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CHAPTER I

INTRODUCTION

Population Estimates Required for Final Safety Analyses

Before a nuclear power station operating license is
granted by the Nuclear Regulatory Commission (NRC), the applicant
must submit a Final Safety Analysis Report. Until late 1979, the
reports were to be prepared according to the guidelines entitled
"Standard Format and Content of Safety Analysis Reports for Nuclear
Power Plants," Revisicon 1, October 1972. The NRC had required that
population estimates and projections to the year 2020 be made for
the area within a fifty-mile radius of the reactor's core. The
circle was composed of sixteen pola; grids, 22.5 degrees each,
centered on the major compass directions. The area was further
divided into one-mile radius increments for the portion within five
miles of the plant, five-mile increments for the area between five
and ten miles from the reactor, and ten-mile increments for the
land between ten and fifty miles from the core. The population
estimates for each sector had to be prepared for both year-round
residents and transients. It was not necessary to project seasonal

1
populations by sector under the former guidelines.

The accident at the Three Mile Island nuclear power plant

in the spring of 1979 caused the NRC to review the safety analysis



guidelines and the procedure for obtaining an coperating license.
In December 1979, the agency published a proposed rule amending the
emergency planning requirements. Assuming that the proposal is
adopted, NRC concurrence with state and local emergency response
plans is now required prior to issuance of an operating license.
Plants currently possessing a license must receive concurrence
within 180 days after the amendment's effective date or January 1,
2
1981, whichever is socner. The emergency plans submitted in
safety analysis reports shall contain, but not necessarily be
limited to, the following elements:

Organization for coping with radiation emergencies,
assessment action, activation of emergency organization,
notification procedures, emergency facilities and equip-
ment, training, maintaining emergency preparedness, and
recovery. The applicant shall also provide an analysis
of the time regquired to evacuate various sectors and
distances within the plume exposure gathway EPZ for
transient and permanent populations.

In January 1980, criteria for preparation of emergency
response plans were published for interim use and comment. The
pPlanning objectives of the "Request for Evacuation Time Estimates
(after Notification)"” are to assure that (l) a range of protective
actions is available for the plume exposure pathway, (2) guidelines
for the choice of protective actions are developed, and (3) protec-
tive actions for the ingestion exposure pathway, appropriate to the

4
locale, have been developed. The state governments and the organi-

zations operating nuclear plants are to prepare emergency plans

consistent with Envirconmental Protection Agency recommendations



regarding exposure to airborne radiation and with Food and Drug
Administration and Health, Education, and Welfare recommendations

5
pertaining to contamination of human food and animal feeds.

Evacuation time estimates are required for the entire
6

area within ten miles of the facility , and the population distri-
bution is needed for the fifty-mile radius around the plant. The
format in which the population estimates are to be presented is
described in Table 1. The new interim rules require additional
detail. The circle of fifty-mile radius about the reactor is still
divided into sixteen polar grids, but more subdivisions are now
prescribed. One-mile increments are to be used for the area within
ten miles of the reactor, and five-mile increments thereafter.

Thus estimates and forecasts must be prepared for very small geo-

graphic areas for both year-round and seasonal populations.
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State and Local Emergency Response Plans

The NRC cannot order a state cor local government to pre-
pare an emergency plan for a nuclear facility, nor can it ensure
cooperation between local government and any other organization
which chooses to develop a plan. The roles of the utility compan-
ies7, local governments, and planning agencies are, then, unclear.
Whichever party assumes responsibility for preparing the plan must
receive concurrence from the state, the locality, and the NRC. The
utility has a financial interest, of course, in the completion and
acceptance cf an emergency response plan. The state government has
a responsibility to protect the health and safety of its citizens,
and therefore would be interested in the development of a quality
plan. Also, the state regulates the utility and has a responsi-
bility to the rate-payers and to the stockholders. In fact, the
state may even own or operate the plant. The local government is
also concerned with the safety of its citizens, and perhaps with
the facility as a property tax revenue source. Some of the parties
or individuals involved may be opposed in principal te the construc-
tion and operation of a nuclear power station for financial and
environmental reasons. Therefore, the motivation of the groups
involved are mixed. In addition, the capabilities of the organiza-
tions to prepare such a plan will differ from place to place and
over time. For these reasons, it is not surprising that the NRC

did not specify that any one group prepare the plan.



In one case, that of the Indian Point reactor, a private-
ly-owned utility operates the plant but the Power Authority of the
State of New York (PASNY) owns it. PASNY hired a consulting firm
to prepare its evacuation time estimates.® The authority will then
seek concurrence from the state and the NRC. The Shoreham Nuclear
Power Plant, also located in New York, is owned and will be opera-
ted by the Long Island Lighting Company. In this instance, the
state and county, jointly, are developing an emergency plan. New
York and Suffolk County are relying upon their staff, the Long
Island Regional Planning Boardg, and the Long Island Lighting

Company (LILCO) for assistance.

New York State Evacuation Plan for the
Shoreham Nuclear Power Station

New York is concerned with the physical transportation of
persons from the ten-mile radius about the plant. Therefore, the
area has been divided into twenty-seven evacuation districts whose
boundaries are major roadways. Originally, when the planning pro-
cess began in 1979, sixteen areas had been delineated, but were
revised early in 1980. Two large evacuation areas were subdivided
and three new areas were added. In some cases, the original areas
did not quite reach the edge of the ten-mile radius. New districts
were added so that the state evacuation area's outer boundaries

would lie at least ten miles from the site of the plant.



Population estimates and projections to the year 2020 are
required for the state evacuation areas for summer (seasonal) and
winter (year-round) residents. The boundaries do not coincide with
the NRC polar érids, but the estimates must be consistent. The
state has decided to use the Long Island Regional Planning Board's
(LIRPB) population projections to the year 1995, and the Bureau of
the Census projections thereafter. The problem then, is to devise
a methodology for estimating and forecasting population that will
{a) be as accurate as possible for small areas, (b) be consistent
with the LIRPBE and New York State Department of Commerce (NYSDOC)
figures, {(c) allow transformation from NRC to state zones and
vice versa, and (d) be possible to update as necessary when new
information, such as the 1980 Census, becomes available or when
federal and state requirements for the emergency plan are revised.
The demographic analysis should meet or exceed current federal and
state requirements and be acceptable to professionals in the
fields of demography and planning. Accuracy is important because
human 1life and.safety are involved, Iflthe forecasts are in
error, as forecasts almost always are, then the error must be one
of over-estimation or of insignificant under-estimatiocn. A plan
to evacuate too many people is preferrable to a plan for too few.
Thus a slight upward bias in the projections is not necessarily a

drawback.



Objectives

The purpose of this report is to describe and evaluate
the methodology chosen by LILCO to estimate and project the popula-
tion distribution within ten miles of the Shoreham Nuclear Power
Station. Several population projection methodologies are available,
but few if any are considered reliable for small areas; that is,
counties, minor ¢civil divisions (MCD's), and census tracts. The
choice of a method or model depends upon factors such as data avail-
ability and quality, the size of the area, the time span of the
projections, the complexity of the methods, the presence of special
populations, the impact of government decisions on the local popu-
lation, the function of the postcensal estimates, the time unit
used in the model and the extent of census undercount.lo Charac-
teristics of the area for which population projections are to be

made should also be considered to the extent that they affect popu-

lation growth.

Chapter II will describe the area surrounding the plant,
namely the Village of Shoreham, the Towns of Brookhaven and River-
head, Suffolk County and Long Island. Local factors which may
influence future population growth in the area, such as the topo-
graphy and climate, the current population level and density,

employment centers, transportation facilities and land use patterns,



will be addressed. Chapter III contains a review of existing
methodologies for estimating population, particularly for small
areas such as MCD's and census tracts. The usefulness of each
method for the Shoreham Plant's Safety Analysis Report and emergen-
cy response plan will be discussed. Chapter IV explains the
methodologies of the LIRPB and of the NYSDOC regional population
projections chosen by New York State as control forecasts for the
emergency plan. Next, LILCO's technique for estimating the cur-
rent and future population distribution for both NRC and state
evacuation zones, consistent with the control forecasts, is presen-
ted. The results of the studies made by LILCO in 1973 and 1979-80
for the NRC and New York State will be compared and shown along
with the control forecasts of regional population. A summary of
findings on the adeguacy of this and other available methodologies
for meeting NRC and state regulations regarding emergency response

pPlans is contained in Chapter V.



CHAPTER II

CHARACTERISTICS OF SHOREHAM, NEW YORK
AND ITS VICINITY

The preparation of reasonable population estimates and
projections is facilitated by a knowledge of the special character-
istics of the study area. Both geographic and socio-economic
factors can affect the development potential and future population
levels of a region. Topography, climate, population level and
density, employment characteristics, wage levels and income, trans-
portation facilities and accessibility to other areas, and general
land use patterns help to determine a region's attractiveness to
pecple and firms, relative to other localities. Understanding the
distinctive features of Long Island in general, and particularly
of Suffolk County, Brookhaven and Riverhead towns, will aid in
choosing an appropriate forecasting methodology and in assessing

the likelihood of its results.

Geography, Topography and Climate

Long Island, which is the largest island adjoining the
continental United States, extends approximately 118 miles east-
northeast from the mouth of the Hudson River. - The east end of the

island is composed of two forks; the northern peninsula is about



twenty-eight miles long, and the southern one is about forty-four
miles in length. In Peconic and Gardiners Bays, between the two
forks, are Shelter Island and privately owned Gardiner's Island.ll
There are four counties on Long Island: Queens and Kings to the
west, which are part of New York City, Nassau County bordering the
city, and Suffolk County to the east. The topography of Suffelk
County is quite consistent from west to east but is variable from
north to south. Bluffs on the north shore range from thirty to one
hundred feet above sea level. There are two morainal ridges which
traverse the island from west to east, with the southern one run-
ning through the center of the island and from there along the
south fork. An outwash plain, composed of sand and fine gravel,
slopes from the southern morain to the sea. Between the two ridges
are extensive areas of sand and fine gravel, also. The few streams
are located at spithtown on the north, by Riverhead at the bifurca-

12
tion, and near Great River and Yaphank to the south.

The climate of Suffolk County, influenced by the Atlantic
Ocean, is characterized by moderate summers and comparatively mild
winters. There is an early spring and extended autumn, with a
growing season of about two hundred days. The prevailing winds are
from the northwest during the winter and from the southwest during
the warmer months. Average annual precipitation is 45.0 inches;

the minimum was 25.9 inches in 1965 and the maximum was 59.0 inches



3

in 1897.1 Normal annual heating degree days are approximately

5100 and cooling degree days, 1200.

Suffolk County is approximately 905 square miles in area,
with a maximum length of 86 miles and a maximum width of 21 miles.
There are ten towns, twenty-nine incorporated villages, and numer-
ous school and special districts in the ccunty.l4 Beaches line the
major shores and bays; Fire Island on the south shore is predomin-
antly a beach resort area. Lake Ronkonkoma and Lake Panamoka are

the only sizeable inland bodies of water.

