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The demand for water-oriented recreational land has rapidly increased over
the past 25 years. This demand extends beyond the day and weekend usage
typical of intermediate recreation facilities to a growing desire by house-
holds for primary and vacation homesites in reservoir areas., The limited
knowledge of land development processes in the vicinity of reservoirs and
the suddenness of the vacation home ‘'explosion’ have generally limited the
extent to which interrelationships among land and water uses and the service
and resulatory requirements of shoreline residential development have been
anticipated prior to reservoir impoundment., Given the expected growth in
demand for residential land in reservoir areas, a reliable, objective method
of forecasting development is clearly required,

The attached report covers research on the development and testing of a model
for simulatinz and forecasting residential development patterns around reser-
voirs to meet this need. Three distinct phases of the research were involved:
(1) develop a firm understanding of the behavior of the individuals and firms
directly involved in the development and utilization of reservoir oriented
land, (2) determine the key variables associated with the attractiveness of
land for residential use, and (3) develop, test, and evaluate the computer
program for the simulation model,

Two practical applications of the model are anticipated. It may be used

to evaluate the effects of alternative land acguisition, road location, and
facility policies on reservoir area residential development patterns, In
addition the model can be used to forecast the distribution of residential
growth in reservoir areas, given an anticipated mix of policy measures.

The simulation model provides an advanced methodology for use by planners, :
policy makers, reservoir owners and local officials for planning a multiplicity
of factors relating to reservoir area residential development.
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ABSTRACT

The demand for water-oriented recreational land has rapidly increased
over the past 25 years, This demand extends beyond the day and weekend
usage typical of intermediate recreation facilities to a growing desire by
households for primary and vacation homesites in reservoir areas. The lim-
ited knowledge of land development processes in the vicinity of reservoirs
and the suddenness of the vacation home '"explosion' have generally limited
the extent to which interrelationships among land and water uses and the
service an& regplatory requirements of shoreline residential development
have been aﬁticipated prior to reservoir impoundment. Given the expected
growth in demand for residential land in reservoir areas, a reliable, objec-
tive method of forecasting development is clearly required.

The land development simulation model presented in this report is ad-
dressed to this need. The model simulates reservoir area residential location
patterns through a randomizing procedure in which houscholds are assigned to
sites on the basis of the supply of land available and its attractiveness for
recreational and permanent residential use. The specification of sites, sup-
ply of land, and number of households to be allocated are exogenous inputs to
the model, They describe both the supply and demand for reservoir area land
and, through the effects of policy measures on available land and its attrac-
tiveness, the potential leverage which reservoir owners and public officials
can exert on the development process. Operating on these inputs, the computer

program selects units of development to be allocated, sequentially examines
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each site in a reservoir area, notes the combined effect of the amount of
vacant land and its attractiveness for development, and decides on a prob-
abilistic basis where development is to be allocated,

Ex post facto forecasts for the regions surrounding Lake Norman, North

——

Carolina, and Lake Sidney Lanier, Georgia, provided tests of the efficiency

and accuracy of the model., 1In the case of Lake Norman, the model evaluated

7,863 twenty-three acre grid cells and distributed 1,057 units of development

- (each unit equals 2.55 acres) over a 9-year "forecast period" in 3 seconds

of computer time, For the Lake Sidney Lanier reservoir study area, 8,924
grid cells were evaluated, with the program distributing 1,483 units of
development over a l4-year forecast period in 7 seconds, All runs of the
model were performed on an IBM 360 Model 75 computer, Mean square deviations
of simulated from actual development over all grid cells ranged from ,245 to
«272 units of development per cell in 20 consecutive simulations for Lake
Norman, and from ,417 to .446 units per cell in an identical number of runs
for Lake Sidney Lanier.

Two practical applications of the model are anticipated. TFirst, the
model can be utilized to evaluate the effects of alternative land acquisition,
road location, and facility development policies on reservoir area residential
development patterns. Although residential location usually cannot be directly
controlled, this research has indicated that indirect leverage on development
patterns is possible through a variety of reservoir owner and local policy
measures which influence developer and household locational decisions., These

policies can be tested individually or in mixes by means of the simulation

‘model, Alternatively, the model can be utilized to forecast the distribution

of residential growth in reservoir areas given an anticipated policy mix.
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Planners and policy makers can make use of this application to identify
potential sources of environmental degradation and land and water use con-
flicts; estimate expected public service requirements, such as for highway
improvements, water and sewer systems, and refuse collection and disposal;
and determine the probable need for land use and health regulations and en~

forcement procedures,
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SUMMARY AND CONCLUSIONS

This report proposes a computer model for simulating and forecasting
residential development patterns in reservoir recreation areas, Land devel-
opment in the vicini;y of water impoundments is coming to be recognized as
a major problem in resource development and utilization, The demand for
water-oriented recreational land has risen enormously over the past 25 years.
This demand extends beyond the day and weekend usage typical of intermediate
recreation éreas to a growing desire by households for primary and vacation
homesites., As in ﬁny land area undergoing rapid development, there areAcon-
flicts among competing uses of reservoir shorelands and mounting environmental
and serviceldeficiencies. However, because shoreline land is an especially
scarce and limited resource, these problems appear to be more acute than
elsewhere,

Our limited knowledge of land development processes in the vicinity of
reservoirs and the suddenness of the vacation home "explosion' have generally
limited the extent to which interrelationships among land and water uses and
the service and regulatory requirements of shoreline residential develdpment
have been anticipated prior to reservoir impoundment, Given the expeéted
growth in demand for residential land in reservoir areas, a réliable, objec~
tive method of forecasting residential location patterns is clearly required.

The proposed land development model simulates feservoir area residential
1ocation patterns through a‘randomizing procedure in which households are

assigned to sites on the basis of the supply of land available and its
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attractiveness for recreational and permanent residential use, The specifi-
cation of sites, supply of land, and number of households to be allocated are
exogenous inputs to the model. They describe both the supply and demand for
reservoir area land and, through the effects of policy measures on available
land and its attractiveness, the potential leverage which reservoir owners
and public officials can exert on the development process. Operating on these
inputs; the computer program selects a unit of development to be allocated,
sequentially examines each site in a reservoir area, notes the combined effect
of the amount of vacant land and its attractiveness for development, and
decides on a probabilistic basis whether or not the unit of development is
allocated there. Following the allocation of each unit, the combined attrac-
tiveness of the site allocated development is recalculated to reflect the
decrease in the amount of land available. This process is then repeated until
each unit of development has been distributed, If simulation ovér more than
one growth phase is desired, the same sequence is followed for each phase,'
with appropriate modifications to the input variables to reflect changes in
the availability of land brought about through both land development and
public land acquisition in previous phases of the simulation, and changes in
the attractiveness of land occasioned by various policy measures.

Development and testing of the model involved three distinct phases of
the research, Because previous studies of residential distribution have
almost completely ignored recreational residential development, it was first
necessary to develop a firm understanding of the behavior of the individuals
and firms directly involved in the development and utilization of reservoir=
oriented land. Accordingly, extensive in-depth interviews were conducted

with all major reservoir owners in the Southeast and with random samples of




preimpoundment landowners, land developers, and households who had either
developed or purchased shoreline property. These studies, which have been
previousiy reported, identified important decision processes and factors
influencing locational behavior.

The second phase of the research focused on the development of spatially
defined operational measures of decision factors and, through a series of
statistical analyses, filtered a set of key variables associated with the
attractiveness of land for residential use, This phase of the research
centered on three Southeastern multipurpose reservoirs: Lake Norman, adja-
cent to the Charlotte, North Carolina, metropolitan area; Lake Sidney Lanier,
adjacent to the Atlanta, Georgia, metropolitan area; and Lake Boone, located
in the Tri-Cities, Tennessee-Virginia, metropolitan area, - Three conclusions
emerged from the analyses: (1) shoreline and surrounding area residential
development represent highly differentiated markets in which the attractivess
of land for residential use is determined by different factors; (2) the rela=-
tionship between attractiveness factors and both shoreline and surrounding
area residential location is highly dependent on contextual characteristics
which vary among reservoir areas; and (3) both shoreline and surrounding area
residential location patterns can be directed to some extent by reservoir
owners and local officials through leverage they can exert on specific
attractiveness factors.

Differences between factors influencing shoreline and surrounding area
development patterns were clearcut., Land which tended to receive seasonal
shoreline development was more accessible to reservoir recreation facilities,
at the tips of peninsulas, and located near roéds and water systemg which were

built after reservoir impoundment, On the other hand, physical constraints




on development, facilities existing prior to impoundment, such as road net-
works and utility systems, and the relative accessibility of land to such
activity centers as elementary schools, business districts, employment areas,
and major urban centers, generally had little effect on the location of
shoreline residences, This was not the case with permanent residential
development in the region surrounding the study reservoirs. The location of
surrounding area development was strongly influenced by the physical capa-
bility of land, its relative accessibility to road networks, schools, and
employment areas existing prior to reservoir impoundment, the availability
of utility systems, and accessibility to business districts and major urban
centers. The distance of surrounding area land to a reservoir, availability
of a view of the water, and accessibility to recreation facilities had little
influence on the residential attractiveness of off-lake land.

Key reservoir owner policies which influenced shoreline residential
development included the distance land was acquired from the reservoir shore-
line, uses permitted on project shorelands, highway relocations, and the
1ocati9n of shoreline marinas and public launch ramps. Local policies asso-
ciated with development patterns were highway location and improvement deci-
sions, the initiation of zoning, and decisions regarding the location of
water and sewer systems, elementary schools, and employment areas.

The final phase of the research was directly concerned with developing,
testing, and evaluating the computer program for the simulation model, 1In
order to compare results obtained from the model with actual development,
an ex Bgég facto research design was followed. The model was programmed to
forecast" the 1969 distribution of reservoir residential development starting

from a point one year prior to reservoir impoundment,

xXiv .




Instyucted to allocate 1,057 units of development (each unit equals
2.55 acres) over a 9-year forecast period for Lake Norman, and 1,483 units
of development over a l4-year forecast period for Lake Sidney Lanier, the
simulation program proved to be extremely efficient. The computer simula-
tion requires 3 seconds for lLake Norman and 7 seconds for Lake Sidney Lanier
on an IBM 360 Model 75 computer., The program includes a mapped output option,
which prints out the location of development forecasted by the model., This
option requires an additional 14 to 15 seconds. To achieve this speed, exten-
sive preprocessing of the data was required. 1In the case of the Lake Norman
tests, this involved 20 computer runs averaging one minute each, The
efficiency of this phase of the program was significantly improved for the
Lake Sidney Lanier simulation, which required only 10 preprocessing runs of
approximately 30 seconds each, The accuracy of the model also met our
expectations, Mean squared deviations of simulated from actual development
over all aerial units (grid cells) ranged from ,245 to .272 units of devel-
opment per cell in 20 consecutive simulations for Lake Norman, and from ,417
to .446 units per cell in an identical number of runs for Lake Sidney Lanier,

Although this research has had a developmental focus, with several
suggested refinements the model can be placed in operational use. Two prac-
tical applications are anticipated, First, the model can be utilized to
evaluate the effects of alternative land acquisition, road location, and
facility development policies on reservoir area residential development pat-
terns, Although residential location usually cannot be directly controlled,
this research has indicated that indirect leverage on development patterns
is possible through a variety of reservoir owner and local policy measures

which influence developer and household locational decisions. These policies




can be tested individually or in mixes by the simulation model., The model
can also be utilized simply to forecast the distribution of residential
growth in reservoir areas, given an anticipated mix of policy measures.,
Planners and policy makers can make use of this tool to identify potential
sources of environmental degradation and land and water use conflicts; esti«
mate expected public. service requirements, such as for highway improvements,
water and sewer systems, and refuse collection and disposal; and determine
the probable need for land use and health regulations and enforcement
procedures,

In sum, the simulation model proposed in this report provides an ad-
vanced methodology for joint water resource and local land use planning for
reservoir area residential development, Realization of the model's potential
depends on both. the concern of reservoir owners and local officials for the
quality of the environment and the development of suitable institutional infra-
structure for the coordinated planning and development of water impoundments

and adjacent public and private recreational lands,
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I. INTRODUCTION

This report summarizes the findings of research conducted to develop a
model for simulating residential development patterns in reservoir recreation
areas, The model provides planners and policy makers with a sensitive tool
for anticipating problems and needs occasioned by reservoir area development
and testing alternative policy mixes to control development and maintain the
quality of the environment, While the research has focused on three reser-
voirs in the Southeast, Lake Norman, North Carolina, Lake Sidney Lanier,
Georgia, and Lake Boone, Tennessee, the land development simulation procedure
is applicable to planning and managing water resource projects in other con-
texts and regions,

Land development in the vicinity of water impoundments is coming to be
recognized as a major problem in resource development and utilization, With
increases in total population, urbanization, income, and leisure, and im-
proved transportation networks, the demand for water~oriented recreational
land has risen enormously over the past 25 years.l This demand extends beyond

the day and weekend usage typical of intermediate recreation areas to a growing

1 For example, Clawson and Knetsch report that a "near revolution in the
use of water for recreation' has occurred, with Corps of Engineers reservoirs
accounting for the "most explosively rapid increases" in the use of any recrea-
tion area, In fact, annual attendance at Corps reservoir projects rose from
about 5 million in 1946 to over 227 million in 1968, Similarly, recreational
- attendance at Tennessee Valley Authority reservoirs increased from about 7
million visits annually in 1947 to about 58 million in 1968, Marion Clawson
and Jack L, Knetsch, Economics of Outdoor Recreation, Baltimore: Johns Hopkins
University Press, 1966, pp. 120, 189-190. Also see, Clayne R, Jensen, Qutdoor
Recreation in America, Minneapolis: Burgess Publishing Company, 1970,




desire by households for primary and vacation homesites. As in any land area
undergoing rapid development, there are conflicts among competing uses of
reservoir shorelands and mounting environmental and service deficiencies,
However, because shoreline land is an especially scarce and limited resource,
these problems appear to be more acute than elsewhere,

© Our limited kndwlédge.of land development processes in the vicinity of
reservoirs and the suddenness of the vacation home "explosion" have generally
limited the extent to which interrelationships among land and water uses and the
service and regulatory requirements of shoreline residential development have
been anticipated prior to reservoir impoundment.2 Given the expected growth
in demand for residentiai 1aﬁd‘in feservoir areas, a reliable, objective
method of forecastiﬁgiresidential location patterns is clearly required,

The land use simulation model presented in this report addresses this
need, ' The model has two pfimary applications, TFirst, it can be utilized to
evaluate the effect of alternative land acquisition, road relocation, and
facility development ﬁolicies on the expected pattern of reservoir area resi-
dential development. Althoﬁgh residential location usually cannot be directly
controlled, indirect leverage on deﬁelopment patterns is possible through a
variety of policiés which influence developer and household locational deci-
sions. These policies éan be tested individually or in mixes by the simulation

model, The model can also be utilized simply to forecast the distribution of

2 Over 60,000 homes, summer cottages, and trailers are now located adja=-
cent to multipurpose reservoirs in the Southeast, TFor a discussion of factors
influencing the residential utilization of water impoundments see, Raymond J,
Burby, III, Thomas G. Donnelly, and Shirley F. Weiss, Factors Influencing the
Residential Utilization of Reservoir Shorelands in the Southeast, Report No. 44,
Raleigh: Water Resources Research Institute of the University of North
Carolina, December 1970, . ' :




residential growth in reservoir areas, Planners and policy makers can make
use of this tool to identify potential sources of environmental degradation
and land and water use conflicts; estimate expected public service require~-
ments, such as for highway improvements, water and sewer systems, and refuse
collection and disposal; and determine the probable need for land use and
health regulations and enforcement procedures,

The rationale underlying this research has been described more fully in
previous reports concerned with various stages in the reservoir area land
development process. Very briefly, land is viewed as passing through a
sequence of stages of development, Beginning with an initial state of rural
use preceding the announcement of a reservoir project, development takes place
through a series of decisions which take a site through intermediate states
of residential interest, active consideration for development, actual site
development, recreational utilization, to a final state of permanent or sea-
sonal residence by a household. This approach focuses attention on the chain-
like nature of the development process. A number of key sequential decisions
must be made by reservoir owners, preimpoundment landowners, land development
firme, and households before land is converted from rural to residential use.
By understanding the manner in which decisions are made and by isolating
factors influencing decision outcomes, it is possible to abstract key elements
from the development process, simplify, and then simulate location decisions,
By differentiating influence factors which represent unchangeable elements in

the environment from elements modifiable through public policy measures, the

3 1In particular, see Raymond J. Burby, III, and Shirley F. Weiss, Public
Policy and Shoreline Landowner Behavior, Report No., 38, Raleigh: Water
Resources Research Institute of the University of North Carolina, July 1970,
pp. 4-8,




simulation can clearly indicate the leverage which responsible officials may
exert on the outcome of the‘developmenf‘précess.

The simulation procedure utilized for this purpose is based on the
Chapin-Weiss-Donnelly Probabilistic Model for Residential Growth.4 This is a
Monte Carlo type model originally developed to simulate the conversion of
open land on the urban periphery to residential use. The model aggregates
the sequence of decisions which occurs in the development process as if one
summarizing decision converts land to development, Operating on status vari-
ables which describe the number of housecholds seeking residential sites and
the amount and residential capability of vacant land, households are allocated
to available land through a stochastic process. The probability that a site
is developed is directly proportional to its attractiveness relative to other
vacant sites, Although the model aggregates development decisions, factors
influencing decision outcomes are implicitly taken into account thiough the
derivation and calculation of attréctiveness measures,

Adaptation of the model for use in coﬁprehensive planning for reservoir

area development was accomplished in three distinct phases of the research,

This model is summarized in F, Stuart Chapin, Jr,, and Shirley F.
Weiss, "A Probabilistic Model for Residential Growth,” Transportation Research,
2 (December 1968), pp. 375-390., Also see: F, Stuart Chapin, Jr., and
Shirley F. Weiss, Factors Influencing Land Development, Urban Studies Research
Monograph, Chapel Hill: 1Institute for Research in Social Science, University
of North Carolina, in cooperatiocn with U, S, Bureau of Public Roads, August
1962; Thomas G. Donnelly, F. Stuart Chapin, Jr,, and Shirley F, Weiss, A
Probabilistic Model for Residential Growth, Urban Studies Research Monograph,
Chapel Hill: Center for Urban and Regional Studies, Institute for Research in
Social Science, University of North Carolina, in cooperation with U, S, Bureau
of Public Roads, May 1964; and F, Stuart Chapin, Jr., and Shirley F. Veiss,
Some Input Refinements for a Residential Model, Urban Studies Research Mono-
graph, Chapel Hill: Center for Urban and Regional Studies, Institute for
Research in Social Science, University of Noxrth Carolina, in cooperation with
U. S, Bureau of Public Roads, July 1965. '




Because previous studies of residential distribution have almost completely
ignored recreational residential development, it was first necessary to
develop a firm understanding of the behavior of individuals and firms directly
involved in the development and utilization of reservoir-oriented land,
Accordingly, extensive in-depth interviews were conducted with all major
réservoir owners in the Southeast and with random samples of preimpoundment
landowners, land developers, and households who had either developed or pur-
chased shoreline property.5 These studies, which have been previously reported,
identified important decision procesgses and factors influencing locational
behavior.

