sald to form an Industrial group.

Table |

EMPLOYMENT IN THE PRIMARY METALS AND ENGINEERING |INDUSTRIES
OF THE BUFFALO AREA FOR SELECTED YEARS (000)

SIC INDUSTRY 1954 1957 1958 1962 1965 1968
33 Primary Metals 37.1 42.5 31.9  29.6 33.3 32.0
34 Fabricated 8.7 9.0 8.8 9.7 10.3 13.5
Metals
35 Non-electrical 15.0 16.7 13.2 12.7 14.3 14.2
Machinery
36 Electrical 14.9 13.6 11.6 12.9 15.9 13.6
Machinery '
37 Transportation 46.2 44.9 33.4 26.7 30.5 33.9
Equipment
Total 121.9 126.7  98.8  91.7  104.3 = 107.2
Sources: 1954 and 1958 data from the respective Census of Manufactures; all

other data from the appropriate Annual Survey of Manufacturers
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in part, this report is based upon a survey of |13 establishments
conducted in the summer of 1968. Though this represented only about 20
of all such establishments, It represented nearly 90 percent of all empl
In the group.

Percent
Oymen

The paper is organized Into three parts. The first Is an analysis
of supply factors, the second an analysis of demand factors, and the third
an analysis of trends In the growth of productivity.

In the first part, three economic variables are considered: wages,
productivity, and the two related subjects of age of plant and equipment,
and Investment. |In each case, the performance of the Buffalo area Is judged
agalnst that of the nation as a whole and agalnst four similar industrial
centers located within the so-called manufacturing belt of the nation. These
centers are Milwaukee, Cleveland, Detroit, and Pittsburgh. In each of these,
the primary metals and engineering industries are a major component of the
manufacturing base.

In the second part, attention Is focused upon the determination of
the major market area served by these Buffalo industries, and also, upon
thelir major functional markets. These two subjects are then integrated into
an assessment of future demand for the products of these Buffalo industries.

In the third part, an assessment of projected growth of productivity
is Incorporated in order to evaluate the employment growth potential of
these Industries.

Table 2
WAGES OF PRODUCTION WORKERS IN 1966 (Dollars per Hour)

Industry Buffalo Pittsburgh Milwaukee Detroit Cleveland All U.S.

Primary 3.72 3.77 3.62 3.94 3.68 3.49
Metals .

- Fabricated 2.95 3.24 3.10 3.01 2.97 2.77
Metal
Products

Machinery, 3.69 3.50 3.46 3.89 3.41 3.16
except
Electrical

Electrical  2.95 3,17 3,36 3,08 3.03 2.74
Machinery

TTansportatioh 3.80 3.78 3.83 2.79 3.93 3,40
Equipment

All Metals 3.60 3.61 3.45 3.72 3.47 3.13
& Related
Industries

Source: 1966 Annual Survey of Manufacturers.
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Supply Factors

The first economic variable to be considered Is wages, data for whlch
Is presented as Table 2. Note in the first place, that the average wage rate
of all Industries in all five communities was higher than the corresponding
national average rate. Though this Is not surprising, It is notable as I+t
will subsequently affect the statistics on productivity.

An examination of Table 2 Indicates that the wages of these Industries
in Buffalo compare favorably with those of *he four other areas. In particular
such an axamination shows that:

Ml Iwaukee has the lowest wages In primary metals,

Buffalo has the lowest wages in fabricated metals,

Cleveland has the lowest wages In non-electrical machinery,

Buffalo has the lowest wages in electrical machinery, and

Pittsburgh has the lowest wages in the transportation equipment Industry.

It Is evident that Buffalo had the lowest wages of the flve communitlies
in two Industries, and the I+ was the only one of the five to have two lowest
wage Industrles. If one were to look for the community with the highest wage
rates In each industry, he would discover that Buffalo was the only area not
having the highest rate In any Industry,

The second economic variable to be examined is productivity, which may
be defined as the ratio of output per unit of Input. Two measures of
productivity which are wldely used are value added per production worker
and value added per dollar of wages of production workers. In each case
the higher the value of the measure, the more productive is the Industry.

It should be noted that while the denominator of each measure Is a measure
of labor Inputs, it Is not the productivity of labor which Is being measured;
it simply Is productivity measured In terms of labor.

Statistics of value added per production worker are presented as
Table 3. An examination of this table Indicates that Detroit Is the most
preductive community in all Industries except electrical machinery, In which
Ml lwaukee is the most productive. In terms of the welghted average of the
entire group, Buffalo's performance Is next to last, bsing only slightly
better than that of Plttsburgh.

