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ABSTRACT 

T h i s  i s  t h e  second1 i n  a  s e r i e s  of r e p o r t s  des igned  t o  develop methods, 

models and g u i d e l i n e s  u s e f u l  t o  l a k e  managers as they  seek  t o  measure o r  p re -  

d i c t  c a p a c i t y  as a  s t e p  toward o p t i m i z i n g  t h e  r e c r e a t i o n a l  o u t p u t  of l a k e  

s y s  tems . 
T h i s  r e p o r t  a p p l i e s  sys tems concep ts  t o  t h e  problem of a n a l y z i n g  t h e  

c a p a c i t y  of water-based r e c r e a t i o n  systems.  The framework of a  s i m u l a t i o n  

model and a  number of e x p l a n a t o r y  models r e p r e s e n t i n g  b o a t i n g  b e h a v i o r  a r e  

p r e s e n t e d .  

Gordon A. Hammon, Harold  K.  C o r d e l l ,  - e t  -9 a 1  "Capaci ty  of Water-Based 
R e c r e a t i o n  Systems, P a r t  I - The S t a t e  of t h e  A r t , "  A p r i l  1974, A d d i t i o n a l  
r e p o r t s  w i l l  be  i s s u e d  d e s c r i b i n g  methods f o r  e m p i r i c a l  o b s e r v a t i o n  of u s e r  
a c t i v i t i e s  and i n t e r a c t i o n s  th rough  ground o b s e r v a t i o n s ,  a e r i a l  r e c o n n a i s s a n c e  
and q u e s t i o n n a i r e s ;  a sys tem of computer programs t o  f a c i l i t a t e  d a t a  ~ n a l y s i s ;  
and f i n a l l y ,  a summary of r e s u l t s .  
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I. CAPACITY AND THE SYSTEM OBJECTIVE 

Systems concep ts  a r e  n e c e s s a r y  f o r  examinat ion of t h e  temporal ,  s p a t i a l ,  

and b e h a v i o r a l  i n t e r a c t i o n  among r e c r e a t i o n  v i s i t o r s  and t h e i r  environment .  
1 

The p r e s e n t  s t a t e  of t h e  a r t  does  n o t  pe rmi t  a c c u r a t e  i d e n t i f i c a t i o n ,  q u a n t i -  

f i c a t i o n ,  o r  p r e c i s e  d e s c r i p t i o n  of t h e  many f a c t o r s  and t h e i r  i n t e r a c t i o n s  

which a c t  a s  d e t e r m i n a n t s  of t h e  c a p a c i t y  of a  water-based r e c r e a t i o n  complex. 

N e v e r t h e l e s s ,  t h e  mere e x e r c i s e  o f  o r g a n i z i n g  f o r  t h e  c o n s i d e r a t i o n  of c a p a c i t y  

a l o n g  sys tems  l i n e s  f o c u s e s  a t t e n t i o n  on t h e  sys tem o b j e c t i v e s  and does much t o  

c l a r i f y  t h e  n a t u r e  of t h e  f a c t o r s  and i n t e r a c t i o n s  invo lved .  

Once t h e  sys tem and i t s  o b j e c t i v e s  are c o n c e p t u a l i z e d ,  i t  i s  p o s s i b l e  t o  

develop a model which r e f l e c t s  t h e  f u n c t i o n s  and i n t e r r e l a t i o n s h i p s  between 

component p a r t s .  I f  t h e  components and i n t e r a c t i v e  f a c t o r s  can be dimension- 

a l i z e d  and q u a n t i f i e d ,  we have t h e  b a s i s  f o r  s i m u l a t i n g  t h e  o p e r a t i o n  o f  a 

sys tem t o  t e s t  and e x p l a i n  t h e  consequences of v a r i o u s  management s t r a t e g i e s .  

T h i s  r e p o r t  reviews some s f  t h e  p r e r e q u i s i t e  d e c i s i o n s  and p r e l i m i n a r y  

c o n s i d e r a t i o n s  invo lved  i n  deve lop ing  a r e c r e a t i o n  l a k e  sys tem model, d i s p l a y s  

a  c o n c e p t u a l  s i m u l a t i o n  model, and p roposes  some models t o  e x p l a i n  b o a t i n g  

b e h a v i o r ,  

P r e l i m i n a r y  C o n s i d e r a t i o n s  

Model development i s  n e c e s s a r i l y  p receded  by a comprehensive a n a l y s i s  of 

management o b j e c t i v e s  , a l t e r n a t i v e s ,  and c a p a b i l i t i e s .  Some of t h e  b a s i c  csn-  

s i d e r a t i o n s  a r e  d i s c u s s e d  i n  t h i s  s e c t i o n ,  

R e l a t i o n s h i p  Between Capac i ty  and Sys t e m  O b j e c t i v e s  

F a i l u r e  t o  p r o p e r l y  d e s c r i b e  t h e  r e c r e a t i o n  and o t h e r  o b j e c t i v e s  f o r  which 

a  l a k e  sys tem i s  managed may account  i n  l a r g e  p a r t  f o r  t h e  l a c k  of s u c c e s s  i n  

deve lop ing  v i a b l e  concep t s  and measures of c a p a c i t y .  I t  i s  a  s i m p l e  f a c t  t h a t  

t h e  c a p a c i t y  of a r e c r e a t i o n  system cannot  be s p e c i f i e d ,  measured,  o r  p r e d i c t e d  

u n l e s s  t h e  o b j e c t i v e ( s )  i s  q u a n t i t a t i v e l y  s p e c i f i e d  i n  t h e  u n i t s  of o u t p u t  

'A d e t a i l e d  d i s c u s s i o n  of t h e  i n t e r a c t i v e  f e a t u r e s  of g e n e r a l  sys tems  a r e  
g iven  i n  D. 0 ,  E l l i s  and F ,  J .  Ludwig, Systems Ph i losophy  (Englewood C l i f f s ,  
N .  J.: P r e n t i c e - H a l l ,  I n c . ,  19621, p .  31. According t o  E l l i s  and Ludwig, "A - - 
system is  a d e v i c e ,  p rocedure ,  o r  scheme which beha;es accord ing  t o  some des-  
c r i p t i o n ,  i ts  f u n c t i o n  b e i n g  t o  o p e r a t e  on i n f o r m a t i o n  and /or  energy  a n d / o r  
m a t t e r  . . ." The term "system" emphasizes t h a t  an  o v e r a l l  o p e r a t i o n a l  p r o c e s s  
i s  under  c o n s i d e r a t i o n  r a t h e r  t h a n  a  c o l l e c t i o n  of p i e c e s .  



s o u g h t ,  For  example, t h e  t o t a l  number of u s e r  u n i t s  which can b e  s u p p o r t e d  a t  

a s p e c i f i e d  Bevel of q u a l i t y  on a l a k e  where swimming, b o a t i n g ,  water s k i i n g  

and f i s h i n g  a r e  p e r m i t t e d  s i m u l t a n e o u s l y  w i l l  d i f f e r  from t h e  t o t a l  use  which 

can be suppor ted  a t  t h e  same q u a l i t y  l e v e l  where on ly  one of t h e s e  a c t i v i t i e s  

i s  p e r m i t t e d ,  The d i f f e r e n c e  i s  due i n  p a r t  t o  t h e  d i s t i n c t i v e  s p a c e  r e q u i r e -  

ments and t o l e r a n c e s  of t h e  r e s p e c t i v e  a c t i v i t i e s  and t h e  c o m p e t i t i o n  o r  i n t e r -  

a c t i o n s  between them, Thus, t h e  d e s c r i p t i o n  of c a p a c i t y  and e s t a b l i s h m e n t  of 

c a p a c i t y  s t a n d a r d s  i n  any s u b s t a n t i v e  f a s h i o n  r e q u i r e s  s p e c i f i c a t i o n  of t h e  

s y s t e m ' s  r e c r e a t i o n a l  o b j e c t i v e s .  Such s p e c i f i c a t i o n s  w i l l  i n  t u r n  d i c t a t e  t h e  

n a t u r e  of n e c e s s a r y  o p e r a t i o n a l  g o a l s  and w i l l  imply t h e  management measures 

o r  c o n t r o l s  which are e s s e n t i a l  t o  achievement sf t h e  d e s i r e d  o u t p u t .  Goals 

w i l l  g e n e r a l l y  a p p e a r  as t a r g e t  l e v e l s  of u s e  t o  b e  s u p p o r t e d ,  a c t i v i t i e s  t o  

be p e r m i t t e d ,  p r i o r i t y  accorded each  a c t i v i t y ,  o r  maximum e n v i r o n m e n t a l  impact 

t o  be s u s t a i n e d .  

A s  such ,  i t  i s  r e a d i l y  observed t h a t  g o a l s  r e l a t e  t o  c a p a c i t y  i n  t h e  s e n s e  

t h a t  they g e n e r a l l y  s p e c i f y  t h e  l e v e l  of u t i l i z a t i o n  a t  which p u b l i c  sat is-  

f a c t i o n  i s maximized w i t h i n  t h e  p h y s i c a l  c o n s t r a i n t s  of t h e  l a k e  s y s  tem. 

Given maximizat ion of p u b l i c  s a t i s f a c t i o n  a s  t h e  sys tem o b j e c t i v e ,  we can see 

an i n t i m a t e  r e l a t i o n s h i p  between t h e  sys tem o b j e c t i v e ( s ) ,  i n t e r m e d i a t e  g o a l s  

aimed a t  o b j e c t i v e  achievement,  c o n s t r a i n t s  w i t h i n  t h e  s y s  t e m ,  and c a p a c i t y ,  

Capac i ty  i s  n o t  i t s e l f  an a r b i t r a r y  s t a n d a r d  a s  i s  commonly h e l d .  I t  i s  

unique t o  e a c h  l a k e  sys tem and t h e  o b g e c t i v e ( s )  t h a t  g u i d e  t h e  o p e r a t i o n  of 

t h a t  s y s  tem, 

The c a p a c i t y  i n  terms of number of u s e  u n i t s  a t  one t i m e  on a p u b l i c  l a k e  

where maximum p u b l i c  s a t i s f a c t i o n  i s  t h e  o b j e c t i v e  w i l l  i n  most c a s e s  be d i f f e r -  

e n t  from c a p a c i t y  on a p r i v a t e  l a k e  where maximizat ion of p r o f i t  i s  t h e  o b j e c t i v e .  

Also ,  t h e  r e c r e a t i o n a l  c a p a c i t y  of a  l a k e  w i t h  m u l t i p l e  o b j e c t i v e s  s f  r e c r e a -  

t i o n ,  w a t e r ,  and f i s h e r i e s  p r o d u c t i o n  w i l l  be  much d i f f e r e n t  t h a n  i f  on ly  a 

r e c r e a t i o n a l  o b j e c t i v e  were s p e c i f i e d ,  Fur thermore,  o p e r a t i o n a l  b u d g e t s ,  

p o l i t i c a l  c o n s i d e r a t i o n s ,  s i n e  of t h e  w a t e r  body, and o t h e r  f a c t o r s  which a r e  

c o n s t r a i n t s  a r e  as much d e t e r m i n a n t s  of c a p a c i t y  a s  i s  t h e  o b j e c t i v e  of t h e  

system. Capacf ty ,  t h e r e f o r e ,  i s  a much used and complex concept  which d e s e r v e s  

s p e c i a l  a t t e n t i o n .  
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Q u a n t i t a t i v e  S p e c i f i c a t i o n  of Goals 

The p u b l i c  r e c r e a t i o n  s y s  tem adminis t r a t o r  of t e n  h a s  m u l t i p l e  g o a l s ,  and 

i t  i s  u n l i k e l y  t h a t  t h e s e  a r e  e v e r  e n t i r e l y  compat ib le  o r  t h a t  any s i n g l e  

management s t r a t e g y  would have a  p o s i t i v e  e f f e c t  on a l l .  For i n s t a n c e ,  a  g o a l  

of lowering a d m i n i s t r a t i v e  c o s t s  p e r  u n i t  of u s e  can b e  ach ieved  by i n c r e a s i n g  

d e n s i t y .  High d e n s i t y  i n  t u r n  i n c r e a s e s  t h e  env i ronmenta l  impact  p e r  u n i t  of 

a r e a  and may v i o l a t e  a n o t h e r  g o a l ,  I f  t h e  u l t i m a t e  o b j e c t i v e  of a p u b l i c  

r e c r e a t i o n  s y s  t e m  is t h e  maximizat ion of p u b l i c  b e n e f i t ,  sys tem c o n t r o l s  may 

be  r e q u i r e d  t o  a c h i e v e  c e r t a i n  i n t e r m e d i a t e  g o a l s  d i r e c t l y  r e l a t e d  t o  t h e  aggre-  

g a t e  l e v e l  of p a r t i c i p a n t  s a t i s f a c t i o n .  At t h e  same t i m e ,  o t h e r  c o n t r o l s  may 

b e  n e c e s s a r y  t o  h o l d  env i ronmenta l  impac t s  of r e c r e a t i o n  u s e  w i t h i n  t o l e r a b l e  

l i m i t s  o r  t o  improve t h e  e f f i c i e n c y  of a d m i n i s t r a t i o n ,  Regard less  of t h e s e  o t h e r  

c o n t r o l s  and t h e i r  independen t  t a r g e t s ,  t h e  key t o  t h e i r  u t i l i t y  i s  t h e  b e n e f i t  

t o  u s e r s  and t h e i r  subsequen t  response  t o  them, Thus, t h e  managerPadmin is t ra to r  

f a c e s  a dilemma where competing g o a l s  f o r c e  t h e  u s e  of c o n t r o l  measures which 

may a c t  p o s i t i v e l y  toward a c h i e v i n g  one g o a l  a t  t h e  expense  of o t h e r  g o a l s ,  

Capac i ty ,  i f  measured a s  u n i t s  of u t i l i z a t i o n  o v e r  t i m e ,  must at b e s t  be  

a  g o a l  under  t h e  pr imary o b j e c t i v e  of p r o v i d i n g  a n  a p p r o p r i a t e  o u r p u t  of u s e r  

s a t i s f a c t i o n ,  The q u e s t i o n  t h e n  a r i s e s  whe ther  t h e  t a r g e t  f o r  t h e  l e v e l  of 

s a t i s f a c t i o n  shou ld  be c o n c e p t u a l i z e d  as an  a g g r e g a t e  o r  a s  an a v e r a g e o  I t  i s  

v e r y  l i k e l y  t h a t  beyond a s p e c i f i c  d e n s i t y  of u s e r  u n i t s ,  t h e  average  sat is-  

f a c t i o n  among u s e r s  b e g i n s  t o  d e c l i n e .  The t o t a l  o r  a g g r e g a t e  s a t i s f a c t i o n ,  

however, may c o n t i n u e  t o  i n c r e a s e  a s  more u s e r s  become a c t i v e  i n  t h e  sys tem 

even though t h e  a d d i t i o n a l  u s e r s  may reduce s a t i s f a c t i o n  t o  t h o s e  a l r e a d y  i n  

t h e  sys tem a s  c o n d i t i o n s  become more crowded, 

I n  t h e  c a s e  o f  w a t e r  s k i i n g ,  f o r  example, average  a g g r e g a t e  s a t i s f a c t i o n  

may i n c r e a s e  as a  l o n e  b o a t  i s  j o i n e d  on t h e  w a t e r  by a  second,  t h i r d ,  and 

f o u r t h  b o a t .  A t  some p o i n t ,  however, t h e  p r e s e n c e  of a d d i t i o n a l  b o a t s  may b e g i n  

t o  e x e r t  a n e g a t i v e  i n f l u e n c e ;  t h a t  i s ,  t h e  average  l e v e l  of s a t i s f a c t i o n  w i l l  

s ta r t  t o  d e c l i n e  even though t h e  a g g r e g a t e  s a t i s f a c t i o n  may c o n t i n u e  t o  rise 

over  a l i m i t e d  range  of t o t a l  u s e  l o a d  b u t  a t  a d e c r e a s i n g  r a t e ,  Th i s  i s  because  

t h e  s a t i s f a c t i o n  ga ined  by t h e  a d d i t i o n a l  u s e r s  i s  g r e a t e r  t h a n  t h e  a g g r e g a t e  

l o s s  t o  a l l  o t h e r s .  F i n a l l y ,  a p o i n t  of d e c r e a s i n g  s a t i s f a c t i o n  may b e  

reached  where each added b o a t  a c t u a l l y  reduces  t o t a l  s a t i s f  a c r i  on ( a s  an 

a g g r e g a t e  of t h e  reduced average  o r  i n d i v i d u a l  s a t i s f a c t i o n  l e v e l s )  by a n  

amount g r e a t e r  t h a n  t h e  s a t i s f a c t i o n  ga ined  by t h e  a d d i t i o n a l  b o a t i n g  p a r t y .  



The same g e n e r a l  t h e o r y  a p p l i e s  t o  a  mix of a c t i v i t i e s ,  such  a s  f i s h i n g  

and w a t e r  s k i i n g ,  Ara a d d i t i o n a l  c o n s i d e r a t i o n  i n  t h i s  c a s e  is  t h a t  b o t h  t h e  

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

( f i shermen)  l i k e l y  r e a c t  more s h a r p l y  t o  t h e  p r e s e n c e  of water s k i i n g  b o a t s  

than v i c e  v e r s a ,  Thus, s a t i s f a c t i o n  among t h e  f i s h i n g  p o p u l a t i o n  cou ld  b e  

p r a c t i c a l l y  n e g a t e d  l o n g  b e f o r e  t h e  peak of average  o r  a g g r e g a t e  s a t i s f a c t i o n  

i s  reached by t h e  water s k i i n g  p o p u l a t i o n .  ( F i g .  1 )  

There  i s  n o  i n t e n t  h e r e  t o  s u g g e s t  t h a t  e i t h e r  a v e r a g e  o r  a g g r e g a t e  

s a t i s f a c t i o n  shou ld  be t h e  g o a l  of management o r  whether  t h e  g o a l  s h o u l d  be  a 

s i n g l e  a c t i v i t y  o r  a mix of a c t i v i t i e s .  The purpose  i s  s imply  t o  p o i n t  o u t  

t h a t  c a p a c i t y  c a n n o t  be measured o r  p r e d i c t e d  u n t i l  t h e  sys tem o b j e c t i v e  is  

s p e c i f i e d  i n  terms which i n c l u d e  t h e s e  c o n s i d e r a t i o n s ,  The l i t e r a t u r e  does 

n o t  r e v e a l  means t o  d i r e c t l y  measure e i t h e r  a v e r a g e  o r  a g g r e g a t e  s a t i s f a c t i o n .  

