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

The attached report covers research on the development and testing 02 a model 
for sirnulatin:: and forecasting residential development patterns around reser- 
voirs to meet this need. Three distinct phases of the research were involved: 
(1) develop a firm understanding of the behavior of the individuals and firms 
directly involved in the development and utilization of reservoir oriented 
land, (2) determine the key variables associated with the attractiveness of 
land for residential use, and (3) develop, t e s t ,  and evaluate the computer 
program for the simulation model. 

Two practical applications of the model are anticipated. It may be used 
to evaluate the effects of alternative land acquisition, road location, and 
facility policies on reservoir area residential development patterns. In 
addition the model can be used to forecast the distribution of residential 
growth in reservoir areas, given an anticipated m i x  of policy measures. 

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

The demand f o r  water -or ien ted  r e c r e a t i o n a l  land  has r ap id ly  increased  

over  t he  p a s t  25 years .  This  demand extends beyond t h e  day and weekend 

usage t y p i c a l  of  i n t e rmed ia t e  r e c r e a t i o n  f a c i l i t i e s  t o  a growing d e s i r e  by 

households f o r  primary and vaca t ion  homesites i n  r e s e r v o i r  a r e a s .  The l i m -  

i t e d  knowledge o f  land development processes  i n  t h e  v i c i n i t y  of r e s e r v o i r s  

and t h e  suddenness of  t h e  v a c a t i o n  home "explosions'  have gene ra l ly  l i m i t e d  

t h e  e x t e n t  t o  which i n t e r r e l a t i o n s h i p s  among land and water  u ses  and t h e  

s e r v i c e  and r egu la to ry  requirements  of s h o r e l i n e  r e s i d e n t i a l  development 

have been a n t i c i p a t e d  p r i o r  t o  r e s e r v o i r  impoundment. Given t h e  expected 

growth i n  demand f o r  r e s i d e n t i a l  land i n  r e s e r v o i r  a r e a s ,  a r e l i a b l e ,  objec-  

t i v e  method of f o r e c a s t i n g  development is  c l e a r l y  requi red .  

The land development s imu la t ion  model presented  i n  t h i s  r e p o r t  i s  ad-  

d- ressedto  t h i s  need. The model s imu la t e s  r e s e r v o i r  a r e a  r e s i d e n t i a l  l o c a t i o n  

p a t t e r n s  through a randomizing procedure i n  which households a r e  ass igned  t o  

s i t e s  on t h e  b a s i s  of t h e  supply of  land  a v a i l a b l e  and i ts  a t t r a c t i v e n e s s  f o r  

r e c r e a t i o n a l  and permanent r e s i d e n t i a l  use. The s p e c i f i c a t i o n  of  s i t e s ,  sup- 

p ly  of land ,  and number of  households t o  be a l l o c a t e d  a r e  exogenous i n p u t s  t o  

t h e  model. They d e s c r i b e  both t h e  supply and demand f o r  r e s e r v o i r  a r e a  land 

and, through t h e  e f f e c t s  of  p o l i c y  measures on a v a i l a b l e  land and i t s  a t t r a c -  

t i veness ,  t h e  p o t e n t i a l  l eve rage  which r e s e r v o i r  owners and pub l i c  o f f i c i a l s  

can e x e r t  on t h e  development process .  Operat ing on t h e s e  inpu t s ,  t h e  computer 

program s e l e c t s  u n i t s  of development t o  be a l l o c a t e d ,  s e q u e n t i a l l y  examines 
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each s i t e  i n  a r e s e r v o i r  a r e a ,  no tes  t h e  combined e f f e c t  of  t h e  amount of 

vacant  land and i t s  a t t r a c t i v e n e s s  f o r  development, and dec ides  on a prob- 

a b i l i s t i c  b a s i s  where development is  t o  be a l l o c a t e d .  

Xx p o s t  f a c t o  f o r e c a s t s  f o r  t h e  reg ions  surrounding Lake Norman, North - 
Carol ina ,  and Lake Sidney Lan ie r ,  Georgia,  provided t e s t s  of  t h e  e f f i c i e n c y  

and accuracy of  t h e  model. I n  t h e  case  o f  Lake Norman, t h e  model eva lua ted  

7,863 twenty-three a c r e  g r i d  c e l l s  and d i s t r i b u t e d  1,057 u n i t s  of development 

(each u n i t  equals  2.55 a c r e s )  over  a 9-year  " forecas t  per iod"  i n  3 seconds 

of computer time. For t h e  Lake Sidney Lan ie r  r e s e r v o i r  s tudy  a r e a ,  8,924 

g r i d  c e l l s  were eva lua ted ,  w i th  t h e  program d i s t r i b u t i n g  1,483 u n i t s  of 

development over  a 14-year f o r e c a s t  pe r iod  i n  7 seconds, A l l  runs  of t h e  

model were performed on a n  IBN 360 Model 75 computer. Nean square  d e v i a t i o n s  

of s imulated from a c t u a l  development over  a l l  g r i d  c e l l s  ranged from .245 t o  

, 272  u n i t s  of development pe r  c e l l  i n  20 consecut ive  s imu la t ions  f o r  Lake 

Norman, and from .417 t o  .446 u n i t s  p e r  c e l l  i n  a n  i d e n t i c a l  number o f  runs 

f o r  Lake Sidney Lanier .  

Two p r a c t i c a l  a p p l i c a t i o n s  of t h e  model a r e  a n t i c i p a t e d .  F i r s t ,  t h e  

model can  be u t i l i z e d  t o  eva lua t e  t h e  e f f e c t s  of  a l t e r n a t i v e  land  a c q u i s i t i o n ,  

road l o c a t i o n ,  and f a c i l i t y  development p o l i c i e s  on r e s e r v o i r  a r e a  r e s i d e n t i a l  

development p a t t e r n s .  Although r e s i d e n t i a l  l o c a t i o n  u s u a l l y  cannot  be d i r e c t l y  

c o n t r o l l e d ,  t h i s  r e sea rch  has  i n d i c a t e d  t h a t  i n d i r e c t  leverage  on development 

p a t t e r n s  i s  p o s s i b l e  through a v a r i e t y  o f  r e s e r v o i r  owner and l o c a l  p o l i c y  

measures which in f luence  developer  and household l o c a t i o n a l  dec i s ions .  These 

p o l i c i e s  can  be t e s t e d  i n d i v i d u a l l y  o r  i n  mixes by means of  t h e  s imu la t ion  

model. A l t e r n a t i v e l y ,  the model can be u t i l i z e d  t o  f o r e c a s t  t h e  d i s t r i b u t i o n  

of r e s i d e n t i a l  growth i n  r e s e r v o i r  a r e a s  g iven  a n  a n t i c i p a t e d  p o l i c y  mix. 



Planners and policy makers can make use of this application to identify 

potential sources of environmental degradation and land and water use con- 

flicts; estimate expected public service requirements, such as for highway 

improvements, water and sewer systems, and refuse collection and disposal; 

and determine the probable need for land use and health regulations and en- 

forcement procedures. 
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SUMMARY AND CONCLUSIONS 

This report proposes a computer model for simulating and forecasting 

residential development patterns in reservoir recreation areas. Land devel- 

opment in the vicinity of water impoundments is coming to be recognized as 

a major problem in resource development and utilization. The demand for 

water-oriented recreational land has risen enormously over the past 25 years. 

This demand extends beyond the day and weekend usage typical of intermediate 

recreation areas to a growing desire by households for primary and vacation 

homesites, As in any land area undergoing rapid development, there are con- 

flicts among competing uses of reservoir shorelands and mounting environmental 

and service deficiencies. However, because shoreline land is an especially 

scarce and limited resource, these problems appear to be more acute than 

elsewhere. 

Our limited knowledge of land development processes in the vicinity of 

reservoirs and the suddenness of the vacation home "explosion" have generally 

limited the extent to which interrelationships among land and water uses and 

the service and regulatory requirements of shoreline residential development 

have been anticipated prior to reservoir impoundment, Given the expected 

growth in demand for residential land in reservoir areas, a reliable, objec- 

tive method of forecasting residential location patterns is clearly required. 

The proposed land development model simulates reservoir area residential 

location patterns through a randomizing procedure in which households are 

assigned to sites on the basis of the supply of land available and its 



attractiveness for recreational and permanent residential use. The specifi- 

cation of sites, supply of land, and number of households to be allocated are 

exogenous inputs to the model. They describe both the supply and demand for 

reservoir area land and, through the effects of policy measures on available 

land and its attractiveness, the potential leverage which reservoir owners 

and public officials can exert on the development process. Operating on these 

inputs, the computer program selects a unit of development to be allocated, 

sequentially examines each site in a reservoir area, notes the combined effect 

of the amount of vacant land and its attractiveness for development, and 

decides on a probabilistic basis whether or not the unit of development is 

allocated there. Following the allocation of each unit, the combined attrac- 

tiveness of the site allocated development is recalculated to reflect the 

decrease in the amount of land available. This process is then repeated until 

each unit of development has been distributed. If simulation over more than 

one growth phase is desired, the same sequence is followed for each phase, 

with appropriate modifications to the input variables to reflect changes in 

the availability of land brought about through both land development and 

public land acquisition in previous phases of the simulation, and changes in 

the attractiveness of land occasioned by various policy measures. 

Development and testing of the model involved three distinct phases of 

the research. Because previous studies of residential distribution have 

almost completely ignored recreational residential development, it was first 

necessary to develop a firm understanding of the behavior of the individuals 

and firms directly involved in the development and utilization of reservoir- 

oriented land. Accordingly, extensive in-depth interviews were conducted 

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



preimpoundment landowners, land developers ,  and households who had e i t h e r  

developed o r  purchased s h o r e l i n e  proper ty .  These s t u d i e s ,  which have been 

previous ly  r epo r t ed ,  i d e n t i f i e d  important  dec i s ion  processes  and f a c t o r s  

i n f luenc ing  l o c a t i o n a l  behavior.  

The second phase of t he  r e sea rch  focused on t h e  development of s p a t i a l l y  

def ined  o p e r a t i o n a l  measures of d e c i s i o n  f a c t o r s  and, through a  s e r i e s  of 

s t a t i s t i c a l  ana lyses ,  f i l t e r e d  a  s e t  of key v a r i a b l e s  a s s o c i a t e d  with t h e  

a t t r a c t i v e n e s s  of  land f o r  r e s i d e n t i a l  use ,  Th i s  phase of  t h e  r e sea rch  

cen te red  on t h r e e  Southeas te rn  mult ipurpose r e s e r v o i r s :  Lake Norman, a d j a -  

cen t  t o  t h e  C h a r l o t t e ,  North Caro l ina ,  met ropol i tan  a r e a ;  Lake Sidney Lanier ,  

a d j a c e n t  t o  t h e  A t l a n t a ,  Georgia, met ropol i tan  a r e a ;  and Lake Boone, l oca t ed  

i n  t h e  T r i - C i t i e s ,  Tennessee-Virginia,  me t ropo l i t an  a r e a .  Three conclus ions  

emerged from t h e  ana lyses :  (1)  s h o r e l i n e  and surrounding a r e a  r e s i d e n t i a l  

development r ep re sen t  h igh ly  d i f f e r e n t i a t e d  markets i n  which t h e  a t t r a c t i v e s s  

of  land f o r  r e s i d e n t i a l  use  i s  determined by d i f f e r e n t  f a c t o r s ;  (2 )  t h e  r e l a -  

t i o n s h i p  between a t t r a c t i v e n e s s  f a c t o r s  and both s h o r e l i n e  and surrounding 

a r e a  r e s i d e n t i a l  l o c a t i o n  i s  h igh ly  dependent on con tex tua l  c h a r a c t e r i s t i c s  

which vary among r e s e r v o i r  a r eas ;  and ( 3 )  both s h o r e l i n e  and surrounding a r e a  

r e s i d e n t i a l  l o c a t i o n  p a t t e r n s  can  be d i r e c t e d  t o  some e x t e n t  by r e s e r v o i r  

owners and l o c a l  o f f i c i a l s  through leverage  they  can e x e r t  on s p e c i f i c  

a t t r a c t i v e n e s s  f a c t o r s .  

Di f fe rences  between f a c t o r s  i n f luenc ing  s h o r e l i n e  and surrounding a r e a  

development p a t t e r n s  were c l e a r c u t .  Land which tended t o  r ece ive  seasonal  

s h o r e l i n e  development was more a c c e s s i b l e  t o  r e s e r v o i r  r e c r e a t i o n  f a c i l i t i e s ,  

a t  t h e  t i p s  of peninsulas ,  and loca t ed  nea r  roads  and water  systems which were 

b u i l t  a f t e r  r e s e r v o i r  impoundment, On t h e  o t h e r  hand, phys i ca l  c o n s t r a i n t s  
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on development, f a c i l i t i e s  e x i s t i n g  p r i o r  t o  impoundment, such a s  road n e t -  

works and u t i l i t y  systems, and t h e  r e l a t i v e  a c c e s s i b i l i t y  of land t o  such 

a c t i v i t y  c e n t e r s  a s  elementary schools ,  bus iness  d i s t r i c t s ,  employment a r e a s ,  

and major urban c e n t e r s ,  g e n e r a l l y  had l i t t l e  e f f e c t  on t h e  l o c a t i o n  of  

s h o r e l i n e  res idences .  This  was not  t h e  ca se  wi th  permanent r e s i d e n t i a l  

development i n  t h e  reg ion  surrounding t h e  s tudy  r e s e r v o i r s .  The l o c a t i o n  of 

surrounding a r e a  development was s t r o n g l y  inf luenced  by t h e  phys i ca l  capa- 

b i l i t y  of  land ,  i t s  r e l a t i v e  a c c e s s i b i l i t y  t o  road networks, schools ,  and 

employment a r e a s  e x i s t i n g  p r i o r  t o  r e s e r v o i r  impoundment, t h e  a v a i l a b i l i t y  

of  u t i l i t y  systems, and a c c e s s i b i l i t y  t o  bus iness  d i s t r i c t s  and major urban 

cen te r s .  The d i s t a n c e  of  surrounding a r e a  land t o  a  r e s e r v o i r ,  a v a i l a b i l i t y  

o f  a  view of  t h e  wa te r ,  and a c c e s s i b i l i t y  t o  r e c r e a t i o n  f a c i l i t i e s  had l i t t l e  

i n f luence  on t h e  r e s i d e n t i a l  a t t r a c t i v e n e s s  o f  o f f - l a k e  land.  

Key r e s e r v o i r  owner p o l i c i e s  which inf luenced  s h o r e l i n e  r e s i d e n t i a l  

development included t h e  d i s t a n c e  land was acqui red  from t h e  r e s e r v o i r  shore-  

l i n e ,  uses  permi t ted  on p r o j e c t  shore lands ,  highway r e l o c a t i o n s ,  and t h e  

l o c a t i o n  of s h o r e l i n e  marinas and pub l i c  launch ramps. Local  p o l i c i e s  a s so -  

c i a t e d  w i t h  development p a t t e r n s  were highway l o c a t i o n  and improvement dec i -  

s i o n s ,  t h e  i n i t i a t i o n  of zoning, and d e c i s i o n s  regard ing  t h e  l o c a t i o n  of 

water  and sewer s y s t e m ,  elementary schools ,  and employment a r e a s .  

The f i n a l  phase of  t h e  r e sea rch  was d i r e c t l y  concerned w i t h  developing,  

t e s t i n g ,  and e v a l u a t i n g  t h e  computer program f o r  t h e  s imu la t ion  model, I n  

o rde r  t o  compare r e s u l t s  ob ta ined  from t h e  model w i th  a c t u a l  development, 

a n  - ex  pos t  face0  r e s e a r c h  des ign  was followed. The model was programmed t o  

" forecas t"  t h e  1969 d i s t r i b u t i o n  of r e s e r v o i r  r e s i d e n t i a l  development s t a r t i n g  

from a  po in t  one y e a r  p r i o r  t o  r e s e r v o i r  impoundment. 
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I n s t r u c t e d  t o  a l l o c a t e  1,057 u n i t s  of development (each u n i t  equals  

2.55 a c r e s )  over  a  9-year  f o r e c a s t  per iod  f o r  Lake Norman, and 1,483 u n i t s  

, of development over  a 14-year f o r e c a s t  per iod  f o r  Lake Sidney Lanier ,  t h e  

s imu la t ion  program proved t o  be extremely e f f t c i e n t .  The computer simula- 

t i o n  r e q u i r e s  3 seconds f o r  Lake Norman and 7  seconds f o r  Lake Sidney Lanier  

on a n  I B M  360 Model 75 computer, The program inc ludes  a  mapped output  op t ion ,  

which p r i n t s  o u t  t h e  l o c a t i o n  of  development fo recas t ed  by t h e  model. This  

o p t i o n  r e q u i r e s  a n  a d d i t i o n a l  14 t o  15  seconds. To achieve  t h i s  speed, ex ten-  

s i v e  preprocess ing  of t h e  da t a  was requi red .  I n  t h e  case  o f  t he  Lake Norman 

t e s t s ,  t h i s  involved 20 computer runs averaging one minute each. The 

e f f i c i e n c y  of t h i s  phase o f  t h e  program was s i g n i f i c a n t l y  improved f o r  t h e  

Lake Sidney Lan ie r  s imu la t ion ,  which r equ i r ed  only  10 preprocess ing  runs of  

approximately 30 seconds each. The accuracy  of  t h e  model a l s o  met o u r  

expec ta t ions .  Mean squared dev ia t ions  of s imula ted  from a c t u a l  development 

over  a l l  a e r i a l  u n i t s  ( g r i d  c e l l s )  ranged from ,245 t o  ,272 u n i t s  of deve l -  

opment p e r  c e l l  i n  20 consecut ive  s imu la t ions  f a r  Lake Norman, and from ,417 

t o  .446 u n i t s  p e r  c e l l  i n  a n  i d e n t i c a l  number of  runs  f o r  Lake Sidney Lanier .  

Although t h i s  r e sea rch  has  had a  developmental focus, w i t h  s e v e r a l  

suggested ref inements  t h e  model can be placed i n  o p e r a t i o n a l  use.  Two prac-  

t i c a l  a p p l i c a t i o n s  a r e  a n t i c i p a t e d ,  F i r s t ,  t h e  model can  be u t i l i z e d  t o  

eva lua t e  t h e  e f f e c t s  of  a l t e r n a t i v e  land a c q u i s i t i o n ,  road l o c a t i o n ,  and 

f a c i l i t y  development p o l i c i e s  on r e s e r v o i r  a r e a  r e s i d e n t i a l  development p a t -  

t e r n s ,  Although r e s i d e n t i a l  l o c a t i o n  u s u a l l y  cannot be d i r e c t l y  c o n t r o l l e d ,  

t h i s  research  has  i n d i c a t e d  t h a t  i n d i r e c t  l eve rage  on development p a t t e r n s  

i s  p o s s i b l e  through a  v a r i e t y  of r e s e r v o i r  owner and l o c a l  p o l i c y  measures 

which in f luence  developer  and household l o c a t i o n a l  dec i s ions .  These p o l i c i e s  



can  be t e s t e d  i n d i v i d u a l l y  o r  i n  mixes by t h e  s imu la t ion  model. The model 

can  a l s o  be u t i l i z e d  simply t o  f o r e c a s t  t h e  d i s t r i b u t i o n  of  r e s i d e n t i a l  

growth i n  r e s e r v o i r  a r e a s ,  given a n  a n t i c i p a t e d  mix of po l i cy  measures, 

P lanners  and po l i cy  makers can make use  of t h i s  t o o l  t o  i d e n t i f y  p o t e n t i a l  

sources  of environmental degrada t ion  and land and water  u s e  c o n f l i c t s ;  e s t i -  

mate expected pub l i c  s e r v i c e  requirements ,  such a s  f o r  highway improvements, 

water  and sewer systems, and r e f u s e  c o l l e c t i o n  and d i s p o s a l ;  and determine 

t h e  probable need f o r  land use  and h e a l t h  r e g u l a t i o n s  and enforcement 

procedures.  

I n  sum, t h e  s imu la t ion  model proposed i n  t h i s  r e p o r t  p rovides  a n  ad-  

vanced methodology f o r  j o i n t  water  resource  and l o c a l  land use  planning f o r  

r e s e r v o i r  a r e a  r e s i d e n t i a l  development, Rea l i za t ion  of t h e  model's p o t e n t i a l  

depends on both t h e  concern of  r e s e r v o i r  owners and l o c a l  o f f i c i a l s  f o r  t h e  

q u a l i t y  of t h e  environment and t h e  development of  s u i t a b l e  i n s t i t u t i o n a l  i n f r a -  

s t r u c t u r e  f o r  t h e  coord ina ted  planning and development of wa te r  impoundments 

and ad jacen t  pub l i c  and p r i v a t e  r e c r e a t i o n a l  lands.  
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I. INTRODUCTION 

This  r e p o r t  summarizes t h e  f i n d i n g s  of r e sea rch  conducted t o  develop a 

model f o r  s imula t ing  r e s i d e n t i a l  development p a t t e r n s  i n  r e s e r v o i r  r e c r e a t i o n  

a r e a s .  The model provides p lanners  and po l i cy  makers w i th  a s e n s i t i v e  t o o l  

f o r  a n t i c i p a t i n g  problems and needs occasioned by r e s e r v o i r  a r e a  development 

and t e s t i n g  a l t e r n a t i v e  po l i cy  mixes t o  c o n t r o l  development and main ta in  t h e  

q u a l i t y  of t h e  environment. While t h e  r e sea rch  has focused on t h r e e  r e s e r -  

v o i r s  i n  t h e  Southeas t ,  Lake Norman, North Caro l ina ,  Lake Sidney Lan ie r ,  

Georgia,  and Lake Boone, Tennessee, t he  land development s imu la t ion  procedure 

i s  a p p l i c a b l e  t o  planning and managing water  resource  p r o j e c t s  i n  o t h e r  con- 

t e x t s  and regions.  

Land development i n  t h e  v i c i n i t y  of  water  impoundments i s  coming t o  be 

recognized a s  a major problem i n  resource  development and u t i l i z a t i o n ,  With 

inc reases  i n  t o t a l  popula t ion ,  u rban iza t ion ,  income, and l e i s u r e ,  and i m -  

proved t r a n s p o r t a t i o n  networks, t h e  demand f o r  water -or ien ted  r e c r e a t i o n a l  

1 
land has  r i s e n  enormously over  t h e  p a s t  2 5  years .  This  demand extends beyond 

t h e  day and weekend usage t y p i c a l  of i n t e rmed ia t e  r e c r e a t i o n  a r e a s  t o  a growing 

For example, Clawson and Knetsch r e p o r t  t h a t  a "near r e v o l u t i o n  i n  t h e  
use  of water  f o r  r e c r e a t i o n "  has occurred ,  w i th  Corps of  Engineers r e s e r v o i r s  
accounting f o r  t h e  "most exp los ive ly  r a p i d  inc reases"  i n  t h e  use of  any r ec rea -  
t i o n  a rea .  I n  f a c t ,  annual  a t t endance  a t  Corps r e s e r v o i r  p r o j e c t s  r o s e  from 
about  5 m i l l i o n  i n  1946 t o  over  227 m i l l i o n  i n  1968. S imi l a r ly ,  r e c r e a t i o n a l  
a t tendance  a t  Tennessee Valley Author i ty  r e s e r v o i r s  i nc reased  from about  7 
m i l l i o n  v i s i t s  annual ly  i n  1947 t o  about  58 m i l l i o n  i n  1968. Marion Clawson 
and Jack L. Knetsch, Economics of Outdoor Recrea t ion ,  Baltimore: Johns Hopkins 
Univers i ty  P re s s ,  1966, pp. 120, 189-190. Also see ,  Clayne R. Jensen ,  Outdoor 
Recrea t ion  i n  America, Minneapolis:  Burgess Publ i sh ing  Company, 1970. 



desire by households for primary and vacation homesites. As in any land area 

undergoing rapid development, there are conflicts among competing uses of 

reservoir shorelands and mounting environmental and service deficiencies. 

However, because shoreline land is an especially scarce and limited resource, 

these problems appear to be more acute than elsewhere. 

Our limited knowledge of land development processes in the vicinity of 

reservoirs and the suddenness of the vacation home "explosion" have generally 

limited the extent to which interrelationships among land and water uses and the 

service and regulatory requirements of shoreline residential development have 

2 
been anticipated prior to reservoir impoundment. Given the expected growth 

in demand for residential land in reservoir areas, a reliable, objective 

method of forecasting residenrial location patterns is clearly required, 

The land use simulation model presented in this report addresses this 

need, The model has two primary applications. First, it can be utilized to 

evaluate the effect of alternative land acquisition, road relocation, and 

facility development policies on the expected pattern of reservoir area resi- 

dential development, Although residential location usually cannot be directly 

controlled, indirect leverage on development patterns is possible through a 

variety of policies which influence developer and household locational deci- 

sions. These policies can be tested individually or in mixes by the simulation 

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

Over 60,000 homes, summer cottages, and trailers are now located adja- 
cent to multipurpose reservoirs in the Southeast. For a discussion of factors 
influencing the residential utilization of water impoundments see, Raymond J. 
Burby, 111, Thomas G. Donnelly, and Shirley I?. Weiss, Factors Influencing the 
Residential Utilization of Reservoir Shorelands in the Southeast, Report No. 4 4 ,  
Raleigh: Water Resources Research Institute of the University of North 
~arolina, December 1970. 



residential growth in reservoir areas. Planners and policy makers can make 

use of this tool to identify potential sources of environmental degradation 

and land and water use conflicts; estimate expected public service require- 

ments, such as for highway improvements, water and sewer systems, and refuse 

collection and disposal; and determine the probable need for land use and 

health regulations and enforcement procedures, 

The rationale underlying this research has been described more fully in 

previous reports concerned with various stages in the reservoir area land 
3 

development process. Very briefly, land is viewed as passing through a 

sequence of stages of development. Beginning with an initial state of rural 

use preceding the announcement of a reservoir project, development takes place 

through a series of decisions which take a site through intermediate states 

of residential interest, active consideration for development, actual site 

development, recreational utilization,to a final state of permanent or sea- 

sonal residence by a household. This approach focuses attention on the chain- 

like nature of the development process. A number of key sequential decisions 

must be made by reservoir owners, preimpoundment landowners, land development 

firms, and households before land is converted from rural to residential use. 

By understanding the manner in which decisions are made and by isolating 

factors influencing decision outcomes, it is possible to abstract key elements 

from the development process, simplify, and then simulate location decisions. 

By differentiating influence factors which represent unchangeable elements in 

the environment from elements modifiable through public policy measures, the 

In particular, see Raymond 3. Burby, 111, and Shirley F. IJeiss, Public 
Policy and Shoreline Landowner Behavior, Report No. 38, Raleigh: Water 
Resources Research Institute of the University of North Carolina, July 1970, 
pp. 4-8. 



simulat ion can c l e a r l y  i n d i c a t e  t h e  leverage which responsib le  o f f i c i a l s  may 

e x e r t  on t h e  outcome of the  development process. 

The s imula t ion  procedure u t i l i z e d  f o r  t h i s  purpose i s  based on t h e  

4 
Chapin-Weiss-Donnelly P r o b a b i l i s t i c  Model f o r  Fas iden t i a l  Growth. This i s  a  

Monte Carlo type model o r i g i n a l l y  developed t o  s imulate t h e  conversion of 

open land on the  urban periphery t o  r e s i d e n t i a l  use. The model aggregates 

the  sequence of decis ions  which occurs i n  the  development process a s  i f  one 

summarizing dec i s ion  converts  land t o  development. Operating on s t a t u s  v a r i -  

a b l e s  which desc r ibe  the  number of households seeking r e s i d e n t i a l  s i t e s  and 

the  amount and r e s i d e n t i a l  c a p a b i l i t y  of vacant land, households a r e  a l l o c a t e d  

t o  a v a i l a b l e  land through a  s t o c h a s t i c  process. The p r o b a b i l i t y  t h a t  a  s i t e  

i s  developed i s  d i r e c t l y  propor t ional  t o  i t s  a t t r a c t i v e n e s s  r e l a t i v e  t o  o t h e r  

vacant s i t e s .  Although the  model aggregatasdevelopment dec i s ions ,  f a c t o r s  

inf luencing dec i s ion  outcomes a r e  i m p l i c i t l y  taken i n t o  account through t h e  

de r iva t ion  and c a l c u l a t i o n  of a t t r a c t i v e n e s s  measures. 

Adaptation of the  model f o r  use i n  comprehensive planning f o r  r e s e r v o i r  

a rea  development was accomplished i n  t h r e e  d i s t i n c t  phases of the  research.  