The ten-mile radius about Shoreham is almost entirely
within the Town of Brookhaven. A small portion of western River-
head is also included. Brookhaven contains about 252 sgquare miles
of land, making it the largest of the ten towns. The Shoreham
Nuclear Power Station site is located in Brookhaven, on the north
shore of Long Island. The plant is situated in the northern por-
tion of the site, at latitude 40 degrees, 57 minutes, 39.6 seconds
and longitude 72 degrees, 51 minutes, 56 seconds. The developed
part of the site is bounded on the north by the Long Island Sound,
on the east byrmarshland, on the south by North Country Road, and
on the west by the "Shoreham West" property. "Shoreham West" is a
429 acre site also entirely owned by LILCO. The Shoreham site is
499 acres of which B0 acres in the northern portion are being de-

veloped for the plant. The site is hilly, varyving from sea level



to two hundred feet above sea level. The wetlands along the east
and west boundaries extend almost one-half mile from the shore
inland; the remainder of the property is mostly wooded. Wading

River Creek flows through the wetlands on the east side.l3

Population Level and Density

The population of Suffolk County as of January 1, 1980 is
estimated at 1,337,447, only slightly above the prior year's total
of 1,333,949. Census data for 1950 and 1970 show that the number
of people grew from 0.3 million to 1.1 million during that period.
The Town of Brookhaven was the fourth largest town in population
size in 1950 at 44,522, and became the second largest by 1970 at
245,260. This rapid growth led the Town Board to regquest a special
interim census, which was taken on April 26, 1975 and resulted in a
count of 320,677 persons. LILCO has estimated the ianuary 1, 1980
population at 356,886, making Brookhaven the largest of the ten

towns in population.l6

Population density in Suffolk County has increased from
299 persons per square mile in 1950 to 1,222 in 1970 and 1,451 in
1980. Brookhaven's density was 171 in 1950, 943 in 1970, and
1,373 in 1980. As a comparison, Queens has a density of about
18,000 persons per square mile while Nassau County's density is

4,816. Density decreases as distance from New York City increases:



Nassau's density is about one-fourth of Queens' and Suffolk's den-
sity is less than one-third of Nassau's. The average figure for
Ssuffolk is somewhat misleading, though. The five western towns all
have a density greater than 1,300 persons per sguare mile but the

five eastern towns all have densities less than 400.17

Population Centers

Within the Town of Brookhaven, there are twenty-five
places or communities whose boundaries were recognized by the 1970
census. These communities had a total population of 155,052 in
1970, or about 63 percent of the town total. Only five of the
communities are within the ten-mile radius or the state evacuation
zones; these are shown in Table 2, Riverhead, in the adjoining
Town of Riverhead, is on the outer edge of the ten-mile circle and
is therefore included in Table 2. The geographic location of the

communities is illustrated in Figure 1.

Other significant population clusters within the ten-mile
radius have been defined by the LIRPB. These are East Shoreham,
Rocky Point, Sound Beach and Wading River. Table 3 presents the

1970, 1979 and 1980 population counts for these clusters.



TABLE 2

POPULATION OF PLACES WITHIN TEN MILES OF
THE SHOREHAM NUCLEAR POWER STATION

1970 1979 1980
Community Population Population Population
Shoreham 524 566 574
Port Jefferson Station 7,403 7,456 7,484
Port Jefferson 5,790 6,315 6,407
Yaphank 8,793 11,341 11,484
Belle Terre 678 877 889
Riverhead 7,585 7,200 7,048

SOURCE: Long Island Lighting Co., Shoreham Nuclear Power
Station Unit 1, Applicant's Final Safety Analysis Report, Vol. 1,
revision 16 (Mineola, New York: LILCO, April 1979), p. 2.2-3;
Robert J. Panzarella, Long Island Lighting Co., workpapers for
1980 revisions to Final safety Analysis Report; Long Island
Lighting Co., Population Survey 1980 (Mineola, New York: April
1980), pp. 34-35, 38.

TABLE 3

POPULATION OF OTHER SIGNIFICANT CENTERS WITHIN TEN MILES OF
THE SHOREHAM NUCLEAR POWER STATION

1970 1979 1980
Community Population Population Population
East Shoreham 2,141 3,434 3,435
Rocky Point 3,460 4,412 4,547
Scound Beach 4,878 7,376 7,573
Wading River 2,768 3,798 3,806

SOURCE: Long Island Lighting Co., Shoreham Nuclear Power
Station Unit 1, Applicant's Final Safety Analysis Report, Vol. 1,
revision 16 (Mineola, New York: LILCO, April 1979), p. 2.1-3;
Robert J. Panzarella, Long Island Lighting Co., workpapers for
1980 revisions to Final Safety Analysis Report; Long Island
Lighting Co., Population Survey 1980 (Mineola, New York: April
1980), pp. 34-35, 38.
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Employment Centers and Major Industries

The LIRPB has identified ten major employment centers in
Suffolk County but only one -- Port Jefferson-Port Jefferson
Station -- is located in the ten-mile radius. It covers 9 sguare
miles and in 1970 had 5,210 work trip destinations, or 569 jobs
per sgquare mile. The Port Jefferson center was the smallest of the
ten in terms of number of destinations and was the second smallest
in jobs per sguare mile., Approximately 69 percent of the center's
workers live within 5 miles of Port Jefferson; 36.5 percent live
within 3 miles of the center. The vast majority (90.6 percent)

travel to work by private automobiles.18

In 1970, there were less than 3,200 work trips recorded
from inside the ten-mile radius to major employment centers: about
2,200 to Port Jefferson, less than 750 to Stony Brook-Lake Grove,

107 to Bethpage, and 101 to Commack-Hauppauge. The latter three

19

centers are more than 10 miles from Shoreham. As of 1979, there

are nine firms employing one hundred or more persons, within the

ten-mile area, or close to the outer boundary:20



Company Number of Employees
Brookhaven National Laboratory 3,500
Embassy Vinyls 11¢
Grumman Aerospace Corp. 3,343
Lawrence Aviation Industries, Inc. 3Q0
Patriot Security Service, Inc. 300
Peerless Photo Products, Inc. 122
Redactron Corp. 498
Strathmore Concrete Corp. 110
Thomas Wilson & Co. 280

In 1970, 53.7 percent of Suffolk County's employed were
white-collar workers; 32.4 percent were blue-collar workers; 13.4
percent were service workers; 0.6 percent were in agriculture. of
388,984 employed persons, 84,684 worked in manufacturing indus-
tries; 79,702 in trade; and 113,498 in services, The labor force
increased by 79.4 percent between 1960-70 while population grew
69.0 percent. Male labor force participation rate declined slight-

ly to 73.4 but the rate for females rose 113.4 percent to 34.2.21

In 1970, Broockhaven's total employment was 81,939. In-
dustries employing at least 10 percent of the total were manufac-
turing durables, retail trade, and educational services. Machinery
and transportation equipment were the major durable goods manufac-
turing industries. Riverhead's total employment was 6,848 in 1970.
Employment by industry for both 1960 and 1970 is shown for the two

towns in Table 4.



TABLE 4

INDUSTRY OF EMPLOYMENT OF TOWN RESIDENTS*

Riverhead Brookhaven
Industry 1960 1970 1960 1970
MINING 8 15 80 67
CONSTRUCTION 398 626 4,019 6,658
MANUFACTURING 667 885 8,369 15,178
Durables 389 671 5,421 10,491
Furniture, Lumber,

Wood Products 17 15 204 274
Metal Industries 20 19 639 1,209
Machinery 140 155 1,085 3,312
Transportation Egquip. 143 367 2,346 4,090
Other Durables 69 115 1,147 1,606

Non-Durables 278 214 2,948 4,687
Food & Kindred Products 220 121 752 641
Textile & Apparel Prods. 13 37 1,318 1,865
Printing, Publishing,

Allied Industries 34 42 479 1,049
Other Non-Durables 11 14 399 1,132

TRANSPORTATION, COMMUNICA-
TIOM, UTILITIES 276 577 2,761 6,640

Railroad & Railway
Express Service 10 4 374 641

Other Transporation 36 196 1,035 3,112

Communications, Utilities,

Sanitary Services 230 377 1,352 2,887
WHOLESALE & RETAIL TRADE 989 1,494 6,380 17,065
Wholesale Trade 198 254 991 2,465
Retail Trade 791 1,240 5,389 14,600
SERVICES 895 1,917 8,858 26,328

Business & Repair Svcs. 21 304 902 3,188

Personal Services 230 287 1,491 2,707
Private Households 115 97 518 381

Other Personal Svcs.** 115 190 973 2,326



TABLE 4 - Continued

Riverhead Brookhaven
Industry 1960 1970 1960 1970
SERVICES (cont.)

Profess. & Related Svcs. 574 1,326 6,465 20,433
Hospitals 100 219 1,628 3,254
Educational Services 222 573 2,132 10,479
Other Profess. Svcs. 252 534 2,705 6,700

PUBLIC ADMINISTRATION 329 566 1,290 5,212
OTHER (incl. unclassified) 1,481 768 4,926 4,791
T ot al 5,043 6,848 36,683 81,939

SOURCE: U.S. Bureau of the Census, cited by Nassau-Suffolk
Regional Planning Board, "A Profile of the Nassau-Suffolk Labor
Force," by Pearl M. Kamer, Long Island Economic Trends:
Technical Supplement (Hauppauge, New York: NSRPB, March 1973),
pp. 77-78.

*1960 data refers to persons 14 and older; 1970 data refers
to persons 16 and older.

**Tncludes entertainment and recreation services,



The percentage of Suffolk residents working in Suffolk
fell between 1960 and 1970, from €3.9 to 60.9, while the percentage
working in Nassau rose from 14.1 to 15.1. The percentage commuting
to New York City decreased from 15.8 to 15.0. However, the ab-
solute numbers increased for each place of work. There were 93,310
new jobs in Suffolk, plus 30,007 more Suffolk residents held jobs
in Nassau and 23,919 more worked in New York City. The place of
work of Suffolk County, Brockhaven Town, and Riverhead Town resi-

dents in 1970 is shown in Table 5.

The LIRPB has noted that:?23
In 1974, 57% of Nassau-Suffolk's manufacturing
workforce were employed in one of five "defense-
related"industries: fabricated metals, non-electrical
machinery, electric and electronic equipment, trans-
portation equipment and instruments. In 1972, these
industries accounted for 60% of all value added in
manufacturing.
While the economy of the SMSA is still dependent upon the defense
industry, it is becoming more diversified. Few firms, however,
have re-located from New York City to Nassau-Suffolk since 1970.
There has been migration from Nassau County to Suffelk County,
which represented 11 percent of Suffolk's new plant employment bet-
ween 1964 and 1976. The geographic origins of Suffolk's manufac-
turing employment created by new plants and expansions, 1964-76,

are:24



PLACE OF WORK:

TABLE 5

SUFFOLK, BROOKHAVEN
AND RIVERHEAD RESIDENTS - 1980

Place of Residence

Suffolk Brookhaven Riverhead

Place of Work County Town Town
Manhattan CBD 13,397 1,599 28
Rest of Manhattan 13,698 1,707 13
Kings CBD 1,282 178 0
Rest of Kings 7,424 1,173 13
Queens 18,677 3,033 26
Bronx 2,014 301 18
Richmond 100 25 0
N.Y.C., not specified 908 143 0
Nassau 59,989 8,610 179
Westchester 1,944 302 29
suffolk 229,368 56,587 6,104
Rockland 55 20 0
Jersey City 30 6 0]
Rest of Hudson 243 75 0
City of Newark 116 34 0
Rest of Middlesex 1,041 164 7
Rest of Newark SMSA 509 113 0
Bergen 719 104 6
Passaic 514 106 15
Middlesex 246 31 0
Other 8,699 1,552 112
Not Reported 21,519 5,014 292

T ot al 382,492 80,877 6,842

SOURCE: U.S. Bureau of the Census,
Regional Planning Board,
Force," by Pearl M. Kamer,
Technical Supplement (Hauppauge,

pp. 106-107.

New York:

cited by Nassau-Suffolk
"A Profile of the Nassau-Suffolk Labor
Long Island Economic Trends:
NSRPB, March 1973),



Place of Origin Percentage
New York City 372
Intra-county expansions 31.5
Newly formed companies 14.5
Moves from Nassau 11.2
Moves from elsewhere 5.6

T ot a l 100.0

The SMSA has lost jobs to other states between 1261 and
1276, The New York State Department of Commerce reports that
Nassau-Suffolk lost 1,910 jobs to Florida, 1,825 to New Hampshire,
1,367 to California, 1,291 to New Jersey, 1,204 to Connecticut, and

25
838 to other counties in New York.

These statistics suggest several problems impeding the
manufacturing growth of Suffeolk County. PFirst, the base is domina-
ted by "defense-related" firms so changes in government defense
spending affects the regicon's stability. In addition, the emphasis
on durable goods production renders the area vulnerable to cyclical
swings. The advantage of "defense-related" durables manufacturing
is the relatively high wages paid; the substitution of non-durable
industries could result in lower wages per employee. A second
weakness is the fact that only 5.6 percent of the new plant employ-
ment represents in-migration of firms from outside the New York
Metropolitan Region. This suggests that manufacturers do not view

Suffolk County as a desirable location. ©Of the 12,200 manufactur-



ing jobs which left Nassau-Suffolk, half remained in the Northeast,
so it does not appear that climate is a great influence. "If
manufacturing jobs from New York City and Nassau are noc longer
forthcoming, Suffolk's manufacturing growth could be severely cur-
tailed.“26 The third problem is that new firms in Suffolk tend to
be small. Such firms may be under-capitalized and thus more likely
to fail than larger firms. During 1979, 76 new firms located in
Suffolk but employed only 945, for an average of 12.4 employees per
firm. There were 8 new establishments in Brookhaven Town; these

27
employed 132 persons for an average employment size of 16.5.