However, i t  i s  t h e  i n t e n t  of t h i s  p a p e r  t o  e x p l o r e  t h e  u s e  of p r o x i e s  which 

can  b e  h e l p f u l  i n  d i m e n s i o n a l i z i n g  them. 

The Need f o r  Q u a l i t y  I n d i c e s  

I n  sys tems  which are i n t e n d e d  t o  p r o v i d e  a  s e r v i c e  a d  where t h e  u l t i m a t e  

o b j e c t i v e  i s  c l i e n t e l e  s a t i s f a c t i o n ,  s i m u l a t i o n  cannot  a c c u r a t e l y  r e f l e c t  t h e  

f u l l  consequences of a l t e r n a t i v e  management s t r a t e g i e s  u n l e s s  i n d i c e s  o f  t h e  

q u a l i t y  of t h e  r e c r e a t i o n a l  s e r v i c e  b e i n g  p rov ided  a r e  a v a i l a b l e ,  S a t i s f a c t i o n  

g e n e r a l l y  cannot  b e  measured d i r e c t l y ,  and t h i s  means t h a t  i n d i c e s  o r  p r o x i e s  

must be  used t o  e n a b l e  measurement of a t t a i n m e n t  of t h e  sys tem o b j e c t i v e .  

R e c r e a t i o n  l a k e  sys tems and o t h e r  s e r v i c e  sys tems a r e  des igned  t o  s u p p o r t  

s p e c i f i c  Boadings a t  a p rede te rmined  l e v e l  of e f f i c i e n c y .  I f  t h e  s y s t e m  i s  

n o t  s u p p o r t i n g  a  l o a d ,  i t  i s  n o t  f u n c t i o n i n g  ( s e r v i n g  a  p u r p o s e ) .  When a  l o a d  

i s  a p p l i e d ,  the  sys tem goes i n t o  a  s t a t e  of t e n s i o n  which u s u a l l y  i n c r e a s e s  

w i t h  i n c r e a s i n g  l o a d ,  Unl ike  a  b r i d g e  which f a i l s  e r r a t i c a l l y  ( c o l l a p s e s )  

when i n t o l e r a b l y  overloaded--but f u n c t i o n s  p e r f e c t l y  up t o  t h a t  point - -a  

r e c r e a t i o n a l  s e r v i c e  sys tem i s  u n l i k e l y  t o  f a i l  a b r u p t l y ,  I n s t e a d ,  i t  t e n d s  t o  

p r o v i d e  p r o g r e s s i v e l y  l e s s  a c c e p t a b l e  o u t p u t  as t h e  o v e r l o a d  i n c r e a s e s ,  For 

example, ext reme l o a d s  r e p r e s e n t e d  by crowding w i l l  be marked by w a i t i n g  l i n e s  

a t  t h e  l a u n c h i n g  ramps, queues a t  t h e  r e s  troom doors ,  and g e n e r a l l y  d e c r e a s e d  

s a t i s f a c t i o n  among v i s i t o r s  b e f o r e  chaos r e i g n s .  Capac i ty  i s  reached  when t h e  

p r e s e n c e  of one more person  would b r e a c h  t h e  s t a n d a r d s  e s t a b l i s h e d  f o r  s a t i s -  

f a c t i o n .  To i d e n t i f y  t h i s  p o i n t ,  however, q u a l i t y  i n d i c e s  a r e  needed and may 



F i g u r e  1. R e l a t i o n s h i p  of t o t a l ,  a v e r a g e  and m a r g i n a l  s a t  i s f a c t  i o n  of l a k e  
I 

u s e r s  u n d e r  d i f f e r e n t  l e v e l s  of a  manageme111 c o n t r o l  v a r i a b l e .  

T o t a  1 
S a t i s f a c t i o n  

R a t i o  of number of s k i i n g  b o a t s  t o  number 
of f i s h i n g  b o a t s  

S a t  i s f a c t i o n  

R a t i o  of number of s k i i n g  boat s  
t o  number of f i s h i n g  b o a t s  

I ' h e  s h i f t  of t h e  t o t a l  
s a t i s f a c t i o n  c u r v e  f rom 
( 1 )  t o  (2) r e s u l t s  f rom 
i n c r e a s i n g  t h e  t o t a  1 
a l l o w e d  number of b o a t s ,  
b o t h  f i s h i n g  and s k i i n g .  

s f  a c t  

i s f a c  

1 
One of t h e  a l t e r n a t i v e  o b j e c t  i v e s  i s  max imiz ing  t o t  a 1  u s e r  s a t  i s f a c t  i o n .  

T h e  second i s  maximi7ing  a v e r a g e  s a t  i s £  a c t  i o n .  ' I ' o ta l  s a t  i s f  a r t  ion i s  111axlmized 
where  t h e  r a t i o  of s k i i n g  t o  f i s h i n g  b o a t s  i s  R ;  a v e r d g e  s ~ i t  i s f a c . t i o r l  i s  
mdximized a t  r a t  i o  A ,  



i n c l u d e  l e n g t h  of w a i t i n g  l i n e s ,  number of compla in t s ,  d e n s i t y  of u s e ,  b o a t i n g  

s a f e t y  c o n d i t i o n s  o r  o t h e r  i n d i c a t o r s  of s a t i s f a c t i o n .  I f  t h e  r e l a t i o n s h i p  

between t h e s e  i n d i c e s  and s a t i s f a c t i o n  can be e s t a b l i s h e d ,  t h e n  s t a n d a r d  

v a l u e s  f o r  t h e s e  i n d i c e s  can be  s p e c i f i e d  t o  gu ide  t h e  achievement of t h e  

o b j e c t i v e ,  

Capaci ty  S t a n d a r d s  

A s e r v i c e  sys tem may be  s a i d  t o  r e a c h  i t s  c a p a c i t y  when i t  n o  l o n g e r  pro-  

v i d e s  t h e  d e s i r e d  o u t p u t s  a t  t h e  r e q u i r e d  s t a n d a r d s .  Hence, i t  i s  i m p l i e d  

t h a t  t h e  s t a n d a r d s  f o r  c a p a c i t y  a r e  d e f i n e d  i n  advance. The l a k e  manager may 

d e f i n e  c a p a c i t y  i n  terms of a  s t a n d a r d  and t h e n  s i m u l a t e  t h e  t e n s i o n s  o r  l o a d s  

which a r e  c o n s i s t e n t  w i t h  t h a t  s t a n d a r d .  A l t e r n a t i v e l y ,  h e  may assume t h e  

t e n s i o n s  and s i m u l a t e  a system which would s u p p o r t  them a t  an a c c e p t a b l e  

s t a n d a r d .  I n  e i t h e r  c a s e ,  t h e  need f o r  s t a n d a r d s  i s  i n e s c a p a b l e .  

S t a n d a r d s  f o r  t h e  o p e r a t i o n  of sys tem components must n o t  b e  se t  i n  i s o l a -  

t i o n .  Although s t a n d a r d s  a r e  r e q u i r e d  f o r  each system component, such a s  

l aunch ing  ramps and p a r k i n g ,  c a r e  must b e  e x e r c i s e d  t o  a v o i d  o p t i m i z i n g  t h e  

e f f i c i e n c y  of one component a t  t h e  expense  of harmony i n  t h e  t o t a l  sys tem.  To 

i l l u s t r a t e  t h i s  p r i n c i p l e ,  c o n s i d e r  a h o t e l  c h a i n  which r e l i e s  on a computer 

t o  l o c a t e  and a l l o c a t e  a v a i l a b l e  s p a c e s  w i t h  t h e  broad o b j e c t i v e  of maximizing 

t h e  u t i l i z a t i o n  of rooms and t h e  l i m i t e d  g o a l  of minimizing t h e  u n i t  c o s t  of 

computer o p e r a t i o n .  E f f i c i e n c y  of t h e  computer i s  maximized when i t  i s  o p e r a t -  

i n g  c o n t i n u o u s l y  a t  f u l l  l o a d  and t h e  s t a n d a r d  f o r  computer c a p a c i t y  i s  s e t  a t  

t h e  r a t e  r e q u i r e d  t o  p r o c e s s  r e s e r v a t i o n  r e q u e s t s  over  t h e  average  24-hour 

b u s i n e s s  day,  Although t h e  d a t a  p r o c e s s i n g  component of t h e  s y s t e m  s u b s e q u e n t l y  

o p e r a t e s  a t  optimum c o s t  p e r  u n i t ,  i t s  e f f e c t i v e n e s s  i n  promoting f u l l  occu- 

pancy i s  d imin i shed  t o  t h e  e x t e n t  t h a t  p o t e n t i a l  g u e s t s  t i r e  of w a i t i n g  f o r  

r e s e r v a t i o n s  and t a k e  t h e i r  b u s i n e s s  e l sewhere .  

C o n t r o l s  Required 

Once t h e  o b j e c t i v e s  and s t a n d a r d s  have been p r o p e r l y  d e s c r i b e d  and t h e  

n a t u r e  of t h e  o p e r a t i v e  f a c t o r s  h a s  been d i s c l o s e d ,  i t  i s  n e c e s s a r y  t o  i d e n t i f y  

t h e  management measures ,  c o n t r o l s  o r  s t r a t e g i e s  which i n s u r e  t h e  o p e r a t i o n  of 

t h e  sys tem w i t h i n  p r e s c r i b e d  l i m i t s .  Where t h e  o b j e c t i v e  of a sys tem is  such  

a s  t o  r e q u i r e  c o n t r o l  of f a c t o r s  which a r e  l o c a l l y  u n c o n t r o l l a b l e ,  i t  w i l l  n o t  

b e  p o s s i b l e  t o  p r e d i c t  t h e  c a p a c i t y  of t h e  sys tem i n  terms of t h e  o b j e c t i v e ,  

S i m u l a t i o n  of t h e  sys tem o p e r a t i o n  under  such c o n d i t i o n s  i s  an aimless e x e r -  

c i s e .  Weisse lburg  states t h a t :  



"The e f f e c t i v e n e s s  of a system (E) i s  a f u n c t i o n  of t h e  v a r i a b l e s  
s u b j e c t  t o  c o n t r o l  (Ci) akd t h e  v a r i a b l e s  n o t  s u b j e c t  t o  c o n t r o l  
(U, > . "2 

To i l l u s t r a t e  t h e  importance of c o n t r o l s  t o  t h e  achievement of o b j e c t i v e s  

c o n s i d e r  a  r e c r e a t i o n  sys tem,  c o n s i s t i n g  of w a t e r ,  f o r e s h o r e ,  beach and back- 

s h o r e ,  which i s  e q u a l l y  s u i t a b l e  f o r  f i s h i n g ,  s a i l i n g ,  and w a t e r  s k i i n g .  The 

management o b j e c t i v e  i s  t o  p r o v i d e  t h e  maximum amount of h i g h  q u a l i t y  f i s h i n g  

and s a i l i n g  e x p e r i e n c e .  Unless  t h e  manager can c o n t r o l  t h e  i n t r u s i o n  of water 

s k i i n g ,  t h e  o b j e c t i v e  w i l l  b e  u n a t t a i n a b l e  r e g a r d l e s s  of any o t h e r  adminis  t r a -  

t i v e  e f f o r t .  T h i s  s u g g e s t s  t h e  importance of a n a l y z i n g  t h e  key f a c t o r s  r e q u i r -  

i n g  c o n t r o l  t o  d i s t i n g u i s h  between t h o s e  which are s u b j e c t  t o  c o n t r o l  and t h o s e  

which must b e  t a k e n  as "given" o r  u n c o n t r o l l a b l e .  I n  t h e  c o n t e x t  of e a r l i e r  

d i s c u s s i o n ,  u n c o n t r o l l a b l e  f a c t o r s  a r e ,  i n  f a c t ,  t h e  s y s  tem c o n s t r a i n t s ,  

C o n t r o l l a b l e  Versus U n c o n t r o l l a b l e  F a c t o r s  

F a c t o r s  may be  c h a r a c t e r i z e d  by v a r y i n g  degrees  of c o n t r o l l a b i l i t y  and may 

even b e  u n c o n t r o l l a b l e  t o  t h e  e x t e n t  t h e y  become a c o n s t r a i n t  depending on 

p h y s i c a l ,  p o l i t i c a l ,  and economic c o n d i t i o n s ;  t h e  a b i l i t i e s  of t h e  l o c a l  mana- 

g e r ;  and t h e  p a r t i c u l a r  c l i e n t e l e  i n v o l v e d .  Likewise ,  f a c t o r s  d i f f e r  i n  t h e 5 2  

e f f e c t s  on o b j e c t i v e s  and w i t h  r e s p e c t  t o  t h e  c o s t  of m a n i p u l a t i n g  them i n  

o r d e r  t o  e x e r t  c o n t r o l ,  

I n  t h e  c a s e  of water-based sys tems ,  f a c t o r s  n o t  s u b j e c t  t o  e o n t r o l  t e n d  t o  

b e  numerous and v i t a l  t o  t h e  c a p a c i t y  e q u a t i o n .  For  example, wea ther  and c l i -  

mate m a n i f e s t e d  as wind, waves, p r e c i p i t a t i o n ,  w a t e r  and a i r  t e m p e r a t u r e s ,  and 

l e n g t h  of season  a r e  beyond t h e  a f f o r d a b l e  realm of c o n t r o l .  N e v e r t h e l e s s ,  

they s e p a r a t e l y  o r  i n  combinat ion may enhance,  c o n s t r a i n  o r  n e g a t e  t h e  r e a l  

c a p a c i t y  t o  s u p p o r t  such  a c t i v i t i e s  a s  swimming, p l e a s u r e  b o a t i n g ,  s a i l i n g ,  

and water s k i i n g ,  Given a sys tem which is r e q u i r e d  t o  o p e r a t e  w i t h  no  d i r e c t  

f e e  t o  u s e r s  and t h e  f a c t  t h a t  t ime-d i s tance  f a c t o r s  can be on ly  s l i g h t l y  

modif ied once t h e  r e s e r v o i r  is c o n s t r u c t e d ,  c o s t  t o  t h e  u s e r  must b e  p l a c e d  i n  

t h e  c a t e g o r y  of "not  s u b j e c t  t o  c o n t r o l . "  

C e r t a i n  f a c t o r s ,  a l t h o u g h  n o t  c o n t r o l l a b l e ,  may b e  p r e d i c t a b l e ,  and t h e s e  

p r e d i c t i o n s  s h o u l d  i n f l u e n c e  t h e  manager 's  decision-making w i t h  r e s p e c t  t o  t h e  

' ~ o b e r t  C. Weisselburg,  and Joseph  G .  Cowley , The E x e c u t i v e  S t r a t e p i s  t ,  
(McGraw-Hill, 19691, pp. 15-16, 



manipul a t i o n  of c o n t r o l l a b l e  f  a c t o r s ,  Local  w e a t h e r ,  f o r  i n s t a n c e ,  i s  reason-  

a b l y  p r e d i c t a b l e  o v e r  s h o r t  p e r i o d s  of t i m e ,  The a s t u t e  manager w i l l  t a k e  l o c a l  

f o r e c a s t s  i n t o  c o n s i d e r a t i o n  as h e  a l l o c a t e s  h i s  manpower and o t h e r  r e s o u r c e s  

t o  p e r i o d s  when wea ther  is  l i k e l y  t o  be  most s u i t a b l e  f o r  h i g h  a t t e n d a n c e  

l e v e l s ,  R e s e r v o i r  drawdown i s  l i k e l y  i n  t h i s  same c a t e g o r y ,  Although a  

r e c r e a t i o n  manager may n o t  have c o n t r o l  o v e r  w a t e r - r e l e a s e  i n t e r v a l s  a d  r a t e s ,  

advance i n f o m a t i o n  w i l l  e n a b l e  him t o  p r e d i c t  drawdown, a n t i c i p a t e  i t s  con- 

sequences  and modify h i s  a c t i o n  p l a n s  a c c o r d i n g l y ,  

Other  f a c t o r s  which can b e  manipu la ted  o r  subgec ted  t o  i n d i r e c t  long-term 

c o n t r o l  may have t o  be  t a k e n  as "given" because  t h e  t ime ,  c o s t ,  o r  r i s k  

invo lved  make t h e  c o n t r o l  p o l i t i c a l l y  o r  p h y s i c a l l y  i m p r a c t i c a l ,  I n  t h i s  

c a t e g o r y  may b e  v a r i a b l e s  such as t h e  d e s i g n ,  performance c h a r a c t e r i s  t i c s ,  

and o p e r a t i n g  requ i rements  o f  equipment such  as b o a t s ,  m ~ t o r s ,  w a t e r  s k i s ,  

t rai lers and au tomot ive  u n i t s ,  I n  t h e  same c a t e g o r y  are t h e  p h y s i c a l  c h a r a e t e r -  

i s t i c s ,  s k i l l s ,  p r e f e r e n c e s ,  a t t i t u d e s  and v a l u e s  of t h e  u s e r s ,  The enforce -  

ment s f  t r a f f i c  laws a long  a c c e s s  r o u t e s  i s  an  e x t e e m a l i t y  n o t  s u b j e c t  t o  

d i r e c t  c o n t r o l  by t h e  sys tem manager, b u t  l a c k  of enforcement  may b e  a f a c t o r  

i n  t h e  b e h a v i o r  and a t t i  Zudes of t h e  u s e r s ,  

F a c t o r s  such  as v i s i t o r  numbers, s i z e  of b o a t ,  and l e n g t h  of s t a y  a r e  

normal ly  c s n t r o U . a b l e ,  F r e q u e n t l y ,  however, t h e  f i s c a l ,  p o l i t f  c a l ,  and opera-  

t i o n a l  c o n s t r a i n t s  which are c h a r a c t e r i s t i c  of p u b l i c  a g e n c i e s  engaged i n  man- 

agement of water r e s o u r c e s  f o r  r e c r e a t i o n  w i l l  l i m i t  t h e  a p p l i c a b i l i t y  o f  such 

o p t i o n s ,  

V t i l i t y o o l  O ~ t i o n s  

Having i s o l a t e d  t h e  a v a i l a b l e  c o n t r o l  o p t i o n s ,  t h e i r  u t i l i t y  must b e  

examined, U t i l i t y  i n  t h i s  s e n s e  is a  f u n c t i o n  of t h e  c o n t r o l l a b i l i t y  of each 

f a c t o r  a d  f t s  e f f e c t i v e n e s s  w i t h  r e s p e c t  t o  g o a l  a c ~ o m p l i s h m e n t ,  Thus,  a 

h i g h l y  c o n t r o l l a b l e  f a c t o r  w i t h  a low c o e f f i c i e n t  of e f f e c t i v e n e s s  would have 

l i t t l e  u t i l i t y  and v i c e  v e r s a ,  P o t e n t i a l l y  i n e f f i c i e n t  and e r r a t i c  sys tems  w i l l  

be  marked by t h e  appazen t  need t o  a p p l y  c o n t r o l s  hawing low u t i l i t y .  

