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INTRODUCTION

""Patterns of Liand Use Change Arcund a Large Reservoir" is based on

; .research performed as part of a project entified "The Economic Impact of

‘Flood Control Reservoirs' (OWRE Project No. A-006-KY} spensored by the
University of Kentucky Water Resources [nstitute and supported in part by

.' funds provided by the United States Departinent of the Interior as authorized

| under the Water Resources Research Act of 1964, Public Law 88;379.
Special thanks should also be extended to the Nashville District of the U. 8.
Army Corps of Engineers for supplying basic data from their original
topographical surveys, to the Agricultural Stabilization and Conservation
Service for help in securing the necessary aerial photographs, and to the
University of Kentucky Computing Center for assistance and use of their
facilities in performing the computational work.

The overall project is examining the economic consequences which

resulted from the construction of four existing reservoirs in the hope that
the results might suggest improved techniques for the economic evaluation
of proposed projects. This is the eighth of a series of reports developed from
the project and deals with patterns of land use change experienced around Lake
Cumberland, one of the larger reservoirs in the United States, over the last

thirty years, The analysis found land use change during reservoir




construction to primarily occur at points with the best road access to
population centers. Once the lake was formed, access to and view of the lak
also became important, In later years, development has shifted more towar
larger blocks of Iaﬁd. Probabilities of change in specifié gsets of circumstanc
were estimated to guide simulation studies of development around a reservoir
periphery to help guide right~of-way acquisition, land use pianning, and
environmental quality control.

Readers comment on the research problem, the approach described in
this report, or the findings és presented are encduraged and should be

directed to L. Douglas James, Project Director.




ABSTRACT

Reservoirs are built to control floods, provide water for ifrigation and

. municipal supply, generate electric power, augment low flows for navigation
- and water quality control, and provide improved fishing and recreation
opportunity. A reservoir ig justified if the benefit it provides to society
exceeds the cost to develop it. Much research has been done to determine the
. bhenefit of a water resources development to geciety as a whole, Some research
has explored the benefit of guch a facility to a region. Very little research exists
on the effeéts of a reservoir on the immediately surrounding area.
It seems reascnable that effects caused by the proximity of a reservoir

';_ intensify as one ciraws closer to the lake. Demand for land shifts from uses
unrelated to the project to project. oriented uses. Property value changes, and
some landowners are able to reaia large profits., Others, forced to sell all
““their land for construction of the reserveirs are not so fortunate. Simultaneously,’
land use change affect the environmental quality experienced by third parties,

| adjacent land owners aﬁd Vis;ifors to the area. By examining the sﬁatial
‘- patterns of land use changes around a réservoir, this study hopes to aid

' :planners anticipate wind fall profits to landowners, improve environmental
. Equality control, guide the land use planning of surrounding comminities, and

project future demands for increased services placed on local governments.

The general hypothesis of thig study is that the spatial patterns of land use

__ change are influenced by economic and geographic characteristics =

v




of the reservoir and reservoir area. Several hypothesés concerning the
effects of relative location around the reservoir, the effects of reiative
location on a peningula, the effects of the characteristics of an individual

site, and the effects of road access are tested using analysis of variance and
multiple regression. The data used for the analysis is basaed on Lake Cumber-
land, a reservoir in Southern Kentucky.

The area immediately surrounding the lake is divided into 19 peningulas,
and each of these is subdivided into 100 guadralaterals., For each of these
guadralaterals data such as slope, water frontage, and land use changes are
obtained, This method of suhdivision allows comparison of the patterns of
land use changes on peninsulas as well as around the lake. Land use for the
four years ~ 1838, 1951, 1960, and 1967 - provide the basis for computing the.
land use changes. All areas for each date are classified as residential,
commercial, public, or agricultural. Any location shifting amdng these
categories is defined as a land usé chalnge.

The analysis indicates patterns of land use changé gurrounding the
lake. Factors such as road access, slope, view, and lécation on a peninsula
proved to be significantly associated with different patterns of land use change.
Both the patterng and their degree of association with other variables have
shified over time. The probability of experiencing land use change for each
observed combination of the significant factors is calculated for three periods
in project time. From such information, it 1s possible to simulate land use

change around other reservoirs.

vi
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CHAPTER 1

INTRODUCTION

The completion of Hoover Dam on the Colorado River in 1936

a:ugérated the era of the largse multipurpose reservoir in water

1_-'c__:es development in the United States. In the succeeding years,
éﬁch reservoirs have been built in all sections of the country to
.o_ntx;:(:).l floods, provide water for irrigation and municipa_l supply, generate
ect?ic power, augment low flows for navigation and water quality
t_r’él, and provide improved fishing and recreation opportunity. Each
'-reééfvoir producesl econqmic benefits as it successiully functions to
pe"r'_'f;)rm one or more of these purposes. A project ig justified economically

f:"t__he resulting benefits exceed the cost of itg development. Every

'i_;f}':éject requires some (primary taxpayers) to gacrifice so that others

..'.f"..'.imarily users of project output) might benefit, Economic feasibility
rgquires benefits to exceed cost from the national viewpoint or after all
_e_c?@nomic consequences to all parties are considered. Scholarly researqh

n the economics of water resources planning [23, 587 :and the project
: eéfaluation procedures used by federal agencies 65 ] have placed first

Priority economic analysis on this level,
-1 -




However, the geographical distribution as well ag the magnitude of

project benefit is significant in determining project merit. The nation may

specifically seek to benefit impovirished or underdeveloped regions as a

planning objective. Even where this is not the case, planners must under-

stand the regional economic impact of project development in order to
maximize net benefits. Water resources are developed to benefit peopie
including those inthe affected region, and muitipurpose projects can thus
be distinguishted from industry which enters a coinmunity primarily for
the benefit of the company. Economic impact studies have been used to
evaluate the econcmic effects of both public and private investment within
prescribed geographical boundaries. As would be _expected, a large
investment of public funds, which draws tax money from throughout the

country to benefit inhabitants of a limited service area, stimulates the local

economy. Multipurpose reservoirs produce a substantial secondary

benefit from the point of view of the region utilizing project outpuk.

In fact, the esthetic and recreational attraction may stimulate the

sconomlies of counties surrcunding a reservoir even when few other direct

benefits are provided [827 .

in addition to analysis from the national and regional points of view,

it is becoming increasingly clear to water resources planners that project

effects need to be evaluated on yet one more level. The stimulation of the

local economy by the proximity of a reserveir, by logic and by obser®ation,

-9




o or_ne:S' more intense as one gets closer o the lake, Shoreline Imdowners
4y "'].:n_.éen able to realize substantial profits by developing their property.
a_ri'rij_efrs must assess such development from the viewpoint of (1) the
. s'if_éﬁility of spending public money to personally profit the few whe by
nc'e happened to own the surrounding land before the reservoir ig built
nd_(é.) the potential disruption to the esthetics of the environment of
.'Iating recreation oriented seasonal shoreline development, Proper
__ét planning requires explicit determination of the meaéures, if any,
ne "_d.éd.to comtrol shoreline developrhent to ac.h.ieve project objectives.

Purchase of extra right-of-way and zoning are the two most common such

measires.

At present, the reqﬁired measuré optimization cannot be achieved
:be.c:éﬁse of a limited understanding of the interadtibn bétween the lake
and .t..he economic devélépnient of immediately surrounding land areas,
Be'f_:'tier information is needed on the significance and relative importance of
site :characteristics such as location relative to thé lake émd the surrounding
Poﬁ_ﬁlation, access, view, and slope on.the potenﬁal fér ecocnomic development.
EBefﬁer inforrﬁation ig needed on how the potential changes with time.

W'fbout such information, planners cannot distinguish areas where land use

ggulation around the reservoir periphery is needed to achieve project

objectives from areas where it is not needed because significant land use

C?l_anges are unlikely to occur anyway. This study seeks to accumulate such




information to help planners anticipate windfall profits to landowners,

improve environmental quality control, guide the land use planning of
surrounding communities, and project future demands for increased servigeg

placed on- local governments,

OBJECT OF THE STUDY

The objective of this study is to investigate the spatial patterns of
land use changes around the reservoir periphery. The general hypothesis
tested is that the spatial patterns of land use chénges are not produced by
random events equally likelyr to occur anywhere along the shoreline but
are rather inﬂuenced by the economic and geographic characteristics of
the specific shoreline location. Chapter IV ?resents the spécific hypotheses
used to test.the gsignificance of specific characteristics and the results of
the testing,

The construction of a large arl;i_ficial lake requires the relocation of
people, houses, farms, businesses, and roads from the flooded area and
may attract new and different types of econoﬁic actiﬁt& to the lake area.

It is reasonable to expect that the lake influences the decl;sion making process":f.:--
for both the people hawing to relocate and the people attracted into the area.
A previous siudy baseci on Lake Cumiberland in South Central Kentucky

found that the counties containing the reservoir experienced a more rapid

-4 -




é;'gromh than did other counties in the same general area [82 1,

not reasonable, however, to assume that this accelerated growth is
ely déstributed over the atfected counties. It is more likely to
-ncéﬁ:;frate in the land areas contigious to the reservoir shoreline.
"This study attempts to measure the pattern of land use changes in
he _"s_hqg'zéline areésn The previous study used total éounﬁy wide property
{ges:'ﬁecause such data was readily available, of good guality, and
_ge_h'er_%ily representaﬁve of the aggregate economic effects of the rlaken Such
lished county wide data, however, are not applicable to this study because
13 é_o'ﬁcerned with }gnd use changeg iﬁ speci.fic locations and how thése
-Changés are influenced by various geographicai characteristics of the

lake and surrounding area,

CAUSATION

In order to avoid the difficultics inherent in trying to prove that a
e_s:e:rvoir causes specific land use changes, in a dynamic economy, the
p '..blem of causation wag approached by seeking a study area remote from
Lir"ban areas or major transportation routes. For such an area, the
a-SSFmption can be made that the reservoir causes changes in land use other
han those from one type of agriculture to another. This assumption is

‘realistic becauge the remoteness of the reservoir from all other factors known




to induce urban development makes such development very unlikely on

land in very close proximity to the reservoir,

The study

The scope of this study is limited in several ways

does not altempt o produce a general model for predicting land use

changes. Ii concentrates on a particular case, Lake Cumberland -- a

large regervoir in South Central Kentucky. ILake Cumberland is

remotely located and is of gufficient gize and hag been in existence

long enough for one to expect some influence on land use. Onily

areas immediately adjacent to the Iaké are studied, On the north side

of the lake only the area from Greasy Creek on the west end to Fishing
Creek on the east end is included; and on the south side, only the
immediate area from Wolf Creek Dam on the west end to Mill Springs on
the east end is included (Figure 1). The area east of Fishing Creek is
excluded from the study because the proximity of the town of Burnside and
a major north-south highway invalidate the agsumption that negligible land

use changes would have occurred without the reservoir,

Property value changes might be a suitable direct measure of the

economic development of shoreline areag, but land use changes are

chosen for study because reliable data can be obtained more easily and land
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use is more indicative of effects on environmental guality and the need for

zoning., The value of specific properties as a function of time is not
easily obtained because a given parcel is sold infrequently, and
independent appraisals are expensive and not necessarily certain to
indicate market value. Appraisals of past value changes would be
impossible to obtain, Land use, in contrast, can be obssrved as a
function of time from available mapping and aerial photography. For
these reasons, land use changes are chosen for study.