Eastern Suffolk has a somewhat different economy than the
remainder of the SMSA. Farming, fishing, and tourism are the major
activities in the "east end."™ The county ranks first in New York
State in terms of value of agricultural sales. The most important
crops were potatoes, nursery products, flowers, sod, and vegetables.
Duck and other poultry sales constitute a major portion of agri=-

28
caltural sales, also.

The Nassau-Suffolk income level is the highest in New York
State. Suffolk County's median family income was $12,084 in 1969;
the mean was $13,382. The growth in real family income, 1959-69,
was 48.4 percent. Median family income in Brookhaven was $11,143
29

and in Riverhead, $9,644. Table 6 gives the income distribution

for the county and the two towns within the ten-mile radius.



TABLE 6

DISTRIBUTION OF FAMILIES BY
INCOME CLASS, 1969

Percentage of Families

Income Class Suffolk Brookhaven Riverhead
Under $1,000 L5 1.8 2.8
$1,000-1,999 1.5 1.8 1.9
$2,000-2,999 1.9 2.5 3.4
$3,000-3,999 2.4 3.0 5.7
$4,000-4,999 2.6 3.5 5. 7
$5,000-5,999 3.1 4.0 6.0
$6,000-6,999 3.7 4.3 8.7
$7,000-7,999 4.8 5.6 6.1
$8,000-8,999 5.9 6.6 8.1
$9,000-9,999 6.4 7.4 7.1
$10,000-11,999 15.6 16.8 14.4
$12,000-14,999 18.6 17.8 13.6
$15,000-24,999 25.4 20.8 15.9
$25,000+ 6.6 4,2 3.6

SOURCE: U.5. Bureau of the Census, cited by MNassau-Suffolk
Regional Planning Board, "A Profile of the Nassau-Suffolk Labor
Force," by Pearl M. Kamer, Long Island Economic Trends:
Technical Supplement (Hauppauge, New York: NSRPB, March 1973},
pp. 90-91.




Disposable income per household for the Nassau-Suffolk SMSA was
estimated to be $24,856 in 1978, the fifth highest of all SMSA's.
If adjusted for inflation, however, little improvement would be

seen over the 1969 levels.

Land Use Patterns

Transportation Routes

The major transportation routes on Long Island have an
east-west orientation. These are Routes 495, 27, 27A, 25, 25a, and
the Northern and Southern State Parkways. Of these, the Long Island
Expressway (Route 495) and the two parkways are limited access
highways. The parkways extend from western Suffolk to New York
City and thus do not lie within the ten-mile radius. Roads with a
north-south direction within the ten-mile area are Routes 46
(William Floyd Parkway), 21 (Rocky Point-Yaphank-Middle Island
Road), 112 (Port Jefferson-Patchogue Road), and 347 (Port Jeffer-
son Highway). Routes 46 and 347 are four-lane limited access
highways:; the others are generally two-lane rcads. The major roads

and airports are shown in Figure 2.

The Long Island Railrocad has three branches within the
ten-mile radius, all with an east-west orientation. The railroad
is used as a commuter line, primarily to transport workers to New

York City. ULittle freight (two trains per week) is carried, partly






because the bridges cannot accommodate modern "piggyback"™ cars. The
northern branch extends from Hicksville in Nassau County to Port
Jefferson Station. The central or main line runs from Pennsylvania
Station to Riverhead, and from there to Orient Point on the north
fork. Regular service terminates, for all practical purposes, at
Ronkonkoma. The southern line extends from Hicksville to Montauk

Point on the south fork.

Bus service is very limited in Suffolk County. The Town
of Huntington is experimenting with a local transit service, and
the railroad connects with bus lines from Yaphank to Orient Point.
Otherwise, private automobile is the major means of transportation

for residents of Suffolk County.

There are four airports within the county: Long Island
MacArthur in Islip, Grumman-Peconic in Calverton, Coram Air Park in
Coram, and Brookhaven Airport in Shirley. MacArthur is the major
commercial airport, but lies outside the evacuation area. The
Grumman-Peconic River Airport is leased by Grumman Aerospace Corp.
from the Department of Defense, and is used for official government
business only, such as testing military aircraft. Coram Air Park
is a private airport with a single, unpaved runway, used for les-
sons with small, private planes. Brookhaven Airport is municipally

owned and has two paved runways and facilities for about sixty-four



light aircraft. In 1974, there were about 104,000 takeoffs and
landings at this airport. Occasionally a large company-owned craft,
such as a Lear Jet or Gulfstream, uses Brookhaven Airport. The
low-level approach patterns of all except Grumman-Peconic River are

not within the ten-mile radius of the Shoreham Nuclear Plant.3l

Parks and Recreational Facilities

Within the evacuation area, there is one state park, two
county parks, and one town park, totalling 3,770 acres. There are
584 acres of nature preserve5,32 numerous beach and boating facili-
ties, and 2 golf and country clubs. In addition, there are several
scout, church, and youth organization camps in the area. Riverhead
Raceway, about nine miles from the site, holds midget and stock car
races. Parr Meadows was designed to be a guarter horse race track
but is no longer in business. It may be used occasionally for rock
concerts, etc. Table 7 lists the parks and recreational facili-
ties, their locations, distance from the nuclear plant, and state
evacuation zone designation, There are also eleven historical

sites within the evacuation area; these are shown in Table 8.
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Residential Land Use

There are 108 municipalities in the Nassau-Suffolk region;
only the Village of Dering Harbor on Shelter Island has no zoning,
and the vVillage of Atlantic Beach has its zoning power retained by
the Town of Hempstead. "The Villages of Bellport, Lawrence and the
City of Glen Cove have architectural review board provisions em-
bodied in their ordinances ... All of the zoning ordinances in the
Region represent density by requiring minimum lot sizes without re-

gard to soil conditions, topography, ground water supply or natural

coveraqe."33 The density range for single family homes varies from

1,800 square feet to 5 acres per unit. The range for multi-family

residential use ranges from 6 to 435 dwelling units per acre. The

LIRPB commented on these allowable densities:34

This remarkable spread of densities implies
a wide variety of house choices and living styles
where, in fact, this is not so. In actuality,
the people of the Nassau-Suffolk Region either
live in single family detached homes which they
own, Oor in apartments which they rent. The avail-
able choice does not include townhouses, semi-
detached, two-family homes, studio apartments,
penthouses, terrace homes, apartments above shops
or other varieties of dwelling types in existence
today. As a consequence of this limited choice
structured by zoning, the Region suffers downtown
decay, traffic congestion, and general ineffi-
ciency of land utilization.

What has been said of the Nassau-Suffolk SMSA applies to

a greater extent to Suffolk County. There is less variety in



housing types in Suffolk than in Nassau; that is, more detached
single family homes and fewer apartments. Multi-family residences
and homes built on less than guarter-acre lots are found in four
locations: (1) south of Route 25, east of Rocky Point-Yaphank Road,
west of William Floyd Parkway, (2) north of East Moriches Riverhead
Road, just northeast of Port Jefferson-Westhampton Road, (3) at the
south end of Edwards Avenue, and (4) at the east end of the Long
Island Expressway-County Road 58. The north shore is characterized
by half-acre and larger lots, the south shore and central area by

quarter-acre and larger lots.35

The Town of Brockhaven adopted its zoning cordinance for
unincorporated areas on January 27, 1937 and revised it on August 8,
1261. There are nine residential districts for single family units,
ranging in minimum lot size from five thousand to forty thousand
square feet. Two multi-family districts each have three acre mini-
mums, for four to six thousand square feet per dwelling unit. Cum-
ulative zoning is allowed for certain commercial districts. All

36 There are

site plans are reviewed by the town's planning board.
three incorporated villages within the town: Belle Terre, Port
Jefferson, and Shoreham. Belle Terre has only one district (R1)
with a minimum lot size of one acre. No two-family houses or apart-

ments are allowed. The maximum lot coverage is 20 percent. This

ordinance was adopted August 8, 1952 and has not been revised. The



Village of Shoreham adopted a zoning ordinance July 30, 1927 and
revised it in 1951. There are two residential districts; one has a
minimum lot size of thirty thousand sguare feet, the other, one
acre. No two-family dwellings or apartments are permitted. The
Port Jefferson ordinance was enacted July 8, 1963 and was revised
April 28, 1965. There are four single family districts whose mini-
mum lot sizes vary from fifteen thousand square feet to one acre.
Two multi-family districts exist, requiring from 18,500 to 100,000
square foot lots. There is also a residence-office district and a

professional-apartment district.37

The total land area of Brookhaven Town is 160,400 acres,
of which 106,730 were wvacant in 1966. Of the wvacant land, 97,730
acres were zoned residential, 4,420 were commercial, and 4,580 were
industrial. Belle Terre contains 580 acres, with 350 of them
vacant in 1966, and all residentially =zoned. In 1966, 150 out of
Shoreham®s 300 acres were vacant, and all were zoned residential.
Port Jefferson has a total land area of 1,800 acres of which 870
were undeveloped in 1966. Of the vacant areas, 760 were residen-

. . . . 8
tial, 30 were commercial, and 80 were 1ndustr1a1.3

The Town of Riverhead contains no incorporated villages.
Its total land area is 43,590 acres of which 29,750 were vacant in

1266. The vacant land was zoned as follows: 26,300 acres residen-



tial, 840 commercial, 2,610 industrial. The town's zoning ordinance
was passed May 5, 1959 and was revised May 27, 1969. Two single-
family districts have minimum lot sizes from 22,000 to 40,000 sguare
feet. One district allows apartments on a minimum of three acres,
two-family houses on twenty thousand square feet, or single-family
dwellings on fifteen thousand square feet. Partial cumulative
zoning of apartments in commercial districts is allowed.3? 1t
should be noted that most of the residentially zoned vacant land is

in agricultural use at this time.

Educational, Religiocus, Medical
and Other Land Uses

There are twenty-nine educational facilities within the
ten-mile radius. Of these, six are located within two miles of the
site. Twenty are elementary schools, two are junior-senior high
schools, three are senior high schools, one is a junior high school,
and one is a primary school. There is one nursery-play school and
one orphanage. There are twenty-six churches in the evacuation
aéea, two of which are within one mile of the plant. One hospital,
Mather Memorial in Port Jefferson, is barely within the ten-mile
radius. Another is located just outside the evacuation area, in
Riverhead. The Medical Research Center at Brookhaven National Lab-
oratory accepts only patients referred by doctors for special
research programs; it has a capacity of only thirty-six beds. There

are three nursing homes within ten miles of Shoreham: Ridge Rest



Home (58 beds), 4.0 miles southwest, Woodhaven Manor Nursing Home
(80 beds), 9.4 miles west-southwest, and Woodhaven Home for Adults
(40 beds), 9.4 miles west-southwest. The Suffolk County Farm, a
prison honor farm, is 9.5 miles south-southwest of the site. 1Its

capacity is 152 persons.40

Commercial and Industrial Land Use

According to the 1969 zoning map, Suffolk County's com-
mercial and industrial development is located: (1) along Routes
25, 25A, and 112, (2) on Montauk Highway, (3) along William Flovd
Parkway south of Route 25, (4) at Grumman-Calverton, (5) at the
intersection of William Floyd Parkway and the Long Island Express-
way, (6) between Route 112 and William Floyd Parkway, (7) south of
the Long Island Expressway and Long Island Railrocad tracks but
north of Sunrise Highway, and (8) in Riverhead along County Road
58.41 Much of the commercial development can best be described as
"strip commercial," and the industrial as rare (except for the
major employers mentioned above). In the unincorporated portion of
Brookhaven, there were 3,075 acres of commercially zoned land in
use, and 2,205 acres vacant, as of 1973. O©Of the industrially zoned

land, 1,705 acres were in use and 6,435 were vacant.%2



Military Facilities

The military facility closest to the plant site is the
Nike Missile Site, which was deactivated in 1975. The Naval
Weapons Industrial Reserve Plant, at Calverton, is partly within
the ten-mile radius. The land area of the naval plant is 6,951
acres, and is owned by the government. About three thousand acres
and all of the buildings are leased by Grumman Aerospace Corpora-
tion. The Grumman-Peconic River Airport is located on this

government-owned site.43

The preceding discussion of the region surrounding Shore-
ham describes a suburban and rural area of low density and high
income. The evacuation area is approximately forty to sixty miles
from Manhattan. About 1l percent of the residents work in New York
City and another 11 percent in Nassau County. The majority, ap-
proximately 75 percent, work in Suffolk County. Transportation
routes to the western employment centers of Nassau County and New
York City are few and congested. In Wheaton's study, reducing
travel speed increased the steepness of wealthy households' bid

curves, and resulted in a more compact city.44

Rising energy costs
decrease the likelihood of continued suburbanization in central and
eastern Suffolk. In his discussion of factors favoring non-
metropeolitan growth, Alonso points out that the energy crisis may
modify these factors, because "the expansion of the urban field

nd5

depends in part on the cost of moving people and goods... The

rising property taxes and the cost of new single-family homes will



also deter new residential development. The preferences of the
current residents are for "more of the same" in housing, and dras-
tic zoning changes are not likely. Upzoning tends to be accom-
panied by downzoning in another place, by acquiring park land or
through agricultural preservation districts. The evacuation area
appears to be too distant from the largest employment centers to
attract many more long-distance commuters; the land is not cheap

enough to outweigh the transportation costs.