7 1  Measures - 
There  i s  a d i r e c t  and p o s i t i v e  r e l a t i o n s h i p  between t h e  complexi ty  s f  t h e  

management o b j e c t i v e ,  t h e  number s f  f a c t o r s  and v a r i a b l e  r e l a t i o n s h i p s  i n t r o -  

duced and, t h u s ,  t h e  number o f  f a c t o r s  which must b e  c o n t m l l e d  i f  a  r e c r e a t i o n  



sys tem i s  t o  o p e r a t e  w i t h i n  p r e s c r i b e d  l i m i t s .  I n  s h o r t ,  i n c r e a s i n g l y  compli- 

c a t e d  o b j e c t i v e s  r e q u i r e  i n c r e a s i n g l y  compl ica ted  c o n t r o l s .  

To i l l u s t r a t e ,  a  sys tem which s e e k s  t o  maximize t h e  r e c r e a t i o n a l  b e n e f i t  

from f i s h i n g  a s  t h e  s o l e  r e c r e a t i o n  u s e ,  need bu t  e x e r t  c o n t r o l  o v e r  t h e  a e t i -  

v i t i e s  p e r m i t t e d  ( e x c l u d e  a l l  a c t i v i t i e s  excep t  r e c r e a t i o n a l  f i s h i n g )  and t h e n  

d e a l  w i t h  t h e  i n t e r n a l  v a r i a b l e s  which d i r e c t l y  a f f e c t  f i s h i n g  a c t i v i t y ,  O n  

t h e  o t h e r  hand,  a  sys tem t a r g e t e d  toward maximized r e c r e a t i o n  b e n e f i t  through 

a  mix of a c t i v i t i e s ,  e , g , ,  swimming, b o a t i n g ,  f i s h i n g ,  and w a t e r  s k i i n g ,  must 

d e a l  w i t h  t h e  a c t i v i t y - s p e c i f i c  and t h e  i n t r a s p e c i f i c  v a r i a b l e s .  Cons ider ,  f o r  

i n s t a n c e ,  t h e  added f a c t o r s  i n t r o d u c e d  when t h e  s i n g l e  a c t i v i t y  o b j e c t i v e ,  

f i s h i n g ,  i s  expanded t o  i n c l u d e  water s k i i n g .  

F i s h i n g  from s h o r e  o r  b o a t  does n o t  u s u a l l y  r e q u i r e  t h e  u s e  of motors ,  

and motors  could  be  p r o h i b i t e d  t o  op t imize  f i s h i n g  q u a l i t y ,  The rate of  s p a c e  

consumption by f i s h i n g  b o a t s  i s  low, and a t  speeds  r a n g i n g  from z e r o  t o  a b o u t  

t h r e e  miles p e r  hour  they a r e  n o t  l i k e l y  t o  produce waves o r  wakes of any con- 

sequence.  F r i c t i o n  among f i shermen  t e n d s  t o  be  minimal;  random t r a v e l  i s  

a c c e p t a b l e  and does  n o t  g e n e r a t e  t h e  need f o r  t r a f f i c  c o n t r o l  t o  l i m i t  t h e  

p o s s i b i l i t y  of c o l l i s i o n s ,  The p r e s e n c e  of submerged o b j e c t s  and s u r f a c e  

v e g e t a t i o n  may be a p o s i t i v e  f a c t o r ,  and t h e  c o n f i g u r a t i o n  o f  small l a k e s  h a s  

l i t t l e  b e a r i n g  on t h e  a r e a  of t h e  l a k e  which can be e f f e c t i v e l y  u t i l i z e d ,  

E x c l u s i v e  of f a c t o r s  i n v o l v i n g  t h e  t a k i n g  of f i s h  ( t y p e  o f  g e a r  and b a i t ;  

s e a s o n s ,  s i z e s ,  and c a t c h  l i m i t s )  t h e  manager 's  concern w i t h  r e g u l a t i o n ,  a s  i t  

a f f e c t s  c a p a c i t y ,  i s  a lmos t  e n t i r e l y  l i m i t e d  t o  a  q u e s t i o n  o f  level ;  e , g . ,  t h e  

number o f  f i shermen  i n  t h e  sys tem a t  one t ime and t h e  a s s o c i a t e d  rates such  a s  

number of f i sherman  hours  p e r  day and days  p e r  y e a r ,  

I n  t h e  c a s e  of water s k i i n g ,  f a i r l y  high-powered e n g i n e s  are r e q u i r e s  t o  

s u s t a i n  t h e  minimum 15 o r  16 m i l e s  p e r  hour  (MPH) speed  which i s  e s s e n t i a l  t o  

t h e  a c t i v i t y ,  The range  of b o a t  and e n g i n e  s i z e  runs  from about  a  12-foot  

l e n g t h  w i t h  a  12 horsepower (HP) e n g i n e  t o  houseboa t s  o v e r  30 f e e t  l o n g  powered 

by m u l t i p l e  e n g i n e s  a g g r e g a t i n g  s e v e r a l  hundred horsepower.  Noise  l e v e l s  

t end  t o  be  h i g h ,  Speed t y p i c a l l y  ranges  from 16 t o  35 MPH; t h e  r e s u l t a n t  waves 

and  wakes a r e  s u f f i c i e n t  t o  r e q u i r e  some maneuvering on t h e  p a r t  of o t h e r  s k i  

b o a t s  t o  p r e v e n t  swamping o r  an e x c e s s i v e l y  rough r i d e ,  There  may b e  appre-  

c i a b l e  f r i c t i o n  among p a r t i e i p a t l i n g  s k i e r s  because  o f  t h e  b road  r a n g e  of b o a t  

s i z e  and speed ,  Shoa l s  and weedbeds c o n s t i t u t e  h a z a r d s  o r  n u i s a n c e s  t o  b e  



avoided by w a t e r  s k i e r s  and t h e  e f f e c t i v e  a r e a  of a  l a k e  i s  u s u a l l y  subs tan-  

t i a l l y  l e s s  t h a n  t h e  a r e a  of t o t a l  w a t e r  s u r f a c e .  

These c i r c u m s t a n c e s  r e q u i r e  t h a t  t h e  manager be concerned w i t h  t h e  

f r i c t i o n  and c o m p e t i t i o n  among w a t e r  s k i i n g  p a r t i c i p a n t s ,  I n  t h e  i n t e r e s t  of 

harmony and o r d e r ,  h e  must t a k e  a c t i o n  t o  l i m i t  s k i e r s P  impact on one a n o t h e r  

and t o  modify t h e i r  i n t e r a c t i o n  w i t h  p h y s i c a l  f a c t o r s  such a s  s h o r e l i n e ,  

f a c i l i t i e s ,  and submerged h a z a r d s .  The n e c e s s a r y  r e g u l a t i o n s  can  i n v o l v e  n o t  

on ly  l e v e l s  and r a t e s  of p a r t i c i p a t i o n ,  as d e s c r i b e d  f o r  f i s h i n g ,  b u t  a l s o  r a t e  

of speed,  p a t t e r n  of t r a v e l ,  equipment s p e c i f i c a t i o n s ,  and zoning t o  i s o l a t e  

phases  of t h e  a c t i v i t y  which have widely  d i f f e r i n g  r a t e  and s p a c e  r e q u i r e m e n t s .  

I n  t h e  c a s e  of f i s h i n g  o r  w a t e r  s k i i n g  o p p o r t u n i t y  p rov ided  i n  s e p a r a t e  

sys tems,  o r  a l t e r n a t e l y  i n  t h e  same system, r a t e  and l e v e l  c o n t r o l s  can b e  

c o n c e p t u a l i z e d  and a p p l i e d  t o  s t a y  w i t h i n  t h e  a c c e p t a b l e  t o l e r a n c e  ranges  of 

t y p i c a l  p a r t i c i p a n t s .  When prov ided  s i m u l t a n e o u s l y  i n  t h e  same system,  t h e  

d i s p a r i t y  between t h e  p h y s i c a l ,  s o c i a l ,  and b i o l o g i c a l  t o l e r a n c e s  of t h e  two 

a c t i v i t i e s  i s  s o  g r e a t  as t o  r e q u i r e  s u b s t a n t i a l  r e c o n c i l i a t i o n  by modifying 

t h e  p a r t i c i p a t i o n  and u s e  rates f o r  each a c t i v i t y  t o  a r r i v e  a t  c o l l e c t i v e  

r a t e s  and l e v e l s  which are d i f f e r e n t  t h a n  t h o s e  which would be  a c c e p t a b l e  f o r  

e i t h e r  a c t i v i t y  p r a c t i c e d  s e p a r a t e l y .  The f o l l o w i n g  h y p o t h e t i c a l  example 

s e r v e s  t o  i l l u s t r a t e  t h i s  p o i n t ,  Assume a  t y p i c a l ,  e l o n g a t e d ,  100-acre  

Piedmont l a k e ,  managed t o  produce r e c r e a t i o n  f i s h i n g  o p p o r t u n i t y  and p r o v i d i n g  

s a t i s f a c t o r y  f i s h i n g  e x p e r i e n c e  a t  a  l e v e l  of 50 u n i t s  ( b o a t s )  a t  one t i m e ,  

A d m i n i s t r a t i v e  c o n t r o l  i s  a p p l i e d  on ly  t o  t h e  admiss ion r a t e  (50 p e r  day,  p l u s  

t u r n o v e r ) .  The d e c i s i o n  i s  made t o  a l l o w  one u n i t  of w a t e r  s k i i n g  a c t i v i t y  

s i m u l t a n e o u s l y  w i t h  f i s h i n g  use .  The s i z e  of t h e  minimal s p a c e  requ i rement  of 

t h e  one w a t e r - s k i  u n i t  immediate ly  d i s p l a c e s  t h r e e  f i s h i n g  u n i t s ,  I n  a d d i t i o n ,  

t h e  s e n s i t i v i t y  of f i s h i n g  b o a t s  t o  waves, wakes, and n o i s e  r e q u i r e s  t h e  main- 

t enance  of a  b u f f e r  zone which moves w i t h  t h e  w a t e r - s k i  u n i t .  I f  t h e  l a k e  i s  

about  one-half  m i l e  l o n g  and t h r e e - t e n t h s  of a  m i l e  wide,  a s k i  u n i t  moving a t  

20 MPH w i l l  c i r c l e  t h e  l a k e  and i n t e r a c t  w i t h  e v e r y  f i s h i n g  b o a t  no  l e s s  t h a n  

once every  t h r e e  m i n u t e s ,  The s k i  u n i t ,  h a v i n g  a s p a c e  consumption r a t e  which 

is about  twenty times t h a t  of t h e  average  f i s h i n g  u n i t ,  may e v e n t u a l l y  d i s p l a c e  

twenty f i s h i n g  u n i t s ,  The i n i t i a l l y  s u s t a i n e d  "capac i ty"  of one f i s h i n g  u n i t  

p e r  two a c r e s  h a s  been reduced t o  abou t  one u n i t  p e r  3 , 7  a c r e s ,  The c a p a c i t y  

f o r  w a t e r  s k i i n g  i s  one p e r  100 a c r e s ,  t h e  combined c a p a c i t y  is  l e s s  t h a n  one 

p e r  3 .6  a c r e s ,  and t h e  t o t a l  c a p a c i t y  h a s  been reduced from f i f t y  t o  twenty-eight  



u n i t s .  Meanwhile, t h e  number o f  f a c t o r s  which must b e  c o n t r o l l e d ,  i f  even 

t h i s  c a p a c i t y  is  t o  be r e a l i z e d ,  h a s  been i n c r e a s e d  t o  i n c l u d e  s i z e  of b o a t  

a n d / o r  eng ine ,  r a t e  of speed ,  and s i z e  of t e r r i t o r y  as r e p r e s e n t e d  by t h e  

r e q u i r e d  minimum d i s t a n c e  between f i s h i n g  and s k i i n g  u n i t s .  

Summary of P r e l i m i n a r y  C o n s i d e r a t i o n s  

The sys tem o b j e c t i v e  must be  expressed  i n  terms which permi t  q u a n t i f i c a -  

t i o n  of t h e  ourpu t  s u p p o r t e d  by s t a n d a r d s  by which t h e  q u a l i t y  of o u t p u t  a l s o  

c a n  b e  judged. The n a t u r e  of t h e  o b j e c t i v e s  s u g g e s t  t h e  s e p a r a t e  and c o l l e c t i v e  

p r o c e s s i n g  requ i rements  f o r  t h e  sys tem components, Given t h e  p r o c e s s i n g  r e q u i r e -  

ments,  i t  i s  p o s s i b l e  t o  s p e c i f y  t h e  r e q u i r e d  dimensions and o t h e r  c h a r a c t e r -  

i s t i c s  of i n d i v i d u a l  components, 

The need f o r  c o n t r o l  over  c e r t a i n  f a c t o r s  and v a r i a b l e s  w i l l  be impl ied  

by a f u l l y  s p e c i f i e d  o b j e c t i v e ,  F a c t o r s  of concern  w i l l  r ange  from c o n t r o l l a b l e  

a t  r e a s o n a b l e  c o s t  t o  u n c o n t r o l l a b l e  a t  any c o s t .  The need f o r  c o n t r o l s  w i l l  

i n c r e a s e  a s  o b j e c t i v e s  become more complex and t h e  d i f f i c u l t y  of p r e d i c t i n g  

o u t p u t  o r  c a p a c i t y  i n  terms of t h e  o b j e c t i v e  w i l l  i n c r e a s e  i n  p r o p o r t i o n  t o  t h e  

c o l l e c t i v e  s i g n i f i c a n c e  of t h e  f a c t o r s  which a r e  n o t  s u b j e c t  t o  c o n t r o l .  

O b j e c t i v e s  a r e  u n r e a l i s t i c  i f  they s u g g e s t  t h e  need f o r  c o n t r o l s  which manage- 

ment i s  unab le  o r  u n w i l l i n g  t o  assert. 

Given an o b j e c t i v e  i n  terms of u s e r  s a t i s f a c t i o n  and assuming t h a t  sat is-  

f a c t i o n  is based  on some a g g r e g a t e  stemming from an  a c t i v i t y  mix, r a t e s  and 

l e v e l s  of concern t o  t h e  manager can be measured. From t h i s  a system of pro- 

grams can be developed which w i l l  a l l o w  a n a l y s i s  of t h e  r e l a t i o n s h i p s  among 

hypothes ized  system f a c t o r s .  Upon d e t e c t i o n  of s i g n i f i c a n t  r e l a t i o n s h i p s  

which a f f e c t  e f f i c i e n c y  i n  r e a c h i n g  g o a l s ,  i d e n t i t y  of t h e  components of t h e  

l a k e  s y s  t e m  h a s  been ach ieved  and t h e  r e s u l t a n t  model can be  used t o  s i m u l a t e  

some of t h e  more i m p o r t a n t  i n t e r a c t i o n s .  The f o l l o w i n g  s e c t i o n s  of t h i s  r e p o r t  

p r o v i d e  a b a s i s  f o r  modeling as a s t e p  toward i d e n t i f y i n g  and q u a n t i f y i n g  t h e s e  

f a c t o r s  and t h e i r  r e l a t i o n s h i p s .  





11, INTRODUCTION TO MODELING 

Simple flow diagrams (Fig .  2 )  s e r v e  as a p o i n t  of b e g i n n i n g  i n  t h e  modeling 

p r o c e s s .  T y p i c a l l y ,  f low diagrams trace a c t i v i t i e s  such  as p a t r o n  o r  equip-  

ment movement th rough  v a r i o u s  compartments of t h e  r e c r e a t i o n  system,  They a l s o  

r e f l e c t  t h e  l o c a t i o n  o f  c r i t i c a l  p o i n t s  o r  c o n s t r a i n t s  where t h e  f low i s  regu- 

l a t e d  by i n t e n t i o n a l  c o n t r o l s  o r  by i n h e r e n t  l i m i t i n g  f a c t o r s  such as number of 

l aunch ing  ramps, (F ig .  3)  

G e n e r a l l y  conceived,  a r e c r e a t i o n  sys tem r e c e i v e s  a  f low of u s e r s  from 

e x t e r n a l  s o u r c e s ,  The a c t i v i t y  of u s e r s  w i t h i n  t h e  sys tem may b e  d e s c r i b e d  i n  

terms of l e v e l s  and rates, each  of which is dependent on t h e  o t h e r ,  The aggre-  

g a t e  l e v e l  of occupancy, a measure of sys tem state,  may b e  d e s c r i b e d  and i s  

determined by two rates, a r r i v a l  and d e p a r t u r e .  I n t e r n a l l y ,  t h e  l e v e l s  of use  

f o r  v a r i o u s  a c t i v i t i e s  s u c h  a s  b o a t i n g ,  f i s h i n g ,  and p i c n i c k i n g  are dependent  

on one o r  more r a t e s .  For example, t h e  number of b o a t s  p e r  hour  which can be  

launched and r e t r i e v e d  and t h e  number of b o a t  r e n t a l s  which can be  s e r v i c e d  p e r  

hour  a f f e c t  t h e  l e v e l  of b o a t i n g  a c t i v i t y  on t h e  w a t e r  a t  any  p o i n t  i n  t i m e ,  

Rates  and Leve l s  R e l a t e d  t o  S a t i s f a c t i o n  and Q u a l i t y  of Exper ience  

D i s p a r i t i e s  between t h e  s y s t e m ' s  c a p a c i t y  t o  accommodate r a t e s  and l e v e l s  

of a c t i v i t y  t e n d  t o  b e  s e l f - r e g u l a t i n g  o v e r  t i m e ,  b u t  t h e  e q u i l i b r i u m  s t a t e s  o r  

s e r i e s  of states may n o t  r e p r e s e n t  t h e  q u a l i t y  o r  mix of a c t i v i t y  p r o d u c t s  set 

as t h e  sys tem o b j e c t i v e ,  For i n s t a n c e ,  as t h e  l e v e l  of u s e  on t h e  w a t e r  s u r f a c e  

( b o a t s  p e r  a c r e )  approaches  o r  exceeds  some t h r e s h o l d  of t o l e r a n c e  o r  " c a p a c i t y , "  

t h e  r a t e  of m i g r a t i o n  ( b o a t  l a n d i n g s  p e r  hour)  may i n c r e a s e  o r  t h e  rate of 

muta t ion  ( b o a t e r s  d e c i d i n g  t o  s h o r e  f i s h  o r  swim) may advance o r  t h e  rate of 

t r a v e l  ( b o a t  m i l e s  p e r  hour)  may b e  a l t e r e d .  I f  crowding i n  a g iven  l a k e  zone 

r e s u l t s  i n  r e d u c t i o n  i n  speed  t o  l e s s  t h a n  t h e  c r i t i c a l  1 5  MPH p h y s i c a l l y  

r e q u i r e d  t o  s u p p o r t  w a t e r  s k i i n g ,  t h e  l e v e l  of water s k i i n g  u s e  i n  t h a t  zone 

may d e c l i n e  as t h e  p a r t i c i p a n t s  e i t h e r  c o n t i n u e  t h e  same a c t i v i t y  i n  a n o t h e r  

zone of t h e  l a k e ,  change a c t i v i t y ,  o r  l e a v e  t h e  sys tem.  I t  may s a f e l y  b e  

assumed t h a t  t h i s  ad jus tment  is  a t  least  accompanied by t e m p o r a r i l y  d imin i shed  

s a t i s f a c t i o n  among w a t e r  s k i e r s .  