A scmewhat similar, but basically a more discouraging pattern, emerges
from the table of value added per dollar of wages of production workers,
Table 4. Note that with respect to the entire industrial group, all five
communities have a productivity figure below that of the nation as a whole.
This reflects the fact that metropolltan areas characteristically have a
higher than average wage structure. Buffalo Itself, Is still next to the
bottom, above Pittsburgh again, but Its average productivity Is far below
the national average. It Is also the only one of the five communities to be
consistantly below the national average in all Industries.
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Table 3
VALUE ADDED PER PRODUCTION WORKER IN 1966 (Dollars)‘

Industry Buffalo Pittsburgh Milwaukee Detroit Cleveland All U.S.
Primary $17,697  $19,810  $16,980 $23,450  $21,320  $19,618
Metals

Fabricated 15,978 13,180 17,040 - 18,760 17,110 16,049
Metal
Products

Machinery, 20,321 22,770 20,420 23,770 22,690 20,638
except o ,
Electrical

Electrical 19,270 20,810 24,830 17,660 20,060 18,134
Machinery -

Transportation 21,265 15,000 13,990 23,020 20,510
Equipment

All Metals $1945180 $19,110 $19,700 $22,570 $20,490 $19,210
& Related
Industries

Table 4
VALUE ADDED PER DOLLAR OF WAGES OF PRODUCTION WORKERS IN 1966 (Dollars)

Industry Buffalo Pittsburgh Milwaukee Detroit Cleveland All U.S.

Primary $2.38 $2.68 $2.22 $2.79 $2.81 $2.74
Metals ) ‘

Fabricated 2.64 2.10 : 2.66 2.76 2.70 2.74
‘Metal -
Products

Machinery, 2.56 3.07 2.81 2.68 2.92 3.06
except .
Electrical

Electrical - 311 3.29 3.58 2.73 3.22 - 3.24
Machinery :

Transportation 2.64 2.02 2.02 2.80 - 2.40 2,84
Equipment ‘ -

All Metals $2.59 $2.38 $2.78 $2.76 $2.75 $2.92
§ Related
Industries Sources: 1966 Annual Survey of Manufacturers
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Hence, the general! conclusion is that the productivity of this industrial
group In the Buffalo area Is lessthandesired. In part, and not necessarily
dominantly, this Is due to the somewhat high wages of the area. |+ is also due
to the fact that the level of output, that is the value of products produced, Is
too low., If wages are only a portion of the problem, what Is the rest of i+?
Part of the rest lles In the third economic variable to be discussed, capital
investment and age of plant and equipment. A

The amount of capital Invested in an industry is positively correlated
with the level of output produced. -Unfortunately, virtually no data are
avallable on the amount of capital Invested In an industry on a regional basis.
One possible way around this lack Is to measure the age of plant and equipment,
the assumption beling that the older the plant and equipment, the less efficlient
it is and the lower will be the level of output. The probiem here is that If
. one does this for a specific area, there Is no norm to compare agalnst as this
data is not avallable on a national or subnational level. What Is ?vailable,
however, are periodic surveys of the age of metalworking machinery.' Since
the Industries we are concerned with here are dominantly metalworking Industries,
this survey data becomes the baslis for estimating the age of plant and equipment,
and thus for making inferences on the level of capital invested.

In addition to the publlished survey data, the survey conducted iIn
conjunction with this study developed some additional data. But the usable
data was fragmentary; in this case representing about 30 percent of the number
of firms Interviewed. This fragmentary data indicated, however, that on the
average 53 percent of the equlipment of the surveyed firms was over ten vears
of age. The published survey results, fortunately for the same year, 1968,
was that 66 percent of the metaiworking machinery in the Buffalo-Rochester-
Syracuse areas was over ten years of age. The latter statistic placed this
area next to the top of the Ilst of all areas surveyed, being only slightly
better off than Plittsburgh. As Is beginning to be falirly obvious, being ahead
of Pitt+sburgh Is a dubious honor at best.

Subjective judgements of the age of plant and equipment of an
Individual community as large as Buffalo are perhaps unreljable. But the
concensus of opinfon of knowledgeable persons supports the Inference that
much of Buffalo's manufacturing plant is too old for most efficient operation
and that as a result, Buffalo suffers In comparison to other areas.

Statistics of new caplital expenditures for plant and equipment In
the Buffalo area for recent years provides another insight Into the problem,
In 1965, for example, 74 percent of the new capital expenditures went into
the primary metals and transportation equipment Industries and another |8 percent
went Into the electrical machinery indusfry.2 Thus, these three industries
absorbed 92 percent of the new capital expenditures while accounting for oniy
74 percent of the employment of tha group. Quite apparently, recent capltal
expentitures have been heavily concentrated In two or three Industries which
have a heavy requlrement for such expenditures.

'Amer?can Machinist, June 10, 1963 and Novermber (8, 1968,

21965 Annual Survey of Manufacturers
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The general conclusion of this examination of the supply side Is
somewhat unfavorable for Buffalo. |t appears that the competitive position
of the primary metals and englineering industries of the Buffalo area is less
than deslred. This In itself Indlcates that probably the growth of these
Iindustries in Buffalo will not be as rapld as that of Milwaukee, Cleveland
and Detroit.