As Nelson points out,
In order for the consumer to be indifferent between
the two locations, the price of housing at the more distant
(less accessible) location must be sufficiently less such
that the consumer is compensated for any additional costs
incurred. The most obvious incremental costs are those
incurred in the journey-to-work...%6
Goodman found that "suburb-to-city movers, more than any other
intra-SMSA movers, cite commuting and cost considerations as rea-

sons for moving."47

Neither is the area attracting any new, large firms.
Existing industry is dependent upon defense spending, which is not
likely to increase by encugh to cause a boom in Brookhaven. Other
large employers in the town are the State University at Stony
Brook and Brookhaven National Laboratory. The former has nearly
completed its expansion and the iatter is not growing. Both are
unusual in that they resulted largely from government policy and

expenditure. It cannot be expected that more such facilities will



be built in the area. Agriculture, tourism and fishing should re-
main important for the "east end,” with tourism somewhat limited
by the congested traffic routes. In short, the growth of this area

is expected to slow in the future.



CHAPTER III

POPULATION PROJECTION METHODOLOGIES

When applied in demographic analyses, the terms "esti-
mate," "projection," and "forecast" have rather subtle differences
in meaning. During the year in which a census is taken, the census
count is unquestionably a "current population estimate.” A few
years later, a current estimate may also be called a projection or
a forecast, however, if it is based upon prior years' census data.
Thus postcensal estimates can be projections or forecasts. A pro-
jection may be based upon any useful assumption, however hypo-
thetical, while the term forecast is generally reserved for the

48 In this report, the terms estimate or

most probable projection.
postcensal estimate will refer to current population estimates for

non-census years; the terms projection and forecast will be used

interchangeably to apply to estimates for future vears.

Data sources are of two general types, direct and indir-
ect. Direct data is obtained from censuses, population registers,
surveys and other recorded information on births, deaths, and migra-
tion. Indirect data consists of school enrollment figures, gas and
electric meters, employment statistics, voter registrations, and

49

housing construction, alteration and demolition permits. Primary
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direct data includes records of government statistical offices and
agencies, such as registration and vital statistics data, birth and
death rates and ratios, current population estimates, life tables,
net reproductive rates, and net intercensal migration. Secondary
sources, both official and unofficial, are yearbooks, textbooks,
atlases, and gazetteers such as those published by the United
Nations, U. S. Bureau of the Census, or the National Center for

Health Statistics.

Small area data is found in decennial census publications,
in special censuses made at the request and expense of local govern-
ments, in Current Population Reports (for areas larger than fifty
thousand people), and in state and local censuses. Not many state
and local census are conducted now; in 1965 only two were made, one
in Kansas and one in Massachusetts. Other sample surveys containing
useful information are published by the Bureau of Labor Statistics
(labor force data), the U. S. Public Health Center (National Health
Survey), and the U. S. Department of Agriculture (farm population

statistics).

Registration systems cover employment under Social Secur-
ity, aliens, the armed forces, voters, births, deaths, marriages,
and in some cases labor, as in states where persons under a certain

age must obtain a work permit. Partial registers include the 0l1ld-



age, Survivors, Disability, and Health Insurance (OASDHI), Continu-
ous Work History Sample, military service records, voter 1lists,
school enrollment data, and school censuses. Miscellaneous data
sources are tax office records, city directories, church memberships,
postal delivery stops, building and demolition permits, and utility

meters at residential addresses.50

Most of the direct data is available only at the national
or state level; small area data is generally available for census
years only. The term "small area" is occasionally used to refer to
any subdivision of a nation, but more often denotes minor civil
divisions (MCD's). Primary or major civil divisions consist of the
states, capital cities, and cities larger than 100,000 persons.
Secondary and tertiary civil divisions are counties and townships;
these, together with municipalities, constitute the MCD's. Town-
ships are not necessarily densely settled population centers, and
may have no government at all. Some or all incorporated municipal-
ities (cities, towns, and villages) in a state may be MCD's. The
Census Bureau recognizes yet another geographic subdivision, the
incorporated place, which is a nucleated settlement but not neces-
sarily a political or administrative unit. The paucity of data
pertaining to MCD's is one reason why "the amount of analytical work
done on population data for minor civil divisions has been quite

limited.">l Nevertheless, it is often necessary to estimate and



project the population of small areas, with whatever data is avail-
able. The estimates will undoubtedly be tied to the most recent
direct data available, and will use indirect or symptomatic data to

a greater extent than will large area estimation techniques.,

Census data is generally considered to be the most re-
liable information available on population, but how accurate is it?
The U. S. Census is de jure, that is, it measures the population at
the place of usual residence. Military services members, college
students, and institutional inmates are counted at their current
location, not at their former home. Persons with more than one
residence are counted at the place where they are most of the time,
taking into account the length of stay, both past and prospective.
Those with no residence, such as migrant workers, vagrants, and
travelling salesmen are simply counted where they happen to be at
the time the census is taken. Americans visiting abroad are counted
at their usual home, but those emploved abroad are excluded. For-
eign diplomats in this county are also excluded, but foreigners
working or studying here are included. 2 <That is, foreigners in

this country legally are counted.

Errors in the census can be traced to several causes: the
design of the census, inadequate instructions, missing or erroneous

maps, wrong responses, loss of forms, and office errors in tabula-
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tion and typing. Wolfenden lists similar principal sources of



error: "(a) accidental or wilfull misstatements by the individuals
enumerated, (b) carelessness or lack of training on the part of the
enumerators, (c) the difficulty of uniform classification, and (4)
the possibility of the entries on the schedule being wrongly inser-
ted, or of the census clerks misreading those entries, and other
errors of tabulation."34 There are also deficiencies in the census
count for ages zero and one due to incomplete birth registration and

under-reporting at the time the census is taken.>?

Use of a de jure
method forces the reallocation of births and deaths of non-residents
to their place of usual residence; this is important to cities and
locations of regional hospitals because up to 23 percent of the

deaths and 37 percent of the births can be non-residents.>® The

reallocation process, though, can be another source of error.

It is important to remember that the census may not be
counting the same people in which the forecaster is interested, and
that the enumeration itself may be incorrect. However, the error
will probably be insignificant in most cases, because most gross
undercounts and overcounts are reported by communities during pre-
publication reviews. When a forecaster wishes tec treat a subpopula-
tion in a different manner than the Census Bureau does, adjustments
can be made to the census data; it is merely necessary to be aware
of the nature of the census enumeration rules so that appropriate

adjustments can be made. The census data is considered the best



available and should serve as the starting point for postcensal
estimates and projections, or as the basis for such a starting peint

when adjustments must be made for special population groups.

Certain principles should be kept in mind when forecasts
are made. First, the smaller the area, the greater the error to be
expected. This is due to the nature of the data available and to
migration, a larger and volatile element in population change.
Second, "the further into the future the projections are carried,
the greater the error probably will be."57 Third, "... complexity
does not guarantee accuracy, and greatly increased detail can con-
tribute to lack of control of the projection process, and difficulty
in understanding the results."”%% one must be able to project each
of the variables involved in the model. Fourth, there are special
populations which do not necessarily parallel general population
trends. These special groups, such as military personnel, college
students, and institutional inmates, should therefore he forecasted
separately. Fifth, administrative decisions and government policy
can affect the population size of small areas by means of highway
construction, federal and state financing of housing, zening and
building permit regulations, construction for water and sewerage,
etc. Although determining future policy impacts involves much un-
certainty, the probable course of government action should be

considered.59



Siegel notes that it is not possible to forecast the popu-
lation of small areas accurately, given present knowledge and
techniques, and that empirical evidence on which is the best method-
ology is lacking. One reason given for the lack of publications on
the topic is that many small area forecasts are developed solely for
use within a particular organization, or are distributed on a very
limited basis. Other reports include forecasts as an incidental
feature and thus may not be included in a review of population fore-
casting methods or tested for accuracy ex post. "For the most, the
Census Bureau has eschewed entering the field of small area fore-
casting because of the lack of a tested and reliable method and has

left it to outsiders."99

After reviewing 130 forecasts or groups
of forecasts, Siegel concluded that a wide variety of small area
methods are in use and that no consensus on the best methodology
had evolved; the method used is generally chosen on the basis of
practical considerations or subjective judgments as to reliability.
The accuracy of a small area forecast depends upon the accuracy of
the latest census count, of the current population estimate, and of
any national projections used as a guide, as well as on the partic-
ular methodology chosen. More reasonable projections will be made
when the economic prospects, national and local, are considered in
the forecasting process. This is especially true for localities
where net migration may be more important than natural increase in
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determining the level of population. Greenberg points out that

"The choice of a model is best made by considering its relative



accuracy, the type of population data available, the quality of
available data, the scale of the analysis, the length of the pro-
jection period, the purpose of the projections, and the budget and

time frame implications of the projection study."62

Extrapolation Technigques

Mahy graphical and mathematical extrapolation technigues
have been used to estimate and project population for areas of all
sizes. Arithmetic progression is fregquently used between censuses
because of its simplicity and, under normal circumstances, reason-
able results. A geometric progression has also been commonly
applied to particular age, race, and sex groups, each of which draws
its multiplier from prior censuses. It cannot be assumed then, that
the total population follows its own geometric progression, because
the sum of several geometric progressions is not itself a geometric
progression. If it is desirable to use a step-down procedure which
preserves the total for the whole population, then this method
cannot be used. A -modified geometric approach would compute arith-
metic progressions for each group or locality and then multiply
each by the ratio of the total population's geometric progression
result to its arithmetic progression result. Another wvariation,

A. C. Water's First Method, forces the sum of the group values to
equal the total population®s geometric progression by assuming that
the ratio of each group to the total increases in arithmetic pro-

gression:



(p/P) = a+bt
Py = (a+bt)Pt
= (a+bt) P R*
where: = group's population

total population
time
= geometric rate

oo oo
]

This method does not allow for a stationary population in any group,
for then the ratio p/P would follow a geometric progression rather
than an arithmetic one. A. C. Water's Second Method allows for
stationary populations by assuming that:

(1) py = mp; + np,

(2) P, = mP; + nP,

(3) If pp = py then py = py

These assumptions imply the following:

(1) m + n = 1

(2) m = (Py = P / (Py = Pyq)

(3) Py = P2-Pr oP) + Py - P71, P

Py-P; Py - P

This method permits the subdivision of results but in certain cases
results in a mean pcpulation higher than that of the arithmetic
progression's mean. The mean of the geometric should be less than
that of the arithmetic progression. Under A. T. Traversi's method,
the mean population is assumed to lie between the arithmetic and

geometric means. The arithmetic is calculated and then scaled down.



The disadvantage is that subsequent subdivisions disturb the origi-

nal calculations.®3

The arithmetic and geometric methods are only useful for
intercensal estimation. Either extrapolation technigue ignores the
forces underlying population change and could, especially in the
case of geometric progression, yield fantastically high projections.
Rates of population growth often slow when densities increase to a
certain level, so mathematical curves approaching asymptotes are
sometimes chosen. One example is Verhulst's logistic curve:

-kt

1+Ce
The curve follows an $§ shape, first increasing at an increasing
rate, then rising at a decreasing rate never to reach the asymp-
tote. %4 Unfortunately, the curve will vary considerably with the
choice of the data's time horizon. It is not a linear model and
the ceiling must be estimated from another source, or b; solved for
on the computer using iterative techniques. As with the progression
methods, the logistic curve cannot be used to explain why the popu-
lation is growing and cannot accommodate the impact of any policy,

economic, or long-term demographic changes.