This model i s  summarized i n  F. S t u a r t  Chapin, Jr., and Sh i r l ey  F. 
Tdeiss, "A P r o b a b i l i s t i c  Model f o r  Res iden t i a l  Growth," Transpor ta t ion  Research, 
2 (December 1968), pp. 375-390. Also see:  F. S t u a r t  Chapin, Jr., and 
Shir ley  F. Weiss,   actors Influencing Land Development, urban Studies  Research 
Monograph, Chapel H i l l :  I n s t i t u t e  f o r  Research i n  Socia l  Science, Univers i ty  
of North Carolina,  i n  cooperat ion wi th  U. S. Bureau of Public  Roads, August 
1962; Thomas G. Donnelly, F. S t u a r t  Chapin, Jr., and Sh i r l ey  F. Weiss, A 
P r o b a b i l i s t i c  Model f o r  Res ident ia l  Growth, Urban Studies  Research Monozraph, 
Chapel H i l l :  Center f o r  Urban and Regional Studies ,  I n s t i t u t e  f o r  Research i n  
Socia l  Science, Universi ty of North Carolina,  i n  cooperat ion wi th  U. S. Bureau 
of Public Roads, May 1964; and F. S t u a r t  Chapin, Jr., and Sh i r l ey  F. Fleiss, 
Some Input Refinements f o r  a  Res iden t i a l  Model, Urban Studies  Research Mono- 
graph, Chapel B i l l :  Center f o r  Urban and Regional Studies ,  I n s t i t u t e  f o r  
Research i n  Soc ia l  Science, Universi ty of North Carolina,  i n  cooperat ion wi th  
U. S. Bureau of Public  Roads, J u l y  1965. 



Because previous s t u d i e s  of  r e s i d e n t i a l  d i s t r i b u t i o n  have a lmost  completely 

ignored r e c r e a t i o n a l  r e s i d e n t i a l  development, i t  was f i r s t  necessary  t o  

develop a  f i rm  understanding of t h e  behavior  of  i n d i v i d u a l s  and f i rms  d i r e c t l y  

involved i n  t h e  development and u t i l i z a t i o n  of r e s e r v o i r - o r i e n t e d  land. 

Accordingly, ex t ens ive  in-depth in t e rv i ews  were conducted wi th  a l l  major 

r e s e r v o i r  owners i n  t h e  Southeas t  and wi th  random samples of  preimpoundment 

landowners, land developers ,  and households who had e i t h e r  developed o r  pur-  

5 
chased s h o r e l i n e  proper ty .  These s t u d i e s ,  which have t e e n  previous ly  r epo r t ed ,  

i d e n t i f i e d  important  d e c i s i o n  processes  and f a c t o r s  i n f luenc ing  l o c a t i o n a l  

behavior.  

The second phase o f  t h e  r e s e a r c h  focused on t h e  development o f  s p a t i a l l y  

def ined  o p e r a t i o n a l  measures of d e c i s i o n  f a c t o r s  and,  through a s e r i e s  of  

s t a t i s t i c a l  ana lyses ,  a t tempted  t o  f i l t e r  a  s e t  o f  key v a r i a b l e s  a s s o c i a t e d  

wi th  t h e  a t t r a c t i v e n e s s  s f  l and  f o r  r e s i d e n t i a l  use ,  The r e s u l t s  of  t h i s  

r e sea rch  a r e  summarized i n  t h e  fo l lowing  two s e c t i o n s  of t h e  r e p o r t .  Sec t ion  

I1 desc r ibes  t h e  r e s e r v o i r  s tudy  a r e a s  which provided t h e  s e t t i n g  f o r  t h e  

r e sea rch ,  t h e  measurement of r e s i d e n t i a l  l and  u s e  and a t t r a c t i v e n e s s  f a c t o r s ,  

and t h e  procedures  u t i l i z e d  i n  t h e  a n a l y s i s .  I n  S e c t i o n  I11 t h e  r e s u l t s  of 

t h e  s t a t i s t i c a l  t e s t s  a r e  r epo r t ed .  While t h i s  s e c t i o n  c e n t e r s  on i d e n t i f y i n g  

key v a r i a b l e s  f o r  t h e  model, i t  a l s o  inc ludes  s p e c i f i c  obse rva t ions  on t h e  

r e l a t i v e  importance of pre-  and postimpoundment p o l i c y  measures, d i f f e r e n t i a -  

t i o n  i n  t h e  a s s o c i a t i o n  of v a r i a b l e s  w i t h  s h o r e l i n e  and surrounding a r e a  

See Raymond J. Burby, 111, The Role of  Reservoi r  Owner P o l i c i e s  i n  
Guiding Reservoi r  Land Development, Report No. 29,  Raleigh:  Water Resources 
Research I n s t i t u t e  of  t h e  Un ive r s i t y  of North Caro l ina ,  November 1969; Burby 
and Wefss, 1970; and Raymond J .  Burby, 111, Household Decis ion Processes  i n  
t h e  Purchase and Use of  Reservoi r  Recrea t ion  Land, Report No. 51, Raleigh: 
Water Resources Research I n s t i t u t e  of t h e  Un ive r s i t y  of North Caro l ina ,  March 



development, and v a r i a t i o n  i n  a t t r a c t i v e n e s s  f a c t o r s  because of  con tex tua l  

c h a r a c t e r i s t i c s  unique t o  each r e s e r v o i r  s tudy  a rea .  

The f i n a l  phase of t h e  r e sea rch  was d i r e c t l y  concerned wi th  developing 

t h e  computer program f o r  t h e  s imu la t ion  model and wi th  e x p o s t  f a c t o  t e s t .  

o f  t h e  model on r e s i d e n t i a l  growth i n  t h e  r e s e r v o i r  s tudy  a r e a s .  The opera-  

t i o n  and t e s t s  o f  t h e  model are descr ibed  i n  Sec t ion  I V ,  wh i l e  t h e  f i f t h  and 

f i n a l  s e c t i o n  of  t h e  r e p o r t  d i scusses  precondi t ions  f o r  o p e r a t i o n a l  use of t h e  

model. 



This s e c t i o n  summarizes c h a r a c t e r i s t i c s  of the  r e s e r v o i r  s tudy a r e a s  and 

descr ibes  the  s e l e c t i o n  of va r i ab les  and a n a l y t i c  procedures u t i l i z e d  i n  the  

research.  

The Reservoir Study Areas 

Lake 

Lake 

Lake 

Three r e s e r v o i r  a r e a s  i n  the  Southeast were s e l e c t e d  f o r  the  research:  

Norman, adjacent  t o  the  Char lo t te ,  North Carolina,  metropoli tan a r e a ;  

Sidnely Lanier ,  ad jacent  t o  t h e  At lan ta ,  Georgia, metropoli tan a r e a ;  and 

Boone, i n  the  T r i - C i t i e s ,  Tennessee-Virginia, metropoli tan area .  The 

loca t ion  of t h e  study r e s e r v o i r s  i n  r e l a t i o n  t o  surrounding populat ion cen te r s  

and highway networks i s  i l l u s t r a t e d  i n  Figure 1. 

Lake Norman, which is  owned and operated by t h e  Duke Power 

located  15 miles northwest of  Char lo t te ,  North Carolina,  and is  

Company, is  

a l s o  i n  

c l o s e  proximity t o  a number of small manufacturing c e n t e r s ,  including t h e  

c i t i e s  of HicIcory, Newton, S t a t e s v i l l e ,  I4ooresville,  Kannapolis, and Gastonia. 

Impounded by the  Cowan's Ford Dam on the  Catawba River i n  1962, t h e  Lake has 

a water su r face  a r e a  of 32,510 a c r e s ,  with 520 miles of shore l ine  extending 

over four counties .  The l a r g e s t  manmade lake  i n  North Carolina,  Lake Norman 

had a t t r a c t e d  2,423 shore l ine  dwelling u n i t s  by 1969 and i s  now v i s i t e d  by 

over 3 mi l l ion  persons annually.  I n  a d d i t i o n  t o  power production and recrea-  

t i o n ,  the  r e s e r v o i r  i s  u t i l i z e d  f o r  s tream flow regu la t ion  and a s  a source 

of water supply by s e v e r a l  nearby towns. 



Lake Sidney Lanier ,  which is  located  35 miles nor theas t  of At lan ta ,  

Georgia, has been the  most popular Corps of Engineers r e se rvo i r  i n  t h e  na t ion  

s i n c e  1964. Annual v i s i t a t i o n  now exceeds 11 mi l l ion  persons. Created i n  

1957 by the  Buford Dam on the  Chattahoochee River, Lake Lanier  has a water  

su r face  a r e a  of 38,000 a c r e s ,  Its 540 miles of  shore l ine  extend through por- 

t ions  of  f i v e  count ies  and the  Ci ty  of Gainesvi l le .  By 1969 Lake Lanier  had 

a t t r a c t e d  3,183 shore l ine  dwelling u n i t s ,  and had over 12,000 l o t s  a v a i l a b l e  

i n  shore l ine  subdivisions.  I n  a d d i t i o n  t o  i t s  r o l e  as a major r e c r e a t i o n  

resource 

con t ro l ,  

i p a l  and 

The 

operated 

B r i s t o l ,  

f o r  t h e  At lan ta  metropoli tan a r e a ,  Lake Lanier  i s  used f o r  f lood 

power production, stream flow regu la t ion ,  and a s  a source of munlc- 

i n d u s t r i a l  water  supply. 

smal les t  of the  study r e s e r v o i r s  i s  Lake Boone, which is  owned and 

by t h e  Tennessee Valley Authority. Located midway between the  c i t i e s  

Virginia-Tennessee, Johnson Ci ty ,  and Kingsport,  Tennessee, Lake 

Boone was crea ted  i n  1952 by the  Boone Dam on the  South Fork of t h e  EIolston 

River. With a water  su r face  a r e a  of 4,520 a c r e s  and 130 miles of  shore l ine ,  

the  Lake had a t t r a c t e d  6GG shore l ine  dwelling u n i t s  by 1969 and i s  annually 

v i s i t e d  by almost one mi l l ion  persons. Uses of the  r e s e r v o i r  inc lude  f lood 

con t ro l ,  power production, and low flow augmentation a s  we l l  a s  r ec rea t ion .  

The study a rea  f o r  each r e s e r v o i r  was defined t o  inc lude  the  e n t i r e  

r e se rvo i r  shore l ine  and a l l  land ly ing wi th in  approximately 2% miles of  the  

shore l ine  a t  the  r e s e r v o i r ' s  f u l l  pool e levat ion .  I n  the  case  of Lake Norman, 

t h i s  a rea  comprises 199,203 a c r e s  and includes the  towns of Catawba, Cornelius,  

Davidson, Denver, and por t ions  of Mooresville and Troutman. The Lake Sidney 

Lanier  s tudy a r e a  i s  somewhat l a r g e r  a t  251,528 a c r e s  and inc ludes  the  Ci ty  

of Gainesvi l le  and the  towns of Buford, Cumming, Flowery Branch, Oakwood, and 







Rest Haven, The Lake Boone s tudy a r e a  inc ludes  70,518 a c r e s  and p o r t i o n s  of 

Johnson Ci ty  and t h e  town of Bluff Ci ty .  

To provide an  a e r i a l  base f o r  measuring t h e  e x t e n t  of r e s i d e n t i a l  devel-  

opment and f a c t o r s  i n f luenc ing  development p a t t e r n s ,  t h e  s tudy a r e a s  were 

d iv ided  i n t o  small zones o r  c e l l s ,  These c e l l s  were c r e a t e d  by superimposing 

a  g r i d  over  each r e s e r v o i r  a r e a .  The c e l l s  i n  t he  g r i d  a r e  squares ,  each 

1,000 f e e t  on a  s i d e ,  con ta in ing  approximately 23 a c r e s  of  land.  There were 

6,661 g r i d  c e l l s  i n  t h e  Lake Norman study a r e a ,  10,936 c e l l s  i n  t he  Lake 

Sidney Lan ie r  s tudy  a r e a ,  and i n  t h e  Lake Boone s tudy  a r e a ,  3,066 c e l l s .  

R e s i d e n t i a l  Land Use 

Land i n  r e s i d e n t i a l  u s e  was measured i n  each r e s e r v o i r  a r e a  p r i o r  t o  
6 

r e s e r v o i r  impoundment and a g a i n  i n  t h e  summer of 1969, The n ine-poin t  s c a l e  

u t i l i z e d  f o r  t h i s  purpose was cons t ruc t ed  by d i v i d i n g  each g r i d  s e l l  i n t o  

n ine  equal  p a r t s ,  w i t h  each "ninths '  equa l  t o  2.55 a c r e s .  The amount of  

development i n  each c e l l  was then computed by summing t h e  number of n i n t h s  

of r e s i d e n t i a l  l and  l y i n g  w i t h i n  t h e  c e l l .  

Because t h e  r e s e r v o i r  s t u d y a r e a s  encompassed urban and r u r a l  a s  w e l l  a s  

x c r e a t i o n a l  r e s i d e n t i a l  l and ,  r e s i d e n t i a l  land use  was c l a s s i f i e d  i n  terms 

of i t s  o r i e n t a t i o n  t o  t h e  r e s e r v o i r  sho re l ine .  On t h e  b a s i s  of i n t e rv i ews  

w i t h  r e s e r v o i r  management personnel  and pre l iminary  obse rva t ions  of land use 

p a t t e r n s  i n  each s tudy  a r e a ,  r e c r e a t i o n a l  s h o r e l i n e  r e s i d e n t i a l  development 

was def ined  a s  a l l  r e s i d e n t i a l  l and  developed a f t e r  t h e  impoundment of  each 

Procedures u t i l i z e d  i n  t h e  r e s e r v o i r  a r e a  land  u s e  and land capab i l -  
i t i e s  surveys a r e  descr ibed  i n  Raymond 3. Burby, 111, "1969 Reservoi r  Land 
Use Surveys; F i e l d  Report and Procedural  Manual," Research Memorandum, 
Chapel H i l l :  Center  f o r  Urban and Regional S tud ie s ,  I n s t i t u t e  f o r  Research 
i n  Social Science,  Un ive r s i t y  of  North Caro l ina ,  October 1969. 



reservoir and lying within 300 feet of the shoreline. Residential develop- 

ment not fitting this description was grouped into a category termed 

"surrounding area residential use," including residential land within 300 

feet of the shoreline which was developed prior to the impoundment of each 

reservoir and all residential land located more than 300 feet from the shore- 

line, regardless of the date of development. 

The distribution of ninths of residential development prior to impound- 

ment and in 1969 is summarized in Table 1. In the Lake Norman study area 

residential development has more than doubled since the reservoir was im- 

pounded in 1962. Over two thirds of this growth was the result of recrea- 

tional residential development adjacent to the shoreline of Lake Norman, 

Residential development in the Lake Sidney Zanier study area has also grown 

substantially. However, reflecting employment opportunities in Gainesville 

and other towns in the study area, new development has been more evenly 

distributed between the reservoir shoreline and surrounding area. Finally, 

although residential development increased over 400 percent in the Lake 

Boone study area, growth tended to occur in the Johnson City-Kingsport and 

Johnson City-Bristol highway corridors and not adjacent to Lake Boone. This 

appears to be the result of both poor access to much of the reservoir shore- 

line and a number of serious environmental deficiencies which have character- 

ized shoreline residential development. 

Attractiveness Factors 

Whether a grid cell was developed for residential use or remained vacant 

after reservoir impoundment was viewed as a function of its relative attrac- 

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



TABLE 1 

D i s t r i b u t i o n  of  Res iden t i a l  Development 

Ninths of  R e s i d e n t i a l  Development 
Lake Norman Lake Lanier  Lake Doone 

Type of  R e s i d e n t i a l  Use 1961 1969 1956 1969 1950 1969 

Shore l ine  0 717 0 521 0 154 

Surrounding Area 1,035 1,375 1 ,518  2,480 ___I_ 269 970 

T o t a l  1,035 2,092 1,510 3,001 269 1,124 

in t e rv i ews  w i t h  r e s e r v o i r  owners, l o c a l  pub l i c  o f f i c i a l s ,  predevelopment land-  

owners, deve lopers ,  and households,  focused on i d e n t i f y i n g  what appeared t o  be 

p i v o t a l  a t t r a c t i v e n e s s  f a c t o r s  a s s o c i a t e d  w i t h  t h e i r  eva lua t ion  of land  f o r  

development. These f a c t o r s  were then  screened t o  determine those  which: 

(3)  could be coded i n  terms of  a  g r i d  coo rd ina t e  system, (2 )  were a v a i l a b l e  

i n  measurable form i n  l o c a l  in format ion  systems o r  could be secured a t  a  

reasonable expense through f i e l d  surveys,  and (3)  sho~lred. a  s u f f i c i e n t  range 

of v a r i a t i o n  f o r  s t a t i s t i c a l  a n a l y s i s .  

Severa l  v a r i a b l e s  were d e l e t e d  from f u r t h e r  c o n s i d e r a t i o n  because they  

could not  meet t hese  c r i t e r i a .  The most s i g n i f i c a n t  of t h e s e  were l a n d o m c r  

c h a r a c t e r i s t i c s  and land p r i c e s ,  Landowner c h a r a c t e r i s t i c s  appeared t o  be a 

key i n d i c a t o r  of t h e  l i k e l i h o o d  that l and  would be h e l d  i n  r u r a l  use  o r  

7 
r e l e a s e d  f o r  development, However, because s e v e r a l  j u r i s d i c t i o n s  had not  

mapped p a r c e l  l o c a t i o n s  and parcel ownership d i d  no t  co inc ide  wi th  t h e  g r i d  

system i n  cases  where p a r c e l s  w i th  d i f f e r e n t  owners w e r e  wholly o r  p a r t i a l l y  

See Burby and Weiss, 1970. 



l oca t ed  i n  t h e  same c e l l ,  i t  was impossible  t o  develop a  meaningful measure 

of  t h i s  f a c t o r .  Dele t ion  of a n  i n d i c a t o r  of land  a v a i l a b i l i t y  r equ i r ed  t h a t  

t h e  research  proceed on t h e  assumption t h a t  a l l  p r i v a t c l y  owned land i n  t h e  

s tudy  a r e a s  would be a v a i l a b l e  f o r  r e s i d e n t i a l  use  dur ing  t h e  s tudy  per iods .  

Inasmuch a s  r e s i d e n t i a l  development f i rms  c i t e d  the  a v a i l a b i l i t y  o f  land  as 

t h e  primary c o n s t r a i n t  on t h e i r  s e l e c t i o n  of  subd iv i s ion  l o c a t i o n s ,  i t  should 

be recognized t h a t ,  though unavoidable,  t h i s  i s  a  h ighly  tenuous assumption. 

Land p r i c e s  are a major determinant  of t h e  p r o f i t a b i l i t y  of a  s i t e  f o r  

r e s i d e n t i a l  development and thus  have a n  important  i n f luence  on developers '  

choices  of  subd iv i s ion  loca t ions .  I n  a d d i t i o n ,  p r i c e s  pa id  by development 

f i rms f o r  raw land  a r e  r e f l e c t e d  i n  f i n i s h e d  l o t  p r i c e s  and i n  t h i s  manner 

e x e r t  a n  in f luence  on household l o c a t i o n a l  dec i s ions .  However, t h e  t e n s  of  

thousands of p a r c e l s  e x i s t i n g  i n  t h e  r e s e r v o i r  s tudy a r e a s  and t h e  f a i l u r e  of  

s e v e r a l  j u r i s d i c t i o n s  t o  map p a r c e l  l o c a t i o n s  precluded measurement of land 

8 
p r i c e s  a t  a  reasonable  c o s t .  

F i n a l l y ,  v a r i a b l e s  such a s  topography, a c c e s s i b i l i t y  t o  employment, 

water  and sewer a v a i l a b i l i t y ,  and zoning, could n o t  be measured i n  a l l  o f  t h e  

r e s e r v o i r  s tudy  a r e a s  because of a  l a c k  of  necessary d a t a  from publ i shed  

sources  o r  a l ack  of  adequate  v a r i a t i o n  f o r  s t a t i s t i c a l  a n a l y s i s .  Rather  than  

e n t i r e l y  d e l e t e  t h e s e  in f luence  f a c t o r s  from t h e  a n a l y s i s ,  they  were measured 

where adequate  d a t a  were a v a i l a b l e ,  even though t h i s  d e t r a c t e d  somewhat from 

t h e  d i r e c t  comparabi l i ty  of  t h e  r e sea rch  r e s u l t s  among t h e  s tudy  r e s e r v o i r s .  

8 
An e f f o r t  i s  c u r r e n t l y  underway t o  eva lua t e  t h e  i n f l u e n c e  o f  bo th  

landowner c h a r a c t e r i s t i c s  and land p r i c e s  on development p a t t e r n s  i n  two 
au tho r i zed  r e s e r v o i r  a r e a s  i n  North Carol ina.  This  work i s  being conducted 
a s  p a r t  of ou r  r e sea rch  on "The E f f e c t s  of Authorization for  Water Impoundments 
on Shoreland T r a n s i t i o n , "  OWRR Research Grant No. B-025-NC and B-047-NC. 



Variables which emerged from these preliminary screenings are listed in 

Table 2. Readers interested in more detailed descriptions of each factor 

should refer to Appendix A, which contains a glossary describing each variable, 

and Appendices B through D, which contain the manuals utilized to code the 

data for each reservoir study area. 

Factors expected to influence the attractiveness of land for development 

were grouped into four categories representing physical, accessibility, 

institutional, and change characteristics of land. Physical characteristics, 

such as topography and ground cover, are intrinsic to the land and cannot be 

readily influenced by policy measures. Accessibility characteristics refer 

to the location of land relative to recreational opportunities provided by 

the study reservoirs, road networks, and various centers of activity in the 

surrounding region. Most of these factors can be controlled to some extent 

by reservoir owners and local policy makers: the elevation of the resewoir, 

location of project boundaries and siting of recreational facilities are well 

within the control of resewoir owners, while road location and quality, the 

location of elementary schools, and the zoning of work areas are usually 

determined by local officials. Institutional characteristics represent at- 

tributes of land which, unlike intrinsic physical characteristics, are imposed 

by resewoir owner and local policies, Examples of these factors are the 

availability of water and sewer lines and the zoning of land. Finally, indi- 

cators of change in accessibility and institutional characteristics were 

utilized to differentiate the effects of policy decisions made since reservoir 

impoundment from the effects of policies existing at that time, 

In most cases attractiveness factors were measured as they existed one 

or two years prior to resewoir impoundment or, in the case of indicators of 



TABLE 2 

Attractiveness Factors 

Dates of observationsa 
Attractiveness Factors Lake Norman Lake Lanier Lake Boone 

Physical Characteristics 

XI Topography X C A 
X2 Ground Cover E C A 
X3 Flood Pool F D B 

Accessibility Characteristics 

X4 Aerial Distance to Shoreline 
X5 Road Distance to Nearest Launch 

Ramp 
Water Distance to Nearest 
Marina 

View of Reservoir 
Peninsula Location 
Access to Shoreline 
Access to Reservoir Reservation 
Aerial Distance from Reservoir 
Reservation to Shoreline 

Aerial Distance to faeares t 
Public Road 

Quality of Available Public 
Road 

Road Distance to Nearest 
Major Road 

Road Distance to Nearest 
Available Elementary School 

Road Distance to Nearest Central 
Business District 

Road Distance to Najor Urban 
~entersb 

Accessibility to Employment Areas 

Institutional Characteristics 

X19 Availability of Public or 
Community Water System E C G 

X20 Availability of Public or 
Community Sewer System E C X 

X21 Zoning Protection E X X 
X22 Reservoir Otmer Reservation F D X 



TABLE 2 - continued 

- Dates of observa t ionsa  
A t t r a c t i v e n e s s  Fac to r s  Lake Norman Lake Lanier  Lake Boone 

Change C h a r a c t e r i s t i c s  

X23 Change i n  A e r i a l  Dis tance  t o  
Pub l i c  Road 

X24 Change i n  Qua l i t y  o f  Pub l i c  
Road 

X25 Change i n  Road Distance t o  
Nearest  Launch Ramp 

X2G Change i n  Water Dis tance  t o  
Nearest  Marina 

X27 Change i n  Road Dis tance  t o  Near- 
e s t  Ava i l ab l e  Elementary 
School 

X28 Change i n  A v a i l a b i l i t y  of Publ ic  
o r  Community Water System 

2129 Change i n  A v a i l a b i l i t y  of Publ ic  
o r  Community Sewer System 

X30 Change i n  Zoning P r o t e c t i o n  

E-G 

E-G 

F-G 

F-G 

E -G 

E-G 

E -G 
E-G 

C-G 

C-G 

F-G 

E-G 

C-G 

C-G 

C-G 
X 

A-G 

X 

B-G 

A-G 

a ~ o d e s  used f o r  d a t e s  a r e :  

A = 1950 E = 1961 
B = 1953 F = 1963 
C = 1956 G = 1969 
D = 1958 X = No Data 

b ~ e v e r a l  major urban c e n t e r s  were eva lua ted  i n  each r e s e r v o i r  s tudy  a r e a :  
Lake Norman - C h a r l o t t e ,  Gastonia ,  Hickory, Kannapolis,  and S t a t e s v i l l e ;  
Lake Sidney Lanier  - A t l a n t a  and G a i n e s v i l l e ;  Lake Boone - B r i s t o l ,  Kingsport ,  
and Johnson C i ty .  



the proximity of land to a reservoir, as soon as the reservoir had filled to 

its maximum operating elevation (usually within one year after impoundment). 

By measuring attractiveness factors at the start of the study periods, it was 

possible to allow for time lags in their effect on development. Also, since 

each reservoir was constructed during a different period, the influence of 

these variables over different spans of time could be observed. Observations 

at the beginning of each study period represent the cumulative effect of 

numerous policy decisions on the distribution and value of factors expected 

to influence development patterns, To isolate the effects of specific policies 

regarding road improvements, the construction of new elementary schools, launch 

ramps, and marinas, utility extensions, and zoning, it was necessary to measure 

incremental changes in the values of these factors which occurred during the 

study periods, Because of data limitations, all changes in the value of an 

influence factor are summarized in one measure representing the difference 

between the value assigned the variable prior to reservoir impoundment and in 

1969. While this tends to obscure the effects of time lags, change variables 

provide a direct indication of the extent to which policy decisions have 

tended to shape reservoir area development patterns. 

Statistical Techniques 

The final screening of variables to serve as indicators of the attractive- 

ness of land for residential development involved two statistical techniques. 

Coefficients of correlation were utilized as univariate indices of the rela- 

tionship between individual influence factors and the location of shoreline 

and surrounding area residential development. The correlation coefficient, 

usually denoted by r, is a numerical quantity between -1 and i-1 which s u m -  

rizes in one number the degree to which two variables are related. Generally, 



t h e  f a r t h e r  away from 0 t he  c o e f f i c i e n t  is,  the  s t ronger  t h e  r e l a t i o n s h i p  

between the  two va r i ab les .  The s ign  of the  c o e f f i c i e n t  i n d i c a t e s  whether a s  

one v a r i a b l e  inc reases ,  the  value of t h e  o the r  a l s o  increases  (pos i t ive )  o r  

decreases (negative) .  

Because r e s i d e n t i a l  loca t ion  decis ions  involve a balancing of not one 

but a  number of inf luences ,  t e s t s  were a l s o  performed t o  evaluate  the  r e l a -  

t ionsh ip  between mixes of inf luence  f a c t o r s  and r e s i d e n t i a l  development. These 

analyses  were performed by means of a  s tepwise l i n e a r  regress ion  program of 

the  forn,  

The order  i n  which v a r i a b l e s  were entered i n t o  the  program was con t ro l l ed  by 

t h e  s t a t i s t i c a l  s ign i f i cance  (F-value) of the  v a r i a b l e  i n  intermediate par-  

t i a l  regress ion  equations. F inal  equations were s e l e c t e d  when the  regress ion  

c o e f f i c i e n t s  of a d d i t i o n a l  va r i ab les  were no longer s i g n i f i c a n t  a t  t h e  .05 

l eve l .  The r e l a t i v e  con t r ibu t ion  of each v a r i a b l e  i n  explaining r e s i d e n t i a l  

loca t ion  was evaluated on the  bas i s  of t h e  rank of Its I?-value i n  t h e  f i n a l  

regress ion  equation se lec ted .  
9 

Readers i n t e r e s t e d  i n  a  more d e t a i l e d  explanation of these  s t a t i s t i c a l  
techniques may r e f e r  t o  Hubert: M. Blalock, Jr,, Socia l  S t a t i s t i c s ,  New Yo*: 
John Wiley and Sons, Inc. ,  1960, 



111, ANALYSIS O F  FACTORS INFLUENCING SHORELIE(JE AND 
SUKROWING AREA RE3IDENTIAL LOCATION 

Prior to programming the model, an extensive analysis was conducted of 

attractiveness factors suggested by the surveys of decision agents involved 

in reservoir area land development processes, This phase of the research was 

designed to: (1) isolate a set of key variables associated with the location 

of residential development in reservoir areas, (2) determine the extent to 

which 1969 shoreline and surrounding area development patterns were the 

result of different influence factors, and (3) evaluate the generality of 

empirical relationships between influence factors and development patterns 

over the three reservoir study areas. These analyses relied on both uni- 

variate and multivariate tests. 