The éélected period of study is 1938-1967 with threc subperiods--
1938-1951, 1951-1960, and 1960-1967. In 1941, construction began on
Wolf Creek Dam forming Lake Cumberland, only to stop in December, 1942,
because of the war. From this date until construciion resumed
(February, 1946), only work necegsary to protect the work already
completed was undertaken. The dam was closad in the fall of 1950 and by'
March, 1951, the lake had filled. From that time until .196(],_ when the
project was officially completed, only cerfain legal disputes,
completién of the power house, and settlement of property titles remained.
Thus; the three subperidds represent respectively: {1) the construction

period; (2) the buildup period (when the surrounding area is beginning to

respond to the economic stimulation of the reservoir); and (3) the
maturity period (when the project is being fully operated and the benefits

are being utilized in the intended fashion),

-8 -




METHOD

To determine spatial patterns of land use changes with réspect to
g_ener;u shoreline location, the total study arez is divided inﬁo
:ﬁms:ulas. Each peninsula is further su’bdivided intoc 100
_q__a_d ;daterals in order te provide a systematic ordering of relative
loca -';)n on s peninsula. Potentially relevant geographical, topographical,
ind access information are obtained for each of these quadralaterals to
va.l_{_i'ate the effect of these variables. - Land use information is obtained
or é'éch quadralateral at each date.

‘Data on land use change (primarily conversions from agriculture to
;sqmé'other use) is analyzed' by one-way analysis of variance and multiple-
régféssion techniques to determine by time period which of the measured
fac '_O:rs correlate gignificantly with the spatial distribution of land use

_':_ét' ges around the lake and on each peninsula. Each significant factor
.Is-ewi*.aluated gualitatively and the extent of land use changes for

o 's'e_rved comhinations of site properties are summarized to depict the

kinds of influence exerted on land use changes.

SOURCES OF DATA

The primary sources of data are (1) 1938, 1951, 1960 and 1967

_??e_r; ial photographs obtained from the U.S. Department of Agriculture,




Commodity Stabilization Service, (2) county maps, (3) U.S.G. S

guadrangle maps, (4) Corps of Engineer property boundary maps, and

(5) personal field observations.

ORGANIZATION OF THE STUDY

The study is divided into four remaining chapters., Chapter II
presents the method used to locate and rﬁeasure land use changes in
the area immediately surrounding s reservoir. Chapter III describes the
application of the method through developing the necessary input
data for the area immediately surrounding Lake Cumberland. Chapter IV
contains the results of the analysis of statistrical significance and a
description of the relationship among the variables. Chapter V contains

conclusions and recommendations for further research.




CHAPTER IT

no

nd mally gives some information on how this method is applied.




METHODS FOR ASSESSING ECONOMIC IMPACT

Several major methods are used for measuring impact on the

economy of a region. Four of the more important methods are: a) the

case-study method, b} the before-after method, ¢) the control-

area method and d) the input-output method.

Case Study Method

The case study method records the events and qualitatively
evaluates the causes behind the economic changes occurring during the
study period. The method provides the opportunity for detailed
gualitative evaluation that is very helpful in building a realistic
guantitative model. The method is usually used in response to some
economic event such as the introduction into a community of a
highway, reservoir, or industry, but the method does not develop
proof that changing conditions are caﬁsed by the event. No guantitative
relationships are produced to isolate the degree-of economic impact or
to estimate and compare cost with benefit, Thus, if the purpose of the
study is to determine whether a locality is better off or worse off
because of the building of a reservoir, this method is weak, If the
purposge is developing a better understaﬁding of the processes
whereby take place during the life of the reservoir, the case gtudy

method provides a useful qualitative evaluation of the economic environment.

-12 -




fore-After Met hod

Thé before-after method attempts to measure economic impact
.chﬁnges in a given economy between two time periods. The changes
'é: attributed to a specific project without the assumption that

o conditions would otherwise remain static., In a dynamic

- ._g_e._i.s actual-ly casually related to the event under study.
For example, in studying the effect of a water resource
c’ility'f_.c.m income, time periods before and after the building of
efa ..i.lity could be chosen and the ;Jhanges in incomel measufed. But
0 _thg '_&égree that éome income c.haﬁges Woﬁld have occurred without
e'Waf:;ar resource facilify, the before-after method suffers a basic
._a_%iﬁ._e.'ass in not being able to isolate the reservoir effec.t, Other'
facte s:, such ag improved trans.p.ortation, lcould have caused at
I_;e st éSome portion of the change. The method provides no way to

assign the proper proportions of long-term changes to the different

Co trol Area Method

“In order to avoid this major disadvantage of the before-after

method, the control area method was developed to isolate local changes

éi_l.i:s'ed by the event under study from changes widely distributed




throughout the economy. This method chooses a control area gimilar in
all respects, other than the existance of the event under study, to the
study area. Comparison is made b.etween the control area and the
study area. Since the two areas are assumed to be exactly alike in

ali respects, except the factor under study, ahy difference is attributed
to the effect of the factor under study. The fact that no control area
can be like the study area in all respects is the major weakness of

this method. The best one can do is find a control area with similar
major features, such as population, amount of industry, and level of
thcome, in order to minimize the problem, This method is much
better than the case~study or the before-afier methods for the

purpose of trying to evaluate whether a region is better off or not

because of a particular development such as a reservoir because it

at least makes some attempt to address the question of what would have

happened without the project.

Input-Output Method

Since World War II the input-output method L 74 | has become the
dominate research tool for regional applications. W. W. Leontief [55 1
developed this method to study general sconomic equilibrium problems
in a multi-industry economy [ 1, p. 343 ] Input-output methods deal

empirically with input needs and output produced by production sectors




gnout-s;n entire economy. The output from other industries used asg
éacs'%:z industry is estimated. Input-output analysis assesses
3_ect.-effé'ct by evaluating the use industry can be expected to make
ojec .';'J'utputn The method provides a very powerful tool for
essin fhe influence of expansion in one economic sector (such

5 wate . r.esources) on the balance of the economy, but it is of

ittle he’lﬁ for allocating the spatial distribution of economic growth

sy gmall areas.

ai:mri.s'hip to This Study
The four methods discussed represent a progression of increas-

ngly ".'c_)phisticated tdols for assessing economic impact on a regional
co:noﬁi:yn On the other hand, each method is progressively less
aﬁsfé,ctory for'us-e in this study. If the ot.her.tools were not available,
1€ ca‘sé study method would provide the best starting point for
ollec_t_ing the information needed for a more thorough analysis of -
e-c:onc'.mic impact. This suggests an approach for beginning the analysis
o t':héf .spatial distribution of lakeshore development. The experience
&f'..hal«.ie Cumberland provides a case study. It looks at the land use
changés which did take place, for whatever reason, and relates the
"il'dca’plf'on of these changes to the lake and its geogrdphic and economic

featu_.r es. The study area, however, is so chosen that any change in land




uge can be reasonably assumed {the before-after method) to be due to
the existence of the lake, but no proof can be, nor is, offered that the

lake caused the change.

URBAN METHODS FOR ABSSESSING LLAND USE

Other methods have beer developed and uged to examine patterns
of land use change--mainly with respect to growth patterng in
metropolitan areas |10 1. These methods generally use probabilistic

information to simulate the growih and developinent of 2 metropolitan

area, For example, one such model secks to determine the patterns of

residential development given the total number of households settling
in a particular metropolitan area and given certzin policy decisions
of local governments (19, p. 1]. Such stadies lock 2t the effects of
water regsources development in changing growin patterns in a
growing community while this study looks at the pattern 6f growth

induced into wiat would otherwise be an almost static rural area.

SYNTHESIS OF METHOD FOR THIS STUDY

Changes in Land Use

A previous control area analysis of the economic impact of Lake

Cumberland indicated that county-wide average land values had
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' ﬁ'\;rhich no published data tabulations are available. In fact,

a1 method could be found to estimate land value changes with

i té land use data for the geographical area throughout the study

od Since the majority of the land in the study area is privately
Wa _d::'and there are no zoning restrictions, land use changes are
argely determined by economic forces.
With the addition of the lake, land use changes could be
r.eﬁ{p'edfced to occur if a large lake makes any appreciable impact in
h 1’__égion° Assuming that land owners act rationally, they employ
land for the purpose that gains them'the highest return. The

emand for land in the area is a derived demand depending on the




space requirements of activities associated with the lake. For example,
as more people desire to live near the lake for esthetic or

recreational purposes, demand for residentizl land increases. More
people wishing to visit the lake to participate in recreational activitieg
creates demand for motels, restauranis and other commercial

establishmenis. If farming nad oreviously provided the highest return,

residential or commercial use may now do se. 50 as the lake

produces these effects, they can be measured through changes in
land use.

An improved abilily te predict spatial patierns of land use is
important to at least two levels of policy making. First decisions
must he made on where to lnocate and how to design projects to gain
the highest return to society. Second, decisions miuist be made on
where to locate specific facilities such as parks, residential areas,
commercial establishmenis, etc. Due to the amount of capital needed
to finance a lake, the Federal goverument usually makes the
decisions at this first level. At the sccond level however, the
decision makers can be either government or private, T,his study does
not attempt to analyee the factors cousidered hy a specific decigion
maker in selecting a specific site for a specific purpose. The
purpose of the study is rather {o investigate the factors which seems

to best explain the land use pattern which finally develops through the
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With more people spending time in‘this region, there must be 3

tertiary economic sector to take care of the additional demand for every-

day needs such as groceries, entertainment, etc, [61, p. 268 ]. Many
people use the lake for recreation of shorter duration--a weekend or g
day of fishing or boating. These people make use of motels, restaurants,
bait shops, and related places of buginess. Consequently, change to
commetcial land use is a subject for investigation.

Public land use increases with increased demand for recreation.
Campsites, picnic areas, and related tourist facilities spring up to
accommodate this demand. A water resource facility serves as a
center of attraction for these increased demands. This study therefore
considers changes to public land use.

What are the spatial patterus of land use changes around a new -
reservoir in an igsolated rural area? Are these patterns influenced by
particular geographical factors in association with the lake? What kinds of
locations are most likely to experience land use changes? This study

attempts to provide answers to these guestions.

Geographica! Factors Agsociated with the Lake

Many geographical factorg might be proposed as potentially
affecting the spatial distribution of land use around a reservoir

periphery. The approach followed is to propose those which seem to




3 of further study, to attempt to measure each one as closely

': .and then to apply tests to determine whether the correlation
the'_'éactors ag measured and the chserved land use changes are
al y'--éignificantu
he p:rbperties associated with individual locations around the

k_-lagjm'gy reasonably be proposed as influencing the spatial
1S éiland uge may initially be determined by visualizing how an
..iix.ﬁight respond to the presence of the 1ake. An individual may
e région with the idea of buying a home site. If he wants to
hi _1gke for recreation, other things equal, it is reasonable to
ect _t_hé‘t he would have a higher preference for lake front sités. ”

 that extend inland provide boat docking or other semiprivate

reational areas protected from the main part of the lake. Therefore,

om .i_ﬁa;tion of Waterrrfr.ontage and secluded water area would seem
ely .tO:IPI‘C)mOte residential tand use. | |
...L_a.nd with steep élopeé ma& iﬁcrease building and acgessability

osts and the danger of slides. Sometimes, howevem steep slopes

d to..#}he désirabilitﬁ of é site by i.mprovineg the Vieﬁn Roads al_so
affect %he desirability of sites. Ifa rc;ad-;axists, the added cost of

lldm;g one by the developers or the necessity of getting local
g':ffelfnment to provide one is avoided. The presence or absence of

his ;i_dded cost influences a person's desire to build. Classification




as to road type (by amount of use) may be an added factor in location,

particularly for commercial activities. The overall quality of the

road tends to closely correlate with its amount of use,
Finally, peninsulag affect the spatial patterns around a lake
as the arms of water separating them as natural barriersg to economic

activity. The location of the pesinsula as 8 whole as well as the

relative location of a site on a peninsula may both be important. For
this reason both are included in the analysis to determine their

influence on patterns of land use change surrounding the lake.