Def in ing  Components of t h e  Model 

The development of a p r a c t i c a l  sys tem model r e q u i r e s  c a r e f u l  i d e n t i f i c a -  

t i o n  and d e f i n i t i o n  of i t s  components, G e n e r a l l y ,  components can b e  d e s c r i b e d  



I 
I 

F i g u r e  2.  R e c r e a t i o n a l  Lake  Sys t em- f low Diagram 
i 

User ~ c c e s s  TJser A c c e s s  

Lake Zone B 
( F i s h i n g ,  b o a t i n g  and w a t e r  s k i i n g )  

Lake Zone C Lake Zone E 
( F i s h i n g ,  
~ o a t i n g  Ps 

s k i i n g )  - - -#- - 
Lake Zone D 

( F i s h i n g  
8r b o , ~ t i n g )  

a-Land/water i n t e r f a c e  

, 

C Sys t em bounda ry  ( i n c l u d e s  l a k e  and p e r i p h e r a l  l a n d s  managed a s  a  
r e c r e a t i o n  u n i t )  

J ~ o t e n t i a l  management c o n t r o l s  i n c l u d e :  

a .  Admiss ion :  o p e n i n g  and c l o s i n g  times, d a t e s  
b. R e g i s t r a t i o n :  number of b o a t s ,  b o a t  l e n g t h ,  ho r sepower  
c .  R e g u l a t i o n :  t r a f f i c  p a t t e r n s ,  a c t i v i t i e s ,  z o n i n g ,  speed  l i m i t s  



F i g u r e  3 .  S i m p l e  f l o w  d i a g r a m  i l l u s t r a t i n g  t h e  movement o f  p a t r o n s ,  a u t o s ,  
and  b o a t s  b e t w e e n  c a n p a r t m e n t s .  

A d m i s s i o n  

P a r k i n g  R 
Road S y s t e m  

1----* 

C 

F a c i l i t i e s  

P a t r o n s  - 
A u t o s  *--* 
B o a t s  ---. --* 

- 

Lake 

- 



a s  t h e  p h y s i c a l  p l a n t ,  management c o n t r o l s ,  and u s e r s ;  b u t  t h e s e  must b e  more 

s p e c i f i c a l l y  d e f i n e d  t o  p r o v i d e  a b a s i s  f o r  q u a n t i f i c a t i o n  and a n a l y s i s .  The 

o b j e c t i v e s  and s t a n d a r d s  f o r  t h e  o p e r a t i o n  of t h e  sys tem must b e  e x p r e s s e d  i n  

terms such  as d e s i g n  and dimension which i n f l u e n c e  o r  de te rmine  t h e  performance 

c h a r a c t e r i s t i c s  of i n d i v i d u a l  components as w e l l  as t h e  sys tem as a whole ,  

Furthermore,  t h e  components must b e  a r r a y e d  i n  t h e  model t o  d i s p l a y  t h e  n a t u r e  

of t h e i r  independen t  and i n t e r a c t i v e  r e l a t i o n s h i p s .  

One approach might b e  t o  c o n s i d e r  t h e  " h o r i z o n t a l "  and " v e r t i c a l "  a s p e c t s  

of t h e  model a s  w e  s e e k  t o  d e f i n e  components, The h o r i z o n t a l  a s p e c t  f o c u s e s  

on t h e  s e v e r a l  n a t u r a l  a d m i n i s t r a t i v e  u n i t s  of t h e  Bake a d  t h e i r  e n v i r o n s .  

The p a r k i n g  l o t ,  t h e  rasnp area, t h e  admiss ions  a r e a ,  t h e  shore-based r e c r e a -  

t i o n  a r e a ,  and t h e  v a r i o u s  w a t e r  zones would be  examples df such u n i t s ,  I n  

t h e  v e r t i c a l  a s p e c t ,  each  u n i t  management t a s k  is  broken i n t o  s e v e r a l  s t e p s  

t h e  f i r s t  of which may b e  t h e  set of d e c i s i o n s  made by t h e  l a k e  manager. The 

l a s t  s t e p  may be t h e  f low and a s s i m i l a t i o n  of a set of feedback s t a t i s t i c s  

r e g a r d i n g  t h e  s ta te  of a f f a i r s  w i t h i n  t h e  u n i t ,  
J 

The i n t e r s e c t i o n  of each  v e r t i c a l  s t e p  w i t h  e a c h  h o r i z o n t a l  u n i t  can b e  

c o n c e p t u a l i g e d  as a  m ~ d e l  component. U l t i m a t e l y ,  a f t e r  t h e  f u l l  a n a l y s i s  of 

t h e  s e v e r a l  components and t h e  u s e  of t h e  model t o  o b t a i n  ab& t h e  o u t p u t s  f o r  

t h e  f e a s i b l e  i n p u t s ,  we might d i s c o v e r  some s i m p l e  f u n c t i o n  t h a t  d e s c r i b e s  t h e  

r e l a t i o n s h i p  between t h e  i n p u t s  and t h e  o u t p u t s ,  Let  us s a y  t h a t ,  f o r  p r a c t i c a l  

cases ,  t h e  r e l a t i o n s h i p  i s  a lmos t  l i n e a r ,  Ra ther  than  r u n  a  complex, c o s t l y ,  

and time-consuming program on t h e  computer i n v o l v i n g  a  model of t h e  f u l l  s y s  t e m  

(assuming i t  i s  t h a t ) ,  w e  cou ld  s u b s t i t u t e  an e q u a t i o n  of t h e  g e n e r a l  e l a s s  

where y  i s  t h e  d e s i r e d  r e s p o n s e  o r  o u t p u t  and x  i s  a n  i n p u t  f a c t o r  t o  be  

manipu la ted ,  T h i s ,  however, would cause  us  t o  l o s e  our  a b i l i t y  t o  a n a l y z e  t h e  

model when new c o n d i t i o n s  ar ise , ts  r e p a i r  it as needed,and i n  g e n e r a l , t o  under- 

s t a n d  and a n t i c i p a t e  outcomes under  a v a r i e t y  of c s n d i t i o n s ,  

Approach t o  Q u a n t i f i c a t i o n  

It seems a d v i s a b l e  t o  u s e  a s tep-wise  a p p r ~ a c h  t o  q u a n t i f i c a t i o n  r a t h e r  
r, 

than  t o  u s e  a l g o r i t h m  a s  a s h o r t c u t ,  These s t e p s  might s u e e e s s i v e l y  treat 

manager d e c i s i o n s ,  l a k e  c o n d i t i o n s ,  and r e s u l t a n t  u s e r  states, Consider  t h e  

f i r s t  s t e p  i n  which D = d  i = l n  ) denotes  t h e  set of l a k e  manager 
3 i j 



d e c i s i o n s  and o t h e r  f a c t o r s  t h a t  l e a d  t o  a set of l a k e  c o n d i t i o n s ,  C, , i n  t h e  
J 

a d m i n i s t r a t i v e  u n i t  j ,  Trans format ions  between D and C .  a r e  r e q u i r e d  t o  t a k e  
j J 

i n t o  account  ( a )  t h e  d e g r e e  of s o n t r o l  t h e  l a k e  manager h a s  o v e r  t h e  f a c t o r s  

w i t h  which h e  chooses t o  e x e r t  c o n t r o l ,  and (b) t h e  r e l a t i v e  e f f e c t  of t h e  

f a c t o r s  on l a k e  c o n d i t i o n s  independent  of c o n t r o l l a b i l i t y .  

The l a k e  c o n d i t i o n s ,  

i n  t u r n  a f f e c t  a set s f  u s e r  s tates,  

which we u l t i m a t e l y  measure,  Each u s e r  and l a k e - c o n d i t i o n  s ta te  i s  p a r t  of a  

semi-Markovian c h a i n  p r o c e s s  i n  t h a t  some of i t s  de te rmin ing  f a c t o r s  may b e  

among t h e  set of immediately p r e c e d i h g  states. Of c o u r s e ,  p o t  a l l  s t a t e s  a r e  

determined u l t i m a t e l y  and on ly  by t h e  d e c i s i o n s  of t h e  l a k e  manager, Among 

t h e  s t a t e s  of set D a r e  n o t  only  l a k e  manager d e c i s i o n s  b u t  a l s o  t h e  uncon- 

t r o l l a b l e  env i ronmenta l ,  p o l i t i c a l ,  economic, medica l ,  and  o t h e r  f a c t o r s  which 

cannot  be  i g n o r e d ,  While u n c o n t r o l l a b l e ,  they may s t i l l  be  measurable ;  b u t  i f  

n o t  t h i s ,  they a t  least must b e  q u a n t i f i a b l e ,  

By hav ing  several s t e p s  and r e t a i n i n g  them i n  t h e  model even when t h e r e  i s  

tempta t  ion  t o  subs  t i  t u t e  e l e g a n t  a l g o r i t h m s  t h a t  compute r e s u l t s  i n  h a l f  t h e  

t i m e  t h a t  it would o t h e r w i s e  t a k e ,  an u n d e r s t a n d i n g  i s  main ta ined  of what i s  

happening a t  a l l  times and t h i s  f a c i l i t a t e s  communication of u n d e r s t a n d i n g s ,  

Second, t h e  model can b e  r e p a i r e d  and i t s  p r e c i s i o n  t e s t e d  a t  i n t e r m e d i a t e  

s t e p s  a long  t h e  way i n  s e e k i n g  improvements a r  new tests f o r  it. 

A given s ta te ,  f o r  example, t h a t  of a u s e r ,  can  g e n e r a l l y  b e  r e p r e s e n t e d  

as 

i n  which each x .  i s  a f a c t o r  t h a t  may come from s ta te  set C o r  D ,  I t  may b e  
1 

one of t h e  levels  o r  rates d i s c u s s e d  e a r l i e r  o r  s imply a yes-no s i t u a t i o n ,  The 

a n a l y s e s  n e c e s s a r y  t o  test t h e  hypothes ized  r e l a t i o n s h i p s  i n  t h e  f o l l o w i n g  

s e c t i o n  of t h i s  r e p o r t  w i l l  i n d i c a t e  a  l e g i t i m a t e  set of f a c t o r s  f o r  a g iven  

s t a t e  a s  an e lement  i n  t h e  o v e r a l l  sys tem model, 



111. PROPOSED MODEL 

The n a t u r e ,  form, and u s e f u l n e s s  of s i m u l a t i o n  models as an  a i d  t o  l a k e  

managers i n  t h e  decision-making p r o c e s s  a r e  e x p l o r e d  i n  t h i s  c h a p t e r .  The 

framework of a  model i s  prov ided  which d i s p l a y s  c e r t a i n  of t h e  more c r i t i c a l  

f a c t o r s  f o r  which q u a n t i f i c a t i o n  i s  needed. A p o i n t  sf d e p a r t u r e  f o r  t h e  

e x p l a n a t o r y  models of b o a t i n g  b e h a v i o r  d i s c u s s e d  i n  t h e  conc lud ing  s e c t i o n  of 

t h i s  r e p o r t  i s  a l s o  p rov ided ,  

The t y p i c a l  r e c r e a t i o n  sys tem is c o n c e p t u a l i z e d  as c o n s i s t i n g  of f i v e  

compartments (C .C5, F i g .  4 )  and f i v e  exchange components (Ela2-e E4e 5, 

F ig .  4 ) .  The compartments s e r v e  t o  h o l d ,  s t o r e ,  o r  s u p p o r t  u s e r - u n i t s  

( p a t r o n s ,  equipment a n d / o r  a c t i v i t y )  ; t h e  exchange components f u n c t i o n  simply 

t o  t r a n s f e r  u s e r - u n i t s  from one compartment t o  a n o t h e r ,  Exchange components 

may b e  viewed as r e g u l a t o r s  which can l i m i t  t h e  r a t e  of exchange.  

Rate  and Leve l  R e l a t i o n s h i p s  

I n  o r d e r  t o  o p t i m i z e  t h e  o p e r a t i o n  of t h e  t o t a l  system, t h e  manager must 

have an  u n d e r s t a n d i n g  of (and on o c c a s i o n  t a k e  a c t i o n  t o  modify) t h e  rates a t  

which u s e r - u n i t s  f l o w  through t h e  system p e r  u n i t  s f  t ime and t h e  l e v e l s  of 

u s e  i n  terms of u s i n g  u n i t s  occupying a  compartment of t h e  sys tem a t  an i n s t a n t  

i n  t i m e .  The terms r a t e  and l e v e l  a r e  d e f i n e d  as: 

Level  (L) : The number of u n i t s  of u s e  ( b o a t s ,  a u t o s ,  p e o p l e )  

occupying any compartment of t h e  sys tem a t  a n  

i n s t a n t  i n  t ime .  

Rate (R): The number of u n i t s  s f  u s e  f lowing through t h e  - 
system p e r  u n i t  of t i m e ,  

Rates  and l e v e l s  a r e  i n t e r d e p e n d e n t .  A change i n  t h e  n e t  rate of  exchange 

between compartments ( l a n d  t o  w a t e r ,  f o r  i n s t a n c e )  through an  exchange compon- 

e n t  such a s  a l aunch ing  ramp must r e s u l t  i n  a change i n  t h e  l e v e l  of u s e  i n  

b o t h  t h e  r e c e i v i n g  compartment and t h e  t r a n s m i t t i n g  compartment, assuming a l l  

o t h e r  rates of exchange and l e v e l s  of use  remain unchanged. The n e t  rate of 

exchange between compartments may b e  d e f i n e d  as: 
E 

Net Rate of Exchange (R ) : Rate of t r a n s f e r  between compartments 

where inbound units t o  one of t h e  eompartments s e l e c t e d  

as t h e  p r i n c i p a l  compartment are counted as p o s i t i v e  

and t h e  outbound u n i t s  a r e  counted as n e g a t i v e ,  



Figur6 4. A CONCEPTUAL SIMULATION OF RATE AND LEVEL REUTIONSHIPS IN A HYPOTHETICAL RECRFATION LAKE SYSTEM 

General Form of the Level and Rate Determination Functions 

Level of Use in Compartment i = L. = f (I. ,M ,= , R ~  
1 i i i - j )  

Net Rate of Exchange Between Compartments i and j = R! . =f (L . , L. ,I. . ,M. . ,if. . , L.  . ) 
1'3 J 1 1-1 1.J 1.3 1.3 

Determinants of Input Level (X 

kl = Entrance fee and on-site costs I Ix, = Promotional effort I 
= Available opportunity (activity1 
experience mix) I 

= Temporal availability (open hours, 
dates, seasons) 

= Accessibility (travel time, dis- 
tance, mode) 

Compartments (C) 
Designation Punct ion 

C1 Portal (potential admissions) 

C2 Transport (Roads) 

Cg Parking (Storage) 

C4 Water (Water based rec.) 

C5 Gen. Activity (shore-based 
rec.) 

where i = 1,2,3, or 4 

and j = 1,2,3, or 4 and indicates compartments adjacent 
to compartment "i" 

Ii is a vector of internal characteristics of compartment '"5" 

Mi 
is a vector of managerial controls of compartment "i" 

- 
U. is a vector of characteristics of Users in compartment "i" 

(the bar (-) indicates that they are assumed non-varying) 

R! . is the net rate of exchange between compartment "i" 
(as the major comparhnent) and compartment "j" 
which is an adjacent compartment 

I. . is a vector of internal characteristics of the exchange 
component i. j 

L. . is the level of use of the exchange compartment 
1.3 

Entrance to system 

I E Parking access 

I E2-4 Water access (launching ramps) 

I E4-5 Shore access (docking) 

I E2-5 Facility access (land) 



I n p u t  Leve l  Determinants  

For purposes  of t h i s  d i s c u s s i o n ,  t h e  l e v e l  of i n p u t  i s  c o n c e p t u a l i z e d  t o  

b e  a f u n c t i o n  of a set of d e t e r m i n a n t s ,  t h e  g e n e r a l  n a t u r e  of which i s  i l l u s -  

t r a t e d  below: 

Determinants  of I n p u t  Leve l  (Xi) 

X, = E n t r a n c e  f e e  and o n - s i t e  c o s t s  

X2 = Promot iona l  e f f o r t  

X3 = A v a i l a b l e  o p p o r t u n i t y  

X4 = Temporal a v a i l a b i l i t y  

X5 = A c c e s s i b i l i t y  ( t r a v e l  

( a c t i v i t y  / e x p e r i e n c e  mix) 

(open h o u r s ,  d a t e s ,  s e a s o n s )  

t i m e ,  d i s  tance, mode) 

F a c t o r s  I n f l u e n c i n g  I n t e r n a l  Rates  and Leve l s  

Ra tes  and l e v e l s  i n t e r n a l  t o  t h e  sys tem a r e  i n f l u e n c e d  by management 

p r a c t i c e s  o r  c o n t r o l s  (M.) i n t e r n a l  p h y s i c a l  d imensions  and c h a r a c t e r i s t i c s  
1 

( I i ) ,  and u s e r  c h a r a c t e r i s t i c s  and p r e f e r e n c e s  (U.). It i s  e v i d e n t  t h a t  any 
1 

of t h e  d e t e r m i n a n t s  l i s t e d  as "dimensional"  cou ld  a c t u a l l y  r e s u l t  from d e c i -  

s i o n s  made by management a t  some s t a g e  of t h e  sys tems d e s i g n  and development,  

S i m u l a t i o n  of t h e  development s t a g e  would t reat  t h e  d imens iona l  set  a s  "given" 

and s i m u l a t i o n  i n  t h e  d e s i g n  phase  would b e g i n  w i t h  assumptions  as t o  t h e  

management set . 
The g e n e r a l  n a t u r e  of t h e  management set i s  as f o l l o w s :  

