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This  i s  t h e  t h i r d  of a  s e r i e s  of pub l i ca t ions  r epo r t ing  on r e sea rch  t o  

develop methods, models, and gu ide l ines  f q r  planning and managing water-based 

r e c r e a t i o n  systems. The previous r e p o r t s  a r e :  Capacity of Water-Based Recreat ion 

Systems: P a r t  I, T h e - S t a t e  of t h e  A r t  - Gordon A. Hammon, Harold K. Corde l l ,  

e t  a l ,  (Apr i l  1974) and Capacfty of Water-Based Recreat ion Systems: P a r t  11, 

A Systems Approach t o  Capacity Analysis  - Gordon A. Hammon, Harold K. Corde l l ,  

( J u l y  1974). 

In  t h i s  r e p o r t ,  methods conceptual ized and t e s t e d  f o r  c o l l e c t i n g  and 

process ing  da t a  desc r ib ing  r e c r e a t i o n a l  boa t ing  behavior  a r e  presented .  The 

t e s t  s i t e  was Lake Burl ington i n  t h e  Piedmont of North Carol ina.  Means f o r  

da t a  c o l l e c t i o n  included ques t ionna i r e s ,  in te rv iewing ,  shore l ine-based  observa- 

t i o n ,  and a e r i a l  photography, 

Based. on an  a n a l y s i s  of t h e  in te rv iew and o n - s i t e  obse rva t ion  d a t a ,  a  

major f i nd ing  i s  t h a t  capac i ty ,  measured a s  number s f  boa t s  which should use  

a  lake  system a t  t h e  same time, probably should not  be f i x e d  by t h e  managing 

a u t h o r i t y .  Boaters  a t  t h e  s tudy  s i t e  appeared t o  have acc l ima t i zed  themselves 

t o  t h e  f r equen t ly  heavy use  cond i t i ons  which sometimes exceeded 1 boat  pe r  6 

a c r e s  of water  sur face .  Thus managers' and p l anne r s ' con t inua l  search  f o r  t h e  

magic number c a l l e d  capac i ty ,  which i f  found and used i s  be l i eved  t o  be t h e  

s o l u t i o n  t o  many management problems, appears  t o  be an  unnecessary p u r s u i t .  
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This i s  t h e  t h i r d  of t h r e e  r e p o r t s  concerned w i t h  t h e  capac i ty  of water-  

based r e c r e a t i o n  systems, The f i r s t  r epo r t  (Pa r t  I )  recognizes  t h e  complex and 

dynamic na tu re  of t he  capac i ty  concept and p r e s e n t s  d i scuss ion  of capac i ty  

through a  review of r e l e v a n t  l i t e r a t u r e ,  A major outcome of t h i s  review i s  

i d e n t i f i c a t i o n  of a n  obvious void i n  q u a n t i t a t i v e  research  aimecl a t  genera t ing  

capac i ty -o r i en t ed  gu ide l ines  f o r  r e c r e a t i o n a l  management of  water  resources ,  

The accomplished research  t h a t  has  been reviewed has been c l a s s i f i e d  by t h e  

type of f a c t o r s  w i th  which i t  p r imar i ly  d e a l s ,  The f i v e  s e t s  s f  f a c t o r s  i nc lude  

(1) a d m i n i s t r a t i v e ,  ( 2 )  b i o l o g i c a l ,  (3) phys i ca l ,  (4) s o c i a l ,  and (5) temporal 

cons ide ra t ions ,  Most of t h e  publ ished r e p o r t s  d e a l  w i t h  phys i ca l  and s o c i a l  

f a c t o r s ,  Phys ica l  f a c t o r s  inc lude  dimensions sf t h e  r e c r e a t i o n a l  land and water  

complex, speed of boa t s ,  and c l imate ,  Socfal  f a c t o r s  o r  cons ide ra t ions  inc lude  

behavior  under s t r e s s ,  t e r r i t o r i a l i t y  and mfgra t ion ,  and muta t ion  of behaviora l  

c h a r a c t e r i s t i c s .  

The second r e p o r t  (Pa r t  IE) conceptua l izes  a systems approach t o  c a p a c i t y  

a n a l y s i s ,  A thorough d i scuss ion  s f  t h e  importance af spec i fy ing  t h e  r e c r e a t i o n a l  

and o t h e r  o b j e c t i v e s  of water-based system a s  a necessary  pre l iminary  s t e p  t o  

c a p a c i t y  a n a l y s i s ,  A t t en t ion  i s  given t o  o b j e c t i v e s  s p e c i f i e d  i n  terms o f  

maximizing u s e r  s a t i s f a c t i o n  given va r ious  b f o l o g f c a l ,  phys i ca l ,  s o c i a l ,  and 

temporal c o n s t r a i n t s ,  A sys temat ic  approach t o  model l ing and even tua l ly  

quan t i fy ing  important  r e l a t i o n s h i p s  w i t h i n  a water-based r e c r e a t i o n  system i s  

presented.  S t rongly  emphasized i s  t h e  need t o  quan t l fy  l e v e l s  of r e c r e a t i o n a l  

a c t i v i t y  w i t h i n  system components and t o  accsunc f o r  v a r i a t i o n s  i n  r a t e s  of 

exchange among and rates of a c t i v i t y  w i t h i n  these  components, S p e c i f f c  f a c t o r s  

expected t o  a f f e c t  r a t e s  and l e v e l s  of a c t i v i t y  and thus  expected t o  a f f e c t  

r e c r e a t i o n a l  c a p a c i t y  a r e  i d e n t i f i e d ,  The genera l  p a t t e r n  of i n t e r r e l a t i o n s h i p s  

among t h e s e  f a c t o r s  i s  explained,  

This  t h i r d  report ( P a r t  L I E )  emphastzes the  methods end f i n d i n g s  of a  

r e sea rch  p r o j e c t  conducted a t  Lake Burl ington i n  North Caro l ina ,  One of t h e  

p r i n c i p a l  data  c o l l e c t i o n  methods used was in te rv iewing  lake u s e r s  combined 

w i t h  r e g i s t r a t i o n  of e n t e r i n g  boa te r s  a s  a  m e  ns  f o r  i d e n t i f y i n g  a t t i t u d e s  

and percept ions  of t h e  system, its u t f k i z a t i s n ,  and i t s  management, As a  

method, in te rv iewing  appeared t o  be very e f f e c t i v e  i n  gene ra t ing  c e r t a i n  types 

of information not  otherwise a t t a i n a b l e ,  These typcs  of informat ion  inc lude  



u s e r  c h a r a c t e r i s t i c s ,  percept ions  of u se  cond i t i ons ,  range of a c t i v i t i e s  p a r t i c i -  

pa ted  i n  by va r ious  c l a s s e s  of u s e r s ,  and seasonal  p a t t e r n  of water  r e c r e a t i o n  

p a r t i c i p a t i o n ,  

A second p r i n c i p a l  method involved u t i l i z a t i o n  of a  team of o n - s i t e  observers  

t o  measure and record  (1) amount and type  of u se ,  (2)  d i s t r i b u t i o n  of u se  over  t h e  

water-based system, and (3 )  amount of t ime b o a t e r s  were a c t i v e  on t h e  water  dur ing  

t h e i r  s t a y  a t  t h e  l a k e  s i t e .  On-si te  observa t ion  provides cont inuous records  of 

boa t ing  a c t i v i t y  p l u s  a  much more d e t a i l e d  and d e s c r i p t i v e  account of genera l  

p a t t e r n s  of use  and i n t e r a c t i o n s  among boa te r s .  A b a s i c  disadvantage s f  obser-  

v a t i o n  i s  t h a t  i t  provides only  genera l  d e s c r i p t i o n  of t h e  s p a t i a l  d i s t r i b u t i o n  

of boa t ing  a c t i v i t y ,  This  i s  a n  important measurement a i d  f o r  c a p a c i t y  cons ider -  

a t i o n ,  The observa t ion  methods t e s t e d  and u t i l i z e d  f o r  t h e  Lake Bur l ing ton  

p r o j e c t  a r e  descr ibed  a s  a  guide f o r  o t h e r s  undertaking s i m i l a r  research .  

The t h i r d  method developed and implemented involved use  of a e r i a l  photo- 

graphic techniques f o r  measuring amount, s p a t i a l  d i s t r i b u t i o n ,  and r a t e s  of 

boa t ing ,  sk i ing ,  and s a i l i n g  a c t i v i t y ,  A e r i a l  photography provides  comprehensive 

and near  ins tan taneous  views of t h e  use- loading s i t u a t i o n  throughout t h e  system. 

I n  a d d i t i o n ,  a e r i a l  photography i s  unobt rus ive  i n  t h a t  i t  does not  impact t h e  

u s e r s  o r  t h e i r  p a t t e r n s  of a c t i v i t y .  A major disadvantage found i s  t h e  complexity 

of e f f i c i e n t l y  a b s t r a c t i n g  d e n s i t y  and r a t e - o f - a c t i v i t y  informat ion  where l a r g e  

numbers of a e r i a l  photographs a r e  involved. A unique process  f o r  ob ta in ing  

needed da t a  from t h e  photography us ing  overhead p r o j e c t i o n  of nega t ive  images 

o v e r l a i d  w i th  a  g r i d  coord ina te  system was developed and found e f f e c t i v e ,  By 

record ing  t h e s e  da t a  a s  a  s e r i e s  of g r i d  coord ina tes ,  e l e c t r o n i c  process ing  

was made f e a s i b l e ,  A major problem which served a s  an  o b s t a c l e  t o  t imely  and 

complete t e s t i n g  of hypotheses s p e c i f i e d  f o r  t h i s  s tudy  was t h e  r e c t i f i c a t i o n  

of t h e  photographic imagery recorded a s  g r i d  coo rd ina t e s  ta t r u e - s c a l e  s p a t i a l  

d i s t r i b u t i o n s .  It i s  concluded t h a t  r ecen t  innovat ions  on or ths-photography 

provide  t h e  means f o r  overcoming t h i s  l a s t  o b s t a c l e  t o  e f f e c t i v e  u t i l i z a t i o n  

of a e r i a l  photography, 

A comprehensive da t a  process ing  system was devised,  implemented, and 

brought t o  95 pe rcen t  ope ra t iona l  phase, The da t a  from o n - s i t e  obse rva t ion  

and in te rv iewing  were analyzed t o  produce the  fo l lowing  major conclus ions  

concerning r e c r e a t i o n a l  capac i ty  of water  systems: 

(1) Based on ve rba l  and behaviora l  r e a c t i o n s  t o  heavy u s e  
cond i t i ons ,  it gene ra l ly  appears  t h a t  use  d e n s i t i e s  a s  
g r e a t  a s  1 boat  p e r  6 a c r e s  of t o t a l  water  a r e a  i s  s t i l l  
below t h e  upper r e c r e a t i o n a l  capac i ty  l i m i t  f o r  boat ing.  

x i i  



(2)  The dominant adverse  r e a c t i o n  t o  dense boa t ing  i s  
from fishermen and s a i l  boa t e r s ,  i n d i c a t i n g  a  need 
f o r  l ake  su r f ace  use  zoning. 

(3 )  There seemed t o  be a  d e s i r e  among p l easu re  b o a t e r s  
and s k i e r s  t o  p a r t i c i p a t e  i n  t h e i r  r e s p e c t i v e  
a c t i v i t i e s  dur ing  rimes of heavy use, 

( 4 )  S e t t i n g  c a p a c i t y  i n  terms of number of boa t s  a t  one 
time does not  appear  t o  be a  v i a b l e  and v a l i d  concern 
of management, 

Three s p e c i f i c  recommendations a r e  ev ident  based on t h e  above f ind ings ,  

1, Managers should not  a t tempt  to e s t a b l i s h  c a p a c i t y  l i m i t s  a s  a  

management o b j e c t i v e ,  Users of a  Lake system seem t o  au toma t i ca l ly  

accommodate themselves t o  e x i s t i n g  cond i t i ons ,  I n  t h i s  r e spec t ,  

t h e  des ign  capac i ty  of developed s i t e s  and f a c i l i t i e s  w i t h i n  t h e  

l a k e  system should not  be  allowed t o  a c t  a s  a  l h i t i n g  f a c t o r ,  

Overa l l  r e c r e a t i o n  s a t i s f a c t i o n  of u s e r s  i s  l i k e l y  t o  be l imi t ed  

i f  capac i ty  l i m i t s  a r e  imposed e l t h e r  d i r e c t l y  o r  i n d i r e c t l y .  

2. The water  su r f ace  of a  le,ke system should be zoned t o  accommodate 

slower and smal le r  boa ts  and s a i l  boa t s ,  These boa t s  and t h e i r  

ope ra to r s  cannot compete e f f e c t i v e l y  for space wi th  l a r g e r ,  mare 

powerful boa ts ,  

3 ,  Fur the r  r e sea rch  needs t o  be conducted t o  a s s e s s  t h e  impact of 

heavy use  loads on p o t e n t i a l  u s e r s '  d e c i s i o n s  t o  use  o r  no t  use  

a  l ake  system, This  r e sea rch  has not  cons idered  t h e  non-user,  

Such a  cons ide ra t ion  could a l t e r  somewhat t h e  conclus ions  reached 

and recommendations made. 





Accura te  i d e n t i f  i c a t i  on, d e s c r i p t i o n ,  and measurement of t h e  e f f e c t s  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 r e  hypothes ized  de te rminan ts  

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  a r e a  g e n e r a l l y  a r e  n o t  p o s s i b l e  

g iven  t h e  p r e s e n t  s t a t e  of t h e  ar t .  Models based  on rea l -wor ld  d a t a  a r e  

needed which q u a n t i f y  t h e  r e l a t i o n s h i p s  between i m p o r t a n t  r e s o u r c e ,  mana- 

g e r i a l ,  and b e h a v i o r a l  f a c t o r s .  Such models e n a b l e  p r e d i c t i o n  of t h e  conse- 

quences  o f  a l t e r n a t i v e  c o u r s e s  of a c t i o n  s o  t h a t  t h e s e  can be e v a l u a t e d  i n  

l i g h t  of t h e  r e c r e a t i o n  o b j e c t i v e ( s )  and g o a l s  of water-based a r e a s .  

T h i s  r e p o r t  ( P a r t  III of  a  t h r e e - p a r t  s e r i e s )  examines methods f o r  c o l -  

l e c t i n g  some of t h e  d a t a  needed i n  b u i l d i n g  p r e d i c t i v e  sys tem models and p r e -  

s e n t s  r e s u l t s  of h y p o t h e s i s  t e s t i n g  u s i n g  e m p i r i c a l  d a t a ,  The methods 

d e s c r i b e d  shou ld  prove t o  be ex t remely  v a l u a b l e  to l a k e  p l a n n e r s  and managers 

f o r  g e n e r a t i n g  p a r t i c i p a t i o n  and b e h a v i o r a l  daka on b o a t i n g  needed f o r  making 

s i t e - s p e c i f i c  d e c i s i o n s ,  For t e s t i n g  proposed d a t a  c o l l e c t i o n  methods and 

f o r  g e n e r a t i n g  d a t a  f o r  h y p o t h e s i s  t e s t i n g ,  a  s t u d y  was conducted i n  1969 on 

Lake B u r l i n g t o n  i n  t h e  Piedmont of North C a r o l i n a , "  The g e n e r a l  purpose  of 

t h e  r e s e a r c h  was t o  examine "capac i ty"  as a v i a b l e  management concep t .  Sev- 

e r a l  approaches  were employed i n  c o l l e c t i n g  d e s c r i p t i o n s  of t h e  r e s o u r c e ,  t h e  

u s e r s ,  t h e i r  b e h a v i o r ,  and impinging env i ronmenta l  f a c t o r s ,  Exper iences  w i t h  

accumulat ing,  h a n d l i n g ,  and p r o c e s s i n g  t h i s  d a t a  h a v e  p rov ided  v a l u a b l e  i n s i g h t s  

f o r  t h e  development of methods f o r  w a t e r  r e s o u r c e s  r e c r e a t i o n  r e s e a r c h .  