Univariate Analysis 

Univariate tests of association were utilized boch to provide an indi- 

cation of the differential effect of individual attractiveness factors on the 

location of shoreline and surrounding area residential development and to 

compare the behavior of factors in different reservoir areas, 

Physical Characteristics 

Tests of the relationship between physical characteristics of land and 

1969 residential land development are summarized in TaSle 3. Surrounding 

area residential development has tended to occur on land with moderate slopes 

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



seasonal residential development adjacent to the shorelines of the study 

reservoirs was only weakly affected by these factors. Apparently, the pre- 

sence of a reservoir creates a degree of residential amenity which is suffi- 

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

TABLE 3 

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

Land in Residential Use 
Shoreline Surrounding Area 

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

Physical Characteristics N = 1,763 1,574 419 8,010 9,393 2,590 

X1 Topography 

X2 Ground Cover 

X3 Flood Pool 

2'kopographic data could not be secured for the Lake Norman reservoir area. 

-%ot applicable to surrounding area land. 

The extent of the reservoir flood pool in a grid cell was tested for its 

conditioning influence on development. Although land in a cell which is sub- 

ject to flooding cannot be developed, over the entire study areas this factor 

had very little effect on development patterns. 

Differences in the relationship between physical factors and land devel- 

opment among the study reservoirs were not great. In the case of topography, 

there was a tendency for households in the Lake Lanier study area to locate on 



s t e e p  ( s lope  over  15  pe rcen t )  s h o r e l i n e  s lopes ,  whi le  ad j acen t  t o  Lake Boone 

households tended t o  l o c a t e  where s lopes  were moderate (under  1 5  percent ) .  

This  d i f f e r e n c e  may be due t o  t h e  gene ra l  na tu re  of t h e  t e r r a i n  i n  each r e s e r -  

v o i r  a r e a ,  Slopes ad j acen t  t o  Lake Boone a r e  o f t e n  s o  s t e e p  t h a t  t h e i r  

development is not  phys i ca l ly  poss ib le .  This  was apparent ly  no t  t h e  c a s e  f o r  

Lake Lan ie r ,  Another explana t ion  f o r  t h i s  d i f f e r e n c e  i s  r e l a t e d  t o  r e s e r v o i r  

owner a c q u i s i t i o n  p o l i c i e s .  Because t h e  Corps of  Engineers proper ty  l i n e  f o r  

Lake Lan ie r  tended t o  be f a r t h e r  from t h e  s h o r e l i n e  than  t h e  TVA proper ty  l i n e  

ad j acen t  t o  Lake Boone, households i n  t h e  Lake Lanier  a r e a  may have tended t o  

l o c a t e  on s t e e p e r  s i t e s  t o  enhance t h e i r  view of  t h e  r e s e r v o i r  through wooded 

government-owned land. 

Although wooded land (ground cover)  tended t o  a t t r a c t  s h o r e l i n e  develop- 

ment ad j acen t  t o  Lake Norman, t h e r e  was no r e l a t i o n s h i p  between t h i s  f a c t o r  

and development ad j acen t  t o  Lake Sidney Lanier ,  and a negat ive  r e l a t i o n s h i p  

wi th  s h o r e l i n e  development a d j a c e n t  t o  Lake Boone. While wooded land i s  con- 

s ide red  by most households t o  be more d e s i r a b l e  than  open s i t e s ,  the presence 

of heavy ground cover  tends t o  o b s t r u c t  views of t h e  r e s e r v o i r .  Because of 

t h e  l a r g e  government landholdings ad j acen t  t o  Lake Lanier ,  which under c u r r e n t  

Corps of  Engineers p o l i c i e s  cannot be c l ea red ,  t h e  a t t r a c t i v e n e s s  of wooded 

s i t e s  ad j acen t  t o  t h i s  l ake  may have been counterbalanced by poor views of  

t he  r e s e r v o i r .  I n  t h e  c a s e  of Lake Boone, wooded s h o r e l i n e  s i t e s  tend t o  be 

extremely s t e e p  and, because of  t h i s ,  have experienced l e s s  r e s i d e n t i a l  deve l -  

opment p re s su re  than  moderately s lop ing  open land. 



A c c e s s i b i l i t y  t o  Reservoi r  

FSnile each of t h e  s tudy  r e s e r v o i r s  has  a t t r a c t e d  a  l a r g e  number of shore-  

l i n e  r e s idences ,  t h e  l o c a t i o n  of  r e s i d e n t i a l  development i n  t h e  surrounding 

a r e a  was gene ra l ly  not  a f f e c t e d  by t h e  presence of a nearby impoundment, 

See Table 4. I n  f a c t ,  land f a r t h e r  from t h e  s h o r e l i n e  and wi thout  a  view of 

t h e  water  was somewhat more l i k e l y  t o  r ece ive  development t han  s i t e s  nea r ,  but 

no t  a d j a c e n t  t o ,  t h e  s h o r e l i n e .  Off- lake land  loca t ed  c l o s e  t o  t hese  r e s e r -  

v o i r s  lacked most of  t h e  amen i t i e s  of s h o r e l i n e  proper ty  and a l s o  most of t h e  

s e r v i c e s  a s s o c i a t e d  w i t h  land  c l o s e r  t o  urban cen te r s .  However, i n  expecta-  

t i o n  of  f u t u r e  demand f o r  r e c r e a t i o n  s i t e s ,  i t  has been p r i ced  w e l l  above 

proper ty  wi th  s i m i l a r  c h a r a c t e r i s t i c s  l oca t ed  f a r t h e r  from t h e  sho re l ine .  

Apparently households and developers  have no t  been w i l l i n g  t o  pay a premium 

f o r  t h i s  type  of land a s  long a s  s i t e s  w i t h  d i r e c t  acces s  t o  t h e  s h o r e l i n e  

have been a v a i l a b l e .  

There was a  s l i g h t ,  though s t a t i s t i c a l l y  s i g n i f i c a n t ,  tendency f o r  o f f -  

l a k e  development a d j a c e n t  t o  Lake Sidney Lan ie r ,  though no t  Lake Norman o r  

Lake Boone, t o  have occurred i n  t h e  v i c i n i t y  of pub l i c  launch ramps, However, 

because t h i s  f a c t o r  i s  s t r o n g l y  i n t e r c o r r e l a t e d  w i t h  d i s t a n c e  t o  t h e  n e a r e s t  

c e n t r a l  bus iness  a r e a ,  i t  is  d i f f i c u l t  t o  say which I s  t h e  c o n t r o l l i n g  f a c t o r .  

An examination of i n d i c a t o r s  of t h e  r e l a t i v e  a c c e s s i b i l i t y  of s h o r e l i n e  

s i t e s  t o  r e c r e a t i o n  o p p o r t u n i t i e s  i n d i c a t e s  t h a t  r e s i d e n t i a l  development has 

tended t o  c l u s t e r  i n  t h e  v i c i n i t y  of launch ramps and marinas.  Unlike o f f -  

l a k e  development, t h i s  appears  t o  be a  r e f l e c t i o n  of t h e  d e s i r e  o f  households 

t o  be w i t h i n  a reasonable  d i s t a n c e  of t h e  serv ices  provided by t h e s e  f a c i l -  

i t i e s  rather than  t h e  towns which, coincidentally, a r e  l o c a t e d  nearby. 



TABLE 4 

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

Land in Residential Use, 1969 
Shoreline Surrounding Area 

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

Accessibility to Reservoir N = 1,769 1,574 419 8,010 9,393 2,590 

X4 Aerial Distance to 
Shoreline - a/ - a/ - a/ .094 .085 ,049 

X5 Road Distance to Nearest 
Launch Ramp -.lo4 0.164 -.I86 ,034 -.I10 .010 

X6 Water Distance to Nearest 
Marina ,041 -.206 -. 147 - b/ - b/ - b / 

X7 View of Reservoir - a / - a/ - a/ C/ -.lo6 .006 

XS Peninsula Location .I20 .lo8 - c / - b / - b/ - b / 
X9 Access to Shoreline .I66 ,026 ,086 - b/ - b/ b/ - 
XI0 Access to Roservoir 

Reservation ,051 ,073 .086 - b/ - b / - b/ 
XI1 Aerial Distance from 

Reservoir Reservation 
to Shoreline - .04& - .I18 - c / - b/ - b / - b/ 

a/Not applicable to shoreline land. 

b'Not applicable to surrounding area land. 

 data were not available to measure these variables. 
ilWhen shoreline property owned by the Duke Power Company is controlled, this 
correlation increases to -.I20 for cells not wholly owned by the Company, 



Because the project boundaries of these reservoirs do not coincide with 

the shoreline, the relative accessibility of shoreline land to the waterfront 

was an important location factor. The data reflect household preferences for 

sites which were located as close as possible to the shore. Hence, more 

residential development occurred on land where there was greater access to 

both the shoreline and reservoir reservation (shorelands controlled by the 

reservoir owner), where the distance from the edge of the reservoir reserva- 

tion to the shoreline was shortest, and on the tips of peninsulas. 

Access to the shoreline, as opposed to access to the reservoir reser- 

vation, had a much stronger influence on residential location adjacent to 

Lake Norman than Lake Sidney Lanier or Lake Boone. This was due to differences 

in the residential development policies of the reservoir owners. The Duke 

Power Company, which owns Lake Norman, has utilized company-owned reservoir 

- shorelands in the development of residential lots for lease to the public. 

During the period between reservoir impoundment in 1962 and 1969 this policy 

accounted for the production of almost one half of the shoreline lots adja- 

cent to the reservoir. Further, in the design of its subdivisions Duke Power 

has followed a "string" development policy in which only lots fronting directly 

on the lake are offered to the public. Hence, residential development adjacent 

to Lake Norman has a strong lineal orientation, with sites receiving develop- 

ment having excellent access to the shoreline, On the other hand, the Corps 

of Engineers neither develops residential land nor allows the construction of 

any privately-owned permanent structures on government-owned shorelands. As a 

result, reservoir-oriented residential development adjacent to Lake Sidney 

Lanier has tended to cluster adjacent to the government property line (reser- 

voir reservation) rather than directly adjacent to the shoreline. Lake Boone 



represents an intermediate case. In acquiring land for this reservoir the 

Tennessee Valley Authority established a guide acquisition line which was 

only 5 feet above the reservoir flood pool. Because of the steepness of the 

terrain, this resulted in very little lateral differentiation between the 

location of the TVA property line and the shoreline. Hence, the influence 

of access to the shoreline and access to the reservoir reservation tended to 

be equivalent. 

Accessibility.to Raads and Activity Centers 

The relative accessibility of land to roads and various activity centers 

when the study reservoirs were impounded had a pervasive influence on off-lake 

development in the surrounding areas, but very little effect on the evolution 

of shoreline residential location patterns. See Table 5. 

As was expected, surrounding area development tended to take place on 

sites located closer to both public roads and major higbays, and on paved 

rather than dirt roads. However, the location and quality of road networks 

when these lakes were impounded did not attract shoreline residences. In fact, 

there was a slight tendency for seasonal shoreline development to locate 

farther from rather than closer to preimpoundment roads. Similarly, the 

location of various activity places, such as schools, nearby central business 

districts, major urban centers, and employment areas, had a strong structuring 

influence on the development of the regions surrounding Lakes Norman, Lanier, 

and Boone, but almost no influence on the development of the reservoir 

shorelines. 

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

terns was strongest in the Lake Sidney tanier reservoir area, where even 



TABLE 5 

Cor re l a t ion  Between A c c e s s i b i l i t y  t o  Roads and A c t i v i t y  Centers  
and Locat ion of Reservoi r  Area R e s i d e n t i a l  Development 

Land i n  R e s i d e n t i a l  Use 
Shore l ine  Surrounding Area 

Lake Lake Lake Lake Lake Lake 
Norman Lanier  Boone Norman Lanier  Boonc 

A c c e s s i b i l i t y  C h a r a c t e r i s t i c s  N = 1,769 1,574 419 8,010 9,393 2,59? 

X12 A e r i a l  Distance t o  Nearest 
Publ ic  Raod .083 ,005 .016 -.256 -.I86 -.278 

X13 Qua l i t y  of Avai lab le  
Publ ic  Road -.033 .055 - .436 ,379 a  / a / 

d 

XI4 Road Distance t o  Nearest  
Major Koad ,008 .040 -,034 - . I66  -,233 - .21l 

X15 Road Distance t o  Nearest  
Avai lab le  Elementary 
School . I15  .002 -,020 -.IS0 -.262 - , I26  

XI6 Road Distance t o  Nearest  
Cen t r a l  Business D i s t r i c t  ,045 - . l41  - b/  - .I27 -.331 b / - 

X17 Road Distance t o  Major 
Urban ~ e n t e r z /  -.062 -.261 -.Of37 -.078 -,23P -,1C5 

XI8 A c c e s s i b i l i t y  t o  Employment 
Areas -, 113 .022 ,242 ,498 b / - b / - 

a / ~ h e s e  d a t a  were not  secured f o r  t h e  Lake Boone r e s e r v o i r  a r e a .  

b'l'hese da t a  were no t  measured because of  t h e i r  h igh  c o r r e l a t i o n  
w i t h  X17. 

 distances t o  s e v e r a l  major urban c e n t e r s  i n  t h e  v i c i n i t y  of each r e s e r v o i r  
s tudy  a r e a  were t e s t e d ,  i nc lud ing  C h a r l o t t e ,  Kannapolis,  S t a t e s v i l l e ,  Mickory, 
and Gastonia i n  t h e  Lake Norman r e s e r v o i r  a r e a ;  A t l a n t a  and G a i n e s v i l l e  i n  t h e  
Lake Lanier  r e s e r v o i r  a r e a ;  and Johnson C i t y ,  Kingsport ,  and B r i s t o l  i n  t h e  
Lake Boone r e s e r v o i r  a r e a .  Only t h e  s t r o n g e s t  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  
r epo r t ed  i n  t h i s  t a b l e .  For s h o r e l i n e  r e s i d e n t i a l  u se  t h e s e  a r e :  Lake Norman, 
Gastonia;  Lake Lan ie r ,  A t l a n t a ;  and Lake Boone, Kingsport .  For surrounding 
a r e a  r e s i d e n t i a l  use  t h e s e  a r e :  Lake Norman, Kannapolis;  Lake Lan ie r ,  
G a i n e s v i l l e ;  and Lake Boone, Johnson Ci ty .  



shore l ine  development tended t o  occur on land located c l o s e r  t o  bearby c e n t r a l  

business a reas  and major urban centers .  This r e f l e c t s  the  concentra t ion  of 

urban f a c i l i t i e s  and a c t i v i t i e s  i n  the  City of Gainesvi l le  and t h e  concentra- 

t i o n  of demand f o r  shore l ine  land i n  t h e  At lanta  metropoli tan a r e a ,  both of 

which dominate the  Lake Sidney Lanier  region t o  a much g r e a t e r  ex ten t  than 

the  smal ler  urban cen te r s  located i n  and near  the  Lake Norman and Lake Boone 

study a reas .  

I n s t i t u t i o n a l  Charac te r i s t i c s  

The a v a i l a b i l i t y  of zoning p ro tec t ion  and loca t ion  of water and sewer 

l i n e s  before r e s e r v o i r  impoundment had a s t rong inf luence  on surrounding a rea  

r e s i d e n t i a l  development, but did not  inf luence  the  loca t ion  of subsequent 

shore l ine  development p a t t e r n s ,  See Table 6. For the  most p a r t  t h i s  i s  due 

t o  the  f a c t  t h a t  zoning and u t i l i t y  systems were only a v a i l a b l e  i n  towns and 

c i t i e s  i n  t h e  r e s e r v o i r  study a r e a s  and d id  not  serve  what was t o  become 

shore l ine  land. 

The ex ten t  of the  r e s e r v o i r  r e se rva t ion  i n  a g r i d  c e l l ,  l i k e  the  ex ten t  

of  the  flood pool, was evaluated f o r  i t s  condit ioning inf luence  on development. 

For the  Lake Sidney Lanier  r e se rvo i r  a rea  t h i s  was measured t o  include a l l  

lands con t ro l l ed  by t h e  Corps of Engineers. However, s ince  the  Duke Power 

Company has subdivided company-owned shorelands,  i n  t h e  case  of Lake Norman 

only t h a t  por t ion  of the  r e se rvo i r  r e se rva t ion  being held f o r  i n d u s t r i a l  use  

was t e s t ed .  I n  both r e s e r v o i r  areas, the  ex ten t  of the  r e s e r v o i r  r e se rva t ion  

i n  a g r i d  c e l l  tended t o  reduce the  amount of r e s i d e n t i a l  development i t  had 

received. This f a c t o r  was not evaluated for the Lake Ploone r e s e r v o i r  a r e a ,  

because the  TVA reservoir r e se rva t ion  and reservoir f lood pool. were r e l a t i v e l y  

und i f fe ren t i a t ed .  



TABLE 7 

Correlation Between Changes in Accessibility and 
Institutional Characteristics and Location of 

Reservoir Area Residential Development 

Land in Residential Use, 1969 
Shoreline Surrounding Area 

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

Site Characteristics N = 1,769 1,574 419 8,010 9,393 2,590 

Accessibility Characteristics 

X23 Change in Aerial Distance 
to Public Road .263 .I75 ,322 -.088 -.055 -.228 

X24 Change in Quality of 
Public Road ,327 ,2G3 - -.039 -.021 

a/ - 
X25 Change in Road Distance 

to Nearest Launch Ramp -.010 -. 137 -.160 .079 -. 103 ,079 

X26 Change in Water Distance 
to Nearest Narina .Of31 !? -.070 - c / c / - c / - 

X27 Change in Road Distance 
to Nearest Elementary 
School ,053 .001 -.012 -.017 -.017 ,104 

Institutional Characteris tics 

X28 Change in Availability of 
Public or Community 
Water Sys tern .045 .I61 .229 -.007 .I11 ,277 

X29 Change in Availability of 
Public or Community 

-.OOl -.042 
d/  - Sewer System .07 7 '089 d / - 

X30 Change in Zoning 
Protect ion .037 - e/ %/ -.076 - e/ g/ 

~ ~ ~ h e s e  data were not secured for the Late Boone reservoir area. 

!?/NO new marinas were installed adjacent to Lake Lanier after 1961. 

~ / ~ h e s e  data do not apply to surrounding area land. 

d/~ublic or community sewer systems were generally not available in the Lake 
Boone reservoir area. 

2'2oning protection was generally :kot available in the Lake Lanier and Lake 
Boone reservoir areas during the study period, 

*A 
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TABLE 6 

Correlation Between Institutional Characteristics and 
Location of Reservoir Area Residential Development 

Land in Residential Use - 
Shoreline Surrouzding Area 

Lake Lake Lake Lake Lake ~ a k z  
Norman Lanier Boone Norman Lanier Boone 

Institutional Characteristics N = 1,769 1,574 419 8,010 9,393 2,590 

XI9 Availability of Public or 
Conununi ty TJa t er Sys tern -.Of54 .032 - a/ ,323 . 545 a / - 

X20 Availability of Public or 
Community Sewer System -.031 .094 - a / .I68 .499 21 

X21 Zoning Protection -. 056 - b / - b/ ,296 b/ - b / 
X22 Reservoir Owner Reservation -. 167 - .067 - -,(I51 - C/ - c / 

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

b/Z,oning protection was not available in the Lake Boone and Lake Lanier study 
areas prior to impoundment. 

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

Change in Accessibility and Institutional Characteristics 

Although shoreline development patterns were generally unaffected by 

accessibility and institutional characteristics of land  hen the study reser- 

voirs were created, policy decisions since impoundment have had a strong 

impact on the relative attractiveness of shoreline sites for residential use. 

See Table 7. Surrounding area residential development patterns, on the other 



hand, have been little affected by policy measures enacted during each reser- 

voir study period, 

Key postimpoundment policies which influenced shoreline residential loca- 

tion were new road construction, improvements in road quality, and the exten- 

sion of water lines. Other policy measures, such as, new launch ramp and 

marina installations, new elementary schools, and the initiation of zoning 

protection, had a less pronounced effect on development. For instance, shore- 

line residences tended to locate farther from, rather than closer to, new 

launch ramps, and in the case of Lake Boone, new marinas. This m y  be ex- 

plained by a lag effect in the influence of these variables, The level of 

the relationship between initial launch ramp locations (Table 4) and residen- 

tial development varied with the amount of time which had elapsed since they 

were installed, Launch ramps had their strongest influence on shorel-ine 

development patterns in the oldest of the study reservoirs, Lake Boone, while 

their weakest influence was for the most recent of these impoundments, Lake 

Norman. The influence of new elementary schools and sewer extensions on 

shoreline development has been muted by the low level of change in these vari- 

ables. No new elementary schools were constructed in the Lake Morman study 

area, while only one new school in the Lake Lanier study area and two new 

schools in the Lake Boone study area were built during the study periods. 

Sewer systems have generally been restricted to the corporate limits of munic- 

ipalities and have not been extended to serve shoreline land. The extension 

of zoning protection to shoreline areas had a moderate effect on development 

in the Lake Morman study area, but was generally restricted to the corporate 

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



In the case of surrounding area residential development, it is apparent 

from these data that major policy shifts would be required to affect the 

prevailing residential development patterns. The only policy decisions of 

this magnitude which occurred during the reservoir study periods were the 

decision of the City of Gainesville to extend its water system throughout the 

Hall County portion of the Lake Lanier study area, and the inigiation of a 

number of small water districts in the Lake Boone area. In both cases resi- 

dential development tended to occur in the vicinity of new water lines. 

Several other policy decisions since reservoir impoundment had a less signif- 

icant, though noticeable, impact on off-lake residential location. New launch 

ramps tended to attract development in the Lake Norman and Lake Boone study 

areas; sewer extensions attracted some development in the Lake Norman and 

Lake Sidney Lanier areas; and the construction of trio new elementary schools 

had a moderate effect on surrounding area development patterns in the Lake 

Boone reservoir area. 

Conclusions from the Univariate Analysis 

Three conclusions were apparent from the univariate tests: (1) shoreline 

and surrounding area residential development represent highly differentiated 

markets in which the attractiveness of land for residential use is determined 

by different factors; (2) the relationship between attractiveness factors and 

both shoreline and surrounding area residential location is highly dependent 

on contextual characteristics which vary among reservoir areas; and (3) both 

shoreline and surrounding area residential location patterns can be directed 

to some extent by reservoir owners and local officials through leverage they 

can exert on specific attractiveness factors. 



Differences between factors influencing shoreline and surrounding area 

development patterns are clearcut, Land which tended to receive seasonal 

shoreline development was more accessible to reservoir recreation facilities, 

closer to the shoreline or reservoir reservations of these impoundments, at 

the tips of peninsulas, and located near roads and water systems which were 

built after the reservoirs were created. On the other hand, physical con- 

straints on development, facilities existing prior to impoundment, such as 

road networks and utility systems, and the relative accessibility of land to 

such activity centers as elementary schools, business districts, employment 

areas, and major urban centers generally had little effect on the location of 

shoreline residences. 

This was not the case with permanent residential development in the 

regions surrounding the study reservoirs. The location of surrounding area 

development was strongly influenced by the physical capability of land, its 

relative accessibility to road networks, schools, and employment areas existing 

prior to reservoir impoundment, the availability of utility systems, and 

accessibility to business districts and major urban centers. The distance of 

surrounding area land to the study reservoirs, availability of a view of the 

reservoir, accessibility to recreation facilities, changes in the availability 

of utilities, and changes in accessibility to roads and schools, however, had 

little influence on the residential attractiveness of off-lake land. 

In sum, the univariate tests indicated that to simulate reservoir area 

residential use patterns, seasonal shoreline and permanent surrounding area 

residential development should be disaggregated, with cells in the study areas 

assigned separate attractiveness indices for each form of residential 

development. 



The u n i v a r i a t e  t e s t s  a l s o  indica ted  t h a t  f a c t o r s  inf luencing t h e  a t t r a c -  

t iveness  of land f o r  development d i f f e r e d  among the  study rese rvo i r s .  Varying 

physiographic c h a r a c t e r i s t i c s ,  d i f f e rences  i n  t h e  p a t t e r n  of urbaniza t ion  

which ex i s t ed  a t  the  time the  re se rvo i r s  were impounded, and v a r i a t i o n  i n  

r e s e r v o i r  owner and l o c a l  pol icy  measures before and a f t e r  impoundment, re-  

su l t ed  i n  both d i f f e r e n t  a r r a y s  of f a c t o r s  inf luencing development i n  each 

r e s e r v o i r  a r e a ,  and, because of i n t e r a c t i o n  between contextual  and a t t r a c t i v e -  

ness f a c t o r s ,  d i f f e r e n t  orders  of  a s s o c i a t i o n  f o r  those a t t r a c t i v e n e s s  v a r i -  

ab les  which were common t o  each a rea .  

The f a c t  t h a t  each r e s e r v o i r  was somewhat unique i n  the  f a c t o r s  which had 

shaped r e s i d e n t i a l  land use p a t t e r n s  had severa l  important impl ica t ions  f o r  

both the  e f f o r t  t o  s imulate development and f u t u r e  app l i ca t ions  of the  model. 

F i r s t ,  while t h e  form of the  simulat ion model would be app l i cab le  t o  a number 

of r e s e r v o i r  a r e a s ,  it was obvious t h a t  a  genera l  s e t  of  model inputs  could 

not be developed. Hence, model inpu t s  must be ind iv idua l ly  c a l i b r a t e d  f o r  

each r e s e r v o i r  a r e a  t o  which it i s  applied.  Fur ther ,  because model inputs  a r e  

based on empir ica l  r e l a t i o n s h i p s  which appear t o  vary among rese rvo i r s  and 

over d i f f e r e n t  periods of time, i t  is  apparent  t h a t  ope ra t iona l  use  of  t h e  

model w i l l  r equ i re  severa l  key assumptions, 

I n  a p p l i c a t i o n s  t o  e x i s t i n g  r e s e r v o i r  a r e a s ,  i t  w i l l  be necessary t o  

assume t h a t  empir ica l  r e l a t ionsh ips  determined from analyses of  pas t  shore l ine  

and surrounding a r e a  r e s i d e n t i a l  loca t ion  decis ions  w i l l  continue over the  

development period t o  be fo recas t .  While t h i s  assumption seems tenable  f o r  

shorr-range land use  f o r e c a s t s  of from th ree  t o  f i v e  years ,  because of l i k e l y  

changes i n  the  a r r a y  of key a t t r a c t i v e n e s s  v a r i a b l e s ,  it may not  be v a l i d  over 



A more difficult set of assumptions will be required where the model is 

to be utilized to test new policies in existing reservoir areas, such as the 

initial extension of utility systems, or to forecast shoreline development 

adjacent; to new reservoirs, Lacking pertinenr "histories" of the effect of 

a policy on development and of the array of factors influencing shoreline 

development for new reservoirs, it will be necessary to calibrate the model 

from empirical relationships drawn from other reservoir areas. Variation in 

both attractiveness factors and the character of their association with devel- 

opment patterns revealed by the univariate analysis of residential development 

adjacent to Lakes Norman, Lanier, and Boone suggests that the formulation of 

assumptions of this sort will be somewhat more complicated than originally 

anticipated. 

Although the univariate tests point to several potential problems in 

operational applications of the simulation model, they clearly indicate the 

feasibility of utilizing the model to evaluate the effects of alternative 

policy measures on shoreline and surrounding area development patterns, Key 

reservoir owner decisions which influenced shoreline residential development 

included land acquisition, road relocation, land management, and recreation 

facility location policies. Local policy measures associated with development 

patterns were highway location and improvement decisions, the initiation of 

zoning, and decisions regarding the location of water and sewer systems, ele- 

mentary schools, and employment areas. 