Statistical Methods

Certain hypotheses concerning the significance or lack of
gignificance of the hypothesized potéxitial influences on land use
changes are proposed and tested using the statistical techniques of
analysis of variancé and multi«regression anglysis. These
specific hypotheses and the 'staﬁ'stical techniques used to test
them are presented in Chapter IV, Finally the observed relationships
between the significant factors and the spatial distribution of land

usge are presented and qualitatively evaluated.




SUMMARY

.; This study attempts to determine how g water resource
el opment affects the patterns of land use changes in the immediate
.fea. The distinctive feature of the approach is that it is concerned with
: 'c'h.a_gges in the immediate area of a reservoir--not at the regional or

atiloﬁal levels., It is expected from economic analysis that there

would be a movement from agriculture into other uses connected

{vith the lake. These movements can reasonably be expecied to be

_influenced by geographic and economic factors. The stage is now
ot for the empirical investigation of the changes and the factors for

Lake Cumberland in Chapter Iil




CHAPTER III
EMPIRICAL INVESTICATION &
A great deal of empirical data is regvired for the study of

land use changes, Da.ta are needed to porfr spatial and time

patterns of land use change. Data are needed to guantify independent

variables which might potentially be used to explain the chserved

land use changes. Neifher type of data. is available in published
tabulated form for the very small areas considered in this research.
Land use data, as a function of time, has fo be ohtained from aerial
photographs available through the U. § Department of Agriculture
as supplemented by land use studiss or mapping made by various
governmental agencies. The independent variables were evaluated
from appropriate mapping, most freguently the topogranhical
guadrangles published by the U. 8. Geological Survey. As the
tabulation of such dafa is inharently time consuming, the procedures
used are described in detail to help others engaged in similar
research and to help the reader evaluate the validity of the subsequent

analysis.




ime in'existence, the homogeneity and rural nature of

'Ogn:ding afea, and the availability of the necessary mapping and

;[rﬂ;s lake has a water surface area of over 50,250 acres at

3

:uﬁfe miles (78 J. 1t is the largest lake within a reasonable

e ag _s-_}ﬁ_buisville and Lexington, Kentucky, Cincinnati, Dayfon,

Columbus, Ohio, and Indianapolis, Indiana. Over 2,000,000

ced ._'significant change in shoreline land use.
Wi If Creek Dam which forms Lake Cumberland was
kzed by the Flood Control Act approved June 8, 1938
thaW No, 761, 75th Congress, 3rd Session]. Construc-
for and right-of-way acquisition began in the early 1940's. The
mos 30 jrears since then allows plenty of time for the short-

e’_ffe:ots of reservolr congtruction to have ended. The lake by




now has had ample time to produce whatever are going to be its
measurable tasting economic effecis.

The area _surrounding Lake Cumberland is predominantly
rural and industrially undeveloped. No interstate highway
system serves the area directly. North-south Federal hi.g;hways
(US 127 and US 27) skirt the western and eastern ends of the
lake where the small county seat towﬁs are located, The per-
centage of total land in farms is 59. 4 percent for Wayne County,
64. 9 percent for Pulaski, 75. 7 percent for Russell, and 80, 8
percent for Clinton, [43 ]. Most of the remaining area is
woodland. The é.rea does notf have a diversified economy
experiencingr urban growth, bui it is instead a very homogeneous
region, predominantly agrarian. Such an isolated rural area
is ideal for this study because any urban-type iaznd development
can reasonably be attributed ic the reservoir. To supbort this
assumption, the tendency for the portions of the study area
nearer the highways and towns to experience more rapid land
use changes is statistically tested (Chapter IV, Hypothesis 3).

A survey of available aerial photography and mapping showed

the available information to be adequate for the proposed study.
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QUNDING AND SUBDIVIDING THE STUDY AREA

o nteflsity of the effect of the reservoir on land use to

th distance from the reservoir. As this happens, the

o'u'ndéry was arbifrarily selected (Figure 1),

he _cﬁtoff boundary was drawn by connecting by straight




to Greasy Creek and the area on:the south side of the 1ske form

Mill Springs to a point opposite Fishing Creek. The shoreline

at both locations is too straight to’form distinguiéhable peningulas,
In this study afea, little reason exists to belie've thav change,

other than shifts among agriculiural iand uses and the construction

or abandonment of a few scattered individuai buildings, exists due

to any factors otner than the lake. VPeople in signiticant numbers

do not come tc an isolated rural area fo bulld bomes. Because

no major highways enter the study region, there is no incentive

to provide motels or other fourist facilities. Only the exisience

of the lake provides a reason for urban developinent.

Peninsulas

The study area is divided into peninsulas so that land use

change along different sections of the laks can be compared,

It is useful to divide the total area intp subareas to study regional
patierns of settlement as possible influences on the changes in
land use [28, p. 2]. Peninsulas as a whole can be expected to
vary with respect to access, orientation toward population centers,
physical properties, and other factors affecting suitability for

urban development.




penin ula may be defined as land bounded on three sides by

flowing into the typical reservoir

e many creeks

' y.iong arms extending, in many cages, many miles
3_fghé ‘main body of water with the land between these
mg peninsulas. A straight line connecting the furtherest

lTong two adjacent-arms of the lake forms & fourth side

ate measurement and because the small coves extending into
mr;sula because of its irregular shoreline are an integral

of the shoreline environment, Each peninsula is constructed




Beginning with Greasy Creek and moving clockwise around the
lake, the total study area is divided into 19 periinsulas, varying
in size from 1, 635 to 18,575 acres (Table 1). There are 11

peninsulas on the north side of the lake and 8 on the south side.

Quadralaterals

Hiswricalivg neople have tended to saftic on the tips of
peninsulas cr av rhe back of coves. Coves provide seclusion
and shelier., Tips of the peninsulas provide th}e best views and
easy access to a body of wafer too small for shelter to be a
major factor. A restaurant or motel is more likely tc be
able to overlook a large body of water and capitalize on the
esthetics of the scene as it is located closer to the tip of a

peninsula. The influence of relative location on the peninsula

on the probability of land use chahge was studied by developing

a gpecial grid.

Each peninsula is divided into 100 sections called
gquadralaterals. These quadralaterals,. numbered 1 to 100,
provide a normalized grid for indexing relative location
(Figure 2). In this way, any particular guadralateral on one
peninsula can be compared with the same relative position

on all other peninsulas. It is necessary to speak of relative
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TABLE 1

PENINSULAS, AREAS BY NAME AND NUMBER

N
T M

Peninsula Peninsula Total Areg
Number Name Acres

Jamestown Dock 3,537
Pleasant Hill 4,871
Parks Ridge ‘ 1,635
Ono Ridge 4,301
Tucker Ridge 2,179
Gogser Ridge 1,725
‘Cave Springs Ridge 6,398
Union Ridge . 6,502
Panhandle 3,588
Cumberland Point 4,827
Fishing Creek _ 8,570
Conley Bottom 4,324
Earl Wallace | 6,871
Parnell ' ' 18,575
Magalton Mountains 14,343

© o 3 & O B W B

N e R Y e ot
[ T SO U [ R R et

Cumberland City o 17,056
Grider Hill 2, 859
Aaron 2,433
Wolf Creek Dam 2,802

i T S = S
W o =3 »




et iise each peninsula has its own distinct s.hape; The tip for

ignificantly more often U

fits :for each of the lines until point B is reached.




Continuing, like numbered points on each of the horizontal lines
are comnected until line CB is reached on the far side of the
peninsula. Now the peninsula is divided into 100 guadralaterals.
Because the tip is common to all three lines, the last ten divisions
are not four-sided figures; however, for ease of reference,
these areas are sfill referred to as guadralaterals.

For each peninsula, quadralaterals are numbered from left
to right beginning in the "A'" corner. Quadralaterals vary widely
in size on a given peninsula, but most are from 20 to 150 acres
or about one percent of the total areas shown on Table 1. The
guadralaterals need not have the same area nor shape.
Relatively smaller areas near the tip indicate a more pointed
peninsula while relatively larger areas near the tip indicate a
wider nosed peninsula. A curved peninsula has relatively larger
quadralateral areas on itg outgide. These peninsulag with their

100 guadralaterals were drawn on United States Geographical

Survey quadrangles to serve as a basic reference for subsequent

data collection, Data found elsewhere were located on these

maps so that it could be referenced to the proper quadralateral.




DATA COLLECTION: LAND USE

receeding to a description of the data collection, a brief

the fesearch objective is in order. Lake Cumberland is

m the quadrangle maps, the acreage of each quadralateral

asured with a compensating polar planimeter. Once
isured ::..the total érea Wés held constant for each of the 1900
laterals because, it, in contrast with land use, does not
a;ng . from year to year. The .total area includes water area where

ke protudes into the gross peninsula area as drawn.




Commercial Area

A county map compiled by the Kentucky Department of
Highways (showing buildings by location and type {81, a
USGS toﬁographic maﬁ), and aerial photographs provide Ithe
necessary information for determining the area with
commercial land nse. The ares of commercial land use can
vary from year to year as enterprises may enter or leave the
market at any time, The latest county map. which serves as
a primary scurce for detérmining urban land use by type,
contains cultural information for 1959. The areas
associated with the commercial establishments identified
from the 1959 county maps were measured from the 1960
aerial photographs. One exception, Clinton county, having
three peninsulas has county maps made in 1968. In this case,
1967 serves as the base year since the data for the county maps
were actually collected in 1967 which corresponds perfectly
with the 1967 aerial photographs. The county maps provide
the location of each commercial estab_lishment ini the study area.
Each location is marked on the 1951 topogra.phi.c map ahd 1960

aerial photographs. Knowing the scale of the aerial photographs,

the acreage associated with each commercial establishment is

estimated and recorded. Most commercial establishments are
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55, bait shops, service stations, motels, or

tories or:other industrial eatablishments

jNQ fac

dithat if a puilding was used commercially in 1960

nsed dhe: i i i
Whg_:re possible to identify the type of land use associated with




changes between 1960 and 1967. Field checks, conducted in 1969,

provide supplemental information for doubiful cases.

Regidential Land Area

A cursgory survey of the area revealg a gignificant increase in
residenti_al land use sin_aa 1938, The year 1966 again serves as
the base vear with one exception--Clinton County, Residences are
marked on the county maps and acreages can be measured from the
acrial photographs. Following the same procédure used for‘
determining commercial land use, the aéreage of residential land
use for eaqh quadralateral for each of the four years is obtained,

No distinction between permanent and seasonal residences was

possible from the available data.

Public Land Area

Churches, schools, and government ownhed recreation areas
congtitute public land use: County maps show many churches and
schools in the study area. One room churches situated on
approximately one acre lots dot the country side. Some have
cemeteries; some do not, Schools vary in size more than do

churches, and country sites abandoned after 1951 explain the small

reduction in public land use (Table 2). Government owned recreation

areas provide camping and picnicking, With increased demand for
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- Coves can provide both of these; thus, water area may

tive factor in location decisions.

ultural land use is estimated hy siletract-ing the commercial,
ntial Public, and water areaé from the total acreage for each

aiate_ré'i. As thus defined, agricultural land includes everything
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from little used pasture and wood lands to intensively farmed
cropland. Attempts to distinguish ambng such use categories did
not seem warranted because changes among such uses are pi‘Obably

not related to the lake.