The second phase of the research focused on the development of spatially
defined operational measures of decision factors and, through a series of
statistical analyses, attempted to filter a set of key variables associated
with the attractiveness of land for residential use, The results of this
research are summarized in the following two sections of the report. Section
II describes the reservoir study areas which provided the setting for the
research, the measurement of residential land use and attractiveness factors,
and the procedures utilized in the analysis. 1In Section III the results of
the statistical tests are reported. While this section centers on identifying
key variables for the model, it also includes specific observations on the
relative importance of pre- and postimpoundment policy measures, differentia-

tion in the association of variables with shoreline and surrounding area

3 See Raymond J, Burby, III, The Role of Reservoir Owner Policies in
Guiding Reservoir Land Development, Report No, 29, Raleigh: Water Resources
Research Institute of the University of North Carolina, November 1969; Burby
and Weiss, 1970; and Raymond J, Burby, III, Household Decision Processes in
the Purchase and Use of Resexvoir Recreation Land, Report No. 51, Raleigh:
Water Resources Research Institute of the University of North Carolina, March
1971,




development, and variation in attractiveness factors because of contextual
characteristics unique to each reservoir study area.

The final phase of the research was directly concerned with developing
the computer program for the simulation model and with ex post facto tests
of the model on residential growth in the reservoir study areas. The opera~-

tion and tests of the model are described in Section IV, while the fifth and

final section of the report discusses preconditions for operational use of the

model.




II., METHODOLOGY

This section summarizes characteristics of the reservoir study areas and
describes the selection of variables and analytic procedures utilized in the

research,

The Reservoir Study Areas

Three reservoir areas in the Southeast were selected for the research:
Lake Normah, adjacent to the Charlotte, North Carolina, metropolitan area;
Lake Sidnely Lanier, adjacent to the Atlanta, Georgia, metropolitén area; and
Lake Boone, in the Tri-Cities, Tennessee-Virginia, metropolitén area, The
location of the study reservoirs in relaﬁion to surrounding population centers
and highway networks is iilustrated in Figure 1. |

Lake Norman, which is owned and operated by the Duké Power Company, is
located 15 miles northwest of Charlotte, North Carolina, and is also in
close proximity to a number of small manufacturing centeré, including the
cities of Hickory; Newton, Statesville, Mooresville; Kannapolis, and Gastonia.
Impounded by the Cowan's Ford Dam on the Catawba River in 1962, the Lake has
a water surface area of 32,510 acres, with 520 miles of shoreline extending
over fdur counties, The largest manmade lake in North Carolina, Lake Norman
had attracted 2;421 shoreline dwelling units by 1969 and is now visited by
over 3 million persons annually. In addition to power production and recrea=-
tion, the reservoir is utilized for stream flow regulation and as a source

of water supply by several nearby towns,




Lake Sidney Lanier, which is located 35 milés northeast of Atlanta,
Georgia, has been the most popular Corps of Engineers reservoir in the nation
since 1964, Annual visitation now exceeds 11 million persons. Created in
1957 by the Buford Dam on the Chattahoochee River, Lake Lanier has a water
surface area of 38,000 acres, Its 540 miles of shoreline extend through por-
tions of five counties and the City of Gainesville. By 1969 Lake Lanier had
attracted 3,183 shoreline dwelling units, and had over 12,000 lots available
in shoreline subdivisions., In addition to its role as a major recreation.
resource for the Atlanta metropolitaﬁ area, Lake Lanier is used for flood
control, powervéroduction,‘stream flow regulation, and as a source of munic-
ipal aﬁd industrial water supply.

The sﬁallest of the stﬁdy reservoirs is Lake Boone, which is owned and
operated by the Tennessee Valley Authority. Located midway between the cities
Bristol,VVifginia-Tennessee; Johnson City, and Kingsport, Tennessee, Lake
Boone was created in 1952 by the Boone Dam on the South Fork of the Holston
Rivér. With a water surface area of 4 520 acres and 130 miles of shoreline,
the Lake had attracted 666 shorellne dwelling units by 1969 and is annually
visited by almost one mllllon persons. Uses of the reserv01r include flood
éontroi, powef éroduction, and low flow augmentation as well as recreation,

The study area for each reservoir was defined to include the entire
reserQoir shoreline and all land lying within approximately 2% miles of the
shoreline at the reéervoir's full pool elevation. In the case of Lake Norman,
this area comprises 199,203 acres and includes the towns of Catawba, Cornelius,
Davidson, Denver,’and portions of Mooresville and Troutman; The Lake Sidney
Lanier study afea is somewﬁat larger at 251,528 acres and includes the City

of Gainesville and the towns of Buford, Cumming, Flowery Branch, Oakwood, and
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Rest Haven, The Lake Boone study area includes 70,518 acres and portions of
Johnson City and the town of Bluff City.

To provide an aerial base for measuring the extent of residential devel-
opment and factors influencing development patterns, the study areas were
divided into small zones or cells., These cells were created by superimposing
a grid over each reservoir area. The cells in the grid are squares, each
1,000 feet on a side, containing approximately 23 acres of land. There were
8,661 grid cells in the LakeéNorman study area, 10,936 cells in the Lake

Sidney Lanier study area, and in the Lake Boone study area, 3,066 cells,

Résidential Land Use

Land in residential use wﬁs measured in each reservoir area prior to
reservoir impoundment and again in the summer of 1969, The nine-point scale
utilized for this purpose was constructed by dividing each grid cell into
nine equal parts, with each "ninth"” equal to 2.55 acres, The amount of
development in each cell was then computed by summing the number of ninths
of residential land lying within the cell,

Because the reservoir study areas encompassed urban and rural as well as
recreational residential land, residential land use was classified in terms
of its orientétion to the reservoir shoreline, On the basis of interviews
with reservoir management personnel and preliminary observations of land uée
patterns in each study area, recreational shoreline residential development

was defined as all residéntial land developed after the impoundment of each

Procedures utilized in the reservoir area land use and land capabil-
ities surveys are described in Raymond J. Burby, III, '"1969 Reservoir Land
Use Surveys: Field Report and Procedural Manual,' Research Memorandum,
Chapel Hill: Center for Urban and Regional Studies, Institute for Research
in Social Science, University of North Carolina, October 1969.
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reservoir and lying within 300 feet of the shoreline. Residential develop-
ment not fitting this description was grouped into a category termed
"surrounding area residential use,' including residential land within 300
feet of the shqreline which was developed prior to the impoundment of each
reservoir and all residential land located more than 300 feet from the shore-
iine, regardless of the date of development,

The dist;ibutionvof ninths of residential development prior to impound- .
iment and in 1969 is summarized in Table 1. In th; Lake Norman study area
residential development has more than doubled since the reservoir was im-
pouhded in 1962, Over two thirds of this growth was the result of recrea-
tional residential developmentvadjécent to the sﬁoreline of Lake Norman,
Residential development in the Lake Sidney Lanier study area has also grown
substantially, HOﬁever, reflecting employmentbopportunities in Gaines&ille
and other towns in the study area, new development has been more evenly
distributed between the ieservoir shoreline and surrounding area. Finally,
although residential developmenﬁ increased over 400 percent in the Lake
Boone study area, growth tended to occur in the Johnson City-Kingsport and
Johnson Ciiy-Bristol highway corridors‘and not adjacent to Lake Boone., This
appears to be the result of both poor access to much of the reservoir shore-
line and a number of serious eﬁvironmental deficiencies which have character-

ized shoreline residential development,

Attractiveness Factors

Whether a grid cell was developed for residential use or remained vacant
after reservoir impoundment was viewed as a function of its relative attrac-

tiveness for development. The first phase of the research, which involved
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TABLE 1

Distribution of Residential Development

Ninths of Residential Development

Lake Norman Lake Laniex Lake Boone

Type of Residential Use 1961 1969 1956 1969 1950 1969
Shoreline 0 717 0 521 0 154
Surrounding Area 1,035 1,375 1,518 2,480 269 __ 970
Total 1,035 2,092 1,518 3,001 269 1,124

interviews with‘reservoir owners, local public officials, predevelopment land-
owners, developers, and households, focused on identifying what appeared to be
pivotal attractiveness factors associated with their evaluation of land for
development. These factors were then screened to determine those which:

(1) could be coded in terms of a grid coordinate system, (2) were available

in measurable form in local information systems or could be secured at a
reasonable expense through figld surveys, and (3) showed a sufficient rangé

of variation for statistical analysis,

Several variables were deleted from further consideration because they
could not meet these criteria., The most significant of these were landowner
characteristics and land prices, Landowner characteristics appeared to be a
key indicator of the likelihood that land would be held in rural use or
released for development.7 However, because several jurisdictions had not
mapped parcel locations and parcel ownership did not coincide with the grid

system in cases where parcels with different owners were wholly or partially

7 See Burby and Weiss, 1970,
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located in the same cell, it was impossible to develop a meaningful measure
of this factor. Deletion of an indicator of land availability required that
the research proceed on the assumption that all privately owned land in the
study areas would be available for residential use during‘the study periods.
Inasmuch;aé résidential development firms cited the availability of land as
the primary constraint on their selection of subdivision locations, it should
be recognized that, though unavoidable, this is a highly tenuous assumption,

Land prices are a major determinant pf the profitability of a site for
residentiél development and thus have an important influence on developers'
choices of subdivision locations. In addition, prices paid by development
firms for raw land are reflected in finished lot prices and in this manner
exert an influence on household locational decisions. However, the tens of
thousands of parcels existing in‘the reservolr study areas and the failure of
several jurisdictions to map parcel locations precluded measurement of iand
prices at a reasonable cost.8

Finally, variables such as topography, accessibility to employment,
water and sewer availability, and zoning, could not be measured in all of the
reservoir study areas because of a lack of necessary data from published
sources or a lack of adequate variation for statistical analysis. Rather than
entirely delete these influence factors from the analysis, they were measured
where adequate data were available, even though this detracted somewhat from

the direct comparability of the research results among the study reservoirs.

An: effort is currently underway to evaluate the influence of both
landowner characteristics and land prices on development patterns in two
authorized reservoir areas in North Carolina, This work is being conducted
as part of our research on "The Effects of Authorization for Water Impoundments
on Shoreland Transition,” OWRR Research Grant No. B-025-NC and B-047-NC,
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Variables which emerged from these preliminary screenings are listed in
Table 2. Readers interested in more detailed descriptions of each factor |
should refer to Appendix A, which contains a glossary describing each variable,
and Appendices B through D, which contain the manuals utilized to code the
data for each reservoir study area,

Factors expected to influence the attractiveness of land for development
were grouped into four categories representing physical, accessibility,
institutional, and change éharacteristics of land, Physical characteristics,
such as topography and ground cover, are intrinsic to the iand and cannot be
readily influenced by policy measures. Accessibility characteristics refer
to the location of land relative to recreational opportunities provided by
the study reservoirs, road networks, and various centers of activity in the
surrounding region. Most of these factors can be controlled to some extent
by reservoir owners and local policy makers: the elevation of the reservoir,
location of project boundaries and siting of recreational facilities are well
within the control of reservoir owners, while road location and quality, the
location of elementary schools, and the zoning of work areas are usually
determined by local officials, Institutional characteristics represent at-
tributes of land which, unlike intrinsic physical characteristics, are imposed
by reservoir owner and local policies, Examples of these factors are the
availability of water and sewer lines and the zoning of land., Finally, indi-
cators of change in accessibility and institutional characteristics were
utilized to differentiate the effects of policy decisions made since reserveir
impoundment from the effects of policies existing at that time.

In most cases attractiveness factors were measured as they existed omne

or two years prior to reservoir impoundment or, in the case of indicators of
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TABLE 2

Attractiveness Factors

Attractiveness Factors

Dates of Observationsg

a

Lake Norman Lake Lanier Lake Boone

Physical Characteristics
X1  Topography X c A
X2 Ground Cover E C A
X3  Flood Pool F D B
Accessibility Characteristics
X4  Aerial Distance to Shoreline F D B
X5 Road Distance to Hearest Launch:

Ramp 3 ¥ B
X6  Water Distance to Nearest

Marina F E B
X7 View of Reservoir X D B
X8 Peninsula Location F D X
X9 Access to:Shoreline - F D B
X10 Access to Reservoir Reservation b D B
X11 Aerial Distance from Reservoir '

Reservation to Shoreline F D X
%12  Aerial Distance to Nearest ' ‘

Public Road E C A
X13 Quality of Available Public '

Road E C X
X14 Road Distance to Nearest

Major Road E C A
X15 Road Distance to Nearvrest

Available Elementary School E C A
X16 Road Distance to Nearest Central

Business District E c X
X17 Road Distance to Major Urban

Centersb E C A
X18 Accessibility to Employment Areas G G X
Institutional Characteristics
X19. Availability of Public or

Community Water System E C G
X20 Availability of Public or

Community Sewer System E c X
X21 Zoning Protection E X ‘X
%22 Reservoir Owner Reservation F D

16




TABLE 2 - continued

Dates of Observations?

Attractiveness Factors Lake Norman Lake Lanier Lake Boone

Change Characteristics

X23 Change in Aerial Distance to

Public Road E~G Cc-G A-G
X24 Change in Quality of Public

Road E-G C-G X
X25 Change in Road Distance to

Nearest Launch Ramp © F-G F-G B-G
X26 Change in Water Distance to

Nearest Marina , F-G E-G B-G

X27 Change in Road Distance to Near-
est Available Elementary

School E-G C-G A-G
X28 Change in Availability of Public

or Community Water System E~G C-G A-G
X29 Change in Availability of Public

or Community Sewer System E-G C-G X
X30 Change in Zoning Protection E-G X X

aCodes used for dates are:

A = 1950 E = 1961
B = 1953 F = 1963
C = 1956 G = 196%
D = 1958 X = No Data

bSeveral major urban centers were evaluated in each reservoir study area:

Lake Norman - Charlotte, Gastonia, Hickory, Kannapolis, and Statesville;

Lake Sidney Lanier - Atlanta and Gainesville; Lake Boone - Bristol, Kingsport,
and Johnson City,
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the proximity of land to a reservoir, as soon as the reservoir had filled to
its maximum operating elevation (usually within one year after impoundment).

By measuring attractiveness factors at the start of the study periods, it was
possible to alloﬁ for time lags in their effect on development, Also, since
each reservoir was constructed during a different period, the influence‘cf
these variables over different spans of time could be observed., Observations
at the beginning of each study period represent the cumulative effect of
numerous policy decisions on the distribution and value of factors'expected

to influence development patterns, To isolate the effects of specific policies
regarding road improvements, the construction of new elementary schools, launch
ramps, and marinas, utility extensions, and zoning, it was necessary to measure
incremental changes in the values of these factors which occurred during the
study periods. Because of data limitations, all changes in the value of an
influence factor are summarized in one measure representing the difference
between the value assigned the variable prior to reservoir impoundment and in
1969, While this tends to obscure the effects of time lags, change variables
provide a direct indication of the extent to which policy decisions have

tended to shape reservoir area development patterns,

Statistical Techniques

The final screening of variables to serve as indicators of the attractive-
ness of land for residential development involved two statistical techniques,
Coefficilents of correlation were utilized as univariate indices of the rela-
tionship between individual influence factors and the location of shoreline
and surrounding area residential development, The correlation coefficient,
usually denoted by r, is a numerical quantity between -1 and +1 which summa-

rizes in one number the degree to which two variables are related, Generally,
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the farther away from O the coefficient is, the stronger the relatiounship
between the two variables., The sign of the coefficient indicates whether as
one variable increases, the value of the other also increases (positive) or
decreases (negative).

Because residential location decisions involve a balancing of not one
but a number of influences, tests were also performed to evaluate the rela-
tionship between mixes of influence factors and residential development, These
analyses were performed by means of a stepwise linear regression program of
the form,

=b +bx +bx +bx. .. ..
Y= by byx byx, T b%y

The order in which variables were entered into the program was controlled by
the statistical significance (F-value) of the variable in intermediate par-
tial regression equations. Final equations were selected when the regression
coefficients of additional variables were no longer significant at the .03
level. The relative contribution of each variable in explaining residential
location was evaluated on the basis of the rank of its F-value in the final

, ) 9
regression equation selected,

? Readers interested in a more detailed explanation of these statistical
techniques may refer to Hubert M, Blalock, Jr., Social Statistics, New York:
John Wiley and Sons, Inc., 1960,
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III, ANALYSIS OF FACTORS INFLUENCING SHORELINE AND
SURROUNDING AREA RESIDENTIAL LOCATICN

Prior to programming the model,‘an extensive analysié‘ﬁas conducted of
attractiveness factors suggested by the surveys of decision égents involved
in reservoir area land development proceéses. Thié phése of the résearah was
designed to: (1) isoiate a set of‘key variables éssociaﬁed with the location
of residential development in reservoir areas, (2) determine the extent to
which 1969 shoreline and surrounding area development patterns were the
result of different influence factors, and (3) evaluate the generality of
empirical relationships between influence factors and development patterns
over the three reservoir study areas. These analyses relied on both uni-

variate and multivariate tests,

Univariate Analysis

Univariate tests of association were utilized both to provide an indi-
cation of the differential effect of individual attractiveness factors on the
location of shoreline and surrounding area residential development and to

compare the behavior of factors in different reservoir areas,

Phvsical Characteristics

Tests of the relationship between physical characteristics of land and
1969 residential land development are summarized in Table 3. Surrounding
area residential development has tended to occur on land with moderate slopes

and land that is free of ground cover, On the other hand, the predominantly




seasonal residential development adjacent to the shorelines of the study
reservoirs was only weakly affected by these factors. Apparently, the pre-
sence of a reservoir creates a degree of residential amenity which is suffi-

cient to overcome physical constraints on the location of permanent residences,

TABLE 3

Correlation Between Physical Characteristics and
Location of Reservoir Area Residential Development, 1969

Land in Residential Use

Shoreline Surrounding Area
Lake Lake Lake Lake Lake Lake
Norman Lanier Boone Norman Lanier Doone
Physical Characteristics N = 1,769 1,574 419 8,010 9,393 2,590
X1 Topography 2l 031 -.111 al -,213 -.270
X2 Ground Cover 071 -,006 -.072 -,255 -, 319 -, 173
X3 Flood Pool .043 -.029  -.,059 b/ b/ b/

al/, . .
~Topographic data could not be secured for the Lake Norman reservoir area.

b&ot applicable to surrounding area land,

The extent of the reservoir flood pool in a grid cell was tested for its
conditioning influence on development. Although land in a cell which is sub-
ject to flooding cannot be developed, over the entire study areas this factor

had very little effect on development patterns.
Differences in the relatiomship between physical factors and land devel-
opment among the study reservoirs were not great, In the case of topography,

there was a tendency for households in the Lake Lanier study area to locate on
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steep (slope over 15 percent) shoreline slopes, while adjacent to Lake Boone
. households tended to locate where slopes‘were moderate (under 15 percent).
This difference may be due to the general nature of the terrain in each reser-
voir area., Slopes adjacent to Lake Boone are often 50 steep that their

. development is not physically possible, This was apparently not the case for
Lake Lanier., Another explanation for this difference is related to reservoir
owner acquisition policies. Because the’Corps of Engineers property line for
Lake Lanier tended to be farther from the shoreline than the TVA property line
adjacent to Lake Boone, households in the Lake Lanier area may have tended to
locate on steeper sites to enhance their view of the reservoir through wooded
- government~owned land,

;Although wooded land (ground cover) tended to attrﬁct shoreline develop-~
menteadjacent to Lake Norman, there was no relationship between this factor
and development adjacent to Lake Sidney Lanier, and a negative relationship
with shoreline development adjacent to Lake Boone, While wooded land is con-
sidered by most households to be more desirable than open sites, the presence
of heavy ground cover tends to obstruct views of the reservoir. Because of
the large government landholdings adjacent to Lake Lanier, which under current
Corps of Engineers policies cannot be cleared, the attractiveness of wooded
siﬁes adjacent to this lake may have been counterbalanced by poor views of
the reservoir, In the case of Lake Boone, wooded shoreline sites tend to be
extremely steep and, because of this, have experienced less residential devel-

‘opment pressure than moderately sloping open land,
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Accessibility to Reservoir

While each of the study reservoirs has attracted a large number of shore-
line residénces, the location of residential development in the‘surrounding
area was generally not affected by the presence of a nearby impoundment.