Multivariate Analysis 

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

variables for measuring the attractiveness of land for residential development. 



Because the univariate tests discussed above could not take into account the 

relationship between combinations of attractiveness factors and residential 

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

Shoreline Residential Development 

Results of the multiple regression analyses for shoreline residential. 

land use are summarized in Table 8. Confirming the conclusions drawn from 

the univariate tests, each of the study reservoirs was characterized by a 

different mix of key factors influencing the attractiveness of land for 

development. 

Lake Norman. In the case of shoreline development adjacent to Lake 

Norman, key influence factors were: accessibility of land to public roads; 

access to the reservoir shoreline and related recreation facil.ities; ground 

cover; and two conditioning variables, the extent of the reservoir reserva- 

tion (land held for industrial use only) and flood pool in a cell. Consider- 

ing access to roads, improvements in both the distance of land to a road and 

quality of roads had a much stronger impact on residential location than did 

the location and character of road networks existing when the reservoir was 

impounded. 

provided by 

residential 

The relative accessibility of land to recreational opportunities 

the reservoir had a strong influence on whether cells received 

development. In order of their importance, these included: access 

to the shoreline; peninsula location; access to both initial and new launch 

ramps; and access to new marinas. 

Lake Sidney Lanier, Key factors influencing shoreline residential loca- -- - 
tion adjacent to Lake Sidney Zanier were: quality of road access; accessi- 

bility to major urban centers (Atlanta); accessibility to the reservoir reser- 

varion; distance from the reservoir reservation to the shoreline; and the 



TABLE 8 

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

F Value for Mix Rank for Mix>? 
Lake Lake Lake Lake Lake Lake 
Norman Lanier Boone N o m n  Lanier Boom 

Factors N - 1,769 1,574 419 (12) (10) (6) 

Access to Shoreline 
Change in Aerial Distance 
to Public Road 

Change in Quality of 
Public Road 

Aerial Distance to Near- 
est Public Road 

Peninsula Location 
Reservoir Owner Reser- 
vat ion 

Road Distance to Near- 
es t Launch Ramp 

Ground Cover 
Change in Road Distance 
to Nearest Available 
Elementary School 

Flood Pool 
Change in Road Distance 
to Nearest Launch Ramp 

Change in Nater Distance 
to Marina 

Quality of Available 
Public Road 

Road Distance to Nearest 
Major Urban Center 

Change in Availability of 
Public or Community 
Water System 

Access to Reservoir 
Rcs erva tion 

Aerial Distance from 
Reservoir Reservation 
to Shoreline 

Availability of Public or 
Community Sewer System 

Change in Availability of 
Public or Community 
Sewer System IqS 8.77 MA MS 9 N.4 



TABLE 8 - continued 

F Value f o r  Mix Rank f o r  Mix* 
Lake Lake Lake Lake Lake Lake 

Norman Lanier  Boone Norman Lanier  Boone 
Fac tors  11 = 1,769 1,574 419 ( 1 2 )  ( lo-) (6) 

X I  Topography NA 7.48 5.62 NA 10 6 
XG FJater Dis tance  t o  Near- 

e s t  Marina NS NS 7.22 NS NS 5 

14ul t iple  Regression 
C o e f f i c i e n t  (R) .461 '439 ,498 

Mul t ip le  Determination 
Coef f i c i en t  ( R ~ )  .212 .I92 ,248 

F Value f o r  Mix 33.71 33.81 5.93 

NS = Not s i g n i f i c a n t  a t  .05 l e v e l  (F va lue  l e s s  t han  4).  
NA = Data not  a v a i l a b l e .  
f i  = Number of ranked v a r i a b l e s ,  s i g n i f i c a n t  a t  .O5 l e v e l ,  s110t.m i n  

parentheses .  

a v a i l a b i l i t y  of  pub l i c  u t i l i t i e s ,  Comparison of t h e  r e s u l t s  from t h i s  a n a l y s i s  

wi th  those  obta ined  f o r  Lake Norman h i g h l i g h t s  t h e  varying e f f e c t s  o f  r e s e r -  

v o i r  owner and l o c a l  governmental p o l i c i e s .  For  i n s t a n c e ,  whi le  acces s  t o  

new roads had a s t r o n g  in f luence  on development p a t t e r n s  i n  both r e s e r v o i r  

a r e a s ,  road q u a l i t y  r a t h e r  t han  t h e  d i s t a n c e  t o  a  road,  was most important  

ad j acen t  t o  Lake Sidney Lan ie r ,  This  r e f l e c t s  both consumer p re fe rences  i n  

t h e  Lake Lanier  a r e a  f o r  paved roads and, s i g n i f i c a n t l y ,  t h e  f a c t  t h a t  a  much 

l a r g e r  propor t ion  of  t h e  s h o r e l i n e  roads ad j acen t  t o  Lake Lan ie r  had been 

paved dur ing  t h e  s tudy  period.  S i m i l a r l y ,  water  and sewer l i n e  ex tens ions  

ad j acen t  t o  Lake Lan ie r ,  though no t  Lake Norman, tended t o  a t t r a c t  development, 

because i n  t h e  Lan ie r  s tudy  area l o c a l  j u r i s d i c t i o n s  chose t o  s e r v i c e  shoreline 

land,  



Differences noted e a r l i e r  between Duke Power Company and Corps of 

Engineers land management p o l i c i e s  a f f e c t e d  t h e  r e l a t i v e  importance of access  

t o  the  shore l ine  and t o  the  resezvola: r e se rva t ion  i n  the Lake Norman and Lake 

Sidney Lanier  s tudy a reas .  The f a c t  t h a t  a c c e s s i b i l i t y  t o  launch ramps and 

a c c e s s i b i l i t y  t o  marinas were s i g n i f i c a n t  a t t r a c t i v e n e s s  f a c t o r s  i n  the  Lake 

Norman, but not the  Lake Lanier ,  study a rea  r e f l e c t s  d i f f e r i n g  f a c i l i t y  loca-  

t i o n  p o l i c i e s .  The Corps of Engineers, unl ike  Duke Power, has s t r i c t l y  con- 

t r o l l e d  the  loca t ion  of shore l ine  r ec rea t ion  f a c i l i t i e s .  Launch ramps and 

marinas have been located  so a s  t o  maximize a c c e s s i b i l i t y  t o  populat ion cen te r s  

i n  the  region. A s  a  r e s u l t ,  shore l ine  land i n  the  Lake Sidney Lanier  s tudy 

a r e a  which was located c l o s e r  t o  these  f a c i l i t i e s  a l s o  tended t o  be located  

c l o s e r  t o  At lanta  than o t h e r  shore l ine  s i t e s .  I n  t h e  mul t ip le  regress ion  

t e s t s ,  a c c e s s i b i l i t y  t o  At lanta  was given precedence, even though t h i s  v a r i -  

a b l e  co-opted t h e  inf luence  of a c c e s s i b i l i t y  t o  launch ramps and marinas. 

Lake Boone, Key f a c t o r s  inf luencing t h e  a t t r a c t i v e n e s s  of land f o r  

shore l ine  r e s i d e n t i a l  use i n  the  Lake Boone study a r e a  were: road access,  

e spec ia l ly  t o  new roads;  a v a i l a b i l i t y  of a  publ ic  water  system; a c c e s s i b i l i t y  

t o  launch ramps and marinas; and topography. Again, key inf luence  f a c t o r s  

r e f l e c t  r e se rvo i r  owner and l o c a l  p o l i c i e s .  The Tennessee Valley Authori ty 

allowed marina and launch ramp locat ions  t o  be l a r g e l y  determined through 

p r i v a t e  market decis ions  which were responsive t o  t h e  loca l i zed  demand r e -  

presented by shore l ine  r e s i d e n t i a l  development. Locally determined road and 

u t i l i t y  extens ion p o l i c i e s  were t h e  two most important f a c t o r s  inf luencing 

shore l ine  r e s i d e n t i a l  loca t ion .  



Surrounding Area Residential Development 

Results of the multiple regression analyses for surrounding area residen- 

tial land use are summarized in Table 9. Mixes of key influence factors varied 

again for each reservoir study area. 

Lake Norman, The most important factor in determining cells which 

received residential development in the area surrounding Lake Norman was the 

quality of available roads when the reservoir was created. Development tended 

to occur adjacent to paved rather than dirt roads. Other key residential 

attractiveness factors were, in order of their importance: absence of ground 

cover; presence of residential zoning; relative accessibility to employment 

areas; availability of a public or community water system; accessibility to a 

major urban center (Rannapolis); and accessibility to the nearest major road, 

Except for the fact that distance to the nearest central business area co-opted 

the influence of accessibility to elementary schools, these results closely 

parallel the findings from the univariate tests. 

Lake Sidney Lanier. Road quality was also the strongest determinant of 

surrounding area residential location adjacent to Lake Sidney Lanier. How- 

ever, utilities had a much more important influence on development patterns 

than in the Lake Norman study area, The availability of a public or community 

water system, change in the availability of a public or community water system, 

and availability of a public or community sewer system were among the top 

four factors influencing the attractiveness of land for residential development, 

including road quality which ranked first. Other key factors identified by 

the multiple regression tests were, in order of their importance: the absence 

of ground cover and absence of a view of the reservoir; aerial distance to the 

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



TABLE 9 

Relative Influence of Mixes of Attractiveness Factors in 
Explaining Location of Surrounding Area P&sidential Development 

F Value for '4ix Rank for M i x i b  

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

Factors N=8,010 9,393 2,590 (11) (15) (7) 

XI3 Quality of Available 
Public Road 

IC2 Ground Cover 
X 2 1  Zoning Protection 
X13 Accessibility to 

Employment 
XI9 Availability of Public 

or Community Water 
Sys tem 

Ill6 Road Distance to Near- 
est Central Business 
District 

X20 Availability of Public 
or Community Sewer 
System 

X24 Change in Quality of 
Public Road 

X29 Change in Availability 
of Public or Community 
Sewer System 

Road Distance to Nearest 
llajor Urban Center 

Road Distance to Nearest 
Major Road 

Change in Availability 
of Public or Community 
Water System 

View of Reservoir 
Aerial Distance to Near- 
est Public Road 

Road Distance to Nearest 
Launch Pamp 

Topography 
Road Distance to Nearest 
Available Elementary 
School 

NA 

41.73 

6.38 

64 .53  
NS 

69.10 

IJS 
99 *43 

10.65 

1 1 N A 
2 5 EJS 
3 N A N A 



TABLE 9 - continued 

. 

F Value f o r  Iviix Rank f o r  Mix:k 
Lake Lake Lake Lake Lake Lake 

Norman Lanier  Boone Norman Lanier  Boone 
Factors  N e 8 , 0 1 0  9,393 2,590 (11) (15) (7) 

X23 Change i n  Aer ia l  D i s -  
tance t o  Public  Road NS 4.86 47.00 NS 14 4 

blul t iple Regression 
Coeff ic ient  (R) ,527 ,633 .41C 

Nul t ip le  Determination 
Coeff ic ient  ( ~ 2 )  ,278 .401 -173 

F Value f o r  Mix 280.05 417.93 31.63 

NS = Not s i g n i f i c a n t  a t  .05 l e v e l  (F va lue  of  4 ) ,  
NA = Data not ava i l ab le .  

= Number of ranked va r i ab les ,  s i g n i f i c a n t  a t  .05 l e v e l ,  shown i n  
parentheses,  

the  nea res t  publ ic  road. Distance t o  a major urban cen te r  (Ga inesv i l l e ) ,  d i s -  

tance t o  the  nea res t  major road, topography, d i s t ance  t o  an  elementary school ,  

and change i n  the  a v a i l a b i l i t y  of a publ ic  o r  community sewer system were a l s o  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  though much l e s s  important,  inf luence  fac to r s .  

Lake Boone. F i n a l l y ,  i n  the  Lake Boone study a r e a  topography, a e r i a l  

d is tance  t o  the  nea res t  public  road, change i n  t h e  a v a i l a b i l i t y  of  a publ ic  o r  

community water system, change i n  a e r i a l  d i s t ance  t o  a publ ic  road, and road 

d i s t ance  t o  a major urban cen te r  (Johnson City)  were a l l  key f a c t o r s  inf luenc-  

ing the  a t t r a c t i v e n e s s  of land f o r  development. Road d i s t ance  t o  the  nea res t  

a v a i l a b l e  elementary school and road d i s t ance  t o  the  nea res t  major road, though 

s t a t i s t i c a l l y  s i g n i f i c a n t ,  had a much lower l e v e l  of inf luence  on development. 



Conclusions from t h e  M u l t i v a r i a t e  Analysis  

With d i f f e r e n t  mixes of a t t r a c t i v e n e s s  f a c t o r s  f o r  each r e s e r v o i r  s tudy 

a r e a  i t  was p o s s i b l e  t o  e x p l a i n  from 19.2 t o  24.8 percent  of t h e  l o c a t i o n  of 

s h o r e l i n e  r e s i d e n t i a l  development and from 17.3 t o  40.1 percent  of surrounding 

a r e a  development. The l a r g e  remaining amount of development not  explained by 

t h e s e  v a r i a b l e s  could be t h e  r e s u l t  o f  t h e  s imp l i fy ing  assumption t h a t  a l l  

privately-owned land was a v a i l a b l e  f o r  development and/or  t h e  omission of 

o t h e r  important  i n f l u e n c e  f a c t o r s .  

As noted i n  Sec t ion  11, t h e  necessary  assumption t h a t  a11  privately-owned 

land could be developed proved t o  be i n c o r r e c t .  It i s  very l i k e l y  t h a t  t h e  

l e v e l  of explana t ion  could have been enhanced by removing from t h e  a n a l y s i s  

land he ld  by commercial e n t e r p r i s e s ,  such a s  lumber and paper companies, 

whose ope ra t ing  p o l i c i e s  normally prec lude  r e s i d e n t i a l  development, and land 

being wi thhe ld  from t h e  market f o r  long term s p e c u l a t i v e  purposes,  Severa l  

o t h e r  v a r i a b l e s  suggested by t h e  d e c i s i o n  agent  i n t e rv i ews  could  not  be 

included.  The most important  of  t h e s e  was land va lue ,  I n c l u s i o n  of such 

o t h e r  f a c t o r s  a s  proper ty  t a x e s ,  s u i t a b i l i t y  of  t h e  s h o r e l i n e  f o r  v a r i o u s  

r e c r e a t i o n a l  a c t i v i t i e s ,  and t h e  v i s u a l  a t t r a c t i v e n e s s  of  land  might have 

improved t h e  r e s u l t s .  

Since t h e  o b j e c t i v e s  of t h i s  phase of  t h e  r e sea rch  were t o  i s o l a t e  key 

v a r i a b l e s  f o r  use  i n  measuring t h e  a t t r a c t i v e n e s s  of  c e l l s  t o  r ece ive  r e s i -  

d e n t i a l  development, t h e  r e s u l t s  of t h e  m u l t i v a r i a t e  t e s t s  were judged t o  be 

accep tab le  f o r  purposes o f  t h e  proposed s imu la t ion  model. While f u r t h e r  t e s t -  

i ng  of new v a r i a b l e s  and non l inea r  r e l a t i o n s h i p s  could  probably have enhanced 

t h e  percent  expla ined ,  t h i s  was not  considered a necessary  s t e p  f o r  progress ing  

t o  t h e  development of  t h e  s imu la t ion  model which i s  desc r ibed  i n  Sec t ion  IV. 



Eventually, the  measurement of c e l l  a t t r a c t i v e n e s s  should be re f ined  t o  

r e f l e c t  t h e  changes taking place i n  each rese rvo i r  study area .  I n  p a r t i c u l a r ,  

such refinement would be e s s e n t i a l  when the  model i s  adopted f o r  ongoing dcci -  

s ion  making. Furthermore, as described i n  Section V,  i t  would be necessary 

t o  provide an appropr ia te  i n s t i t u t i o n a l  framework f o r  planning i n  r e s e r v o i r  

a r e a s  t o  r e a l i z e  the  f u l l  p o t e n t i a l  of the  model's ob jec t ives ,  



IV. DESCRIPTION OF THE LAND DEVELOPEENT MODEL 

The proposed land development model simulates reservoir area residential 

location decisions through a randomizing procedure in which househalds are 

assigned to sites on the basis of the supply of land available and its attrac- 

tiveness for recreational and permanent residential use, The specification of 

sites, supply of land, and number of households (converted to units of devel- 

opment) to be allocated are exogenous inputs to the model. They describe both 

the supply and demand for reservoir area land and, through the effects of 

policy measures on available land and its attractiveness, the potential lever- 

age which reservoir owners and public officials can exert on the development 

process. Operating on these inputs, the computer program selects a unit of 

development to be allocated, sequentially examines each site, notes the com- 

bined effect of the amount of vacant land and its attractiveness for develop- 

ment, and decides on a probabilistic basis whether or not the unit of devel- 

opment is allocated there. Following the allocation of each unit, the combined 

attractiveness of the site allocated development is recalculated to reflect the 

decrease in the amount of land available. This process is then repeated until 

each unit of development has been distributed. If simulation over more than 

one growth phase is desired, the same sequence is followed for each phase, 

with appropriate modifications to the input variables to reflect changes in 

the availability of land brought about through both land development and 

public land acquisition in previous phases of the simulation, and changes in 

the attractiveness of land occasioned by various policy measures. 



A p r o b a b i l i s t i c  r a t h e r  than de te rmin i s t i c  method of a l l o c a t i n g  residen- 

t i a l  u n i t s  was se lec ted  t o  take  i n t o  account the  complexity of land development 

decis ion  sequences and the  f a c t  t h a t  va r i ab les  inf luencing decis ion  outcomes 

could n e i t h e r  be p rec i se ly  determined nor measured. This procedure u t i l i z e s  

a  form of l i n e a l  sampling propor t ional  t o  s i z e  without replacement. Each s i t e  

o r  g r i d  c e l l  i n  a  r e s e r v o i r  planning a r e a  i s  assigned a weight which rep resen t s  

the  combined inf luence  of the  a t t r a c t i v e n e s s  of the  c e l l  f o r  r e s i d e n t i a l  use  

and the  amount of vacant land which i s  a v a i l a b l e  t o  r ece ive  development, 

Weights f o r  each c e l l  a r e  then summed ac ross  a l l  c e l l s  and numbered sequen- 

t i a l l y .  The r e s u l t i n g  series of  numbers can be regarded a s  a  l i n e  wi th  a 

length  equal t o  t h e  sum of t h e  individual  c e l l  weights. Each segment of t h i s  

l i n e  i s  assoc ia ted  with a c e l l ,  with t h e  length  of the segment represent ing  

t h e  'qweight" of the  c e l l .  For each u n i t  of  development t o  be a l l o c a t e d ,  a  

random number f a l l i n g  wi th in  t h e  t o t a l  of t h e  summed c e l l  weights i s  generated. 

The random nunber loca tes  t h e c e l l  t o  which one u n i t  of development is a l loca ted .  

With t h i s  b r i e f  in t roduc t ion  t o  t h e  simulat ion model, t h e  remainder of 

t h i s  s e c t i o n  d e t a i l s  the  procedures followed i n  applying t h e  model t o  t h e  Lake 

Norman and Lake Sidney Lanier  r e s e r v o i r  study areas.'' I n  order  t o  compare 

r e s u l t s  obtained from the  model with a c t u a l  development, a n  ex p o s t  f a c t o  

research  design was followed. The model was programmed t o  "forecast"  t h e  

1969 d i s t r i b u t i o n  of r e s i d e n t i a l  development i n  each rese rvo i r  a r e a  s t a r t i n g  

from a point  one year  p r i o r  t o  r e s e r v o i r  impoundment -- f o r  Lake Norman, 1961, 

and f o r  Lake Sidney Lanier ,  1956. 

lo Because of t h e  very slow pace of shore l ine  development adjacent  t o  
Lake Boone, under 20 a c r e s  of r e s i d e n t i a l  development per  year ,  a p p l i c a t i o n  
of the  land development s imula t ion  model t o  t h i s  case  d id  not appear t o  be 
warranted. 



Model I n p u t s  

Three types  of  i npu t s  had t o  be processed be fo re  t h e  s imu la t ion  of 

development could begin: (1 )  t h e  supply of vacant  l and ;  (2 )  c a l c u l a t i o n  of 

t h e  a t t r a c t i v e n e s s  of  land  f o r  development; and (3)  t h e  t o t a l  number of r e s i -  

d e n t i a l  u n i t s  t o  be a l l o c a t e d  ( r e s i d e n t i a l  growth).  

Vacant Land 

The supply of  land capable  of  r ece iv ing  development over  t h e  ex p o s t  

f a c t o  f o r e c a s t  per iod  was determined from land use  and land c a p a b i l i t y  ana lyses  

of t h e  Lake Norman and Lake Sidney Lan ie r  s tudy  a r e a s  a t  t h e  s t a r t  of t h e  

f o r e c a s t  per iods .  These s t u d i e s  e s t a b l i s h e d  t h e  l o c a t i o n  of  land preempted by 

e x i s t i n g  urban and r u r a l  development and land programmed f o r  inundat ion  and 

o t h e r  p r o j e c t - r e l a t e d  uses  by t h e  r e s e r v o i r  owners, S ince  land i n  t h e s e  c a t e -  

g o r i e s  could n o t  be developed f o r  r e s i d e n t i a l  use ,  it was removed from t h e  

inventory of  n i n t h s  of c e l l s  a v a i l a b l e  f o r  development. I n  t h e  Lake Norman 

study a r e a ,  t h i s  s t e p  was accomplished by removing from t h e  vacant  land inven- 

t o r y  a l l  land i n  urban use  i n  1961 (Cl ,  Col. 20, Appendix B ) ,  l and  i n  t h e  Lake 

Norman f lood  pool (Cl ,  Col. 35, Appendix B ) ,  and land acqui red  by t h e  Duke 

Power Company and des igna ted  f o r  i n d u s t r i a l  u se  ( 6 2 ,  Col. 40, Appendix B). 

Land owned by t h e  Duke Power Company and n o t  des igna ted  f o r  i n d u s t r i a l  use  

was no t  d e l e t e d  from t h e  inventory ,  s i n c e  t h e  Company had a  po l i cy  of  develop- 

ing  l ea sed - lo t  subd iv i s ions  on "excess" proper ty  which had been obta ined  i n  

t h e  process  of a c q u i r i n g  land f o r  t h e  r e s e r v o i r .  I n  t h e  Lake Sidney Lanier  

s tudy  a r e a ,  l and  i n  urban use  i n  1956 (Cl ,  Col, 21, Appendix C), l and  i n  t h e  

r e s e r v o i r  f lood  pool  (Cl ,  Col, 41,  Appendix C), and a l l  l and  i n  t h e  Lake Sidney 

Lanier  r e s e r v o i r  r e s e r v a t i o n  (C1, Col. 40, Appendix C) were removed from t h e  

vacant  land inventory.  



With these  deductions t h e  inventory of n in ths  of vacant land t o t a l e d  

71,008 a t  the  s t a r t  of t h e  Lake Norman fo recas t  period i n  1961, and 76,111 a t  

the  s t a r t  of t h e  Lake Sidney Lanier  f o r e c a s t  period i n  1956. These t o t a l s  

were many times g rea te r  than t h e  a c t u a l  number of r e s i d e n t i a l  n in ths  developed 

i n  each r e s e r v o i r  s tudy a rea .  Hence, t h e  land supply was more than adequate 

t o  accommodate the  r e s i d e n t i a l  growth which was t o  be a l l o c a t e d  by t h e  model. 

Because seasonal  shore l ine  r e s i d e n t i a l  development was by d e f i n i t i o n  

r e s t r i c t e d  t o  land wi th in  300 f e e t  of t h e  study r e s e r v o i r s ,  i t  was necessary 

t o  r e f i n e  the  vacant land inventor ies  t o  d i f f e r e n t i a t e  n in ths  which could and 

could not rece ive  shore l ine  development. This task  was complicated by the  

f a c t  t h a t  even when the  a e r i a l  unie: of a n a l y s i s ,  a  g r i d  c e l l  1000 f e e t  on a 

s i d e ,  was in te r sec tedby  the  r e s e r v o i r  flood pools, it was l i k e l y  t o  conta in  

vacant land located more than 300 f e e t  from the  shore l ine .  Since t h e  l o c a t i o n  

of individual  n in ths  wi th in  a g r i d  c e l l  could not  be ind iv idua l ly  tagged, 

vacant n in ths  s u i t a b l e  f o r  shore l ine  development could only be approximately 

determined. This  was accomplished by speci fy ing a l l  c e l l s  i n t e r s e c t e d  by the 

shore l ine  a t  t h e  r e s e r v o i r ' s  f u l l  pool e l eva t ion  (Lake Norman, C 1 ,  Col. 31, 

Appendix B ;  Lake Sidney Lanier ,  C 1 ,  Col, 42, Appendix C) a s  being a v a i l a b l e  

f o r  both seasonal  shore l ine  and permanent surrounding a r e a  r e s i d e n t i a l  devel- 

opment. Ce l l s  not  i n t e r s e c t e d  by the  r e s e r v o i r  f lood pool were considered 

a s  being a v a i l a b l e  only f o r  surrounding a r e a  r e s i d e n t i a l  use. Although t h i s  

c l a s s i f i c a t i o n  method accura te ly  por t rays  land a v a i l a b l e  f o r  surrounding a r e a  

development, the  inventory of vacant n in ths  a v a i l a b l e  f o r  shore l ine  develop- 

ment was considerably i n f l a t e d  by the  inc lus ion of n in ths  i n  shore l ine  c e l l s  

tihich were located  more than 300 f e e t  from the  shore l ine .  



A second ref inement  i n  t h e  vacant  land inventory  was c a r r i e d  o u t  i n  o r d e r  

t o  g ive  r ecogn i t i on  t o  t h e  key in f luence  of t h e  a v a i l a b i l i t y  of a pub l i c  road 

on t h e  l o c a t i o n  of development. The f a c t  t h a t  development almost  always 

occurs  ad j acen t  t o  a road needs l i t t l e  e l abo ra t ion .  However, owing t o  t h e  

r u r a l  c h a r a c t e r  of  much of t h e  r e s e r v o i r  s tudy  a r e a s  and corresponding low 

d e n s i t y  of  development, t h i s  f a c t o r  assumes even more importance i n  r e s e r v o i r  

a r e a  growth than  i n  urban a r e a  r e s i d e n t i a l  development. Accordingly, t h e  i n -  

v e n t o r i e s  of s h o r e l i n e  and surrounding a r e a  vacant  l and  were r e f i n e d  t o  t ake  

i n t o  account  both roads e x i s t i n g  p r i o r  t o  r e s e r v o i r  impoundment and roads con- 

s t r u c t e d  dur ing  t h e  f o r e c a s t  per iods  (Lake Norman, C 1 ,  Cols ,  50 through 53, 

Appendix B;  Lake Sidney Lanier ,  C 1 ,  Cols. 62 through 65, Appendix C). 

The r e s u l t s  o f  t h e s e  modifcat ions are shown i n  Table 10, which g ives  t h e  

number of  vacant  n i n t h s  a v a i l a b l e  i n  each ca tegory  of  t h e  vacant  land inventory.  

TABLE 10 

C l a s s i f i c a t i o n  of  Ninths Ava i l ab l e  f o r  Development 

Lake Norman, 1961 Lake Sidney Lan ie r ,  1956 
Development Type Development Type 
Shore- Surround- Shore- Surround- 

Road Class  T o t a l  l i n e  i n g  Area T o t a l  l i n e  i ng  Area 

No Road i n  C e l l  34,130 2,913 31,217 31,684 1,976 29,70G 

Road i n  C e l l  

P r i o r  t o  S t a r t  of 
Fo recas t  Period 29,592 2,926 26,666 37,124 2,322 34,302 

Constructed A f t e r  
S t a r t  of Forecas t  
Per iod  7,286 2,981 4,305 7,303 1,924 5,379 

To ta l  Vacant Ninths 71,008 8,820 62,158 76,111 6,222 69,589 



Attractiveness of Land 

Indices of the attractiveness per ninth of each cell for residential 

development were constructed fromlcey variables isolated by the multiple 

regression analyses reported in Section 111. To facilitate operational 

applications of the model, the number of attractiveness factors utilized in 

these indices was reduced by eliminating variables which, though statistically 

significant, contributed very little to the regression equations, and vari- 

ables, such as those relating to road location, which were more appropriate 

as indicators of the suitability of land for residential use. In order to 

gauge accurately the influence of attractiveness factors which survived this 

filtering process, a second series of regression analyses was programmed in 

which residential development was stratified in terms of its location relative 

to both the reservoir shorelines and preimpoundment roads. The relative 

weight of each variable utilized in constructing the attractiveness indices 

was based on its regression coefficient (b-weight) in the equations developed 

from these tests. See Tables 11 and 12. 