DATA COLLECTION: GEOGRAPHICAL FACTORS

Slope

One faetor likely to influencé decisions on where to locate

is slope. Slope may affect location decisions'in different ways:

Some people may want an A-frame house built on steep slope

ovériooking and providing ah uninterrupted view of the lake. At
the same time, however, slope can add to costs of both buildings
and roads. In any case, slope is likely to influence location
preferences and should be included in any mode! used to determine
changes in spatial patterns, All 19 peninsulas contain large acreages
of very steep land (Table 16), Offen the flatter land is along the
ridges near the center of the peninsulas while steep bluffs occur
along the lake front.

The proce.d.ure used to obtain a numgrigal index of
quadralateralrslope béga,n by locating the highest point in each

guadralateral. The lowest point within 500 feet of this high point




determined. The difference in elevation between the
a wéLS_ used to index slope and estimated from contour

4 the 1951 topographical maps. Knowing that here are 20

ngth to area results, The higher ratio provides a

measure (in addition to water area) of the irregularity of

line, For example, a peninsula with a very irregular

ne ‘h_flight be expected to have more shoreline for lot frontage




and better boating facilities. By testing water frontage in the mode]

its influence on changes in spatial pattern land use can be evaluateq,

Roads

Farm-to-market roads have traditionaliy been built as a meang
to enhance the economic development of isoclated areas. It is
likely thar roads influence land use changes around Lake
Cumberland., All roads, however, do not provide equal access.
In order to distinguish among them, roads are classified by four
levels which resemble a tree with the outer limbs as lower level
roads and higher levels as one approaches the main trunk.
Hydrologists use a similar method to clasgify streams by order
as an index of stream size [36 ]. Level one represents tiny
streams, and each higher level replfesents a progressively larger
stream.

First, level I roads have no feeder roads except private
drives. This type services the tip and edges of the peninsula
and are the least traveled, When two level I roads meet, a

level II road results. Level II roads are the major level of roads

from the lake. They carry more cars than do level I roads since

those that travel on level I will also travel level II in leaving the

peninsula. These roads will on the average be of better surface




those of level 1. Level III, the third classification,
two -lével 11 roads meet. ~ Such roads usually occur on
ne;'_ the base of the peninsula. Level IV are
. :.;fhese roads "dip" into tl;e peningula but primarily
ou_g'_h:'routes fed by the lower order roads. No bridges
-ﬁr;berland in the study ares.
q!__i_é.dralateral, the length of each level of road is
m he USGS maps. Only those roads on 1960 county
ared by the highway department) are measured in
oid -finclusion of private roads. Thé iength of roads
eem Q: change much from year to year. There are no
¢ 1960 county maps that could not ke found ‘on the
p};;_ptographs, There have been changes in road surfaces,

ic changes could not be identified or gusntified from the

information, The length of each type of road is

by dividing by the area of the guadralateral, A

sual cfo_nta.ct is likely to promote land use changes. To

‘view of lake, "' a degree of view is determined for each




quadralaleral. Each quadralateral is qualiitatively assigned a numhe,
2, or 3 depending on iis view. With g poor view of the lake, 5
quadralateral recelves a 1. With a geod view of the lake, if receiveg
a 3. An intermediate view of the lake receives a 2. A poor view of
the lake means that one~third or less of a particuiar quadralatersi
area has a view of the lake. A good view of the lake means that two-
thirds or more of a gquadralateral area has a view, An infermediaie
view of the lake means that beiween one-third and two-thirds of the
quadralateral ares has a view of the lake., Contour of the land is

the only factor considered in determining the view, Trees, bushes,
or man~made structures are not considered as barriers to view,
Trees and bushes could be removed, in most cases,; at a nominal -
cost; and the number of man-made structures inferferring with the
view is of no consequence, A profile of the site line from the
guadralateral to the lake serves to establish the degree of view for-

each quadralateral.

LAND USE CHANGES

Liand use change ig defined as the acreage experiencing a
change in land use, between two of the study years, divided by the

total area of the quadralateral for the purpose of normalization.




.s" within a category are not counted. Primarily

e been from agricultural use to one of the._others

TABLE 2
LAND USE FOR DIFFERENT YEARS

Acres

1938 1951 ' 1967

111, 285 116,617 104,144
310 941 7,191
8 39 53 127
48 64 44 199

5,535 5,535 5,535 5,585

117,196 117,156 117,196 117,186




SUMMARY

This chapter has presented the method for obtaining the datg

for analyzing land use changes. First, a study lake (Lake Cumberland)
ig selected, and the study area around this lake is bounded and .
divided iato 19 peninsulas. Each peninsula is subdivided into 100
quadralaterals, Ffor ;each éf these qtladralaterais; the total area,
the commercial area, the residential area, the public area, the

. agricultﬁral area, and fhe water area are obtai-neda These are the
land uses, and all but water area are. obtained for each of the study

yvears. Land use changes are noied whenever a location changes,

from one to another above land use categories within one of the

three time periods used in this study. In addition, slope, water

frontage, roads, and view of the lake are obtained for each
quadralateral and these remain constant for the four study years.
With this information, it is now possible tottest the significance

of the correlation between land use changes by time period and the

other guadralateral properties.



CHAPTER IV

ANALYSIS OF LAND USE CHANGES

oxt step in the study is to apply the general procedure

._g."fi_l_rther, simple statements of these hypotheses are




The first three hypotheses are used to assess the significance of
location with respect to the lake as a whole on land use changes,

Hypothesis 1: Different peninsulas intrinsically experience
different amounts of land use change.

Hypothesis 2: The north side of Lake Cumberland has experienceq
a larger Iand use change than the south side.

Hypothesis 3: The east and west ends of Lake Cumberland have

experienced a larger land use change than the middie area,
The next three hypotheses {4-6) result from the need to
determine if the spatial patterns of changes in land use tend to
follow a specific pattern from one peninsula to another.
Hypothesis 4: The four corners of a peninsula differ in the
amount of land use change they have experienced. Corner A
comprises the 25 quadralaterals in the A corner near the base line of

the peninsula (Figure 2). Corner B comprises the 25 quadralaterals

along the base line to the right of corner A, Corner C comprises
the 25 quadralaterals toward the tip from corner A. Corner D comprises

the remaining 25 toward the tip from corner B.

Hypothesis 5: The tip areas of a peninsula have experienced a

larger net land use change than the base areas. The tip comprises

the 50 quadralaterals beginning with quadralateral number 51 (Figure 2)-.
The base comprises the first 50 quadralaterals beginning with quadralatel?

number 1.



guadralateral properties on influencing land use changes.

: .oth:e'_s.is 7. Slope has produced a net contribution to land use

he Lake Cumberland area.

thésis 8: Water frontage has produced a net contribution to

.hanées:in the Lakel Cumberland area.
othesis 9: View of the lake has produced a net contribution |
_e}_;c‘;hanges in the Lake Cumberland ﬁrea,
'sis 10: Road access has produced a net contribution to
."c'h_anges in the Lake Cumberland area.
ofhgéis 11: Water area, as an index of an irregular shoreline,

duced a net contribution to land use changes in the Lake

erii_a'_;nd- area.




APPROACH TO HYPOTHESIS TESTING

The two basic tools for testing hypotheses such as those
proposed are multiple lineér regression analysis, where the
various factors are relatively independent, and analysis of
variance, where the factors are found to be interdependent, A
step-wise mulitipie linear regression anaglysis (MULTR) and
one-way analysis of variance with unequal cell size (OWANOV)
are both programmed for computer application and available

through the Statistical Program Library for the IBM System/360

located in the University of Kentucky computing center [ 75 J.

In analyzing multivariate data, it is necessary to digcover
and measure the association or covariation among the variables
in order to determine how they vary together [11, p. 5957. Two
related, but distinct, aspects a:c;e involved in the study, regression
analysis and correlation analysis [11, p, 596 ]. Regression
-analysis attempts to establish a functional relationship between
a selected and the remaining variables. A mathematical function of

the form

-----

resuits with Y as the dependent variable and Xl’ Xz, X3 e Xn _




endent variables. Through the functional relationship, ithe

=

&. This determination combined witn exsmminipe ihe di;

f tue inverse correlation mairix is nseful in d-toctin

Y=A +B .
1 1X1+B2X2 ......1-{~].3,34X34

1 if the location being considered is located on peninsula

1, 0 otherwise:




X = 1 ii peninsula 2, G ctherwise;

2
X3 = 1 1f peninsula 3, 0 otherwise;
X4 = 1 if peninsula 4, 0 otherwise;

X5 = 1 if peninsnla 5, 0 otherwise;
X6 = 1 if peninsula 6, 0 otherwise;
X7 = 1 if peninsula 7, ¢ otherwise;

X = 1 if peninsula 8, § otherwisge;

X = 1 if peningula 9, 0 otherwise;

XIO = 1 if peninsula 10, § otherwise;
Xll = 1 if peningula 11, 0 otherwise;
X1z = 1 if peninsula 12, 0 otherwise;

X = 1 if peninsuia 13, 0 otherwise;
X = 1 if peninsula 14, 0 otherwise;
X = 1 if peninsula 15, 0 otherwise;

X = 1if peni'nsula 16, ¢ otherwise;

X17 = 1 if peninsula 17, 0 otherwise!
X18 = 1 if peninsula 18, 0 otherwise;

X = 1 if the location is on the north side of the lake, 0 otherwi
X = 1 if the location is on either the cast or west end of the
lake, 0 otherwise;

le = 1 if the site is located in corner A of a peninsula,

0 otherwige;



1 if the site is located in corner B of a peninsula,

0 otherwise;

1 if the site is located in corner C of a peninsula, 0

: otherwise;

1 if the site is located on the tip of a peningula; 0 otherwise;
1 if the site is located on the edge of a peninsula,

0 otherwise;

the slope;

water frontage in miles per acre;

1 if there exists a poor view of the lake, 0 otherwise;

1 if there exists a good view of the lake, 0 otherwise;

road level IV in miles per acre;

road level III in‘miles per acre;

road level 1I in miles per acre;

road level I in miles per acre;

water area per acre (irregularity of the local shoreline);

land use change per acre;

intercept made by the regression on the Y axis; and-
By rrerens B34=the contributionoin, X2 X34-

respectively.