See Table 4. 1In fact, land férther from the shoreline and without a view of
the water was somewhat more likely to receive development than sites near, but
not adjacent to, the shoreline, Off-lake land located close to these reser-
voirs lacked most of the amenities of shoreline property and also most of the
services associated with land closer to ufban centers. However, in expecta-
tion of future demand for recreation sites, it has been priced well above

| property with similar characteristics located farther from the shoreline.
Apparently households and developers have not been willing to pay a premium
for this type of land as long as sites with direct access to the shoreline
have been available,

There was a slight, though statistically significant, tendency for off-
lake development adjacent to Lake Sidney Lanier, though not Lake Norman or
Lake Boone, to have occurred in the vicinity of public launch ramps., However,
because this factor is strongly intercorrelated with distance to the nearest
central business area, it is difficult to say which is the controlling factor.

An examination of indicators of the relative accessibility of shoreline
sites to recreation opportunities indicates that residential development has
tended to cluster in the vicinity of launch ramps and marinas, Unlike off-
lake development, this appears to be a reflection of the desire of households
to be within a reasonable distance of the services provided by these facil-

ities rather than the towns which, coincidentally, are located nearby.
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TABLE 4

Correlation Between Accessibility to Reservoir and
Location of Reservoir Area Residential Development

Land in Residential Use, 1969

Shoreline Surrounding Area
Lake Lake Lake Lake Lake Lake
Norman Lanier Boone Norman Lanier Boone
Accessibility to Reservoir N = 1,769 1,574 419 8,010 9,393 2,590
)i Aerial Distance to
Shoreline a/ al &l o84 085  .049
X5 Road Distance to Nearest
Launch Ramp -, 104 -,164 -,186 034 -.110 ,010
X6 VWater Distance to Nearest
Marina 041 -.206 -,147 R/ B/ B/
X7 View of Reservoir a/ E/ al e/ -,.106 .006
X8 Peninsula Location .120 .108 e/ b/ b/ b/
X9 Access to Shoreline .166  .026 .086 b/ b/ b/
X10 Access to Reservoir .
Reservation 051  .073  .086 b/ b/ b/
X11 Aerial Distance from
.Reservoir Reservation , :
to Shoreline -.04091 -.118 2/ E/ b/ E/

E/Not'applicable to shoreline land.
E/Not applicable to surrounding area land.

c
~/Data were not available to measure these variables.

d/

—'When shoreline property owned by the Duke Power Company is controlled, this

correlation increases to -.120 for cells not wholly owned by the Company.
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Because the project boundaries of these reservoirs do not coincide with
the shoreline, the relative accessibility of shoreline land to the waterfront
was an important location factor. The data reflect household preferences for
sites which were located as close as possible to the shore. Hence, more
residential development occurred on land where there was greater access to
both the shoreline and reservoir reservation (shorelands controlled by the
reservoir owner), where the distance from the edge of the reservoir reserva-
tion to the shoreline was shortest, and on the tips of peninsulas.

Access to the shoreline, as opposed to access to the reservoir reser-
vation, had a much strongef influence on residential location adjacent to
Lake Norman than lLake Sidney Lanier or Lake Boone. This was due to differences
in the residential development policies of the reéervoir owners. The Duke
Power Company, which owns Lake Norman, has utilized company-owned reservoir
shorelands in the development of residential lots for lease to the public.
During the period between reservoir impoundment in 1962 and 1969 this policy
accounted for the production of almost one half of the shoreline lots adja-
cent to the reservoir. Further, in the design of ifs subdivisions Duke Power
has followed a Y“string' development policy in which only lots fronting directly
on the lake are offered to the public. Hence, residential development adjacent
to Lake Norman has a strong lineal orientation, with sites receiving develop-
ment having excellent access to the shoreline, On the other hand, the Corps
of Engineers neither develops residential land nor allows the construction of
any privately-owned permanent structures on govermment-owned shorelands., As a
result, reservoir-oriented residential development adjacent to Lake Sidney )
lLanier has tended to cluster adjacent to the government property line (reser-

voir reservation) rather than directly adjacent to the shoreline, Lake Boone
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represents an intermediate case., In acquiring land for this reservoir the
Tennessee Valley Authority established a guide acquisition line whicﬁ was
only 5 feet above the reservoir flood pool. Because of the steepness of the
terrain,‘this resulted in very little lateral differentiation between the
location of the TVA property line and the shoreline, Hence, the influence
of access to the shoreline and access to the reservoir reservation tended to

be equivalent.

Accessibility.to Reads and Activity Centers

The relative‘accessibility of land to roads and_variops activity centers
when the study reservoirs were impounded had a pervasive‘infiuenqe on off-lake
development in the surrounding areas, but very little effect on the evolution
of shoreline residential location patterns. See TaBle 5.

As was expected, surrounding area development tended to take place on
sites‘located‘closer to both public roads and major highways, and on paved
rather than dirt roads, However, the location and quality of road networks
when these lakes weﬁe'impounded did ﬁot attract shqreline residences, In fact,
there was a élight tendency for seasonal shoreline development to locate
farther from rather than closer to preimpoundment roads. Similarly, the
location of various activity places, such as schgols, neaxrby central business
districts, major urbah centers, énd empioyment areas, had a strong structuring
influence on the developmeﬁt‘of the regions surrounding Lakes Norman, Lanier,
and Bdone, but almost no influence on the development of the reservoir
shorelines,

The influence of roads and activity places on residential location pat-

terns was strongest in the Lake Sidney Lanier reservoir area, where even
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TABLE 5

Correlation Between Accessibility to Roads and Activity Centers
" and Location of Reservoir Area Residential Development

Land in Residential Use

Shoreline Surrounding Area
Lake Lake Lake Lake Lake Lake
Norman Lanier Boone Norman Lanier Boone
Accessibility Characteristics N = 1,769 1,574 419 8,010 9,393 2,590
X12 Aerial Distance to Nearest
X13 Quality of Available ' a/ al
Public Road ~-,033 .085 - 436 .379 -
X14 Road Distance to Nearest
Major Road ,008 040 -,034 -, 166 -.209 -,211
X15 Road Distance to Nearest
Available Elementary
School 115 002 -,020 -.150 ~,262 -,126
X16 Road Distance to Nearest b/ b/
Central Business District 045 -, 141 = -,127 -,331 -
X17 Road Distance tg Major
Urban Center& -.062 -,261 -,087 -.078 -,233 -,185
X18 Accessibility to Employment | b/ b/
Areas -,113 .022 - 242 498 -

E/These data were not secured for the Lake Boone reservoir area,
E/These data were not measured because of their high correlation
with X17.

E/Distances to several major urban centers in the vicinity of each reservoir
study area were tested, including Charlotte, Kannapolis, Statesville, Hickory,
and Gastonia in the Lake Norman reservoir area; Atlanta and Gainesville in the
Lake Lanier reservoir area; and Johnson City, Kingsport, and Bristel in the -
Lake Boone reservoir area. Only the strongest correlation coefficients are
reported in this table. For shoreline residential use these are: Lake Norman,
Gastonia; Lake Lanier, Atlanta; and Lake Boone, Kingsport. For surrounding
area residential use these are: Lake Norman, Kannapolis; Lake Lanier,
Gainesville; and Lake Boone, Johnson City.
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shoreline development tended to occur on land located closer to bearby central
business areas and major urban centers, This reflects the concentration of
urban facilities and activities in the City of Gainesville and the concentra-
tion of demand for shoreline land in the Atlanta metropolitan area, both of
which domiﬁaté the Lake Sidney Lanier region to a much greater extent than

the smaller urban centers locatad in andfnear the Lake Norman and Lake Boone

study areas,

Institutional Characteristics

The availability of zoning protection and location of water and sewer
lines before reservoir impoundment had a strong influence on surrounding area
fesidential development, but did not influence the location of subsequent
shoreline development patterns, See Table 6. For the most part this is due
to fhe'fact that zoning and utility systems were only available in towns and
cities in the reservoir study areas and did not serve what was to become
shoreline land,

The extent of the reéervoir reservation in a grid cell, like the extent
of the flood pool, was evaluated for its conditioning influence on development,
For the Lake Sidney Lanier reservoir area this was measured to include all
lands controlled by the Corps of Engineers, However,.since the Duke Power
Company has subdivided company-owned shorelands, in the case of Lake Norman
only that portion of the reservoir reservation being held for industrial use
was tested, In both reservéir areas, the extent of the reServoir reservation
in a grid cell tended to reduce the amount of residential development it had
received, This factor was not evaluated for the Lake Boone reservoir area,
because the TVA reservoir reéervation ana reservoir flood pool were relatively

undifferentiated,
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TABLE 7

Corrélation Between Changes in Accessibility and
Institutional Characteristics and Location of

Reservoir Area Residential Development

Land in Residential Use, 1969

a ' .
—/These data were not secured for the Lake Boone reservoir area.

E/No new marinas were installed adjacent to Lake Lanier after 1961,

E/TheSe data do not apply to surrounding area land.

Shoreline Surrounding Area
Lake Lake Lake Lake Lake Lake
Norman Lanier Boone Norman Lanier Boone
Site Characteristics N = 1,769 1,574 419 3,010 9,393 2,590
Accessibility Characteristics
¥X23 Change in Aerial Distance ' ;
to Public Road .263 175 322 -,088 -,055 -,228
X24 Change in Quality of a/ v a/
Public Road 2327 2203 - -,039 -~,021 -
X25 Change in Road Distance
~ to Nearest Launch Ramp ~-.010 ~,137 -,160 079 -,103 079
 x26 Change in Water Distance b/ '
to Nearest Marina .081 5/ .o70 s/ e el
X27 Change in Road Distance
to Nearest Elementary »
School .053 .00 -,012 -,017 -,017 . 104
Institutional Characteristics
X28 Change in Availability of -
Public or Community ‘
Water System L045 161 .229 -.007 J111 277
X29 Change in Availability of
Public or Community a/ a/
Sewer System -,001  -,042 - 077 .089 -
X30 Change in Zoning ‘
Protection . .087 el el -.076 el el

Q/Public or community sewer systems were generally not available in the Lake

Boone reservoir area.

E/Zoning protection was generally uot available in the Lake Lanier and Lake

Boone reservoir areas during the study period,
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TABLE 6

Correlation Between Institutional Characteristics and
Location of Reservoir Area Residential Development

Land in Residential Use

Shoreline Surrounding Area
Lake  Lake  Lake Lake Lake  Lake
Norman Lanier Boone Norman Lanier Boone
Institutional Characteristics N = 1,769 1,574 419 8,010 9,393 2,590
X19 Availability of Public or / ' a/
Community Water System -.064 .032 2 .323 545 -

X20 Availability of Public or a
Community Sewer System -.031 .094 a/ .168 499 a2/
X21 Zoning Protection -.056 b/ b/ .296 b/ b/
X22 Reservoir Owner Reservation -.167  -,067 e/ -.051 </ e/

E/Water and sewer systems were available only in the Bluff City portion of the
Lake Boone study area prior to impoundment.

Q/Zoning protection was not available in the Lake Boone and Lake Lanier study
areas prior to impoundment,

E/The reservoir owner reservation was not distinguishable from the reservoir
flood pool (X3) in the case of the Lake Boone reservoir area and does not
appreciably extend beyond shoreline cells in the case of the Lake Lanier
reservoir area.

Change in Accessibility and Institutional Characteristics

Although shoreline development patterns were generally unaffected by
accessibility and institutional characteristics of land when the study reser-
voirs were created, policy decisions since impoundment have had a strong
impact on the relative attractiveness of shoreline sites for residential use.

See Table 7. Surrounding area residential development patterns, on the other
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hand, have been little affected by policy measures enacted during each reser-
voir study period,

Key postimpoundment policies which influenced shoreline residential loca-
tion were new road construction, improvements in road quality, and the exten-
sion of water lines. Other policy measures, such as, new launch ramp and
marina installations, new elementary schools, and the initiation of zoning
protection, had a less pronounced effect on development., For instance, shore-
line residences tended to locate farther from, rather than closer to, new
launch ramps, and in the case of Lake Boone, new marinas. This may be ex-
plained by a lag effect in the influence of these variables, The level of
the relationship between initial launch ramp locations (Table 4) and residen-
tial development varied with the amount of time which had elapsed since they
were installed, Launch ramps had their strongest influence on shoreline
development patterns in the oldest of the study reservoirs, Lake Boone, while
their weakest influence was for the most recent of these impoundments, Lake
Norman. The influence of new elementary schools and sewer extensions on
shoreline development has been muted by the low level of change in these vari-
ables. No new elementary schools were constructed in the Lake Norman study
area, while only one new school in the Lake Lanier study area and two new
schools in the Lake Boone study area were built during the study periods.
Sewer systems have generally been restricted to the corporate limits of munic-
ipalities and have not been extended to serve shoreline 1§nd. The extension
of zoning protection to shoreline areas had a moderate effect on development
in the Lake Norman study area, but was generally restricted to the corporate

limits of municipalities in the Lake Boone and Lake Sidney Lanier study areas,

31



In the case of surrounding area residential development, it is apparent
from these data that major policy shifts would be required to affect the
prevailing residential development patterns., The only policy decisions of
this magnitude which occurred during the reservoir study periods were the
decision of the City of Gainesville to extend its water system throughout the
Hall County portion of the Lake Lanier study area, and the initiation of a
number of small water districts in the Lake Boone area. 1In both cases resi-
dential development tended to occur in the vicinity of new water lines,
Several other pblicy decisions since reservoir impoundment had a less signif-
icant, though noticeable, impact on off-lake residential location. New launch
ramps tended to attract development in the Lake Norman and Lake Boone study
aréas;‘sewer extensions attracted some development in the Lake Norman and
Lake Sidney Lanier areas; and the construction of two new elementary schools
had a moderate effect on surrounding area development patterns in the Lake

Boone reservoir area.

Conclusions from the Univariate Analysis

Three conclusions‘were apparent from the univariate tesﬁs: (1) shoreline
and surrounding area residentiai development represent highly differentiated
markets ip which the attractiveness of land for residential use is determined
by different facfors; (2) tﬁe relationship between attractiveness factors and
both shoreline and surrounding area residential location is highly dependent
on contextual characteristics which vary among reservoir areas; and (3) both
shoreline and:surrounding area residential location patterns can be directed
to some exteni by reservoir owners and local officials through leverage they

can exert on specific attractiveness factors,

32




Differences between factors influencing shoreline and surrounding area
development patterns are clearcut, Land which tended to receive seasonal
shoreline development was more accessible to reservoir recreation facilities,
closer to the shoreline or reservoir reservations of these impoundments, at
the tips of peninsulas, and located near roads and water systems which were
built after the reservoirs were created., On the other hand, physical con-
straints on development, facilities existing prior to impoundment, such as
road networks and utility systems, and the relative accessibility of land to
such activity centers as elementary schools, business districts, employment
areas, and major urban centers generally had little effect on the location of
shoreline residences.

This was not the case with permanent residential.development in the
regions surrounding the study reservoirs., The location of surrounding area
development was strongly influenced by the physical capability of land, its
relative accessibility to road networks,.schools, and employment areas existing
prior to reservoir impoundment, the availability of utility systems, and
accessibility to business districts and major urban centers. The distance of
surrounding area land to the study reservoirs, availability of a view of the
reservoir, accessibility to recreation facilities, changes in the availability
of utilities, and changes in accessibility to roads and schools, however, had
little influence on the residential attractiveness of off-lake land,

In sum, the univariate tests indicated that to simulate reservoir area
residential use patterns, seasonal shoreline and permanent surrounding area
residential development should be disaggregated, with cells in the study areas
assigned separate attractiveness indices for each form of residential

development,

33



The univariate tests also indicated that factors influencing the attrac-
tiveness of land for development differed among the study reservoirs. Varying
physiographic characteristics, differences in the pattern of urbanization
which existed at the time the reservoirs were impounded, and variation in
reservoir owner and local policy measures before and after impoundment, re-
sulted in both different arrays of factors influencing development in each
reservoir area, and, because of interaction between contextual and attractive-
ness factors, different orders of association for those attractiveness vari-
ables which were common to each area,

The fact that each reservoir was somewhat unique in the factors which had
shaped residential land use patterns had several important implications for
both the effort to simulate development and future applications of the model.
First, while the form of the simulation model would be applicable to a number
of reservoir areas, it was obvious that a general set of model inputs could
not be developed. Hence, model inputs must be individually calibrated for
each reservoir area to which it is applied. Further, because model inputs are
based on empirical relationships which appear to vary among reservoirs and
over different periods of time, it is apparent that operational use of the
model will require ‘several key assumptions,

In applications to existing reservoir areas, it will be necessary to
assume that empirical relationships determined from analyses of past shoreline
and surrounding area residential location decisions will continue over the
development period to be forecast, While this assumption seems tenable for
short-range land use forecasts of from three to five years, because of likely
changes in the array of Key attractiveness variables, it may not be valid over

longer periods of time.
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A more difficult set of assumptions will be required where the model is
to be utilized to test new policies in existing reservoir areas, such as the
initial extension of utility systems, or to forecast shoreline development
adjacent to new reservoirs, Lacking pertinent "histories' of the effect of
a policy on development and of the array of factors influencing shqreline
development for new reservoirs, it will be necessary to calibrate the model
from empirical relationships drawn from other reservoir areas, Variation in
both attractiveness factors and the character of their association with devel-
opment patterns revealed by the univariate analysis of residential development
adjacent to Lakes Norman, Lanier, and Boone suggests that the formulation of
assumptions of this sort will be somewhat more complicated than originally
anticipated.