Computation of the attractiveness index for ninths in each vacant land 

category involved three steps. First, the empirical values of the attrac- 

tiveness factors were substituted into the appropriate (shoreline-road, 

shoreline-no road, surrounding area-road, surrounding area-no road) equation. 

Next, the distribution of values obtained from the regression equations was 

categorized into 14 groups of approximately equal size. Finally, the attrac- 

tiveness score of each cell (and its component vacant ninths) was recoded as 

an integer, from 1 to 14, with 1 representing the smallest values obtained by 

substituting into the regression equations and, therefore, the lowest level 

of attractiveness for development in the simulation model, 



TABLE 11 

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

Regression Coefficients (lo2) 
Shoreline Surrounding Area 

Cells With Cells With Cells With Cells ?Jitk 
No Road Road No Road Road 
Available Available Available Available 

a In 1961 In 1961 In 1961 In 1961 
Variable N = 1,255 486 4,579 3,306 

X2 Ground Cover 

X5 Road Distance to Nearest 
Launch Ramp 

X8 Peninsula Location 

X9 Access to Shoreline 

X13 Quality of Available 
Public Road 

X16 Road Distance to Nearest 
Central Business District 

X13 Accessibility to Employment 

XI9 Availability of Public or 
Community System 

X20 Availability of Public or 
Community Sewer System 

Multiple Regression 
Coefficient (R) 

Multiple Determination 
Coefficient (R~) 

F Value 

3.97 

- .24 
.65 

1.85 

XXX 

XXX 

XXX 

XXX 

XXX 

.249 

.062 
20.72 

3.54 

- -15 
.68 

1.25) 

- 9.34 

XXX 

XXX 

x-xx 

XXlC 

.273 

.078 
6.11 

XXX XX:: 

XXX 2:xx 

XXX xxx 

a~oding of these variables is described in Appendix B: X2(1, Col. 33), 
~5(f, Cols. 66, 67), X8(1, Cols. 42, 43), X9(1, Cols. 37, 38), ~13(1, Col, 55), 
XlG(2, Cols. 27, 28), XXC(2, Cols. 29, 30), X19(2, Col. 32), X20(2, Cols. 35, 
36). 



TABLE 12 

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

Regression Coefficients (lo2) 
Shoreline Surrounding Area 

Cells With Cells lJith Cells With Cells With 
No Road Road No Road Road 
Available Available Available Available 
In 1956 In 1956 In 1956 In 1956 

variablea N = 1,045 528 4, 851 4,542 

X2 Ground Cover xxx xxx - .33 -6.09 

X8 Peninsula Location .20 .89 xxx xxx 

XI0 Access to Reservoir 
Reservation 1.26 2.01 XXX XXX 

XI1 Aerial Distance from 
Reservoir Reservation 
to Shoreline -3.87 -9.63 xxx xxx 

X13 Quality of Available 
Public Road xxx -2.98 xxx 2.46 

X17 Road Distance to Atlanta -1.05 - .76 xxx xxx 

XI8 Accessibility to 
Employment xxx xxx 1 ,03 1.53 

Xl9 Availability of Public 
or Community Water 
Sys tem -1.89 -8.35 4.91 1.89 

X20 Availability of Public 
or Community Sewer 
System 5.72 9.11 -1.44 6.43 

X28 Change in Availability 
of Public or Community 
Water System 4.55 1.15 2.04 5.97 

Multiple Regression 
Coefficient (R) .361 ,376 .227 -631 

Multiple Determination 
Coefficient (R~) ,130 .I41 ,051 ,399 

F Value 22-24 10.69 52.48 501.11 

a Coding of thsr variables is dcscrit-ed in Appendix C: XZ(1, Col. 39), 
XB(I, Cols. 49, 50), XlO(1, cola. 45, 47), Xll(1, Sol. 48 ) ,  X13(1, Col. 67), 
XP7C2, Cols. 12, 13, 141, X18(2, C ~ l s .  23, 243, XlS(2, Col. 26), XZO(2, ~ 0 2 s .  
23, JO), X28(:4actixie coded, 2, Col, 25 Jms 2, CoL. 26). 



Because d a t a  concerning po l i cy  measures were only a v a i l a b l e  f o r  t h e  

beginning and end, but  no t  t h e  in t e rven ing  y e a r s ,  of t h e  f o r e c a s t  pe r iods ,  

key po l i cy  changes o t h e r  than  new road c o n s t r u c t i o n  were computed i n t o  t h e  

i n i t i a l  measures of t h e  a t t r a c t i v e n e s s  of  land f o r  development. The a t t r a c -  

t i v e n e s s  i n d i c e s  were then  he ld  cons t an t  dur ing  each i t e r a t i o n  of t h e  model, 

though i f  d a t a  had been adequate ,  t h e s e  i n d i c e s  could e a s i l y  have been r e -  

computed t o  r e f l e c t  more a c c u r a t e l y  t h e  t iming of p a r t i c u l a r  p o l i c i e s .  The 

f a c t  t h a t  po l i cy  changes a r e  included i n  t he  a t t r a c t i v e n e s s  i n d i c e s  p r i o r  t o  

t h e i r  a c t u a l  occurrence tends t o  overweight t h e  a t t r a c t i v e n e s s  of some c e l l s  

dur ing  t h e  i n i t i a l  i t e r a t i o n s  o f  t h e  s imula t ion .  However, it was f e l t  t h a t  

t h i s  was much more d e s i r a b l e  than  t o t a l l y  ignor ing  t h e i r  i n f luence  on l a t e r  

development. 

R e s i d e n t i a l  Growth 

R e s i d e n t i a l  n i n t h s  t o  be a l l o c a t e d  by t h e  model were made t o  co inc ide  

wi th  t h e  a c t u a l  i n c r e a s e  i n  n i n t h s  of  r e s i d e n t i a l  development which took 

p l ace  i n  t h e  Lake Norman s tudy  a r e a  dur ing  t h e  per iod  from 1961 through 1969 

and i n  t h e  Lake Sidney Lan ie r  s tudy  a r e a  dur ing  t h e  pe r iod  1956 through 1969, 

For t h e  Lake Norman s tudy  a r e a ,  t he  model was programmed t o  a l l o c a t e  

1,057 n i n t h s  of r e s i d e n t i a l  development. While t h i s  f i g u r e  was f i x e d  by t h e  

t o t a l  amount of development which a c t u a l l y  occurred ,  i t  was necessary  t o  make 

s e v e r a l  assumptions concerning t h e  a l l o c a t i o n  o f  r e s i d e n t i a l  n i n t h s  t o  

d i f f e r e n t  growth per iods  and t o  d i f f e r e n t  vacant  land  ca t egor i e s .  The model 

was designed t o  a l l o c a t e  development i n  t h r e e  i t e r a t i o n s  of  t h r e e  yea r s  each:  

(1)  1961 through 1963, ( 2 )  1964 through 1966, and (3 )  1967 through 1969. 

Since informat ion  on t h e  a c t u a l  amount of r e s i d e n t i a l  growth i n  each of t h e s e  



periods was not  a v a i l a b l e ,  i t  was assumed t h a t  20 percent  (211 n in ths )  of the  

t o t a l  development which took place  over t h e  9-year fo recas t  period occurred 

during the  f i r s t  growth period ( i t e r a t i o n ) ,  while 40 percent  (423 nin ths)  was 

assumed t o  have occurred during each of the  remaining periods.  Based on an 

a n a l y s i s  of  subdivision a c t i v i t y  during each year  of the  fo recas t  period and 

the  l a g  time between p l a t t i n g  of land and const ruct ion  of dwelling u n i t s ,  t hese  

were considered r e a l i s t i c  assumptions of t h e  a c t u a l  timing of  development, 

Al locat ions  of n in ths  of development t o  vacant land ca tegor ies  were based 

on the  assumption t h a t  the  proport ion of development occurring i n  each i t e r a -  

t i v e  period i n  each category would be e s s e n t i a l l y  the  same a s  the  propor t ion  

occurring i n  each vacant  land category over t h e  e n t i r e  9-year fo recas t ,  IIence, 

the  20-40-40 r a t i o  of  development was appl ied  t o  the  a c t u a l  development which 

took place  i n  each category of the  vacant land inventory t o  determine the  

d i s t r i b u t i o n  of development i n  each period.  

I n  t h e  case  of the  Lake Sidney Lanier  study a r e a ,  the  model was programmed 

t o  a l l o c a t e  1,483 n in ths  of r e s i d e n t i a l  development. Because the  f o r e c a s t  period 

was 14 years ,  t h e  number of i t e r a t i o n s  o r  growth periods was extended t o  f i v e ,  

including a n  i n i t i a l  2-year i t e r a t i o n  followed by four i t e r a t i o n s  of t h r e e  year; 

each: (1) 1956 through 1957; (2) 1958 through 1960; (3)  1961 through 1963); 

(4) 1964 through 1966; and (5)  1967 through 1969. To recognize t h e  bu i ld  up of  

subdivided land over time and t h e  increas ing a b i l i t y  of households t o  a f f o r d  

second homes, the  a l l o c a t i o n  of development t o  growth periods was progress ively  

increased. Hence, during t h e  f i r s t  i t e r a t i o n ,  10 percent  (149 n in ths )  of the  

t o t a l  development was a l l o c a t e d ,  while 20 percent  (295 n in ths )  was a l l o c a t e d  

t o  each of the  second and t h i r d  i t e r a t i o n s  and 25 percent  (372 n in ths)  t o  each 

of the  four th  and f i f t h  i t e r a t i o n s .  A s  wi th  Lake Norman, the  a l l o c a t i o n  of 



development t o  each vacant land category during each i t e r a t i o n  was assumed t o  

be d i r e c t l y  propor t ional  t o  the  amount of development which a c t u a l l y  occurred 

i n  each category over the  e n t i r e  ex pos t  fo recas t  period.  

A summary of the  a l l o c a t i o n  of n in ths  of development by vacant land 

category and by growth periods f o r  both Lake Norman and Lake Sidney Lanier  i s  

given i n  Table 13. 

Program f o r  the  Model 

The program f o r  the  land development s imulat ion was developed i n  two 

d i s t i n c t  phases. The f i r s t  prepares the  da ta  f o r  the  simulat ion,  while the  

second executes the  s imula t ion  process. This s e c t i o n  o u t l i n e s  the  opera t ions  

performed i n  each of these  phases. Technical cons idera t ions  involved i n  

programming t h e  model, such a s ,  t h e  random number genera tor ,  s o r t i n g  technique, 

and p o s i t i o n a l  coding of d a t a ,  as wel l  a s  the  a c t u a l  program f o r  the  model, 

a r e  included i n  Appendix E. 

I n  the  f i r s t  phase of the  program, raw data  s t o r e d  on magnetic tape  and 

computed indices  of a t t r a c t i v e n e s s  were condensed t o  form a working s imula t ion  

map of the  r e s e r v o i r  s tudy area .  This map was composed of two 32-bi t  computer 

words per  c e l l ,  one conta in ing data  f o r  c e l l s  capable of  rece iv ing surrounding 

a r e a  development and a second f o r  the  subset  of c e l l s  a b l e  t o  rece ive  shore- 

l i n e  development. These words were arranged i n  increas ing values of the  

x-coordinate wi th in  increas ing values of the  y-coordinate of the  g r i d  c e l l s .  

Hence, the  loca t ion  of  each c e l l  was i m p l i c i t  i n  the  loca t ion  of i t s  assoc ia ted  

word and formed a map of  t h e  da ta  required f o r  the simulat ion.  The working 

map f o r  the  Lake Norman simulation contained 24,080 32-bi t  words, while t h a t  

f o r  Lake Sidney Lanier  contained 34,320 words .  Each of these a r r a y s  was 

placed on d i rec t -access  d i sk  s torage .  



TABLE 13 

a1 Development, by Vacant Land Category and Allocations of Ninths of Resident i 
by Growth Period, Lake lorinan, 1961-1969, and Late Sidney Lanier ,  1956-1969 

Tota l  
Vacant Growth Period Allo- 
Land Category 1956-1957 1958-1960 1961-1963 1964-1966 1967-1969 cated  

WU3 NONAN 
Shoreline 

No Road 
Road P r i o r  t o  

S t a r t  of 
Forecast 

Road Af te r  
S t a r t  of 
Forecast 

Surrounding Area 
No Road 
Road P r i o r  t o  , 

S t a r t  of 
Forecast  

Road Af te r  
S t a r t  of 
Forecast  

Tota l  f o r  Period 

MCE SIDNEY LANIER 
Shore1 i n e  
No Road 
Road P r i o r  t o  

S t a r t  of 
Forecast 

Road Af te r  
S t a r t  of 
Forecast 

Surrounding Area 
No Road 
Road P r i o r  t o  

S t a r t  of 
Forecast  

Road Af te r  
S t a r t  of 
Forecast 

Tota l  f o r  Period 



The 32 b i t s  of  each word were a l l o c a t e d  t o  e i t h e r  e i g h t  f i e l d s  of  d a t a ,  

o r ,  i n  t h e  ca se  of  some c e l l s  n o t  capable  of r ece iv ing  development, t o  a  

"poin ter"  which ind ica t ed  t h e  l o c a t i o n  of  t h e  next  c e l l  con ta in ing  vacant  land 
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s u i t a b l e  f o r  r e s i d e n t i a l  use.  The p o i n t e r  se rved  t o  avoid  u n f r u i t f u l  passes  

through t h e  da t a  and thus  s i g n i f i c a n t l y  enhanced t h e  e f f i c i e n c y  of t h e  program, 

The s i g n  b i t  se rved  t o  d i s t i n g u i s h  t h e s e  two types of word usage: i f  nega t ive ,  

t h e  I J O J C ~  was used a s  a p o i n t e r  and,  i f  p o s i t i v e ,  t h e  word conta ined  d a t a  re -  

qu i r ed  f o r  t h e  s imula t ion .  

Data words conta ined  t h e  fo l lowing  e i g h t  f i e l d s :  

F i e l d  1 - P o i n t e r  switch - 1 b i t  

F i e l d  2 - T o t a l  a t t r a c t i v e n e s s  weight of  c e l l  
( f i e l d  4 x f i e l d  6) - 7 b i t s  

F i e l d  3 - Road ca tegory  - 4 b i t s  

F i e l d  4 - A t t r a c t i v e n e s s  p e r  n i n t h  - 4 b i t s  

F i e l d  5 - Number of  n i n t h s  a l l o c a t e d  t o  c e l l  
by s imu la t ion  - 4 b i t s  

F i e l d  6  - Number of vacant  n i n t h s  a v a i l a b l e  f o r  
r e s i d e n t i a l  development - 4 b i t s  

F i e l d  7 - Actual  number of  n i n t h s  of r e s i d e n t i a l  
development a t  end of  f o r e c a s t  per iod  
(1963) - 4 b i t s  

F i e l d  8 - Actual  number of  n i n t h s  o f  r e s i d e n t i a l  
development a t  s tar t  of  f o r e c a s t  
pe r iod  (1961;-1956) - 4 b i t s  

32 b i t s  

l1 
It should be noted  t h a t  t h e  p o i n t e r  d i r e c t s  t h e  program t o  jump over  

r e p e t i t i v e  sequences of c e l l s  no t  capable  of  r e c e i v i n g  development ( i . e . ,  c e l l s  
wi th  a l l  n i n t h s  i n  t h e  r e s e r v o i r  f lood  poo l s ,  r e s e r v o i r  r e s e r v a t i o n s ,  o r  pre-  
empted by e x i s t i n g  development a t  t h e  s t a r t  o f  t h e  f o r e c a s t  per iod.)  



The pointer switch (field l), classification of vacant land in terms of 

road availability (field 3), attractiveness per ninth (field 4), and number 

of vacant ninths available for development (field 6) were discussed above. 

Total cell attractiveness weight (field 2) is a summary weight indicating the 

combined effect of the attractiveness of each cell ninth for development and 

the number of vacant ninths in a cell capable of receiving development. Resi- 

dential ninths allocated by the model in the course of a simulation run were 

stored in field 5 ,  which was set at 0 at the start of each forecast. Finally, 

fields 7 and 8 stored data referring to the actual number of ninths of resi- 

dential development at the beginning and end of the forecast. These data 

were utilized to evaluate the accuracy of the simulation. 

Phase two of the program executed the simulation process. First, resi- 

dential growth to be allocated was labeled in terms of the six categories of 

vacant land and the phasing of development in growth periods. l2 Next, a cell 

capable of receiving development (assigned to the appropriate vacant land 

l2 The following priority was observed in allocating development assigned 
to each vacant land category, In order to recognize consumer preferences for 
waterfront as opposed to off-lake development in shoreline cells, within each 
growth period all shoreline development was allocated prior to surrounding 
area development. During the first growth period, shoreline development was 
first allocated to cells with roads existing at the start of the forecast, 
then to cells with roads constructed after reservoir impoundment, and finally 
to cells not served by a road. In succeeding periods, however, the order of 
allocation was revised to recognize the likely attractiveness of shoreline 
areas wade accessible through new road construction. Hence, shoreline devel- 
opment assigned to these periods was first allocated to cells with roads con- 
structed after reservoir impoundment, next to cells with preimpoundment roads, 
and then to cells without public roads. 

The order of allocation to road types for surrounding area development 
recognized the fact that over 80 percent of this form of development took place 
adjacent to preimpoundment roads. Accordingly, surrounding area development 
assigned to each growth period was first allocated to cells with preimpound- 
ment roads, then to cells served by postimpoundment roads, and finally to cells 
not served by a public road. 



category) was randomly se lec ted  and the  number of n in ths  of development 

assigned t o  t h a t  category was made a v a i l a b l e  t o  t h e  simulat ion process. The 

a t t r a c t i v e n e s s  weight of each c e l l  ( a t t r a c t i v e n e s s  per  n in th  x ninths  of vacant 

land) was summed t o  form a t o t a l  a t t r a c t i v e n e s s  m i g h t  f o r  a l l  c e l l s  i n  the  

vacant land category. Pandom numbers between 1 and t h e  t o t a l  a t t r a c t i v e n e s s  

weight were then generated and so r t ed  t o  form an a r r a y  of numbers i n  increas ing 

order .  Following t h i s  s t e p ,  the  a t t r a c t i v e n e s s  of each c e l l  i n  a  vacant land 

category was consecutively and cumulatively (beginning with c e l l  weight 0 - n) 

compared to a random number, which was se lec ted  consecutively from the  ordered 

s e t  of random numbers generated f o r  the  vacant land category. I f  the  random 

number was l e s s  than the  cumulative a t t r a c t i v e n e s s  a s soc ia ted  with the  c e l l  

and i f  the  c e l l  contained a v a i l a b l e  land i n  the  appropr ia te  vacant land cafe-  

gory, a  n in th  of development was a l loca ted .  I f  the  random number was g r e a t e r  

than the  cumulative a t t r a c t i v e n e s s  of t h e  c e l l ,  the  individual  a t t r a c t i v e n e s s  

weighfs of successive c e l l s  were added t o  t h e  running cumulative a t t r a c t i v e n e s s  

weight u n t i l  the  n i n t h  of development was a l loca ted .  

Fo l lo l~ ing  the  a l l o c a t i o n  of each n in th ,  seve ra l  reductions were made i n  

the  values assigned t h e  input  v a r i a b l e s :  the  amount of  development assigned 

t o  t h e  growth period and vacant  land category was seduced by one n in th ,  and 

both the  supply of land a v a i l a b l e  f o r  development and a t t r a c t i v e n e s s  weight of 
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the  c e l l  rece iv ing growth were appropr ia t e ly  reduced. The simulat ion process 

was then repeated u n t i l  each n in th  assigned a vacant land category,  had been 

l3 I n  the  case  of shore l ine  c e l l s ,  which can receive  both shore l ine  and 
surrounding a r e a  development, the  a l l o c a t i o n  of n in ths ,  reduction i n  vacant 
land,  and reduction i n  the  t o t a l  a t t r a c t i v e n e s s  of the  c e l l  a r e  made i n  the  
appropr ia te  f i e l d s  of both shore l ine  and surrounding area words i n  t h e  working 
simulat ion map. 



a l loca ted .  I n  cases where a d d i t i o n a l  numbers were needed, a s  was t h e  case  

when two random numbers were as soc ia ted  with the  same n in th  of development, 

a d d i t i o n a l  numbers were generated a s  needed. Before proceeding t o  t h e  next 

vacant land category,  a check was made t o  s e e  whether enough random numbers 

had been generated. Simulation passes were then repeated u n t i l  a l l  assigned 

growth wi th in  each vacant land category and wi th in  each growth period had been 

a l loca ted .  

Output of the  Model 

The r e s u l t s  of t e s t  runs of the  model f o r  the  

Lanier  study a r e a s  a r e  summarized i n  Figures 2 and 

Lake Norman and Lake Sidney 

3 ,  which, f o r  comparative 

purposes, a l s o  include the  a c t u a l  d i s t r i b u t i o n  of r e s i d e n t i a l  development a t  

the beginning and end of the f o r e c a s t  periods.  The output of t h e  simulat ion 

process i s  expressed i n  terms of the  number of  n in ths  of r e s i d e n t i a l  develop- 

ment a l l o c a t e d  t o  each c e l l  over the  simulated growth periods.  Blank c e l l s  

i n d i c a t e  t h a t  no development was a l loca ted .  

Because the  simulat ion process conta ins  a p r o b a b i l i s t i c  element, the  

d i s t r i b u t i o n  of expected n in ths  of development v a r i e s  f o r  each run of the  

model. I n  t h e  f i n a l  t e s t s  reported here ,  20 consecutive s imula t ions  were per-  

formed f o r  each rese rvo i r  study a r e a  t o  evaluate  t h e  consistency of the  out -  

put  over repeated model runs. The median simulat ion,  i n  terms of the  sum of 

the  squares of devia t ion  between a c t u a l  and a l l o c a t e d  growth, was s e l e c t e d  t o  

represent  t h e  expected p a t t e r n  of r e s i d e n t i a l  development reported i n  Figures 2 

and 3.  
14 

l4 The choice of the  median run r a t h e r  than an  "average" a l l o c a t i o n  f o r  
the  ex  pos t  f a c t o  fo recas t  was made f o r  two reasons. F i r s t ,  t o  be meaningful, 
averaging would have required t h a t  t h e  output be expressed i n  terms of t en ths  
of a n i n t h  (I/9O of a c e l l ) ,  This f i n e  g r a i n  would have exceeded the  l e v e l  
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Evalua t ion  of t h e  Nodel 

Tes t  runs of  t h e  s imu la t ion  model were eva lua ted  i n  terms of t h e  e f f i -  

c iency  of t h e  program, cons is tency  of  t h e  output  between consecut ive  runs and 

runs i n  each s tudy  a r e a ,  and,  most impor tan t ly ,  i n  terms of  t h e  d e v i a t i o n  of 

t h e  s imu la t ion  from a c t u a l  development. 

E f f i c i ency  of t h e  P r o g r a ~  

The program f o r  s imu la t ing  r e s i d e n t i a l  development i s  very  e f f i c i e n t .  

Each complete s imu la t ion ,  involv ing  gene ra t ing  and s o r t i n g  random numbers, 

searching  t h e  working s imu la t ion  map t o  a l l o c a t e  development, making appro- 

p r i a t e  bookkeeping e n t r i e s ,  and c a l c u l a t i n g  t h e  c r i t e r i o n  sum of  squares  of 

dev ia t ion  between a l l o c a t e d  and a c t u a l  growth, r equ i r ed  3 seconds f o r  Lalce 

Norman and 7 seconds f o r  Lake Sidney Lanier .  An a d d i t i o n a l  14 t o  15  seconds 

were r equ i r ed  t o  p r i n t  t h e  set of  computer maps desc r ib ing  t h e  median simula- 

t i o n  i n  each s e r i e s  o f  runs.  

Approximately 90 percent  of  t h e  computer t i m e  involved i n  each s imu la t ion  

run was spent  i n  s ea rch ing  t h e  working s imu la t ion  map t o  a l l o c a t e  development. 

This  was r e f l e c t e d  i n  t h e  d i f f e r e n c e s  i n  run  time f o r  t h e  Lake Norman and 

Lalce Sidney Lanier  s imula t ions  -- t h e  Lake Norman s imu la t ion  involved only  14 

growth period-vacant  land c a t e g o r i e s ,  whi le  t h e  Lake Sidney Lan ie r  s imu la t ion  

involved 30 such c a t e g o r i e s .  

The g r e a t  speed achieved i n  each s imu la t ion  was made p o s s i b l e  by t h e  

ex t ens ive  preprocess ing  of  t h e  d a t a  t o  e l i m i n a t e  a l l  unnecessary dup l i ca t ions  

of d e t a i l  o f  t h e  inpu t  da t a .  Hore impor tan t ,  however, i s  t h e  f a c t  t h a t  i n  
rounding t h e  r e s u l t s  t o  t h e  n e a r e s t  n i n t h ,  it would be extremely u n l i k e l y  t h a t  
t h e  t o t a l  n in ths  a l l o c a t e d  i n  a n  "average" f o r e c a s t  would match t h e  c o n t r o l  
t o t a l s  s p e c i f i e d  i n  t h e  model i npu t s .  See Donnelly, Chapin, and Weiss, 1964, 
pp. 33-34.  



i n  the  required ca lcu la t ions .  Operations performed i n  preparing t h e  working 

s imula t ion  map (phase one of the  program) f o r  Lake Norman required  20 computer 

runs averaging approximately one minute each, The e f f i c i ency  of t h i s  phase 

of the  program was s i g n i f i c a n t l y  improved f o r  t h e  Lake Sidney Lanier  simula- 

t i o n ,  which requi red  only 10 preprocessing runs of approximately 30 seconds 

each t o  prepare the  working simulat ion map. 

A l l  runs were performed on an  I B M  360 Model 75, which, f o r  purposes of 

comparison wi th  o t h e r  computers, performs approximately one mi l l ion  ca lcu la -  

t i o n s  per  second, 

Consistency of  the  Output 

The sum of t h e  squares of dev ia t ion  between a c t u a l  growth and a l l o c a t e d  

growth over t h e  fo recas t  periods was u t i l i z e d  a s  a c r i t e r i o n  t o  evaluate  t h e  

consistency of t h e  model over repeated simulat ion runs. I n  the  20 consecutive 

s imula t ions  performed f o r  the  f i n a l  tests of t h e  model, the  c r i t e r i o n  values 

t r aced  out  a smooth curve, ind ica t ing  t h a t  the  l i n e a r  sampling technique per-  

formed s a t i s f a c t o r i l y .  These values ranged from 1,952 t o  2,162 i n  20 runs 

fo r  the Lake Norman study a rea  and from 3,726 t o  3,982 i n  a n  i d e n t i c a l  number 

of runs f o r  the  Lake Sidney Lanier  Study area .  See Table 14. 

To compare t h e  r e s u l t s  of  test  runs f o r  Lake Norman and Lake Sidney 

Lanier ,  the  mean sum of squares of the  dev ia t ion  between a c t u a l  and simulated 

growth was ca lcu la ted  both i n  terms of a l l  c e l l s  capable of  rece iv ing devel- 

opment and only those c e l l s  a l l o c a t e d  o r  a c t u a l l y  rece iv ing n in ths  of devel-  

opment over the  f o r e c a s t  periods. A s  i nd ica ted  i n  Table 14, the  s imula t ion  

model performed adequately f o r  each r e s e r v o i r  study a r e a ,  though t h e  Lake 

Norman s imula t ions  were s l i g h t l y  more accurate.  The mean square devia t ions  



TABLE 14 

Comparison o f  Sums of  Squares of  Deviat ion f o r  Each of  20 Consecutive 
Runs, P r o b a b i l i s t i c  Model f o r  Forecas t ing  Res iden t i a l  Development, Lake 
Norman, North Carol ina ,  Reservoir  Area, 1961 - 1369, and Lake Sidney 
Lanier ,  Georgia,  Reservoir  Area, 1956 - 1969 

Lake Norman Lake Sidney Lanier  
To ta l  Mean Sum of  Squares T o t a l  &an Sum of Sauares Run 
Sum of  Developed Run Sum of Developed No. 