'-he_ multiple linear regression procedure estimates the regression




plane with

Y=a+b,x. +b x_ ..... +h

1%1 7 Pa¥%o 24734 (

and can be extended to determine if the partial regression coefficientg -
the b's -- are significant. That ig, do they differ significantly from Zere.
to ailow the conclusion that the B's are non-zero? The intention is to
determine whiclh <f the X's are sigaificantly associated with land use
changes. Each "' estimales ihe net contribution of its corresponding
variable. For example, bl estimates the net change in land use which c:m.i
be associated with a site on peninsuia 1,

One less than the fuli number of variables are needed to test the
hypotheses concerning location of land use changes around the lake, -
(Hypothesis 1, 2, 3) location of land use changes on a peninsula (Hypothesis
4,5,6) and "view of the lake, ' (Hypothesis 9) because these varlableg are
qualitative rather than guantitative. In general i is necessary to have
{k~1) variables for k levels of a gualitative factor in order to prevent the
occurrance of a singular matrix in the computation with k variables,

In the case of location around the lake 19 peninssalas account for

variabhles X1 through X1 If all of the first 18 variables are zero, the

g
location must be on the nineteenth peninsula. The same principlerapplies

with respect to the other hypotheses. A more detailed explanation of

“dummy variables is found in works by Draper and Smith (21, p. 134 ]



n. 2187, and

i

'RESULTS OF HYPOTHESIS TESTING

of tha statistical analysis is to determine which of the

blas are associated to a significant degree with land use




TABLE 3

1
"t VALUES FOR VARIABLES IN EQUATION 3

Variable
Variable Name Number 1938-1967  1960-1967  1951-196¢

Peningula 1 1 8.07 7.23 1.28
Peningula 2 2 .87 - .14 3. 68
Peninsula 3 3 * .28 .09
Peninsula 4 4 .42 * 2,38
Peningula 5 5 1.14 L7l 2.97
Peninsula 6 6 -, 29 -. 07 -,31
Peninaula 7 7 14,58 22,51 -. 10
Peninsula 8 8 -.12 12 *

Peninsula 9 9 .25 9.63 ~. 12
Peninsula 10 10 4,53 4,34 *

Peningula 11 11 .74 . B3 .12
Peningula 12 12 5.84 6.00 ' .58
Peninsula 13 - 13 .15 19 .14
Peninsula 14 14 .92 .75 . B7
Peninsula 15 15 .07 -. 01 .22
Peninsula 16 16 * ~, 03 .14
Peninsula 17 17 .96 1,10 -.08
Peninsula 18 i8 -.17 -, 22 . 20
North 19 .13 * .05
‘Fast-West 20 -.40 -.31 ~. 03
Corner A 21 * * - ~.b8
Corner B 22 -2.26 ~2. 57 *

Corner C 23 -1.32 -. 55 -3.04
Tip 24 2.94 2.00 2,30
Edge 25 .32 .16 .25
Slope 26 3.90 3.92 . b4
Water Frontage 27 .84 1.58 -1.81
Poor View 28 .14 .25 -. 61
Good View 29 81 .21 2.11
Road IV 30 -.76 -1.01 .35
Road III 31 .87 -1.40 5.90
Road I1 32 2.84 .85 4, 82
Road I 33 6.13 4.28 4,48
Water Area 34 ~2.66 -2.70. -, 37

* Variable Eliminated Automatically by MULTR
1For 5% level of significance t ,=1.96; for 1%, t _ = 2.58.




E‘epend_é_nt, all 34 values would be unity [26, p. 1007. In fact,

ariables are interdependent, and many of the tabulated values

e ari_ables must be eliminated from Equation 2 to reduce the

9 _:ﬂ.ff?? ity and thereby cause the diagonal elements to approach one.

: r;volves observation of high values for the diagonal elements

g on probable causes of interdependence. Most of the




peninsuia variables (1 ~ 20) have high values on Table 4. It was decidey
to eliminate all but the north variable as it is an independent eXpregsioy
peninsula orientation toward population centers. The other peninsyly

variables are interrelated as each peninsula is on either the north o th

south side and are related to the other variables as each peninsula hgy .

gpecific combination of physical properties. The corner variahles wers

eliminated as being interdependent with each. other as well as with tip

and edge. Watler area was eliminated as being dependent on water froafag@
With these variables eliminated, the regression equation becomes:

Y =8y 7 B19%10 " Boyos ¥ BosXos T BogFog T BarXor

* BogXog T BogXag T BygXag T Ba1Xsy T Bap¥gn * BygXy,

o,

The "t" values associated with the variables in this equation are found in-

Table 5. When the "t values for north on Table 5 are compared with

those on Table 3, one sees that this variable has shifted from not being
significant (t = 0.13) to a high level of significance (t = 8,13). Such shifis
are the primary reason for investigating multicollinearity., Comparison:

between the same two tables shows relatively little change for the road

variables which are seen to be relatively independent of the other factors.
the values near unity on Table 4.

Table 4 contains the values of the diagonal elements of the inverse

correlation matrix for Equation 4. The value for the north variable has



TABLE 4

:ELEMENTSOFINVER$ECORRELATKHJMATRD(FOR
ATIONS OF VARIABLES

Variable Combination of Equation
4 5 8 7

1,947
1,908
0. 000
3. 950
4.002
3,963
3.975
3,922
1,936
1.924
1.938
2.156
2.069
1.916
1.910
0. 000
1. 906
1. 980
10. 447
10.11%1
0. 000
1,510
1.523
2.144
1.597
1.833
1.669
2.410
2. 642
1.100 1.023
1.094 1. 023 1.01%
1.093 1. 054 1,042
1.062 3 1.%042

o . . s

E R e T B S S

X K ¥ K X K K R ¥ K ¥ X ¥ o X % K X
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*
*
#
<
*
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P
*
*
S
*
K
*

3
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TABLE 5

ngr ’VALUES1 FOR VARIABLES IN EQUATION 4

Variable Variable 3
Name Number 1938-1967  1960-1967  1951-194¢ 1

North 19 8,13 7.77 2. 04
Tip 24 2,47 2.99 1.33
Edge 25 -.27 .34 .03
Slope 26 i.80 1.%5 .37
Water Frontage 27 .75 1,44 —2 17
Poor View 28 -2.00 -1.91 ~.64
Good View 29 -, 17 -. 86 2.68
Road IV 30 .24 .06 .37
Road III 31 .87 -1, 27 6.32
Road II 32 4.39 2,80 4.72

Road I 33 4.97 3.10 5.02

1
For 5 percent level of significance, t :=1.96; for 1%, tm= 2,58,
o

dropped from 10.477 to 1,087, again illustrating that linearly dependen!

variables associate with this north variable have been eliminated. The
edge and poor view variables are next eliminated (Table 4) in order to try:

to further reduce multicollinearity.



X
Ko+ BogXos * BogTos BorZon

B, %0 * Ba1 %31 T P32z T Paa¥as

or the regression coefficients (the b's) are giver in

1c 4 shows the varishles slope, water frontage, and good

the largest diagonal values for Equation 5, values

v

+ By, X0t BogXas T BagXan * Byo%s0

* Baa¥sn * Pas¥ss

T B Xy T BoXog t BorXor T BypXap

T+ B :
o 31531 7 BaaXgp * BygXgs




TABLE 6

g VALUESl FOR VARIABLE COMBINATIONS FOUND

IN EQUATIONS 5,6, AND 7 (1938-1967)

Variable Variable B
Name Number 5 ) 6

Tip 24 3.74 3.78
Slope 26 2,01 2.80
Water Frontage 27 _ K 81 * 1.2
Good View 29 1.07 1.44 *
Road IV 30 15 .13 12
Road III 31 .70 70 .6
Road II 32 4,22 4,21 4.15.

Road I 33 4.86 4.82 4.86

*Variable Eliminated

1For 5% level of significance, t =1.96; for 1%, t = 2.58,

o o

Diagonal values. and t values appear on Tables'd and"@tfrésipectiﬁely,
Significant multicollinearity also exists among slope and view. An
equation including view and water frontage of the three variables was

not tried because these two variables would logically be interdependent.



nly one of these three variables can appear in a
] .cénfined to independent variables.

on to prefer any one above the other two, all three

rate équations:
B oXo* BouZas " BaeXas " Bo%a0 T P31%e1

- B, X
+B 4 3

32X32 33 33

B1o¥19  BouXos T Bar¥ar “ Byo®30 * B ¥

+ByoXgg “ Bgg¥yg

X

30+B

'+319X19+B X, +B,.X 31X31

24%54 * Bog¥ag * By

* BggXgy + BygXsg

ions proved to have diagonal elements near unity (See

iation 8). The "t" values for determining variable

re found in Table 7 for each of the three basic time

11 ds the total study period.

;asio‘p of the analysis fdr multicollinearity is that the
o:cia;ﬁ'ed with the north side of the lake, the tip of the

-t e four levels of road access are independent. One of
1a Ies slope, water frontage, and good view can alsc be
eg) é'_ssion equation without introdubing mﬁlticbllinearity.

ing variables exhibit varying levels of dependence on these




TABLE 7
1 . .
""" VALUES FOR VARIABLE COMBINATIONS FOUND IN EQUATIONS 8, 9, AND 10

Variable Variable 1938-1967 1960-1967 19511960 1838-1951
Name Number Eq.8 Eq.9 FEg.10 Eq.8 Eq.%2 Eq.10 Eq.8 Eg.2 Eq.10 Eqg.8 Eq.9 Eqg.10

North 19 8.17 7.94 7.76 7.90 7.53 7.33 2.42 2.21 2,22 2,84 2.37 2.33
Tip .j 24 4,04 4.13 3.68 3.37 3.38 3.19 2.11 2.39 1.35 1.94 1.87 1.41
, Slope 26  3.43 * * 3.16 * * 1.60 * * .16 * *
. _
; Water . _ .
Frontage - 27 * 2. 66 * * 2,89 * * -.12 * * .54 *
Good View 29 * *  2.96  * * 2,19 = x *  3.54 * *  1.86
Road TV’ 30 .03 .15 .16 -,13 -,01 -.02 .27 .28 .39 .59 .61 .65
Road III 31 . 60 .46 .58 -1.,49 -1.60 -1.586 6.10 5.95 6.32 6.05 6.09 6.23
Road II 32 4,10 3.90 4,05 2.57 2.43 2.44 4.44 4,21 4.75 5.36 5.42 5.62
Road T 33 4,80 4.67 4.62 2.91 2.84 2.70 5.06 4.8 5,17 8.23 8.28 8.40

* Variable Eliminated




ually cr in combination, In comparing this finding with

bo tested, one finds Hypotheses 2, 5, 7, 8, 9, and 10

great deal of multicollinearity was observed among the

i s," the test for significaﬁce must be based on analysis




values of Y, The results of the test (Table 8) show that at the 5 Percen

level of significance, there exists a significant difference in land yge

change among the peninsulas for each of the three time periods, Consé

the hypothesis is rejected.

When there are more than two categories in an analy‘éis of variange
problem, one needs to use the least - gignificant difference (LSD) methg;g
to ascertain which of the possible combinations of differences is
significant [il, pp. 407-409 7] The above hypothesis, for exé,mple,

contains 19 categories or peninsulas. This means that for one time

period there are 19 items take 2 at a time or *171 possible comparisons
The difference in only ohe of these comparisons need be significant for the

hypothesgis to be rejected. It could be that the analysis thus far has only

shown one peninsula to be different than all the rest. To see if this is so.

the LSD for each time period is calculated, and all 171 x 3 = 513

possible abgolute differences are determined. Table 9 contains a groupisg

of peninsulas for the three time periods. The peninsulas within a group :

for a certain time period do not differ significantly in land use change froz

one another.

Hypothesis 2: The second hypothesis proposes that the north side of th

lake has been associated with a larger net land use change than the souti;.‘

side. As Variable 19 appears in Equation 8, the significance of the north



~Hypothesis

Sample Size

=1100;
N N

=800
o]

N

EVV=1000,Nia=900

'Degrees of Freedom

o= 5%
Critical Value

1960-1967
1951-1960

1938-1951

18
1881

1.57

61.09

3. 88

6.19




side can he observed from the "t'" values on Tahle 7. Resultg using
analysis of variance are shown on Table 8. Here, one actually tests thé

[e—

null hypothesis that YN = %?S for each of the three time periods. If tp,
stated hypothesis is true, then one rejects the null and accepts the

alternative that ¥_# Y.. The results presented in Table 8 allows y
g 8

to reject each of the hypothesis for the three time periods and accept the
alternative. The results on Table 9 show the faster changing peninsylag
are on the north side of the lake. The north side has experienced greater

-1and use change as the side from which most visitors to the lake come,

Hypothegis 3: The third hypothesis proposes that the change in land

use for the east and west end of the lake is larger than the change in
land use for the middle area. Peninsulas 1,2,3,9,10,11,12,13,18,19
comprise the east and west areas. Peninsulas 4-8 and 14~17 comprise
the middle area. The possibility being tested here is that Jamestown
and Highway 127 on the west and Somerset~Burnside and Highway 27 on
the east have produced a net influence on the spatial pattern of land use
changes. Analysis of variance must be used to test this hypothesis
because of multicollinearity. The null hypothesis is S—.’E |

wo M

for cach of the three time periods. If the stated hypothesis is true
S_(EW # §M’ then one rejects the null hypothesis. The results presented

on Table 8 show no "F" value in the rejection region. Therefore, the



TABLE 9

ROUPING ACCORDING TO RATE OF LAND USE
| CHANGE BY TIME PERIOD

" Groups Ranked in Order of Decreasing Change
2 3 4

M

2,4, 5,10 3, 6-9
12 11, 13-19

Or one or more of the corners. Again each of the time
ested. The results presented’in Table 8 show all "' F'f

g in'the rejection region except the " F'" value, 1.19, for




the 1938-1951 change. Hence, one cannot reject the hypothesis,

YA = YB = YC = YD’ for the 1938-1951 time period. Only since 1951 .

is a significant difference in land use change noted among the cornerg
Table 10 contains the LSD results for the time periods where the hypath,
is rejected. Five of the significant differences among corners are tip

differences. One is a difference between peninsula sides.