Although the univariate tests point to several potential problems in
opefational applications of the simulation model, they clearly indicate the
feasibility of utilizing the model to evaluate the effects of alternative
policy measures on shoreline and surrounding area development patterns, Key
reservoir owner decisions which influenced shoreline residential development
included land acquisition, road relocation, land managemént, and recreation
faciliﬁy location policies.‘ Local policy measures agsociated with development
patterns were highway location and improvement decisions, the initiation of
zoning, and decisions regarding the location of water and sewer systems, ele-

mentary schools, and employment areas.

Multivariate Analysis

The second stage of the analysis was designed to filter a set of key

variables for measuring the attractiveness of land for residential development,
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Because the univariate tests discussed above could not take into account the
relationship between combinations of attractiveness factors and residential

location, a stepwise form of multiple regression was required for these tests.

Shoreline Residential Development

Results of the multiple regression analyses for shoreline residential
land use are summarized in Table 8, Confirming the conclusions drawn from
the univariate tests, each of the study reservoirs was characterized by a
different mix of key factors influencing the attractiveness of land for
“development.

Lake Norman, In the‘case of shoreline development adjacent to Lake
Norman, kéy influence féctors were: accessibility of land‘to pﬁblic roads;
access to the reservoir shéreline and related recreation facilities; ground
cover; and two conditioning variables, the extent 6f the reservoir reserva-
tion (land held for industrial use only) and flood pool in é ceil. Consider-
ing access té roads, improveménts iﬁ both the distance of land to a road and
quality of roads had a much stronger impact on residential location than did
the location and charaéter of road networks existing when the reservoir was
impounded. The relative accessibility of land to recreational opportunities
providéd by ehe reservoir had a strong influence on whether cells received
residential déveIOpment. In order of their importance, these included: access
to the shoreline; peninsula location; access’to boﬁh initial and new launch
ramps; and access to new marinas, |

Lake Sidney Lanier. Key factors influencing shoreline residential loca-

tion adjacent to Lake Sidney Lanier were:: quality of voad access; accessi-
bility to major urban centers (Atlanta); accessibility to the reservoir reser-

vation; distance from the reservoir reservation to the shoreline; and the
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TABLE 8

" Relative Influence of Mixes of Attractiveness Factors in
Explaining Location of Shoreline Residential Development

¥ Value for Mix

Rank for Mix¥

- X3
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Lake Lake Lake ‘Lake Lake Lake
Norman Lanier Boone Norman Lanier Boone
Factors N = 1,769 1,574 419 (12) (10) (6)
X9  Access to Shoreline 46,33 NS NS 1 NS NS
X23 Change in Aerial Distance
to Public Road 41,63 NS 49,15 -2 NS 1
X24 Change in Quality of
Public Road 32,90 92.42 HA -3 1 NA
X12 Aevrial Distance to Near- o
est Public Road 22.93 NS 11.01 4 NS 4
X8 Peninsula Location 20,35 19.69 NA 5 5 WA
X22 Reservoir Owner Reser-
vation 17,00 NS NS 6 NS N8
X5 Road Distance to Near-
est Launch Ramp 15,94 NS NS 7 NS us
X2  Ground Cover 12.77 NS NS 8 NS NS
X27 Change in Road Distance
to Nearest Available
Elementary School 5.82 NS NS 9 NS NS
Flood Pool 7,69 NS WS 10 NS NS
%25 Change in Road Distance
to Nearest Launch Ramp ¢.07 NS 1l.14 11 NS 3
X26 Change in Water Distance
' to Marina : 6.33 NA " NS 12- NA NS
X13 Quality of Available
- Public Road NS 42,17 NA NS 2 NA
X17 Road Distance to HNearest
Major Urban Center NS 27.91 NS NS 3 NS
%28 Change in Availability of
Public or Community
Water System NS 27.84 19.58 NS 4 2
X10 Access to Reservoir ~
Reservation NS 18,40 NS NS 6 N8
X1l Aerial Distance from :
Reservoir Reservation
to Shoreline NS 17.80 NA NS 7 . NA
X20 Availability of Public or
Community Sewer System NS  16.42 NA NS 8 NA
'X29 Change in Availability of
Public or Community
Sewer System M8 8.77 NA NS 9 NA



TABLE & - continued

1,
ko

F Value for Mix Rank for Mix#®
Lake Lake Lake Lake Lake Lake
Norman Lanier Boone Norman Lanier Boone
Factors ‘N = 1,769 1,574 419 (12)  (10) (6)
X Topography NA 7.48 5,62 NA 10 6
X6  Water Distance to Near-
est Marina NS NS 7.22 NS NS 5
Multiple Regression
Coefficient (R) 461 439 498
Multiple Determination
Coefficient (R2) 212 192,248
F Value for Mix 33.77 33.81 5.93
NS = Not significant at ,05 level (F value less than 4).
NA = Data not available,

Number of ranked variables, significant at ,05 level, shown in
parentheses.

availability of public utilities. Comparison of the results from this analysis
with those obtained for Lake Norman highlights the varying effects of reser-
voir owner and local governmental policies., TFor instance, while access to

new roads had a strong influence on development patterns in both reservoir
areas, road quality rather than the distance to a road, was most important
adjacent to Lake Sidney Lanier. This reflects both consumer preferences in

the Lake Lanier area for paved roads and, significantly, the fact that a much
larger proportion of the shoreline roads adjacent to Lake Lanier had been
paved during the study period. Similarly, water and sewer line extensions
adjacent to Lake Lanier, though not Lake Norman, tended to attract development,
because in the Lanier study area local jurisdictions chose to service shoreline

land,
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Differences noted earlier between Duke Power Company and Corps of
Engineers land management policies affected the relative importance of access
to tﬁe shoreline and to the reservoir reservation in the Lake Norman and Lake
Sidney Lanier study areas, The fact that accessibility to launch ramps and
accessibility to marinas were significant attractiveness factors in the Lak
Norman, but not the Lake Lanier, study area reflects differing facility loca-
tion policies. The Corps of Engineers, unlike Duke Power, has strictly con-
trolled the location of shoreline recreation facilities, Launch ramps and
marinas have been located so as to maximize accessibility to population centers
in the region. As a result, shoreline land in the Lake Sidney Lanier study
area which was located closer to these facilities also tended to be located
closer to Atlanta than other shoreline sites., In the multiple regression
tests, accessibility to Atlanta was given precedence, even though this vari-
able co-opted the influence of accessibility to launch ramps and marinas,

Lake Booune. Key factors influencing the attractiveness of land for
shoreline residential use in the Lake Boone study area were: road access,
especially to new roads; availability of a public water system; accessibility
to launch ramps and marinas; and topography. Again, key influence factors
reflect reservoir owner and local policies., The Tennessee Valley Authority
allowed marina and launch ramp locations to be largely determined through
private market decisions which were responsive to the localized demand re-
presented by shoreline residential development, Locally determined road and
utility extension policies were the two most important factors influencing

shoreline residential location.

39



Surrounding Area Residential Development

Results of the multiple regression analyses for surrounding area residen-
tial land use are summarized in Table 9, Mixes of key influence factors varied
again for each reservoir study area.

Lake Norman. The most important factor in determining cells which
received residential development in the area surrounding Lake Norman was thg
quality of available roads when the reservoir was created. Development tended
to occur adjacent to paved rather than dirt roads. Other/key residential
attractiveness factors were, in order of their importance: absencé of ground
cover; presence of residential zoning; relative accessibility to employment
areas; availability of a public or community water system; accessibility to a
major urban center (Kannapolis); and accessibilityvto the nearest major road.
Except for the fact that distance to the nearest central business area co-opted
the influence of accessibility to elementary schools, these results closely
parallel the findings from the univariate tests.

Lake Sidney Lanier, Road quality was also the strongest detérminant of

surrounding area residential location adjacent to Lake Sidney Lanier. How-
ever, utilities had a much more important influence on development patterns

than in the Lake Norman study area, The availability of a public or community
water system, change in the availability of a public or community water system,
and availability of a public or community sewer system were among the top

four factors influencing the attractiveness of land for residential development,
including road quality which ranked first, Other key factors identified by

the multiple regression tests were, in order of their importance: the absence
of ground cover and absence of a view of the reservoir; aerial distance to the

nearest public road; accessibility to employment; and change in distance to
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TABL

E 9

Relative Influence of Mixes of Attractiveness Factors in

Explaining Location of Surrounding Area Residential Development

F Value for Mix

Rank for Mix¥®

Lake Lake Lake Lake Lake Lake
Norman Lanier Boone Norman Lanier DBoone

Factors N =8,010 9,393 2,380 (1L) (15) (7
X13 Quality of Available

Public Road 1,138.60 370.40 NA 1 1 NA
X2  Ground Cover 105,75 71.74 NS 2 5 NS
¥21 Zoning Protection 75,24 NA NA 3 NA NA
X18 Accessibility to

Employment 43,92 34,65 NA 4 8 NA
X19 Availability of Public

or Community Water

System 23.43 349.49 NA 5 2 NA
%16 Road Distance to Near-

est Central Business

District 23,13 NS NA 6 NS NA
X20 Availability of Public

or Community Sewer

System 17.54 78,92 NA 7 4 NA
X24 Change in Quality of

Public Road 16.52 28,26 NA 8 9 NA
¥X29 Change in Availability

of Public or Community

Sewer System 14,05 4,04 WA 9 15 NA
%17 Road Distance to MNearest

Major Urban Center 4,79 16,83 41,73 10 10 5
X14 Road Distance to Nearest

Major Road 4,31 NS 6,38 11 NS 7
X28 Change in Availability

of Public or Community

Water System NS  86.04 64,53 NS 3 3
X7 View of Reservoir NA 45,20 NS NA 6 NS
X12 Aerial Distance to Neax-

est Public Road NS 34,81 69,10 NS 7 2
X5 Road Distance to Nearest

Launch Ramp NS 13,10 NS NS 11 NS
X Topography NA 11,73  99.43 NA 12 1
X15 Road Distance to Nearest

Available Elementary

School NS 7.14 10,65 NS 13 6
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TABLE 9 - continued

F Value for Mix Rank for Mix*
Lake Lake Lake Lake Lake Lake
L Norman Lanier Boone Norman Lanier Boone
Factors L N = 8,010 9,393 2,590 (1) (15) (1)
X23 Change in Aerial Dis- T
tance to Public Road NS 4,86 47.00. NS 14 4
Multiple Regression
Coefficient (R) .527 .633 J4l6
Multiple Determination ‘ '
Coefficient (R2) 278 401,173
F Value for Mix 280,08 417,93 31,63
NS = Not significant at .05 level (F value of 4),
NA = Data not available. '
% o=

Number of ranked variables, significant at ,05 level, shown in
parentheses,

the nearest public road, Distance to a major urban center (Gainesville), dis-
tance to the nearest major road, topography, distance to an elementary school,
and change in the availability of a public or community sewer system were also
statistically significént, though much less important, influence factorvrs.

Lake Boonep Finally, in the Lake Boomne study area topography, aerial
distance to the nearest public road, change in the availability of a public or
community water system, chénge in aerial distance to a public road, and road
distance to a major urban center (Johnson City) were all key factors influenc-
ing the attractiveness of land for development. Road distance to the nearest
available‘elementAry school and road distance to the nearest major road, though

statistically significant, had a much lower level of influence on development.
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Conclusions from the Multivariate Analysis

With different mixes of attractiveness factors for each reservoir study
area it was possible to explain from 19,2 to 24,8 percent of the location of
shoreline residential development and from 17,3 to 40,1 percent of surrounding
area development, The large remaining amount of development not ex#lained by
these variables could be the result of the simplifying assumption that all
privately-owned land was available for development and/or the omission of
other important influence factors.

As noted in Section II, the necessary assumption that all privately-owned
land could be developed proved to be incorrect. It is very likely that the
level of explanation could have been enhanced by removing from the analysis
land held by commercial enterprises, such as lumber and paper companies,
whose operating policies normally preclude residential development, and land
being withheld from the market for long term speculative purposes, Several
other variables suggested by the decision agent interviews could not be
included. The most important of these was land value., Inclusion of such
other factors as property taxes, suitability of the shoreline for various
recreational activities, and the visual attractiveness of land might have
improved the results,

Since the objectives of this phase of the research were to isolate key
variables for use in measuring the attractiveness of cells to receive resi-
dential development, the results of the multivariate tests were judged to be
acceptable for purposes of the proposed simulation model. While further test-
ing of new variables and nonlinear relationships could probably have enhanced
the percent explained, this was not considered a necessary step for progressing

to the development of the simulation model which is described in Section IV,
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Eventually, the measurement of cell attractiveness should be refined to
reflect the changes taking place in each reservoir study area. In particular,
such refinement would be essential when the model is adopted for ongoing deci-
sion making, Furthermore, as described in Section V, it would be necessary
to provide an appropriate institutional framework for planning in reservoir

areas to realize the full potential of the model's objectives.
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1V, DESCRIPTION OF THE LAND DEVELOPMENT MODEL

The proposed land development model simulates reservoir area residential

‘location decisions through a randomizing procedure in which households are

assigned to sites on the basis of the supply of land available and its attrac-
tiveness for recreational and permanent residential use, The specification of
sites, supply of land, and number of households (converted to units of devel-
opment) to bg allocated are exogenous inputs to the model, They describe both
the supply and demand for reservoir area land and, through the effects of
policy measures on available land and its attractiveness, the potential lever-
age which reservoir owners and public officials can exert on the development
process, Operating on these inputs, the computer program selects a unit of
development to be allocated, sequentially examines each site, notes the com~
bined effect of the amount of vacant land and its attractiveness for develop-
ment, and decides on a probabilistic basis whether or not the unit of devel-
opment is allocated there. Following the allocation of each unit, the combined
attractiveness of the site allocated development is recalculated to reflect the
decrease in the amount of land available, This process is then repeated until
each unit of development has been distributed, If simulation over more than
one growth phase is desired, the same sequence is followed for each phase,

with appropriate modifications to the input variables to reflect changes in

the availability of land brought about through both land development and.
public land acquisition in previous phases of the simulation, and changes in

the attractiveness of land occasioned by various policy measures,




A probabilistic rather than deterministic method of allocating residen-
tial units was selected to take into account the complexity of land development
decision sequences and the fact that variables influencing decision outcomes
could neither be precisely detérmined nor measured."This»ﬁrocedure utilizes
a form of lingal sampling proportional to size without replacement, Each site
or grid cell in a reservoir planning area is assigned a weight which represents
the cqmbined influence of the attractiveness of the cell for residential use
gnd the amount of vacant land which is available to receive development.‘
Weights for each cell are then summed across all cells and numbered sequen-
tially. The resulting series of numbers can be regarded as a line with a
length equal to the sum of the individual cell weights., Each segment of this
line is associated with a cell, with the length of the segment representing
the 'weight'" of the cell. For each unit of development to be allocated, a
random number falling within the total of the summed cell weights is generated.
The random number locates the cell to which one unit of development is allocated.

With this brief introduction to the simulation model, the remainder of
this section details the procedures followed in applying the médel to the Lake
Norman and Lake Sidney Lanier reservoir study greas.l0 In order to compare.
results obtained from the model with actual development, an ex post facto
research design.was followed. The model was programmed to "forecast' the
1969 distribution of residential development in each reservoir area starting
from a point one year prior to reservoir impqundment -~ for Lake Norman, 1961,

and for Lake Sidney Lanier, 1956.

10 Because of the very slow pace of shoreline development adjacent to
Lake Boone, under 20 acres of residential development per year, application
of the land development simulation model to this case did not appear to be
warranted.

46




Model Inputs

Three types of inputs had to be processed before the simulation of
development could begin: (1) the sdpply of vacant land; (2) calculation of
the attractiveness of land for development; and (3) the total number of resi-

dential units to bLe allocated (residential growth),

Vacant Land

The supply of land capable of receiving development over the ex post
facto forecast period was determined from land use and land capability analyses
of the Lake Norman and Lake Sidney Lanier study areas at the start of the
forecast periods, These studies established the location of land preempted by
existing urban and rural development and land programmed for inundation and
other project-related uses by the reservoir owners. Since land in these cate-
gories could not be developed for residential use, it was removed from the
inventory of ninths of cells available for development. 1In the Lake Norman
study area, this step was accomplished by removing from the vacant land inven-
tory all land in urban use in 1961 (Cl, Col, 20, Appendix B), land in the Lake
Norman flood pool (Cl, Col, 35, Appendix B), and land acquired by the Duke
Power Company and designated for industrial use (C2, Col., 40, Appendix B).
Land owned by the Duke Power Company and not designated for industrial use
was not deleted from the inventory, since the Company had a policy of develop-
ing leased-lot subdivisions on 'excess' property which had been obtained in
the process of acquiring land for the reservoir. In the Lake Sidney Lanier
study area, land in urban use in 1956 (Cl, Col, 21, Appendix C), land in the
reservoir flood pool (Cl, Col, 41, Appendix C), and all land in the Lake Sidney

Lanier reservoir reservation (Cl, Col. 40, Appendix C) were removed from the

vacant land inventory.
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With these deductions the inventory of ninths of vacant land totaled
71,008 at the start of the Lake Norman forecast period in 1961, and 76,111 at
the start of the Lake Sidney Lanier forecast period in 1956, These totals
were many times greater than the actual number of residential ninths developed
- in each reservoir study area. Hence, the land supply was more than adequate
to accommodate the residential growth which was to be allocated by the model.

Because seasonal shoreline residential development was by definition
regtricted to land within 300 feet of the study reservoirs, it was necessary
to refine the vacant land inventories to differentiate ninths which could and
could not receive shoreline development. This task was complicated by the
fact that even when the aerial unit of analysis, a grid cell 1000 feet on a
side, was intersected by the reservoir flood pools, it was likely to contain
vacant land located more than 300 feet from the shoreline. Since the location
of individual ninths within a grid cell could not be individually tagged,
vacant ninths suitable for shoreline development could only Be approximately
determined. Thié was accomplished by specifying all cells intersected by the
shoreline at the reservoir's full pool elevation (Lake Norman, Cl, Col, 31,
Appendix B; Lake Sidney Lanier, Cl, Col., 42, Appendix C) as being available
for both seasonal shoreline and permanent surrounding area residential devel-
opment. Cells not intersected by the reservoir flood pool were considered
as being available only for surrounding area residential use. Although this
classification method accurately portrays land available for surrounding area
development, the inventory of vacant ninths available for shoreline develop-
ment was considerably inflated by the inclusion of ninths in shoreline cells

“which were located more than 300 feet from the shoreline.
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A second refinement in the vacant land inventory was carried out in order
to give recognition to the key influence of the availability of a public road
on the location of development., The fact that development almost always
occurs adjacent to a road needs little elaboration, However, owing to the
rural character of much of the reservoir study areas and corresponding low
density of development, this factor assumes even more importance in reservoir
area growth than in urban area residential development, Accordingly, the in-
ventories of shoreline and surrounding area vacant land were refined to take
into account both roads existing prior to reservoir impoundment and roads con-
structed during the forecast periods (Lake Norman, Cl, Cols. 50 through 53,
Appendix B; Lake Sidney Lanier, Cl, Cols. 62 through 65, Appendix C),

The results of these modifcations are shown in Table 10, which gives the

number of vacant ninths available in each category of the vacant land inventory.