Management C o n t r o l s  A f f e c t i n g  Levels  and Rates  (Mi) 

Ml = S u p e r v i s i o n  

M2 = Regula t ion  ( t r a f f i c  management, b o a t  s i z e  l i m i t a t i o n s ,  u s e  

zoning,  a d m i s s i b l e  number a t  one t ime)  

M3 = A c t i v i t y  mix p e r m i t t e d  



I t  shou ld  be n o t e d  t h a t  t h e  c h o i c e  of a c t i v i t y  mix p e r m i t t e d  (M i n  t h e  
3  

Management Cont ro l s  s e t )  i n t r o d u c e s  s e v e r a l  a c t i v i t y  v a r i a b l e s  (A.)  f o r  which 
1 

v a l u e s  must u l t i m a t e l y  b e  s p e c i f i e d :  

A c t i v i t y  V a r i a b l e s  ( A , )  
1 

A1 = V e l o c i t y  ( t y p i c a l  and /or  c r i t i c a l )  

A2 = Space requ i rements  

A3 = F a c i l i t y  requ i rements  

% = Equipment requ i rements  

The p h y s i c a l  s e t  i n c l u d e s  such  f a c t o r s  a s  dimension,  d i s t r i b u t i o n ,  a s s o r t -  

ment and arrangement .  For a given component, t h e  g e n e r a l  composi t ion of t h i s  

set i s  a s  fo l lows :  

I n t e r n a l  P h y s i c a l  C h a r a c t e r i s t i c s  A f f e c t i n g  Leve l s  and Rates ( I ,  ) 
L 

P h y s i c a l  d imensions  and c o n f i g u r a t i o n  

Design ( c r i t e r i a  and s t a n d a r d s )  

D i s t r i b u t i o n  (number and d e n s i t y  of f a c i l i t i e s  p e r  u n i t  of a r e a )  

F a c i l i t y  a r r a y  ( k i n d s  of f a c i l i t a t i n g  improvements) 

The t h i r d  set of f a c t o r s  which must be  i n c l u d e d  i n  t h e  model r e p r e s e n t s  

t h e  c h a r a c t e r i s t i c s  of t h e  u s e r s  which w i l l  d i f f e r  w i t h  t h e  k i n d ,  l o c a t i o n  and 

o b j e c t i v e s  of t h e  s y s  t e m  b e i n g  modeled. On t h e  o t h e r  hand, changes i n  t h e  u s e r  

p o p u l a t i o n  may occur  o v e r  t i m e  as a  r e s u l t  of e x t e r n a l  f o r c e s ,  and t h e s e  w i l l  

l i k e l y  cause  a change i n  u s e  p a t t e r n s ,  l e v e l s ,  and r a t e s .  A t  any p o i n t  i n  t i m e ,  

however, t h e  p o p u l a t i o n  c h a r a c t e r i s t i c s  can be  t a k e n  as "given" and t r e a t e d  as 

a  c o n s t a n t  (vii). Some of t h e  mare r e a d i l y  d e s c r i b a b l e  u s e r  c h a r a c t e r i s t i c s  

i n c l u d e  t h e  fo l lowing :  



User C h a r a c t e r i s t i c s  (E Constant Over Short  Per iods  of Time) 
i 

Phys f c a l  a b i l i t i e s  

Socio-economic c h a r a c t e r i s t i c s  

Tolerance ( t o  n o i s e ,  crowding, r egu la t ion )  

Expectat ions (kind and q u a l i t y  of ac t iv i ty / expe r i ence )  

Percept ion  

Rela t ionships  Expressed by Level  and Rate Determination Functions 

To i l l u s t r a t e  t h e  r e l a t i o n s h i p s  expressed by the  l e v e l  and rate determi- 

n a t i o n  func t ions  (Fig.  41, cons ider  compartment C ( t h e  water  a r ea )  a s  an 4 
example, The f u n c t i o n a l  r e l a t i o n s h i p  between l e v e l  of use  i n  C and t h e  determi- 

4 
n a n t s  of use a r e  a s  fol lows:  

I and M a r e  a c t u a l l y  v e c t o r s  of f a c t o r s  a s  d i scussed  e a r l i e r .  They 4 4  
i nc lude  f a c t o r s  such as degree of supe rv i s ion  (MI), degree of r e g u l a t i o n  (M2), 

phys i ca l  dimensions of t he  water  a r e a  (I1), and o the r s .  The above f u n c t i o n a l  

r e l a t i o n s h i p  thus  i n d i c a t e s  t h a t  L4 i s  a c t u a l l y  determined by each of t h e  

f a c t o r s  i n  t h e  vec to r s  I& and M4.  - 
U r ep re sen t s  u s e r  c h a r a c t e r i s t i c s  which s t a d  a s  proxies  f o r  preferences  

4  
bu t  which a r e  assumed t o  be  cons tan t  over r e l a t i v e l y  s h o r t  pe r iods  of t ime, 

Thus, 5 a c t s  only t o  determine t h e  gene ra l  magnitude of t he  l e v e l  and does 
4  

no t  a c t  t o  determine v a r i a t i o n  i n  l e v e l ,  

L i s  a l s o  a  fametion of t h e  r a t e  of exchange between compartments 4  and 5 
E 4 E 

(Rqa5) and compartments 2 and 4 (RZa4) .  Looking a t  R~ a s  an example, i t  i s  
445 

shown t h a t  i t  a l s o  i s  a  func t ion  of s e v e r a l  f a c t o r s ,  The func t ion  is:  



Consequently , i s  determined p a r t i a l l y  by t h e  l e v e l  of u s e  i n  C and R4.5 4 
i n  C I t  i s  a l s o  p a r t i a l l y  determined by t h e  i n t e r n a l  c h a r a c t e r i s t i c s  of Eqe5 

5 ' 
and by t h e  l e v e l  of exchange a c t i v i t y  i n  Eqe (L4 5) . 

T h e r e f o r e ,  t o  comple te ly  s o l v e  t h e  f u n c t i o n  de te rmin ing  L t h e  f a c t o r s  4' 
which i n  t u r n  a f f e c t  RE and R~ must b e  s u b s t i t u t e d  f o r  RYe5 and R : ~ ~  i n  

4.5 204 
t h e  L e q u a t i o n ,  The r e s u l t  i s  a much l o n g e r ,  more complex b u t  more d e f i n i -  4 
t i v e  f u n c t i o n a l  s t a t e m e n t  which shows L t o  b e  dependent  on much more t h a n  t h e  4 
i n t e r n a l  c h a r a c t e r i s t i c s  of C4 a l o n e .  U n f o r t u n a t e l y ,  management of compartments 

i n  i s o l a t i o n  i s  t h e  r u l e  of a c t u a l  p r a c t i c e  r a t h e r  t h a n  t h e  e x c e p t i o n .  

Looking f u r t h e r ,  however, i t  is  obvious  t h a t  L which i s  a d e t e r m i n a n t  of 
E 5 ' 
Rqe5 i s  a l s o  f u n c t i o n a l l y  r e l a t e d  t o  s e v e r a l  a d d i t i o n a l  f a c t o r s .  By s u b s t i t u -  

E 
t i o n  f o r  L w i t h  t h e  f a c t o r s  which de te rmine  L i n t o  t h e  s l o t  of t h e  R 5 5 ' 4 a 5 
f u n c t i o n  now occupied by L and working back th rough  s u b s t i t u t i o n  t o  t h e  

5 ' 
o r i g i n a l  f u n c t i o n  which determined L i t  i s  a p p a r e n t  t h a t  t h e  l a k e  area i s  4% 
indeed  a  sys tem and t h a t  i t s  components are complex b u t  e s s e n t i a l l y  i n t e r -  

r e l a t e d .  Upon f i n a l l y  r e s o l v i n g  t h e  L4 f u n c t i o n  i n t o  i t s  most b a s i c  e lements  

through s u b s t ~ t u t i o n  of l e v e l  and rate d e t e r m i n a n t  f u n c t i o n s  f o r  t h e i r  r e s p e c t i v e  

r a t e s  and l e v e l s ,  we are l i k e l y  t o  f i n d ,  f o r  example,  t h a t  L is n o t  on ly  4 
dependent on t h e  i n t e r n a l  c h a r a c t e r i s t i c s  and management 

More s p e c i f i c a l l y ,  L w i l l  b e  shown t o  be  a  p a r t i a l  f u n c t i o n  of  e n t r a n c e  
4 

f e e s  (XI) 01 p romot iona l  e f f o r t  (X2). L w i l l  a l s o  be shown t o  b e  a f u n c t i o n  4 
of t h e  dimensions of t h e  p a r k i n g  a r e a ,  t h e  d e s i g n  of t h e  p a r k i n g  a r e a ,  and 

r e g u l a t i o n  and management of p a r k i n g ,  

I t  i s  t h e  f u n c t i o n  of t h e  s c i e n t i s t  t o  e m p i r i c a l l y  q u a n t i f y  and i n t e r p r e t  

t h e  a c t u a l  r e l a t i o n s h i p s  t h a t  e x i s t .  I n  a l l  l i k e l i h o o d ,  s e v e r a l  f a c t o r s  d e t e r -  

mining u s e  i n  compartments o t h e r  t h a n  C w i l l  prove t o  b e  only  weakly r e l a t e d  4 
t o  I. and may b e  omi t t ed  from f u r t h e r  c o n s i d e r a t i o n  as d e t e r m i n a n t s  of L Others  4 4" 
w i l l  more s t r o n g l y  r e l a t e  and cannot  and must n o t  be  ignored .  These r e l a t i o n -  

s h i p s  must be  determined s o  t h a t  l a k e  managers and p l a n n e r s  may p r e d i c t  t h e  

f u l l  consequences  over  t h e  e n t i r e  l a k e  of a c t i o n s  they t a k e  i n  on ly  one p a r t  
P 

of t h e  l a k e ,  

R e f i n i n g  t h e  Sys tem Model 

There  a r e  two s t a g e s  of model development t h a t  can h e l p  t h e  l a k e  manager 

t o  improve t h e  f requency  of good d e c i s i o n s  r e g a r d i n g  t h e  r e c r e a t i o n a l  u s e  of 

h i s  l a k e ,  I n  t h e  f i r s t  s t a g e  t h e  model, developed w i t h  s t a t i s t i c s  o b t a i n e d  



through t r a i n e d  o b s e r v a t i o n  and s u r v e y s ,  a c t s  o u t  t h e  Consequences of e x p e r i -  

menta l  d e c i s i o n s  and r e p o r t s  back t h e  s t a t e  of a f f a i r s  l i k e l y  t o  e x i s t  i n  terms 

such a s  u s e r  s a t i s f a c t i o n ,  d e g r a d a t i o n  of t h e  w a t e r  q u a l i t y  and u n i t  c o s t s .  

Goals a r e  n o t  b u i l t  i n t o  t h e  model s o  t h e  l a k e  manager must t a k e  t h e s e  expec ted  

v a l u e s  and draw h i s  own conc lus ions  a s  t o  whether  any g iven  e x p e r i m e n t a l  d e c i -  

s i o n  approached h i s  g o a l s  more c l o s e l y  than some o t h e r  e x p e r i m e n t a l  d e c i s i o n s .  

Other  i n p u t s  t o  t h e  model ( b e s i d e s  d e c i s i o n s )  would b e  i n  many c a s e s  major  

f a c t o r s  over  which he  would have l i t t l e  c o n t r o l ,  such  as t h e  wea ther ,  number 

o f  p e o p l e  showing up,  w a t e r  q u a l i t y  o r  volume, and t h e  k i n d s  of b o a t e r s  seek-  

i n g  u s e  of t h e  l a k e ,  

I n  t h e  second s t a g e ,  t h e  g o a l s  of t h e  l a k e  manager would b e  b u i l t  i n t o  

t h e  model, The model would t h e n  de te rmine  what d e c i s i o n s  s h o u l d  b e  made-- 

pe rhaps  o f f e r  a l t e r n a t i v e s  w i t h  g o a l - s a t i s f a c t i o n  weigh t s  a s s i g n e d  t o  them. 

While t h e  manager then might n o t  select t h e  a l t e r n a t i v e  w i t h  t h e  h i g h e s t  

weight ,  t h e r e  eou ld  b e  j u s t i f f  c a t i o n  f o r  s u c h  a e o u r s e ,  A f t e r  a l l ,  t h e  model 

would n o t  be p e r f e c t  because  e i t h e r  t h e  i n p u t s  a l lowed were n o t  a l l  t h a t  shou ld  

have been o r  because  t h e  r o u t i n e s  w i t h i n  t h e  model which t r a n s f o r m  i n p u t  v a l u e s  

t o  a set of o u t p u t  v a l u e s  cou ld  have been developed o r i g i n a l l y  from a set of 

o b s e r v a t i o n s  t h a t  themselves  were  random s o  t h a t  t h e  s t a t i s t i c s  d e r i v e d  t h e r e -  

from would be  s u b j e c t  t o  s t a t i s t i c a l  e r r o r ,  

Whether o r  n o t  t h e  manager i s  a b l e  t o  p r o v i d e  t h e  model w i t h  e x a c t  

knowledge of t h e  i n p u t s  i t  r e q u i r e s ,  h e  may choose t o  a l l o w  t h e  v a l u e s  t o  v a r y  

o v e r  a  range  o f  p o s s i b l e  v a l u e s  and see how t h e  e x p e c t a t i o n s  change f o r  each 

g i v e n  i n p u t  s e t ,  I f  t h e  ranges  a r e  r e a s o n a b l e  and r e p r e s e n t  t h e  realm of  

p o s s i b i l i t y  f o r  a g iven  day,  f o r  i n s t a n c e ,  h e  may, by t h i s  t e c h n i q u e ,  l e a r n  a 

good d e a l  about  t h e  r e l a t i v e  " robus tness"  of a l t e r n a t i v e  d e c i s i o n s  ( s t r a t e g i e s ) .  

To improve t h e  i m p e r f e c t  models,  t h e y  s h o u l d  b e  a b l e  t o  " l e a r n "  from 

e x p e r i e n c e .  That i s ,  t h e  c o e f f i c i e n t s  of t r a n s f o r m a t i o n  s h o u l d  be changed t o  

t h e  d e g r e e  t o  which they  were i n a c c u r a t e  i n  e s t i m a t i n g  t h e  e f f e c t s  of a  g iven  

d e c i s i o n ,  Our p r e s e n t  e f f o r t s  s e r v e  n o t  on ly  t o  p r o v i d e  t h e  b a s i s  f o r  develop- 

i n g  t h e  model i n i t i a l l y  b u t  t o  p r o v i d e  i n s i g h t s  i n t o  how a r e p o r t i n g  sys tem 

shou ld  be developed t o  p r o v i d e  feedback on a con t inuous  b a s i s ,  

A model can b e  i n d e t e r m i n i s t i c  and i g n o r e  t h e  r e a l - l i f e  v a r i a n c e s  i n  res- 

ponse of d i f f e r e n t  l a k e  u s e r s  t o  t h e  same d e c i s i o n  under  t h e  same u n c o n t r o l l a b l e  

f a c t o r s .  t h e  o t h e r  hand,  it can b e  s t o c h a s t i c  and a l l o w  f o r  t h e s e  v a r i a -  

t i o n s ,  I n  t h e  f i r s t  case ,  t h e  model w i l l  g i v e  e x a c t l y  t h e  same answer f o r  a  



given s e t  of i n p u t s  no  matter how o f t e n  i t  i s  r u n ,  I n  t h e  second c a s e ,  i t  wf ll 

v a r y ;  b u t  i f  t h e  o u t p u t s  are averaged o v e r  a l a r g e  number o f  t r ia l  r u n s ,  i t  

w i l l  b e  found t h a t  t h e  averages  converge.  I n  each t r i a l  run ,  wherever a paramete r  

i s  r e q u i r e d ,  i t  is  n o t  r e t r i e v e d  f o r  u s e  as a f i x e d  number b u t  as a v a r i a t e  

randomly s e l e c t e d  from a p o p u l a t i o n  of such v a r i a t e s ,  The p o p u l a t i o n  s t a t i s t i c s ,  

such a s  t h e  mean and v a r i a n c e ,  would be  t h e  f i x e d  nunbers  used i n  e o n j u n c t i o n  

w i t h  a random number g e n e r a t o r  t o  produce t h e  random paramete r ,  Of c o u r s e ,  t h e  

s m a l l e r  t h e  v a r i a n c e ,  t h e  n e a r e r  w e  g e t  t o  t h e  d e t e r m i n i s t i c  m d e l ,  Each t r i a l  

run could  b e  cons idered  as a n  i n d i v i d u a l  r e c r e a t i o n i s t  w i t h  t h e  a b i l i t y  t o  gen- 

erate s e v e r a l  outcomes, One outcome cou ld ,  f o r  example, be  t h e  r e c r e a t i o n i s t ' s  

speed of t r a v e l  i n  h i s  b o a t ;  m o t h e r  cou ld  b e  h i s  l o c a t i o n  on t h e  water o r  

s h o r e ,  o r  pe rhaps  h i s  b e v e l  of d e s i r e  t o  r e t u r n  t o  s h o r e .  The many outcomes of 

a given t y p e  form a d i s t r i b u t i o n  f o r  which a mean, v a r i a n c e ,  and o t h e r  s ta t is -  

t i c s  can be  c a l c u l a t e d .  These s t a t i s t i c s  can h e l p  i n  e s t i m a t i n g ,  w i t h  a c e r t a i n  

degree  of r i s k ,  t h e  range  w i t h i n  which t h e  t r u e  average-- the  one we would g e t  

were  w e  t o  have o b t a i n e d  an i n f i n i t e  wutnber of t r i a l - r u n  outcomes--would o c c u r ,  

I n  t h e  s tage-two model. t h e  s t a t i s t i c s ,  whe ther  ob r a i n e d  d e t e r m i n i s  t i e a l l y  

o r  s t o c h a s t i c a l l y ,  are r e p o r t e d  t o  t h e  decision-making r o u t i n e  now i n  t h e  

model, r a t h e r  t h a n  i n  t h e  bake manager 's  mind, I f  g o a l s  a r e  s i m p l e  such  t h a t  

on ly  i n d i v i d u a l  s t a t i s  t i  cs  have t o  be  examined, t h e  d e c i s f  on-making t a s k  i s  

s t r a i g h t f o r w a r d  and s u c h  a c a p a b i l i t y  i n  t h e  model i s  n o t  r e a l l y  c a l l e d  f o r ,  