Before  a r e c r e a t i o n  sys tem can be modeled ar i t s  c a p a c i t y  can b e  d e s c r i b e d  

and q u a n t i f i e d ,  t h e  o b j e c t i v e ( s )  o f  t h e  sys tem must be  c l e a r l y  d e f i n e d  i n  t e rms  

o f  p r e f e r r e d  o u t p u t s ,  These o b j e c t i v e s  must ,  ~f c o u r s e ,  b e  c o n s i s t e n t  w i t h  t h e  

o v e r a l l  g o a l s  of t h e  p u b l i c  o r  p r i v a t e  agency which h a s  ownership QT charge  of 

t h e  w a t e r  r e s o u r c e  a r e a s .  Hopefu l ly ,  t h e s e  g o a l s  are c o n s i s t e n t  w i t h  t h e  s o c i -  

e t a l  p r e f e r e n c e s ,  For  t h e  p u b l i c  agency, t h e  g e n e r a l  r e c r e a t i o n  o b j e c t i v e  is  

t o  maximize t h e  f low of  r e c r e a t i o n a l  b e n e f i t s  from rhe  water r e s o u r c e  b a s e .  

2b Members of t h e  o r i g i n a l  r e s e a r c h  team f o r  t h i s  p r o j e c t ,  o t h e r  t h a n  t h o s e  
l i s t e d  as a u t h o r s ,  i n c l u d e  Lewis W e  Monerief ,  A s s o c i a t e  P r o f e s s o r  and D i r e c t o r ,  
R e c r e a t i o n  Research ,  Michigan S t a k e  U n i v e r s i t y  , and Richard  A. C ~ y s d a l e ,  
Environmental  S p e c i a l i s t ,  Bureau of Reclamatfon,  WSDT, Denver, Colorado, 
T h e i r  c o n t r i b u t i o n s  t o  t h i s  p r o j e c t  were  i n v a l u a b l e ,  



For t h e  p r i v a t e  agency, t h e  i m p l i e d  o b j e c t i v e  i s  t o  maximize n e t  monetary 

r e t u r n s  f o r  each d o l l a r  expended i n  p r o v i d i n g  t h e  r e c r e a t i o n  s e r v i c e .  

Subsumed i n  each  of t h e s e  g e n e r a l  o b j e c t i v e s  a r e  m u l t i p l e  i n t e r m e d i a t e  

g o a l s  o r  s t a n d a r d s  which l e n d  a more q u a n t i t a t i v e  i n t e r p r e t a t i o n  t o  t h e  

agency o b j e c t i v e s ,  These s t a n d a r d s  shou ld  be e x p r e s s e d  i n  u n i t s  o f  d e s i r e d  

o u t p u t  and t h e  l e v e l  o f  o u t p u t  d e s i r e d  must b e  s p e c i f i e d .  Without t h i s  degree  

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

b e  measured, and modeling of t h e  r e c r e a t i o n  system becomes an a i m l e s s  e x e r c i s e  

o f  a t t e m p t i n g  t o  measure f a c t o r  r e l a t i o n s h i p s  w i t h o u t  a  r a t i o n a l e  f o r  judg ing  

t h e i r  importance,  I n  t h e  absence  of c l e a r l y  d e f i n e d  o b j e c t i v e s ,  measurement 

o f  t h e  r e l a t i o n s h i p s  among w a t e r  r e c r e a t i o n  system f a c t o r s  can at b e s t  b e  used  

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

Assuming i t s  measurement i s  a d e s i r a b l e  end ,  c l e a r  d e f i n i t i o n  o f  r e c r e a -  

t i o n  o b j e c t i v e s  makes i t  p o s s i b l e  t o  c o n c e p t u a l i z e  ;wad t o  measure 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  system. I f  c a p a c i t y  can be e x p r e s s e d  s i m p l y  a s  

t h e  optimum number of b o a t s  or  pe rsons  p e r  a c r e  of wa te r  s u r f a c e  a t  one t ime ,  

a v e r y  wide range  of c a p a c i t y  l i m i t s  i s  l i k e l y  t o  e x i s t ,  depending on t h e  

s t a t e d  o b j e c t i v e ,  Obvious d i f f e r e n c e s ,  f o r  example, i n  c a p a c i t y  o c c u r  where 

maximizat ion of r e c r e a t i o n  b e n e f i t s  through w a t e r  s k i i n g  o r  s a i l i n g  o r  b o a t  

and bank f i s h i n g  a r e  a l t e r n a t i v e  o b j e c t i v e s ,  

Once t h e  d e f i n i t i o n  o f  o b j e c t i v e s  h a s  been accomplished,  models developed 

t o  e x p l a i n  t h e  r e l a t i o n s h i p s  among env i ronmenta l  f a c t o r s ,  u s e r  i n p u t s ,  and 

m a n a g e r i a l  a c t i o n s  become an e s s e n t i a l  p a r t  of t h e  management and p l a n n i n g  p ro-  

c e s s ,  I d e a l l y ,  management and p o l i c y  d e c i s i o n s  shou ld  be  p r e f a c e d  by a com- 

p r e h e n s i v e  a n a l y s i s  of t h e  consequences of t h e  a l t e r n a t i v e  a c t i o n s  p o s s i b l e  

as t h e y  a f f e c t  achievement of t h e  o b j e c t i v e g s )  . Unless  t h e  d e c i s i o n  maker is 

u n u s u a l l y  p e r c e p t i v e  and a n a l y t i c a l  i n  h i s  thought  p r o c e s s ,  r e a s o n a b l y  a c c u r a t e  

p r e d f c t f o n  o f  t h e  consequences o f  a l t e r n a t i v e  a c t i o n s  o r  unplanned o c c u r r e n c e s  

I 
i s  u n l i k e l y .  ConceptuaPly evo lved  and e m p i r i c a l l y  t e s t e d  models can a i d  

immensely i n  d i r e c t i n g  d e c i s i o n s  toward c o u r s e s  of a c t i o n  and p o l i c i e s  which 

c o n t r i b u t e  most t o  achievement o f  t h e  o b j e c t i v e  w h i l e  minimizing t h e  u n d e s i r -  

a b l e  secondary consequences ,  

U l t i m a t e l y ,  we would l i k e  t o  be  a b l e  t o  e x p r e s s  o r  measure c a p a c i t y  i n  

p r e c i s e l y  t h e  same u n i t s  by which t h e  d e s i r e d  p u b l i e  b e n e f i t s  s p e c i f i e d  i n  t h e  

management o b j e e t i v e ( s )  a r e  measured,  But i n  t h e  absence o f  a b i l i t y ,  g iven  

2 



t h e  p r e s e n t  s t a t e  of t h e  ar t ,  t o  q u a n t i t a t i v e l y  measure p u b l i c  b e n e f i t s  o r  

s a t i s f a c t i o n  o u t p u t s  from r e c r e a t i o n ,  p r o x i e s  must be  u s e d ,  Commonly used  

p r o x i e s  of r e c r e a t i o n  o u t p u t  i n c l u d e  amount of u s e  and number o f  use  o c c a s i o n s  

a t  one t ime,  p e r  u n i t  of a r e a ,  (Sometimes number QP d i f f e r e n t  v i s i t o r s  i s  

used ,  b u t  t h i s  s t a t i s t i c  i s  g e n e r a l l y  much more d i f f i c u l t  and c o s t l y  t o  

o b t a i n .  ) 

These measures o f  c a p a c i t y  ( o r  o u t p u t )  by themselves  have t h e  obvious  

d e f i c i e n c y  o f  o f f e r i n g  no d i r e c t  ev idence  o f  l e v e l  of p u b l i c  s a t i s f a c t i o n .  To 

account  f o r  t h i s  problem, m a n i f e s t a t i o n s  which seem t o  y i e l d  ev idence  o f  s a t -  

i s f a c t i o n  ( a t  Leas t  on an  o r d i n a l  s c a l e )  must b e  observed ,  

There  a r e  s e v e r a l  d i f f e r e n t ,  g e n e r a l l y  a c c e p t e d  m a n i f e s t a t i o n s  of capa- 

c i t y  which f o c u s  on w a t e r  r e c r e a t i o n  u s e r s '  i n t e r a c t i o n s  and b e h a v i o r a l  

r e s p o n s e s  t o  b o t h  c o n t r o l l a b l e  and u n c o n t r o l f  a b l e  i n f  l u e n c e s ,  Among t h e s e  are 

(1) v e r b a l  r e s p o n s e s  by u s e r s  t o  q u e s t i o n s  p e r t a i n i n g  t o  s a t i s f a c t i o n  and per-  

c e p t i o n ,  (2) t ime s p e n t  i n  r e c r e a t i o n  p a r t i c i p a t i o n ,  ( 3 )  s p a t i a l  r e l a t i o n s h i p s  

among u s e r s  and between u s e r s  and p h y s i c a l  o b j e c t s ,  ( 4 )  l e v e l  o r  i n t e n s i t y  of 

r e c r e a t i o n  a c t i v i t y ,  (5) s p a t i a l  d i s t r i b u t i o n  o f  r e e r e a t i o n i s b s ,  and (6) d i s -  

placement of one u s e r  group by a n o t h e r ,  These d e s c r i p t i o n s  o r  m a n i f e s t a t i o n s  

of s a t i s f a c t i o n  are e x p l o r e d  i n  g r e a t e r  dep th  %n S e c t i o n  TV of P a r t  I1 of t h i s  

r e p o r t  s e r i e s . '  I n  t h a t  s e c t i o n ,  t h e  b e h a v i o r a l  m a n i f e s t a r i o n s  of c a p a c i t y  a s  

determined by s a t i s f a c t i o n  l e v e l s  a r e  d e s c r i b e d ,  a d  h y p o t h e t i c a l  models a r e  

p r e s e n t e d  t o  e x p l a i n  v a r i a t i o n  i n  c h a r a c t e r i s t i c s  s e l e c t e d  t o  r e p r e s e n t  them, 

The f o c u s  on b e h a v i o r  i n  t h i s  s t u d y  assumes t h a t  a c t i o n s  and r e a c t i o n s  of 

r e c r e a t i o n  u s e r s  w i l l  change as p r o g r e s s i v e l y  h i g h e r  l e v e l s  of r e c r e a t i o n  

u t i l i z a t i o n  o c c u r  and as p e r c e i v e d  modes o f  s a t i s f a c t i o n  a t t a i n m e n t  change,  

Given a b f l i t y  t o  i d e n t i f y  d e v i a t i o n s  from b e h a v i o r a l  p a t t e r n s  which can b e  

expec ted  under  s t r e s s  o r  moderate  s t r e s s  c o n d i t i o n s ,  i t  was e x p e c t e d  (by 

o b s e r v i n g  c a p a c i t y  m a n i f e s t a t i o n s )  t h a t  use  l o a d s  cou ld  b e  d e t e c t e d  which sug- 

g e s t  t h e  approximate  u s e  c a p a c i t y  of t h e  s t u d i e d  w a t e r  r e c r e a t i o n  system,  

I n f o m a t f o n  on m a n i f e s t a t i o n s  of c a p a c i t y  and on t h e  f a c t o r s  a f f e c t i n g  

them were  thought  t o  be  needed f o r  Improved p l a n n i n g  and managing water-based 

r e c r e a t i o n  a r e a s  beyond t h e  i n t u i t i v e  l e v e l  a% which i t  now e x i s t s .  A prob- 

lem a r i s e s ,  however, i n  i d e n t i f y i n g  s u i  t a b l e  and e f f i c i e n t  means f o r  o b t a i n i n g  

1 
Hammon, Gordon A , ,  Harold KO C o r d e l l  , e t  a l ,  Capacity 3f Water-Based 

Reslreartion Sgst;ems - Part  11: A Syscerns Approach to C q a c i Q  AnaL$s&s, Water 
Resources  Research I n s t i t u t e  sf The ~ n i v e r & f t y  o f  North C a r o l i n a ,  Report  No. 9 0 ,  
J u l y  1994, 



and p r o c e s s i n g  d a t a .  S e c t i o n s  11, 611 and I V  of t h i s  r e p o r t  a d d r e s s  t h i s  

problem by p r e s e n t i n g  methods f o r  d a t a  c o l l e c t i o n  which have been f i e l d  t r i e d  

as a  p a r t  of a l a r g e r  r e s e a r c h  p r o j e c t  aimed a c  in-depth  i n v e s t i g a t i o n  o f  t h e  

c a p a c i t y  o f  water-based r e c r e a t i o n  s y s t e m s ,  

S e c t i o n  V r e p o r t s  s u c c e s s  and f a i l u r e s  s f  a system d e v i s e d  t o  p r o c e s s  and 

manage t h e  w a t e r  r e s o u r c e  r e c r e a t i o n  d a t a ,  S e c t i o n  V I  p r e s e n t s  r e s u l t s  of 

u s i n g  p a r t  of t h e  c o l l e c t e d  d a t a  t o  test s p e c i f i c  b e h a v i o r a l  h y p o t h e s e s .  