TABLE 10

Classification of Ninths Available for Development

Lake Norman, 1961 Lake Sidney Lanier, 1956

Development Type Development Type

Shore- Surround~ Shore~ Surround-

Road Class Total line ing Area Total line ing Area
No Road in Cell 34,130 2,913 31,217 31,684 1,976 29,708

Road in Cell

Prior to Start of
Forecast Period 29,592 2,926 26,666 37,124 2,322 34,802

Constructed After
Start of Forecast
Period 7,286 2,981 4,305 7,303 1,924 5,379

Total Vacant Ninths 71,008 8,820 62,188 76,111 6,222 69,889
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Attractiveness of lLand

Indices of the attractiveness per ninth of each cell for residential
development were constructed from key variables isolated by the multiple
regression analyses reported in Section III, To facilitate operational
applications of the model,; the number of attractiveness factors utilized in
these indices was reduced by eliminating variables which, though statistically
significant, contributed very little to the regression equations, and vari-
ables, such as those relating to road location, which were more appropriate
as indicators of the suitability of land for residential use. 1In order to
gauge accurately the influence of attractiveness factors which survived this
filtering process, a second series of regression analyses was programmed in
which residential development was stratified in terms of its location relative
to both the reservoir shorelines and preimpoundment roads. The relative
weight of each variable utilized in constructing the attractiveness indices
was based on its regression coefficient (b-weight) in the equations developed
from these tests. See Tables 1l and 12,

Computatlon of the attractiveness index for ninths in each vacant land
category 1nvolved three steps. Flrst..the emplrlcal values of the attrac-
tiveness factors were subﬂtltuted 1nto the approprlate (shoreline-road,
shoreline-no road, surrounding area-road, surrounding area-no road) equation,
Next, the distribution of values obtained from the regression equations was
categorized into 14 groups of approximately equal size. Finally, éhe attrac-
tiveness score of éach cell (and its component vacant ninths) was recoded as
an integer, from 1 to 14, with 1 representlng the smallest values obtained by
substltutlng 1nto the reg1essxon equations and, therefore, the lowest level

‘of attractiveness for development in the simulation model,




TABLE 11

Regression Coefficients Utilized in Calculation of Attractiveness of
Land for Residential Development; Lake Norman, North Carolina, 1961-1969

Regression Coefficients (102)
Shoreline Surrounding Area
Cells With Cells With Cells With Cells With

No Road Road No Road Road
Available Available Available Available
a In 1961 In 1961 In 1961 In 1961
Variable N= 1,255 4386 4,579 3,306
X2  Ground Cover 3,97 3.54 - .32 - 4,81
X5 Road Distance to Nearest
Launch Ramp - .24 - .15 XXX XXX
X8 Peninsula Location .65 .68 XXX XXX
X9  Access to Shoreline 1.85. 1,29 XXX XXX
%13 Quality of Available :
Public Road XXK - 9.34 XXX 25,55
X16 Road Distance to Nearest
Central Business District XXX XXX - .02 - .30
X18 Accessibility to Employment XXX ploed .32 2.08
X19 Availability of Public or
Community Water System XXX XXX 1,22 9.51
%20 Availability of Public or
Community Sewer System XXX pioted - .04 .80
Multiple Regression
Coefficient (R) . 249 ,279 .321 b4
Multiple Determination
Coefficient (R2) .062 .078 .103 .197
F Value 20,72 8,11 9.77 134,92

aCoding of these variables is described in Appendix B:

X2(1, Col., 33),

X5(1, Cols. 66, 67), X8(1l, Cols. 42, 43), X9(l, Cols. 37, 38), X13(1, Col. 55),

X16(2, Cols, 27, 28)
36). |

, X18(2, Col

s. 29, 30), X19(2, Col. 32), X20(2, Cols. 35,

51




TABLE 12

Regression Coefficients Utilized in Calculation of Attractiveness of
Land for Residential Development, Lake Sidney Lanier, Georgia, 1956-1969

Regression Coefficients (102)
Shoreline Surrounding Area

Cells With Cells With Cells With Cells With

- No Road ~ Road No Road Road
Available ' Available Available Available
- a - In 1956 " In 1956 In 1956 In 1956
Variable®™ : N 1,045 528 4,851 4,542
X2 Ground Cover XXX XXX - .33  -6.09 :
X8 < Peninsula Location .20 .89 XXX XXX
X10 Access to Reservoir
Reservation 1,26 2,01 XXX plorerd
X1l Aerial Distance from .
Reservoir Reservation
to Shoreline -3,.87 -9.63 xXXK reie 4
X13 Quality of Available
Public Road XXX ~2,98 oo 0 2,46
%17 Road Distance to Atlanta -1.05 - ,76 XXX XXX
X18 Accessibility to
Employment XXX XXX 1.03 1,53
X19 Availability of Public
or Community Water : '
System -1.89 -8.35 4,91 1,89
X20 Availability of Public
or Community Sewer
System 5.72 9.11 -1.44 6.48 B
X28 Change in Availability
- of Public or Community |
" Water System 4,55 1,15 2.04 5.97
Multiple Regression ‘ ,
Coefficient (R) .361 .376 227 - .631
Multiple Determipation B ‘ ' )
Coefficient (R?) .130 141 .051 .399
F Value 22.24 10,69 52.48

501.11

aCoding of these variables is describsd in Appendix C: X2(1l, Col, 39),

X8(1, Cols, 49, 50), XLO(l, Cols. 40, 47), X11(1l, Col. 48), X13(1, Col. 67),
X17{2, Cols. 12, 13, 14}, X18(2, Cols. 23, 24), X13{2, Col, 26), X20(2, Cols.
29, 30), X28(Machine coded, 2, Col. 25 less 2, Col. 26),
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Because data concerning policy measures were only available for the
beginning and end, but not the intervening jears; of the forecast periods,
key policy changes other than new road construction were computed into the
initial measures of the attractiveness of land for development., The attrac-
tiveness indices were then held constant during each iteration of the model,
though if data had been adequate, these indices could easily have been re-
computed to reflect more accurately the timing of particular policies. The
fact that policy changes are included in the attractiveness indices pribr to
their actual occurrence tends to overweight the attractiveness of some cells
during the initial iterations of the simulation, However, it was felt that
this was much more desirable than totally ignoring their influence on later

development,

Residential Growth

Residential ninths to be allocated by the model were made to coincide
with the actual increase in ninths of residential development which took
place in the Lake Norman study area during the period from 1961 through 1969
and in the Lake Sidney Lanier study area during the period 1956 through 1969,

Fér the Lake Norman study area, the model was programmed to allocate
1,057 ninths of residential development., While this figure was fixed by the
total amount of development which actually occurred, it was necessary to make
several assumptions concerning the allocation of residential ninths to
different growth periods and tovdifferent vacant land categories, ‘The model
was designed to allocate development in three iterations of three years each:
(1) 1961 through 1963, (2) 1964 through 1966, and (3) 1967 through 1969,

Since information on the actual amount of residential growth in each of these
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periods was not available, it was assumed that 20 percent (211 ninths) of the
total development which took place over the 9-year forecast period occurred
during the fifst g;owth period (iteration), while 40 percent (423 ninths) was
assumed to have occurred during each of the remaining periods, bBased on an
analysis of subdivision activity during each year of the forecast period and
the lag time between platting of land and construction of dwelling units, these
were considered\realistic assumptions of the actual timing of development,

Allocationsxof nipths of development to vacant land categories were based
on the asSumptidn that the proportion of development occurring in each itera-
tive period'in éach category would be essentially the same as the proportion
occurring in each vacant land category over the entire 9-year forecast. Hence,
the 20-40-40 ratio of development was applied to the actual ‘development which
took place in each category of the vacant land inventory to determine the
distribution of development in each period,

In thevcase of the Lake Sidney Lanier study area, the model was programmed
to allécate 1,483 ninths‘of residential development. Because the forecast period
was 14 years, the number of iterations or growth periods was extended to five,
including an initial 2-year iﬁeration‘followed by four iterations of three yeaf:
each: (1) 1956 through 1957; (2) 1958 through 1960; (3) 1961 through 1963);
(4) 1964 through 1966; and (5) 1967 through 1969, To reéognize the build up of
subdivided land over time and'the increasing ability of householdé to afford
second homes, the allocation of development to growth periods was progressively
increased, Hence,bduring the first iteratidn, 10 percent (149 ninths) of the
total development was allocated, while 20 percent (295 ninthsS was allocated
to each of the second and third iterations and 25 percent (372 ninths) to each

of the fourth and fifth iterations, As with Lake Norman, the allocation of
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development to each vacant land category during each itergtiqn was assumed to
be "directly proportional to the ambunt of development which actually occurred
in eéch category over the entire gx post forecast period.

A summary of the allocation of ninths of development by vacant land
‘cétegory and by growth periods for both Lake Nbrman and Lake Sidney Lanier is

given in Table 13,

Program for the Model

The program for the land development simulation was developed in two
distinct phases. The first prepares the data for the simulation, whilé the
second executes the simulation process. This section outlines tﬁe operations
performed in each of these phases. Technical considerations involved in
programming the model, such as, the random number generator, sorting technique,
and positional coding of data, as well as the actual program for the model,
are included in Appendix E,

In the‘first phase of the program, raw data stored on magnetic tape and
computed indices of attractiveness were condensed to form a working simulation
map of the reservoir study area, This map was composed of two 32-bit cdmputer
words per cell, one containing data for cells capable of receiving surrounding
area development and a second for the subset of cells able to receive shore=~
line development. These words were arranged in increasing values of the’
x-coordinate within increasing values of thé y-coordinate of the grid cells.
Hénce, the location of each cell was implicit in the location of its associated
word and formed a map of the data required for the simulation. The workingv;'
map for the Lake Norman simulation contained 24,080 32-bit words, while that
for Lake Sidney Lanier contained 34,320 words. Each of these arrays was |

placed on direct-access disk storage.




TABLE 13

' Al;ccations of Ninths of Residential Deﬁelopment, by Vacant Land Category and
by Growth Period, Lake Norman, 1961-1969, and Lake Sidney Lanier, 1956-1969

Total
Vacant o Growth Period Allo-
Land Category 1956-1957 1958-1960 1961-1963 1964-1966 1967-1969 cated
LAKE NORMAN
Shoreline
No Road -- - 16 31 o 31 78
Road Prior to
Start of .
. Forecast , - - 38 77 77 192
Road After :
Start of
Forecast -- = 89 179 179 447
Surrounding Area .
No Road - - 16 : 0 0 16
Road Prior to .
Start of
Forecast .- -- 61 120 120 301
Road After o
Start of
Forecast -- - _23 _0 0 23
Total for Period 243 . 407 407 1,057
TLAKE SIDNEY LANIER
Shoreline C ce o
No Road ' 4 8 . 8 10 10 40
Road Prior to '
Start of
Forecast 23 44 44 55 55 221
Road After
Start of ' :
Forecast 26 52 52 65 65 260
Surrounding Area '
No Road 3 4 4 6 6 23
Road Prior to: » ‘ o
Start of
Forecast 80 162 162 205 205 814
Road After
Start of :
Forecast 13 25 25 31 31 125
Total for Period 149 295 295 372 372 1,483
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The 32 bits of each word were allocated to either eight fields of data,

or, in the case of some cells not capable of receiving development, to a

"pointer" which indicated the location of the next cell containing vacant land

‘ 11 ,
suitable for residential use. The pointer  served to avoid unfruitful passes

through the data and thus significantly enhanced the efficiency of the program,

The sign bit served to distinguish these two types of word usage: if negative,

the word was used as a pointer and, if positive, the word contained data re-

quired for the simulation.

Data words contained the following eight fields:

Field 1

Field 2

Field 3
Field 4

Field 5
Field 6

Field 7

Field 8

11

- Pointer switch -1 bit
- Total attractiveness weight of cell

(field 4 x field 6) - 7 bits
- Réad category - 4 bits
- Attractiveness per ninth - 4 bits

-« Number of ninths allocated to cell
by simulation ' - 4 bits

= Number of vacant ninths available for
residential development - 4 bits

~ Actual number of ninths of residential
development at end of forecast period
(1969) - 4 bits

- Actual number of ninths of residential

development at start of forecast
period (1961;-1956) - 4 bits
32 bits

It should be noted that the pointer directs the program to jump over

repetitive sequences of cells not capable of receiving development (i.e., cells
with all ninths in the reservoir flood pools, reservoir reservations, or pre-
empted by existing development at the start of the forecast period.,) ’
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The pointer switch (field 1), classification of vacant land in terms of
road availability (field 3), attractiveness per ninth (field 4), and number
of vacant ninths available for development (field 6) were discussed above,
Total cell attractiveness weight (field 2) is a summary weight indicating the
combined effect of the attractiveness of each cell ninth for development and
the number of vacant ninths in a cell capable of receiving development. Resi-
dential ninths allocated by the model in the course of a simulation run were
stored in field 5, which was set at 0 at the start of each forecast; Finally,
fields 7 and 8 stored data referring to the actual number of ninths of resi-
dential development at the beginning and end of the forecast. These data
were utilized to evaluate the accuracy of the simulation.

Pﬁasé two of the program executed the simulation process. First, resi-
dential growth to be allocated was labeled in terms of the six categories of
vacant land ahd the phasing of development in growth periods.12 Next, a cell

capable of receiving development (assigned to the appropriate vacant land

12 The following priority was observed in allocating development assigned
to each vacant land category. In order to recognize consumer preferences for
waterfront as opposed to off-lake development in shoreline cells, within each
growth period all shoreline development was allocated prior to surrounding
area development, During the first growth period, shoreline development was
first allocated to cells with roads existing at the start of the forecast,
then to cells with roads constructed after reservoir impoundment, and finally
to cells not served by a road., 1In succeeding periods, however, the oxder of
allocation was revised to recognize the likely attractiveness of shoreline
areas made accessible through new road construction, Hence, shoreline devel-
opment assigned to these periods was first allocated to cells with roads con-
structed after reservoir impoundment, next to cells with preimpoundment roads,
and then to cells without public roads.

The order of allocation to road types for surrounding area development
recognized the fact that over 80 percent of this form of development took place
adjacent to preimpoundment roads., Accordingly, surrounding area development
assigned to each growth period was first allocated to cells with preimpound-
ment roads, then to cells served by postimpoundment roads, and finally to'cells
not served by a public road,
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category) was randomly selected and the number of ninths of development
assigned to that category was made available to the simulation process. The
attractiveness weight of each cell (attractiveness per ninth x ninths of vacant
land) was summed to form a total attractiveness weight for all cells in the
vacant land category. Random numbers between 1 and the total attractiveness
weight were then generated and sorted to form an array of numbers in increasing
order, Following this step, the attractiveness of each cell in a vacant land
category was consecutively and cumulatively (beginning with cell weight 0 - n)
compared to a random number, which was selected consecutively from the ordered
set bf random numbers generated for the vacant land category. If the random
number was less than the cumulative attractiveness associated with the cell
and if the cell contained available land in the appropriate vacant land cate-
gory, a ninth of development was allocated. If the random number was greater
than the cumulative attractiveness of the cell, the indi§iduél attractiveness
weights of successive cells were added to the running cumulative attractiveness
weight until the ninth of development was allocated,

Following the allocation of each ninth, several reductions were made in
the values assigned the input variables: the amount of development assigned
to the growth period and vacant land category was reduced by one‘ninth, and
both the supply of 1and'available for development and attractiveness weight of
the cell receiving growth were appropriately reduced.13 The simulation process

was then repeated until each ninth assigned a vacant land category, had been

13 In the case of shoreline cells, which can receive both shoreline and
surrounding area development, the allocation of ninths, reduction in vacant
land, and reduction in the total attractiveness of the cell are made in the
appropriate fields of both shoreline and surrounding area words in the working
simulation map. '

59




allocated, In cases where additional numbers were needed, as was the case
when two random numbers were associated with the same ninth of development,
additional numbers were generated as needed. Before proceeding to the next
vacant land category, a check was made to see whether enough random numbers
had been generated, Simulation passes were then repeated until all assigned
growth within each vacant land category and within each growth period had been

allocated,

Output of the Model

The results of test runs of the model for the Lake Norman and iaké Sidney
Lanier study areas are summarized in Figures 2 and 3, which, for comparative
purposes, also include the actual distribution of residential development at
the beginning and end of the forecast periods., The output of the simulation
process 1s expressed in terms of the number of ninths of residential devaslop-
ment allocated to each éell over the simulated growth periods, Blank cells
indicate that no development was allocated.

Because the simulation process contains & probabilistic element, the
distribution of expected ninths 6f‘development varies for each run of the
model, In the final tests reported here, 20 consecutive simulations were pexr~
formed for each resérvbir study area to evaluate the consistency of the out-
put'over'repeated mndelbruﬁs. The median simulatién, in terms of the sum of
thé squares of deviation between actual and allocated growth, was selected to
represent the expected pattern of residential development reported in Figures 2

and 3.14

14 The choice of the median run rather than an "average' allocation for
the ex post facto forecast was made for two reasons, First, to be meaningful,
averaging would have required that the output be expressed in terms of tenths
of a ninth (1/90 of a cell). This fine grain would have exceeded the level
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FIGURE 2. SIMULATION OF RESIDENTIAL DEVELOPMENT, LAKE NORMAN,
NORTH CAROLINA, RESERVO!IR STUDY AREA, 1961 - 1969.
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Evaluation of the Model

Test runs of the simulation model were evaluated in terms of the effi-
ciency of the program, consistency of the output between consecutive runs and
runs in each study area, and, most importantly, in terms of the deviation of

the simulation from actual development.

Efficiency of the Program

The program for éimulating residential development is very efficient,
Fach complete simulation, involving génerating and sorting random numbers,
searching the working simulation map to allocate development, making appro-
priate bookkeeping entries, and calculating the criterion sum of squares of
deviation between allocated and actual growth, required 3 seconds for Lake
Norman and 7 seconds for Lake Sidney Lanier. An additional 14 to 15 seconds
were required to print the set of computer maps describing the median simula-
tion in each series of runms.

Approximately 90 percent of the computer time involved in each simulation
run was spent in searching the working simulation map to allocate development,
This was reflected in the differences in run time for the Lake Norman and
Lake Sidney Lanier simulations -- the Lake Norman simulation involved only 14
growth period-vacant land categories, while the Lake Sidney'Lanier simulation
involved 30 such categories.