I f ,  however, t h e  g o a l  i s  a s e t  of s t a t i s t i c s ,  we m u s ~  t h e n  match t h e  s e t  of 

outcome s t a t f s  tics a g a i n s t  t h e  set of  g o a l  s t a t i s t i c s ,  Mathemat ica l ly ,  we 

might  c o n s i d e r  t h e  g o a l  as one p o i n t  i n  a m u l t i d i m e n s i o n a l  space  and t h e  ou t -  

come a n o t h e r  p o i n t .  The t a s k  would be  t o  compute t h e  d i s t a n c e  between them, 

The d i s t a n c e s  for t h e  v a r i o u s  outcomes would b e  t h e  g o a l - s a t i s f a c t i m  w e i g h t s ,  

The t a s k  would b e  a complex one and s u i t a b l e  f o r  a computer,  

It can b e  expec ted  t h a t  d i s t i n c t i v e l y  d i f f e r e n t  sys tem states ( s fmul tane-  

ous beve l s  i n  a l l  compartments) w i l l  occur  d u r i n g  t h e  c o u r s e  of a r e c r e a t i o n  

day,  I t  i s  p r o b a b l e  t h a t  a range of rates and l e v e l s  can be  i d e n t i f i e d  a s  

t y p i c a l  of such  states and t h a t  t h e s e  w i l l  occur  d u r i n g  f a i r l y  p r e d i c t a b l e  

t i m e  p e r i o d s  of t h e  day,  I f  s o ,  t h e  model might b e  r e f i n e d  t o  weSLect any 

s p e c i a l  s i t u a t i o n s  o r  problems o c c u r r i n g  w i t h i n  such t i n e  spans  and t h e s e  

cou ld  be  t h e  t a r g e t s  of s e p a r a t e  s i m u l a t i o n s ,  

Three  t y p i c a l  states which might be  i d e n t i f i e d  a r e  i l l u s t r a t e d  i n  F i g u r e  5 -  

The f i r s t  s f  t h e s e  i s  r e p r e s e n t e d  by t h e  p e r i o d s  o r  a c e a s i o n s  when t h e  u s e r  
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F i g u r e  5. I l l u s t r a t i o n  of t h r e e  sys t em s t a t e s  

1 
-Inbound _4 ~ + ~ a r t i c i ~ a t i o n - ~ ~ u t b o u n d  \ 
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t r a f f i c  i s  predominant ly  "inbound"; most of t h e  p r e s s u r e  i s  on t h e  exchange 

components and t h e  n e t  r a t e  of exchange i s  "p lus . "  The second state, perhaps  

t y p i f i e d  by t h e  mfd-por t ions  of t h e  day,  f i n d s  most of t h e  u s e r s  a c t u a l l y  p a r -  

t i c i p a t i n g  i n  a c t i v i t i e s  such  a s  b o a t i n g  o r  p i c n i c k i n g .  During t h i s  p e r i o d ,  

p r e s s u r e  on t h e  exchange components is  low and t h e  inbound rate about  e q u a l s  

t h e  outbound rate. F i n a l l y ,  d u r i n g  t h e  c l o s i n g  h o u r s  t h e  t i d e  t u r n s ,  outbound 

t r a f f i c  dominates and i n t e n s e  p r e s s u r e  i s  a g a i n  focused  on t h e  exchange 

components . 
Usefu lness  of t h e  Proposed Model 

Modeling a l o n g  t h e  l i n e s  s u g g e s t e d  h e r e  i s  h e l p f u l  i n  c o n c e p t u a l i z i n g  and 

q u a n t i f y i n g  t h e  f a c t o r s  which de te rmine  t h e  sys tem o u t p u t ,  I n  a r e s e a r c h  

e f f o r t ,  t h e  model becomes a network s f  v e c t o r s  w i t h  t a r g e t  q u e s t i o n s  d i s p l a y e d  

a t  t h e  nodes ,  The q u e s t i o n s  a r e  framed i n  terns of e q u a t i o n s  which e x p r e s s  

hypothes ized  r e l a t i o n s h i p s  between t h e  i n t e r n a l  c h a r a c t e r i s t i c s  of each  com- 

ponen t ,  t h e  f o r c e s  a c t i n g  upon it,  and i t s  p r o c e s s i n g  r e q u i r e m e n t s ,  T h i s  d i s -  

c l o s u r e  of t h e  f a c t o r s  r e q u i r i n g  q u a n t i f i c a t i o n  is t h e  f i r s t  s t e p  i n  t h e  

e x p l a n a t o r y  e f f o r t  and p o i n t s  t h e  way t o  t h e  t y p e  of d a t a  which s h o u l d  be gen- 

e r a t e d  and ana lyzed ,  

Lake managers s h o u l d  f i n d  s u c h  modeling u s e f u l  i n  a c h i e v i n g  a b e t t e r  

u n d e r s t a n d i n g  of t he  systems f o r  which t h e y  a r e  r e s p o n s i b l e .  By f o l l o w i n g  t h e  

g e n e r a l  format  p r e s e n t e d  i n  F i g u r e  4 ,  t h e  f a c t o r s  l i k e l y  t o  b e  i m p o r t a n t  can b e  

assembled i n  a l o g i c a l  manner and t h e i r  h y p o t h e t i c a l  r e l a t i o n s h i p  s h o r n o  The 

s i m p l e  knowledge o f  t h e s e  r e l a t i o n s h i p s  can b e  p u t  t o  p r a c t i c a l  u s e  w i t h o u t  

n e c e s s a r i l y  t e s t i n g  t h e  model impf fcak ions  by t h e  s c i e n t i f i c  method, 

Explana to ry  models f o r  some of t h e  hypothes ized  b e h a v i o r a l  r e l a t i o n s h i p s  

are p r e s e n t e d  i n  t h e  f oi lowing  s e c t i o n  e n t i t l e d ,  "Empi r ica l  Tes t i n g  of I n t r a -  

model R e l a t i o n s h i p s .  " Pending q u a n t i f i c a t i o n  of t h e  r e l a t i o n s h i p s  examined i n  

t h e  Lake B u r l i n g t o n  s t u d y S 4  t h i s  i s  a  s t e p  toward development of a working 

model t o  s i m u l a t e  some o f  t h e  b o a t e r  i n t e r a c t i o n s  which are c r i t i c a l  t o  t h e  

measurement of c a p a c i t y ,  

4 ~ m p i r i c a l  examina t ion  of t h e  r e l a t i o n s h i p s  n o t e d  i n  t h e  f o l l o w i n g  s e c t i o n  
were begun i n  1969 on t h e  B u r l i n g t o n  R e s e r v o i r  n e a r  B u r l i n g t o n ,  N, C, T h i s  
p r o j e c t  was sponsored  by t h e  Water Resources  Research I n s t i t u t e  of The Unbve~sity 
of North C a r o l i n a  





hV, EMPIRICAL TESTING OF HNTRA-MODEL EBE,,IATIOMSHIPS: 

VARIABLES AND EXPLANATORY MODELS OF BOATING BEHAVIOR 
I 

The models d e s c r i b e d  h e r e  are des igned  t o  r e p r e s e n t  r e a x e a t i o n  p a r t i c i p a n t  

b e h a v i o r  under  d i f f e r e n t  r a t e s  o r  Bevels of conpe t ing  u s e ,  p a r t i c u l a r l y  i n  t h e  

l a k e - s u r f a c e  conponent of t h e  sys tem.  Hypotheses and v a r i a b l e s  are d e f i n e d  i n  

a n  a t t e m p t  t o  d e s c r i b e  and e x p l a i n  p a r t i c i p a n t  b e h a v i o r  under  d i f f e r e n t  l e v e l s  

of crowding and i n t e n s i t y  of u s e ,  The i m p l i c i t  u n d e r l y i n g  p r o p ~ s i t f o n  is  t h a t  

compartments of t h e  t o t a l  l a k e  sys tem may become " o v e r l o a d e d ' h t  some Bevel of 

u s e  d e n s i  t y  om i n t e n s i t y ,  M i  lgracm i n  s t u d y i n g  l i f e  i n  modem c i t i e s  d e f i n e s  

over load  a s  "a s y s t e m ' s  i n a b i l i t y  t o  p r o c e s s  i n p u t s  from the environment  

because  t h e r e  a r e  t o o  many i n p u t s  f o r  t h e  sys tem t o  cope w i t h  or s u c c e s s i v e  

i n p u t s  come s o  f a s t  t h a t  i n p u t  A cannot  b e  p r o c e s s e d  when i n p u t  B i s  p r e s e n t e d ,  tt5 

M a n i f e s t a t i o n s  of B o a t e r  I n t e r a c t i o n  

For purposes  of t h i s  r e s e a r c h ,  s i x  major  m a n i f e s t a t i o n s  of b o a t e r  i n t e r -  

a c t i o n  and b e h a v i o r a l  r esponse  a r e  recognized :  (1)  S a t i s f a c t i o n  =d Per -  

c e p t i o n ,  (2) P a r t i c i p a t i o n  Time, (3) D i s t a n c e  R e l a t i o n s h i p s ,  (4)  Leve l  of A c t i  - 
v i t y ,  (5) D i s t r i b u t i o n  o f  P a r t i c i p a n t s ,  and ( 6 )  Displacement ,  S e v e r a l  working 

hypotheses  probe v a r i o u s  a s p e c t s  of each  of t h e s e  major  z a t e g o r i e a ,  

Tab le  B d i s p l a y s  t h e s e  s i x  pr imary m a n i f e s t a t i o n s  of b o a t e r  i n t e r a c t i o n ,  

With r e s p e c t  t o  the f i r s t  t h r e e ,  emphasis i s  on i n d i v i d u a l  b o a t e r  b e h a v i o r ,  and 

models t o  e x p l a i n  v a r i a t i o n  i n  b e h a v i o r  among b o a t e r s  a r e  f o m u l a t e d  f o r  each  

of t h e  p r i n c i p a l  s t u d y  v a r i a b l e s ,  M a n i f e s t a t i o n s  f o u r ,  f i v e ,  and s i x  app ly  

more commonly to %he group behav ior  o f  b o a t e r s  a d  models axe  f o m u l a t e d  

a c c o r d i n g l y .  

Tab le  1 d e s c r i b e s  t h e  b e h a v i o r a l  v a r i a b l e s  f o r  which e x p l a n a t o r y  models a r e  

f o m u l a t e d ,  shows t h e  d a s s i f i c a t i o n  sf t h e s e  v a r i a b l e s  a c c o r d i n g  t o  t h e  mani- 

f e s t a t i o n  of b o a t  i n t e r a c t i o n  r e p r e s e n t e d ,  and i n d i c a t e s  whe ther  i n d i v i d u a l  o r  

group b o a t e r  s t a t i s t i c s  a r e  examined, 
6 

'st a n l e y  Milgram, "The Exper ience  of L i v i n g  i n  Cities, I '  Science  (March, 
19701, p p ~  1461-1468, 

6 
Gordon A ,  Hammon, Harold  K ,  C o r d e l l ,  e t  a l  ' T l e f i n i t i o n  o f  V a r i a b l e s ,  '' - -3 

Appendix VIH-2, 
(To be p u b l i s h e d  

a s  a Research Report  by t h e  Water Resaurces  Research I n s t i t u t e  o f  The U n i v e r s i t v  
of North ~ a r o l i n a ,  Sunhner 19.74) ,  fnrEudes  a d e t a i l e d  l i s t i n g  and d e s c r i p t i o n  o fd  
a l l  v a r i a b l e s  s p e c i f i e d  and an e x a c t  s p e c i f i c a t i o n  of each of t h e  e x p l a n a t o r y  
models and t h e i r  v a r i a n t s ,  



Variable No. 
1 

Table 1. Behavioral Variables f o r  Which Explanatory Models a r e  Formulated 
(Variables as numbered wi th in  t h e  t a b l e  are described beneath) 

Individual  Behavior 

I Observed S ta t ed  

Variable Description 
S ta t ed  reasons f o r  terminating a t r i p  on t h e  water. Reasons included "fa t igue ,"  "rough water," and "crowdedness." 

Group Behavior 
P a r t s  

E n t i r e  Lake I of the l ake  
Manifestat ions 

o f  
Boater 

I n t e r a c t i o n  

S a t i s f a c t i o n /  
Perception 

P a r t i c i p a t i o n  Time 

Distance 
Rela t ionships  

Level of ~ c E v i t ~  
(Velocity & 
I n t e n s i t y )  

D i s t r ibu t ion  of 
P a r t i c i p a n t s  

Displacement 

Opinion t h a t  boat ing  a c t i v i t y  is  o r  is  not  s u f f i c i e n t l y  regula ted .  
Perception of crowdedness r e l a t i v e  t o  o ther  days i n  the  p a s t .  
Average amount of t i m e  on the water per  boat among those a c t i v e  a t  s e l ec t ed  t i m e s  during t h e  day. 
~ v e r a g e  time per  t r i p  on the  water per r eg i s t e red  boat  i n  the  system. 
~ v e r a g e  amount of time spent  a t  the  l ake  by a l l  boat ing  p a r t i e s  during a s i n g l e  day. 
Smallest  d is tance  between the  path of a boat and t h e  nea res t  sho re l ine ,  excluding shore l ine  used f o r  landing boats .  

Behavior 

Average d i s t ance  between the  path of a boat  and the  n e a r e s t  sho re l ine ,  excluding shore l ine  used f o r  landing boats .  

Each 
Act iv i ty  

Separately 

7 

1 8  

~ e ~ r e e  of devia t ion  of boat path from a s t r a i g h t  l i n e .  
Velocity of a boat  i n  miles per  hour. 
Average ve loc i ty  of boats ac t ive  a t  s e l ec t ed  times during a s i n g l e  day. 
I n t e n s i t y  of boating a c t i v i t y .  ( In tens i ty  equals t he  summed ve loc i ty  of a c t i v e  boats  times t h e  number of a c t i v e  boats divided 
by the  amount of water a rea  i n  which the  boats a r e  operating.)  
Number of boats  a c t i v e  on t h e  lake  a t  s e l ec t ed  times during the  day. 
Number of boats a c t i v e l y  engaged i n  f i sh ing  i n  areas  zoned f o r  f i sh ing ,  r e l a t i v e  t o  t h e  number of boats r eg i s t e red  t o  f i s h  a t  
s e l ec t ed  times dur ing  the day. 
Number of boats i n  spec i f i ed  areas of the l ake  a t  s e l ec t ed  times. 
Percentage of a c t i v e  boats which a re  towing s k i e r s  a t  s e l ec t ed  t i m e s .  
Same a s  No. 16 except t h a t  observations are  r e s t r i c t e d  t o  spec i f i ed  areas .  
Percentage of boats  which a re  water sk i ing  wi th in  333, 667, and 1000 f e e t  of an ind iv idua l  boat  which i s  a c t i v e  on t h e  water. 
Ratio of the  aggregated horsepower of ac t ive  boats  to  the  horsepower of landed boats a t  spec i f i ed  times during a day. 
Rat io  of a c t i v e  boats o r  people on the lake  a t  spec i f i ed  times, r e l a t i v e  t o  the t o t a l  number of boats o r  people r eg i s t e red  t o  

Reaction 
A l l  

Ac t iv i t i e s  
Combined 

5 

7,8  

10  

9 

use the  lake .  

Each 
Act iv i ty  

Separately 

1 ,2 ,3  

( a l l  zones) 
A l l  

A c t i v i t i e s  
Combined 

1 ,2 ,3  

Each 
Ac t iv i ty  

Separa te ly  

4 

(speci f ied  zones) 
A l l  

A c t i v i t i e s  
Combined 

4,6 

Each 
Ac t iv i ty  

Separately 

A l l  
A c t i v i t i e  

Combined 

11 

15 

17 

14 

16 

11,12 

13,20 

19 



V a r i a b l e s  and Explana to ry  Models 

Twenty s e p a r a t e  s t u d y  v a r ~ a b l e s  a r e  i d e n t i f i e d  t o  represent d i f f e r e n t  

a s p e c t s  of t h e  b e h a v i o r  and a t t f  sudes  of b o a t e r s ,  Each of t h e s e  v a r i a b l e s  is 

a s s o c i a t e d  w i t h  one of t h e  s i x  b a s i c  m a n i f e s t a t i o n s  of b o a t e r  i n t e r a c t i o n  c i t e d  

above, Ana lys i s  of t h e s e  20 v a r i a b l e s  is  des igned  t o  accomplish  two o b j e c t i v e s :  

f i r s t ,  examine and d e s c r i b e  b o a t i n g  b e h a v i o r ;  second,  i d e n t i f y  o r  e x p l a i n  

v a r i a t i o n  i n  b e h a v i o r  from one day o r  t i m e  of day t o  a n o t h e r  and m o n g  d i f f e r -  

e n t  b o a t i n g  i n d i v i d u a l s  o r  g roups ,  

To accomplish t h i s  second s b j e c t i v e ,  an e x p l a n a t o r y  n o d e l  i s  fosmuLated 

f o r  each of t h e  28 v a r i a b l e s ,  The model i s  i n  the form of a mathemat ica l  

r e p r e s e n t a t i o n  of hypothes ized  c a u s e - e f f e c t  r e l a t i o n s h i p s  between a v a r i a b l e  

r e p r e s e n t i n g  b o a t e r  b e h a v i o r  and - ~ a z f a b l e s  a f f e c t i n g  t h e i r  behav iaz ,  For 

example, t h e  amount of t ime  a b o a t i n g  p a r t y  devo tes  t o  w a t e r  s k i i n g  nay depend 

on w a t e r  s u r f a c e  c o n d i t i o n s ,  number of o t h e r  b o a t s  o p e r a t i n g  a t  t h e  same time, 

t h e  s k i l l  of t h e  s k i e r s ,  and wea ther  c o n d i t i o n s ,  To t h e  e x t e n t  t h a t  t h e s e  

f a c t o r s  "expla in"  s k i i n g  t i m e ,  we have fomw.la ted a l e g i t i m a t e  

model, 

The e x p l a n a t o r y  model f o r  each b e h a v i o r a l  v a r i a b l e  is fo rmula ted  t o  

i n c l u d e  t h e  major  f a c t o z s  s u s p e c t e d  t o  a f f e c t  t h e  p a r t i c u l a r  a s p e c t  o f  behav ior  

b e i n g  examined, I n  a d d i t i o n ,  s e v e r a l  a l t e r n a t i v e  s p e e h f f c a t i o n s  ~f each of 

t h e s e  models a r e  c r e a t e d  t o  i n c l u d e  a d d i  t i  o n a l  f a e c o r s ,  t o  s u b s t i t u t e  w i t h  

o t h e r  f a c t o r s ,  a d  g e n e r a l l y  t o  compare d i f f e r e n t  model f o h m u l a t i s n s  s o  t h a t  

t h e  b e t t e r  e x p l a n a t o r y  model can be  i s o l a t e d ,  

B a s i c a l l y ,  t h i s  s t u d y  d e a l s  w i t h  two s e t s  of  d a t a  i n v o l v i n g  a t o t a l  9f 102 

v a r i a b l e s  c r e a t e d  from o b s e r v a t i o n a l ,  ques t ionnaf  r e l i n t e r v i e w ,  u s e r  r e g e s  t r a -  
4 

t i o n ,  and a e r i a l  p h o t o g r a p h i c  s o u r c e s ,  The f i r s t  i n v o l v e s  o b s e r v a t i o n  of t h e  

b e h a v i o r  s f  i n d i v i d u a l  b o a t e r s ;  t h e  second %nvo%ves o b s e r v a t i o n  ci 

b e h a v i o r ,  hndividua% d a t a  i n e l u d e  r e c o r d s  of a e m a l  b e h a v i o r  observed a c  

s e l e c t e d  % o c a t i o n s  on t h e  l a k e  and recorded  by means of aerial  photography,  