Hypothesis 5: . 'Fhe fifth hypothesis proposes that thé tip areas of the._
peninsulas have experienced signiﬂcaﬁtly ﬁore changes in land uge thax
the base areas. As Variable 24 appears in Equation 8, the significance
of the tip being associated with land use change can be observed from
the "t values on Table 7. ‘At the 5% level, significant association is
observed for 1960-1967, is observed using Equations 8 and 9 but not
Equation 10 for 1951~1960, and is not observed for 1938-1951,

Results using analysis of variance are shown on Table 8. The
null hypothesis is ?T = ?B' Rejection implies ?T # ?Bu The

hypothesis is accepted for 1938-1951 and rejected for the two later

time periods.

Hypothegis 6: The sixthhy'pothesis proposes that locations on the
edges of the peninsulas have experienced significantly larger changes
in land use than the areas on the peninsula but farther from the lake

(middle). Observed multicollinearity requires testing by analysis of

- 70 ~



TABLE 10

LSD

Results

<. 0311

<, 0311

>. 0311

>. 0311

>, 0311

<. 0311

not significant

not significant
gignificant
significant
significant

not significant

<, 0058

<. 0058

>, 0058

<, 0058

>. 0058

~, 0058

not significrant
not significant
gignificant
not significant
significant

significant




Hypqthesis 7. The seventh hypothesls proposes that the amount of lang
use change experienced varies with slope. The hypothesis can he
tested by multiple regression analysis based 6n Equation 8. Mopre
explicitly, one sees if the partial regression coefficient bgﬁ* which
estimates B 26 or the regressican coefficient for the variable slope,
differs significamiy from zerns o conclude that "52 e £ 0 and hence slope.
is associated witn land use change, Y. The null hypothesis is that
326 = 0. Ou Table 7, one gees that the "{" values, for the 1960-1947

time period falls well ingide the rejection region., This allows one to

reject the hypothesis, B, = 0, for tais tiine period, with a probability o

26
less than 1% of being wrong. The association between slope and land ug

change has been significant since 1960,

Hypothegig 8: The eighth hypothesis proposes that areas with water

frontage have experienced greater land use change than interior areas.
A much narrower band around the peninsula periphery is being used

than is for Hypothesis 6. The hypothesis is tested by multiple regressiﬂ%ﬁ

analysis using Equation 9 to see if the partial regression coefficient b,

which estimates B or the regression coefficient for the variable watet

27"

frontage, differs significantly from zero to conclude that B2 7 # 0, and
hence water frontage is associated with greater change in land use, Y.

The hypothesis tested is B_, = 0, with object being to reject it. Referri

27




. that "t value falls inside the rejection region for the

od; therefore, the hypothesis is rejected for this

ise change has been experienced along the waterfront

r only since 1960,

ginth hyoothesis proposes that areas with a good view

e ffici Chic o
on ¢ oefficient b29" which estimates B29’ or the

reater land use change, Road access is tested s_eparately

-8 -




for each of the four types cf access provided. The variables ugeg fOr'.

testing based on multiple regression analysis are XSO for road type Iv

X3 1 for road type III, X3 for road type 1I; and X3 for road type 1.

2 3

Following the same format as above, bSO’ bgi" ‘sz and b33 estimate

BBO’ B31’ B32 ahd B33, respectively, This_ allows a decision on the

following sub-hypotheses: B, =0, B, =0, B_, =0, andB__ =9, 4°

30 31 32 33

h~h t i jected Y] 0,08

sub-hypotneses is rejected and B, £ 0, B, £ 0, 30 F 0507 B, #
is accepted if the associated road type is found to positively correlate
with land use change. Referring to Table 7, one sees that the "' values
for road level IV is not significant for any of the time periods and

therefore BSO = 0 cannot be rejected. For road level III, time periods

1951-1960, and 1938-1951 produce gignificant '"t" values. Thus for
those periods the hypotheses are rejected. Roadlevei 1 and 2 have
significant "t values so the hypothesis is rejected for all time periods.
The two lower levels of road access are significant for all three periods

Level III is significant before 1960. Level IV is not significant at all.

Hypothesis 11: The eleventh hypothesis proposes that shoreline areas

where the shoreline is more irregular (have greater water area) have

‘experienced greater land use change than other shoreline areas. As it

turned out, Variable 34 is too dependent on Variable 27, water frontage:

pick up significance other than that already found for Hypothesis 8.



TABLE 11

Wﬁ-l_(:h factors were associated to a significant degree with land

by time pericd are sunimarized on Table 12,




TABLE 12
RESULTS OF HYPOTHESES TESTING AT 5% LEVEL OF SIGNTFYL

Null Time
Hypothesis Periods 1938-1967 1960-1967 1951~19601

1 Peningula S S S
2: North vs. South S s 8
3: East-West vy, Middle NS NS NS
4: Corners | S ‘ S S
5: Tip vs. Base S _ s S
6: Edge vs. Middle S S NS
7 Slope 8 S NS
8: Water Frontage S S NS
& View of Laké | S S 8
10: Roads Type I S s 3
Roads Type II S S S
Reads Type III NS NS ]

Roads Type IV NS NS NS

S - significant

NS - not gignificant




OBSERVED RELATIONSHIPS

- the significance of the association of the amount of observed
'it. the various site properties, they do not provide a high
:1-:_ arr’elationg Several facters are respensgible. The
5i _ic;n equation exhibits excessive multicollinearity. The
.-n.s-'_'..:do not contain several significant variables., The
ab:‘i_:es are not classified into enough categories to define a
lationship. Many of the quantitative relationships are
_Orf example, one would not expect the effect to continue
roéortional to slope indefinitely. The increase from 3 to 4
r_e:é-ignificant than the increase from 33 to 34 percent.
:_r_éafsons, equations were not developed to show how the
az_i_ii use change varied by site characteristics and by time.
PP oé,ch is used to present the quantitative relationships
;-céllected data. The significant factors have been
i ea_ch time pericd. All possible combinations of significant
e isiedn The rate of land use change experienced in each

n be roted from the observed data; This information is

Table 13 for 1938-1951, Table 14 for 1951-1960, and Table 15




For example, Table 15 is developed for 1938-1951, the period of

reservolr construction, when only variation among peninsulas ang the
.degree of road access were found to be significant. The significan:
factors head the columns on the left side of the table. The three colyyy,
on the right side indicate the degree of land use experienced by the celf
represented by the combination of significant factors noted to the leg.
Combinations of factors not found on any of the 1900 ohserved
quadralaterals are excluded from the Table.
The peninsula groups are as defined on Table 9, The physical,

economic, and other faetors causing a particular peninsula to fall in a .

specific group are discussed in the next chapter.

The probability of land use change at a location exhibiting the
tabulated combination of sigﬁificant factors is tabulated in the right hand
column. For example,. if a location on a peninsula in Group 1 had
access by Roads I and II but not by Road III, the probability of land use :
change during the éonstruetion period is 0,21853, A location on Group
with the same combination of access exhibited a probability of 0,06072. |

Group 3, the value is 0.01017. Other trends can be observed by holding

other sets of three of the four factors constant and varying the fourth..
Each cell represents a discrete interval. Peninsulas all fall in Sﬁ?ﬁg

group, A quadralateral either has (Y) or does not have (N) access by .x¢
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TABLE i3

R DIFFERENT COMBINATIONS OF SIGNIFICANT
FACTORS, 1938-1951

Observed Land Use Change

onificant Factors

Road III

™~

Acres

Changed  Total | Probability

Y
Y
N
N
Y
Y
N
N
Y
N
N
Y
Y
N
N
Y
Y
N
N
Y
Y
N
N

AN

2o 2 K K Z K2 dE K 2 E K2 7

0 49 0
47 . 21853
19 . 18089
41 . 02799
7 . 10288
20 . 08059
11 . 03866
0 . 00000
57 . 06072
23 . 15024
86 . 01232
4 60 . 06657
31 1529 . 02026
8 386 . 02071

27 10288 . 00262

4 399 . 06997
62 6063 . 01017
11 1502 . 00730

26010 . 00421
1211 , 01477
5485 . 00544
1604 . 00744

51078 . 00094

- 79 -

any of the 1900 guadralaterals,




TABLE 14

LAND USE CHANGES FOR DIFFERENT COMBINATIONS OF Sion
FACTORS, 19531-1960 '

e .,

Significant Observed Land ge &

TRk v R

‘Group End” I 0 IIj Changed Total

Peninsu%aﬁ Location | . Road 1 View | #dcres

Y N 0 112
N 192

Y 95




TABLE 14. = Continued

Observed Land Use Changes

Acres

Changed Total | Probability

85 . 58810

58 . 08621

. 04056

. 00000

00774

. 44980

.0B817

.01763

. 00000

. 00600

. 00000

. 03051

. 00061

. 00000

. 00000

. 00746

. 06380




TABLE 14 - Continued

Significant Factors ' ‘ ' Observed Lang Use

Peninsula Locatign Road .' . Acres
nd I IT II ' Changed Total Proi.

Group 1 E

Y 20 4509

13 1522

11 1501

21 2951

14547

881

76

78




TABLE 14 - Continued

_Sié_’;ﬁificant Factors Observed Land Use Changes

Acres
Changed Total Probability

1005 . 00099
5319 . 00206
370 . 01347
94 . 00000

. 00657

. 00594

. 00017

. 00000

. 00029

If a combination of factors does not pertain to any of the 1900
it.is not recofded.