The great speed achieved in each simulation was made possible by the

extensive preprocessing of the data to eliminate all unnecessary duplications

of detail of the input data, DMore important, however, is the fact that in
rounding the results to the nearest ninth, it would be extremely unlikely that
the total ninths allocated in an "average' forecast would match the control
totals specified in the model inputs., See Donnelly, Chapin, and Weiss, 1964,
pp. 33-34,
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in the required calculations., Operations performed in preparing the working

simulation map (phase one of the program) for Lake Norman required 20 computer

runs averaging approximately one minute ea;h. The efficiency of this phase
of the program was significantly improved for the Lake Sidney Lanier simula-
tion, which required only 10 preprocessing runs of approximately 30 seconds
each to prepare the working simulation map.

All runs were performed on an IBM 360 Model 75, which, for purposes of
comparison with other computers, performs approximately one million calcula-

tions per second,

Congistency of the Output

The sum of the squares of deviation between actual growth and allocated

growth over the forecast periods was utilized as a criterion to evaluate the

consistency of the model over repeated simulation runs. In the 20 consecutive

simulations performed for the final tests of the model, the criterion values
traced out a smooth curve, indicating that the linear sampling technique per-

formed satisfactorily, These values ranged from 1,952 to 2,162 in 20 runs

for the Lake Norman study area and from 3,726 to 3,582 in an identical number

of runs for the Lake Sidney Lanier Study area, See Table l4,

To compare the results of test runs for Lake Norman and Lake Sidney.

Lanier, the mean sum of squares of the deviation between actual and simulated

growth was calculated both in terms of all cells capable of receiving devel-
opment and only those cells allocated or actually receiving ninths of devel-
opment over the forecast periods., As indicated in Table 14, the simulation
model performed adequately for each reservoir study area, though the Lake

Norman simulations were slightly more accurate. The mean square deviations
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TABLE 14

Comparison of Sums of Squares of Deviation for Each of 20 Consecutive

Runs, Probabilistic Model for Forecasting Residential Development, Lake

Norman, North Carolina, Reservoir Area, 1961 - 1969, and Lake Sidney
Lanier, Georgia, Reservoir Area, 1956 - 1969

Lake Norman

Lake Sidney Lanier

- Total Mean Sum of Squares Total Mean Sum of Squares = Run
Sum of Developed Run Sum of Developed Mo,
Rank Squares All Cells Cells No. Squares All Cells Cells
1 1,952 0.245 1,609 1 3,726 0.417 2.119 5
2 1,970 0.247 1,619 13 3,744 - 0.4620 2,125 11
3 1,996 0.251 1,639 7 3,760 0.421 2,141 16
4 2,036 0.256 1.669 12 3,768 0.422 2,113 13
5 2,042 0.256 1,647 20 3,776 0.423 2.094 18
6 2,046 0,257 1,692 9 3,778 0.423 2,164 6
7 2,052 0.258 1.672 15 3,784 0.424 2,145 19
8 2,062 0.259 1.685 14 3,796 0.425 2.109 12
9 2,072 0.260 1,691 16 3,802 0.426 2.122 17
10 2,078 0.261 1,715 18 3,806 0.426 2.169 7
11 2,082 0.261 1,700 3 3,808 - 0,427 2,165 2
12 2,092 0.263 1,749 8 3,848 0.431 2.158 15
13 2,098 0,264 1,727 10 3,856 0.432 2.153 20
14 2,098 0.264 1,721 11 3,860 0.433 2.155 9
15 2,112 0.265 1.684 2 3,874 0,434 2.138 14
16 2,122 0.266 1.713 17 3,882 0,435 2.153 3
17 2,128 0,267 1.744 5 3,886 0.435 2,182 1
18 2,140 0.269 1.713 19 3,910 0.438 2,160 10
19 2,150 0,270 1.786 4 3,924 0.440 2,185 8
20 2,162 0.272 1.709 6 3,982 0.446 2.209 4

from actual development over all cells ranged from .245 to .272 ninths per cell

for the Lake Norman simulations and from .417 to .446 ninths per cell for the

Lake Sidney Lanier simulations,

The greater accuracy of the Lake Norman simulations may be the result

of interaction between reservoir owner residential development policies and

the ability of development to cluster. The Duke Power Company policy of

developing ''shoestring' subdivisions paralleling the Lake Norman shoreline
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eliminated the potential for off-lake development in a number of shoreline
grid cells simply because the Company did not make lots available which did
not-front‘on the lake., On the other hand, many shorelihe subdivisions adja~ -
cent to Lake Sidney Lanier were designed so as to include both waterfront and
nonwaterfront lots, Although waterfront lots were most attractive to house-

| holds, the fact that off-lake land was more readily available for residential
uée led to more clustering of development, and, hence,blarger squared devia-
tioné”of‘simulated from actual development, This tendency was reinforced by
thé greater amount of surrbunding area development, which has a natural
téndency to cluster, allocated by the Lake Lanier simulations, By incorpora-
ting this clustering phenomenon into the simulation process, it appears likely
that a more nearly equivalent level of accuracy could be achieved for the

reservoir study areas,

Deviations from Actual Growth

Additional insights into the performance of the model are provided by
the distribution of deviations between simulated and actual residential
growth, For the Lake Norman simulations, over 80 percent of the deviation
in the median run (No., 3) occurred in cells receiving one ninth of develop-
ment (2,55 acres) above or below the amount of growth which actually occurred
between 1961 and 1969, See Table 153,

Cells with the highest deviations, under- or overallocations of three
or more ninths per cell, were examined to determine whether such '"major"
errors were randomly distributed or attributable to some identifiable short-
coming of the model or model inputs., 1In the case of underallocated cells,

deviations occurred in the expected proportion of shoreline and surrounding -




TABLE 15

Deviations Between Simulated and Actual Growth, By Cell,
- Median Run #3, Lake Norman, North Carolina, Reservoir Area, 1961 - 1969

Underallocation Overallocation
Number Number
Deviation of Cells Percent Deviation of Cells Percent
-9 0 6.0 +9 0 0.0
-8 0 0.0 +8 4] 0.0
-7 0 0.0 +7 0 0.0
-6 0 0.0 +6 ' 0 0.0
-5 0 0.0 45 1 0.2
-4 4 0.7 +4 3 0.5
-3 12 2.0 +3 18 3.1
-2 - 91 14.9 +2 69 11,2
-1 502 82,4 +1 524 85.0

area cells and in cells with and without roads available at the start of the
forecast, About half of these underallocated cells had high attractiveness
indices. The fact that no development was allocated may be due to the exis-
tence of an oversupply of prime shoreline residential land, Approximately
6,500 lots in shoreline subdivisions are available in the Lake Norman study
area, but as of the summer of 1969, only 2,421 shoreline dwelling units had
been constructed, In this situation the underallocation of development to
some cells is inevitable. In the case of underallocated cells with low
attractiveness indices, residential development may have occurred because of
the sale of shoreline lots at below market rates by preimpoundment landowners.
A previous study of these landowners indicated that many individuals holding
tracts severed in the process of reservoir development would either subdivide

' b
their land or sell lots in an ad hoc fashion to recreation-oriented households, -

15 See Burby and Weiss, 1970,
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Since sale of these tracts is based on prior ownership and not their attrac-
tiveness for residential use and at prices which are often set at "uninformed"
below market rateé, some residential development is channeled to sites which
would not otherwise be selected by land development firms or households.
Cells in which the model overallocated three or more ninths of develop-
ment were all located adjacent to the shoreline, and, in 87 percent of these
cases, were wholly dr almost wholly owned by the Duke Power Company. Although
most overallocated cells were highly attractive for residential use, Company
policies and idiosyncrasies in the design of Duke Power shoreline subdivisions
prevented development from actually occurring. For instance, two cells allo-
cated development were co-opted for an employee recreation area and a shore«
line marina, three cells were primarily occupied by off-lake land "across
the street" from a Duke Power waterfront subdivision, and in four cases Duke
Power had acquired most of the land in a cell, but had not subdivided it for
residential use. In sum, it appears that the results of the Lake Norman
simulation could have been significantly improved by more precisely.ideﬁtify-
ing the intended uses of Duke Power's landholdings over the forecast period,
Deviations from actual growth for the median Lake Sidney Lanier simula-
tion run (No. 2) are presented in Table 16. Again, most errors were re-
stricted to cells allocated one ninth of development above or below the amount
of development which actually occurred over the simulation period. Like Lake
Norman, overallocations are probably in large part due to an excess supply of
highly attractive lots over the demand for both shoreline and surrounding area
dwelling units, For instance, over 12,000 lots are available in shoreline
subdivisions, but only 3,183 shoreline dwelling units had been constructed

through the summer of 1969, Other factors contributing to overallocations
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TABLE 16

Deviations Between Simulated and Actual Growth, By Cell,
Median Run #2, Lake Sidney Lanier, Georgia, Reservoir Area, 1956 - 1969

Underallocation Qverallocation
Number Number
Deviation of Cells Percent Deviation of Cells Percent
-9 1 0.1 +9 0 0.0
-8 1 0.1 +8 0 0.0
-7 2 0.3 +7 0 0.0
-6 0 0.0 +6 0 0.0
-5 8 1.0 +5 0 0.0
-4 11 1.4 44 2 0.2
-3 50 6,1 +3 27 2.9
-2 134 16,5 +2 135 14,3
-1 607 74,5 +1 781 82.6

are the apparently common practice of developing subdivisions with various
design deficiencies (such as, lots with 25-foot frontage, poor storm drainage,
and improper street grading) during the early years of the lake'é existence
and widespread speculation in shoreline land., Hence, land otherwise suitable
for residential development may be unappealing to consumers or withheld from
the market pending further appreciation in land values,

Underallocation of development in the Lake Sidnéy Lanier simulations
tended to occur in sets of contiguous cells, This represents a tendency for
development at one location to attract future development, and reflects cer-
tain economies of scale in residential development and construction, Thus,
it seems likely that many of these underallocations could be corrected by
recaléulating attractiveness indices during the simulation process to take

into account this clustering phenomenon.
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For both Lake Norman and Lake Sidney Lanier, the simulated pattern of
development exhibited a greater degree of residential scatteration than
actually occurred oﬁer tﬁe‘gg Eggg facto forecast periods. See Figures 2.
and 3; In addition to the above noted revisions in the model to reflect the
clustering of development, excess scatteration could probably.. be 51gn1f1cant1yv
reduced by establlshlng more precise constraints on land made avallable for
development in the simulation process. As a first step, sterilization of
land withheld from development by the Duke Power Company has\already been
mentioned, Generalizing to both reservoir areas, the model output could
probably be improved by femoving from the vacant land inventories parcels
tied up in estate settlements, land held for future commercial and industrial
use, and vacant land in public‘ownership. Going beyond these ad hoc modifica~
tions in the model inputs, further improvements in the output of the simula-
tions will probably require disaggregation of the simulatioﬁ process.to match’
more closely the actual sequence of decisions involved iﬁ resarQoir area-reSi-
dential development.16

While several refinements will increase tﬁe acceracy‘ofvfhe eimulation,
in its present form the model provides plamners and policy ﬁakers wiﬁh a
powerful tool to evaluate the effects of policy alternatives on reservoir area

development patterns and forecast the probable location of residential growth,

16 In this regard, research is currently underway to develop a landowner
model which will indicate parcels likely to be released for residential devel-
opment (see footnote 8) and background research for a consumer or residential
choice model has been completed (see Burby, 1971), Combined with an inter-
mediate or producer model, the anticipated series of linked simulations should
closely replicate actual land development decisions, Although the results of
this research should enhance the sophistication and accuracy of residential
development forecasts, the complexity of the model and data inputs will be
similarly increased. Thus, for many operational applications, an aggregate
model of the form presented in this report may be most suitable.
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V. TOWARD OPERATIONAL USE OF THE SIMULATION MODEL

The land development simulation model proposed in this report provides
an advanced methodology for joint water resource and local land use planning
for reservoir area residential development, Realization of the model's
potential depends on both the concern of reservoir owners and local officials
for the quality of the environment and the provision of a suitable institu-
tional framework for reservoir area planning, Achievement of these pre-
conditions for planning will not be easy., With the exception of the Tennessee
Valley Authority, reservoir developing agencies have only recently begun to
consider the impact of water impoundments on adjacent land use, Rural juris-
dictions. in which most multipurpose reservoirs are constructed lack the
financial and technical resources, and often the inclination, to initiate
comprehensive planning and land use regulations to control residential devel-
opment, And, since large impoundments invariably cross jurisdictional
boundaries, intergovernmental coordination is required among local governmental
units which often have little relevant experience in cooperative undertakings.

Nevertheless, a number of examples of regional cooperative efforts to
plan for reservoir area land development have evolved in recent years. In
several cases, pending reservoir projects have been a catalyst in the forma-
tion of councils of governments made up of affected local jurisdictions. An
excellent example in this regard is the 7-county Tocks Island Regional Advisory
Council, which was created in 1965 "as the principal means through which the

top elected officials of the region could identify and come to grips with the




change that will be produced by the Tocks Island projects”ly (Tocks Island
Dam and Reservoir and Delaware Water Gap National Recreation Area). Orga-~
nizations to foster cooperation among lecal planning agencies represent a
second planning approach., For example, in the case of Appalachian Power
Company's Smith Mountain Reservoir, 4 counties came together and formed the
Reservoirs Regional Planning Commission to coordinate planning and land use
regulations in the reservoir area. Special districts represent yet another
approach, In North Carolina, the Carolina Power and Light Company fostered
the creation of the Person-Caswell County Lake Authority, which has sponsored
a land use plan, adopted subdivision regulations, and constructed a park
adjacent to Carolina Power Lake. The Tennessee Valley Authority has been
instrumental in the creation of several regional‘development agencies, such
as the Elk River Development Authority, which in cooperation with TVA have
planned for the recreational development (including vacation homes) of new
water impoundments, Finally, complete control of a reservoir area environment
is being approached by the Tennessee Valley Authority in the joint development
of the Tellico Reservoir and new town of Timberlake. Other new towns being
developed adjacent to multipurpose reservoirs, such as Lake Havasu City in
Arizona and Flower Mound, adjacent to the Corps of Engineers' Grapevine Reser-
voir in Texas, suggest that this approach may have wide national applicability,
These pioneering efforts to coordinate reservoir development with com-
prehensive regional and community planning provide a strong foundation for
future endeavors to plan for the optimum development of reservoir areas, The
land development simulation model developed through the present research is

intended to facilitate the process by which optimum development may be achieved,

17 Tocks Island Regional Advisory Council, What Will Happen to the Rest
of the Area? Report No, 2, Stroudsburg, Pa.: The Agency, May 1968,
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X1

X2

X4

X5

X6

X7

APPENDIX A

GLOSSARY OF ATTRACTIVENESS FACTORS

Topography - measures vacant land which had a slope of 15 percent or more,
(Coded to nearest ninth of a grid cell from U,S.G.S. topographic quad-
rangle maps: Lake Norman, data not available; Lake Sidney Lanier,

Cl: Col, 35; Lake Boone, Cl: Col, 35.)

Ground Cover - measures vacant land which was forested. (Coded to nearest
ninth of a grid cell from aerial photographs of the reservoir study areas:
Lake Norman, Cl: Col, 32; Lake Sidney Lanier, Cl: Col., 39; Lake Boone,

Cl: Col, 39.)

Flood Pool - measures land which was inundated by the study reservoirs
at full pool elevation, (Coded to nearest ninth of a grid cell: Lake
Norman, Cl: Col, 35; Lake Sidney Lanier, Cl: Col. 41; Lake Boone,

Cl: Col. 40.)

Aerial Distance to Shoreline. - measures direct straight-line distance to
shoreline at full pool reservoir elevation. (Coded to nearest 1,000-foot
increment to 5,499 feet and to nearest 2,000-foot increment to 13,000
feet, the maximum limit of the study areas, from center of grid cell to
nearest shoreline: Lake Norman, Cl: Col, 36; Lake Sidney Lanier,

Cl: Col. 42; Lake Boone, Cl: Col, 41,)

Road Distance to Nearest Launch Ramp - measures straight-line distance
from center of grid cell to nearest public road and travel distance along
most direct feasible route to nearest public boat launching ramp in 500-
foot increments. (Coded to nearest 500~-foot increment: Lake Norman,

Cl: Cols, 66, 67; Lake Sidney Lanier, C2: Cols. 7, 8; Lake Boone,

Cl: Cols. 78, 79.) '

Water Distance to Nearest Marina - measures direct boat travel (water)

distance from center of shoreline in grid cell to nearest marina in 500-
foot increments, (Coded for shoreline grid cells only to nearest 500-
foot increment: Lake Norman, Cl: Cols, 47, 48, 49; Lake Sidney Lanier,
Cl: Cols, 59, 60, 61; Lake Boone, Cl: Cols, 52, 53,)

View of Reservoir - measures potential for view of reservoir disregarding
ground cover and manmade obstructions, (Coded 1 if line of sight from
center of grid cell to reservoir is not obstructed by topographic barriers,
and 0 if line of sight from center of grid cell to reservoir is obstructed
by topographic barriers: Lake Norman, data not available; Lake Sidney
Lanier, Cl: Col, 43; Lake Boone, Cl: Col. 42.)
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X8 Peninsula Location - measures relative location of grid cell toward the
tip of peninsula in terms of water in the grid cell and contiguous
water in adjacent grid cells., (Coded for shoreline grid cells only to
nearest ninth of a series of grid cells: Lake Norman, Cl: Cols. 42, 43;
Lake Sidney Lanier, Cl: Cols. 49, 50; Lake Boone, data not available,)

ar

hid Access to Shoreline - measures degree of access to shoreline in grid
cell in terms of the amount of shoreline in grid cell in 100-foot incre-
ments, (Coded for shoreline grid cells only to nearest 100-foot incre-
ment: Lake Norman, Cl: Cols. 37, 38; Lake Sidney Lanier, Cl: Cols. 44
45; Lake Boone, Cl: Cols. 43, 44 )

X10 Access to Reservoir Reservation ~ measures degree of access to lands sur-
rounding reservoir which are controlled by reservoir owner in 100-foot
increments. (Coded for shoreline grid cells only to nearest 100-foot
increment: Lake Norman, Cl: Cols. 39, 40; Lake Sidney Lanier, Cl;

Cols. 46, 47; Lake Boone, Cl: Cols. 43, 44.)

X1l Aerial Distance from Reservoir Reservation to Shoreline - measures direct
straight~line distance from inland edge of reservoir owner property line
to shoreline in 100-foot increments., (Coded for shoreline grid cells -
‘only to nearest 1l00-foot increment: Lake Norman, Cl: Col. 41; Lake
Sidney Lanier, Cl: 48; Lake Boone, data not available.)

X12 Aerial Distance to Nearest Public Road - measures straight-line distance
from center of grid cell to nearest public road in 500-foot increments,
(Coded to nearest 500-foot increment: Lake Norman, Cl: Cols. 52, 53;
Lake Sidney Lanier, Cl: Cols. 64, 65; Lake Boone, Cl: Col. 55.)

X13 Quality of Available Public Road - measures availability and surface
quality of public road in grid cell, (Coded 0 if public road is not in
grid cell; 1, if dirt or gravel public road is in grid cell; and 2, if
paved public road is in grid cell:  Lake Norman, Cl: Col, 55; Lake
Sidney Lanier, Cl: Col., 67; Lake Boone, data not available.)