It was n e c e s s a r y  t o  u s e  s e v e r a l  d i f f e r e n t  methods f o r  g e n e r a t i n g  t h e  d a t a  

d e s c r i b i n g  t h e  m a n i f e s t a t i o n s  of c a p a c i t y  i d e n t i f i e d  e a r l i e r .  B a s i c  t o o l s  

used i n c l u d e d  o n - s i t e  i n t e r v i e w i n g ,  r e g i s t e r i n g  l a k e  u s e r s ,  o n - s i t e  o b s e r v a t i o n  

of water-use  a c t i v i t y ,  mai l -out  q u e s t i o n n a i r e s ,  and aerial photography of t h e  

l a k e  w h i l e  i n  use .  The a e r i a l  photography seemed t o  be t h e  b e s t  and most 

o b j e c t i v e  s o u r c e  o f  d a t a ;  b u t  because  of t e c h n i c a l  problems of  p r o c e s s i n g  b y  

computer, i t  was t h e  l e a s t  s u c c e s s f u l ,  

On-s i te  interviewing was n e c e s s a r y  t o  o b t a i n  measurement of Pake u s e r s  ' 
p e r c e p t i o n s  and s a t i s f a c t i o n s  r e l a t i n g  t o  t h e  type and i n t e n s i t y  of t o t a l  l a k e  

u s e ,  Amount o f  t ime s p e n t  a t  t h e  l a k e  s i t e  and i n f o r m a t i o n  r e l a t i n g  t o  b o a t -  

i n g  p a r t y  s t r u c t u r e ,  b o a t  type ,  and m a i l i n g  a d d r e s s  were o b t a i n e d  as informa- 

t i o n  r e q u i r e d  from t h e  r e g i s t r a t i o n  p r o c e d u r e ,  On-s i t e  o b s e r v a t i o n  of b o a t i n g  

a c t i v i t y  p rov ided  d a t a  on t ime s p e n t  i n  each  r e c r e a t i o n a l  a c t i v f t y  t y p e  b y  

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 s t r i b u t i o n  of w a t e r  r e c r e a t i o n a l  u s e ,  and move- 

ment of b o a t i n g  a c t i v i t y  w i t h i n  t h e  Pake system.  A e r i a l  photography w a s  t o  

p r o v i d e  a check o f  t h e  i n f o r m a t i o n  o b t a i n e d  th rough  o b s e r v a t i o n  and i n  add i -  

t i o n  e n a b l e  measurement o f  s p a t i a l  r e l a t i o n s h i p s  and r a t e s  of movement o f  

w a t e r - s u r f a c e  u s e r s .  Mail-out q u e s t i o n n a i r e s  were used t o  supplement t h e  

above d a t a ,  e s p e c i a l l y  a e r i a l  pho tographs ,  and t o  s e c u r e  more a c c u r a t e  d e s c r i p -  

t i o n s  of t h e  w a t e r  c r a f t  used at t h e  s i t e ,  A summary of t h e  s c h e d u l e  fo l lowed  

f o r  c o l l e c t i n g  d a t a  u s i n g  each  o f  t h e s e  methods i s  p r e s e n t e d  i n  Tab le  1. 

An a t t e m p t  was made t o  m a i n t a i n  l i n k a g e s  between a 9 1  of t h e  d a t a  c o l -  

l e c t e d  by t h e  above methods. The p r i n c i p a l  l i n k a g e s  were main ta ined  by t i m e  

and p l a c e  c o r r e l a t i o n  o f  a b s e r v a t f o n s ,  Through t h e s e  l i n k a g e s  i t  was p o s s f -  

b l e ,  f o r  example, t o  a s s x i a t e  i n t e n s i t i e s  o f  a c t i v i t y  ( o b t a i n e d  from a e r i a l  

pho tographs)  a d  p l a c e  d i s t r i b u t i o n  o f  b o a t i n g  a c t i v i t y  ( o n - s i t e  o b s e r v a t i o n )  

w i t h  p e r c e p t i o n  of crowding o r  s a t i s f a c t i o n  (from Pnterviews of w a t e r  u s e r s ) ,  



Although t h e  above d e s c r i b e d  t e c h n i q u e s  of d a t a  c o l l e c t i o n  themselves  

a r e  n o t  new, t h e  ways t h e y  were  a p p l i e d  and modff ied f o r  t h i s  r e s e a r c h  do 

p r o v i d e  methodolog ica l  i n n o v a t i o n s  f o r  s t u d y  of wacer-based r e c r e a s i o n  sys tems ,  

Th is  i s  p a r t i c u l a r l y  t r u e  o f  t h e  a e r i a l  photography and o n - s i t e  o b s e r v a t i o n  

phases  of d a t a  c o l l e c t i o n ,  

Table  1 

8-2 ( S a t )  j 6 : 3 0  a,m, j 

ke.ECial- - 
Shore1 h e - b a s e d  photography 

Lake B u r l i n g t o n  i n  ~ h n a n c e  County i n  &he Piedmont of North C a r o l i n a  was 

s e l e c t e d  as t h e  s t u d y  s i t e  f o r  s e v e r a l  r e a s o n s ,  One s f  t h e  major  r e a s o n s  was 

t h e  c o o p e r a t i v e  a t z i e u d e  and i n t e r e s t  d i s p l a y e d  by t h e  C i t y  of B u r l i n g t o n  

R e c r e a t f o n  Department which h a s  j u r i s d i c t i o n  a v e r  r e c r e a e i o n a l  management of 

t h e  r e s e r v o i r ,  

The C i t y  of B u r l i n g t o n  had a p o p u l a t i o n  o f  &out  35,00Q i n  9969 ,  Its 

economy i s  s t r o n g l y  o r i e n t e d  toward t h e  t e x t 5 l e  i n d u s t r y  and l f g h t  manufac tu r ing ,  



Greensboro (1969 p o p u l a t i o n  s f  141,000) is l o c a t e d  abou t  twenty- f ive  m i l e s  

sou thwes t ;  Durham ( p o p u l a t i o n  of 94,000) i s  about  t h i r t y - f i v e  m i l e s  s o u t h e a s t .  

The t o t a l  p o p u l a t i o n  i n  1969 w i t h i n  a  t h i r t y - f i v e - m i l e  r a d i u s  numbered abou t  

250,000 p e r s o n s ,  

The major  c r i t e r i a  f o r  s e l e c t i o n  of t h e  s t u d y  s i t e  i n c l u d e d  t h e  d e g r e e  of 

a c c e s s  c o n t r o l ,  t y p e  o f  management and u s e  f a c i l i t i e s  p rov ided ,  and  s i z e  o f  

w a t e r  a r e a ,  

A p p l i c a t i o n  o f  s t u d y  p rocedures  r e q u i r e d  an a r e a  on which a c c e s s  c o n t r o l  

cou ld  be e s t a b l i s h e d .  T h i s  w a s  n e c e s s a r y  so  t h a t  o b s e r v a t i o n s  o f  use  cou ld  

be made w i t h i n  t h e  l i m i t s  of  a v a i l a b l e  f u n d s  and manpower and s o  t h a t  unde- 

t e c t e d  Zeakage a c r o s s  t h e  p e r i m e t e r  o f  t h e  sys tem and between subsystems would 

b e  s m a l l  enough t o  be un impor tan t .  I t  was a l s o  n e c e s s a r y  t o  s e l e c t  a l a k e  

w i t h  a  h i g h  i n c i d e n c e  of c o n c e n t r a t e d ,  i n t e n s i v e  use  and w i t h  management which 

was s t a b l e  and p o s i t i v e  b u t  a t  a low enough l e v e l  t o  p e r m i t  o b s e r v a t i o n  of f r e e  

1 i n t e r a c t i o n s  between persons  engaged i n  f i s h i n g ,  b o a t i n g ,  and water s k i i n g .  

S u b s t a n t i a l  f l u c t u a t i o n  of t h e  w a t e r  l e v e l  d u r i n g  t h e  s t u d y  p e r i o d  was a l s o  
I 

u n d e s i r a b l e  because  i t  would i n t r o d u c e  v a r i a b l e s  which could  n o t  be con- 

t r o l l e d  through a n a l y s i s .  At Lake B u r l i n g t o n  t h e r e  w a s  s m a l l  r i s k  of unaccept-  

a b l e  draw-down. 

I t  was d e s i r a b l e  t h a t  shore-based f a c i l i t i e s ,  such  as l a u n c h i n g  ramps and 

I p a rk ing  s p a c e s ,  b e  a v a i l a b l e  i n  s u f f i c i e n t  s i z e  and number t o  a l l o w  u s e  o f  t h e  

w a t e r  s u r f a c e  t o  r e a c h  a s a t u r a t i o n  p o i n t  w i t h o u t  b e i n g  l i m i t e d  by on-shore  

crowding. A c r i t e r i o n  f o r  l a k e  s i z e  was a l s o  e s t a b l i s h e d  and s t a t e d  a s  a 

range  from 400 t o  4000 a c r e s .  The 400-acre lower l i m i t  was based  on an assump- 

t i o n  t h a t  l a k e s  s m a l l e r  than  t h i s  do n o t  p r o v i d e  s u f f i c i e n t  o p p o r t u n i t y  f o r  ~ t h e  d i s p l a y  o f  b e h a v i o r a l  r e s p o n s e s  t o  v a r i o u s  c o n d i t i o n s  o f  use  d e n s i t y  and 
I i n t e n s i t y .  The 4000-acre upper  l i m i t  was based  on e s t i m a t e s  of t h e  maximum 

a r e a  f e a s i b l e  t o  s t u d y  under  t h e  c o n s t r a i n t s  of t ime and funds .  

Lake B u r l i n g t o n  seemed t o  f i t  t h e  above c r i t e r i a  b e t t e r  than  any o t h e r  

r e s e r v o i r  o r  l a k e  i n  North C a r o l i n a .  

Lake B u r l i n g t o n  is  a Y-shaped l a k e  o f  j u s t  over  500 a c r e s .  It was 

c r e a t e d  i n  1960 and i s  t y p i c a l  of o t h e r  impoundments on t h e  Piedmont P l a t e a u  

i n  t h a t  i t  i s  l o n g  and r e l a t i v e l y  narrow w i t h  a  h i g h l y  f r r e g a r l a r  s h o r e l i n e ,  

P i g w e  1. The c e n t r a l  b a s i n  i s  s l i g h t l y  l e s s  t h a n  two miles i n  l e n g t h  i f  

measured a l o n g  t h e  c e n t e r l i n e ,  The l e f t  and r i g h t  f o r k s  of t h e  Y measure 





3,O and 2 .8  m i l e s ,  r e s p e c t i v e l y ,  f o r  an a g g r e g a t e  c e n t e r l i n e  measurement of 

approx imate ly  7,8 m i l e s .  

Lake BwlZington Dirnensims 

Length . a , . . . , . . . . . . . , 7 ,8Q miles 

Width (wides t  p o i n t )  , . . . . . , , 0 , 2 7  m i l e s  

(approximate  average :  
c e n t r a l  b a s i n )  . . . . , , , 0.20 m i l e s  

(approximate  average :  
upper  arms) O * l O  m i l e s  

S h o r e l i n e ,  Length . . , . . , . , . 50 m i l e s  

Area,  water s u r f a c e  , . . . , . , . 500 a c r e s  

Depth, maximum . . . . . , . . . . , 35 f e e t  

Water dep th  i s  n o t  a  l i m i t i n g  f a c t o r  f o r  most t y p e s  and s i z e s  of b o a t s  

e x c e p t  i n  t h e  upper  extremes of t h e  arms. A t  a  g e n e r a l  d i s t a n c e  of twenty t o  

t h i r t y  f e e t  from s h o r e  when t h e  l a k e  is  a t  o r  n e a r  s p i l l w a y  l e v e l ,  b o a t e r s  

can s a f e l y  assume t h a t  dep th  i s  s u f f i c i e n t  f o r  b o a t i n g  and w a t e r  s k i i n g  

purposes .  

The l a k e ' s  w a t e r s  a r e  u s u a l l y  c l e a r ,  and d i s c o l o r a t i o n  f o l l o w i n g  heavy 

r a i n s  i s  s l i g h t .  The t y p e  and occur rence  o f  a q u a t i c  growth do n o t  impose 

c o n s t r a i n t s  on b o a t i n g  a c t i v i t i e s ,  Summer w a t e r  t empera tu re  v a r i e s  i n  a 

s m a l l  and n o n - c r i t i c a l  r ange  above and below 7 2 ' ~ .  

The c i t y  owns t h e  e n t i r e  s h o r e l i n e  f o r  a v e r t i c a l  d i s t a n c e  o f  n i n e  f e e t  

above s p i l l w a y  e l e v a t i o n .  A d d i t i o n a l  a c r e a g e  a t  b o a t  a c c e s s  p o i n t s  i s  owned 

and managed by t h e  c i t y  s o l e l y  f o r  r e c r e a t i o n  purposes .  Adjo in ing  landowners 

do n o t  have s h o r e l i n e  a c c e s s  t o  t h e  w a t e r  and a r e  p r o h i b i t e d  from i n s t a l l i n g  

p r i v a t e  b o a t  ramps and p i e r s .  Consequent ly ,  t h e r e  i s  l i t t l e  i n c e n t i v e  f o r  

r e s i d e n t i a l  development b o r d e r i n g  t h e  l a k e ,  and n o  more than  two o r  t h r e e  

r e s i d e n c e s  a r e  v i s i b l e  from t h e  l a k e  s u r f a c e ,  

The l a k e  was opened t o  p u b l i c  u s e  i n  1962 and h a s  s i n c e  been o p e r a t e d  by 

t h e  C i t y  of B u r l i n g t o n  Department s f  R e c r e a t i o n  and Parks .  P u b l i c  i n g r e s s  

and e g r e s s  i s  p e r m i t t e d  o n l y  a t  two l o c a t i o n s - - t h e  f i s h i n g  p i e r  and t h e  marina ,  

A d a i l y  o r  s e a s o n a l  charge  and r e g i s t r a t i o n  a r e  r e q u i r e d  f o r  b o a t  l a u n c h i n g  

o r  f i s h i n g ,  S p e c t a t o r s  and p i c n i c k e r s  a r e  n o t  r e q u i r e d  t o  r e g i s t e r  o r  pay a  

f e e ,  

Spaee and a c t i v f t y  zoning t h a t  were i n  e f f e c t  d u r i n g  t h e  s t u d y  p e r i o d  

a r e  summarized on t h e  f o l l o w i n g  page.  Zone d e s i g n a t i o n s  A th rough  E 
8 



(Figure 1) were e s t a b l i s h e d  f o r  s t u d y  purposes  on ly  and a r e  used h e r e  f o r  

convenience i n  d e s c r i b i n g  l o c a t i o n a l  r e l a t i o n s h i p s ,  

S m q  of Space m d  Ac t i v i t y  Zoning 

a. F i s h i n g  from b o a t s  - p e r m i t t e d  on t h e  e n t i r e  Lake, 

b .  F i s h i n g  from s h o r e  - p e r m i t t e d  o n l y  on a s t r f p  e x t e n d i n g  
abou t  100 y a r d s  from t h e  f i s h i n g  
p i e r  i n t o  Zone C. 

c. Water s k i i n g  - p r o h i b i t e d  i n  a r e a s  C and D;  p e r n i t t e d  
e l s e w h e r e ,  

d. Power b o a t i n g ,  s a i l i n g  - p e r m i t t e d  on e n t i r e  l a k e  b u t  
speed  r e s t r i c t e d  i n  Areas C and D. 

e .  Swimming and b a t h i n g  - e x c e p t  f o r  swimming i n c i d e n t a l  t o  
w a t e r  s k i i n g ,  p e r m i t t e d  on ly  f r o n  
s m a l l  p r o t e c t e d  beaches  n e a r  t h e  
mar ina  and t h e  f i s h i n g  p i e r  i n  Zone B e  

f. Boat l a u n c h i n g  and r e t r i e v a l  - b o a t s  p e r m i t t e d  t o  e n t e r  and 
l e a v e  t h e  w a t e r  o n l y  a f  t h e  marTna and 
f i s h i n g  p i e r  i n  Zone B e  

g. Boat l a n d i n g  ( c o n t a c t i n g  s h o r e )  - a s  d i s t i n c t  from l a u n c h i n g  
and r e t r i e v a l ,  b o a t s  p e r m i t t e d  t o  eon- 
t a c t  s h o r e  t o  embark o r  debark passen-  
g e r s ,  o n l y  a l o n g  f r o n t a g e  developed f o r  
p i c n i c k i n g  i n  Zone B, 

F a c i l i t i e s  and s e r v i c e s  i n c l u d e  a registration s t a t i o n ,  a modest snack- 

b m  o p e r a t i o n ,  and r e s t r o o m s .  Adequate p a r k i n g  a r e a ,  a g a s  pump, a  f l o a t i n g  

dock, b o a t  r e n t a l  complex, and s e v e r a l  l a u n c h i n g  ramps a re  a l s o  p rov ided .  