TABLE 15

LAND USE CHANGES FOR DIFFERENT COMBINATIONS OF SIGNTE
FACTORS, 1960-1967

Significant Factors Observed Land Usg |

Peninsula l..Llocation . Slope | __Road
Group End?' Edge® oy I I

B ) N N




TABLE 15 - Continued

e

Observed Land Use Changes

. Acreg .
Changed Total Probability

53 1. 00000

59 1. 00000

. 86473
. 58690
. 72049
. 89460
. 90900
. 00000

. 64065

. 42445

. 45479

. 38129

. 90410

. 87745

. 00000

. 00000

. 00000




TABLE 15 - Continued

Significant Factors

Peningula Loggtion iSlope| Road Acres
GJ:‘oup1 End™ Edge I 1T} . {Changed Total

e et e,

1 T ' W 189

115




Observed Land Use Changes

Acres ,
Changed Total Probability

. 00000

. 09468

. 322563

. 00000

. 06193

. 00000

. 17695

. 00000

. 00000

. 00000

. 000¢0

. 00000

. 08824

. 00000

. 00000

. 83320

.19610




TABLE 15 - Continued

- Significant Factors

e e,

Observed Land Use

Peninsula
Grroupl

Location

End? Edge3

Slope

T

Road

II

5 Acres

.chan.ged Totalﬁ Pl"’s;ﬁ%

E

N

e e, n

36

14




TABLE 15

Continued

Sigﬁificant Factors

-

Observed Land Use Changes

Acres

Changed

Total

Probability

39

45

. 00000
. 00000
. 01194
. 00000
. 00000
. 05613
;00000
. 00000
. 00000
. 00000
. 00000
. 07136
. 012662
. 16660
. 00000
. 02628

. 00000




TABLE 15 - Co_ntinued

Significant Factors

Peninsula [.laocation _ {Slope | Boad .. _Acres
Gromp1 End? Edge™ |

I I Changed Tota]

e

B M N N

B M




TABLE 15 - Continued

Observed Land Use Changes

Acres
Changed Total |Probability

1, 00000

. 60311

. 89790

33320

00000

00000

00000

08733

48770

00000

00000

05334

0000

00000

00000

00000

01499




TABLE 15 - Continued

Significant Factors Observed Lang

)

Peningula | Location  1Slope | Road | Acreg
Groupl End2 Edgeg I Ii Changed Totg]

e,

B E N N 598

B




Observed Land Use Changes

. Acres

Changed Total |Probability

27 . 00000
28 . 00000
. 00000
. 00000
. 00000
. 01830
. 00000
. 00000
. 00000
. 00000
. 00000
. 60000
. 00000
. 45455
. 75000
. 00000

. 00000




TABLE 15 ~ Ceontinued

Significant Factors Observed Lang Use

'Peninsula' Location Slope I_{oad_ 1. Acres
Groupl | End® Edge? T o Changed Tota]

T

T E ' N N : 0 B4
19 19
49
10
62

92




TABLE 15 - Continued

Observed Land Use Changes

Agres
Changed Total Probability

57 00000

30 00000

00000

19510

07830

07460

13410

00000

00000

06000

00000

. 00000

. 00000

00000

60000

00000

00000




TABLE 15 - Continued

Significant Factors

Peninsula j_Locaticn Slope | _Road
Gr;oupl End2 Edge3 1 i Changed 'Totgl

g .

5 B E | Y N 1498
B | P 1627
205

2367

3090

2718

773

913

588

5128

1575

1254

436

373

183

106

155




TABLE 15 ~ Continued

Observed Land Use Changés

Acres
Changed Total Probability

303 . 00000

368 . 00000

36 . 00000

a7 . 00000

. 00060

. 00000

, 00000

. 00000

. 00000

. 03325

. 00000

. 00000

. 00000

. 08621

. 006000

. 01534

. 00349




TABLE 15 - Continued
H

Significant Factor. . Cbserved Land g,

Peningula | __Location _ISlope | Road i _ Acres
Groupl { End? Edge® 1 o Changed Tota]

B Y 79

2 B B

M
M
M.
M
M
M
M
M
M
-
M
M
M
M
M




Observed Land Use Changes

Road i : Acres
I II | - Changed Total | Probability

N N a8 . 00000

. 00954

. 00000

. 00000

. 00000

. 00000

. 00000

1006000

. 00000

. 00000

. 00000

. 60000

. 00600

15517

. 285665

. 00000

. 00000




TABLE 15 -~ Continued

Significant Features Observed Langd .

Peninsula} Logation ISlope} Road Acreg
Group’ |} End® Edge’ I | Changed  Total

S T -

T M

bt
b=

M
M
M
M
M
M
M
M
M
M
M
M
M
M




w
]
=
(]

i

ey
=]
o

&

TABLE 15 -

Observed Land Use‘ Changes

Probability

Changed Total

. Sigﬁific ant Features

olves no land area, it is not recorded.

Lors Lnv

o of fac

mediate, or Middle




of a given type., It is eilher located on the tip (T) or the base (B} of .
peninsula. It either has a good (&), intermediate (I), or poor (P} viey

of the lake. It is either along the shoreline (Ej. in the tier one

quadralateral in from the shoreline (I), or further inside the Peninsyls

The slope is elther steeper than 29 percent (S}, betwsosan
percent (I}, or flatier than 11 peroent (¥,

Tables 13, 14, and 15 fulfiil three functions, ‘T'hey provide g
synopsis of the raw data collected in this study. They provide g5
basis for evaluating quantitatively the observed relationship between
land use changes and any of the significant factors. Finally, they
provide raw data for use in simulating land use change around a
reservoir. The properties of a given site can be measured. Table 11 :
can be used o estimate the prohability of land use change during
reservoir construction. Table 12 can be used tc estimate the
probability of land use change during the yvears of buildup immediately |
following project completion, Table 13 can be used to estimate the
probability of land use change during later years. Further research is_.
needed to perfect and generalize the simulation process, but the
technique provides a bagic method for estimating shoreline land use
changes, land value changes, and environmental quality changes.
Estimates of land use and environmental quality require derivation of

a relationship between these guantities and land use.
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SUMMARY

_éle'v"én specific hypothesis dealing with how land

ssociated with site characteristics are proposed and

ance of individual sile characierisiics is
icable hypothesis by maultiple regression

. e multicollinearity ts vhserved or by analysis

'_ After the significant factors are isolated by time

enz_-'the probability of an occurance of land use change

s;a b_iﬁatm_r_xs of these significant factors. The next chapter

ely the meaning of the derived relationships.




CHAPTER V

SUMMARY AND CONCLUSIONS

After testing tc determine which fastors have to a significant dag

been associated with land use change around Lake Cumberland and

summarizing the observed probability of land use change for zll

observed combinations of factors, -it is helpful at this point to look i#rim
why the observed change patterns occurred, consider how the finding'
might contribute to public and private policy making for planning othe
reservoir sites, evaluate the overall meaning and significance of th :
research findings, and note the unresolved issues on which further

research is needed.

EXPLANATION OF OBSERVED LAND USE CHANGE PATTER .

The observed significant associations between land use change ’mﬁ
the other factors are summarized in Table 12. The relationship
between the factors and the amount of change experienced by time

period is summarized in Tables 13, 14, and 15. In this section, tb€




the 19 peninsulas are divided into groups experiencing

: a.nd use change by applying least significant

é_a_éh of the three ti.me periods. The grouping on

.ﬁ:'_iis:ed to divide the peninsulas into four groups according




to the overall trend in experienced land use change (Table 1), The
fraction of the land on peninsulas in each group experiencing lang s

change during each period is shown on Table 17. For all foyr grouﬁ

thig acceleration ig a Minction of project time fHihe Terigth
project construction), calendar time (a widespread or even natiom:,é@
trend toward developing lake shore property), or some combination ¢
the two. In all probability, the acceleration is associated with a
nationwide trend toward inc‘reésed participation in water-oriented
outdoor recreation. i

The pattern of land use change experienced by peﬁinsqlas in each:

of the four groups of Table 16 is discussed individually. The p.hysicéi

properties of the peninsulas are summarized on Table 18.

Group 1: The first group contains only Peninsula 1. This peninsul
is located on the north side of the lake near Jamestown (Figure 1).
before 1938, a boat dock was located at this point on the Cumberland -

River. Peninsula 1 was a center of water-oriented economic activity

before the lake was formed and was thus in the best position to develsh

after 1938, Table 18 shows the peninsula to have the over all best

view of the lake as well as the overall best road access. These fact?




TABLE 186

GROUPING ACCORDING TO TOTAL LAND USE CHANGE

‘Peninsulas - Land Use Change Trends
i | Rapid land use change in all

three periods.

Very slow change in the first
two periods followed by very
rapid change in the third period.
Slow land use change during all
three periods.

.' 3,6,8,11,13~19 Very slow land use change during

all three periods.

TABLE 17

CHANGES IN LAND USE BY PENINSULA GROUP

Fraction of Acreage Changing
- 1938-1951 1951-1960 1960-19267

0.0413 0.0199 0.1258

0.0003 0. 06007 0.4472

0.0116 0.0132 0.0406

©0.00855 0.0022 . 0,0053




TABLE 18
DISTRIBUTION OF PENINSULA AREA WITH RESPECT TO CERTAIN FACTORS

i N Total Miles of Road per
Fraction of Area 100 Acres for
Peninsula Land |In Tip In Edge With With With Slope With Slope Roadl Road2 Road 3
: Area* Good Intermediate Less than Between 11%
View View 11% and 29%

1 3430 .42 .45 .49 .22 .18 .60 .25 .07 .08

2 4744 .38 .43 .38 .16 .23 .46 .19 07T .00

3 1618 .28 44 .40 .18 .20 .05 .06 .05 .00

' 4 4105 A4 .48 .36 .12 - .39 .35 L16 .10 .00
oo 5 2125 .30 .45 .42 .16 .25 .25 .16 .02 .10
‘f’ 6 1714 .35 .44 .33 .14 .24 .24 .16 .06 .00
7 6005 .53 .49 .32 . 25 .08 .64 .02 .11 .00

8 6179 .41 . 45 .18 .21 LT3 . 64 &0 .07 .06

9 3466 . 37 .45 .18 .17 .27 .52 .13 .06 .01

10 4555 .31 .48 .19 .24 .28 . 57 L1 o7 .05

11 8521 .35 LAT .09 .20 .46 .47 .18 .09 .03

12 4258 . 28 .44 .41 .16 .33 .52 17 .04 .00

13 6400 .47 .42 .35 .19 .08 . 68 .13 .07 . 0a

14 17433 .42 .47 .26 .21 .13 .62 .08 .02 .01

i5 13874 .30 .44 .19 .08 .16 . 60 .08 .04 .02

16 15884 .34 .45 .16 .13 .13 .55 . 06 .01 .01

.10
.18



4 e.xperience rapid land use change since the
onétruction. The development was, however,
man ‘small individual decisions. With buildings alre_ady
peni_hsula, suitable undeveloped tracts were not
-.'a.ter'.' large scale development which came to the
oup 2 Peninsula 1 represents the type of area like.ly'

ly and sustained land use change.

he second group contains Peninsuias 7 and 9 (Figure 1).
er en‘ce_ci .very little land use change. until 1960.
P-éﬂm_éula 7 has changed on over half its total area
pem_hsula possesses many aréas with a very good view
le: '8_.:.;Sh0ws almost 60% of the peninéula to have a good
'e_W'.'-. Peninsula 7 is also shaped so as to have the
of .ts._ area situated on a broad nosed tip extending far
e, where the water can be seen op,three sides. It also
fractibn of its total area along the edges. Little land use
"-e-r'ienéed during the two earlier periods, probably
-_t_a*-r ‘boor access, The peninsula is located about half-

’C-WQ ends of the lake and has one of the lowest road

'-_I'*hece:rﬂslyj some enterprising individuals recognized

thi ‘location and subdivided their farms into residential




lots. Others followed suit in a large scale land development Progra
Peninsula 9 has experienced roughly the same history, but the growit
has been much less spectacular, probably largely because the Pening:
as g whole has a much poorer view,

In recent years, the nationwide trend in land use change hag beey
toward larger scale development of large tragts of undeveloped 1ang
Group 2 containg areas where development in the past has been
restricted by poor access but recent large scale development hag hes
able to exploit a favorable location. The process suggests a consider

which was not measured in this study: personal factors which cauge 2

individuals to prefer to subdivide while others prefer to hold their far

The degree to 'which land owners recognize the possibility of increasing

their income by development is also important.