X1l4 ~Road Distance to Nearest Major Road - measures straight-line distance
from center of grid cell to nearest public road and travel distance along
most direct feagible route to nearest State, U, S., or Interstate highway
in 500-foot increments. (Coded to nearest 500-ffot increment: Lake
Norman, Cl: Cols. 58, 59; Lake Sidney Lanier, Cl: Cols. 70, 71; Lake
Boone, Cl: Cols. 58, 59.)

X15 Road Distance to Nearest Available Elementary School - measures straight-
line distance from center of grid cell to nearest public road and travel
distance along most direct feasible route to nearest available elementary

- school in 500-foot increments. (Coded to nearest 500~foot increment;.
Lake Norman, Cl: Cols, 62, 63; Lake Sidney Lanier, Cl: Cols, 74, 75;
Lake Boome, Cl: Cols. 74, 75.)
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X16

X17

X18

X1s

X20

X21

X22

Road Distance to Nearest Central Business District - measures straight-
line distance from center of grid cell to nearest public road and travel
distance along most direct feasible route to nearest central business
district in 2,500-foot increments, (Lake Norman: Davidson, Huntersville,
Mooresville, Lincolnton, or Newton; Lake Sidney Lanier: Cumming,
Dawsonville, Gainesville, or Buford; Lake Boone, not measured. Coded to
nearest 2,500-foot increment: Lake Norman, C2: Cols, 27, 28; Lake

- Sidney Lanier, C2: Cols. 21, 22.) '

Road Distance to Major Urban Centers - measures straight-line distance
from center of grid cell to nearest public road and travel distance along
most direct feasible route to major urban centers in 2,500-foot increments.
(Lake Norman: Charlotte, Gastonia, Hickory, Kannapolis, and Statesville;
Lake Sidney Lanier: Atlanta and Gainesville; Lake Boone: Bristol,

Johnson City, and Kingsport. Coded to nearest 2,500-foot increment: Lake
Norman, Cl: Cols, 71, 72, 73; 77, 78, 79; C2: Cols. 10, 11, 12; 16, 17,

18; 22, 23, 24; Lake Sidney Lanier, C2: Cols. 12, 13, 14; 17, 18; Lake
Boone, Cl: Cols,., 62, 63; 66, 67; 70, 71,)

Accessibility to Employment -~ identifies total weighted distance of grid
cell to all work areas with 250 employees or more in study area. Weights
are determined by employment size of work area. (Coded on a scale from
0 to 36: Lake Norman, C2: Cols. 29, 30; Lake Sidney Lanier, C2: Cols. 23,

.24; Lake Boone, no data available.)

Availability of Public or Community Water System - identifies grid cells
which had access to a public or community water system, (Coded O if
public or community water system was not available in grid cell or adja~-
cent grid cells, and to nearest 2-inch pipe size increment of water line
in grid cell or adjacent cells: Lake Norman, C2: Col, 32; Lake Sidney
Lanier, C2: Col, 26; Lake Boone, Cl: Col, 80.) :

Availability of Public or Community Sewer System - identifies grid cells
which had access to a public or community sewer system, (Coded 0 if
public or community sewer system was not available in grid cell or adja-
cent grid cells, and to nearest 2-inch pipe size increment of sewer line
in grid cell or adjacent cells: Lake Norman, C2: Cols, 35, 36; Lake
Sidney Lanier: C2: Cols. 29, 30; Lake Boone, no data available.)

Zoning Protection - identifies graded restrictions in residential use
permitted in grid cell based on official =zoning ordinances, if any.
(Coded on graded scale with residential use ranked at top of scale:
Lake Norman, C2: Col, 38; Lake Sidney Lanier, C2: Col. 32; Lake Boone,
no data available.)

Reservoir Owner Reservation - measures land owned by reservoir owner,
(Coded to nearest ninth of a grid cell: Lake Norman, land held for
industrial use only, C2: Col. 40; Lake Sidney Lanier, Cl: Col, 40; Lake
Boone, same as X3,)
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X23

X24

Change in Aerial Distance to Public Road - measures’ relatlve decrease

‘in aerial distance to nearest public road due to new road construction

between reservoir impoundment and 1969, (Machine coded to nearest 500-

- foot ‘increment: Lake Norman, Cl: Cols., 52, 53 less Cols, 50, 51; Lake
- Sidney Lanier, Cl: Cols, 64, 65 less Cols, 62 63, Lake Boone, Cl

Col. 55 less Col. 54,)

Change in Quality of Public Road - measures relative éhaﬁge'in quality

of public road in grid cell due to road improvements and new road con-
struction between reservoir impoundment and 1969, (Michine coded, 0,

- no change; 1, change from no road to dirt or gravel road, or from dlrt

or gravel road to: paved road; and 2, change from no road to paved road:

. . Lake Norman, Cl: Col. 54 less Col, 55; Lake Sidney Lanler, Cl: Col, 66

%25

. %26

X27

less Col. 67; Lake Boone, no data available.)

-Change. in Road Distance to Nearest Launch Ramp - measures relative

decrease in travel distance to nearest public boat launching ramp due

to new launch ramp installations and road improvements between reservoir
impoundment and 1969. (Machine coded to nearest 500-foot increment:
Lake Norman, Cl: Cols, 66, 67 less Cols, 64, 65; Lake Sidney Lanier,

C2: Cols, 7, 8 less Cl: Cols. 76, 77; Lake Boone, Cl: Cols. 78, 79 less
Cols. 76, 77 )

Change in Water Distance to Nearest Marina - measures relative decrease

in boat travel distance to nearest marina due to new marina installatiomns
between reservoir impoundment and 1969,  (Machine coded - to nearest
500~foot increment: Lake Norman, Cl: Cols. 47, 48, 49 less Cols. 44, 435,

. 46; Lake Sidney Lanier, Cl: Cols, 59, 60, 61 1ess Cols. 56, 57, 58 Lake

Boone, Cl: Cols. 52, 53 less Cols. 50, 51, )

Change in Road Distance'to Nearest Available Elementary School - measures

relative decrease in travel distance to nearest available elementary
school due to new school construction and road improvements between
reservoir impoundment and 1969, (Machine coded to nearest 500-foot
increment: Lake Norman, Cl: Cols. 62, 63 less Cols. 60, 61; Lake Sidney
Lanier, Cl: Cols, 74, 75 less Cols, 72 73; Lake Boone, Cl: Cols, 74, 75
less Cols. 72, 73, )

Change in Availability of Public or Community Water System - measures
relative improvement in availability and/or capacity of public or commu- -
nity water system in grid cell or adjacent cells between reservoir
impoundment and 1969, (Machine coded 0 through & depending on the
increase in the size of the water line, if any, in the grid cell or
adjacent grid cells: Lake Norman, C2: Col. 31 less Col, 32; Lake Sidney
Lanier, €C2: Col, 25 less Col., 26; Lake Boone, Cl: Col. 80 - no water .
systems at time of reservoir impoundment,)
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X29

X30

Change in Availability of Public or Community Sewer System - measures

relative improvement in availability and/or capacity of public or

community sewer system in grid cell or adjacent cells between reservoir

impoundment and 1969, (Machine coded 0 through 14 depending on the
increase in the size of the sewer line, if any, in the grid cell or
adjacent cells: Lake Norman, C2: Cols., 33, 34 less Cols. 35, 36; Lake
Sidney Lanier, C2: Cols. 27, 28 less Cols, 29, 30; Lake Boone, no data
available.)

Change in Zoning Protection - identifies changes in restrictions in

residential use permitted in grid cell between reservoir impoundment
and 1969, (Machine coded: Lake Norman, C2: Col, 37 less Col, 38; Lake
Sidney Lanier, C€2: Col, 31 less Col, 32; Lake Boone, no data available.)
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APPENDIX B

CODING MANUAL

LAKE NORMAN RESERVOIR AREA
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CARD 1 (1-12)

Coding Manual: Lake Norman Reservoir Area -

Cols, 1, 2, 3 - X-Coordinate of Grid Cell (lower left hand corner)

Cols. &, 5, 6 - Y-Coordinate of Grid Cell (lower left hand corner)

Col. 7 - Total Land in Urban and Recreational Use - 1969 (measured on a
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subgrid of 9 units)
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- subgrid of 9 units)
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11, 12 - Land in Urban Use by Type - 1969 (measured on a

NOTE:

subgrid
Col, 9 -
Col. 10 -
Col. 11 -
Col., 12 -
The sum
g - 8.5 -
8 - 7.5 -
7 - 6.5 -
6 - 5.5 -
5 « 4,5 ~
4 - 3,5 -
3 -2,5-
2 - 1.5 -
1 -0.5 -
0 - 0.0 -
Blank -

of 9 units - code each column)

Residential (yellow ochre) '(Surrounding area)
Business (scarlet red)
Industrial (copenhagen blue)
Public and Institutional (olive green)

of Cols. 9 through 12 must equal number in Col. 8.
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Col, 13 - Total Land in Recreational Use - 1969 (measured on a subgrid

86

of 9 units
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Cols., 14, 15, 16, 17 - Land iﬁbRecreational Use by Type - 1969 (measusnd
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CARD 1 (13-18)

on a subgrid of 9 units - code each column)

Col. 14 -
Col. 15 -
Col, 16 -
Col., 17 -

WOTE: The sum
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Annual Residential (yellow orange) (shoreline)
Seasonal Residential (lemon yellow) (shoreline)
Recreational Service Facilities (carmine red).
Recreational Use Arcas

of Cols., 14 through 17
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within Lake Norman flood pool

13.

Col. lu - Total Land in Urban and Rccreatlonal Residential Use - 1967

{measured on a subgrid of 9 units)
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7 less Cols.

Add Cols, 9, 14, and
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urban and
urban and
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urban and
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11, 12,
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recreational
recreational
recreational
recreational
recreational
recreational
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recreational
recreational
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residential
residential
residential
residential
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residential
residential
residential
residential

‘within Lake Norman flood pool

use
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use
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use
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use
use

16 and 17 should equal number in



87 CARD 1 (19-24)

Col. 19 - Total Land Not in Urban or Recreational Use - 1969 (measured on a
subgrid of 9 units)

9 - 8,5 - 9,0 units not in urban or recreational use
8 - 7.5 - 8.4 units not in urban or recreational use
7 - 6.5 - 7.4 units not in urban or recreational use
6 - 5.5 - 6.4 units not in urban or recreational use
5 - 4,5 - 5,4 units not in urban or recreational use
4 - 3,5 -~ 4.4 units not in urban or recreational use
3 - 2.5 - 3.4 units not in urban or recreational use
2 -« 1.5 - 2,4 units not in urban or recreational use
1 - 0.5 « 1,4 units not in urban or recreational use
0 - 0.0 - 0.4 units not in urban or recreational use
Blank ~ 9.0 units within Lake Horman flood pool

NOTE: The sum of Col. 7 and Col. 19 must equal 9,

Col. 20 - Total Land in Urban Use - 1961 (measured on a subgrid of $ units)

units in urban use
units in urban use
units in urban use
units in urban use
units in urban use
units in urban use
units in urban use
units in urban use
units in urban use
units in urban use
units within Lake Norman flood pool
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Cols, 21, 22, 23, 24 - Land in Urban Use by Type - 1961 (measured on a
subgrid of 9 units)

Col. 21 - Residential (yellow ochre) (surrounding area)
Col, 22 ~ Business (scarlet red)

Col. 23 - Industrial (copenhagen blue)

Col, 24 - Public and Institutional (olive green)

NOTE: The sum of Cols, 21 through 24 must equal number in Col., 20.

units in specified urban use
units in specified urban use
units in specified uvrban use
units in specified urban use
units in specified urban use
units in specified urban use
units in specified urban use
units in specified urban use
units in specified urban use
units in specified urban use
units within Lake Norman flood pool
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Col.

25 -« Total Land Not

88

in Urban Use

CARD 1 (25-30)

- 1961 (measured on a subgrid of

NOTE:

Col.

9 units)
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in
in
in
in
in
in
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within

urban
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urban
urban
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urban

use
use
use -
use
use
use
use
use

‘use

use

Lake Norman flood pool

The sum of Col, 20 and Col, 25 must equal 9.

26 - Increase in Land in Urban Use ~ 1961-1969 (measured on a

NOTE:

Col.

subgrid of 9 units)

Blank -~ Entire cell within Lake Norman flcod pool
0 - 9 - Increase in urban ninths per grid cell between 1961 and 1969

Subtract Col, 20 from Col. 8,

increase.,

Result must be 0 or positive

27, 28, 29, 30 - Increase in Land in Urban Use by Type - 1961-1969
(measured on subgrid of 9 units) ,

Col. 27 - Residential (yellow ochre) (surrounding area)

Blank - Entire cell within Lake Norman flood pool
0 - 9 - Increase in urban residential ninths per grid cell
between 1961 and 1969

NOTE: Subtract Col. 21 from Col. 9. Result must be 0 or positive

increase.,

Col, 28 ~ Business (scarlet red)

Blank - Entire cell within Lake Norman flood pool
0 - 9 - Increase in business ninths per grid cell between
1961 and 1969

NOTE: Subtract Col. 22 from Col. 10. Result must be 0 or positive

increase.

Col, 29 - Industrial (copenhagen blus)

Blank - Entire cell within Lake Norman flood pool
0 « 9 - Increase in industrial ninths per grid cell between

1961 and 1969

NOTE: Subtract Col. 23 from Col, 11, Result must be 0 or poszitive

increase.




89 CARD 1 (31-33)
Col. 30 - Public and Institutional (olive green)
Blank - Entire cell within Lake Norman flood pool
0 - 9 - Increase in public and institutional ninths per grid

cell between 1961 and 1969.

NOTE: Subtract Col. 24 from Col. 12. Result must be O or positive
increase.

Col., 31 ~ Increase in Land in Urban and Recreational Residential Use ~
1961-1969 (measured on a subgrid of 9 units)

Blank - Entire cell within Lake Norman flood pool
0 - 9 - Increase in urban and recreational residential ninths per
grid cell between 1961 and 1969

NOTE: Subtract Col., 21 from Col. 18, Result must be 0 or positive
increase,

Col. 32 - Ground Cover of Land Not in Urban orxr Recreational Use - 1969

9 - 8.5 - 9.0 units not in use with ground cover
8 - 7.5 ~ 8.4 units not in use with ground cover
7 - 6.5 - 7.4 units not in use with ground cover
6 - 5.5 = 6.4 units not in use with ground cover
5 « 4,5 - 5.4 units not in use with ground cover
4 - 3,5 - 4,4 units not in use with ground cover
3 -~ 2,5« 3,4 units not in use with ground cover
2 « 1,5 « 2,4 units not in use with ground cover
1 - 0.5 - 1.4 units not in use with ground cover
0 - 0.0 = 0.4 units not in use with ground cover
Blank - 9.0 units within Lake MNorman flood pool

Col. 33 - Ground Cover of Land Not in Urban or Recreational Use - 1961
(measured on a subgrid of 9 units)

9 - 8,5 - 9,0 units not in use with ground cover
8 - 7.5 - 8.4 units not in use with ground cover
7 - 6,5 - 7.4 units not in use with ground cover
6 ~ 5.5 - 6.4 units not in use with ground cover
5 - 4.5 - 5.4 units not in use with ground cover
4 « 3.5 - 4.4 units not in use with ground cover
3 « 2.5 ~ 3,4 units not in use with ground cover
2 - 1.5 - 2,4 units not in use with ground cover
1 - 0,5 ~ 1.4 units not in use with ground cover
0 - 0,0 - 0.4 units not in use with ground cover
Blank - 9,0 units within Lake Norman flood pool




90 CARD 1 (34-40)

Col., 34 - Lake Norman Reservoir Reservation (measured on a subgrid of

9 units)

9 « 8.5 - 9,0 units in Lake Norman Reservoir Reservation
8 - 7.5 - 8.4 units in Lake Norman Reservoir Reservation
7 - 6,5 - 7,4 units in Lake Norman Reservoir Reservation
6 - 5,5 ~ 6,4 units in Lake Norman Reservoir Reservation
5-4,5 - 5,4 units in Lake Norman Reservoir Reservation
4 - 3,5 - 4.4 units in Lake Norman Reservoir Reservation
3 - 2,5 - 3.4 units in Lake Norman Reservoir Reservation
2 - 1,5 - 2,4 units in Lake Norman Reservoir Reservation
1 <« 0.5 - 1,4 units in Lake Norman Reservoir Reservation
0 - 0.0 - 0.4 units in Lake Norman Reservoir Reservation
Blank =~ 9,0 units in Lake Norman Reservoir Reservation

Col, 35 - Lake Norman Flood Pool (measured on a subgrid of 9 units)

9 - 8,5 -~ 9,0 units in Lake Norman flood pool
8 - 7.5 - 8,4 units in Lake Norman flood pool
7 - 6,5 - 7.4 units in Lake Norman flood pool
6 - 5.5 - 6,4 units in Lake Norman flood pool
5 -4,5 - 5,4 units in Lake Norman flood pool
4 - 3,5 - 4.4 units in Lake Norman flood pool
3 « 2.5 -« 3,4 units in Lake Norman flood pool
2 -1,5 - 2,4 units in Lake Norman flood pool
1 -0,5 - 1,4 units in Lake Norman flood pool
0 - 0,0 - 0,4 units in Lake Norman flood pool
Blank « 9,0 units in Lake Norman flood pool .