Markets

Having examined the supply side, we will now turn o an exam!nation
of the demand side. First we will examine the dominant geographic market
area served by these Buffalo Industries,

_In an attempt to identify the dominant market arsa served, a
question was inserted In the basic questionnalre requesting such data.
Unfortunately, the usable information obtained In this manner was quite
meager, primarily due to the reluctance, or more accurately, refusal of
medium - and large - slize corporations to disclose this data. For this reason
it was necessary to use data on tons of commodities shipped by distance of ‘
shipment from +he 1963 Census of Transportation. This data Is presented as
Table 5.

The generalized pattern of shipments is that of a small market demand
within 100 miles and a larger, but also somewhat small market demand beyond
500 mites. Quite obviously, the dominant market area is that situated
betwaen 100 and 500 miles. Further analysis of the census data reveals that
thls Includes areas both east and west of Buffalo. This dominant market
area is hereafter referred to as the Northeast.

The relatively small size of the local market area, as reflected in
the small proportion of shipments shipped less than 100 mlles, is surprising.
To determine whether this |s a characteristic of these industries in Buffalo
or a natlional characteristic of the group, the proportion of shipments
shipped less than 100 miles from Buffalio has been compared with the same
for the U.5. as a whole (Table 6). Quite obviously, it Is a unique charac-
teristic of the Buffalo area. Only in the case of electrical machinery does
the natlon ship as small a percentage within 100 mlles as does Buffalo.

The raelatively small local market demand for the products of the
primary metals and engineering Industries of Buffalo is a disadvantage of
the area. On the other hand, the unusually high percentage of shipments
to an area of 100 to 500 miles, |s an advantage and reflects the favorable
locatlion of Buffalo In the largest market area of the nation, the North-
eastern United States.

Having ascertained that the dominant geographic market is the North-
gastern U.S., we may now turn to the problem of identifying the functional
markets, or purchasing sectors. Unfortunately, thls cannot be explicitly
done for a local area unless there exists an input-output analysis of the
local economy. While the Foundation and the author are preparing an
elementary Input-output analysis of the Buffalo economy, the results of it
are not yet avallable. Thus, It Is necessary to use the national pattern of
reason why the Buffalo pattern of sales should differ drastically from the
national pattern.
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Table 5
DISTRIBUTION OF SHIPMENTS FROM THE BUFFALQO AREA

Percent Distribution

Less Than 100 to 500 miles Percent

Industry 100 mi. 499 mi. & over Total
Primary Metals 6.4 88.3 5.3 100.0
Fabricated Metal Products 10.3 71.7 18.0 100.0
Machinery, except 4.5 53.6 41.9 100.0
Electrical ,
Electrical Machinery 11.9 41.7 46.4 100.0
Tzansportation Equipment 4 69.0 30.6 100.0
Weighted Total of All 6.0 79.1 14.9 100.0
Metals § Related ‘
Industries

Source: 1963 Census of Transportation

Table 6
PROPORTION OF SHIPMENTS SHIPPED LESS THAN 100 MILES (PERCENT)

Industry Buffalo All U.S.
Primary Metals 6.4 28.4
Fabricated Metal Products 10.3 28.9
Machinery, except Electrical 4.5 - 17.7
Electrical Machinery 11.9 117
Transportation Equipment .4 17.2
Weighted Total of all Primary 6.0 4.7

Metals and Engineering Industries

Source: 1963 Census of Transportation
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Table 7 shows the principal functional markets, or purchasing sectors,
of the major Industries of the group. Each industry praesented conslists of
one or more ralated three or four digit industrles present in the Buffale
area: together the six account for three-quarters of all employment In tho

group.
Table 7

AGGREGATE SHARE OF MARKET IN 1975 FOR THE MOST PROMINENT SECTORS OF THE
MARY METALS AND ENGINEERING INDUSTRIES OF THE BUFFALO AREA

PERCENT
Intermediate Ultimate Y
Demands Investment Use Total

Primary Iron § Steel 82.8 13.5 3.1 99.4
Stampings, Screw Machine 87.4 2.2 9.3 98.9

Products § Bolts
General Industrial Machinery 46.0 38.9 13.1 98.0
Electrical Industrizl 48.8 39.3 10.7 - 98.8

Equipment § Apparatus
Motor Vehicles § Equipment 12.0 18.5 68.3 98.8
Aircraft § Parts 18.2 6.1 75.7 100.0
1/

—  The sum of the percentage of Intermediate Demands, Investment, and Ultimate
Use should equal 100 percent. Thefallure to do so is due to statistical
errors.

Source: Almond, Clopper. The American Economy to 1975,

Intermediate demand refers to the purchase of products by producers
who further process those products for sale as a finished product. As such,
It may be considered to be a form of industrial consumption by manafacturers.
Ultimate use rofers to production which Is sold to, and directly used by,
final consumers, technically by final consuming sectors of the economy.
There Is no further sale of a product by ultimate users. Investment refers
to production which Is purchased for use in the construction of physical
factlities, whether they be manufacturing plants, machinery, homes, etc.
As such, Investment may be considered as being a form of consumer consumption
and as a form of Industrial consumption. In the case of the genserai
Industrial machinery, and electrical industrial equipment and apparatus,
it Is probable that most Investment is a form of Industrial consumption by
manufacturers.