A review of Lake B u r l i n g t o n  r e g i s t r a t i o n  r e c o r d s  i n d i c a t e d  t h a t  most s f  

t h e  p a t r o n a g e  o r i g i n a t e d  from w i t k t n  a f i f t e e n  t o  twenty-mile r a d i u s ,  Water s u r -  

f a c e  a c t i v i t y  invo lved  a v a r i e t y  of b o a t  and motor s i z e s  and c o n f i g u r a t i o n s  

r a n g i n g  from sa i l  t o  twin-screw c a b i n  c r u i s e r s  and i n c l u d i n g  j e t s ,  i n b o a r d s ,  

o u t b o a r d s ,  inboard-ou tboards ,  pontoon b o a t s ,  r u n a b o u t s ,  and canoes .  Boat 

t r a v e l  speeds  ranged from l e s s  than  1 mph t o  more than  50 mph, producing wakes 

r a n g i n g  from r i p p l e s  t o  subs  tantial  waves c a p a b l e  o f  swamping s m a l l e r  b o a t s ,  



A s  i n d i c a t e d  i n  C h c p t e ~  I, one o f  t h e  most i m p o r t a n t  r e a s o n s  f o r  s e l e c t i n g  

Lake B u r l i n g t o n  as t h e  s t u d y  s i t e  was t h e  d e g r e e  o f  a c c e s s  c o n t r o l ,  The two 

e n t r a n c e  l o c a t i o n s  a t  Lake B u r l i n g t o n  a l lowed complete c o n t r o l  o v e r  b o a t s  dur- 

i n g  p e r i o d s  of s t u d y  a This  c h a p t e r  d e s c r i b e s  t h e  b o a t  r e g i s t r a t i o n  p rocedure  

which p rov ided  t h e  b a s i s  f o r  o v e r a l l  sys tem c o n t r o l ,  Also d i s c u s s e d  is  t h e  

i n t e r v i e w i n g  a d m i n i s t e r e d  t o  b o a t e r s  a t  t h e  s i t e  t o  o b t a i n  d a t a  on s u b j e c t i v e  

r e s p o n s e  t o  p r e v a i l i n g  l a k e  use  c o n d i t i o n s .  I n  a d d i t i o n ,  a m a i l  q u e s t i o n n a i r e  

d i s t r i b u t e d  t o  Lake B u r l i n g t o n  water s k i e r s  and an i n t e r v i e w  q u e s t i o n n a i r e  u s e d  

t o  de te rmine  management p r a c t i c e s  b e i n g  u t i l i z e d  on North C a r o l i n a  l a k e s  a r e  

d i s c u s s e d .  

Entrance Regis tration and Iaztemievs 

The v i s i t o r  r e g i s t r a t i o n  p rocedure  used by t h e  B u r l i n g t o n  Department of 

R e c r e a t i o n  and P a r k s  p rov ided  t h e  b a s i s  f o r  o v e r a l l  sys tem c o n t r o l .  Data 

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

l a k e  were o b t a i n e d  th rough  a  b r i e f  i n t e r v i e w  of r e g i s t r a n t s ,  The a d m i n i s t r a -  

t i v e  p rocedure  i n c l u d e d  complet ion of a  d a i l y  p e r m i t  f o r  each  b o a t i n g  p a r t y  

e n t e r i n g  t h e  sys tem f o r  purposes  of f i s h i n g ,  b o a t i n g ,  o r  w a t e r  s k i i n g .  A  num- 

bered ,  two-part p e r m i t  (Appendix A )  s e r v e d  t o  r e c o r d  t h e  r e g i s t r a n t ' s  name and 

a d d r e s s ,  b o a t  number and make, number of pe rsons  i n  t h e  p a r t y ,  t i m e  i n ,  t i m e  

o u t ,  and d a t e .  Each p a r t y  w a s  r e q u i r e d  t o  pay a  o n e - d o l l a r  d e p o s i t  a t  r e g i s -  

t r a t i o n  s o  t h a t  t h e  p a r t y  would have i n c e n t i v e  t o  r e t u r n  t o  t h e  r e g i s t r a t i o n  

desk  b e f o r e  l e a v i n g .  Th is  s t e p  was n e c e s s a r y  f o r  de te rmin ing  t h e  t i m e  t h e  p a r t y  

l e f t  t h e  s i te ,  A summary of r u l e s  and r e g u l a t i o n s  appeared on t h e  s e c t i o n  o f  

t h e  p e r m i t  t o  be r e t a i n e d  by t h e  b o a t e r  as a r e c e i p t ,  Th i s  r e c e i p t  had t o  be 

r e t u r n e d  f o r  re fund  of  he d e p o s i t  upon e x i t i n g  t h e  sys tem.  The pr imary r e a s o n  

f o r  r e c o r d i n g  t i m e  i n  m d  rime o u t  f o r  each  b o a t  was t o  e n a b l e  d e t e r m i n a t i o n  o f  

l e n g t h  sf  s t a y  a t  t h e  l a k e .  

The permi t  was supplemented t o  i n c l u d e  i n f o m a t i o n  on group t y p e  ( f a m i l y ,  

s o c i a l ,  church ,  o t h e r )  and c e n p o s i t i a n  by s e x  and a g e ,  Age c l a s s e s  i n c l u d e d  

8-12, 13-20, 21-30, 31-40, 49-58, and 50 ~r more y e a r s ,  Also  i n c l u d e d  was 

i n f o r m a t i o n  on b o a t  l e n g t h ,  h ~ r s e p o w e r  rating, and t y p e  (canoe,  rowboat ,  out-  

board ,  i n b o a r d ,  inboard-ou tbaad .  o r  s a i l )  
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The informat ion  obta ined  proved t o  be inadequate  f o r  p o s i t i v e  i d e n t i f i c a -  

t i o n  of s p e c i f i c  boa t s  from a e r i a l  photographs as expla ined  i n  Chapter I V .  For 

t h i s  reason,  a supplemental ques t ionna i r e  (Appendix B )  was s e n t  i n  t h e  f a l l  

a f t e r  t he  summer d a t a  c o l l e c t i o n  per iod .  The purpose of t h e  ques t ionna i r e  was 

t o  o b t a i n  a more p r e c i s e  d e s c r i p t i o n  of i n d i v i d u a l  boa ts  used a t  the  l ake .  

This  information could have been e a s i l y  obtained dur ing  t h e  en t rance  in te rv iew 

of each boa t  ope ra to r ,  

Ce r t a in  except ions  t o  r o u t i n e  procedure were occasioned by the  on - s i t e  

s t o r a g e  of a few boats  under season permit  and by the  absence of Coast Guard 

r e g i s t r a t i o n  numbers on boa t s  powered by l e s s  than  1 0  horsepower motors. 

Approximately e igh teen  boa t s  covered by s e a s o n a l  permits  were moored a t  a 

f l o a t i n g  dock, Although t h e  owners were s u b j e c t  t o  d a i l y  r e g i s t r a t i o n ,  few of 

them complied, A t  t h e  o u t s e t  of the  s tudy ,  a record  was made of t h e  boa ts  

s t o r e d  a t  t h e  l ake .  On any day t h a t  these  were observed i n  use  on t h e  water ,  

a d m y  record ,  based on t h e  information compiled i n  advance, was i n s e r t e d  i n  

t h e  r e g i s t r a t i o n  f i l e ,  

Rental  boa t s  a t  t he  l a k e  and boa t s  powered by engines  r a t e d  l e s s  than LO 

horsepower were n o t  requi red  t o  ob ta in  and d i s p l a y  a Coast Guard r e g i s t r a t i o n  

number, In  o rde r  t o  a s s u r e  i d e n t i f i c a t i o n  of t h e s e  i n  t h e  course of l a t e r  

observa t ions ,  a p a i r  of d i s t i n c t  b lack  on yellow deca l s  bear ing  two-digit  

numbers were a f f i x e d  t o  t h e  bow of each boa t  Permission was requested of 

p r i v a t e  boa t  owners t o  a f f i x  t h e  deca l s  t o  each unnumbered boat t h a t  en t e red  

t h e  system. Although cooperat ion was gene ra l ly  good, a few boats  were launched 

wi thout  numbers. A s p e c i a l  e f f o r t  was made t o  i d e n t i f y  t h e s e  by means of co lo r  

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

Interview of Boaters 

A ten-minute i n t e rv i ew was administered t o  a random sample of t h e  boa t ing  

popula t ion ,  In te rv iews  were t i rne /p l ace / ac t iv i ty  a s soc i a t ed  i n  an e f f o r t  t o  

r e l a t e  behavior  t o  percept ions  of condi t ions  p r e v a i l i n g  a t  t h e  time. 

The r a t i o n a l e  f o r  conducting t h e  in t e rv i ew phase of t he  r e sea rch  was (1) 

t o  determine use r  percept ion  of boa t ing  use  cond i t i ons  f o r  which d e t a i l e d ,  

d e s c r i p t i v e  d a t a  had been obta ined  through a e r i a l  photography and on-s i te  

obse rva t ions ,  and (2) t o  ob ta in  information which might e x p l a i n  d i f f e r e n c e s  i n  

behavior  of the  va r ious  u s e r  groups under t hese  d i f f e r e n t  cond i t i ons ,  



Figure 2 .  A 10-minute interview was administered t o  a random sample of the 
boating population 



I n  o rde r  t o  ge t  a r e p r e s e n t a t i v e  sample of b o a t e r s ,  i t  was necessary  t o  

sample var ious  landing a r e a s  along the  shore .  In te rv iews  were conducted j u s t  

a s  t h e  s e l e c t e d  u s e r s  came o f f  t h e  wa te r  s o  t h a t  t h e i r  a p p r a i s a l  of r e c r e a t i o n  

condi t ions  and t h e i r  exper iences  would be f r e s h .  

There a r e  only two a reas  along the  Lake Bur l ing ton  s h o r e l i n e  where boa te r s  

may land  t h e i r  b o a t s ,  The s h o r e l i n e  of t hese  two a r e a s  was segmented f o r  

admin i s t r a t i on  of i n t e rv i ews  such t h a t  an equal  number of landings was expected 

among the  segments a t  a l l  t i m e s  dur ing  t h e  in t e rv i ew pe r iod ,  Assurance of 

equa l  numbers of landings  provided equa l  p r o b a b i l i t y  sampling a t  each segment. 

Figure 3 is  an example of a sampling schedule f o r  one day. The schedule con- 

sists of a 10 x 10 g r i d  wi th  time per iods  v e r t i c a l  and sample l o c a t i o n s  h o r i -  

zon ta l .  The letter e n t r i e s ,  A ,  B ,  C ,  D ,  des igna te  i n t e rv i ewers .  The i n t e r -  

viewing a r r a y  f o r  each day was der ived  by random assignment of i n t e rv i ewers  

among t h e  s h o r e l i n e  segments. The only r e s t r i c t i o n  on assignment was t h a t  no 

i n d i v i d u a l  s h o r e l i n e  segment was des igna ted  f o r  in te rv iewing  more than  two 

per iods  p e r  day. Each per iod  f o r  each segment w a s  one-half hour long. 

SAMPLE FRAME FOR: Sundag, 29th June 

Figure 3.  SampZing frame used t o  designate interviewer, time, 
and pZace on one of the study days. 
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A s  o r i g i n a l l y  conceived,  t h e  p l a n  was t o  i n t e r v i e w  a l l  b o a t  d r i v e r s  e v e r y  

t ime t h e y  landed a t  a g iven  segment d u r i n g  t h e  two ha l f -hour  p e r i o d s  of t h e d a y  

each segment was sampled, However, a s  a r e s u l t  o f  a p r e t e s t ,  it was d e c i d e d  

t h a t  each responden t  shou ld  be i n t e r v i e w e d  n o  more than  one t ime  p e r  day.  

Th is  minimi zed d i s r u p t i o n s  i n  t h e  responden t  ' s r e c r e a t i o n a l  e x p e r i e n c e  and 

he lped  t o  m a i n t a i n  goodwil l  toward t h e  r e s e a r c h  p r o j e c t .  

Each i n t e r v i e w  took  about  t e n  minu tes  t o  a d m i n i s t e r ,  Q u e s t i o n s  can be 

grouped i n t o  t h e  f o l l o w i n g  c l a s s e s :  (1) u s e r  and equipment d a t a ,  (2 )  t y p e s  

of use  of t h e  l a k e  on t h e  day of i n t e r v i e w ,  (3)  g e n e r a l  d a t a  on t h e  respond- 

e n t ' s  u s e  of Lake B u r l i n g t o n ,  ( 4 )  g e n e r a l  p e r c e p t i o n  o f  l a k e  management and 
* 

use ,  (5) u s e r  p e r c e p t i o n  of c o n d i t i o n s  on t h e  l a k e  f o r  t h a t  day and f o r  ' t he  

t r i p  o u t  on t h e  w a t e r  j u s t  p r i o r  t o  a d m i n i s t r a t i o n  o f  t h e  i n t e r v i e w ,  and (6)  

f a c t o r s  i n f l u e n c i n g  t h e  use  of t h e  l a k e  on t h e  t r i p  j u s t  p r i o r  t o  i n t e r v i e w .  

The i n t e r v i e w  i n s t r u m e n t  i s  shown i n  Appendix C. 

Approximately 200 u s a b l e  h t e r v i e w s  were oh t a i n e d  o v e r  t h e  e i  g h t  day 

( i n c l u d i n g  t h e  dry-run day) t h a t  i n t e r v i e w s  were conducted.  T h i s  i s  a 41.6 

p e r c e n t  sample o f  t o t a l  number of b o a t s  which u s e d  t h e  l a k e  d u r i n g  t h e  s t u d y  
, 7 

days .  Research s t a f f  members were  t h e  pr imary i n t e r v i e w e r s  f o r  t h e  s t u d y .  

The w r i t t e n  i n s t r u c t i o n s  g i v e n  t o  eaeh i n t e r v i e w e r  a r e  shown below. 

Ina tmct ims  for In-&erviewing 

" A l l  i n t e r v i e w e r s  w i l l  f a m i l i a r i z e  themselves  w i t h  t h e  a r e a s  of t h e  

mar ina  cor responding  t o  t h e  d i f f e r e n t  l o c a t i o n  numbers i n d i c a t e d  i n  t h e  sam- 

p l i n g  fo rmat .  