Ratio-Correlation Methods

Isard notes that "Population growth in any given area may
exhibit a relationship to population or other growth in another
area if there are interconnections among the social, economic, poli-
tical, and biological factors governing growth in the two areas."®>
When one area is contained within the other region, geographically,
it is natural to assume that such interconnections exist. This
assumption forms the basis for ratio and correlation methods. The
ratioco methods may utilize constant ratios of the smaller area's
population (or growth) to the larger area's population (or growth),
or may allow for changing ratios, perhaps through trending. Once
the percent distribution of the parent population among the geo-
graphic subdivisions is observed for one or more time periods, it is
projected and applied to an independent population forecast for the
parent region. The ratio method ignores internal migration, which
is a major factor in the redistribution of population among small
areas.®® rThis "step-down" technique does have one advantage; it
makes use of the greater reliability and detail available at a

larger scale of analysis.67

Schmitt and Crosetti examined ex post
forecasts for twenty cities to investigate the accuracy of the ratio
method. They used logistic or linear methods to project ratios and
applied the ratios to 1940 and 1950 census data. They concluded

that forecasting accuracy is not closely related to the size of the

city, that twenty-year forecasts are almost twice as inaccurate as



ten~-year forecasts, and that the high degree of forecasting error
characteristic of the ratio method indicates it to be of limited

68 Loomer, in a reply to Schmitt and Crosetti's article,

value.
criticized the authors® method of assessing the accuracy of the
ratio method, claiming that they (1) included so many cities of very
rapid or spasmodic growth that the ratioc method was undervalued for
cities of relatively steady growth, and (2) probabably did not fully
exploit the possibilities of selecting and modifying their formulas
to best fit the data for each individual city in the test sample.
Loomer stated that the ratio method is probably one of the most
useful tools in population forecasting for the long-term, for a
community whose economy is dependent upon larger or adjacent areas,

and when it is implemented with proper statistical formulae selected

and modified to fit the particular area.®®

Closely related to the ratio method is the apportionment
technique, in which forecasts are prepared for each subregion,
totalled, and compared to an independent forecast for the entire
area. Then, either the smaller area forecasts or the projection
for the entire region is modified, or both. If the larger area's
projection is considered more reliable, as is most often the case,
a ratio is computed between the two and the forecast for each

subregion is adjusted.TO



Another ratio method employs censal ratios. First, the
ratio of symptomatic data to census data is computed. Second, the
ratio is extrapolated, and next, the ratio is divided into current
or forecasted symptomatic data, depending upon whether a current
population estimate or a forecast is sought. The symptomatic data
must be accurate and available for all time periods under consider-
ation, and the number of cases of the "event" should be high in
relation to population size. The ratio should also be fairly
stable, or changing in a predictable way, because any error in the
ratio is directly translated into an error of the same size in the
population forecast. School enrcollment data, utility meters, bank
receipts, retail trade, building permits, postal drops, voting
registration, welfare recipients, auto registrations, birth and
death statistics, and tax returns are examples of such symptomatic
data. A single censal ratio is seldom used, but a combination of

them is commonly applied.7l

Regression analysis can be used to estimate population
from symptomatic data or to project ratios. This method may be
more satisfactory than holding ratios constant or simply applying
a time trend. However, correlation with economic data may be more
appropriate for estimating migration than it is for estimating
total population levels.’2 1In making forecasts, it is entirely
possible that forecast errors in the socio-economic independent

variables may render the resulting population forecast no better



than one calculated from simpler methods. Isard has serious doubts
about the wvalidity of using regression eqguations for projections
aside from the difficulty of forecasting the input variables.
First, past causal relationships may not persist into the future.
Next, correlation need not imply causation. Third, the statistical

requirements for a best linear unbiased estimate may not be met. >3

Cohort Survival, Component, and Composite Models

Although most models that project population at levels
smaller than the state are non-component models because of data
limitations, component models may be used in conjunction with ratio
and correlation methods to produce small area forecasts. Cohort
methods divide the benchmark population into age and sex groups and
forecast each separately. The survival rate method does not require
use of local wvital statistics; the p&pulation of a particular age-
sex cohort is carried forward in time via survival rates obtained
from life tables or census data. The problem with cohort survival
models is that they cannot handle migration, an important factor in
local population change. Also, survival rates may not be equal
across geographic areas. Short-distance mobility and migration
rates vary considerably from one part of the country to another,
"reflecting such factors as differential age-sex structure, the
rate of natural increase ..., economic opportunities, and climatic

w4

and other amenities. Migration alters the age-sex distribution



of the population, so that application of national survival rates to
the benchmark population distribution will not yield accurate fore-

casts.

Cohort component methods disaggregate population change
into births, deaths, and net migration. This more refined approach
applies survival rates and age-sex-specific fertility rates to the
base year population and allows for migration on a net or gross
basis. "The analytical value is that each component is determined

by different factors and has gualitatively different conseguences

for population growth.“75 The Hamilton-Perry formula holds cohort
change rates constant:
t + k npt t
nP = a+k nPa
a + k nPa
where: = population

initial age at second census
size of age interval
vear of second census
= intercensal interval in years

Ao B p o
]

The recent age-specific birth rates need not be held constant,
however, alternative assumptions are possible. The rates may be
projected independently, or by comparing the local area's rates to
those of the parent area and then projecting the ratio for use with
previously prepared projects for the parent area.’® The problens
of choosing appropriate fertility and mortality rates for a cohort

model are dwarfed by the difficulties in estimating migration.



Smith states that migration may be more important than births and
deaths when a given community, county, or state is being studied,
but the data on emigration and immigration leaves much to be
desired. "...The paucity of reliable information about interna-
tional migrations of populations is matched only by the lack of

comprehensive materials relating to internal m:i.gr.aticn'x."’77

In
addition to the semi-permanent moves made each year, hundreds of
thousands are continually travelling to follow the crops or the
construction jobs. Both types of migration can affect a local

area's population level, so a method of estimating the flow is

necessary.

The definition of migration is somewhat arbitrary because
it involves movement across borders, which are themselves arbitrary.
Large provincial borders are too gross for most purposes and MCD
boundaries are too detailed. "This means that for most practical
purposes the commune or county boundary is taken as the migration-
defining boundary because it is the only choice between the two

extremes."78

Direct information on persons who change residence
across borders within a country is available only in nations where

there is a system of residence registration or where a migration

guestions has been part of the census form.

Bogue describes two basic methods for estimating internal

migration, the vital statistics method and the survival ratio



method. For the former, two censuses and fairly complete birth and

death records are needed. The natural increase minus the actual

population is taken to equal net migraticon. The latter does not

regquire accurate vital statistics, only survival rates.
ence between the estimated surviving population and the
is called net migration. Both are residual methods, so
and discrepancies in the basic data enter directly into

mination of the residual and are defined, therefore, as

The differ-
actual count
"ARll errors
the deter-

in-migration

or out-migration...It is only where the net balance of error is near

zero that the residual can be interpreted as a reliable measure of

net migration."79

Shryock mentions a third method, described as
crude but commonly used: the national growth rate method. If the
migration rate calculated for the region exceeds that estimated for
the nation (by a method such as those described above), then net
in-migration is assumed to have occurred.®% The Census Methods I
and II involve the use of school enrollment data. In Method I, the
difference between local and national percent changes in enrollment
eguals the percent change in net migration. In Method II, the
expected enrollment without migration is computed by means of sur-
vival rates; the difference between this expected enrocllment and the

actual is migration.Sl

The migration estimation technigues described above are

used for current estimates only. Any component projection method-



ology would have to rely upon these estimates for historical data,

however.

Bogue reports certain empirical findings and hypotheses
that should be considered before attempting to forecast the migra-
tion component: (1) the volume of migration fluctuates with the
level of economic prosperity, and is a necessary element of popula-
tion adjustment; (2) rates of in-migration and out-migration are
not independent of each other, for a high immigration rate tends to
be accompanied by a high emigration rate; (3) a high proportion of
all migration streams are between communities of the same type; (4)
the migration rate wvaries with the type of origin and destination,
the direction of migration, and the age and other characteristics of
the migrant; and (3) the size, direction, and net effects of migra-
tion vary over time and space. In general, persons in their late
teens to early thirties, men, professionals, and unemployed persons
are more migratory. Common mistakes in estimating and predicting
migration are (1) viewing human migration as though it were birds
or insects, (2) assuming that laws of mechanics, gravitation, of
electrostatics apply to migration, and (3) assuming that migration
is of one type only. In particular, Bogue attacked the intervening
opportunities hypothesis for taking "as its model the semi-attentive

shopper or half-informed job seeker."82



Nalbandian points out that the main problem with census
component methods, particularly Method II, is migration estimation.
The application of the migration rate for school-age children to
the total population is the major flaw; therefore, Method II cannot
be recommended for post-censal population estimation, and should be

83 Problems are even present with decennial census

entirely avoided.
migration data: illegal entry to and exit from the country is not
recorded, and for internal migration, only one migration per decade
is recorded and that only for interstate moves. Migration within a
state is not counted, migrants who died between the two censuses

are omitted, as are those who left and returned within the decade.84

Bogue's vital rates-composite model combines the various
cohort methods. "Estimates are made separately for different age
groups, sex groups, and celor groups, and the individual estimates
are summed to secure an estimate of the total population, providing
the advantages of the total estimate as well as estimates of age-sex

and color groups.“85

Separate estimates are made for the population
over forty-five (by sex), for females aged fifteen to forty-four,
for males aged fifteen to forty-four (civilian and military sep-
arately), for the population aged five to fourteen, and for children
under five (by sex). The fact that the number of males between

fifteen and forty-four is estimated from the number of females of

the same age group can compound errors., Although Nalbandian sug-



gests several improvements to the composite method, he could not

solve the migration prediction problem,

The cohort models are only useful on a larger scale of
analysis, for the nation, multi-state region, or, possibly the
state. For smaller areas, especially MCD's, adequate data does not
exist for the proper implementation of such models. The data is
poorest for migration and for small area cohort breakdowns in post-
censal years. The cohort methods cannot be recommended for direct
use in small area forecasting, but may have applications in conjun-
tion with other methods, such as ratio, correlation, and land use

techniques as control figures.

Land Capacity Methods

Land use methods center on the spatial aspect of popula-
tion growth; the location of the incremental population is as
important as the fact that total population grows. The saturation,
or density ceiling, method is most commonly used. Given a pattern
of land use as defined by zoning ordinances, the number of dwelling
units by type which can be accommodated is calculated. The number
of persons per household must then be projected so that the housing

unit count can be converted to a population ceiling.86

The results
can be combined with other projection methodologies such as the
logistic curve (as an asymptote), or other mathematical eqguations or

spatial distribution models (as a constraint). One advantage of



this method is that it is a practical means of limiting the levels
of population projections when other technigues are thought to have
an upward bias. It provides detail on the probable distribution of
the population, and allows the forecaster to investigate the impact
of changes in certain zoning regulations. It can be readily adjus-
ted when land is taken out of use, as when farmland preservation
pPrograms are implemented or nature preserves are created. The
method is well suited to small areas like census tracts and MCDs.87
The obvious disadvantage of land capacity methods is the difficulty
in forecasting maximum density, since zoning ordinances can change.
In addition, projections of average household size can be in error.
However, any forecast can be rendered obsolete when administrative
policies or laws change, and problems of predicting household size
are no greater than those encountered in other methodologies. The
benefits of having saturation figures for very small geographic
areas and an ultimate population distribution, which can be adjust-
ed when laws and land availability change, seem to outweigh the dis-

advantages. An example of this method, the LIRPB's "208" Report,

will be described in Chapter IV.

Market Force Models

Labor market forecasting models project migration on the
basis of its known labor market determinants instead of extrapola-

ting it mechanically. "Unfortunately, what looks like a better



mousetrap has yet to prove its worth in the prototype models."88
Morrison compares two labor market models, one developed by the
Bureau of Economic Analysis and Economic Research Service, the other
by the National Planning Association. He finds that the forecasts
disagree significantly, diverge too swiftly from the trend of the
recent past, and do not 'demonstrate accuracy superior to the Census
Bureau's purely demographic projections. The ex post testing for
1370-73 shows poor agreement between forecasted and actual rates

of change, with RZ = 0.13. For some metropolitan areas, even the

direction of change is incorrect.