Rank Squares A l l  C e l l s  C e l l s  No, S q w r e s  A l l  Ce l l s  C e l l s  

1 1,952 0.245 1.609 1 3,726 0.417 2.119 5 
2 1,970 0,247 1.619 13 3,744 0,4.20 2,125 11 
3 1,996 0.251 1.639 7 3,760 0.421 2,141 16 
4 2,036 0.256 2.669 12 3,768 0.422 2.213 13 
5 2,042 0.256 1,647 20 3,776 0,423 2.034 13 
6 2,046 0.257 1.692 9 3,778 0,423 2,164 G 
7 2,052 0.258 1.672 15 3,784 0.424 2,145 19 
8 2,062 0,259 1.685 14 3,796 0,425 2.109 12 
9 2,072 0.260 1.691 16 3,802 0.426 2.122 17 
10 2,078 0.261 1,715 18 3,806 0.426 2.169 7 
11 2,032 0,261 1,700 3 3,008 0,427 2.165 2 
12 2,092 0.263 1,749 8 3,848 0.431 2.158 15 
13 2,098 0.264 1.727 10  3,856 0.432 2.153 20 
14 2,098 0.264 1.721 11 3,860 0.433 2,155 9 
15 2,112 0.265 1.684 2 3,874 0.434 2,138 14 
16 2,122 0,266 1,713 17 3,882 0,435 2.153 3 
17 2,128 0.267 1.744 5 3,886 0.435 2.1232 1 
18 2,140 0.269 1.713 19 3,930 0.438 2.1GO 10 
19 2,150 0.270 1.786 4 3,924 0,440 2,195 G 
20 2,1G2 0.272 1.709 6 3,982 0.446 2,209 4 

from a c t u a l  development over  a l l  c e l l s  ranged from .245 t o  .272 n i n t h s  pe r  c e l l  

f o r  t h e  Lake Norman s imula t ions  and from .417 t o  .44G n i n t h s  p e r  c e l l  f o r  t h e  

Lake Sidney Lanier  s imula t ions .  

The g r e a t e r  accuracy of t h e  Lake Norman s imula t ions  may be t h e  r e s u l t  

of i n t e r a c t i o n  between r e s e r v o i r  owner residential development p o l i c i e s  and 

t h e  a b i l i t y  of development t o  c l u s t e r .  The Duke Power Company po l i cy  of 

developing "shoestring" subd iv i s ions  p a r a l l e l i n g  t h e  Lake Norman s h o r e l i n e  



eliminated the potential for off-lake development in a number of shoreline 

grid cells simply because the Company did not make lots available which did 

not front on the lake. On the other hand, many shoreline subdivisions adja- 

cent to Lake Sidney Lanier were designed so as to include both waterfront and 

nonwaterfront lots. Although waterfront lots were most attractive to house- 

holds, the fact that off-lake land was more readily available for residential 

use led to more clustering of development, and, hence, larger squared devia- 

tions of simulated from actual development. This tendency was reinforced by 

the greater amount of surrounding area development, which has a natural 

tendency to cluster, allocated by the Lake Lanier simulations. By incorpora- 

ting this clustering phenomenon into the simulation process, it appears likely 

that a more nearly equivalent level of accuracy could be achieved for the 

reservoir study areas. 

Deviations from Actual Growth 

Additional insights into the performance of the model are provided by 

the distribution of deviations between simulated and actual residential 

growth. For the Lake Norman simulations, over 80 percent of the deviation 

in the median run (No. 3) occurred in cells receiving one ninth of develop- 

ment (2.55 acres) above or below the amount of growth which actually occurred 

between 1961 and 1969, See Table 15, 

Cells with the highest deviations, under- or overallocatlons of three 

or more ninths per cell, were examined to determine whether such "major" 

errors were randomly distributed or attributable to some identifiable short- 

coming of the model or model inputs. In the case of underallocated cells, 

deviations occurred in the expected proportion of shoreline and surrounding 



TABLE 15 

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

Underallocation Overallocation 
Number Number 

Deviation of Cells Percent Deviation of Cells Percent 

- 9 0 0.0 3-9 0 0.0 
-8 0 0.0 1-8 0 0.0 
- ? 0 0.0 -1-7 0 0.0 
-6 0 0.0 +6 0 0.0 
- 5 0 0.0 4.5 1 0.2 
-4 4 0.7 c4 3 0.5 
-3 12 2 .O +3 19 3.1 
- 2 9 1 14.9 4-2 6 9 11.2 - 1 502 82.4 +1 524 85.0 

area cells and in cells with and without roads available at the start of the 

forecast. About half of these underallocated cells had high attractiveness 

indices. The fact that no development was allocated may be due to the exis- 

tence of an oversupply of prime shoreline residential land. Approximately 

6,500 lots in shoreline subdivisions are available in the Lake Norman study 

area, but as of the summer of 1969, only 2,421 shoreline dwelling units had 

been constructed. In this situation the underallocation of development to 

some cells is inevitable. In the case of underallocated cells with low 

attractiveness indices, residential development may have occurred because of 

the sale of shoreline lots at below market rates by preimpoundment landowners. 

A previous study of these landowners indicated that many individuals holding 

tracts severed in the process 

their land or sell lots in an 

l5 See Burby and Weiss, 

of reservoir development would either subdivide 

ad hoc fashion to recreation-oriented households, XrF -- 



Since s a l e  of t h e s e  t r a c t s  i s  based on p r i o r  ownership and not  t h e i r  a t t r a c -  

t iveness  f o r  r e s i d e n t i a l  use  and at: p r i c e s  which a r e  o f t e n  s e t  a t  "uninformed" 

below market r a t e s ,  some r e s i d e n t i a l  development i s  channeled t o  s i t e s  which 

would not  otherwise be se lec ted  by land development firms o r  households. 

Ce l l s  i n  which t h e  model overa l located  th ree  o r  more n in ths  of develop- 

ment were a l l  loca ted  adjacent  t o  the  shore l ine ,  and, i n  87 percent  of  these  

cases,  were wholly o r  almost wholly owned by the  Duke Power Company, Although 

most overa l located  c e l l s  were h ighly  a t t r a c t i v e  f o r  r e s i d e n t i a l  use, Company 

p o l i c i e s  and id iosyncras ies  i n  the  design of  Duke Power shore l ine  subdivis ions  

prevented development from a c t u a l l y  occurring.  For ins tance ,  tv7o c e l l s  a l l o -  

cated development were co-opted f o r  an  employee rec rea t ion  a rea  and a shore- 

l i n e  marina, t h r e e  c e l l s  were pr imar i ly  occupied by off - lake  land q h c r o s s  

the  s t r e e t "  from a Duke Power water f ront  subdivision,  and i n  four  cases Duke 

Power had acquired most of the  land i n  a c e l l ,  but had not  subdivided i t  f o r  

r e s i d e n t i a l  use. I n  sum, i t  appears t h a t  t h e  r e s u l t s  of the  Lake Norman 

simulat ion could have been s i g n i f i c a n t l y  improved by more p rec i se ly  i d e n t i f y -  

ing the  intended uses of Duke power's landholdings over the  f o r e c a s t  period,  

Deviations from a c t u a l  growth f o r  the  median Lake Sidney Lanier  simula- 

t i o n  run (No. 2) a r e  presented i n  Table 16. Again, most e r r o r s  were r e -  

s t r i c t e d  t o  c e l l s  a l l o c a t e d  one n in th  of development above o r  below the  amount 

of development which a c t u a l l y  occurred over the  simulat ion period,  Like Lake 

Norman, overa l loca t ions  a r e  probably i n  l a r g e  p a r t  due t o  an excess supply of 

h ighly  a t t r a c t i v e  l o t s  over the  demand f o r  both shore l ine  and surrounding a r e a  

dwelling u n i t s .  For ins tance ,  over 12,000 l o t s  a r e  a v a i l a b l e  i n  shore l ine  

subdivis ions ,  but  only 3,103 shore l ine  dwelling u n i t s  had been const ructed  

through the  summer of 1963. Other f a c t o r s  con t r ibu t ing  t o  overa l loca t ions  



TABLE 16 

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

Underallocation Overallocation 
Number Number 

Deviation of Cells Percent Deviation of Cells Percent 

are the apparently common practice of developing subdivisions with various 

design deficiencies (such a s ,  lots with 25-foot frontage, poor storm drainage, 

and improper street grading) during the early years of the lake's existence 

and widespread speculation in shoreline land. Hence, land otherwise suitable 

for residential development may be unappealing to consumers or withheld f::om 

the market pending further appreciation in iand values, 

Underallocation of development in the Lake Sidney Lanier simulations 

tended to occur in sets of contiguous cells, This represents a tendency for 

development at one location to attract future development, and reflects cer- 

tain economies of scale in residential development and construction. Thus, 

it seems likely that many of these underallocations could be corrected by 

recalculating attractiveness indices during the simulation process to take 

into account this clustering phenomenon. 



For both Lake Norman and Lake Sidney Lanier ,  t h e  simulated p a t t e r n  of 

development exhibi ted  a g r e a t e r  degree of r e s i d e n t i a l  s c a t t e r a t i o n  than 

a c t u a l l y  occurred over t h e  ex pos t  f a c t o  f o r e c a s t  periods,  See Figures 2 

and 3. I n  a d d i t i o n  t o  the  above noted revis ions  i n  the  model t o  r e f l e c t  the  

c l u s t e r i n g  of development, excess s c a t t e r a t i o n  could probably be s i g n i f i c a n t l y  

reduced by e s t a b l i s h i n g  more p rec i se  c o n s t r a i n t s  on land made a v a i l a b l e  f o r  

development i n  t h e  simulat ion process. As a f i r s t  s t e p ,  s t e r i l i z a t i o n  of 

land withheld from development by the  Duke Power Company has a l r eady  been 
\ 

mentioned, General izing t o  both re se rvo i r  a r e a s ,  the  model output  could 

probably be improved by removing from the  vacant land inven to r i e s  pa rce l s  

t i e d  up i n  e s t a t e  se t t lements ,  land held  f o r  f u t u r e  commercial and i n d u s t r i a l  

use, and vacant  land i n  publ ic  ownership. Going beyond these  ad  hoc modifica- -- 
t i ons  i n  the  model inpu t s ,  f u r t h e r  improvements i n  the  output  of the  simula- 

t ions  w i l l  probably requ i re  disaggregation of the  simulat ion process t o  match 

more c lose ly  the  a c t u a l  sequence of decis ions  involved i n  r e s e r v o i r  a r e a  r e s i -  

16 
d e n t i a l  development. 

PIhile seve ra l  refinements w i l l  increase  the  accuracy of the  simulat ion,  

i n  i t s  present  form the  model provides planners and pol icy  makers with a 

powerful t o o l  t o  evaluate  the  e f f e c t s  of pol icy  a l t e r n a t i v e s  on r e s e r v o i r  a r e a  

development p a t t e r n s  and fo recas t  the  probable loca t ion  of r e s i d e n t i a l  growth. 

I n  t h i s  regard,  research  i s  cur ren t ly  underway t o  develop a landowner 
model which w i l l  i n d i c a t e  pa rce l s  l i k e l y  t o  be re leased f o r  r e s i d e n t i a l  devel- 
opment (see footnote  8) and background research  f o r  a consumer o r  r e s i d e n t i a l  
choice model has been completed ( see  Burby, 1971). Combined wi th  an  i n t e r -  
mediate o r  producer model, the  a n t i c i p a t e d  s e r i e s  of l inked s imula t ions  should 
c lose ly  r e p l i c a t e  a c t u a l  land development decisions.  Although the  r e s u l t s  of  
t h i s  research  should enhance the  s o p h i s t i c a t i o n  and accuracy of  r e s i d e n t i a l  
development f o r e c a s t s ,  t he  complexity of the  model and da ta  inputs  w i l l  be 
s i m i l a r l y  increased.  Thus, f o r  many opera t ional  app l i ca t ions ,  an  aggregate 
model of  the  form presented i n  t h i s  r epor t  may be most s u i t a b l e .  



V. TOWARD OPERATIONAL USE OF THE SINULATION MODEL 

The land development s imulat ion model proposed i n  t h i s  r epor t  provides 

an advanced methodology f o r  j o i n t  water resource and l o c a l  land use planning 

f o r  r e se rvo i r  a r e a  r e s i d e n t i a l  development. Real iza t ion  of the  model's 

p o t e n t i a l  depends on both the  concern of r e s e r v o i r  owners and l o c a l  o f f i c i a l s  

f o r  t h e  q u a l i t y  of the  environment and t h e  provis ion  of a s u i t a b l e  i n s t i t u -  

t i o n a l  framework f o r  r e s e r v o i r  a r e a  planning. Achievement of these  pre-  

condit ions f o r  planning w i l l  not  be easy, With the  exception of the  Tennessee 

Valley Authori ty,  r e s e r v o i r  developing agencies have only recen t ly  begun t o  

consider  t h e  impact of water  impoundments on adjacent  land use. Rural j u r i s -  

d i c t i o n s  i n  which most multipurpose r e s e r v o i r s  a r e  cons t ructed  lack  the  

f i n a n c i a l  and t echn ica l  resources,  and o f t e n  t h e  i n c l i n a t i o n ,  t o  i n i t i a t e  

comprehensive planning and land use regula t ions  t o  con t ro l  r e s i d e n t i a l  devcl- 

opment. And, s ince  l a r g e  impoundments invar i ab ly  c ross  j u r i s d i c t i o n a l  

boundaries, intergovernmental coordinat ion  i s  requi red  among l o c a l  governmental 

u n i t s  which o f t e n  have l i t t l e  re levant  experience i n  cooperat ive undertakings. 

Nevertheless, a number of examples of regional  coopera t ive  e f f o r t s  t o  

plan f o r  r e s e r v o i r  a r e a  land development have evolved i n  recent  years .  I n  

severa l  cases ,  pending r e s e r v o i r  p r o j e c t s  have been a c a t a l y s t  i n  the  forma- 

t i o n  of counci ls  of governments made up of a f f e c t e d  l o c a l  j u r i s d i c t i o n s .  An 

exce l l en t  example i n  t h i s  regard i s  t h e  7-county Tocks I s l and  Regional Advisory 

Council, which was crea ted  i n  1365 "as the  p r i n c i p a l  means through which t h e  

top e lec ted  o f f i c i a l s  of  the  region could i d e n t i f y  and come t o  g r i p s  wi th  t h e  



change t h a t  w i l l  be produced by the  Tocks I s l and  projects"'7 (Tocka I s l a n d  

Dam and Reservoir  and Delaware Water Gap National  Recreat ion Area). Orga- 

n iza t ions  t o  f o s t e r  cooperat ion among l o c a l  planning agencies represent  a 

second planning approach. For example, i n  the  case  of Appalachian Power 

Company's Smith Mountain Reservoir,  4 count ies  came together  and formed t h e  

Reservoirs Regional Planning Commission t o  coordinate planning and land use 

r egu la t ions  i n  t h e  r e s e r v o i r  a rea ,  Specia l  d i s t r i c t s  represent  y e t  another  

approach. I n  North Carolina, the  Carolina Power and Light Company fos te red  

the  c r e a t i o n  of t h e  Person-Camel1 County Lake Authori ty,  which has sponsored 

a land use p lan ,  adopted subdivis ion  regu la t ions ,  and const ructed  a park 

adjacent  t o  Carolina Power Lake. The Tennessee Valley Authori ty has been 

instrumental  i n  the  c r e a t i o n  of seve ra l  r eg iona l  development agencies,  such 

a s  the  Elk River Development Authori ty,  which i n  cooperation wi th  TVA have 

planned f o r  the  r e c r e a t i o n a l  development ( inc luding vacat ion  homes) of new 

water  impoundments. F ina l ly ,  complete c o n t r o l  of a r e s e r v o i r  a r e a  environment 

is being approached by the  Tennessee Valley Authori ty i n  the  j o i n t  development 

of the  T e l l i c o  Reservoir  and new town of Timberlake. Other new towns being 

developed adjacent  t o  multipurpose r e s e r v o i r s ,  such a s  Lake Havasu City i n  

Arizona and Flower Mound, adjacent  t o  t h e  Corps of ~ n g i n e e r s '  Grapevine Reser- 

v o i r  i n  Texas, suggest  t h a t  t h i s  approach may have wide na t iona l  a p p l i c a b i l i t y ,  

These pioneering e f f o r t s  t o  coordinate  r e s e r v o i r  development wieh com- 

prehensive regional  and community planning provide a s t rong  foundation f o r  

f u t u r e  endeavors t o  p lan  f o r  t h e  optimum development of r e s e r v o i r  a reas ,  The 

land development s imula t ion  model developed through the  present  research  i s  

intended t o  f a c i l i t a t e  the  process by which optimum development may be achieved, 

I' ~ o c k s  I s l and  Regional Advisory Council, What W i l l  Happen t o  t h e  &st 
of the  Area? Report No, 2 ,  Strsudsburg,  Pa.: The Agency, May 1968. 
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APPENDIX A 

GLOSSARY OF ATTRACTIVENESS FACTORS 

Topography - measures vacant  land which had a s l o p e  of 15 percent  o r  more. 
(Coded t o  n e a r e s t  n i n t h  of a g r i d  c e l l  from U.S.G.S. topographic quad- 
rangle  maps: Lake Norman, d a t a  not  a v a i l a b l e ;  Lake Sidney Lanier ,  
C 1 :  Col, 35 ;  Lake Boone, C 1 :  Col. 35.) 

Ground Cover - measures vacant  land  which was fo re s t ed .  (Coded t o  n e a r e s t  
n i n t h  of a g r i d  c e l l  from a e r i a l  photographs of t h e  r e s e r v o i r  s tudy a r e a s :  
Lake Norman, C 1 :  Col. 32;  Lake Sidney Lanier ,  C 1 :  Col. 39; Lake Boone, 
C 1 :  Col. 39 , )  

X3 Flood Pool - measures land which was inundated by t h e  s tudy  r e s e r v o i r s  
a t  f u l l  pool  e l e v a t i o n ,  (Coded t o  n e a r e s t  n i n t h  of a g r i d  c e l l :  Lake 
Norman, C l :  Col, 35 ;  Lake Sidney Lanier ,  C 1 :  Col. 41; Lake Boone, 
C 1 :  Col. 40 , )  

X4 A e r i a l  Distance t o  Shore l ine  - measures d i rec t :  s t r a i g h t - l i n e  d i s t a n c e  t o  
s h o r e l i n e  a t  f u l l  pool  r e s e r v o i r  e l eva t ion .  (Coded t o  n e a r e s t  1,000-foot 
increment t o  5,499 f e e t  and t o  n e a r e s t  2,000-foot increment t o  13,000 
f e e t ,  t he  maximum l i m i t  of t h e  s tudy  a r e a s ,  from c e n t e r  of g r i d  c e l l  t o  
n e a r e s t  s h o r e l i n e :  Lake Norman, C 1 :  Col. 36 ;  Lake Sidney Lanier ,  
C 1 :  Col. 42; Lake Boone, C 1 :  Col. 41 , )  

X5 Road Distance t o  Nearest  Launch Ramp - measures s t r a i g h t - l i n e  d i s t a n c e  
from c e n t e r  of g r i d  c e l l  t o  n e a r e s t  pub l i c  road and t r a v e l  d i s t a n c e  a long  
most d i r e c t  f e a s i b l e  r o u t e  t o  n e a r e s t  pub l i c  boa t  launching ramp i n  500- 
f o o t  increments.  (Coded t o  n e a r e s t  500-foot increment:  Lake Norman, 
C1:  Cols. 66, 67;  Lake Sidney Lan ie r ,  C2: Cols. 7 ,  8 ;  Lake Boone, 
C l :  Cols. 78, 79 , )  

X6  Water Distance t o  Nearest  Marina - measures d i r e c t  boat  t r a v e l  (water )  
d i s t a n c e  from c e n t e r  of s h o r e l i n e  i n  g r i d  c e l l  t o  n e a r e s t  marina i n  500- 
foo t  increments.  (Coded f o r  s h o r e l i n e  g r i d  c e l l s  on ly  t o  n e a r e s t  500- 
f o o t  increment:  Lake Normsn, C 1 :  Cols.  47, 48,  4'3; Lake Sidney Lanier ,  
C 1 :  Cols.  59, 60, 61;  Lake Boone, C1: Cols ,  52, 53.) 

X7 View of Reservoi r  - measures p o t e n t i a l  f o r  view of r e s e r v o i r  d i s r ega rd ing  
ground cover  and manmade o b s t r u c t i o n s ,  (Coded 1 i f  l i n e  of  s i g h t  from 
c e n t e r  of  g r i d  c e l l  t o  r e s e r v o i r  is  n o t  obs t ruc t ed  by topographic b a r r i e r s ,  
and 0 i f  l i n e  of s i g h t  from c e n t e r  of  g r i d  c e l l  t o  r e s e r v o i r  i s  obs t ruc t ed  
by topographic b a r r i e r s :  Lake Norman, d a t a  not a v a i l a b l e ;  Lake Sidney 
Lanier ,  C 1 :  Col. 43; Lake Boone, C 1 :  Col. 42.) 



X8 Peninsula Location - measures r e l a t i v e  loca t ion  of g r i d  c e l l  toward t h e  
t i p  of peninsula i n  terms of water i n  t h e  g r i d  c e l l  and contiguous 
water i n  adjacent  g r i d  c e l l s .  (Coded f o r  shore l ine  g r i d  c e l l s  only t o  
nea res t  n in th  of a s e r i e s  of g r i d  c e l l s  : Lake Norman, C 1 :  Cols,  42, 43; 
Lake Sidney Lanier ,  C1: Cols. 49, 50; Lake Boone, da ta  not a v a i l a b l e . )  

X9 Access t o  Shorel ine - measures degree of access t o  shore l ine  i n  g r i d  
c e l l  i n  terms of t h e  amount of shore l ine  i n  g r i d  c e l l  i n  100-foot inc re -  
ments. (Coded f o r  shore l ine  g r i d  c e l l s  only t o  nea res t  100-foot inc re -  
ment: Lake Norman, C l :  Cols. 37, 38; Lake Sidney Lanier ,  C 1 :  Cols. 44, 
45; Lake Boone, C 1 :  Cols. 43, 44.) 

Access t o  Reservoir Reservation - measures degree of access  t o  lands su r -  
rounding r e s e r v o i r  which a r e  con t ro l l ed  by rese rvo i r  owner i n  100-foot 
increments. (Coded f o r  shore l ine  g r i d  c e l l s  only t o  nea res t  100-foot 
increment: Lake Norman, C 1 :  Cols. 39, 40; Lake Sidney Lanier ,  C1: 
Cols. 46, 47; Lake Boone, C 1 :  Cols. 43, 44.) 

Aer ia l  Distance from Reservoir Reservation t o  Shorel ine - measures d i r e c t  
s t r a i g h t - l i n e  d is tance  from inlend edge of r e s e r v o i r  owner property l i n e  
t o  shore l ine  i n  100-foot increments. (Coded f o r  shore l ine  g r i d  c e l l s  
only t o  nea res t  100-foot increment: Lake Norman, C 1 :  Col. 41; Lake 
Sidney Lanier ,  C 1 :  48; Lake Boone, da ta  not  a v a i l a b l e , )  

XI2 Aer ia l  Distance t o  Nearest Public  Road - measures s t r a i g h t - l i n e  d i s t a n c e  
from c e n t e r  of  g r i d  c e l l  t o  nea res t  publ ic  road i n  500-foot increments. 
(Coded t o  nea res t  500-foot increment: Lake Norman, C 1 :  Cols. 52, 53; 
Lake Sidney Lanier ,  C 1 :  Cols. 64, 65 ; Lake Boone, C 1 :  Col. 55.) 

X13 Q u a l i t y  of Available Public Road - measures a v a i l a b i l i t y  and su r face  
q u a l i t y  of publ ic  road i n  g r i d  c e l l .  (Coded 0 i f  publ ic  road is  not  i n  
g r i d  c e l l ;  1, i f  d i r t  o r  gravel  public  road i s  i n  g r i d  c e l l ;  and 2 ,  i f  
paved publ ic  road i s  i n  g r i d  c e l l :  Lake Norman, C 1 :  Col. 55; Lake 
Sidney Lanier ,  C 1 :  Col. 67 ;  Lake Boone, da ta  not ava i l ab le . )  

X I 4  Road Distance t o  Nearest Major Road - measures s t r a i g h t - l i n e  d i s t ance  
from cen te r  of g r i d  c e l l  t o  neares t  public  road and t r a v e l  d i s t ance  along 
most d i r e c t  f e a s i b l e  route  t o  neares t  S t a t e ,  U. S.,  o r  I n t e r s t a t e  highway 
i n  SOO-foot increments. (Coded t o  nea res t  500-ffot  increment: Lake 
Norman, C 1 :  Cols. 58, 59; Lake Sidney Lanier ,  C 1 :  Cols. 70, 71; Lake 
Boone, C 1 :  Cols. 58, 59.) 

X I 5  Road Distance t o  Nearest Available Elementary School - measures s t r a i g h t -  
l i n e  d i s t ance  from cen te r  of g r i d  c e l l  t o  neares t  public  road and t r a v e l  
d is tance  along most d i r e c t  f e a s i b l e  route  t o  nea res t  a v a i l a b l e  elementary 
school i n  500-foot increments. (Coded t o  nea res t  500-foot incremeat; 
Lake Norman, C1: Cols. 62,  6 3 ;  Lake Sidney Laniex, C 1 :  Cols. 74, 7.5; 
Lake Boone, C 1 :  Cols. 74, 75,) 



Road Distance t o  Nearest  Cen t r a l  Business D i s t r i c t  - measures s t r a i g h t -  
l i n e  d i s t a n c e  from c e n t e r  of  g r i d  c e l l  t o  n e a r e s t  pub l i c  road and t r a v e l  
d i s t a n c e  a long  most d i r e c t  f e a s i b l e  r o u t e  t o  n e a r e s t  c e n t r a l  bus iness  
d i s t r i c t  i n  2,500-foot  increments.  (Lake Norman: Davidson, Hun te r sv i l l e ,  
Mooresvi l le ,  L incoln ton ,  o r  Newton; Lake Sidney Lan ie r :  Cumming, 
Dawsonville, G a i n e s v i l l e ,  o r  Buford; Lake Boone, no t  measured. Coded t o  
n e a r e s t  2,500-foot increment:  Lake Norman, C2: Cols. 27, 28; Lake 
Sidney Lan ie r ,  C2: Cols. 21, 22.) 

Road Dis tance  t o  M j o r  Urban Centers  - measures s t r a i g h t - l i n e  d i s t a n c e  
from c e n t e r  of g r i d  c e l l  t o  n e a r e s t  pub l i c  road and t r a v e l  d i s t a n c e  a long  
most d i r e c t  f e a s i b l e  r o u t e  t o  major urban c e n t e r s  i n  2,500-foot increments,  
(Lake Norman: C h a r l o t t e ,  Gastonia ,  Hickory, Kannapolis,  and S t a t e s v i l l e ;  
Lake Sidney Lan ie r :  A t l a n t a  and G a i n e s v i l l e ;  Lake Boone: B r i s t o l ,  
Johnson C i ty ,  and Kingsport ,  Coded t o  n e a r e s t  2,500-foot increment:  Lake 
Norman, C 1 :  Cols. 71, 72, 73; 77, 78, 79; C2: Cols,  10 ,  11, 12;  16, 17,  
18; 22, 23, 24; Lake Sidney Lan ie r ,  C2: Cols. 12,  13, 14; 17, 18 ;  Lake 
Boone, C 1 :  Cols. 62, 63; 66, 67; 70, 71 , )  

A c c e s s i b i l i t y  t o  Employment - i d e n t i f i e s  t o t a l  weighted d i s t a n c e  of g r i d  
c e l l  t o  a l l  work a r e a s  w i th  250 employees o r  more i n  s tudy  a rea .  Weights 
a r e  determined by employment s i z e  of work a rea .  (Coded on a s c a l e  from 
0 t o  36: Lake Norman, C2 : Cols. 29, 30;  Lake Sidney Lanier ,  C2 : C o b .  23, 
24; Lake Boone, no d a t a  a v a i l a b l e . )  

A v a i l a b i l i t y  of Publ ic  o r  Community b?ater System - i d e n t i f i e s  g r i d  c e l l s  
which had acces s  t o  a p u b l i c  o r  community water  system, (Coded 0 i f  
pub l i c  o r  community wa te r  system was no t  a v a i l a b l e  i n  g r i d  c e l l  o r  a d j a -  
c e n t  g r i d  c e l l s ,  and t o  n e a r e s t  2- inch p ipe  s i z e  increment of  water  l i n e  
i n  g r i d  c e l l  o r  a d j a c e n t  c e l l s :  Lake Norman, C2: Col. 32 ;  Lake Sidney 
Lan ie r ,  C2: Col, 26; Lake Boone, C 1 :  Col. 80.) 