"Each i n t e r v i e w e r ,  a t  t h e  b e g i n n i n g  of each sampling day,  w i l l  b e  d e s i g -  

n a t e d  a le t t e r - -A,  B ,  C ,  o r  D, He w i l l  a l s o  r e c e i v e  a p l a n  of t h e  sampl ing 

fo rmat  f o r  t h a t  day and w i l l  p roceed  t o  conduct h i s  i n t e r v i e w s  th roughout  t h e  

day as i n d f c a r e d  by h f s  l e t t e r  i n  t h e  f a r m a t ,  For example, a t  p r e c i s e l y  

3:00 p,m, on Sunday, J u n e  1 5 ,  1969, I n t e r v i e w e r  A shou ld  be i n  a p o s i t i o n  t o  

moni to r  Loca t ion  7 ,  During t h e  one-half  h o u r ,  3: 00-3: 30, "A" w i l l  i n t e r v i e w  

eveqme  t h a t  i s  deemed i n t e r v i e w a b l e  i n  t h e  a s s i g n e d  a r e a  ( s e e  below f o r  

d e f i n i t i o n ) ,  I f  someone is a v a i l a b l e  f o r  i n t e r v i e w  a s  l a t e  a s  3 : 2 9 ,  t h i s  

pe rson  must b e  i n t e r v i e w e d  even though t h e  i n t e r v i e w  w i l l  run p a s t  3:30. 
11 The sampling p l a n  i s  a r r a n g e d  s o  t h a t  t h e r e  w i l l  be  one-half-hour w a i t -  

i n g  p e r i o d s  f o r  eaeh i n t e r v i e w e r  between each c o n s e c u t i v e  i n t e r v i e w i n g  p e r i o d .  

T h i s  a l l o w s  f o r :  Lnterviews which commence toward t h e  end of an i n t e r v i e w i n g  

p e r i o d  and run  o v e r  i n t o  t h e  n e x t  h a l f  hour ;  food b reaks ;  h e l p i n g  o u t  w i t h  
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i n t e rv i ewing  where nepded; a t t e n d i n g  t o  c l e r i c a l  work i n  connect ion wi th  t h e  

previous i n t e rv i ewing  per iod .  
11 On f i r s t  a r r i v i n g  a t  your ass igned  l o c a t i o n ,  do not i n t e rv i ew  anyone 

who may have landed  j u s t  p r i o r  t o  your a r r i v a l  at t h e  s p e c i f i e d  half-hour  

i n t e r v a l .  I n t e rv i ew  only people who you s e e  land  wi th in  t h e  i n t e rv i ewing  

per iod .  Should you f i n d  t h a t  you a r e  unable  t o  cope w i t h  t h e  volume of i n t e r -  

views, ge t  i n  c o n t a c t  with c e n t r a l  c o n t r o l  f o r  a s s i s t a n c e ,  

Who shouZd be interviewed? The d r i v e r  of t he  boa t  on t he  last t r i p  

i s  t h e  respondent who should be i n t e r -  

viewed. 

Definit$on of m interview target:  A d r i v e r  i s  deemed in t e rv i ewab le  

when t h e  d r i v e r  dur ing  t h e  previous t r i p  

s t e p s  from t h e  boa t  t o  t h e  shore."  

Interview of Lake Mmagew 

I n  o r d e r  t o  be  a b l e  t o  apply t h e  f i n d i n g s  of t he  on - s i t e  s tudy a t  Lake 

Bur l ing ton  t o  o t h e r  l a k e s  and t o  i d e n t i f y  p o s s i b l e  management s t r a t e g i e s ,  a 

s t udy  of North Ca ro l ina  l a k e  management was designed and executed.  This  p a r t  

of t h e  i n v e s t i g a t i o n  was conducted by a memberZ of t h e  s tudy  team who was 

concur ren t ly  c o l l e c t i n g  r e l a t e d  d a t a  on r e c r e a t i o n  management p r a c t i c e s  f o r  

h i s  d o c t o r a l  d i s s e r t a t i o n .  

The purpose o f  t h e  management a spec t  of t h e  s tudy  was t o  determine how 

North Caro l ina  l a k e s  of 500 o r  move s u r f a c e  a c r e s  were be ing  managed and t o  

i d e n t i f y  percept ions  of ocapa&ty by d i f f e r e n t  managers. Knowledge o f  e x i s t -  

i n g  management 

capac i ty  would 

f e l t  t h a t  l ake  

g ive  p r a c t i c a l  

p o r t i o n  of  t he  

p r a c t i c e s  was e s s e n t i a l  t o  t he  s tudy  i n  o r d e r  t o  cons ide r  how 

be a f f e c t e d  by a v a r i e t y  of management p r a c t i c e s .  It was a l s o  

managers who have been involved wi th  management of l akes  could 

i n s i g h t  i n t o  t h e  concept of capac i ty .  The o b j e c t i v e s  of t h i s  

s tudy  were: 

1. t o  desc r ibe  t h e  management p o l i c i e s  

i zed  on North Caro l ina  l a k e s  of 500 
3 

2 ,  t o  ob t a in  e s t i m a t e s  of t h e  level of 

season as recorded i n  l a k e  use d a t a  

l a k e  manager, and 

and p r a c t i c e s  be ing  u t i l -  

s u r f a c e  a c r e s  o r  more, 

l ake  use  during t h e  p a s t  

o r  a s  perce ived  by the  

Iq, Roger Warren, Jr  . , Mmagement Guidelines f o r  Water-Oriented Kecrea- 
t ion,  Unpublished Doctora l  D i s s e r t a t i o n ,  Ind i ana  Un ive r s i t y ,  Bloomington, Ind . ,  
1970, pp. 222.  
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3 .  t o  probe p e r c e p t i o n s  of capad ty  by, l a k e  rn&iage1&. 

There a r e  47  Lakes of 500 a c r e s  o r  more i n  North C a r o l i n a ,  Seven of 

t h e s e  were r e j e c t e d  f o r  s t u d y  purposes  because  o f  i n a c c e s s i b i l i t y  o r  

because  p r e l i m i n a r y  i n v e s t i g a t i o n  i n d i c a t e d  v i r t u a l l y  n o  r e c r e a t i o n  u s e .  

Managing a u t h o r i t i e s  r e p r e s e n t i n g  38 of  t h e  40 remain ing  l a k e s  agreed  t o  p a r -  

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

Management p r a c t i c e s  were de te rmined  by p e r s o n a l  i n t e r v i e w s  w i t h  t h e  

respons ib le '  o f f i c i a l ( s )  of each l a k e  s t u d i e d .  The i n t e r v i e w  i n s t r u m e n t  con- 
3 s i d e r e d  management p r a c t i c e s  i n  seven  g e n e r a l  c a t e g o r i e s .  

S p e c i f i c  q u e s t i o n s  were  developed t o  e x p l o r e  management p r a c t i c e s  w i t h i n  

each c a t e g o r y .  The i n t e r v i e w  o u t l i n e  ( A p p e n d k  Dd was des igned  w i t h  enough 

f l e x i b i l i t y  t o  a l l o w  d i s c o v e r y  of t h o s e  p r a c t i c e s  t h a t  cou ld  n o t  be a n t i c i p a t e d ,  

During t h e  a c t u a l  i n t e r v i e w ,  t h e  i n v e s t i g a t o r  used an expanded o u t l i n e  t o  

s e r v e  as a reminder  o f  a r e a s  h e  wished t o  e x p l o r e  under  each of t h e  l i s t e d  

q u e s t  i o n s ,  L 
> - 

I n  some i n s  t a n c e s  t h e  pe rson(s2  i n t e r v i e w e d  was r e s p o n s i b l e  f o r  managing 

s e v e r a l  l a k e s .  When t h i s  occur red ,  d i f f e r e n c e s  i n  management p r a c t i c e s  and 

problems r e l a t e d  t o  c a p a c i t y  were e x p l o r e d  f o r  e a c h  l a k e ,  I n  some c a s e s  d i f -  

f e r e n c e s  were s i g n i f i c a n t ,  b u t  i n  most i n s t a n c e s  management p r a c t i c e s  were 

similar. The i n t e r v i e w s  averaged two and one-half  h o u r s  i n  l e n g t h .  

I n  a d d i t i o n  t o  i n t e r v i e w i n g  l a k e  managing a u t h o r i  t i e s ,  t h e  i n v e s t i g a t o r  

t a l k e d  w i t h  s e v e r a l  peop le  connected w i t h  t h e  North  C a r o l i n a  Board o f  H e a l t h  

and t h e  North C a r o l i n a  W i l d l i f e  Resources  Commission t o  o b t a i n  a d e s c r i p t i o n  

of management p r a c t i c e s  and r e g u l a t i o n s  on t h e  s t a t e  l e v e l .  

An a t t e m p t  was made t o  s t u d y  a l l  management p o l i c i e s  and p r a c t i c e s  t h a t  

a f f e c t  t h e  r e c r e a t i o n  u s e r  and might t end  t o  a l t e r  h i s  b e h a v i o r a l  p a t t e r n .  No 

concern w a s  g iven  t o  management p r a c t i c e s  such a s  o f f i c e  p rocedures  o r  aceount-  

i n g  methods t h a t  would noE normal ly  a f f e c t  t h e  u s e r .  

Mail, Quaatisnnc$re on Spa&ng Prefemnce of Water S k d e ~ s  

A second a u x i l i a r y  s t u d y  w a s  completed by Richard  A, Crysda le  as p a r t  o f  

h i s  d o c t o r a l  r e s e a r c h  at Texas A&M U n i v e r s i t y ,  The d a t a  were c o l l e c t e d  as a 

b a s i s  f o r  a n a l y z i n g  u s e r s '  p e r c e p t i o n s  of s p a k i d  r e l a t f o n s h i p s ,  P a r t i c u l a r  

C a t e g o r i e s  were: ( I )  Land and Water Use P o l i  c i e s ,  ( 2 )  Lake R e g d a t i o n  and 
Zoning, (3) Fees  auld Charges,  ( 4 )  P e r s o n n e l ,  (5) P u b l i c  Ref a t i o n s  and Educa- 
t i o n  Programs, (6)  F a c i l i t i e s ,  and ( 7 )  Capac i ty .  
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r e f e r ence  was made t o  the minimum in t e r -boa t  d i s t a n c e s  which boa t  d r i v e r s  and 

water s k i e r s  would w i l l i n g l y  t o l e r a t e  under v a r i ~ u s  cond i t i ons  of i n t e r a c t i o n  

and speed. These d a t a  were der ived  by means of a m a i l  q u e s t i o n n a i r e  d i s -  

t r i b u t e d  t o  t h e  water  ska ing  component of t h e  Lake Bur l ing ton  use populat ion.  

Water s k i i n g  was s e l e c t e d  f o r  in-depth s tudy  of w i l l i n g p e s s  t o  t o l e r a t e  crowding. 

Aerial photographs r evea l ed  mapy p o s s i b l e  combinations of s p a t i a l  ;ivter- 

a c t i o n s  which could c o n t r i b u t e  t o  t h e  crowding s e n s a t i o n  r epo r t ed  by some 

s k i e r s  and b o a t e r s .  These combinations involved d i f f e r e n t i a l s  i n  speed,  

d i r e c t i o n ,  and type  of  a c t i v i t y ,  Also involved were l o c a t i o n s  w i th  r e s p e c t  

t o  t h e  s h ~ r e  and o t h e r  o b j e c t s ,  e i t h e r  s t a t i o n a r y  o r  i n  motion, The most 

obvious evidence o f  i n t e r a c t i o n  appeared i n  d i r e c t i o n a l  (impinging and depar t -  

i ng )  r e l a t i o n s h i p s .  

A mail-out was designed t g  i n v e s t i g a t e  t h e  s p a t i a l  i n t e r -  

a c t i o n s  and r e l a t i o n s h i p s  as perce ived  by t h e  wa te r  s k i i n g  popula t ion  and t o  

provide  a b a s i s  f o r  i n t e r p r e t 4 n g  these  i n  cpnjunc t ion  w i t h  t h e  r e l a t i o n s h i p s  

observed on the  aerial photographs ( s ee  Chapter I V )  . The q u e s t i o n n a i r e  was 

s e n t  dur ing  Janvary 1970 t o  t h e  320 r e g i s t r a n t s  who used Lake Burl ington on 

s tudy  days and who used motors of 20 o r  more horsepower ( i . e . ,  having the  

p o t e n t i a l  t a  tow water  s k i e r s ) ,  A t o t a l  of 186 ques t i onna i r e s  were r e tu rned  

(58 p e r c e n t ) .  

4~ copy of t he  ques t i onna i r e  i s  a v a i l a b l e  through t h e  Department of 
Recreat ion Resources Adminis t ra t ion ,  North Ca ro l ina  S t a t e  Un ive r s i t y ,  Raleigh,  
N. C. 27607, 
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I n  a d d i t  i o n  t o  i n t e r v i e w  and rag: s t r a t i o n  p rocedures  f o r  c o l l e c t i n g  d a t a ,  

a  sys tem of o n - s i t e  o b s e r v a t i o n  was used  t o  d e s c r i b e  t h e  d i s t r i b u t i o n ,  f l o w ,  

and type  o f  b o a t i n g ' a c t i v i t y  a t  Lake B u r l i n g t o n ,  The u l t i m a t e  o b j e c t i v e  f o r  

c o l l e c t i n g  t h e s e  d a t a  was t o  o b t a i n  i n f o r m a t i o n  on ( I )  t o t a l  amount and t y p e  

of water-based r e c r e a t i o n a l  u s e  th roughout  t h e  day,  (2)  d i s t r i b u t i o n  of r e c r e a -  

t i o n a l  u s e  o v e r  t h e  l a k e ,  and' (3) amount of t ime b o a t s  were  a c t i v e  on t h e  

w a t e r  d u r i n g  t h e i r  s t a y  a t  t h e  l a k e  s i t e .  ' Observers  were s t a t i o n e d  a t  stra- 

t e g i c  p o i n t s  around t h e  l a k e  s h o r e l i n e .  P a r t  of t h e  o b s e r v a t i o n  team was 

a s s i g n e d  t o  k e e p i n g  r e c o r d s  of l a n d i n g s  and d e p a r t u r e s  from s h o r e ,  The 

remainder  of t h e  o b s e r v a t i o n  t e a m  k e p t  r e c o r d s  of b o a t i n g  a c t i v i t y  w i t h i n  and  

between d i f f e r e n t  p a r t s  of t h e  l a k e .  The o b s e r v a t i o n  r e c o r d s  were o b t a i n e d  

c o n t i n J o u s l y  from 11:00 a , m .  o r  l : 0 0  p.m, t o  6:00 p.m. d u r i n g  each of t h e  

s e l e c t e d  d a t a  c o l l e c t i o n  days.  

Use o f  o b s e r v e r s  s t a t i o n e d  around t h e  s h o r e l i n e  o f  a w a t e r  body h a s  
, 

s e v e r a l  advan tages  ( a s  w e l l  as some d i s a d v a n t a g e s )  over  photography f o r  

o b t a i n i n g  b o a t i n g  a c t i v i t y  and d i s  t r i b u t i o n  d a t a ,  Ff rs t ,  o b s e r v e r s  can pro- 

v i d e  con t inuous  r e c o r d s  of b o a t  movement r a t h e r  t h a n  point - in- t ime samples .  