For areas smaller than a Standard Metropeolitan Statistical

Area (SMSA), Morrison notes that uncertainty about the course of
migration increases and the amount of available data with which to
judge the validity of assumptions decreases. The present state of
the art for labor market approaches, especially for small areas, is
primitive. The root of the problem may be that the variable one
attempts to explain, namely net migration, provides little basis

for judgment. "...The tendency to treat 'net migrants' as though
they were real people continues to be a major stumbling block in

most small-area projections."89

The nature and causes of the in-
ward and ocutward flows should be treated separately, rather than
netted out. Such data is not available for small areas, and the

situation is not much better for larger areas.



The Energy Research and Development Administration des-
cribes a residential allocation model developed by the National
Bureau of Economic Research (NBER). The NBER model has a detailed
treatment of the housing market, including filtering, aging, demo-
lition, structural modification, and construction. Its major
assumption is that a household chooses a dwelling unit type and
location to maximize its real income, and knows its workplace when
the choice of residence is made. There have been no successful
calibrations yet. Aside from the fact that the NBER model is not
operational, there is one deficiency pointed out by ERDA: the
emphasis on the functioning of the market place is unbalanced; cer-
tain locational influences such as neighborhood environment and

other social considerations are not treated.90

It is possible to take employment forecasts obtained by
shift-share, input-output, economic base, or regional econometric
models and convert them to population forecasts through ratios like
participation rates. The spatial distribution of the population
can be derived by minimizing travel time to work, minimizing costs,
or maximizing income. Housing costs, the availability of land, the
location of services, and zoning can be incorporated. The disad-
vantages of such models are several. First, errors in the employ-
ment forecasts can ke compounded by errors in the ratios used to
obtain population. Second, population is often an exogenous input

to an econcometric model, as a factor in labor supply. This sug-



gests that an iterative process is needed. Third, most allocation
models will not be realistic for long range forecasts because they
do not allow for multiple wage earners with a joint location deci-
sion which is suboptimal for any one wage earner but optimal for
the group. Fourth, and most important, models of this type are
more applicable at the state level or above due to lack of data at

the MCD level,

Spatial Distribution Models

Gravity Models

The gravity formulation postulates that the likelihood of
a household choosing a site in a given zone is inversely propor-
tional to the kth power of the distance or travel time from major
centers of employment. Inputs to the model are (1) the number of
househclds in a given zone in the current period, (2) travel time
to the central business district, and (3) total projected popula-
tion for all zones. A computer is needed to solve n linear differ-
ential equations, which may include capacity constraints for the
zones. There is a calibration phase in yhich the best wvalue of k
must be chosen. ERDA states that some satisfactory results have
been achieved with gravity models, and that this formulation is a

component of most major land use forecasting models.gl
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The current justification for the gravity model, according

to Isard, is "...Simply that everything else being equal the inter-

action between any two populations can be expected to be directly
related to their size; and since distance involves friction, incon-
venience, and cost, such interaction can be expected to be inversely

related to distance.“92

Thus there is no theoretical basis for the
choice of k or of weights, if any, assigned to the measures of mass
(population). The gravity model is an interesting descriptive tool,

but may not be as useful when it comes to forecasting.

Lowry Models

Lowry models are an extension of the basic gravity model
to include an employment location model. The assumption made is
that many households locate with respect to service industries such
as schools or retail stores, so a service industry location model
is incorporated. First, a gravity model is used to allocate house-
holds with respect to basic employment centers in a zone. The
employment location model distributes services required to support
the households, and then the gravity model is used again to allocate
households in relation to services. Inputs regquired are (1) basic
industries in a given zone, (2) vacant residential sites in the

zone, and (3) business and industrial sites within the zone.93



Maser illustrates the two types of gravity models used in
the Lowry method, the first being an "attraction constrained gravity

model," the second, a "production constrained gravity model":

Attraction Constrained Gravity Model

- k
-k
Bj = 1/(Eiwkdij)
Constraint: E;jTj4y = Dy
c; = EjTij
0; = €3 (1/AR)
where: Tij = number of trips from zone (i) to work in zone (j)
Dj = number of jobs in zone (Jj)
Wi = measure of atractiveness of zone (i) as a home site
-k
dij = distance between zone (i) and zone (j) where k is

a predetermined function

Cy number of resident workers living in zone (i)
03 = resident population
AR = activity rate, Egq/P where Eq is total employment

Production Constrained Gravity Model

-k
Tid = R;0;Wjd;
-k
A; = L/E4W4d;y
Constraint: EjTij 03
where: W. = a measure of the attractiveness of zone (j) as a

service center

S = EiT34



Dl:] = SjPSR

total service trips

]

where: Sj

PSR

ratio of service employment to total population

After the production contained model is solved, the service employ-
ment is added to the basic employment for input to the attraction
constrained model. An equilibrium distribution should be achieved

after four or five iterations.94

Maser voices some reservations on the use of interaction
models such as the gravity and Lowry methods. They are basically
static models that ignore processes of change, so these models can
provide only limited insight into the future. Also, additional
assumptions should be added to the models to account for leakages,
that is, interaction between the given zone and other regions.
Difficulties may arise in partitioning the area into zones, choosing
a central point for each zone, and measuring distances. Further-
more, the Lowry model utilizes an export base multiplier which has
certain limitations concerning {(l) the weakness of the initial
assumption, that exports are the primary source of growth, (2) the
use of short-run multipliers for long range forecasts, and (3) the

inverse variation of the basic sector's size with the zone's size.95

Technical difficulties with economic base models are

mentioned by Isard: {l) employment data will mask wage level dif-



ferences and productivity change; (2) unearned income is not incor-
porated; (3} it is difficult to separate basic from service
activity; (4) the ratios, and the conclusions, will be greatly
affected by the size of the base area chosen; (5} the basic-service
ratio will vary over time, and at any point in time the ratio may
be inaccurate because multiplier effects have not yet shown up; and
{(6) the multiplier is an average which does not apply to any one
industry. “...A regional multiplier derived from the basic-service
ratio of an economic study has a strictly limited degree of useful-
ness and validity. As an instrument for projection, it can be used
only under certain ideal conditions. Even then, it can give no
more than an average or approximate value." 96 Given that Tiebout
calls the export base theo&y a short-run concept,97 and Isard
doubts its usefulness for any type of projection, the export base
method probably has little value for long term small area projec-

tions.

Intervening Opportunities Models

These residential allocation models assume that the
"Probability of a household choosing a site is a monotonically
decreasing function of the number of equivalent sites nearer than
it to the center of employment or commerce." 98 Inputs to the model
are the number of vacant sites in zone (i), an ordinal accessibil-

ity measure for zones (i), and total expected population growth.



Applications of the model have not met with much success, according
to ERDA, Disadvantages mentioned for residential allocation models
in general would apply to the intervening copportunities type as

well.

Cluster, Opportunity, and Trend Model

The Cluster, Oppeortunity, and Trend (COT) Model attempts
to model three things: (1) the tendency of people to locate where
others live, (2) the desire to be close to one or more centers of
activity, and (3) the tendency of people to build homes in areas

where development has been recent.

Hartung tests the COT model for Long Island with 1955-59
data to predict 1960-69 population by town.?? The location of the
households is emphasized rather than prediction of the total veol-
ume of new units, and the calibration seeks to minimize root mean

square error (rMsE) . 100

Each component, cluster, opportunity, and
trend, is assigned a fixed percentage of new dwelling units. vary-
ing the weights will cause the COT to exhibit different characteris-
tics. If the cluster weight is 100 percent, the new dwelling units
are allocated proportionally to total existing dwelling units; if
the opportunity weight is 100 percent, zones are ordered around the

center(s); if the trend weight is 100 percent, then the new dwell-

ing units are distributed as the previous year's were. Initial



calibration for 1955-592 assigns a zero weight to the cluster com-
ponent but RMSE is only 2.8 percent. For the 1960-69 period, the
RMSE is 22.1 percent. Another calibration with 1955-69 data re-
sults in a 12.5 percent weight for the cluster component, 15.1
percent for opportunity, and 72.4 for trend, with RMSE equal to 3.6

g, 101

percen This final calibration is used to forecast the distri-

bution of new households on Long Island.

Hartung assumes no changes in zoning, and uses the LIRPB's
1966 vacant land analysis to derive a residential capacity index
for each town. When a town reaches the saturation point, only the
cluster and trend components are invoked and other towns receive
the majority of the new dwelling units. Assuming 12,500 new units
per vear, two towns in Nassau County reach capacity by 1976. The
dwelling unit forecast is converted to population through the
LIRPB's projected household sizes for Nassau, western Suffolk, and
eastern Suffolk. In retrospect, it is known that an annual increase
of 12,500 dwellings was too high. Hartung also presents a scenario
which assumes 10,000 units would be added each year;l02 these esti-
mates are compared with LILCO's current population estimates in
Table 9. Out of the nine towns modeled, Hartung's COT estimates are
higher than the actual population for eight; because his assumption
that 10,000 new houses would be added each year is high, one would
expect the model's estimates tc be high for every town. Brookhaven

is the only town for which COT produces a low population estimate.



TABLE 9

COMPARISON OF COT 1980 POPULATION FORECAST BY TOWN

SUFFOLK COUNTY®*

WITH LILCO 1980 CURRENT POPULATION ESTIMATE
BY TOWN,

Percent LILCO Percent

coT 1980 of 1980 of
Town Estimate County Estimate County
Babylon 231,804 16.4 219,822 16.5
Huntington 240,334 17.0 217,783 16.3
Islip 328,212 2.3..2 312,416 23.4
Smithtown 139,509 9.9 124,303 9.3
Brookhaven 348,346 24.7 356,886 26.7
Southampton 55,619 3.9 46,587 325
Riverhead 27,9009 2.0 21,793 l.6
East Hampton 19,217 1.4 15,598 1.2
Southeold 21,480 1.5 20,114 1.5
1,412,430 100.0 1,335,301 100.0

SOURCE: Hartung, "Residential Land Use Models with

Application to Long Island”
Institute of Brooklyn,
Co., Population Survey 1980 (Mineola,

{(Ph.D.
table 8.2-2;

1980), table 2.

*Excludes Shelter Island

dissertation, Polytechnic
Long Island Lighting
New York: LILCO, April



Comparing COT and actual values for each town's population as a
percent of the total, the model overestimates for five towns and is
correct for one. A better test, though, is the allocation of new
population, 1970-80, which is shown on in Table 10. For seven out
of nine towns, the COT model overestimates the share of new units.
It correctly estimates one town's share and is very low for Brook-
haven: 35.9 percent versus the actual 53.2. The Long Island
calibration of the COT model cannot, then, be used "as is" for
population distribution forecasts in the ten-mile radius around

Shoreham, because the area is primarily in Brookhaven.

Greenberg-Krueckeberg-Mautner (GKM) Model

The GKM model uses the relationship between the rate of
change in population density and the level of density, established

by regression analysis, and a limit on the density.103

Density in
1970 is the model's starting point; when one MCD has reached its
density ceiling growth spills over into another MCD. The projec-

tions for MCD's are adjusted to county totals by using either the

MCD growth rates or shares of county populaticn.
Growth rates are estimated by a Newling-type model:
1+rdt = Ad,

where: rg = growth rate for a density ceiling group



TABLE 10

COMPARISON OF COT POPULATION GROWTH ALLOCATION WITH
ACTUAL POULATION GROWTH DISTRIBUTION, 1970-80,
SUFFOLK COUNTY®*

COoT Percent Actual Percent
Population of Population of
Growth, Total Growth, Total
Town 1970-80 Growth 1970-80 Growth
Babylon 28,234 9.8 16,252 7.7
Huntington 40,162 14.0 17,611 8.4
Islip 49,332 17.2 33,535 l6.0
Smithtown 24,852 8.7 9,646 4.6
Brookhaven 103,086 35.9 111,626 53.2
Southampton 19,465 6.8 10,433 5.0
Riverhead 9,000 E: 0 | 2,884 1.3
East Hampton 8,237 2.9 4,618 2.2
Southold 4,676 1.6 3,310 1.6
Total 287,044 100.0 209,915 100.0
SOURCE: John V. Hartung, "Residential Land Use Models with

Application to Long Island" (Ph.D. dissertation, Polytechnic

Institute of Brooklyn, 1973), pp. 95,99; Long Island Lighting

Co., Population Survey 1980

1980)

*E

table 2.

xcludes Shelter Island

(Mineola, New York: LILCO, April
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constants
t = density at time t

(o
|

The critical density is Al/k, and density in time t+1 equals Ad%'k.
The MCDs are grouped intc three types, urban, suburban, and rural.
Scatter diagrams are used to determine the cluster groups of den-
sities, and ordinary least squares is applied to the logarithmically

transformed data to obtain values for the constants.104%

Greenberg offers several variations of the GKM model. The
user has the option of constraining the projections at any or all
levels above the MCD: county, state, or nation. A step-down method
would then adjust the MCD projections to meet the constraints. The
federal and state level projections would generally be component
models, which Greenberg recommends for long range forecasts. Also,
various extrapolation technigques, with or without a step-down ad-

justment, are included as options in the program.