A v a i l a b i l i t y  of Publ ic  o r  Community Sewer System - i d e n t i f i e s  g r i d  c e l l s  
which had acces s  t o  a p u b l i c  o r  community sewer system. (Coded 0 i f  
publ ic  o r  community sewer system was not  a v a i l a b l e  i n  g r i d  c e l l  o r  a d j a -  
c e n t  g r i d  c e l l s ,  and t o  n e a r e s t  2- inch p ipe  s i z e  increment of sewer l i n e  
i n  g r i d  c e l l  o r  a d j a c e n t  c e l l s :  Lake Norman, C2: Cols,  35, 3 6 ;  Lake 
Sidney Lan ie r :  C2: Cols. 29, 30 ;  Lake Boone, no d a t a  a v a i l a b l e . )  

Zoning P r o t e c t i o n  - i d e n t i f i e s  graded r e s t r i c t i o n s  i n  r e s i d e n t i a l  use 
permi t ted  i n  g r i d  c e l l  based on o f f i c i a l  zoning ord inances ,  i f  any. 
(Coded on graded s c a l e  w i t h  r e s i d e n t i a l  u se  ranked a t  t op  of  s c a l e :  
Lake Norman, C2: Col, 38 ;  Lake Sidney Lan ie r ,  C2: Col. 32; Lake Boone, 
no da t a  a v a i l a b l e . )  

Reservoir  Owner Reserva t ion  - measures land owned by r e s e r v o i r  owner. 
(Coded t o  n e a r e s t  n i n t h  of  a g r i d  c e l l :  Lake Norman, land  held f o r  
i n d u s t r i a l  u se  only ,  C2: Col. 40; Lake Sidney Lanier ,  C 1 :  Col. 40; Lake 
Boone, same a s  X3,) 



X23 Change i n  Aerial Distance t o  Public Road - measures r e l a t i v e  decrease 
i n  a e r i a l  d is tance  t o  neares t  public road due t o  new road const ruct ion 
between rese rvo i r  impoundment and 1969. (Machine coded t o  neares t  500- 
foo t  increment: Lake Norman, C1:  Cols. 52, 53 l e s s  Cols. 50, 51; Lake 
Sidney Lanier ,  C 1 :  Cols. 64, 65 less Cols. 62, G3; Lake Boone, C 1 :  
Col. 55 l e s s  Col. 54.) 

X24 Change i n  Q u a l i t y  of Public Road - measures r e l a t i v e  change i n  q u a l i t y  
of public road i n  g r i d  c e l l  due t o  road improvements and new road con- 
s t r u c t i o n  between rese rvo i r  impoundment and 1969, (Machine coded, 0,  
no change; 1, change from no road t o  d i r t  o r  gravel  road, o r  from d i r t  
o r  gravel  road t o  paved road; and 2 ,  change from no road t o  paved road: 
Lake Norman, C 1 :  Col, 54 l e s s  Col. 55; Lake Sidney Lanier ,  61: Col. 66 
l e s s  Col. 67; Lake Boone, no da ta  avai lable . )  

X25 Change i n  Road Distance t o  Nearest Launch Rame - measures r e l a t i v e  
decrease i n  t r a v e l  d is tance  t o  nea res t  publ ic  boat launching ramp due 
t o  new launch ramp i n s t a l l a t i o n s  and road improvements between r e s e r v o i r  
impoundment: and 1969. (Nachine coded t o  neares t  500-foot increment: 
Lake Norman, C 1 :  Cols. 66, 67 l e s s  Cols. 64, 65; Lake Sidney Lanier ,  
C2: Cols. 7 ,  8 l e s s  C 1 :  Cols. 76, 77; Lake Boone, C 1 :  Cols. 75, 79 l e s s  
Cols. 76, 77.) 

6 Change i n  Water Distance t o  Nearest Marina - measures r e l a t i v e  decrease 
i n  boat t r a v e l  d is tance  t o  neares t  marina due t o  new marina i n s t a l l a t i o n s  
between rese rvo i r  impoundment and 1969. (Machine coded - t o  nea res t  
500-foot increment: Lake Norman, C 1 :  Cols. 47, 49, 49 l e s s  Cols. 44, 45, 
46; Lake Sidney Lanier ,  C 1 :  Cols. 59, 60, 61 l e s s  Cols. 56, 57, 58; Lake 
Boone, C I :  Cols. 52, 53 l e s s  C o b .  50, 51.) 

X27 Change i n  Road Distance t o  Nearest Available Elementary School - measures 
r e l a t i v e  decrease i n  t r a v e l  d is tance  t o  neares t  a v a i l a b l e  elementary 
school due t o  new school const ruct ion and road improvements between 
rese rvo i r  impoundment and 1969. (Machine coded t o  neares t  500-foot 
increment: Lake Norman, C 1 :  Cols. 62, 63 l e s s  Cols. 60, 61; Lake Sidney 
Lanier ,  C1: Cols. 74, 75 l e s s  Cols. 72,  73; Lake Boone, C l :  Cols, 74, 75 
l e s s  Cols. 72, 73.) 

3 Change i n  A v a i l a b i l i t y  of Public o r  Community Water System - measures 
r e l a t i v e  improvenient i n  a v a i l a b i l i t y  and/or capacity of publ ic  o r  commu- 
n i t y  water system i n  g r i d  c e l l  o r  adjacent  c e l l s  between rese rvo i r  
impoundment and 1969, (Machine coded 0 through 8 depending on the 
increase  i n  the  s i z e  of t h e  water  l i n e ,  if any, i n  the  g r i d  c e l l  o r  
adjacent  g r i d  c e l l s :  Lake Norman, C2: Col. 31  less Col. 32; Lake Sidney 
Lanier,  C2: Col. 25 l e s s  Col. 26; Lake Boone, C 1 :  Col. 80 - no water  
systems a t  time of r ese rvo i r  impoundment,) 



X29 Change i n  A v a i l a b i l i t y  of Public o r  Community Sewer System - measures 
r e l a t i v e  improvement i n  a v a i l a b i l i t y  and/or capaci ty  of publ ic  o r  
community sewer system i n  g r i d  c e l l  o r  adjacent  c e l l s  between rese rvo i r  
impoundment and 1969. (Machine coded 0 through 14 depending on t h e  
increase  i n  the  s i z e  of the sewer l i n e ,  i f  any, i n  the  g r i d  c e l l  or 
adjacent  c e l l s :  Lake Norman, 62: Cols. 3 3 ,  34 l e s s  Cols. 35,  36; Lake 
Sidney Lanier ,  C2: Cols. 27, 28 l e s s  Cols. 29, 30; Lake Boone, no data  
ava i l ab le . )  

X30 Change i n  Zoning Protec t ion  - i d e n t i f i e s  changes i n  r e s t r i c t i o n s  i n  
r e s i d e n t i a l  use permit ted i n  g r i d  c e l l  between r e s e r v o i r  impoundment 
and 1969. (Machine coded: Lake Norman, C2 : Col. 37 l e s s  Col. 3 8 ;  Lake 
Sidney Lanier ,  C2: Col. 31  l e s s  Col, 32; Lake Boone, no data  ava i l ab le . )  
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85 CARD 1 (1-12) 

Coding Manual: Lake Norman Reservoi r  Area 

Cols.  1, 2 ,  3 - X-Coordinate of Grid C e l l  (lower l e f t  hand corner )  

Cols. 4 ,  5 ,  6 - Y-Coordinate of  Grid C e l l  (lower l e f t  hand corner )  

Col. 7 - T o t a l  Land i n  Urban and Recrea t iona l  Use - 1969 (measured on a 
subgr id  of  9 u n i t s )  

9 - 8.5 - 9.0 u n i t s  i n  urban and r e c r e a t i o n a l  use  
8 - 7.5 - 8.4 u n i t s  i n  urban and r e c r e a t i o n a l  u se  
7 - 6.5 - 7.4 u n i t s  i n  urban and r e c r e a t i o n a l  u se  
6 - 5.5 - 6.4 u n i t s  i n  urban and r e c r e a t i o n a l  u se  
5 - 4.5 - 5.4 u n i t s  i n  urban and r e c r e a t i o n a l  u se  
4 - 3.5 - 4.4 u n i t s  i n  urban and r e c r e a t i o n a l  use  
3 - 2.5 - 3.4 u n i t s  i n  urban and r e c r e a t i o n a l  u se  
2 - 1.5 - 2.4 u n i t s  i n  urban and r e c r e a t i o n a l  u se  
1 - 0.5 - 1.4 u n i t s  i n  urban and r e c r e a t i o n a l  u se  
0 - 0.0 - 0.4 u n i t s  i n  urban and r e c r e a t i o n a l  use  
Blank - 9.0 u n i t s  w i t h i n  Lake Norman f lood  pool  

Col. 8 - T o t a l  Land i n  Urban Use - 1969 (measured on a subgr id  o f  9 u n i t s )  

9 - 8.5 - 9.0 u n i t s  i n  urban use  
8 - 7.5 - 8.4 u n i t s  i n  urban use  
7 - 6.5 - 7.4 u n i t s  i n  urban use  
6 - 5.5 - 6.4 u n i t s  i n  urban use  
5 - 4.5 - 5.4 u n i t s  i n  urban use  
4 - 3.5 - 4.4 u n i t s  i n  urban use  
3 - 2.5 - 3.4 u n i t s  i n  urban u s e  
2 - 1.5 - 2.4 u n i t s  i n  urban use  
1 - 0.5 - 1.4 u n i t s  i n  urban use  
0 - 0.0 - 0.4 u n i t s  i n  urban use  
Blank - 9.0 u n i t s  w i t h i n  Lake Norman f lood  pool  

Cols. 9 ,  10,  11, 12 - Land i n  Urban Use by Type - 1969 (measured on a 
subgr id  of 9 u n i t s  - code each column) 

Col. 9 - R e s i d e n t i a l  (yel low ochre )  (surrounding a r e a )  
Col. 10 - Business  ( s c a r l e t  red)  
Col. 11 - I n d u s t r i a l  (copenhagen b l u e )  
Col,  12 - Pub l i c  and I n s t i t u t i o n a l  ( o l i v e  green)  

NOTE: The sum o f  Cols. 9 through 12 must equal  number i n  Col. 8. 

9 - 8 .5  - 9.0 u n i t s  i n  s p e c i f i e d  urban u s e  
8 - 7.5 - 8.4 u n i t s  i n  s p e c i f i e d  urban use  
7 - 6.5 - 7.4 u n i t s  i n  s p e c i f i e d  urban use  
6 - 5.5 - 6.4 u n i t s  i n  s p e c i f i e d  urban use  
5 - 4.5 - 5.4 u n i t s  i n  s p e c i f i e d  urban u s e  
4 - 3.5 - 4.4 u n i t s  i n  s p e c i f i e d  urban use  
3 - 2.5 - 3.4 u n i t s  i n  s p e c i f i e d  urban use 
2 - 1 .5  - 2.4 u n i t s  i n  s p e c i f i e d  urban use  
1 - 0.5 - 1.4 u n i t s  i n  s p e c i f i e d  urban use  
0 - 0.0 - 0.4 u n i t s  i n  s p e c i f i e d  urban use  
Blank - 9.0 u n i t s  w i t h i n  Lake Norman flood pool  



86 CARD 1 (13-18) 

Col, 13 - Total  Land In  Recreational Use - 1969 (measured on a subgrid 
of 9 u n i t s )  

9 - 8.5 - 9.0 u n i t s  i n  r ec rea t iona l  use 
8 - 7.5 - 8.4 u n i t s  i n  r ec rea t iona l  use 
7 - 6.5 - 7.4 u n i t s  i n  r ec rea t iona l  use 
6 - 5.5 - 6.4 u n i t s  i n  r ec rea t iona l  use 
5 - 4.5 - 5.4 u n i t s  i n  r ec rea t iona l  use 
4 - 3.5 - 4.4 u n i t s  i n  r ec rea t iona l  use 
3 - 2.5 - 3.4 u n i t s  i n  r ec rea t iona l  uce 
2 - 1.5 - 2.4 u n i t s  i n  r ec rea t iona l  use 
1 - 0.5 - 1.4 u n i t s  i n  r ec rea t iona l  use 
0 - 0.0 - 0.4 u n i t s  i n  r ec rea t iona l  use 
Blank - 9.0 u n i t s  wi th in  Lake Norman flood pool 

NOTE: The sum of C o b .  8 and 13 must equal Col. 7. 

Cols. 14, 15, 16, 17 - Land i n  Recreational  Use by Type - 1969 (measucid - 
on a subgrid of 9 u n i t s  - code each column) 

Col. 14 - Annual Resident ia l  (yellow orange) (shore l ine)  
Col. 15  - Seasonal Resident ia l  (lemon yellow) (shore l ine)  
Col. 16 - Recreational  Service F a c i l i t i e s  (carmine red)  
Col. 17 - Recreational Use Areas (grass  green) 

W3TZ: The sum of Cols, 14 through 17 must equal number i n  Col .  13. 

9 - 8.5 - 9.0 u n i t s  i n  spec i f i ed  rec rea t iona l  use 
8 - 7.5 - 8.4 u n i t s  i n  spec i f i ed  rec rea t iona l  use 
7 - 6.5 - 7.4 u n i t s  i n  spec i f i ed  rec rea t iona l  u ~ e  
6 - 5.5 - G.4 u n i t s  i n  spec i f i ed  rec rea t iona l  use 
5 - 4.5 - 5.4 u n i t s  i n  spec i f i ed  rec rea t iona l  use 
4 3 . 5  - 4.4 u n i t s  i n  spec i f i ed  rec rea t iona l  use 
3 - 2.5 - 3.4 u n i t s  i n  spec i f i ed  rec rea t iona l  use 
2 - 1.5 - 2.4 u n i t s  i n  spec i f i ed  rec rea t iona l  use 
1 - 0.5 - 1.4 u n i t s  i n  spec i f i ed  rec rea t iona l  use 
0 - 0.0 - 0.4 u n i t s  i n  spec i f i ed  rec rea t iona l  use 
Blank - 9.0 u n i t s  within Lake Nom-n flood pool 

Col. l C  - Total  Land i n  Urban and Recreational  Resident ia l  Use - 1962 .- 
(measured on a subgrid of 9 u n i t s )  

?;CTE: Add Cols. 9 ,  14, and 15, 

9 - 8.5 - 9.0 u n i t s  i n  urban and rec rea t iona l  r e s i d e n t i a l  use 
8 - 7.5 - 6.4 u n i t s  i n  urban and recreat iotral  r e s i d e n t i a l  use 
7 - 6 . 5  - 7.4 u n i t s  i n  urban and rec rea t iona l  r e s i d e n t i a l  usc 
6 - 5.5 - 6.4 u n i t s  i n  urban and rec rea t iona l  r e s i d e n t i a l  use 
5 - 4.5 - 5.4 u n i t s  i n  urban and rec rea t iona l  r e s i d e n t i a l  use 
4 - 3.5 - 4.4 u n i t s  i n  urban and rec rea t iona l  r e s i d e n t i a l  use 
3 - 2.5 - 3.4 u n i t s  i n  urban and rec rea t iona l  r e s i d e n t i a l  u s e  
2 - 1.5  - 2.4 u n i t s  i n  urban and rec rea t iona l  r e s i d e n t i a l  : ~ s c  
1 - 0.5 - 1.4 u n i t s  i n  urban and rec rea t iona l  r e s i d e n t i n i  u se  
0 - 0.0 - 0.4 u n i t s  i n  urban and rec rea t iona l  r e s i d e n t i a l  use 
Blank - 9.0 u n i t s  within Lake Norman flood pool 

NOTE: Co:. 7 l e s s  Co1.s. 10, 11, 12, I6  and 17 should cquaf wm'ocr dn 
Col, 38.  



87 CARD 1 (19-24) 

Col. 19 - T o t a l  Land Not i n  Urban o r  Recrea t iona l  Use - 1969 (measured on a 
subgrid of  9 u n i t s )  

9 - 8.5 - 9.0 u n i t s  no t  i n  urban o r  r e c r e a t i o n a l  u se  
8 - 7.5 - 8.4 u n i t s  no t  i n  urban o r  r e c r e a t i o n a l  u se  
7 - 6.5 - 7.4 u n i t s  not  i n  urban o r  r e c r e a t i o n a l  use  
6 - 5.5 - 6.4 u n i t s  not  i n  urban o r  r e c r e a t i o n a l  use  
5 - 4.5 - 5.4 u n i t s  no t  i n  urban o r  r e c r e a t i o n a l  use  
4 - 3.5 - 4.4 u n i t s  not  i n  urban o r  r e c r e a t i o n a l  u se  
3 - 2.5 - 3.4 u n i t s  no t  i n  urban o r  r e c r e a t i o n a l  use  
2 - 1.5 - 2.4 u n i t s  no t  i n  urban o r  r e c r e a t i o n a l  use 
1 - 0.5 - 1.4 u n i t s  not  i n  urban o r  r e c r e a t i o n a l  u se  
0 - 0.0 - 0.4 u n i t s  no t  i n  urban o r  r e c r e a t i o n a l  u se  
Blank - 9.0 u n i t s  w i t h i n  Lake Norman f lood  pool 

NOTE: The sum o f  Col. 7 and Col. 19 must equal  9.  

Col. 20 - T o t a l  Land i n  Urban Use - 1961 (measured on a subgr id  of  9 u n i t s )  

9 - 8.5 - 9.0 u n i t s  i n  urban use  
3 - 7.5 - 8.4 u n i t s  i n  urban use  
7 - 6.5 - 7.4 u n i t s  i n  urban use  
6 - 5.5 - 6.4 u n i t s  i n  urban use  
5 - 4.5 - 5.4 u n i t s  i n  urban use  
4 - 3.5  - 4.4 u n i t s  i n  urban use  
3 - 2.5 - 3.4 u n i t s  i n  urban use  
2 - 1.5 - 2.4 u n i t s  i n  urban use  
1 - 0.5 - 1.4 u n i t s  i n  urban use 
0 - 0.0 - 0.4 u n i t s  i n  urban use  
Blank - 9.0 u n i t s  w i t h i n  Lake Norman f lood  pool 

C o b .  21, 22, 23, 24 - Land i n  Urban Use by Type - 1961 (measured on a 
subgsid of  9 u n i t s )  

Col , 21 - R e s i d e n t i a l  (yel low ochre)  (surrounding a r e a )  
Col, 22 - Business ( s c a r l e t  r e d )  
Col. 23 - I n d u s t r i a l  (copenhagen b lue )  
Col. 24 - Publ ic  and I n s t i t u t i o n a l  ( o l i v e  green)  

NOTE: The sum of  Cols.  21 through 24 must equal  number i n  Col. 20. 

9 - 8.5 - 9.0 u n i t s  i n  s p e c i f i e d  urban use  
8 - 7.5 - 0.4 u n i t s  i n  s p e c i f i e d  urban use  
7 - 6.5 - 7.4 u n i t s  i n  s p e c i f i e d  urban use  
6 - 5.5 - 6.4 u n i t s  i n  s p e c i f i e d  urban use  
5 - 4.5  - 5.4 u n i t s  i n  s p e c i f i e d  urban use  
4 - 3.5 - 4.4 u n i t s  i n  s p e c i f i e d  urban use  
3 - 2.5 - 3.4 u n i t s  i n  s p e c i f i e d  urban use  
2 - 1.5 - 2.4 u n i t s  i n  s p e c i f i e d  urban use  
1 - 0.5 - 1,4  u n i t s  i n  s p e c i f i e d  urban use  
0 - 0.0 - 0.4 u n i t s  i n  s p e c i f i e d  urban use  
Blank - 9.0 u n i t s  w i t h i n  Lake Nonnan f lood pool  



88 CARD 1 (25-30) 

Col. 25 - Tota l  Land Not i n  Urban Use - 1961 (measured on a subgr id  of 
9 u n i t s )  

9 - 8.5 - 9.0 u n i t s  not  i n  urban use  
8 - 7.5 - 8 ,4  u n i t s  not i n  urban use  
7 - 6 , 5  - 7.4 u n i t s  not  i n  urban use 
6 - 5.5 - 6.4 u n i t s  not  i n  urban use  
5 - 4.5 - 5.4 u n i t s  not i n  urban use  
4 - 3.5 - 4.4 u n i t s  not i n  urban use 
3 - 2.5 - 3.4 u n i t s  n o t  i n  urban use 
2 - 1.5 - 2.4 u n i t s  no t  i n  urban use 
1 - 0.5 - 1.4 u n i t s  no t  i n  urban use 
0 - 0.0 - 0.4 u n i t s  no t  i n  urban use 
Blank - 9.0 u n i t s  w i t h i n  Lake Norman f lood  pool 

NOTE: The sum of  Col. 20 and Col. 25 must equal  9 .  

Col,  26 - Inc rease  i n  Land i n  Urban Use - 1961-1969 (measured on a 
subgr id  of 9 u n i t s )  

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 9 - Inc rease  i n  urban n in ths  per  g r i d  c e l l  between 1961 nnd 1343 

NOTE: Subt rac t  Col. 20 from Col. 8. Resul t  must be 0 o r  p o s i t i v e  
increase .  

Col. 27, 28, 29, 30 - Inc rease  i n  Land i n  Urban Use by Type - 1961-1969 
(measured on subgrid of 9 u n i t s )  

Col. 27 - Res iden t i a l  (yellow ochre)  (surrounding a r e a )  

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 9 - Increase  i n  urban r e s i d e n t i a l  n in ths  pe r  g r i d  c e l l  

between 1961 and 1969 

NOTE: Sub t r ac t  Col. 21  from Col. 9 ,  Resul t  must be 0 o r  p o s i t i v e  
increase .  

Col. 28 - Business ( s c a r l e t  r ed )  

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 9 - Inc rease  i n  business  n in ths  pe r  g r i d  c e l l  between 

1961 and 1969 

NOTE: Sub t r ac t  Col. 22 from Col. 10. Resul t  must be 0 o r  p o s i t i v 2  
inc rease .  

Col. 29 - I n d u s t r i a l  (copenhagen 'blue) 

Blank - E n t i r e  c e l l  w i t h i n  Lake Worman f lood  p o o l  
0 - 9 - Inc rease  i n  i n d u s t r i a l  n i n t h s  per  g r i d  c e l l  between 

1961 and 1969 

NOTE: Sub t r ac t  Col. 23 from Col, 11. Resul t  must be 0 o r  p o s i t i v e  
inc rease .  
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Col,  30 - Publ ic  and I n s t i t u t i o n a l  ( o l i v e  green)  

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 9 - Inc rease  i n  pub l i c  and i n s t i t u t i o n a l  n in ths  per  g r i d  

c e l l  between 1961 and 1909. 

NOTE: Sub t r ac t  Col. 24 from Col, 12. Resul t  must be 0 o r  p o s i t i v e  
inc rease .  

Col,  31 - Inc rease  i n  Land i n  Urban and Rec rea t iona l  Res iden t i a l  Use - 
1961-1969 (measured on a subgr id  of 9 u n i t s )  

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 9 - Inc rease  i n  urban and r e c r e a t i o n a l  r e s i d e n t i a l  n in ths  pe r  

g r i d  c e l l  between 19G1 and 1969 

NOTE: Sub t r ac t  Col. 21 from Col. 18. Resul t  must be 0 o r  p o s i t i v e  
inc rease ,  

Col. 32 - Ground Cover o f  Land Not i n  Urban o r  Recrea t iona l  Use - 1969 

9 - 8.5  - 9.0 u n i t s  
8 - 7.5 - 8.4 u n i t s  
7 - 6.5 - 7.4 u n i t s  
6 - 5.5 - 6.4 u n i t s  
5 - 4.5 - 5.4 u n i t s  
4 - 3 . 5  - 4.4 u n i t s  
3 - 2.5 - 3.4 u n i t s  
2 - 1 .5  - 2.4 u n i t s  
1 - 0.5 - 1.4 u n i t s  
0 - 0.0 - 0.4 u n i t s  
Blank - 9.0 u n i t s  

no t  i n  use  wi th  ground cover  
no t  i n  u se  wi th  ground cover  
not  i n  use wi th  ground cover  
no t  i n  use  w i t h  ground cover  
no t  i n  use  wi th  ground cover  
not  i n  use  w i t h  ground cover  
no t  i n  u se  wi th  ground cover  
n o t  i n  use  w i t h  ground cover  
not  i n  use wi th  ground cover  
not  i n  use wi th  ground cover  
w i t h i n  Lake Norman f lood  pool 

Col. 33  - Ground Cover of Land Not i n  Urban o r  Rec rea t iona l  Use - 1961 
(measured on a subgr id  of 9 u n i t s )  

9 - 8.5 - 9 . 0  u n i t s  not  i n  use  w i t h  ground cover  
8 - 7.5 - 8.4 u n i t s  no t  i n  u se  w i t h  ground cover  
7 - 6.5 - 7.4 u n i t s  no t  i n  use wi th  ground cover  
6 - 5.5 - 6.4 u n i t s  no t  i n  use  wi th  ground cover  
5 - 4.5 - 5 . 4  u n i t s  no t  i n  use wi th  ground cover  
4 - 3.5 - 4.4 u n i t s  no t  i n  use  w i t h  ground cover  
3 - 2.5 - 3.4 u n i t s  no t  i n  use  wi th  ground cover  
2 - 1.5 - 2.4 u n i t s  not  i n  use w i t h  ground cover  
1 - 0.5 - 1.4 u n i t s  no t  i n  use  w i t h  ground cover 
0 - 0.0 - 0.4 u n i t s  not  i n  use  wi th  ground cover  
Blank - 9.0 u n i t s  w i t h i n  Lake Norman f lood  pool 
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9 - 8.5 - 9,O units in Lake 
8 - 7.5 - 8.4 units in Lake 
7 - 6,5 - 7.4 units inLake 
6 - 5,5 - 6.4 units in Lake 
5 - 4.5 - 5.4 units in Lake 
4 - 3.5 - 4.4 units in Lake 
3 - 2.5 - 3.4 units in Lake 
2 - 1.5 - 2.4 units in Lake 
1 - 0.5 - 1.4 units in Lake 
0 - 0.0 - 0.4 units in Lake 
Blank - 9.0 units in Lake 

Col, 35 - Lake Norman Flood Pool 
9 - 8.5 - 9.0 units in Lake 
8 - 7.5 - 8.4 units in Lake 
7 - 6.5 - 7.4 units in Lake 
6 - 5,5 - 6.4 units in Lake 
5 - 4,5 - 5.4 units in Lake 
4 - 3.5 - 4.4 units in Lake 
3 - 2.5 - 3.4 units in Lake 
2 - 1.5 - 2.4 units in Lake 
1 - 0.5 - 1.4 units in Lake 
0 - 0.0 - 0.4 units in Lake 
Blank - 9.0 units in Lake 

Col. 34 - Lake Norman Reservoir Reservation (measured on a subgrid of 
9 units) 

Col. 36 - Aerial Distance to Shoreline 

Norman Reservoir Reservation 
Norman Reservoir Reservation 
Norman Reservoir Reservation 
Norman Reservoir Reservation 
Norman Reservoir Resetvation 
Norman Reservoir Reservation 
Norman Reservoir Reservation 
Norman Reservoir Reservation 
Norman Reservoir Reservation 
Norman Reservoir Reservatim 
Norman Reservoir Reservation 

(measured on a subgrid of 9 units) 

Norman flood pool 
Norman flood pool 
Norman flood pool 
Norman flood pool 
Norman flood pool 
Norman flood pool 
Norman flood pool 
Norman flood pool 
Norman flood pool 
Norman flood pool 
Norman flood pool 

Blank - Entire cell within Lake Norman flood pool 
0 - Shoreline in cell 
1 - 500 to 1,499 feet from center of cell to shoreline 
2 - 1,500 to 2,499 feet from center of cell to shoreline 
3 - 2,500 to 3,499 feet from center of cell to shoreline 
4 - 3,500 to 4,499 feet from center of cell to shoreline 
5 - 4,500 to 5,499 feet from center of cell to shoreline 
6 - 5,500 to 7,499 feet from center of cell to shoreline 
7 - 7,500 to 9,499 feet from center of cell to shoreline 
8 - 9,500 to 11,499 feet from center of cell to shoreline 
9 - 1P,500 to 13,000 feet from center of cell to shoreline 

(:DIE. 37, 38 - Access to Shoreline 
-= 

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

Cols. 39, 40 - Access to Reservoir Reservation (Duke Power Company Shorelands) 
Blank - Cell does not contain Duke Power Company property line 
0 - 99 - 100-foot increments of property line in cell 
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Co1,Ol - A e r i a l  Distance from Reservoir  Reservat ion t o  Sha re l ine  