- Group 3: The third group contains Peninsulas 2, 4, 5, 10, and 12.
All but 12 are on the north side of the lake (Figure ‘1)., The five penit
have experiencéd a slow but steady rate of land use change since 1938
Their characteristics were not good enough to entiée the more rapid §
of Peninsula 1, but better access pe'rmitt'ed enough heterogeneous
development to discourage the large éca.le development experienced : ..
peninsulas in Group 2. Most of the peninsulas in Group 3 exper lenc

early development program which began shortly after the lake was £
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ant Hill residential development; Peninsula 5 had the
‘Peninsula 10 had a boat launch at Cumberlahd Point;

é, -Cdﬁley Bottom boat dock.

rth group contains Peninsulas 3, 6, 8, 11, and

.Thes"é peninsulas have experienced very little Tand use

ave combined to hold back land use changes on these

ctor : The north-scuth factor is basically a measure of
ntation toward major population centers. Most of the

ﬂipberlandrcome from the north. The larger urban




centers in Kentucky, Indiana, and Chio are all lopated in thig direct;s,
In addition, several other large lakes including the entire Tennesge8 .
Valley Authority system are located not too far to the south. ThrOug;fg
roads coming from the south are much worse than thoge coming from
north. In short, a definite trend toward greater development on the
side of the lake oriented toward the homes of most visifors was

observed (Table 19).

Eaéf;We s£ ‘Factor; The leastv-west factor is basically a measure of t?j;f
proximity of the peninsula to major highways and small towns., Fro
results, no evidence vs}as found that land use wasg influenced by this
rfactor. Apparently the dist.ances from Jamestown and the Somerset
Burnside area are too small to make a 'difference to people selectingg
for residential, commercial, or public uses. Another factor is that
being near population centers is a cbntradiotion of trying to get "aw

'it all, n

Spatial Patterns on Peninsulas

In addition to patterns of land use changes around the lake, a de 0
pattern of land use change was alse observed on the Ipeninsulas. Nong
peninsula variables, however, were found to be significant before 1

when the lake was filled. After éll, the peﬁinsulas only existed 0!1._?3?.‘-' !

before that time. Since then, the tip areas of the peninsulas have_.
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TABLE 19

\ GES IN LAND USE BY SIGNIFICANT FACTORS

Fraction of Acreage Changing

1938-1951 1951-1960

1960 1967

0.0070 - 0.0082
0. 0028 0. 0040
| 0. 0061

0.0036

*

0, 0080
* 0.0019
* 0.0036

0.0104 7 0.0093

0.0018 0.0016

0.0145 0.0117

0.0039 0.0033

0. 0200 0.0305

0.0050 . 0.0031

0.0109 © 0. 0087

0.0012 © 0 0.0008 -

0.1123
0.0114
10,0811
0. 0350
0.0596
0. 0539
0. 0438
0.0563
0.0610
0.0206
0.0753
0. 0720
0. 0341
0. 0279
0.0672
0. 0789
0. 0482

*

*
0. 0400
0.0635




experienced a greater change in land use than the hass araag (Table-ig
The tip areas are more fully surrounded by water and, on the whole

nearer the lake. The lake can be seen from a greater fraction of 4,

land area, and more waler can be seen [rom a given viewpoint, A,

analysis of differences in land use change among the four cornery pry

the same distinciion between i and base hut o addition, through the
significant difference analysis, slightly more develepment wag obser;
on the BD than on the AC side of the peninsulasg (Table 106). On Table
and 9, one sees the significance of the tip becoming progressively gmg
from one period to the next, meaning that over time the tip is experig!
an increasingly greater rate of change in land use.

In addition to a greater change in land use on the tips of peninsulg:
the edges have experienced a greater change in land use than the middi
areas of peninsulas (Table 19). This association does not become
significant until the 1960-1967 period, again illustrating that over time
use changes are shifting cloger to the lake.

In summarizing the effect of location on the peninsuia on land us
change, no effect is observed during the construction phase before th |
peninsulas are actually formed. At first the development occurs mere ;
less randomly over the pe;ninsula Wiﬁh only a slight preference for lsa.

near the tip or edge. The preference to be near the water seems to .ﬁé‘;

nearly offset by the better road access characteristic of interior locat:




near the water, the quatity, if not the length, of the

_a._'.do_ubt improves; and development accelerates.

tics and spatial Patterns

Ifontéage,. and view of the lake wers the site

served to be significantly asscciated with the rate of

hé high degree of mu.].ticollinea;—ity observed among
rab e 4) makes it very difficult to distinguish among the
e three factors. View of the lake was not significant
-e'waé formed in 1951, Slope and water frontage

ar _"in:' 1960. Good view exhibited the highest level of the

e..thf_'ee in the second time period. Slope did in the third.
ustrates how development in the 1951-1960 period
_eé;sihaving a good view of the lake, Most land use change
he development of individual building sites, and such

é1¢¢ted to get a good view. Better access and flatter

bfsbf the peninsulas caused the areas with a poor view to
é'V'__iopment than areas with an intermediate view. In
rio& ': h}ore of the development occurred in larger tracts,
cls spféad into the intermediate view area.
earice:-_i.;'esting showed the rate ofllan_ci use change to increase

le 19 :Ef»howshow for the study area:as a whole, the greatest




land use change ocecurred on areag of intermediate slope, Flattey a
are predominately located toward the interior of the peninsulag wh@
lake cannot be seen. Steeper areas increase building cost and mgl, .
more difficult, Even if the effect of slope 1z only analyzed for areas
good view of the 1ake. (Table 20), the -same trend towaz;é maximum 1y
change on areas of intermedizie slope is found. Flat areas almogt ini
have a poor view. Table 20 shows how the areas with a good view ha
steeper slopes than do the peninsulas as a Whole (Table 18).

" The trend seems to be that sites on the bluff with a view of the lak
but not necessarily water frontage, were selected first. Later devek;;@
shifted more towar.d the shore. Probébly, lakes having flatter topogr

around the shoreline would experience more concentrated development

the shoreline from the beginning.

TABLE 20

RELATIONSHIP BETWEEN SLOPE AND LAND USE CHANGE
DURING 1960-1967 FOR AREAS WITH GOOD VIEW

Percentage of Total e
Area With Good View Fraction &
Having Indicated Slope Acreage Cha

Slope > 29% | 63 0.0645

29% > Slope >11%

. 11% > Slope




lopment cost., Very few individuals - if the lake




the lake. Road type III is significant until 1960 - not afterwarqg .

development took place at locations having the best access, Latey

development produced an increasing rate of land use change negy the

lake. Road type LI, being located more toward the ridges, become |

longer significant.

The overall time trend of peninsular development seems to he f\g%
once the reservoir project is officially approved and construction hee:
on the dam, the first land use changes appear along the major roads .;,g;
the general vicinity of the lake. Once the iake fills, a view is develoges
and becomes an important factor. Development gradually shifts from .
interior locations having better road access to shoreline locations ha -
a better view or even water access. The greater traffic to shoreline _
gradually induces an improvement in road qualit'y and this, in turn,
encourages more extensive shoreline development. In the more Staiifﬁ%
peningulasg, it is still very difficult, if not impossible to get to the she '.

by road.

APPLICATIONS TO POLICY MAKING

The primary value gained from a study of past trends is the
guidance it provides to decision makers charged with forming future

policy. The effects of proposed rescrvoir alternatives on gurroundit




ge'in the surrounding countryside. This study

for analysis and a first approximation of the

‘this interaction in depth.

ion are interested in patterns of land use change from

f determining how far back from the lakeshore

d_'_'p'e':- purchased to prevent interference with project

e 's’ﬁc’%reline recreational facilities are part of the
sary to insure a buffer zone between recreational
"riczc')mpatable land use. The conirol of land use around

hese or other reasons involves a cost, The economic

'c':o.ﬁtrol requires that the resulting benefit exceed the-
is méeasured by comparing what would happen with the
dﬂ.t'ci_v.v.hat would happen without it. Data such as that obtained
I_'e_:d for the analysis.

nd other community land use planning takes place

T__jétter.informed planning board will produce




better decisions. The type of study provided in‘this report shows s
W

patterns of land use change can be expected in an uncontrolleg

environment. The local planners should weigh the good and the ba{é

characteristics of such development in seeking to determine hoy ; |
should be modified to reduce undesirable external effects and impros
community weifare. The resunits of this study indicate the land uge
changes consequent to the ""do nothing™ alternative, For example,
areas on intermediate slopes with a view of the lake have higher
probabilities of experiencing changes in land use. If the primary
land use change was to low quality seasonal housing and commercial
enterprises, these developments may deteriorate the natural
surroundings, lowering property values to others. Market forces
cannot compensate others for the disutility imposed by such
development. Zoning becomes necessary to protect the quality of
the community, and this study provides information to aid in zoning
Planning by the private sector of the economy can also make
good use of a better ability to predict future land use change pattems_:
Commercial properties are most profitably centered in areas
experiencing economic growth. Entrepreneurs will be helped by
a better ability to forecast where such development will occur. Oﬁ? =
individuals coming into the area may be looking for seclusion and "r‘r :

to find a site where significant additional development is unlikely-:
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ning m. the land market are affected by what
re doing and can be expected to do in the
o utility of land ownership is affected by the

) .:b'c'nr's, individuals will be able to improve their

oved ébility to forscast future changes in

SIGNIFICANCE OF FINDINGS

and -us. changes surrounding Lake Cumberland shows
'a_f;é '.and pattern of change varies with general
the pe Iéfiery of the lake, with specific location on a
ting nto the lake, with physical characteristics of a
oad__;'access to the site. Specific factors associated

were determined. Trends by factors were
on or land value change or environmental quality
useful in certain circumstances, land use can be

543 d and in large part clesely correlates with the

e s__{'udy area into peninsulas and then into

and use changes can be located on a normalized




grid. This method allows the identification of relative locationg fl‘f@

peninsula to peninsula and allows the examination of spatia] pattern;

of land use changes on and among the peninsulas.

SUGGESTIONS FOR FURTHER RESEARCYH

The knowledge gained through this study needs to be extended i
several ways in order o develop a more general model for forecasu%%.
consequernt land use c.hangés in the area immediately surrounding a |
new reservoir. Case studiés at other locations sre needed to separste
asgociations peculiar to the setting of Lake Cumberland from the
associations characteristic of most reservoir sites, Onece the two
types of effects are distinguished and quantified, a generally applicab
model for simulating land use change can be developed. The study cas
also be extended in other ways.

1. Inthis study, all land use is grouped into one of the four
categories of commeréial, agricultural, residential, or public use.

A further disaggregation could be made. TFor example, one can
subdivide agriculture into crop land, pasture, and woodland.
Residential can be subdivided into seasonal and permanent or into
categories selected by building value. Coﬁmercial can be sub~

divided into recreational oriented and other. Public land can be




al, religious, and recreational. The

o
=1

study. would provide additional insight into fore-

EVekopment phenomena observed on Peninsulas 7

_a_léo--needed into the influence of the extent of
d around the reservoir on the patterns of

;'iv te land. How doeg this influence vary

its natural state and land developed for active




5. The human characteristics of the owner as well ag the phys;

characteristics of the site certainly also influence the rate of 1anci"§
change. The subject could be approached by much the gsame proce.
used in this study of proposing hypothegis and testing the eXperiency
data for degree of association. .

6. Land use changes could also be approached from the pojns.

view of evaluating returns to the owner from alternative land uses

ship and obtain such information as the land uses for the study per
the income and occupation of the bwners, ‘the length of ownership, and
the sales prices of each transaction. With this information,
relationships could be determined among these variables, linking thg
to the lake where possible and determining the association between
iand values and degree of association with the lake. Where and
when lake related land uses provide a higher rate of return, the
market price of land should increase. Additional insight into how

the lake has affected development in the area would result,
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