The Census Bureau criticized the GKM approach for assuming
that density patterns from 1950 and 1960 would be maintained in the
future. "In addition, the model assumes that the relation between
different geographic areas at a single point in time is wvalid as a
guideline for future growth of a single geographic area during the

passage of time." 105



In spite of the wide variety of models available for
population forecasting, few have been judged acceptable for small
area population prediction. Component methods are usually reserved
for county level and above, and for SMSAs. Cohort methods can be
applied to MCDs using census data and sympomatic data, such as
school enrollment, but the migration estimation step is weak.
Mathematical extrapolation and regression analysis share two
problems: the number of time periods included in the data base
tends to affect the results, and there is no assurance that forces
creating growth in the past will continue to operate in the same
fashion. Extrapolation and time dependent eguations make little
attempt to explain why growth occurs; at least regression and
correlation techniques have some explanatory value. There remains,
however, the difficulty of forecasting the independent variables
and satisfying the statistical requirements. Labor models have been
tried as a means of estimating migration for component models and
for describing the housing market allocation process. Both attempts
have not proven especially successful. Spatial allocation models
require a separate forecast of total population to be distributed
among the zones delineated. Those that are currently ope;ational
have not been shown to be superior to the other methods available,
though. Gravity model variations are probably the most commonly
used spatial allocation models, but are more useful as a descrip-
tive device than as a forecasting tool. Ratio-stepdown methods

are an improvement over simple extrapolation in that they can



take advantage of the greater reliability and detail available

at a larger scale of analysis. As with the spatial allocation
models, the ratio approach requires an independent total forecast
which is to be distributed over small areas. Land capacity models
are the only ones recommended for small areas, although, they, too,
have disadvantages. If the ;oning can be accepted as given, then
the saturation point for dwelling units can be calculated, but
household size must still be projected. Capacity methods must then
be combined with one of the other methodologies to produce a time
path of growth from the current population to the saturation level.
No one method clearly stands out as the best, particularly for
small geographic areas like MCDs. The result is that many method-
ologies for small area population forecasting are eclectic combina-
tions of the approaches described above. The exact choice depends
upcn data availability and gquality, time and budget constraints, the
purpose of the study, the length of the projection period, and the

scale of the analysis.



CHAPTER IV

THE POPULATION PROJECTION METHODOLOGY FOR THE
SHOREHAM NUCLEAR POWER STATION EMERGENCY RESPONSE PLAN

Control Forecasts

L.and Capacity

New York State, Suffolk County, and LILCO agreed to base
the emergency plan's population distribution on an updated version
of the LIRPB's long range population forecast published in November
1976, The forecast, prepared pursuant to the provisions of Public
Law 92-500 for use in waste treatment planning, is commonly re-
ferred to as the "208" Report. A land capacity methodoclogy was
chosen as the most appropriate one for waste treatment management
planning. Projections were needed for the years 1980, 1985, 1990,
and 1995 for thirty large, irregularly shaped drainage basins in
Nassau and Suffolk Counties. Forecasts were also wanted for other
small geographic subdivisions of the bi-county region for facilities
Planning. The land capacity method is suitable for small area
population projections and provides flexibility in altering boun-

daries.

Projections were prepared for the 13 towns, 108 munici-
palities, 126 school districts, and 30 drainage basins in Nassau and

Suffolk Counties. Base year (1975) estimates were obtained from

- 79 =



LILCO's Population Survey 1975, because "The Nassau-Suffolk Regional

Planning Board considers the Long Island Lighting Company's popula-
tion estimates for January 1, 1975 as the most accurate available
for the Bi-County area ...“106 Base year estimates, trend analysis,

and the concept of land capacity were combined, in a series of six

steps, to produce the forecast.

Identification and Tabulation of All Vacant
Land Zoned for Residential Uses

Residential land was tabulated with the help of aerial
photographs, tax maps, assessment records, and field surveys. Both
scattered parcels in built-up areas and land in large estates were
included in the enumeration. 2Zoning maps were used to assign vacant
acreage and scattered lots to the applicable zoning categories, and
the number of zoning-exempt lots were recorded. For each municipal-
ity or school district, the acres of vacant land, together with
their zoning categories, were tabulated so that the number of poten-

tial building sites could be calculated.

Calculation of Potential Building Sites

Parcels that had already been subdivided were assigned a
number of potential dwelling units equal to the number of lots.
Other wvacant sites in developed areas were analyzed to determine
whether more than one lot could be obtained per site under existing

zoning. Land that was part of a large estate and other wvacant



acreage were multiplied by a yield per acre factor based upon recent
experience with conventionally designed subdivision plats. These
factors varied from 6.8 lots per acre for zoning lot sizes of 4,000
square feet, and 0.8 lots under one acre zoning, to 0.16 lots per
acre in five acrel@Q7 zoning categories. The LIRPB noted that
"Recent observations suggest that the pattern of zoning on Long
Island has become relatively stable. Changes to higher density are
often offset by other changes to a lower density or by a land ac-
quisition, thus minimizing the impact of any change in the ultimate

saturation calculation.“108

Tabulation of Housing Units by Occupancy Status

The LIRPB relied upon 1970 census data for a count of
vacant, occupied, and seasonal dwelling units for each municipality
and school district in the two counties. The change in housing
stock between 1970 and 1974 was estimated with building permit data
and LILCO's meter book records. These units were allocated to the
appropriate school districts after a review of aerial photographs
and office records, with verification through visual inspection when

necessary.

Calculation of Potential Dwelling Units

The potential total number of dwelling units consisted of

the sum of existing units and all new units possible under existing



regulations. It was assumed that all existing housing would even-
tually be utilized, but that seasonal and vacant year-round housing

wonld exist in eastern Long Island until after 2000.

Estimation of Household Size

A probable average household size at capacity was esti-
mated for each of the projection areas. Items considered in the
projection process were (1) household size in 1970, (2) estimated
current (1275) household size, (3) the declining birth rate, (4)
income, (5) ethnicity, and (6) the mix of housing types in each
locality. The LIRPB expected that the trend toward fewer persons
per household, the lower birth rates, and the aging of the popula-
tion would continue. The typical family moving into the Nassau-
Suffolk area would be in the thirty-five to forty-nine year old
cohort with children in the ten to nineteen age group. More fam-
ilies with those age characteristics would have the income to

purchase the typical Long Island dwelling unit.

Estimation of Population at Zoned Capacity

This final step consisted of combining the total number of
existing and potential dwelling units from the second step with the
person per household factors from the fifth step. Appendix A con-
tains the 1970 and 1975 population and housing data for school

districts wholly or partly within the ten-mile radius around the



Shoreham site. Household size in 1970 varied from a low of 3.1 in
Shoreham-Wading River and Riverhead school districts to a high of
4.17 in the Middle Country School district. The Brookhaven Town
household size was 3.64 excluding the State University at Stony
Brook; Riverhead Town's person per household factor was 3.1. At
saturation, the household sizes would range from 3.2 to 3.94. Of
the 78,307 dwelling units in Brookhaven in 1970, 12,318 were vacant
or seasonal. In Riverhead, there were 7,933 units of which 1,849
were vacant or seasonal. Total units at capacity were forecasted

to equal 99,066 in Brookhaven and 8,535 in Riverhead.lo9

The twenty-year projections were prepared on the township
level; a step-down apportionment technique was then used to derive
projections for the municipalities and school districts. The his-
torical growth rates, 1970-75, for each town, as well as building
Permit data and school enrollment figures, were the basis for
selection of projected growth rates. Town population growth was
allocated to the component areas once shares had been determined,
The percentage of town growth chosen for a sub-area depended upon
factors such as (1) general development trends, (2) growth of the
sub-area relative to growth of other areas, (3) availability of
land, (4) desirability of the sub-area, including accessibility,

(5) the type and cost of housing present, and (6) presence or ab-
sence of impediments to development. Given the lack of information
on existing illegal two-family homes and uncertainty regarding local

enforcement policy in the future, this type of dwelling was not con-



sidered in the analysis. Efforts to preserve farmland, shorefronts,
wetlands and other ecologically valuable areas were considered in
that lower growth rates were assigned to regions containing such
land. Certain drawbacks associated with trend analysis, which were
discussed above, would apply to this portion of the LIRPB's method-

ology.

Over 93 percent of the SMSA's growth is expected to occur
in Suffolk County; more than 62 percent of Suffolk's growth is
forecasted to be in Brookhaven and Islip Towns. Brookhaven's popu-
lation is projected to increase from 317,489 in 1975 to 546,198
in 1995; Riverhead's population is expected to increase from the
1975 level of 21,184 to 34,752. Much of suffolk County's growth
will occur in the western and central school districts, according

to the LIRPB.llo

Table 11 shows the 1975 population for school
districts wholly or partly within the ten-mile radius, along with
their projected growth rates for each five year period between 1975
and 1995, Densities varied from 0.07 persons per acre to 4.09 in
1970, and are forecasted to range from 0.63 to 6.73 persons per acre
in 1995. Land area and densities for the school districts within
ten miles of the nuclear plant are given in Table 12. None of the
school districts are projected to reach saturation by 1995, but
Middle Cguntry, William Floyd, and Shoreham-Wading River will be
within 90 percent of their capacities, given current zoning regula-

111

tions. Table 13 shows the percent of total saturation attained

by each district by 1975 and 1995.
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TABLE 12

LAND AREA AND POPULATION PER ACRE FOR SCHOOL DISTRICTS
WHOLLY OR PARTLY WITHIN TEN MILES OF SHOREHAM

School District Area (Acres) 1970 Density 1995 Density

TOWN OF BROOKHAVEN

Comsewogue 4,930 3.63 4.73
Port Jefferson 2,400 2.65 3.09
Mount Sinai 3,170 0.61 4.59
Miller Place 3,800 1.50 5.12
Rocky Point 6,230 1../33 3.41
Middle Country 10,000 4.09 6.73
Middle Island 33,620 0.41 2.58
South Manor 6,110 0.25 1.24
West Manor 3,780 0.03 0.58
William Floyd 10,260 1.42 5.74
Shoreham-Wading River(pt) 4,570 0.53 2.64
Riverhead (pt) 2,400 0.14 1.39
Eastport-East Manor (pt) 10,440 0.07 0.65

Town Total 166,930 1.47 3.27

TOWN OF RIVERHEAD

Shoreham-Wading River(pt) 3,540 0.41 1.23
Riverhead (pt) 39,130 0.44 0.76
Town Total 43,410 0.44 0.80

SOURCE: Nassau-Suffolk Regional Planning Board, Population
Estimates and Projections, 1975 to 1995, Interim Report Series:
1l (Hauppauge, New York: NSRPB, November 1976), table A-29,




TABLE 13

PERCENT OF TOTAL SATURATION,

1975 AND 1995, FOR SCHOOL DISTRICTS
WHOLLY OR PARTLY WITHIN TEN MILES OF SHOREHAM

1975 1995
School District (Percent) (Percent)
TOWN OF BROOKHAVEN
Comsewogue 65.2 79.2
Port Jefferson 72.3 83.8
Mount Sinai 28.0 84.8
Miller Place 37.6 8l.7
Rocky Point 32.8 67.5
Middle Country 71.5 90.9
Middle Island 20.1 58.4
South Manor 7.7 28.5
West Manor 2.6 30.8
William Floyd 41.8 92.5
Shoreham-Wading River (pt) 25.2 67.4
Riverhead (pt) 8.9 31.9
Eastport-East Manor (pt) 2.0 1547
Town Total 39.1 66.1
TOWN OF RIVERHEAD
Shoreham-Wading River (pt) 37.7 90.4
Riverhead (pt) 9.6 14.8
Town Total 10.2 l16.8
SOURCE: Nassau-Suffolk Regional Planning Board, Population