Blank - C e l l  does not  con ta in  s h o r e l i n e  
0 - 99 - 100-foot increments from Duke Power Company proper ty  l i n e  

t o  s h o r e l i n e  

C o l ~ , . 4 2 ,  43 - Peninsula  Locat ion (measured on a 
subgr id  of 9 u n i t s )  

Blank - C e l l  does not  con ta in  s h o r e l i n e  
0 - 99 - Ninths of  water  i n  c e l l  and water-contiguous c e l l s  

Cols. 44, 45, 46 - Direc t  \ l a t e r  Distance t o  Marina - 1969 

Blank - Cel l  does no t  con ta in  s h o r e l i n e  
0 - 99 - 500-foot increments t o  n e a r e s t  marina 

1 
Blank - Cel l  does not  con ta in  s h o r e l i n e  
0 - 99 - 500-foot increments t o  n e a r e s t  marina 

Cols. SO, 51 - A e r i a l  Distance t o  Publ ic  Road - 1969 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - Publ ic  road i s  i n  c e l l  

1 - 99 - 500-foot increments t o  n e a r e s t  p u b l i c  road 

Cols,  52, 53 - A e r i a l  Distance t o  Publ ic  Road - 1961 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - Publ ic  road i s  i n  c e l l  

1 - 99 - 500-foot increments t o  n c a r e s t  pub l i c  road 

Col. 54 - Q u a l i t y  o f  Ava i l ab l e  Publ ic  Road - 1969 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - Publ ic  road is not i n  c e l l  
1 - D i r t  pub l i c  road only  i n  c e l l  
2 - Paved pub l i c  road i n  c e l l  

Col. 55 - Q u a l i t y  of  Ava i l ab l e  Publ ic  Road - 1961 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - Publ ic  road i s  no t  i n  c e l l  
1 - D i r t  pub l i c  road only  i n  c e l l  
2 - Paved pub l i c  road i n  c e l l  

Cols ,  5 6 ,  57 Distpga t o  Nearest I\.& jo r  Road - 1969 

Blank - E n t i r e  c e l l  w i t h i n  Lake IJorman f lood  pool 
0 * -  Zr tc r i a l ,  S t a t e ,  U,S,, or  G n t e r s t a t e  ilighway i s  i n  cell 

1 - 99 - 500-foot increments t o  nea re s t  Arterial, Stace ,  U,S,, or 
I n t e r s t a t e  Highway measured a long  most d i r e c t  f c a s i b l e  
rou te  



Cols,  58, ~9 .- Road Distance t p  Nearest  Major Road -, ,1961 

Blank - Z n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - A r t e r i a l ,  S t a t e ,  U.S., o r  I n t e r s t a t e  ~ i ~ h w a ~  i s  i n  c e l l  

l - 99 - 500-foot increments t o  n e a r e s t  A r t e r i a l ,  S t a t e ,  U.S., o r  
Z n t e r s t a t e  Highway measured a long  most d i r e c t  f e a s i b l ?  
rou te  

Cols. 60, 61  - Road Distance t o  Nearest  Avai lab le  Elementary School - 1969 - 
Blanlc - E n t i r e  c e l l  w i t h i n  Lake Norman f lood pool 

0 - Elementary school  i s  i n  c e l l  
1 - 99 - 500-foot increments t o  n e a r e s t  a v a i l a b l e  elementary school  

measured along most d i r e c t  f e a s i b l e  rou te  

Cols. 42, 63 - Road Distance t o  Nearest Avai lab le  Elementary School =- 1961 *.- 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - Elementary school  i s  i n  c e l l  

1 - 99 - 500-foot increments t o  n e a r e s t  a v a i l a b l e  elementary school  
measured a long  most d i r e c t  f e a s i b l e  rou te  

Cols.  64, 65 - Road Distance t o  Nearest  Publ ic  Boat Launching Pamp - 1969 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - Publ ic  boat launching ramp i s  i n  c e l l  

1 - 99 - 500-foot increments t o  n e a r e s t  pub l i c  boat l a u n c i n ~  ramp 
measured along most d i r e c t  f e a s i b l e  rou te  

Cols. 66, 67 - Road Distance t o  Nearest  Publ ic  Boat Launching Ramp - 1963 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - Publ ic  boat  launcing ramp i s  i n  c e l l  

1 - 99 - 500-foot increments t o  neares.t pub l i c  boat launching ramp 
measured a long  most d i r e c t  f e a s i b l e  rou te  

Co19. GS, 69, 70 - Travel  Distance t o  C h a r l o t t e  - 1969 - 
Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood pool 
0 - 999- 2 ,500-foot  increments t o  c e n t e r  of Cha r lo t t e  

!%Is. -.. . m- 71, - 72, 73 - Travel  Distance t o  C h a r l o t t e  - 19G1 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 999- 2,500-foot  increments t o  c e n t e r  of  Cha r lo t t e  

Cols. 74,  75, 76 - Travel  Distance t o  Kannapolis - 1369 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood pool 
0 - 99 - 2,500-foot increments t o  c e n t e r  of  Kannapolis measured 

a long  most d i r e c t  f e a s i b l e  rou te  
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Cols.  77, 78, 79 - Travel  Distance t o  Xannapolis - 1961 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 99 - 2,500-foot  increments t o  c e n t e r  of Kannapolis measured 

along most d i r e c t  f e a s i b l e  rou te  

Col. 80 - Card Number 

1 - Card Number 1 

Cols. 1, 2 ,  3 - X-Coordinate of  Grid C e l l  (lower l e f t  hand co rne r )  

Cols.  4 ,  5 ,  6 - Y-Coordinate o f  Grid C e l l  (lower l e f t  hand co rne r )  

Cols. 7 ,  6, 9 - Trave l  Distance t o  S t a t e s v i l l e  - 1969 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 999- 2,500-foot  increments t o  c e n t e r  of S t a t e s v i l l e  measured 

a long  most d i r e c t  f e a s i b l e  rou te  

Cols,  10,  11, 12 - Travel  Distance t o  S t a t e s v i l l e  - 1961 

Blanlc - E n t i r e  c e l l  w i t h i n  Lake No-man f lood  pool 
0 - 999- 2,500-foot increments t o  c e n t e r  of S t a t e s v i l l e  measured 

a long  most d i r e c t  f e a s i b l e  r o u t e  

Cols.  13 ,  14,  15  - Travel  Distance t o  Hiclcory - 1969 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 999- 2,500-foot  increments t o  c e n t e r  of  Hickory measured 

a long  most d i r e c t  f e a s i b l e  r o u t e  

Cols.  16,  17,  16 - Travel  Distance t o  Hickory - 1961 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 999- 2,500-foot  increments t o  c e n t e r  of  Hickory measured 

a long  most d i r e c t  f e a s i b l e  r o u t e  

Cola. 19, 20, 21 - Travel  Dis tance  t o  Gastonia  - 1969 

Blanlc - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 999- 2,500-foot  increments t o  c e n t e r  of  Gastonia measured 

a long  most d i r e c t  f e a s i b l e  r o u t e  

Cols. 22, 23, 24 - Travel  Distance t o  Gastonia  - 1961 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
O - 999- 2,500-foot increments t o  c e n t e r  of Gastonia measured 

a long  most d i r e c t  f e a s i b l e  r o u t e  

Cols. 25, 26 - Travel  Distance t o  Nearest  Minor CBD (Davidson, Hun te r sv i l l e ,  
Mooresvi l le ,  L incoln ton ,  Newton) - 1369 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - 999- 2,500-foot increments to c e n t e r  of  n e a r e s t  minor CBD 

measured a long  most d i r e c t  f e a s i b l e  rou te  
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Cols. 27, 23 - Travel Distance to Nearest Hinor CBD (Davidnon, Huntersville, 
Mooresville, Lincolnton, Newton) - 1961 
Blank - Entire cell within Lake Horman flood pool 
0 - 999- 2,500-foot increments to center of nearest minor CBD 

measured along most direct feasible route 

Cols. 29, 30 - Index of Accessibility to Employment - 1969 
Blank - Entire cell within Lake Uorman flood pool 
0 - 999- Units of distance weighted by employment size 

Col, 31 - Availability of Water System - 19G9 
Blank - Entire cell within Lake Norman flood pool 

0 - Uater line is not in cell or adjacent cell 
2 - Two-inch water line is in call or adjacent cell 
4 - Four-inch water line is in cell or adjacent cell 
G - Six-inch water line is In cell or adjacent cell 
8 - Eight-inch or larger water line is in cell or adjacent cell 

Col. 32 - Availability of Water System - 1961 
Blank - Entire cell within Lake Ilorman flood pool 

0 - Water line is not in cell or adjacent cell 
2 - Two-inch water line is in cell or adjacent cell 
4 - Four-inch water line is in cell or adjacent cell 
G - Six-inch water line is in cell or adjacent cell 
CI - Eight-inch or larger water line is in cell or adjacent cell 

Cols. 33, 34 - Availability of Sewex System - 1969 - 
Blank - 

0 - 
6 - 
8 - 
10 - 
12 - 
14 - 

Entire cell within Lake Norman flood pool 
Sewer line is not in cell or adjacent cell 
Six-inch sewer line is in cell or adjacent cell 
Eight-inch sever line is in cell or adjacent cell 
Ten-inch sewer line is in cell or adjacent cell 
Twelve-inch sewer line is in cell or adjacent cell 
Fourteen-inch or larger sewer line is in cell or adjaccnt cell 

Colo. 35, 36 - Availability of Sewer System - 1961 
---\ 

Blank - 
0 - 
G - 
E - 
10 - 
12 - 
14. - 

Entire cell within Lake Elorman flood pool 
Sever line is not in cell or adjacent cell 
Sis-inch sewer line is in cell or adjacent cell 
Eight-inch sewer line is in cell or adjacent cell 
Ten-inch sewer line ic in cell or adjacent cell 
Twelve-inch sewer line is in cell or adjacent cell 
Fourteen-inch or larger sever line is in cell or adjacent cell 
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Col. 37 - Zoning P ro tec t ion  - 1963 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0  - No zoning p r o t e c t i o n  
1 - I n d u s t r i a l  zoning i n  e n t i r e  o r  major p o r t i o n  of  c e l l  
2  - Commercial zoning i n  e n t i r e  o r  major p o r t i o n  of c e l l  
3 - I n s t i t u t i o n a l  zoning i n  e n t i r e  o r  major po r t ion  of  c e l l  
4  - Res iden t i a l  zoning i n  major p o r t i o n  of  c e l l  w i th  remainder 

i n d u s t r i a l ,  commercial, o r  i n s t i t u t i o n a l  
5 - Res iden t i a l  zoning i n  e n t i r e  c e l l  

Col, 38 - Zoning P ro tec t ion  - 1961 

Blank - E n t i r e  c e l l  w i t h i n  Lake Norman f lood  pool 
0 - No zoning p r o t e c t i o n  
1 - I n d u s t r i a l  zoning i n  e n t i r e  o r  major p o r t i o n  of  c e l l  
2 - Commercial zoning i n  e n t i r e  o r  major po r t ion  of  c e l l  
3 - i n s t i t u t i o n a l  zoning i n  e n t i r e  o r  major po r t ion  of c e l l  
4 - Res iden t i a l  zoning i n  major po r t ion  of c e l l  wi th  remainder 

i n d u s t r i a l ,  commercial, o r  i n s t i t u t i o n a l  
5 - Res iden t i a l  zoning i n  e n t i r e  c e l l  

Col. 39 - J u r i s d i c t i o n  - 1969 

0 - H u n r e r s v i l l e  
1 - Cornel ius  
2 - Davidson 
3 - Remaindcr of  Necklenturg County 
4 - Mooresvi l le  
5  - Troutman 
6  - Remainder o f  I r e d e l l  County 
7 - Catawba 
8 - Remainder of Catawba County 
9 - Lincoln County 

Col. 4 0  - Duke Power Company I n d u s t r i a l  Reserva t ion  

9 - 0 . 5  - 9.0 u n i t s  
C - 7 . 5  - 8 . 4  u n i t s  
7  - 6.5 - 7 . 4  u n i t s  
6 - 5 . 5  - 5 . 4  u n i t s  
5 - 4 . 5  - 5.4 u n i t s  
4  - 3.5  - 4 . 4  u n i t s  
3 - 2.5 - 3 . 4  u n i t s  
2  - 1.5 - 2.4 u n i t s  
P - 0.5 - 1.4 u n i t s  
0  - 0.0 - 0.4 u n i t s  

Col, GO - Card Number 

2 - Card Number 2 

i n  Iluke Power Company I n d u s t r i a l  Reservat ion 
i n  Duke Power Company I n d u s t r i a l  Reserva t ion  
i n  Duke Power Company I n d u s t r i a l  Reservat ion 
i n  Duke Power Company I n d u s t r i a l  Reservat ion 
i n  Duke Power Company I n d u s t r i a l  Reserva t ion  
i n  Duke Power Company I n d u s t r i a l  Reserva t ion  
i n  Duke Power Company Indus t r i a l .  Reserva t ion  
i n  Duke Power Company I n d u s t r i a l  Reserva t ion  
i n  Duke Power Company I n d u s t r i a l  Reservat ion 
i n  Duke Power Company I n d u s t r i a l  Reservat ion 
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Coding Nanual: Lake Sidney LanFcr Reservoi r  Area 

Cols.  1, 2 ,  2 - X-Coordinate o f  Grid C e l l  ( l o v e r  l e f t  hand co rne r )  

Cols.  4 ,  5 ,  6 - Y-Coordinate of Grid C e l l  ( l o v e r  l e f t  hand co rne r )  

Col. 7 - T o t a l  Land i n  Urban and Recrea t iona l  Use - 19G5 (measured on 
subgr id  of  9 u n i t s )  

9 - C.5 - 8.0 u n i t s  i n  urban and r e c r e a t r o n a l  use  
n v - 7.5 - 3.4 u n i t s  i n  urban and rccreaLiona1 use  
7 - 6.5 - 7.4 u n i t s  i n  urban and r e c r e a t i o n a l  use  
6 - 5.5 - 6.4 u n i t s  i n  urban and r e c r e a t i o n a l  ucc 
5 - 4.5 - 5.4 u n i r s  i n  urban and r e c r e a t i o n a l  use  
4 - 2.5 - 4.4 u n i t s  i n  urban and r e c r e a t i o n a l  use  
3 - 2 . 5  - 3.4  u n i t s  i n  urban and r e c r e a t i o n a l  use  
2 - 1 .S - 2 .4  u n i t s  i n  urban and r e c r e a t i o n a l  u se  
1 - 0.5 - 1.4 u n i t s  i n  urban and r e c r e a t i o n a l  use  
0 - 0.0 - 0.4 u n i t s  i n  urban and r e c r e a t i o n a l  use  

Blank - - 9.0 u n i t s  w i t h i n  Lake Sidney Lan ie r  f lood  pool 

Col. 2 - Tota l  Land i n  Urban Use - 2359  (measured on subs r id  of 9 u n i t s )  

3 - C.5 - 9 . 0  u n i t s  i n  urban use  
8 - 7.5  - a.4 uniLc i n  urban use  
7 - G.5 - 7.4 u n i t s  i n  urban use  
6 - 5.5 - 6.4 u n i t s  i n  urban use  
5 - 4.5 - 5.4- u n i t s  i n  urban use  
4 - 3.5 - 4.4 u n i t s  i n  urban usc  
3 - 2.5 - 3.4 u n i t s  i n  urban use  
2 - 1.5 - 2.4 u n i t s  i n  urban use  
1 - 0.5 - 1 .4  u n i t s  i n  urban use  
0 - 0.0 - 0 . 4  u n i t s  i n  urban use  

Blank - - 9.0 u n i t s  w i t h i n  Lake Sidney Lan ie r  f l ood  pool 

Cols.  9 ,  10, 11, 12 - Land i n  Urban Use (measured on a 
subgr id  of 9 u n i t s  - code each c o l ~ . ~ ~ )  

Col. 9 - R e s i d e n t i a l  (yellow ochre) (surrounding a r e a )  
Col. 10 - Gusiness ( s c a r l e t  r e d )  
Col,  11 - I n d u s t r i a l  (copenhagen b l u e )  
Col. 12 - Pub l i c  and I n s t i t u t i o n a l  ( o l i v e  green)  

NOTE: The sum of c o b .  3 through 12 must equa l  number i n  column C .  

9 - 2.5 - 9.0 u n i t s  i n  s p e c i f i e d  urban use  
C - 7.5 - 8.4 u n i t s  i n  s p e c i f i e d  urban use  
7 - 6.5 - 7.4 uniLs i n  s p e c i f i e d  urban usc  
6 - 5.5 - 5.4 u n i t s  i n  s p e c i f i e d  urbzn use  
5 - 4.5 - 5.4 u n i t s  i n  s p e c i f i c 2  urban use  
4 - 3.5 - 4.h u n i t s  i n  s p e c i f i e d  urban use 
3 - 2.5 - 3.4 u n i t s  i n  s p e c i f i e d  urban use  
2 - 1.5 - 2 .4  u n i t s  i n  s p e c i f i c d  urban use  
1 - O , T  - 1.4 u n i t s  i n  s p e c i f i e d  urban use  
0 - 0.0 - 0.4 u n i t s  i n  s p e c i f i e d  urban use  

Blank - - 9.0 u n i t s  w i t h i n  Lake Sidney Lanier  f lood  pool 





Col. 13 - T o t a l  Land Hot i n  Urban o r  Recrea t iona l  Use - 1969 (measured 
on subgrid of F u n i t c )  

9 - 8.5  - 9.0 u n i t s  no t  ' in  urban o r  r e c r e a t i o n a l  use  
8 - 7 . 5  - 0.4 u n i t s  not  i n  urban o r  r e c r e a t i o n a l  use 
7 - 5.5  - 7.4 u n i t s  no t  i n  urban o r  r ec rcac iona l  use  
G - 5.5  - 6.4 u n i t s  no t  i n  urban o r  r e c r e a t i o n a l  use 
5 - 4.5 - 5.4 u n i t s  no t  i n  urban o r  r e c r e a t i o n a l  use 
4 - 3.5 - 4.4 u n i t s  no t  i n  urban o r  recreat i .ona1 use  
3 - 2 . 5  - 3.4 u n i t s  not  i n  urban o r  r e c r e a t i o n a l  use  
2 - 1.5 - 2 . 4  u n i t s  no t  i n  urban o r  r e c r e a t i o n a l  use 
1 - 0.5 - 1.4  unics  not  i n  urban o r  r e c r e a t i o n a l  u se  
0 - 0.0 - 0.4. u n i t s  not  i n  urban o r  r e c r e a t i o n a l  use  

Blank - - 9.0 u n i t s  w i t h i n  Lake Sidney Lan ie r  f lood  pool  

NOTE: The sum of  c o l ,  7 and c o l .  19  must equal  3 .  

Col. 20 - Marginal Land Not i n  Urban o r  Rec rea t iona l  Use - 1969 
(measured on subgr id  of 3 u n i t s )  

9 - 3.5 - 9.0 u n i t s  of  marginal  
8 - 7 . 5  - 3.4 u n i t s  of marginal  
7 - 6.5  - 7.4 u n i t s  of marginal  
C - 5.5 - 6.4 u n i t s  of marginal  
5 - 4..5 - 5.4 u n i t s  of marginal  
4 - 3.5  - 4.4 u n i t c  of marginal  
3 - 2.5 - 3.4 u n i t s  of marginal  
2 - 1.5  - 2.4 u c i t s  aP marginal  
1 - 0.5 - 1.4 u n i t s  of marginal 
0 - 0.0 - 0 . 4  u n i t s  of  marginal 

Blank - - 9.0 u n i t s  w i t h i n  Lake 

land no t  i n  urban o r  r e c r e a t i o n a l  u se  
land no t  i n  urban o r  r e c r e a t i o n a l  use 
l an6  n o t  Ln urban o r  r e c r e a t i o n a l  u se  
lane. no t  i n  urban o r  r ec reaz iona l  u se  
land nok i n  urban o r  recreational use  
1er.d not  i n  urban o r  r e c r e a t i o n a l  use  
land no t  i n  urban o r  r e c r e a t i o n a l  use 
land n o t  i n  urban o r  r e c r e a t i o n a l  use 
land not  i n  urban o r  r e c r c s t i o n a l  use 
land ilot i n  urban o r  r e c r e a t i o n a l  use  
Sidney Lanier  f lood  pool 

Col. 2 1  - T o t a l  Land i n  Urban Use - 1955 (measured on s u b s r i d  of  9 u n i t s )  

3 - 6.5 - 9.0 u n i t s  i n  urban use 
8 - 7.5  - 8.4 u n i t s  i n  urban use  
7 - G .S - 7.4 u n i t s  i n  urban use  
G - 5.5 - 6 . 4  u n i t s  i n  urban use  
5 - 4 . 5  - 5.4 u n t t s  i n  urban use  
4 - 3.5 - 4.4 u n i t s  i n  urban use  
3 - 2.5 - 5.4 unics  i n  urban u s e  
2 - 1.5 - 2.4 u n i t s  i n  urban use 
1 - 0.5 - 1.4 u n i t s  i n  urban use  
0 - 0.0 - 0 . 4  u n i t s  i n  urban use  

Dlank - - 9.0 u n i t s  w i t h i n  Lake Sidney Lanier  f Lood pool 



Cols.  22, 25, 24, 25 - Land i n  Urban Use by Type - 1956 (measured on 
a subgr id  o f  S u n i t s  - code each column) 

Col. 22 - 
Col. 2 3  - 
Col. 24 - 
Col. 25 - 

bJQTE : The sum 

9 - 3.5  - 
S - 7.5 - 
7 - 6.5 - 
6 - 5.5 - 
5 - 4.5  - 
4 - 3.5 - 
3 - 2 . 5  - 
2 - 1.5 - 
1 - 0.5 - 
0 - 0.0 - 

Blank - - 

Res iden t i a l  (yellow ochre)  (surrounding a r e a )  
Business ( s c a r l e t  r ed )  
I n d u s t r i a l  (copen11al;en b lue )  
Publ ic  and I n s t i t u t i o n a l  ( o l i v e  green)  

of  c o l s .  22 t l i r o u ~ h  25 must equal  number i n  c o l .  21. 

9.0 u n i t s  i n  s p e c i f i e d  urban use  
8.4 u n i t s  i n  s p e c i f i e d  urban use 
7.4 un i r a  i n  s p e c i f i e d  urban usc  
6.4 u n i t s  i n  s p e c i f i e d  urban use  
5.4 u n i t s  i n  s p e c i f i e d  urban usc  
4.4 u n i t s  LI s p z c i f i e d  urban use  
3.4 u n i t s  i n  s p e c i f i e d  urban use 
2.4 un i ix  i n  s p e c i f i e d  urban u se  
1.4 u n i t s  i n  s p e c i f i e d  urban use 
0.4 u n i t s  i n  ~ p e c i f i e d  urban use 
9.0 u n i t s  t ~ i t l z i n  Lake Sidncy Larlier f lood  pool 

Col. 25 - T o t a l  Land Not i n  Urban Use - IS56 (measured on subgr id  or' 
9 u n i t s )  

9 - 0.5 - 9.0 u n i t s  no t  i n  urban use  
8 - 7.5 - 8.4 u n i t s  no t  is urban use  
7 - 6.5 - 7.4 u n i t s  no t  i n  urban use  
G - 5.5 - 5.4 u n i t s  no t  i n  urban use  
5 - 4.5 - 5.4 u n i t s  no t  i n  urban us: 
4 - 3.5 - 4.4 u n i t s  no t  i n  urban use  
3 - 2.5 - 3.4 u n i t s  not  i n  urban use  
2 - 1.5 - 2.4  u n i t s  not  i n  urbsn  usz 
1 - 0.5 - 1.4 u n i t s  not i n  urban use  
0 - 0.0 - 0.4 u n i t s  no t  i n  urban w e  

Blank - - 9.0 u n i t s  w i t h i n  Lake SFdaey,Lanier  f lood pool 

NOTE: The sum of c o l .  21 and c o l .  2G must equa l  9 .  

Col. 27 - Hargina l  Land Not i n  Urban Use - 13% (measured on cubgrid 
of  9 u n i t s )  

9 - 8.5 - 9.0 u n i t s  
8 - 7.5  - 8.4 u n i t s  
7 - G.5 - 7.4 u n i t s  
6 - 5.5 - 6.4 u n i t s  
5 - 4.5 - 5.4 u n i t s  
4 - 3 .5  - 4.4 m i t s  
3 - 2.5 - 3.4 u n i t s  
2 - 1.5  - 2.4 u n i t s  
1 - 0.5 - 1.4 u n i t s  
0 - 0.0 - 0.4  u n i t s  

Blank - - 9.0 u n i t s  

of marginal. 
o f  marginal 
of  marginal  
of marginal  
of marginal  
of margical  
of  marginal  
of marginal  
of marginal 
of marginal  
w i t h i n  Lake 

land not  i n  urban use  
land not  i n  urban use  
land not  i n  urban use  
land not  i n  urban use 
land no t  i n  urban use  
land not  i n  urban use  
land not  i n  urban use  
land not  i n  urban uce 
land no t  i n  urban use 
land no t  i n  urban use  
Sidney Lanier  f lood  pool 



103 CARD 1 (28-33) 

Col. 21- Inc rease  i n  Land i n  Urban Use: 1955-1969 (measured on subgrid 
of 9 u n i t s )  

Blank - E n t i r e  c e l l  ~ ~ i t h i n  Lake Sidney Lanier  f lood  pool 
0 - 9 Inc rease  i n  urban n i n t h s  per  g r i d  c e l l  between 1956 and 1369 

NOTE: Sub t r ac t  c o l .  21 from c o l .  8. Resul t  must be 0 o r  p o s i t i v e  inc rease .  

Cols. 29, 30, 31, 32 - Increase  i n  Land i n  Urban Use by Type: 2956-1969 
(measured on subgrid of 9 u n i t s )  

Col . 29 - Res iden t i a l  (yel low ochre)  (surrounding a r e a )  

Blank - E n t i r e  c e l l  v i t h i n  Lake Sidney Lanier  f lood  pool 
0 - 9 Inc rease  i n  urban r e s i d e n t i a l  n in ths  per  g r i d  c e l l  between 

1956 and L9G9 

NOTE: Sub t r ac t  c o l .  22 from c o l ,  9 .  Resul t  must be 0 o r  
p o s i t i v e  inc rease .  

Col. 30 - Business ( s c a r l e t  r ed )  

Blank - E n t i r e  c e l l  w i t h i n  Lake Sidney Lanier  f lood  pool 
5 - 9 Inc rease  i n  business  n in ths  pe r  g r i d  c e l l  between 195G 

and 1969. 

NOTE: Sub t r ac t  c o l .  23 from c o l .  10. Resul t  must be 0  o r  
p o s i t i v e  i n c r e a ~ e .  

Col. 31 - I n d u s t r i a l  (copenhagen b lue)  

Blank - E n t i r e  c e l l  w i t h i n  Lake Sidney Lanier  f lood pool  
0 - 9 Inc rease  in irldus t r i a l  nint l~ls  per  g r i d  c e l l  between 3956 

and 1969 

MOTE: S u b t r a c t  co1. 24 from c o l .  11. Resul t  must be 0 o r  
p o s i t i v e  inc rease .  

Col. 32 - Publ ic  and I n s t i t u t i o n a l  ( o l i v e  green)  

Blank - E n t i r e  c e l l  t r i t h in  Lake Sidney Lanier  f lood  pool 
0 - 9 Inc rease  i n  pub l i c  and i n s t i t u t i o n a l  n i n t h s  per  g r i d  

c e l l  between 195C and I969 

NOTE: Sub t r ac t  c o l .  25 from c o l ,  12, Resul t  must be 0  o r  
p o s i t i v e  i n c r e a s e ,  

Col, 33 - Inc rease  i n  Land i n  U&an and Res iden t i a l  Use: 
1956-1969 (measured on subgr id  o f  9 u n i t s )  

Blank - E n t i r e  c e l l  17ithin Lake Sidney Lanier  f lood  pool 
0  - 9 Inc rease  i n  urban and r e c r e a t i o n a l  r e s i d e n t i a l  n in ths  per  

g r i d  c e l l  between 1956 and 19C9 

NOTE: Sub t r ac t  c o l .  22 from c o l .  3%. Resul t  must be O o r  
p o s i t i v e  inc rease .  








































