The i n d i v i d u a l - b o a t e r  d a t a  set a h a  i n c l u d e s  a t e i t u d i n a l  and  reactfm s t a t e m e n t s  

based  on a b o a t e r ' s  p e r c e p t i o n  of c o n d i t i o n s  f o r  b o a t i n g  o r  p e r c e p t i m s  of t h e  

physf c a l ,  s o c i a l ,  or m a n a g e r i a l  f n f l u e n e e s  on b o a t i n g ,  

Gordon A ,  Hamon, Harold  K O  C o r d e l l ,  et a l ,  

eK 
Resources Research I n s t i t u t e  cf The U n i v e r s i t y  of Mozth C a r o l i n a ,  Sutmer 1 9 7 4 ) ,  



Group behavior  d a t a  inc lude  observa t ions  of boa t ing  d e n s i t y ,  i n t e n s i t y ,  

l 
and types of a c t i v i t y  a s  s p e c i f i c  d e s c r i p t o r s  of boat ing a c t i v i t y  and the  i n t e r -  

a c t i o n  of boa te r s  over the  genera l  l a k e  a rea .  Also included a r e  observa t ions  

of boat ing a c t i v i t y  i n  s p e c i f i c  a r e a s  o r  "zones" of t he  l ake ,  each of which have 

d i s t i n c t i v e  r e g u l a t i o n s ,  con f igu ra t ion ,  s i z e ,  o r  a c t i v i t y  mixes. 
I A s  s p e c i f i e d ,  t h e  20 models r ep re sen t  a t tempts  t o  exp la in  p a r t i c u l a r  

a s p e c t s  of bo th  i n d i v i d u a l  and group boat ing  behavior .  One of t h e  gene ra l  

v a r i a n t s  of t h e s e  models looks s p e c i f i c a l l y  a t  behavior  of p a r t i c i p a n t s  i n  

each of fou r  major boa t ing  a c t i v i t i e s :  p l easu re  boa t ing ,  s k i i n g ,  s a i l i n g  
I ( inc luding  canoeing and kayaking),  and f i s h i n g .  This i s  done f o r  both t h e  

i n d i v i d u a l  behav io ra l  models and f o r  t he  group behaviora l  models wi th  t h e  

o b j e c t i v e  of d e t e c t i n g  d i f f e r e n c e s  i n  t he  behavior  between these  a c t i v i t y  

ca t egor i e s .  

Seve ra l  v a r i a n t s  of each of t h e  twenty g e n e r a l  models were s p e c i f i e d  t o  

t e s t  d i f f e r e n t  combinations of explanatory v a r i a b l e s .  These models and t h e i r  

v a r i a n t s  were expressed a s  f u n c t i o n a l  equat ions  t o  f a c i l i t a t e  s e t t i n g  up 

m u l t i p l e  r eg re s s ion  ana lyses  f o r  model t e s t i n g .  The fo l lowing  i s  an. example 

of t h e  s e t  of v a r i a n t s  of model # 2 ,  which involves  13  of t h e  102 v a r i a b l e s .  

Dependent v a r i a b l e  = Xh6 = s m a l l e s t  d i s t a n c e  between sho re  and an 

a c t i v e  boa t  8 

 he t e r m  " a c t i v e  boat"  r e f e r s  t o  one of a  sample of boa t s  succes s ive ly  
s e l e c t e d  a s  t h e  focus of i n t e n s i v e  observa t ion  i n  t h e  development and t e s t i n g  
of the  20 explana tory  models. 

I 



D e s c r i p t i o n  of V a r i a b l e s  i n  Model # 2  

Average v e l o c i t y  of 

Average v e l o c i t y  of 

Number of b o a t s  p e r  

a c t i v e  b o a t ,  

Number of b o a t s  p e r  

a c t i v e  b o a t .  

o t h e r  b o a t s  w i t h i n  333'  of t h e  a c t i v e  b o a t  

o t h e r  b o a t s  w i t h i n  667'  of t h e  a c t i v e  b o a t  

a c r e  of w a t e r  s u r f a c e  w i t h i n  333'  of t h e  

a c r e  of w a t e r  s u r f a c e  w i t h i n  667'  of t h e  

A c t i v i t y  t y p e  of boati :  i f  t h e  a c t i v i t y  of t h e  b o a t  i s  s a i l i n g ,  

t h e n  X23av = 1; X23av = 0  o t h e r w i s e .  

A c t i v i t y  of boa t i :  i f  t h e  a c t i v i t y  i s  w a t e r  s k i i n g ,  then  Xag, 

= 1; X23aw = 0  o t h e r w i s e ,  

A c t i v i t y  of boat i :  i f  t h e  a c t i v i t y  i s  b o a t i n g ,  t h e n  X2gax = 1; 

X23ax = 0  o t h e r w i s e ,  

A c t i v i t y  of boat i :  i f  t h e  b o a t  i s  non-moving, t h e n  X2aay = 1; 

X23ay = 0 o t h e r w i s e ,  

Minimum d i s t a n c e  i n  f e e t  t o  s h o r e  a s  measured from t h e  a c t i v e  

b o a t .  Th i s  i n c l u d e s  o n l y  t h o s e  b o a t s  f o r  which t h e  minimum 

d i s t a n c e  i s  measured t o  a  s h o r e  p o i n t  n o t  d e s i g n a t e d  f o r  l a n d i n g .  

V e l o c i t y  of b o a t  C a l c u l a t e d  as t h e  t o t a l  d i s t a n c e  t r a v e l e d  i a 

i n  a known t i m e  i n t e r v a l .  

Average v e l o c i t y  of b o a t s  w i t h i n  1000'  of t h e  a c t i v e  b s a t .  

Number of b o a t s  p e r  a c r e  of w a t e r  s u r f a c e  w i t h i n  1000'  of t h e  

a c t i v e  b o a t .  

D i s t a n c e  i n  f e e t  between t h e  a c t i v e  b o a t  and n e x t  c l o s e s t  b o a t .  

The six m a n i f e s t a t i o n s  of b o a t e r  i n t e r a c t i o n  d e s c r i b e d  i n  Table  1 and a 

v e r b a l  d e s c r i p t i o n  of t h e  e x p l a n a t o r y  models f o m u l a t e d  t o  e x p l a i n  t h e  s t u d y  

v a r i a b l e s ,  such a s  Model !"2 given  as an  example above, a r e  d i s c u s s e d  s e p a r a t e l y  

below. 

S a t i s f a c t i o n  and P e r c e p t i o n  

The s a t i s f a c t i o n  d e r i v e d  by u s e r s  from t h e i r  e x p e r i e n c e  i s  d i f f i c u l t  t o  

measure o r  e x p r e s s ,  Because of t h e  v a r i a b i l i t y  among i n d i v i d u a l  p r e f e r e n c e s ,  



t h e  amount of s a t i s f a c t i o n  which one person  d e r i v e s  from an e x p e r i e n c e  a t  a 

g iven  p l a c e  and t ime  under  a g iven  set of c i rcumstances  may b e  a l t o g e t h e r  

d i f f e r e n t  from t h e  r e a c t i o n  of a n o t h e r  pe rson  i n  t h e  same s i t u a t i o n ,  T h i s  

c r e a t e s  problems f o r  t h e  s o c i a l  s c i e n t i s t  who i s  s e a r c h i n g  f o r  u n i f o r m i t i e s  

and r e g u l a r i t i e s  of b e h a v i o r  r e l a t e d  t o  s p e c i f i e d  s t i m u l i ,  

A second d i f f i c u l t y  i s  t h e  a p p a r e n t  v o l a t i l i t y  of s a t i s f a c t i o n ,  A n  

i n d i v i d u a l  may be  e x p e r i e n c i n g  a h i g h  l e v e l  of s a t i s f a c t i o n  on ly  t o  have it 

d e p r e c i a t e d  o r  s u p p l a n t e d  by an u n p l e a s a n t  i n c i d e n t .  For example, a f a m i l y  

might be  engaged i n  one o r  s e v e r a l  r e c r e a t i o n a l  a c t i v i t i e s  a t  a l a k e  d u r i n g  

an  a f t e r n o o n .  If asked t o  e v a l u a t e  t h e i r  e x p e r i e n c e  a t  4 : 0 0  p,m, ,  t h e  e v a l u -  

a t i o n  might be  p o s i t i v e  and complimentary.  However, i f  a  r e c k l e s s  b o a t e r  were  

t o  endanger  them th rough  c a r e l e s s  or m a l i c i o u s  a c t i o n  an i n s t a n t  l a t e r ,  t h e i r  

e v a l u a t i o n  of t h e  e n t i r e  day,  t h e  l a k e  management, and s f  t h e  g e n e r a l  c l i e n t e l e  

might become n e g a t i v e  and q u i t e  uncomplimentary,  

A t h i r d  problem i n  measur ing u s e r  s a t i s f a c t i o n  i s  t h e  d i f f i c u l t y  of i s o -  

l a t i n g  t h e  v a r i o u s  e l e m e n t s  of an e x p e r i e n c e  which s y n t h e s i z e  t o  c r e a t e  t h e  

o v e r a l l  impress ion  of t h e  e x p e r i e n c e ,  Even when such  e lements  a r e  c o r r e c t l y  

i d e n t i f i e d  and i s o l a t e d ,  t h e r e  remains t h e  problem of measur ing t h e  c o n t r i b u -  

t i o n  of i n d i v i d u a l  e lements  t o  t h e  o v e r a l l  e x p e r i e n c e .  

F i n a l l y ,  i t  must be  recognized  t h a t  i n d i v i d u a l  l e v e l s  of s a t i s f a c t i o n  

a r e  n o t  s u b j e c t  t o  a g g r e g a t i o n  i n  more t h a n  a g e n e r a l i z e d  and o r d i n a l  f a s h i o n ,  

Motwiths t a n d i n g  t h e  problems o u t l i n e d  h e r e ,  t h i s  r e s e a r c h  a t t e m p t s  t o  measure 

u s e r  s a t i s f a c t i o n  i n  a t  l e a s t  rough and approximate  terms and t o  c o r r e l a t e  

s a t i s f a e t i o n  w i t h  o b j e c t i v e  , d e s c r i p t i v e  v a r i a b l e s  such  as i n t e n s i t y  of l a k e  

u s e  as observed ,  r ecorded ,  and measured i n  t h e  s t u d y .  

The f i r s t  r e a c t i o n  s t u d i e d  is  t h e  reason  g iven  f o r  t e r m i n a t i n g  a t r i p  on 

t h e  water ( V a r i a b l e  No, I, T a b l e  1). The amount of t i m e  which b o a t e r s  and 

w a t e r  s k i e r s  spend on water ( p e r  t r i p  from s h o r e )  i s  expec ted  t o  d e c r e a s e  as 

crowding o r  o t h e r  stresses i n c r e a s e .  Assuming t h a t  o n - s i t e  i n t e r v i e w s  w i t h  

r e t u r n i n g  b o a t  d r i v e r s  can be  s t r u c t u r e d  t o  d i s c l o s e  t h e  u n d e r l y i n g  r e a s o n  f o r  

t e r m i n a t i n g  t h e  t r i p  on w a t e r ,  t h e  f i r s t  set of models i s  f o r m u l a t e d  t o  h e l p  

account  f o r  stress as a f a c t o r  i n  t r i p  t i m e ,  

The s e l e c t e d  i n d i c a t o r s  of l a k e  crowding s t r e s s e s  a r e  cumula t ive  v e l o c i t y  

of b o a t s  on t h e  l a k e ;  number of b o a t s  on t h e  l a k e ;  a g g r e g a t e  v e l o c i t y  o f  b o a t s ,  

a s  a proxy f o r  i n t e n s i t y  sf a c t i v i t y ;  and t h e  mix s f  a c t i v i t i e s  d u r i n g  t h e  

p e r i o d  of exposure ,  I n d i c a t o r s  of t h e  a b i l i t y  t o  endure  o r  t o l e r a t e  crowding 



s t r e s s e s  i n c l u d e  t h e  a c t i v i t y  of t h e  b o a t  under  s t u d y ,  t h e  horsepower of t h e  

b o a t ,  a g e  of t h e  b o a t  d r i v e r ,  and t h e  l e n g t h  of t ime  t h e  b o a t i n g  p a r t y  h a s  been 

a t  t h e  l a k e ,  T h i s  l a s t  set of f a c t o r s  r e c o g n i z e s  t h a t  i n d i v i d u a l  b o a t i n g  

p a r t i e s  d i f f e r  i n  t o l e r a n c e  of crowding s t r e s s  and i n  t h e  amount of t i m e  they 

would s t a y  on t h e  water m d e r  o p t i m a l  c o n d i t i o n s ,  

S e v e r a l  d i f f e r e n t  s p e c i f i c a t i o n s  of t h i s  b a s i c  model a r e  made i n  o r d e r  t o  

t e s t  h y p o t h e s i s  of a more s p e c i f i c  n a t u r e .  The f  irst  v a r i m t  is fo rmula ted  t o  

t e s t  t h e  h y p o t h e s i s  t h a t  t h e  amount and i n t e n s i t y  of b o a t i n g  a c t i v i t y  i n  t h e  

a r e a  where b o a t s  launch and B a d  i s  t h e  p r i n c i p a l  component of a b o a t e r ' s  

p e r c e p t i o n  of crowding p r e s s u r e .  T h i s  c o n s i d e r s  t h e  p o s s i b i l i t y  t h a t  an  

e n c o u n t e r  w i t h  heavy o r  f a s t  b o a t  c r a f f i c  upon h u n c h i n g  may w e l l  e s t a b l i s h  t h e  

a t t i t u d e  of b o a t e r s  f o r  t h e  e n t f s e  t r i p ,  

The second s p e c i f i c a t i o n  h y p o t h e s i z e s  t h a t  t h e  r e a s o n  g iven  by a b o a t e r  

f o r  coming of f  t h e  w a t e r  i s  dependent on t h e  amount and i n t e n s i t y  of u s e  t h a t  

t h e  b o a t e r  obse rves  a t  t h e  t i m e  h e  is  b e i n g  i n t e r v i e w e d ,  even though h e  i s  n o t  

a t  t h a t  moment engaged i n  b o a t i n g .  To t e s t  t h i s  h y p o t h e s i s ,  i n f o m a t i o n  on 

number of b o a t s  and t h e i r  v e l o c i t i e s  was o b t a i n e d  a t  t h e  time of t h e  i n t e r v i e w ,  

Number and v e l o c i t y  of b o a t s  i n  t h e  p r e v i o u s  v a r i a n t s  of t h i s  model were  

o b t a i n e d  t e n  minutes  p r i o r  t o  t h e  i n t e r v i e w  a t  a  t i m e  when b o a t e r s  were  on 

t h e  w a t e r .  I n t e r v i e w s  were conducted o n l y  w i t h  b o a t e r s  j u s t  r e t u r n i n g  t o  s h o r e .  

The f i n a l  s p e c f f f  c a t i o n  o f  t h e  model is des igned  t o  de te rmine  whe ther  

reasons  g iven  f o r  coming o f f  t h e  water cou ld  be b e t t e r  e x p l a i n e d  i o s  b o a t e r s  

engaged i n  one a c t i v i t y  t h a n  f o r  a n o t h e r ,  Using t h e  msdeb r e p r e s e n t i n g  crowd- 

i n g  p r e s s u r e  a d  b o a t e r  t o l e r a n c e ,  w a t e r  s k i e r s  and p l e a s u r e  b o a t e r s  were  

s e p a r a t e l y  s r u d i e d ,  

Next s t u d i e d  are o p i n i o n s  of b o a t e r s  concern ing  t h e  adequacy o r  s u f f i -  

c i ency  of b o a t i n g  a c t i v i t y  r e g u l a t i o n  ( V a r i a b l e  No. 2 ,  Tab le  1 ) .  The b a s i c  

model s p e c i f  i c a t i  on and v a r i a n t s  of t h e  model are i d e n t i c a l  t o  t h o s e  s p e c i f i e d  

t o  e x p l a i n  reasons  f o r  r e t u r n i n g  t o  s h o r e ,  The o b j e c t i v e  of t h e  tests of t h i s  

model i s  t o  a s c e r t a h  whether  t h e  r e g u l a t i o n s  imposed on b o a t i n g  a c t i v i t y  a t  

t h e  l a k e  a r e  sufficient under  d i f f e r e n t  c o n d i t i o n s  sf u s e  p r e s s u r e  (crowding) ,  

It i s  expec ted  t h a t  d i s s a t i s f a c t i o n  w i l l  b e  e x p r e s s e d  by more b o a t e r s  a t  t imes 

when use  p r e s s u r e s  are h i g h e s t ,  

B o a t e r s  were a l s o  asked  t o  e v a l u a t e  t h e  crowdedness of t h e  l a k e  on t h e  day 

of t h e  i n t e r v i e w  r e l a t i v e  t o  crowding they had e x p e r i e n c e d  on o t h e r  days st 

t h e  l a k e ,  Our e x p e c t a t i o n  is  t h a t  p e r c e i v e d  crowding is d i f f e r e n t  than  a c t u a l  



crowding ( d e n s i t y  of b o a t s )  when t h e  t y p e  o r  i n t e n s i t y  o f  a c t i v i t y  d i f f e r s ,  

even though a c t u a l  d e n s i t y  b e  h e l d  c o n s t a n t ,  ( F i f t y  f a s t - t r a v e l i n g ,  l a r g e  

b o a t s  may make t h e  l a k e  appear  t o  be  more crowded than  f i f t y  s l o w - t r a v e l i n g  

b o a t s  of smaller s i z e , )  

I d e n t i c a l  v a r i a n t s  of t h e  b a s i c  model are a l s o  used to e x p l a i n  p e r c e p t i o n  

of crowding, F i r s t ,  p e r c e p t i o n  is  s p e c i f i e d  t o  b e  a f u n c t i o n  o f  a c t u a l  con- 

d i t i o n s  encounte red  on t h e  w a t e r  by t h e  b o a t e r  j u s t  p r i o r  t o  t h e  i n t e r v i e w ,  

Second, t h e  model is a l t e r e d  t o  r e f l e c t  c o n d i t i o n s  on t h e  w a t e r  immediate ly  

su r rounding  t h e  l a u n c h  area a t  t h e  t i m e  t h e  b o a t e r  was on t h e  w a t e r ,  F i n a l l y ,  

a test  is fo rmula ted  t o  d e t e c t  whether t h e  c o n d i t i o n s  of u s e  o b s e r v a b l e  a t  t h e  

t i m e  of i n t e r v i e w  i n f l u e n c e  ( o r  are r e l a t e d  t o )  a  b o a t e r ' s  s t a t e d  p e r c e p t i o n  

s f  crowding, 

P a r t i c i p a t f  on Time 

Time as a r e l e v a n t  dimension i n v o l v e s  two s p e c i f i c  c o n s i d e r a t i o n s ,  F i r s t ,  

t h e  average  l e n g t h  of s t a y  a t  t h e  l a k e  on any g i v e n  day may v a r y  i n  r e l a t i o n  

t o  t h e  i n t e n s i t y  of u s e  of t h e  l a k e  f o r  t h a t  day ,  I f  it does ,  t h e n  t h e  t u r n -  

o v e r  rate cou ld  f u r n i s h  an i n d i c a t i o n  of t h e  level of t o l e r a n c e  which u s e r s  

have f o r  "crowding," 

Second, t h e  average  amount s f  t ime  p e r  t r i p  on t h e  water and  t h e  f requency  

of a c t i v i t y  exchange between water and l a n d  may b e  a  f u ~ n c t i o n  of t h e  u s e  con- 

d i t i o n s  p r e v a i l i n g .  I f  t h e y  are r e l a t e d ,  t h e n  t h e  magnitude of t h e  r e l a t i o n -  

s h i p  s h o u l d  b e  measurab le  g iven  t h e  methods u t i l i z e d  i n  t h i s  r e s e a r c h .  