Col, 36 - Aerial Distance to Shoreline

Blank - Entire cell within Lake Norman flood pool

- Shoreline in cell

-~ 500 to 1,499 feet from center of cell to shoreline

- 1,500 to 2,499 feet from center of cell to shoreline
- 2,500 to 3,499 feet from center of cell to shoreline
- 3,500 to 4,499 feet from center of cell to shoreline
4,500 to 5,499 feet from center of cell to shoreline
- 5,500 to 7,499 feet from center of cell to shoreline
- 7,500 to 9,499 feet from center of cell to shoreline
- 9,500 to 11,499 feet from center of cell to shoreline
- 11,500 to 13,000 feet from center of cell to shoreline

Lo~ WD - O
1

Cole., 37, 38 ~ Access to Shoreline

Blank - Cell does not contain shoreline
0 - 99 - 100-foot increments of shoreline in cell

Cols. 39, 40 - Access to Reservoir Reservation (Duke Power Company Shorelands)

Blank - Cell does not contain Duke Power Company property line
0 - 99 - 100-foot increments of property line in cell




91 CARD 1 (41-57)

Col. 41 - Aerial Distance from Reservoir Reservation to Shoreline

Blank = Cell does not contain shoreline
0 - 99 - 100-foot increments from Dulkte Power Company property line
to shoreline

Cols, 42, 43 - Peninsula Location {measured on a
subgrid of 9 units)

Blank =~ Cell does not contain shoreline
0 - 99 - Ninths of water in cell and water-contiguous cells

Cols. 44, 45, 46 - Direct Water Distance to Marina - 1969

Blank - Cell does not contain shoreline
0 - 99 - 500~foot increments to nearest marina

Cols., 47, 48, 49 - Distance to Marina - 1963

Blank - Cell does not contain shoreline
0 - 99 - 500-foot increments to nearest marina

Cols. 50, 51 - Aerial Distance to Public Road - 1969

Blank - Entire cell within Lake Norman flood éool
0 - Public road is in cell
1 - 99 - 500-foot increments to nearest public road

Cols. 52, 53 - Aerial Distance to Public Road - 1961

Blank - Entire cell within Lake Norman flood pool
0 - Public road is in cell ’
1 - 99 - 500-foot increments to necarest public road

Col. 54 - Quality of Available Public Road - 1969

Blank Entire cell within Lake Norman flood pool
0 - Public road is not in cell
1 - Dirt public road only in cell
2 ~ Paved public road in cell

Col., 55 - Quality of Available Public Road - 1961

Blank =~ Entire cell within Lake Norman flood pool

0 ~ Public road is not in cell
1 -~ Dirt public road only in cell
2 - Paved public road in cell

Cols, 56, 57 - Road Distance to Nearest Major Road - 1969

Blank - Entire cell within Lake Norman flood pocl
0 - Arterial, State, U,S,, or Interstate Highway is in cell
1 - 99 - 500-foot increments to nearest Arterial, State, U,8., or
Interstate Highway measured along most direct frasible
route




92 CARD 1 (58-~7¢6)

Cols, 58, 59 - Road Distance to Nearest Major Road - 1961

Blank - Entire cell within Lake Norman flood pool
0 - Arterial, State, U.S., or Interstate Highwéy is in cell
1 - 99 - 500-foot increments to nearest Arterial, State, U.S., or
Interstate Highway measured along most dlrect feasibla
route

Cols, 60, 61 - Road Distance to Mearest Availabie Elementary School - 1969

Blank - Entire cell within Lake Norman flood pool
0 - Elementary school is in cell
1 - 99 - 300-foot increments to nearest available elementary school
measured along most direct feasible route

Cols. 62, 63 - Road Distance to Nearest Available Elementary School - 1961

Blank -~ Entire cell within Lake Norman flood pool
0 ~ Elementary school is in cell
1 - 99 - 500-foot increments to nearest available elementary school
measured along most direct feasible route

Cols. 64, 65 - Road Distance to Nearest Public Boat Launching Ramp - 1969

Blank -~ IEntire cell within Lake Norman £flood pool
0 - Public boat launching ramp is in cell
1 - 99 - 500-foot increments to nearest public boat 1aunc1ng ramp
measured along most direct feasible route

Cols, 66, 67 - Road Distance to Nearest Public Boat Launching Ramp - 1963

Blank =~ Entire cell within Lake Norman flood pool
Q0 - Public boat launcing ramp is in cell
1 - 99 - 500-foot increments to nearest public boat launching ramp
measured along most direct feasible route

Cola., 68, 69, 70 - Travel Distance to Charlotte - 1969

Blank ~ Entire cell within Lake Norman flood pool
0 -~ 999~ 2,500-foot increments to center of Charlotte

Gols, 71, 72, 73 - Travel Distance to Charlotte - 1961

Blank -~ Entire cell within Lake Norman flood pool
0 - 999~ 2,500-foot increments to center of Charlotte

Cols., 74, 75, 76 - Travel Distance to Kannapolis -~ 1962

Blank - Entire cell within Lake Norman flood pool
0 - 99 - 2,500-foot increments to center of Kannapolis measured
alono most direct feasible route




Cols, 77, 78,

93 CARD 1 (77-80)

CARD 2 (1-26)

Blank =~
0 - 99 -

79 - Travel Distance to Kannapolis - 1961

Entire cell within Lake Norman flood pool
2,500~foot increments to center of Kannapolis measured
along most direct feasible woute

Col, 80 - Card Number

1 - Card

Cols, 1, 2, 3

Number 1

- X-Coordinate of Grid Cell (lower left hand corner)

Cols, 4, 5, 6

- Y-Coordinate of Grid Cell (lower left hand corner)

Cols. 7, 8, ©

- Travel Distance to Statesville - 1969

Blank =
0 - 999-

Cols, 10, 11,

Entire cell within Lake Norman flood pool
2,500-foot increments to center of Statesville measured
along most direct feasible route

12 - Travel Distance to Statesville - 1961

Blank -
0 - 99%-

Cols, 13, 14,

Entire cell within Lake Norman flood pool
2,500-foot increments to center of Statesville measured
along most direct feasible route

15 -~ Travel Distance to Hickory - 1969

Blank -
0 -~ 999.

Cols, 16, 17,

Entire cell within Lake Norman flood pool
2,500-foot increments to center of Hickory measured
along most direct feasible route

18 - Travel Distance to Hickory - 1961

Blank
0 - 999~

Cols., 19, 20,

Entire cell within Lake Norman flood pool
2,500-foot increments to center of Hickory measured
along most direct feasible route

21 - Travel Distance to Gastonia =~ 1969

Blank -~ Entire cell within Lake Norman flood pool
0 - 999- 2,500-foot increments to center of Gastonia measured
along most direct feasible route
Cols, 22, 23, 24 - Travel Distance to Gastonia - 1961
Blank - Entire cell within Lake Worman £lood pool
0 - 999- 2,500-foot increments to center of Gastonia measured

along most direct feasible route

Cols, 25, 26 - Travel Distance to Nearest Minor CBD (Davidson, Huntersville,

Mooresville, Lincolnton, Newton) - 1969

Blank -
0 - 999-

Entire cell within Lake Norman f£lood pool
2,500~foot increments to center of nearest minor CBD
measured along most direct feasible route




94 CARD 2 (27-36)

Cols, 27, 28 - Travel Distance to Nearest Minor CBD (DaVLdson Huntersville,

Mooresville, Lincolnton, Newton) - 1961

Blank

- Entire céll within Lake Norman flood pool

0 - 999- 2,500-foot increments to center of nearest minor CBD

measured along most direct feasible route

Cols, 29, 30 - Index of Accessibility to Employment - 1969

Blank

- Entire cell within Lake Norman flood pool

0 - 999- Units of distance weighted by employment size

Col, 31 - Availability of Watey System - 1969

Blank
0

2
4
6
g

Entire cell within Lake Norman flood pool

Water line is not in cell or adjacent cell

Two-inch water line is in cell or adjacent cell

Four-inch water line is in cell or adjacent cell

Six-inch water line is in cell or adjacent cell

Eight-inch or larger water line is in cell or adjacent cell

Col. 32 - Availability of Water System - 1961

Blank

OB DN O
]

Cols, 33, 34

Entire cell within Lake Horman flood pool

Water line is not in cell or adjacent cell

Two-inch water line is in cell or adjacent cell

Four-inch water line is in cell or adjacent cell

Six-inch water line is in cell or adjacent cell

Eight-inch or larger water line is in cell or adjacent cell

- Availability of Sewer System ~ 1969

Blank -
0 -

6 -

8 -

10 -

12 -

14 -

Cols. 35, 36

Entire cell within Lake Norman flood pool

Sewer line is not in cell or adjacent cell

Six-inch sewer line is in cell or adjacent cell

Eight-inch sewer line is in cell or adjacent cell

Ten-inch sewer line is in cell or adjacent cell

Twelve-inch sewer line is in cell or adjacent cell
Fourteen-inch or larger sewer line is in cell or adjacent cell

- Availability of Sewer System - 1961

Blani:

10 -

12 -
14 -

Entire cell within Lake YNorman flood pool

Sewer line is not in cell or adjacent cell

Six~inch sewer line is in cell ox adjacent cell

Eight-inch sewer line is in cell or adjacent cell

Ten-inch sewer line is in cell or adjacent cell

Twelve-inch sewer linec is in cell or adjacent cell
Fourteen-inch or larger sewer line is in cell or adjacent cell




95 CARD 2 (37-80)

Col., 37 - Zoning Protection - 1969

Blank -

LN MO

5

Entire cell within Lake Norman flood pool

No zoning protection

Industrial zoning in entire or major portion of cell
Commercial zoning in entire or major portion of cell
Institutional zoning in entire or major portion of cell
Residential zoning in major portion of cell with remainder
industrial, commercial, or institutional

Residential zoning in entire cell

Col. 38 - Zoning Protection - 1961

W

Entire cell within Lake Norman flood pool

No zoning protection

Industrial zoning in entire or major portion of cell
Commercial zoning in entire or major portion of cell
Institutional zoning in entire or major portion of cell
Residential zoning in major portion of cell with remainder
industrial, commercial, or institutional

Residential zoning in entire cell

Col. 39 - Jurisdiction ~ 1969

VoSN DN O

Huntersville

Cornelius

Davidson

Remainder of Mecklenburg County
Mooresville

Troutman

Remainder of Iredell County
Catawba

Remainder of Catawba County
Lincoln County

Col, 40 - Duke Power Company Industrial Reservation

Col.

9 - 8
g -7
7-6
6 -5
5.4
Lo~ 3
3 -2
2 -1
1-0
0-0

« & & o ® 8 e s
Quintnut it b n

units in Dulke Power Company Industrial Reservation
units in Duke Power Company Industrial Reservation
units in Duke Power Company Industrial Reservation
units in Duke Power Company Industrial Reservation
units in Duke Power Company Industrial Reservation
units in Duke Power Company Industrial Reservation
units in Duke Power Company Industrial Reservation
units in Duke Power Company Industrial Reservation
units in Duke Power Company Industrial Reservation
units in Duke Power Company Industrial Reservation

. LY

.

t
O N WP O OW
* » -
rPEEEEPRPEREEAEESEPEEPO

80 - Card Number

2 - Card Number 2







APPENDIX C

CODING MANUAL

LAKE SIDNEY LANIER RESERVOIR AREA







9¢ CARD 1 (1-12)

Coding Manual: Lake Sidney Lanier Reservoir Area

Cols, 1, 2, 3 - X~Coordinate of Grid Cell (lower left hand cormer)

Cols. 4, 5, 6 - Y-Coordinate of Grid Cell (lower left hand corher)

Col. 7 - Total Land in Urban and Recreational Use - 196% (measured on
subgrid of 9 units)

9 - 0.5 » 9,0 units in urban and recreational use
8 -~ 7.5 - 8.4 units in urban and recreational use
7 - £.5 ~ 7,4 units in urban and recreational use
6 - 5.5 - 6.4 units in urban and recreational use
5 - 4,5 -« 5,4 unites in urban and recreational use
4 - 3.5 « 4.4 units in urban and recreational use -
3 - 2.5 - 3.4 units in urban and recreational use
2 - 1.5 - 2.4 units in urban and recreational use
i~ 0,5 - 1,4 units in urban and recreational use
0 - 0.0 - 0.4 units in urban and recreational use
Blank - - 9.0 units within Lake Sidney Lanier flood pool

Land in Urban Use - 1969 (measured on subgrid of 9 units)

=]
o]
Tt
jo]
o

Col., C -

units in urban use
units in urban use
units in urban use
units in urban use
- units in urban use
units in urban usc
units in urban use
units in urban use
unite in urban use
units in urban use
units within Lake Sidney Lanier £lood pool
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Blank - -

Cols. 9, 10, 11, 12 - Land in Urban Use Ly Type =~ 1969 (measured on a
subgrid of Y units - code each coluwi)

Col. 9 - Residential (yellow ochre) (surrounding area)
Col, 10 - Business (scarlet red)

Col, 11 - Industrial (copenhagen blue)

Col. 12 - Public and Institutional (olive green)

n

NOTE: The sum of cols. 9 through 12 must equal number in column &.

9 - 8.5 - 9.0 units in specified urban use
8 - 7.5 - 8.4 units in specified urban use
7 - 6.5 - 7.4 units in specified urban use
6 - 5.5 - 6.4 units in specified urban use
5 = 4,5 = 5.4 units in specified urban use
4 - 3.5 « 4.4 units in specified urban use
3 - 2.5 - 2.4 units in specified urban use
2 - 1.5 - 2.4 units in specified urban use
1 - 0,5 -« 1.4 units in specified urban use
0 - 0.0 -~ 0.4 units in specified urban use
Blanlk - - 9.0 units within Lake Sidney lLanier flood pool
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CARD 1 (13-18)

Gol. 13 - Total Land in Recreational Use - 1969 (measured on subgrid
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within Lale Sidney Lanier £lood pool

of cols. ¢ and 13 must equal column 7.

Cols, 14, 15, 16, 17 - Land in Recreational Use by Type - 1969 (measurad

on subgrid of 9 units - code each column)

Col. 14 - Annual Residential (yellow orange) (shoreline)
Col. 15 - Seasonal Residential (lemon yellow) (shoreline)
Col. 16 - Recreational Service Facilities (carmine red)
Col. 17 - Recreational Use Arcas (grass green)

NOTE: The sum of cols. 14 through 17 must equal number in column 13.
9 - 8.5 -~ 9.0 units in specified recreational use
8 = 7.5 - 8.4 units in specified recreational use
7 - 6,5 » 7,4 units in specified recreational use
& - 5.5 - 6.4 units in specified recreational use
5 - 4.5 - 5,4 units in specified recreational use
& ~ 3,5 « 4,4 units in specified recreational use
3 - 2.5 - 3.4 units in specified recreational use
2 - 1.5 - 2.4 units in specified recreational use
1 - 0.5 -~ 1.4 units in cspecified recreational uce
0 - 0.0 - 0.4 uvnits in specified recreational use

Blank - - 9.0 units within Lake Sidney Lanier flood pool

Col. 13 - Total Land in Urban and Recreational Residential Use - 196¢
(measured on a suborid of 9 units)

NCTE: Add cols. 9, 14, and 15,
8 - 3.5 - 9.0 units in urban and recreational residential use
8 - 7.5 - 8.4 units in urban and recreational residential use
7 - 6.5 - 7.4 units in urban and recreational residential use
G - 5.5 - 6.4 units in urban and recreational residential use
5 - 4,5 - 5,4 units in urban and recreational residential use
4 = 2.5 - 4,4 units in urban and recreational residential uze
3 - 2.5 - 3.4 units in urban and recreational residential use
2 - 1,5 ~ 2.4 units in urban and recreational residential use
1 - 0.5 - 1.4 units in urban and recrecational recidential uze
0 - 0.0 - 0.4 units in urban and recreational residential use

Blank - -~ 9.0 units within Lake Sidney Lanier flood pool
0T Col. 7 less cols, 13, 11, 12, 16 and 17 should equal number in col,

1G.
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CARD 1 (19-21)

Col. 19 - Total Land Not in Urban or Recreational Use ~ 1909 (measured

on subgrid of
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and col., 19 must equal 9.

Col. 20 - Mareginal Land Not in Urban or Recreational Use -~ 19G9
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- 1956 (measured on subgrid of ¢ units)



102 - CARD 1 (22-27)

Cols. 22, 23, 24, 25 - Land in Urban Use by Type - 1956 (measured on
a subgrid of © units - code each column)

Col. 22 - Residential (yellow ochre) (surrounding area)
Col., 23 - Business (scarlet red)

Col. 24 - Industrial (copenhagen blue)

Col. 25 ~ Public and Institutional (olive green)

NOTE: The sum of cols., 22 through 25 must equal number in col. 21,

9 -« 8.5 - 9,0 units in cpecified urban use

8§ - 7.5 -~ 8.4 units in specified urban use

7 -« .5 - 7.4 units in specified urban use

6 - 5.5 - 6.4 units in specified urban use

5 - 4.5 - 5.4 units in specified urban use

4 - 3.5 - 4.4 units in specified urban use

3 - 2.5 - 3.4 units in specified urban use

2 - 1,5 - 2.4 units in specified urban use

1 - 0.5 - 1.4 units -in specified urban use

0 - 0.0 - 0.4 units in specified urban use ‘
Blank - - 9.0 units within Lake Sidney Lanicr flood pool

Col. 26 - Total Land Not in Urban Use - 1656 (measured on subgrid of

© 9 units)

9 - 8,5 -~ 9.0 units not in urban use

8 - 7.5 - 8.4 units not in urban use

7 - 6.5 - 7,4 units not in urban use

G - 5.5 - 6.4 unite not in urban use

5~ 4.5 - 5.4 units not in urban use

& - 3.5 -~ 4.4 units not in urban use

3 ~2,5 - 3.4 units not in urban use

2 - 1.5 - 2.4 units not in urban uss

1 - 0.5 - 1.4 units not in urban use

0 - 0.0 - 0.4 units not in urban use ‘
Blanl: - - 9.0 units within Lake Sidney Lanier flood pool

NOTE: The sum of col. 21 and col, 2G must equal 9.

Col. 27 - Marginal Land Not in Urban Use - 1956 (measured on subgrid
of 9 units)

units of marginal land not in urban use
units of marginal land not in urban use
units of marginal land not in urban use
units of marginal land not in urban use
units of marginal land not in urban use
units of marginal land not in urban use
units of marginal land not in urban use
units of marginal land not in urban use
units of marginal land not in urban use
: units of wmarginal land not in urban use
units within Lake Sidney Lanier flood pool
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103 CARD 1 (28-33)

Col. 28- Increase in Land in Urban Use: 1950-196% (measured on subgrid
of 9 units})

Blank - Entire cell within Lake Sidney Lanier flood pool
0 - 9 Increase in urban ninths per grid cell between 1936 and 1969

NOTE: Subtract col. 21 from col. 8. Result must be O or positive increase.

-

Cols. 29, 30, 31, 32 - Increase in Land in Urban Use by Type: 1950-19¢¢
(measured on subgrid of 9 units)

Col. 29 - Residential (yellow ochre) (surrounding area)
Blank ~ ©Entire cell within Lake Sidney Lanier flood pool
0 - 9 Increase in urban residential ninths per grid cell between
1956 and 1969

"MOTE: Subtract col. 22 from col. 9. Result must be 0 or
positive increase.

Col, 30 - Business (scarlet red)

Blank -~ Entire cell within Lake Sidney Lanier flood pool
0 - ¢ Increase in business ninths per grid cell between 1956
and 1969,

NOTE: Subtract col. 23 from col. 10. Result must be 0 or
positive increase.

Col. 31 - Industrial (copenhagen blue)
Blank - Entire cell within Lake Sidney Lanier flood pool
0 - 9 Increase in industrial ninths per grid cell between 1956

and 1269

NOTE: Subtract col. 24 from col. 11, Result must be O or
positive increase. ‘ v

Col. 32 - Public and Institutional (olive green)
Blank - Eatire cell within Lake Sidney Lanier flood pool
0 - 9 Increase in public and institutional ninths per grid

cell between 1956 and 1969

NOTE: Subtract col. 25 from col, 12. Result must be 0 or
positive increase,

Col. 33 - Increace in Land in Urban and Recreational Residential Use:
1956-1969 (measured on subcrid of 9 units)

Blank - Entire cell within Lake Sidney Lanier flood pool
0 - 9 Increase in urban and recreational residential ninths per
grid cell between 1956 and 19(9

NOTE: Subtract col., 22 from col, 18, Result must be 0 or
positive increase. ‘ ' .













































































