Continuous aerial  photographic:  coverage would b e  p r o h i b i t i v e l y  c o s t l y ,  Con- 

t i n u o u s  d a t a  p r o v i d e s  an i n v e n t o r y  o f  e v e n t s  and numbers p e r t a i n i n g  t o  b o a t -  

i n g  a c t i v i t y ,  T h i s ,  of  c o u r s e ,  g r e a t l y  enhances  t h e  r e l i a b i l i t y  and v a l i d i t y  

of c o n c l u s i o n s  d e r i v e d  from a n a l y s i s  of such  d a t a ,  A d d i t i o n a l l y ,  c o n t i n u o u s  

coverage  d a t a  p r o v i d e  a much more d e t a i l e d  and d e s c r i p t f v e  account  of t h e  

g e n e r a l  p a t t e r n s  o f  u s e  and i n t e r a c t i o n s  among b o a t e r s ,  

Observers  a l s o  have an advan tage  o v e r  mechanical  r e c o r d i n g  ( i n c l u d i n g  

photography) i n  t h a t  they can p r o v i d e  supp lementa l  i n f o r m a t i o n  on e v e n t s  which 

may d e v i a t e  g r e a t l y  from t h e  norm. For example, a sudden and d r a s t i c  dev ia -  

t i o n  from t h e  noma2 p a t t e r n  o f  b o a t f n g  a c t i v i t y  could b e  observed  on a e r i a l  

photographs  w i t h o u t  m y  apparen t  e x p l a n a t i o n ,  A c t u a l l y ,  t h e  d e v i a t i o n  may be  

due t o  a b o a t i n g  a c c i d e n t  which cou ld  b e  recorded  a s  such by an o b s e r v e r .  

Th i s  a d d i t i o n a l  i n s i g h t  can g u i d e  t h e  r e s e a r c h e r  t o  omit  o b s e r v a t i o n s  which 

a r e  one-time o c c u r r e n c e s  s o  t h a t  s t a t i s t i c a l  r e s u l t s  w i l l  n o t  be b i a s e d ,  

Observers  can a l s o  p r o v i d e  supp lementa l  i n f o r m a t i o n  t h a t  can a i d  immensely i n  

e x p l a i n i n g  even t h e  typ$caZ e v e n t s ,  

F i n a l l y ,  o b s e r v e r s  may a i d  t h e  r e s e a r c h e r  b y  p r o v i d i n g  feedback on t h e  

adequacy and a c c u r a c y  of t h e  o b s e r v a t i o n a l  d a t a  c o l l e c t  i o n  p rocedure .  Such 
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feedback e a r l y  i n  t h e  l i f e  of a s tudy  h a s  o f t e n  r e s u l t e d  i n  modi f ica t ions  of 

t h e  d a ~ a  c o l l e c f i o n  procqdure which l a t e r  meant l a r g e  sav ings  i n  t ime and 

money whi le  i n c r e a s i n g  t h e  r e l i a b i l i t y  of t he  d a t a  c o l l e c t e d .  

The bas$c disadvantage p f  obse rva t ion  as a means f o r  s tudying  boa t ing  

a c t i v i t y  i s  t h a t  it  provides  no informat ion  on s p a t i a l  r e l a t i o n s h i p s  o r  rates 

of movement. The o b s e r v e r ' s  view i s  h o r i z o n t a l  and a l lows  only gene ra l  

d e s c r i p t i o n  of l o c a t i o n  of a c t i v i t y .  Aerial photography, a s  expla ined  i n  

t he  fo l lowing  chap te r ,  has  t h e  c a p a b i l i t y  of supplying d e t a i l e d  account ing 

of s p a t i a l  and rate ye l a r ionsh ips .  

The Observation Pr~oedure Used at Lake BurZhgton 

Day-long observa t ion  of t h e  type,  amount, and g e n e r a l  d i s t r i b u t i o n  of 

boa t ing  a c t i v i t y  was conducted on e i g h t  of t h e  days dur ing  the  summer use 

season.  A team of t h i r t e e n  observers  was s t a t i o n e d  a t  s t r a t e g i c  l o c a t i o n s  

on each of t h e s e  days and was i n  p l ace  b e f o r e  t he  major boa t ing  t r a f f i c  

began. Usually,  the  p leaqure  boa t ing  and s k i i n g  a c t i v i t y  d i d  n o t  begin 

u n t i l  about 11:00 a . m .  Observers were i n  p l ace  aC 1 1 : O O  a.m. and concluded 

reqording a t  6:00 p.m. a t  which time t h e  ma jo r i t y  of a c t i v i t y  had subs ided .  

On Sundays when t h e  l a k e  d id  n o t  open u n t i l  a f t e rnoon ,  observa t ion  began a t  

1:00 p.m. 

To a s s u r e  e f f i c i e n c y  of ope ra t i on  and c o n t i n u i t y  of t h e  d a t a  c o l l e c t i o n ,  

t r a i n i n g ,  b r i e f i n g s ,  and an a c t u a l  d ry  run  of t h e  procedures  were conducted. 

Ea r ly  i n  t h e  summer, p r i o r  t o  beginning d a t a  c o l l e c t i o n ,  an e n t i r e  day was 

spent  a t  t he  l a k e  s i t e  t o  i n s t r u c t  observers  on t h e i r  d u t i e s  and t o  test  t he  

observa t ion  procedure under a c t u a l  cond i t i ons .  A f t e r  a  two-hour t r a i n i n g  

s e s s i o n  dur ing  which v e r b a l  $ns t r u c t i o n s  and a  d e t a i l e d  manual of i n s t r u c t i o n s  

were suppl ied ,  observers  were taken  t o  t h e i r  ass igned  s t a t i o n s .  Boat ing 

a c t i v i t y  was moderately heavy a t  t i m e s  and provided a  good t e s t  of t he  pro- 

cedures  and personnel  a s s i g n m e ~ t s ,  Observers recorded t h e  a c t i v i t y  a s  

i n s t r u c t e d  and prodec t  r e s e a r c h e r s  c i r c u l a t e d  among them t o  answer ques t i ons  

and t o  check t h e  degree of compliancg wi th  procedures .  A s  a  r e s u l t ,  some per- 

sonne l  were r ea s s igned  according t o  c a p a b i l i t y ,  number of observers  a t  c e r t a i n  

s t a t i o n s  was i nc reased ,  and procedures were modified a s  necessary .  During 

t h e  a c t u a l  d a t a  c o l l e c t i o n ,  t h e  procedure of checking t h e  accuracy of d a t a  

record ing  and compliance w i t h  procedures  was cont inued.  I n  a d d i t i o n ,  b r i e f -  

i n g s  were h e l d  each sample dqy p r i o r  t o  d i s p e r s a l  of t he  observers  t o  t h e i r  

s t a t i o n s ,  Every observer  was asked t o  make s u r e  t h a t  he o r  she  had a  copy of 
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Figure 4. Observers were stat ioned aZong the shoreline t o  keep 
records o f  the mount,  type, mcj dis t r ibu t ion  o f  
boating t r a f f i c .  





manual of i n s t r u c t i o n s  and t h a t  t h e i r  s p e c i f i c  i n s t r u c t i o n s  were r e r e a d  

b e f o r e  t ime t o  s t a r t  r e c o r d i n g  b o a t i n g  a c t i v i t y .  

Two b a s i c  t y p e s  of d a t a  were c o l l e c t e d  by t h e  o b s e r v e r s .  The f i r s t  t y p e  

d e a l t  e x c l u s i v e l y  w i t h  b o a t s  l a n d i n g  on o r  d e p a r t i n g  from s h o r e .  T h i s  w a s  

r ecorded  on F i e l d  Form / , l ,  shown a s  Exhibi-t; 2. S t a t i o n  number, o b s e r v e r ( s )  

name(s ) ,  and d a t e  were  recorded  on each f o m .  Then, f o r  each b o a t  l a n d i n g  o r  

d e p a r t u r e ,  t h e  t ime  o f  day t o  t h e  n e a r e s t  minu te ,  b o a t  r e g i s t r a t i o n  number, 5 

number of pe rsons  i n  t h e  b o a t ,  t y p e  o f  a c t i v i t y  i n  which engaged, whether  t h e  

b o a t  was inbound o r  outbound, and supp lementa l  i d e n t i f i c a t i o n  d a t a  f o r  t h e  

b o a t  i f  needed were recorded ,  A c t i v i t y  codes appeared  i n  t h e  upper  r i g h t  

c o r n e r  s o  t h a t  e r r o r s  i n  coding cou ld  b e  minimized.  

The o b s e r v e r s  were s t a t i o n e d  a l o n g  t h e  two s t r e t c h e s  of s h o r e l i n e  t o  

which b o a t  l a n d i n g s  were  r e s t r i c t e d  by l a k e  r e g u l a t i o n s .  W a l k i e - t a l k i e  com- 

munica t ion  was m a i n t a i n e d  between a d j a c e n t  o b s e r v e r s  s o  t h a t  d u p l i c a t i o n  of 

e v e n t  r e c o r d i n g  o r  m i s s i n g  o f  e v e n t  r e c o r d i n g  c o u l d  b e  avoided.  Th is  w a s  

e s p e c i a l l y  impor tan t  f o r  b o a t  l a n d i n g s  o r  d e p a r t u r e s  o c c u r r i n g  a t  o r  n e a r  t h e  

d i v i d i n g  l i n e  between o b s e r v a t i o n  s t a t i o n s .  

The second t y p e  of i n f o r m a t i o n  d e a l t  w i t h  movement of b o a t s  between t h e  

f i v e  zones i d e n t i f i e d  a t  Lake B u r l i n g t o n  f o r  s t u d y  purposes .  The d a t a  r e c o r d e d  

i n d i c a t e d  whether  a b o a t  was moving i n t o  o r  o u t  o f  a p a r t i c u l a r  zone,  t ime of 

day,  b o a t  r e g i s t r a t i o n  number, number o f  pe rsons  i n  t h e  b o a t ,  and a c t i v i t y  i n  

which engaged ( s e e  Exhibit 2 ,  F i e l d  Form #2) ,  I n  those  c a s e s  where t h e  r e g i s -  

t r a t i o n  number on the f r o n t  of  t h e  b o a t  cou ld  n o t  b e  r e a d ,  supp lementa l  iden-  

t i f i c a t i o n  i n f o r m a t i o n  was recorded  such  as b o a t  c o l o r ,  e n g t n e  t y p e ,  o r  o t h e r  

s p e c i a l  c h a r a c t e r i s t i c s .  

I n  l o c a t i n g  t h e  o b s e r v a t i o n  s t a t i o n s ,  c a r e  was t aken  t o  a s s u r e  t h a t  f u l l  

v i s i b i l i t y  of w a t e r / s h o r e  movement o r  zone-to-zone movement was a f f o r d e d .  

Observers  r e s p o n s i b l e  f o r  r e c o r d i n g  t h e  shore- to-water  movement were  s t a t i o n e d  

s o  t h a t  expec ted  volume o f  l a n d i n g s  and d e p a r t u r e s  cou ld  b e  hand led  e f f i c i e n t l y  

by one person  d u r i n g  heavy u s e  p e r i o d s  and s o  t h a t  complete v i s u a l  coverage 

was a f f o r d e d  o f  t h e  s h o r e l i n e  where l a n d i n g  was a l lowed .  Figure 6 i s  a  s k e t c h  

5 ~ n  North  C a r o l i n a ,  a s  i n  o t h e r  s t a t e s ,  a l l  b o a t s  w i t h  e n g i n e s  r a t e d  10 
o r  more horsepower a r e  r e q u i r e d  t o  r e g i s t e r .  They a r e  t h e n  a s s i g n e d  a perma- 
n e n t  r e g i s t r a t i o n  number which must be  d i s p l a y e d  on each s i d e  of t h e  b o a t .  
Th i s  number was used  t o  i d e n t i f y  i n d i v i d u a l  b o a t s .  For  n o n - r e g i s t e r e d  b o a t s ,  
b l a c k  on ye l low numbered s t i c k e r s  were  a p p l i e d  as t h e  b o a t  e n t e r e d  t h e  l a k e  
sys tem.  T h i s  number was u s e d  as a s u b s t i t u t e  f o r  an o f f i c i a l  r e g i s t r a t i o n  
number, 
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Projec t  B-013-NC 
EXHIBIT 1 Lake Burlington 

FIELD FORM #1 
ACTIVITY RECORD 

S t a t i o n  Observer I Act iv i ty  Code 
Date Sa i l ing  S 

Time 

NO . 
Boat No. 

INCOMING OUTBOUND 
Water Water 
Ski- l Other I Ski- l Other 

Canoeing 
Water Tobagganing - JT 
Administrative AD 
Other Boating OB 

Remarks & Supplemental 
I d e n t i f i c a t i o n  

Record time t o  neares t  minute. 
Do not  use same l i n e  t o  record incoming and outbound times f o r  a s i n g l e  boat. 
Record "incoming" time a t  moment any p a r t  of the  boat o r  any occupant of t h e  

boat touches any physica l  f ea tu re  of t h e  shore. 
Record "outbound" time when contac t  between boat (or  boat occupant) and shore 

i s  broken and boat begins forward motion. 

P ro jec t  B-013-NC EXHIBIT 2 

FIELD FORM #2 
DISTRIBUTION RECORD 

S t a t i o n  Observer Date 

INTO AREA 
OUT OF 
AREA 

Lake Burlington 

A c t i v i t y  Code 
S a i l i n g  _S 
Canoeing C 
Water Tobagganing WT -- 

Administrat ive AD 
Other Boating - OB 



LAKE 
c z w w  

/ LAUNCHING 
NO B09T RAMPS 
LANDINGS TO 
RIGHT O f  THIS 

LAND 

Figure 6 .  Diagram o f  one o f  the landing areas a t  Lake BurZington 
showing observer stations and f ie lds  of vision (dotted 
Zinesl . 
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of the  l a r g e r  of t he  two a r e a s  where b o a t  landings  were allowed. The posi-  

t i o n i n g  of t h e  observers  i s  shown. 

Gbserxrers respons ib le  f o r  zone-to-zone movement were placed s o  t h a t  a  

c l e a r  v i c v  vas  a f forded  s t r a i g h t  ac ros s  t he  zone boundary and so t h a t  on- 

coming boa t s  could be seen be fo re  they reached the  boundary. This l ead  time 

was ;:ceded s o  the  okserver  had s u f f i c i e n t  time t o  focus b inoculars  on a  boa t  

in orde r  t o  r e d  $Zre r e g i s t r a t i o n  lraumber on i t s  s i d e ,  A t  twc of the  t h r e e  

zone-to-zone observat ion stat  ions a an a a d i t i o n a l  person was ass igned  f o r  t he  

s i n g u l a r  purpose of record ing  o5served boa t  movement. A t  t he se  s t a t i o n s  t h e  

flow of boa t ing  vas  so heavy a t  t imes t h a t  two persons could no t  observe and 

record a t  the  Sam time, and a s e p a r a t e  r eco rde r  was necessary .  The l o c a t i o n  

and number of  persmicel  used f o r  zone-to-zone observa t ion  and record ings  a r e  

diagramed i n  P i g m e  7. A t  t he  boundary between Zones A and B ,  observers  were 

placed on o p ~ o s i t e  s i d e s  of t h e  l a k e  t o  b e  n e a r  bo th  d i r e c t i o n s  of t r a v e l ,  A 

r eco rde r  was s t a t i o n e d  on only  one s i d e ,  however, and communication o f  t he  

d e s c r i p t i o n s  of observed events  t o  t h e  recorder  ;rere re layed  from t h e  o t h e r  

s i d e  by wa lk i e - t a lk i e .  A t  t h e  s t a t i o n  at the  boundary between Zones B and E ,  

two observers  and a recorder  were used t o  account f o r  both t h e  B t o  E and 

t h e  E t o  D t r a f f i c ,  One observer  was r e s ~ o n s i b l e  f o r  a l l  t r a f f i c  e n t e r i n g  

Zone E from B and f o r  t h a t  e n t e r L - 1 ~  Zo;ie D from E ,  The o t h e r  observer  was 

respons ib le  f o r  a l l  t r a Z f i c  e x i t i x g  these same zones tn t h e  oppos i t e  d i r e c t i o n .  