The f i r s t  p a r t i c i p a t i o n - t i m e  v a r i a b l e  i s  t h e  average  t i m e  s p e n t  a t  t h e  

l a k e  by a l l  b o a t i n g  p a r t i e s  d u r i n g  a  s i n g l e  day ,  I n c l u d e d  i n  t h e  e x p l a n a t o r y  

model i s  t o t a l  crowding p r e s s u r e  d u r i n g  t h e  day a s  i n d i c a t e d  by t o t a l  number 

of b o a t s  which u s e  t h e  water a r e a  d u r i n g  t h e  day. G r e a t e r  t o t a l  u s e  p r e s s u r e  

i s  e x p e c t e d  t o  r e s u l t  i n  a s h o r t e r  average  s t a y  a t  t h e  l a k e ,  

The second v a r i a b l e  r e p r e s e n t i n g  p a r t i c i  p a t i o n  t ime i s t h e  a v e r a g e  t ime  

s p e n t  on t h e  w a t e r  by b o a t s  which were  a c t i v e  a t  s e l e c t e d  t imes  d u r i n g  t h e  day.  

For  each  t i m e  s e l e c t e d ,  a c t i v e  b o a t s  were i d e n t i f i e d  t o g e t h e r  w i t h  t h e  t i m e s  

of t h e i r  d e p a r t u r e  from and r e t u r n  t o  s h o r e .  The r e s u l t i n g  time-on-the-water 

d a t a  a r e  averaged t o  g e t  a t ime-per-boat v a l u e ,  Th is  v a r i a b l e  can b e  r e l a t e d  

t o  t h e  r e a s o n s  f o r  b o a t e r s  coming back t o  s h o r e ,  I f  t h e  r e a s o n  f o r  r e t u r n i n g  

was e x c e s s i v e  crowding, f o r  example, t h e n  a s h o r t e r  average  t ime  on t h e  w a t e r  

would b e  e x p e c t e d ,  



Inc luded  i n  t h e  model t o  e x p l a i n  v a r i a t i o n  i n  average  t i m e  among observa-  

t i o n s  a r e  t h e  average  of t h e  v e 8 o c i t i e s  of b o a t s  a c t i v e  on t h e  w a t e r  a t  t h e  

t i m e  of o b s e r v a t i o n ,  t o t a l  number o f  b o a r s  a c t i v e ,  and t h e  average  horsepower 

of t h e  a c t i v e  b o a t s ,  Average v e l o c i t y  and number of b o a t s  r e p r e s e n t  t h e  amount 

s f  u s e  p r e s s u r e  o r  crowding; f a c t o r s  e x p e c t e d  t o  r e s u l t  i n  a s h o r t e n e d  t r i p ,  

Average horsepower is an  i n d i c a t o r  of t h e  a b i l i t y  of b o a t s  t o  cope w i t h  u s e  

p r e s s u r e  e i t h e r  by o u t d i s t a n c i n g  i t  o r  by p r o v i d i n g  a d d i t i o n a l  m a n e u v e r a b i l i t y  

w i t h i n  t h e  crowded zone,  

S e v e r a l  v a r i a n t s  of t h i s  model a r e  s p e c i f i e d ,  F i r s t ,  d e n s i t y  of b o a t s  

i s  s u b s t i t u t e d  f o r  number o f  b o a t s  t o  de te rmine  whe ther  d e n s i t y  was more 

impor tan t  than number, Second, s t u d y  i s  r e s t r i c t e d  t o  on ly  t h e  p a r t s  of t h e  

l a k e  where b o a t i n g  and s k i i n g  were  a l lowed;  p a r t s  where on ly  f i s h i n g  was 

a l lowed were  exc luded ,  T h i r d ,  r a t h e r  than look at average  t i m e  on t h e  w a t e r  

f o r  a l l  b o a t e r s ,  s t u d y  i s  i s o l a t e d  t o  w a t e r  s k i e r s  e x c l u s i v e l y  and t h e n  t o  

p l e a s u r e  b o a t e r s  e x c l u s i v e l y ,  Th is  last  v a r i a n t  of t h e  model assumes t h a t  

b o a t e r s  and s k i e r s  spend d i f f e r e n t  amounts of t i m e  on t h e  w a t e r ,  T h i s  assump- 

t i o n  w i l l  b e  t e s t e d ,  

The f  i n a l  v a r i  a b l e  r e p r e s e n  t f n g  p a r t i c i p a t i o n  t i m e  i s  t h e  average  t ime  

p e r  t r i p  o n t o  t h e  w a t e r  f o r  each  b o a t  i n  t h e  p e r i o d  d u r i n g  which t h e  b o a t i n g  

p a r t y  was a t  t h e  l a k e ,  The s i n g l e  f a c t o r  i n c l u d e d  i n  t h e  e x p l a n a t o r y  model i s  

t h e  horsepower of t h e  b o a t ,  The h y p o t h e s i s  i s  t h a t  l a r g e r  horsepower b o a t s  are 

b e t t e r  s u i t e d  t o  heavy u s e  c o n d i t i o n s  because  of t h e i r  m a n e u v e r a b i l i t y  and can 

b e t t e r  cope w i t h  o t h e r  b o a t i n g  a c t i v i t y .  I f  t r u e ,  t h e  expec ted  f i n d i n g  is  t h a t  

t i m e  p e r  t r i p  o n t o  t h e  w a t e r  i n c r e a s e s  as horsepower i n c r e a s e s .  

D i s t a n c e  R e l a t i o n s h i p s  - 
Through t h e  use  of a e r i a l  photography,  i n f o r m a t i o n  is a v a i l a b l e  f o r  

a n a l y s i s  t o  de te rmine  whether  t h e r e  are d i s c e r n i b l e  p a t t e r n s  of b o a t  t r a v e l  

under  v a r i o u s  c o n d i t i o n s  of i n t e n s i t y .  The q u e s t i o n s  be ing  asked  a r e :  

a. A s  t h e  i n t e n s i t y  sf l a k e  s u r f a c e  u s e  i n c r e a s e s ,  i s  t h e r e  a 

tendency f o r  b o a t  p a t h s  t o  move c l o s e r  t o  s h o r e  o r  c l o s e r  

t o  t h e  c e n t e r  o f  t h e  l a k e  o r  a r e  t h e r e  d i s c e r n i b l e  d i f f e r e n c e s ?  

b e  A s  i n t e n s i t y  i n c r e a s e s ,  do b o a t  t r a v e l  p a t h s  t e n d  t o  become 

o r g a n i z e d  as s t r a i g h t  l i n e s  o r  do t h e  p a t t e r n s  cf t h e  p a t h s  

t a k e  on a more v a r i a b l e  c h a r a c t e r ?  



c.  As i n t e n s i t y  i n c r e a s e s ,  do b o a t s  maneuver t o  o p t i m i z e  d i s t r i b u -  

t i o n  o r  is t h e r e  a greaten" tendency f o r  t h e  b o a t s  t o  "bunch1' 

t o g e t h e r  o r  are t h e r e  d i s c e r n i b l e  d i f f e r e n c e s ?  

I f  d i s t i n c t  p a t t e r n s  are e v i d e n t  under  d i f f e r e n t  c o n d i t i o n s  of i n t e n s i t y ,  

then it may b e  p o s s d b l e  t o  roughly  i d e n t i f y  some of t h e  a t t r i b u t e s  of " c a p a c i t y . "  

The m a t t e r  of s p a t i a l  r e l a t i o n s h i p s  i s  complementary t o  t h e  b o a t  p a t t e r n  

q u e s t i o n s  posed above,  T r a f f i c  p a t t e r n s  f o r  b o a t s  engaged i n  v a r i o u s  r e c r e a -  

t i o n  a c t i v i t i e s  may b e  imposed by management (1) a s  a means t o  accommodate more 

b o a t s  on a w a t e r  body, (2)  t o  add a n  e lement  of p r e d i c t a b i l i t y  t o  t h e  b e h a v i o r  

of b o a t s  t h u s  r e d u c i n g  f r i c t i o n  and h a z a r d  levels,  As a p r a c t i c a l  matter, 

t h e s e  g o a l s  may b e  i n  c o n f l i e s  i f  t h e  a d d i t i o n a l  b o a t s  r e a c t  t o  t h e  o r d e r l y  

p a t t e r n  by i n c r e a s i n g  t h e i r  a v e r a g e  s p e e d ,  The i n c i d e n c e  o f  u n s a f e  a c t s  s u c h  

a s  h i g h  speed  ' k t a i - g a t i n g "  could  a d v e r s e l y  a f f e c t  t h e  i n c i d e n c e  and s e v e r i t y  

of a c c i d e n t s ,  Boa t s  which do n o t  comply w i t h  t h e  e s t a b l i s h e d  p a t t e r n  t e n d  t o  

have an a lmos t  t r a u m a t i c  e f f e c t  on t h e  Bevel s f  p r e d i c t a b i l i t y ,  I n  any e v e n t ,  

i t  seems l i k e l y  t h a t  b o a t e r s  ( b o a t s )  respond n o t  on ly  t o  t h e  p r o x i m i t y  of 

o t h e r  b o a t s  b u t  t o  t h e i r  c o u r s e  and s p e e d ,  
9 An a n c i l l a r y  s t u d y  conducted by Crysda le  p robes  some of t h e  r e l a t i o n s h i p s  

s u g g e s t e d  above,  Through t h e  u s e  of a e r i a l  photography and mai l -out  q u e s t i o n -  

n a i r e s ,  i n £  ormat ion i s a v a i  k a b l e  f o r  a n a l y s i s  t o  de te rmine  t h e  d e p a r t i n g  and 

impinging d i s t a n c e s  which w a t e r  s k i  b o a t e r s  p e r c e i v e  t o  be  s a f e  and t h e  d e p a r t -  

i n g  and impinging d i s t a n c e s  which are a c t u a l l y  m a i n t a i n e d .  Such an a n a l y s i s  

may p r o v i d e  i n s i g h t  t o  t h e  d i s t a n c e  r e l a t i o n s h i p  phenomena and i d e n t i f y  areas 

of  s e n s i t i v i t y  t h a t  c o n t r i b u t e  t o  the s e n s a t i o n  o f  "crowding" on a w a t e r  body. 

I n c r e a s i n g  b o a t i n g  a c t i v i t y  i s  e x p e c t e d  t o  have an e f f e e t  on t h e  d i s t a n c e  

t h a t  b o a t e r s  m a i n t a i n  between themselves  and o t h e r  p h y s i c a l  o b j e c t s ,  O f  p r i -  

mary concern h e r e  i s  t h e  r e l a t i o n s h i p  between a s i n g l e  b o a t  and t h e  s h o r e l i n e  

when d i f f e r e n t  c o n d i t i o n s  e x i s t ,  These c o n d i t i o n s  i n c l u d e  t y p e  of b o a t ,  t y p e  

of a c t i v i t y ,  l o c a t i o n  on t h e  l a k e ,  and t h e  l e v e l  of o t h e r  b o a t i n g  a c t i v i t y  s u r -  

rounding t h e  b o a t ,  Two measures of t h e  b o a t / s h o r e l i n e  d i s t a n c e  were  o b t a i n e d :  

9Riehard A. C r y s d a l e ,  "An A n a l y s i s  o f  S p a t i a l  Behavior  of Water S k i  B o a t s ,  
Appendix W H H I - 1 0 , "  I S y s t e m s ,  P a r t  HI1 - 
1 s  y s  t em 
be  p u b l i s h e d  as a Research Report  by t h e  Water Resources Research I n s t i t u t e  of 
The U n i v e r s i t y  of North  C a r o l i n a ,  Sunmer H974) ,  



1. s m a l l e s t  d i s t a n c e  from b o a t  t o  s h o r e  a l o n g  t h a t  p o r t i o n  of 

t h e  b o a t  p a t h  observed through a e r i a l  r e c o n n a i s s a n c e ,  and 

2. average  d i s t a n c e  from b o a t  t o  s h o r e  a long  t h a t  p o r t i o n  of 

t h e  b o a t  p a t h  observed through a e r i a l  r e c o n n a i s s a n c e ,  

The two d i f f e r e n t  measures of t h e  s h o r e / b o a t  r e l a t i o n s h i p  were s p e c i f i e d  

s o  t h a t  a t o t a l  p i c t u r e  of t h e  r e a c t i o n  of a b o a t  t o  crowding by o t h e r  b o a t s  

c o u l d  be  o b t a i n e d .  Of major concern i s  t h e  r e l a t i v e  s a f e t y  of b o a t  o p e r a t i o n  

under  d i f f e r e n t  c o n d i t i o n s  of u s e ,  G r e a t e r  c o m p e t i t i o n  f o r  w a t e r  space by 

b o a t s  p roceed ing  on common o r  opposing c o u r s e s  i s  expec ted  t o  c r e a t e  p r e s s u r e  

r e s u l t i n g  i n  more u s e  of w a t e r  space  c l o s e  ts s h o r e ,  T h i s  is  of s p e c i a l  con- 

c e r n  where t h e  w a t e r  a r e a  i s  c o n s t r i c t e d  a s  i l l u s t r a t e d  i n  F i g u r e  6 .  

The b a s i c  model a s s o c i a t e d  w i t h  t h e  s h o r t e s t  d i s t a n c e  t o  s h o r e  i n c l u d e s  

v e l o c i t y  and a c t i v i t y  of t h e  p r i n c i p a l  b o a t ,  d i s t a n c e  t o  t h e  n e a r e s t  S o a t ,  

and t h e  average  v e l o c i t y  and number of o t h e r  b o a t s  o p e r a t i n g  n e a r  t h e  p r i n c i -  

p a l  b o a t .  Three  d i f f e r e n t  r a d i i  a r e  t e s t e d  t o  de te rmine  which i s  more n e a r l y  

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

o t h e r  b o a t s ,  t h e  s h o r e l i n e ,  o r  o t h e r  p h y s i c a l  o b s t r u c t i o n s .  The r a d i i  were 

333, 667, and 1000 f e e t ,  The water a r e a  o f  concern i s  c o n s i d e r e d  i n  two ways: 

t o t a l  w a t e r  a r e a  ( i n c l u d i n g  bays )  and e f f e c t i v e  w a t e r  a r e a .  la E f f e c t i v e  water 

e x c l u d e s  areas of sha l low,  c lose - to - shore  w a t e r  and s m a l l  o r  narrow bays  which 

a r e  r a r e l y  used by fast-moving b o a t s .  The 333, 667,  and 1000-foot r a d i i  a r e  

a p p l i e d  t o  b o t h  t o t a l  and e f f e c t i v e  w a t e r  a r e a s .  I n  a d d i t i o n ,  a l l  of t h e s e  

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

s k i i n g  b o a t s  and t o  p l e a s u r e  b o a t s ,  

Level  of A c t i v i t y  

Level  of a c t i v i t y  r e f e r s  t o  t h e  r a t e  and amount of b o a t  movement. Twenty 

b o a t s  a v e r a g i n g  1 5  m i l e s  p e r  hour ,  f o r  example, r e p r e s e n t  a  h i g h e r  l e v e l  than 

20 b o a t s  moving 5 m i l e s  p e r  hour .  The b e h a v i o r a l  v a r i a b l e s  of p r i n c i p a l  i n t e r -  

est  h e r e  i n c l u d e  t h e  v e l o c i t y  a t  which S o a r s  a r e  moving and t h e  i n t e n s i t y  of 

a c t i v i t y  ( d e f i n e d  E a t e r ) .  A number of hypotheses  a r e  fo rmula ted  on t h e  p remise  

"A s p e c i f i c  d e f i n i t i o n  of e f f e c t i v e  w a t e r  area i s :  t h e  w a t e r  a r e a  w i t h i n  
which 90 p e r c e n t  of t h e  b o a t s  i n  a  p a r t i c u l a r  b o a t i n g  a c t i v i t y  and v e l o c i t y  
c l a s s  o p e r a t e  o r  a r e  i n f e r r e d  t o  o p e r a t e  on t h e  b a s i s  of (1) samples t a k e n  a t  
taransects a c r o s s  t h e  w a t e r  and ( 2 )  u s e  of t h e  a l g o r i t h m  normal ly  employed t o  
compute 90 p e r c e n t  c o n f i d e n c e  i n t e r v a l s  f o r  p o p u l a t i o n  means along t h o s e  
t r a n s e c t s .  
