Estimates and Projections,

1975 to 1995,

1

(Hauppauge, New York: November 1976),

Interim Report Series:
tables A-34 and A-38.
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The Brookhaven Vacant Land Analysis
and Master Plan

The Town of Brockhaven, as part of its comprehensive
planning program undertook a vacant land analysis in 1973. School
district boundaries and zoning categories were drawn on aerial
photographs taken in April 1973. The vacant area included farmland,
sand and gravel pits, large estates, privately owned wetlands,
large semi-private open tracts (golf courses, religious holdings,
special camps), and residential infill. It was assumed that: (1)
future development would be in accordance with current zoning
ordinances, (2) new homes would be built on the interior of deep
blocks only if access were available and the plot were large enough
to contain legally-sized lots, and (3) the vacant portions of large
estates would eventually be developed. Table 14 gives the number
of residential infill lots and total vacant acreage for school dis-

tricts within ten miles of the site.112

Vacant acreage was converted to potential dwelling units
via yield per acre factors, as follows: (1) district Al, minimum
lot size 40,000 sguare feet, yielded 0.6 units per acre; (2) dis-
trict A, minimum lot size 30,000 square feet, yielded 0.9 units per
acre; (3) district Bl, minimum lot size 22,500 square feet, yielded
1.4 units per acre plus a park; (4) district B, minimum lot size
15,000 sguare feet, yielded 2.0 units per acre; districts C and D,

minimum lot size 9,000 square feet, yielded 3.3 units per acre.
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TABLE 14

RESIDENTIAL INFILL LOTS AND VACANT ACREAGE FOR SCHOOL DISTRICTS
WHOLLY OR PARTLY WITHIN TEN MILES OF SHOREHAM

School Districts Infill Lots Vacant Acreage
Port Jefferson 5 110
Comsewogue 160 1,180
Mount Sinai 30 2,260
Miller Place 160 1,950
Rocky Point 210 4,100
Shoreham-Wading River 60 2,300
Middle Country 640 1,700
Middle Island 1,015 13,630
West Manor 0 940
South Manor 250 3,820
South Haven o} 810
William Floyd 2,125 2,080
Eastport 4] 1,640
Riverhead 55 1,600
Total 5:;215 48,870

SQURCE: Raymond, Parish & Pine, Inc., "Draft Memorandum to
the Planning Board, Town of Brookhaven, New York, as part of
Comprehensive Planning Program" (Tarrytown, New York: Raymond,
Parish & Pine, Inc.: June 1974), tables 1 and 2 (mimeographed).



Brookhaven was estimated to be capable of holding 110,000 more
dwelling units, of which about 15,000 were under construction by

June 1974. Approximately 7,500 potential units were of the infill

ssryin , TL2

To estimate the future population, a factor of 3.7 people
per dwelling unit (1.8 for retirement communities) was used, based
upon 1970 census data. Combining potential dwelling units with
person per household ratios produced a possible increase of 400,000
persons in Brookhaven Town. The projection could be high due to
public acguisition of land and natural inefficiencies of the land,
or 1low because of inadvertent omission of "old-filed" subdivisions
and the fact that conversion of seasonal units to year-round use
was not considered. There were about 1,500 seasonal units in Rocky
Point, 600 in Miller Place, and 1,100 in William Floyd when the
vacant land analysis was made. Converted dwelling units would

4
Probably not accommodate 3.7 persons, however.ll

This vacant land analysis and holding capacity estimate
was a major input to the Brookhaven Master Plan, completed in Dec-
ember 1974, The plan justified a maximum population of the town at
750,000, slightly more than twice the 1975 population. Changes
recommended by the plan were the lowering of residential densities
(l) in eastern Brookhaven, (2) on the south shore, (3) in central

Ronkonkoma and the surrounding wetlands (from one-gquarter to two
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acre minimum lot size) and (4) on the north shore cliffs. Two new
population centers were encouraged, one in Rocky Point along a pro-
posed extension cf Route 347, and the other in Manorville south of

the Long Island Expressway.ll5

New York State Department of
Commerce Projections
The New York State Department of Commerce (NYSDOC) has
prepared population projections that extend to the year 2020. These
projections, considered official by the Census Bureau, are used in
the emergency response plan for the period 1995 to 2020. Issued in
December 1977, the NYSDOC forecast is derived from a cohort compon-
ent model. The model is intended to project state and county
populations only, so the county growth rates are applied, for the
emergency response plan, to all sub-areas providing that no sub-area
exceeds its saturation population level. The NYSDOC growth rates
are only used to expand the base population to 2020, however; group

quarters and other special populations are handled separately.

In estimating migration, NYSDOC has tried to account for:
(1) recent trends in population density, (2) housing and zoning
trends, (3) proximity to highly urbanized areas and transportation
routes, (4) growth trends of metropolitan areas, and (5) any special
censuses taken since the last major.census.ll6 Despite these con-

siderations, the 1968 series projection for Suffolk County in 1980



was over 24.0 percent high; the 1977 revision was only 1.4 percent
high for 1980, however. Table 15 contains a comparison of the 1968
and 1977 series of population projections made by NYSDOC. The
1995-2020 growth rate has been reduced from 58.7 percent in the old

series to 24.8 percent in the more recent projections.

The NYSDOC projections are used for the last twenty-five
vears of the emergency response plan for three reasons. First, the
LIRPBE forecast only extends to 1995, Therefore, the methodology
with small area detail is simply not available for the later years.
Second, most long-term projections do use some type of component
methodology. Trends in births, deaths, and migration may diverge
so that their net effect varies widely from that in the base year,

and a component model allows for such demographic trends.ll?

Third;
the parties involved in the evacuation planning process have jointly

agreed to rely upon this official projection series for the time

period not covered by the LIRPB "208" Report.

LILCO 1979 Population Survey
The population distribution study was initiated in May
1979; at that time the most recent current population estimate
available was for December 31, 1978-January 1, 1979. This estimate

was published in the Population Survey 1279 of April 1, 1979, and

became the base vear value for control forecasts and sub-area pro-

jections. LILCO's annual current population estimate utilizes the



TABLE 15

NYSDOC POPULATION PROJECTIONS FOR
SUFFOLK COUNTY 1980-2020

Year 1968 Series 1977 Series 1980 Actual
1980 1,663,000 1,355,900 1,337,400
1985 2,022,000 1,476,800

1990 2,463,000 1,604,400

1995 2,974,000 1,716,400

2000 3,383,000 1,807,300

2010 4,096,000 1,969,300

2020 4,720,000 2,142,100

SOURCE: New York State Department of Commerce, "Population
Projections,” Albany, New York, Demcember 1977; New York State
Department of Commerce, Demographic Projections for New York
State Counties to 2020 A,D. (Albany, New York: NYSDOC, June
1968), table 1; Long Island Lighting Company, Population Survey
1980 (Mineola, New York: April 1980), table 2.




most recent census data available and active residential electric
meter data to derive population counts for each community and town
in the Nassau-Suffolk SMSA, as well as the Fifth Ward of Queens
(Rockaway Peninsula). Person per meter ratios are derived for the
census year by reconciling meter route maps and census tract maps.
These ratios are reviewed annually and adjusted for known changes.
For instance, meters are coded by type of dwelling unit; an increase
in apartment complexes of two to five units per complex would prob-
ably cause the person per meter factor to decline for that area.
Condominium, apartment, and senior citizen housing trends are incor-
porated to the extent possible. Group quarters such as university
dormitories and state hospitals are added to the base population
after surveying the institutions to obtain their current population
count. The resulting estimate is remarkedly accurate: LILCO's
January 1, 1975 count for Brookhaven Town was 321,150; a special
census enumeration of April 26, 1975 showed a current population of

320,677; the difference is 0.1 percent.

It was necessary to link the three estimates or forecasts
to obtain one control forecast for the 1980-2020 time frame. The
first step involved extrapolation of the 1979 base year estimate to
1980, Given the small magnitude of 1978-79 population growth, it
was decided to apply the same rate to obtain the 1979-80 increase.
The exception was Riverhead Town, which has lost thirty-four per-

sons, net, and whose population was held constant for the 1979-80



period. Once the 1980 figures were calculated, it was possible to
apply LIRPB growth rates to the sub-areas to obtain projections to
1995. One adjustment was made to the LIRPB figures. The 1976
projections had anticipated development of about 10 percent of the
former Radio Corporation of America Global Communications, Inc.
(RCA) property in Brookhaven and Southampton. The 7,200 acres were
acquired by New York State, however, to remain forever undeveloped.
After consultation with the planning board, the projections for
Middle Island and Rocky Point school districts were revised down-
ward by 1,055 and 907 persons, respectively, in 1985 and 3,307
persons and 6,845 persons, respectively, by 1995. Next, the growth
rates from the NYSDOC projections, 1995-2020, were calculated and
applied to the 1995 base. The result was a control forecast for
municipalities, towns, and Suffolk County for the entire planning

period of 1980-2020.

Nuclear Regulatory Commission Zones

Current Year-Round Population Estimates
for NRC Sectors
The first step in calculating population by zone was to
draw the NRC sector boundaries on LILCO meter route maps. The maps
were drawn to a 800 foot to the inch scale, sufficient to show all
roads and important land uses. Sixteen sectors were delineated by
the 22.5 degree angles centered on major compass directions from the

reactor's core. These sectors were subdivided by drawing a series



of concentric circles with radii of one through ten miles. Of the
160 zones thus formed, 66 could be eliminated because they included
only portions of Long Island Sound or LILCO plant property, in the
exclusion zone. For the remaining ninety-four NRC zones, it was

necessary to estimate current population.

Meter book maps were adjusted for any boundary changes
that had occurred during the previous year by referring to year-end
computer printouts of meter routes. Then the meter boocks were
allocated to NRC sector bands, in cases where a book fell entirely
within a band. Otherwise, it was noted which zones the various
portions of a meter book overlapped. The meter districts' code
numbers and the designation "all" or "part" were marked on the maps;
for those meter books lying entirely within a zone, the active resi-

dential meter count for 1979 was entered on the map.

For meter districts overlapping two or more NRC zones,
pPercentage allocations had to be computed. Several sources of in-
formation were consulted in this procedure: aerial photographs

taken April 30, 1977, the Hagstrom Suffolk Atlas, a map of the

Suffolk County farmlands program, maps of the former RCA property,
and field inspection. Various landmarks, hotels and motels, parks
and recreational facilities were located by means of travel guides,

planning agencies' catalogues, interviews with government depart-



ments and planning boards, and wvisual inspection. A more complete

list of sources is given in Appendix B, Table B-1.

The meters were not generally distributed on the basis of
land area in each zone. Given that meter routes are established so
that each can be read in approximately the same time, differences in
the number of meters per book indicated differences in dwelling type
and density. A larger number of meters per district might imply
the presence of apartment complexes, for example. If multi-family
homes, parks and nature preserves, or industrial parks are located
within a meter district, then the residential meters cannot neces-
sarily be distributed evenly to the emergency response plan zones.
Once the percentage allocations of meter books to zones was deter-
mined, the total number of meters per book was multiplied by the
percentages to obtain the number of meters per zone. This process
produced the base number of meters, a proxy for households, per

zone.

In order to discover the population of group gquarters, all
customers with on-site housing were contacted. These special popu-
lations included facilities such as Brookhaven National Laboratory,
orphanages, jails, and school dormitories. Hospitals were handled
separately in another portion of the emergency response plan. The

meters, the January 1, 1979 population, and the maximum population



of such on-site living guarters were matched to the appropriate NRC
zone and were added to base population at a later step in the

analysis.

To convert meter counts to population, persons per meter
Per census tract were calculated. For Brookhaven, data from the
Special Interim Census of April 26, 1975 was combined with computer
listings of active residential electric meters for April 30, 1975.
For Riverhead, the latest available census data was the 1970 decen-
nial enumeration, which was combined with March 31, 1970 meter book
computer printouts. First, person per census tract ratios were
calculated for the portions of both towns which were within the
ten