A 1 1  observa t ions  were ver5ally reiayei t o  t he  recorder .  Both boundaries  

could be seen. from t>e  s i n g l e  va;:tage p o i n t  a s  i s  i l l u s t r a t e d  i n  Figure 7 

which shows the  Location a2 a l l  cbse rva t ion  s t a t i o n s .  

The key tc r3e success  of the observa t ion  procedure was accu ra t e  iden- 

t i f i c a t i o n  of t n d i v i d u a l  boa t s .  This  w a s  e s s e n t i a l  so  t h a t  (1) amount of 

water-base2 r e c r e e t i o n  use ,  (2; d i s  t z ? l ~ u t f o n  of r e c r e a t i o n a l  use  over  t h e  l a k e ,  

and ( 3 )  amount of time boa t s  v e r e  a c t i v e  on the  water  dur ing  s i n g l e  ou t ings  

could be measus.;d. ('Jse i:~ t h i s  s tudy  r e f e r s  t o  aggregate  amount of recrea-  

t i o n a l  tim rathe: t h m  a simple count of number o f  occasions of p a r t i c i p a -  

t i o n .  ) To a s s a r e  t h a t  boa t  r e g i s t r a t i o n  numbers were read f o r  a l l  boa t s  

with recordez events ,  a  back-up procedure was conceptual ized.  When only  a  

p a r t  of t he  boa t  .;:umber could be r ead ,  the  known d i g i t s  were f i l l e d  i n  and 

b lanks  were l e f t  f o r  t h e  u n i d e n t i f i e d  d i g i t s .  For example, NC-2773-B may 

have been recorded as NC-2 - 73-3 because t h e  e n t i r e  number could no t  be read .  

The back-up system involved computerized searching  through the  e n t i r e  f i l e  of 

observa t ion  d a t a  a f t e r  t he  f i e l d  d a t a  c o l l e c t i o n  was completed and d a t a  had 





been t r a n s f e r r e d  t o  an  EDP i n p u t  d e v i c e ,  The b a s i c  approach was t o  t r a c e  

through t h e  e v e n t s  and t imes  of o c c u r r e n c e s  f o r  each b o a t  invo lved  w i t h  w a t e r  

a c t i v i t y  d u r i n g  t h e  t ime  t h a t  t h e  misrecorded b o a t  number was observed ,  

Through e l f m i n a t i o n  of b o a t s  t h a t  cou ld  n o t  have been a c t i v e  n e a r  t h a t  sta- 

t i o n  a t  t h e  t ime recorded  and by l o o k i n g  f o r  b o a t  numbers similar t o  t h e  

p a r t i a l  number r e c o r d e d ,  m i s s i n g  d i g i t s  were f i l l e d  i n ,  It was impor tan t  t h a t  

o b s e r v e r s  were  asked t o  r e c o r d  on ly  t h a t  p o r t i o n  o f  t h e  number which t h e y  

could  p o s i t i v e l y  i d e n t i f y .  (The p rocedure  f o r  f i l l i n g  i n  m i s s i n g  d i g i t s  of 

b o a t  numbers is e x p l a i n e d  i n  more d e t a i l  i n  Chapt~r V , )  

The t h r e e  p r i n c i p a l  o b s t a c l e s  f a c e d  by t h e  o b s e r v e r s  i n  r e c o r d i n g  b o a t  

numbers were d i s t a n c e ,  speed ,  and a n g l e  of  t h e  b o a t s  r e l a t i v e  t o  t h e  o b s e r v e r s .  

Boa t s  p a s s i n g  by r e l a t i v e l y  c l o s e  t o  t h e  o b s e r v e r s  posed no problem i n  r e a d i n g  

t h e  r e g i s t r a t i o n  number u n l e s s  t h e  a n g l e  o r  speed was t o o  a c u t e  o r  t o o  f a s t ,  

r e s p e c t i v e l y ,  f o r  r e a d i n g .  (To a i d  i n  overcoming t h e  d i s t a n c e  problem, a l l  

o b s e r v e r s  were i s s u e d  b i n o c u l a r s , )  These problems had t o  be recognized  i n  

l o c a t i n g  o b s e r v a t i o n  s t a t i o n s  and i n  d i s p e r s i n g  p e r s o n n e l  a c c o r d i n g  t o  

c a p a b i l i t y .  

Pointers for F u t m  Usem of Observation Procedures 

S e v e r a l  t h i n g s  were  l e a r n e d  as a r e s u l t  of t h e  e x p e r i e n c e  w i t h  a p p l i c a -  

t i o n  of o b s e r v a t i o n  p rocedures  a t  t h e  Lake B u r l i n g t o n  s i t e ,  Some of t h e s e  a r e  

l i s t e d  below: 

1. Develop a fo rm(s )  which e n a b l e s  o b s e r v e r s  t o  r e c o r d  q u i c k l y  and 

a c c u r a t e l y  t h e  e v e n t s  t h e y  o b s e r v e ,  Make maximum u s e  o f  check 

marks as a means f o r  d e s c r i b i n g  an e v e n t ,  e s p e c i a l l y  a t  sta- 

t i o n s  where b o a t i n g  t r a f f i c  i s  l i k e l y  t o  be heavy a t  t imes .  

Th is  can be  done by p r o v i d i n g  check columns f o r  s p e c i f i c  e v e n t s  

known t o  o c c u r  r e p e t i t i v e l y  a  l a r g e  number of t i m e s .  (See t h e  

w a t e r  s k i i n g  column i n  F i e l d  Form #I, E x h i b i t  1,) The 

forms shou ld  a l s o  b e  of  heavy paper  s o  t h a t  t e a r i n g  o r  w r f n k l i n g  

w i l l  n o t  i m p a i r  r a p i d  r e c o r d i n g .  

2 ,  Make s u r e  t h a t  o b s e r v e r s  have l a r g e - d i a l ,  e a s i l y  r e a d  watches  

i f  t ime  a s s o c i a t i o n s  w i t h  e v e n t s  a r e  d e s i r e d ,  The watches  

shou ld  b e  thoroughly  checked f o r  accuracy  and shou ld  be water-  

proof  i f  t h e  s i t e  i s  w a t e r  b a s e d ,  

3 ,  P r i o r  t o  s t a r t i n g  t h e  a c t u a l  d a t a  c o b l e e t i o n  t h e r e  shou ld  be  a 

f u l l - s c a l e  d r y  r u n  o f  t h e  procedtires under  a c t u a l ,  heavy-use 
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condi t ions .  During t h i s  t ime t h e  p r o j e c t  a & i n i s t r a t o r ( s )  and 

s c i e n t i s t s  should c i r c u l a t e  among observa t ion  s t a t i o n s  t o  check 

c m p l i a n c e  wi th  procedures ,  t o  r e c e i v e  comments concerning v i a -  

b i l i t y  of procedures ,  and t o  a c t u a l l y  t r y  t h e  techniques 

s p e c i f i e d ,  

Make s u r e  t h a t  trained back-up personnel  a r e  a v a i l a b l e  t o  

r e p l a c e  observers  unable t o  work on a given day; t o  r ep l ace  a n  

observer  who may become ill, e t c ,  dur ing  t h e  day; o r  t o  u s e  a s  

s u b s t i t u t e s  dur ing  a day so  t h a t  r e s t  per iods  can be  g iven  t o  

observers  expected tolwork long per iods .  

Cheek t h e  eyes ight  of personnel  t o  avoid  placement of persons  

wi thout  s t r o n g  eyes ight  a t  s t a t i o n s  where d i s t a n c e  viewing i s  

requi red .  This  i s  c r i t i c a l  where boa t  number reading  o r  o t h e r  

d e t a i l e d  d e s c r i p t i o n s  of events  o r  o b j e c t s  i s  necessary. 

Numbers of observers  should be placed a t  each obse rva t ion  

s t a t i o n  adequate  t o  handle t h e  heav ie s t  amounts of u s e  o r  

g r e a t e s t  number of expected events  p e r  u n i t  of time. One per -  

son s o l e l y  r e spons ib l e  f o r  record ing  v e r b a l l y  com~un ica t ed  

s i g h t i n g s  of events  may be needed where two o r  more observers  

a r e  r equ i r ed  a t  a s i n g l e  s t a t i o n .  Two observers  and one 

r eco rde r  can do a s  w e l l  o r  b e t t e r  than  fou r  observers  doing 

t h e i r  own record ing  under heavy-use condi t ions ,  

Observers should b e  given r e s p o n s i b i l i t y  f o r  observing a 

l i m i t e d  number of events  which a r e  s i m i l a r  i n  na ture .  A l a r g e r  

number of ve ry  d i f f e r e n t  events  can be observed more e f f i -  

c i e n t l y  than  t h e  same number of s i m i l a r  events  because t h e  

a t t e n t i o n  of t h e  observer  i s  b e t t e r  cap tured  by d i s s i m i l a r  

events ,  I f  p o s s i b l e ,  a s i n g l e  observer  should be  a s s igned  

t o  record  boa t ing  events  t h a t  a r e  occurr ing  i n  only  one d i r e c -  

t i o n ,  Two o r  t h r e e - d i r e c t i o n  t r a f f i c  can become confusing,  

Observers should be placed so  t h a t  a c l e a r  unobstructed view 

of on-coming boat t r a f f i c  i s  poss ib l e .  This  i s  e s p e c i a l l y  

t r u e  where fast-moving t r a f f i c  must be viewed through binocu- 

l a r s .  It t a k e s  a c r i t i c a l  amount of t ime t o  focus and hold 

b inocu la r s  on a moving ob jec t ,  



9 ,  The l a k e  w a t e r  s u r f a c e  and s h o r e l i n e  s h o u l d  b e  zoned for s t u d y  

purposes  (no t  n e c e s s a r i l y  f o r  b o a t  a c t i v i t y  r e g u l a t i o n ) .  Zon- 

i n g  of t h e  w a t e r  s u r f a c e  s h o u l d  d i f f e r e n t i a t e  major  compart- 

ments o f  t h e  l a k e  which a r e  d i f f e r e n t  because  o f  s i z e ,  conf ig -  

u r a t i o n ,  d i s t a n c e  from s h o r e l i n e  a c c e s s ,  dominate a c t i v i t y  

(a l lowed o r  natumZly o c c u r r i n g ) ,  o r  o t h e r  c h a r a c t e r i s t i c s  of 

i n t e r e s t  t o  management, Water s u r f a c e  zone b o u n d a r i e s  a r e  b e s t  

e s t a b l i s h e d  a t  narrowed p o r t i o n s  o f  t h e  l o n g  a x i s  of t h e  w a t e r  

body. Th is  p u t s  o b s e r v e r s  c l o s e r  t o  b o a t i n g  a c t i v i t y ,  The 

s h o r e l i n e  shou ld  be zoned a c c o r d i n g  t o  t y p e  of a c c e s s ,  a c t i v i t i e s  

o c c u r r i n g ,  volume of u s e ,  e r e .  Adequate numbers o f  o b s e r v e r s  

shou ld  be used  a t  each zone boundary o r  s h o r e l i n e  a c c e s s  a r e a  

s o  t h a t  a f u l l  d e s c r i p t i o n  o f  numbers and t y p e s  o f  b o a t s ,  a c t i v i -  

t i e s ,  and o t h e r  c h a r a c t e r i s t i  c s  of t h e  b o a t i n g  u s e  can b e  

ob ta ined .  

10 ,  Radio (two-way) communication can p r o v i d e  i m p o r t a n t  l i n k s  between 

o b s e r v e r s ,  p r o j e c t  a d m i n i s t r a t o r s ,  and o b s e r v e r s  and r e c o r d e r s .  

This  can e l i m i n a t e  much double-count ing and unnecessa ry  l e g  work. 

11, Where a e r i a l  r e c o n n a i s s a n c e  i s  used i n  combinat ion w i t h  ground- 

l e v e l  o b s e r v a t i o n ,  t h e  o b s e r v e r s  s h o u l d  b e  r e q u i r e d  t o  r e c o r d  

t h e  e x a c t  t i m e  t h e  p l a n e  f l e w  over .  Th i s  e n a b l e s  r e l a t i v e l y  

p r e c i s e  r ime c o r r e l a t i o n  between a e r i a l  and ground o b s e r v a t i o n s  

and among ground o b s e r v e r s  u s i n g  t h e  plane time as t h e  c o n t r o l ,  

1 2 ,  Observers  shou ld  be  k e p t  a s  u n o b t r u s i v e  as p o s s i b l e  s o  t h a t  

i n t e r f e r e n c e  w i t h  a c t i v i t y  p a t t e r n s  can be  avo ided ,  A few 

b o a t e r s  o b j e c t e d  t o  b e i n g  spied upon, and t h f  s a t t i t u d e  can 

b e  reduced by h i d i n g  o b s e r v e r s  t o  t h e  d e g r e e  p o s s i b l e  w i t h o u t  

o b s t r u c t i n g  t h e i r  v iew,  Also,  l a r g e  s i g n s  in forming  u s e r s  t h a t  

a s t u d y  i s  underway can h e l p  remove s u s p i c i o n ,  

1 3 ,  Equipment and s u p p l i e s  f o r  o b s e r v e r s  can v a r y  from s t a t i o n  t o  

s t a t i o n .  Some of  t h e  b a s i c  n e e d s  i n c l u d e :  

Binoculars ( 7  x 35 o r  7 x  50) 
Radio t r a n s c e i v e r  
C l i p  board  
Pens  
Watch 
Water c o o l e r  
Cha i r  
Umbrella 
Recording f o m s  





One of t h e  b a s i c  p r ~ b l e m s  f a c i n g  r e s e a r c h e r s  o r  a d m i n i s t r a t o r s  i n t e r e s t e d  

i n  c o l l e c t i n g  d a t a  d e s c r i b i n g  t h e  dynamics of a water-based r e c r e a t i o n  system 

i s  t h e  s i z e  o f  t h e  w a t e r  b o d i e s  i n v o l v e d ,  The l a r g e r  t h e  water body, t h e  more 

d i f f i c u l t  i t  i s  t o  g e t  point - in- t ime e v a l u a t i o n s  and measurements of i t s  u s e .  

Other  unique problems i n v o l v e  t h e  u s u a l l y  numerous a c c e s s  p o i n t s  from which 

u s e r s  may e n t e r  o r  l e a v e  t h e  w a t e r  s i t e ,  t h e  wide d i s p e r s a l  of u s e s ,  t h e  h i g h  

d e g r e e  o f  m o b i l i t y  of u s e r s ,  and t h e  l a r g e  number of bays and i n l e t s  which 

t e n d  t o  obscure  u s e r s  from view when o ' s se rva t ion  i s  from ground l e v e l ,  

Because of t h e s e  problems, o b t a i n i n g  d a t a  which c h a r a c t e r i z e  t h e  amount, 

type,  s p a t i a l  d i s t r i b u t i o n ,  and b e h a v i o r a l  i n t e r a c t i o n s  of w a t e r  r e c r e a t i o n a l  

u s e  can be  a d i f f i c u l t  and c o s t l y  t a s k .  A e r i a l  p h o t o g r a p h i c  sampl ing o f  l a k e  

u s e  c o n d i t i o n s  can p r o v i d e  a means f o r  overcoming many of t h e s e  problems. The 

a l t i t u d e  and speed of an a i r p l a n e  enab le  n e a r  i n s t a n t a n e o u s  views of t h e  

t o t a l  w a t e r  s u r f a c e .  The comprehensiveness of p h o t o g r a p h i c  r e c o r d s  of t h e  

a c t u a l  s i t u a t i o n  and t h e  p o s s i b i l i t y  of t i m e - s e r i e s  imagery p r o v i d e  c a p a b i l i t y  

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

e v e n t s  occur ,  I n  a d d i t i o n ,  aerial  photographs  p r o v i d e  a permanent r e c o r d  of 

t h e  wa te r  s u r f a c e  a c t i v i t y  a t  t h e  t ime  of o b s e r v a t i o n ,  T h i s  a l l o w s  more t ime 

t o  s t u d y  t h e  phenomena t h u s  recorded  than  would be  p rov ided  by o n - s i t e  obser-  

v a t i o n ,  and i t  p r o v i d e s  o p p o r t u n i t y  t o  r e p e a t  s t u d y  of t h e  phenomena a s  many 

t imes as a r e  n e c e s s a r y .  

Another advan tage  of aerial photography i s  t h a t  i t  i s  u n o b t r u s i v e ;  t h a t  

i s ,  a e r i a l  o b s e r v a t i o n  i s  a lmost  comple te ly  w i t h o u t  impact  on t h e  u s e  p a t t e r n s  

b e i n g  observed ,  T h i s  i s  a n  impor tan t  c h a r a c t e r i s t i c  where unb iased  observa-  

t i o n s  a r e  sought  th rough  e m p i r i c a l  o b s e r v a t i o n .  I f  r e c r e a t i o n i s t s  a r e  aware 

t h a t  t h e y  a r e  b e i n g  observed,  t h e r e  is always t h e  p o s s i b i l i t y  t h a t  t h e i r  

behav ior  may be a l t e r e d ,  

Another advan tage  of a e r i a l  o b s e r v a t i o n  i s  t h a t  i t  a l l o c a t e s  most of t h e  

t ime  t o  t h e  o f f i c e  f o r  manual ly  r e c o r d i n g  what i s  observed r a t h e r  than  t o  t h e  

f i e l d .  The o f f i c e  environment i s  more c o n t r o l l a b l e ,  and t h i s  c o n t r i b u t e s  t o  

g r e a t e r  c o n s i s t e n c y  i n  a p p l i c a t i o n  of d a t a  r e c o r d i n g  p rocedures ,  

The o b j e c t i v e  o f  t h e  a e r i a l  reconnaissance f o r  t h e  Lake B u r l i n g t o n  

r e s e a r c h  was to g e n e r a t e  d a t a  s u f f i c i e n t  f o r  t e s t i n g  hypotheses  p e r t a i n i n g  t o  

t h e  r e l a t i o n s h i p s  between b e h a v i o r a l  p a t r e r n s  of b o a t e r s  and amount, t y p e ,  

and l o c a t i o n  o f  b o a t i n g  use  b o t h  over t h e  e n t i r e  lake and i n  t h e  
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immediate v i c i n i t y  of s e l e c t e d  b o a t e r s .  The e x p e r i e n c e  ga ined  w i t h  t h i s  

p r o j e c t  concern ing  s c h e d u l i n g ,  c o n t r a c t i n g ,  p r o d u c t  s p e c i f i c a t i o n s ,  and tech-  

n i q u e s  p r o v i d e s  u s e f u l  i n f o r m a t i o n  f o r  g u i d i n g  o t h e r s '  d e c i s i o n s  r e g a r d i n g  use  

of a e r i a l  photography.  

A t o t a l  of f i f t y - t w o  pho tograph ic  m i s s i o n s  were f lown i n  c o o r d i n a t i o n  

w i t h  ground o b s e r v a t i o n s  a t  t h e  Lake B u r l i n g t o n  s i te .  The p h o t o g r a p h i c  

p roduc t  o f  t h e s e  m i s s i o n s  was c o n t r o l l e d  t o  t h e  d e g r e e  p o s s i b l e  i n  terms of 

ground s c a l e  t o  pho to  s c a l e  and i n  terms of t ime  sequenc ing ,  Both of t h e s e  

c o n t r o l s  a r e  e x p l a i n e d  i n  more d e t a i l  l a t e r ,  

The a e r i a l  photography phase  o f  t h i s  r e s e a r c h  was o n l y  p a r t i a l l y  s u c c e s s -  

f u l ,  The s u c c e s s  was r e a l i z e d  through t h e  development of t h e  d a t a  c o l l e c t i o n  

and p r o c e s s i n g  t e c h n i q u e s  w i t h  t h e  e x c e p t i o n  t h a t  t h e  t e c h n i q u e  f o r  r e c t i f y -  

i n g  t h e  a e r i a l  p h o t o g r a p h i c  images back t o  a  known s c a l e  was n o t  p e r f e c t e d .  

I n  t h e  p l a n n i n g  s t a g e s  of t h i s  r e s e a r c h ,  a  d e c i s i o n  was made n o t  t o  u s e  o r t h o -  

photography f o r  o b t a i n i n g  s c a l e  r e c t i f i c a t i o n s  of t h e  a e r i a l  imagery.  Th is  

was dec ided  because  or thophotography was a r e l a t i v e l y  p r i m i t i v e  and v e r y  

expens ive  t e c h n i q u e  a t  t h a t  t ime. I n s t e a d ,  a computer ized sys tem f o r  p rocess -  

i n g  r e c o r d s  d e n o t i n g  o b j e c t  l o c a t i o n s  i n  t h e  form of g r i d  c o o r d i n a t e s  was used .  

For a number of r e a s o n s  d e s c r i b e d  l a t e r ,  t h i s  sys tem n e v e r  became f u l l y  opera-  

t i o n a l .  T h i s  r e s u l t e d  i n  i n a b i l i t y  t o  u s e  t h e  a e r i a l  p h o t o g r a p h i c  d a t a  f o r  

t h e  h y p o t h e s i s  t e s t i n g  r e p o r t e d  i n  C h q t e r  V 1 .  With t h e  c u r r e n t  s t a t e  o f  t h e  

art i n  o r thophotography ,  t h e  o b s t a c l e  o f  o b t a i n i n g  a c c u r a t e  r e c t i f i c a t i o n s  

h a s  l a r g e l y  been removed s i n c e  f u l l y  r e c t i f i e d  photographs  r e s u l t  from t h a t  

p r o c e s s ,  The p r o c e d u r e s  r e p o r t e d  i n  t h e  remainder  of t h i s  and i n  t h e  fo l low-  

i n g  Chapter V a r e  t h o s e  used t o  accommodate pho to  r e c t i f i c a t i o n  w i t h o u t  u s e  

of t h e  o r t h o p h o t o g r a p h i c  p r o c e s s .  The t y p e  o f  photographs  r e q u i r e d  a n d .  

r e s u l t a n t  d a t a ,  however, a r e  t h e  same w i t h  o r  w i t h o u t  or thophotography . 
The i"4echmics : r" Zight Scheduling, Contracting, Specijc&xtions 

The f i r s t  and most b a s i c  s t e p  i n  t h e  use  o f  aerial  photography t o  g a t h e r  

i n f o r m a t i o n  d e s c r i b i n g  t h e  use  o f  a water-based system i s  t o  d e f i n e  i n  v e r y  

p r e c i s e  terms t h e  i n t e n d e d  u s e  o f  t h e  d a t a ,  T h i s  de te rmines  t h e  t i m i n g  and 

number o f  f l i g h t s  t o  be  schedu led ,  t h e  t y p e  o f  imagery t o  b e  produced, t h e  

6 
0 .  D. Bockes, 1970, "Oxthophoto Mapping," p a p e r  p r e s e n t e d  a t  t h e  Ameri- 

can Congress on Survey ing  and Mapping, S a l t  Lake C i t y ,  Utah,  November 6 ,  1970, 
5 Po 

32 



a l t i t u d e  a t  which f l i g h t s  o c c u r ,  and o t h e r  f a c t o r s ,  For  example, i f  a  l a k e  

manager wishes  t o  know where t h e  most r a p i d  bank e r o s i o n  is  o c c u r r i n g ,  two 

o r  t h r e e  pho tograph ic  f l i g h t  m i s s i o n s  a t  one-month i n t e r v a l s ,  under  similar 

use  l o a d s ,  and a t  a four- to-s ix- thousand-foot  a l t i t u d e  w i l l  l i k e l y  be s u f f i -  

c i e n t ,  On t h e  o t h e r  hand, a r e s e a r c h e r  need ing  d a t a  d e s c r i b i n g  p a t t e r n s  of 

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

model w i l l  l i k e l y  need numerous f l i g h t  m i s s i o n s  a t  a 3000-foot a l t i t u d e  and 

r e p r e s e n t i n g  a  wide range  of use- load c o n d i t i o n s .  

Schedul ing  t h e  o v e r - f l i g h t s  of a  w a t e r  body f o r  photographing t h e  a c t i v i t y  

o c c u r r i n g  on i t  i s  h i g h l y  dependent  on w e a t h e r ,  T h i s  i s  p a r t i c u l a r l y  i m p o r t a n t  

where c o o r d i n a t i o n  w i t h  ground d a t a  c o l l e c t i o n  i s  n e c e s s a r y .  Observers  o r  

i n t e r v i e w e r s  a r e  c o s t l y  and shou ld  be c a l l e d  upon o n l y  when t h e r e  i s  r e l a t i v e  

a s s u r a n c e  t h a t  t h e  a e r i a l  m i s s i o n s  can be accomplished,  T h e r e f o r e ,  f l i g h t  

s c h e d u l i n g  r e q u i r e s  a c c u r a t e  i n f o r m a t i o n  on expec ted  wea ther  and p r o b a b i l i t y  

t h a t  photographs  can b e  o b t a i n e d .  B e s t  c o n d i t i o n s  a r e  a t o t a l l y  c l e a r  sky o r  

a s o l i d  b u t  l i g h t  o v e r c a s t ,  These c o n d i t i o n s  g i v e  b e t t e r  photographs  because  

l i g h t i n g  is more c o n s t a n t .  E x p e c t a t i o n s  of r a i n  w i l l  d e f i n i t e l y  c a l l  f o r  

f l i g h t  c a n c e l l a t i o n ,  Because i t  i s  v e r y  l i k e l y  t h a t  some schedu led  f l i g h t s  

w i l l  have t o  be c a n c e l l e d ,  i t  is  d e s i r a b l e  t o  have  a f l e x i b l e  f l i g h t  schedu le  

i n c l u d i n g  a l t e r n a t i v e  d a t e s  and t imes .  

F l i g h t  s c h e d u l i n g  used f o r  t h e  Lake B u r l i n g t o n  p r o j e c t  i s  shown below: 

AegaZ Missions in 1969 

Date  - 
June  2 1  
J u n e  29 
J u l y  4 
J u l y  5 
J u l y  6 
J u l y  1 3  
J u l y  19 
J u l y  20 
J u l y  27 
Augusr: 30 

TO TPlL 

Number of 
Miss i o n s  

6 
5 
7 
7 
5 
5 
3 
5 
5 
3 - 

51, 

Number of 
Exposures 

13 8 
10 7 
173 
17 7 
3.2 1 
126 

88 
1 3  0 
I22 
86 

The o b j e c t i v e  o f  t h e  aerial  photography was t o  r e c o r d  b o a t i n g  a c t i v i t y  

under  use  c o n d i t i o n s  expec ted  t o  b e  heavy enough t h a t  a c t i v i t y  p a t t e r n s  would 

be  changed from t h a t  which i s  noma°l. For t h i s  r e a s o n ,  emphasis i n  t h e  f l i g h t  
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scheduling on heavy-use days inc luding  weekends and hol idays .  I n  t h e  

event  one of t he  o r i g i n a l l y  scheduled days could no t  be used, t h e  sample plan 

c a l l e d  f o r  a random draw of another  weekend o r  ho l iday  day from the  pool  of 

non-selected days remaining wi th in  the  s tudy  pe r iod  (summer 1969).  

Mul t ip le  f l i g h t s ,  spaced two hours  a p a r t ,  were scheduled dur ing  each 

sample day so  t h a t  t h e  e f f e c t s  of use load  v a r i a t i o n  dur ing  the  day could be 

de t ec t ed  as w e l l  a s  t he  e f f e c t s  of v a r i a t i o n  among days. I n  a d d i t i o n ,  use 

p a t t e r n s  and behavior  were expected t o  be p a r t i a l l y  a f f e c t e d  by t h e  water  

system s t a t e ;  i . e . ,  whether most of the o v e r a l l  watev s i t e  a c t i v i t y  was 

inbound i n t o  t h e  s i t e ,  engaged i n  r e c r e a t i o n  p a r t i c i p a t i o n ,  o r  outbound ( see  

F<gure 5 ,  p. 26,  P a r t  11, of t h i s  r e p o r t  s e r i e s ) .  Because m u l t i p l e  f l i g h t s  

were planned f o r  each day and because it was h ighly  d e s i r a b l e  n o t  t o  s t a t i o n  

observers  and in t e rv i ewers  and t o  g e t  the  o v e r a l l  d a t a  c o l l e c t i o n  process  

going unless  t h e r e  was a r e l a t i v e l y  good chance t h a t  a  f u l l  day of d a t a  col- 

l e c t i o n  would be accomplished, the  f l i g h t  scheduling was f u r t h e r  complicated. 

Weather and c loudiness  had t o  be f o r e c a s t  f o r  t he  e n t i r e  day, and i t  was 

necessary  t o  reach  a  dec i s ion  on whether t o  go o r  n o t  go on the n i g h t  preceding 

each scheduled d a t a  c o l l e c t i o n  day. This  enabled sav ing  e f f o r t  and expense 

i n  t r a n s p o r t i n g  personnel  and equipment t o  t he  s i t e  f o r  t he  non-photographic 

phases of t h e  d a t a  c o l l e c t i o n  procedure. It was necessary  t o  reschedule  only 

one day during t h e  d a t a  c o l l e c t i o n  phase of t he  Lake Burl ington s tudy .  

The a e r i a l  photographic s e r v i c e s  were provided under c o n t r a c t  w i t h  a  

l o c a l  f i r m  w i t h  s u f f i c i e n t  f l e x i b i l i t y  t o  cope wi th  the  scheduling problems 

and time c o n s t r a i n t s  noted above. The condi t ions  of convent iona l  c o n t r a c t s  

f o r  a e r i a l  photography normally al low cons iderable  l a t i t u d e  f o r  choice of 

P l i g h t  t imes and d a t e s ,  but t he  necessary  s h o r t  n o t i c e  of c a n c e l l a t i o n  f o r  

t h i s  p r o j e c t  made i t  somewhat more important .  I n  t h i s  case  i t  was necessary  

f o r  the  c o n t r a c t o r  t o  f u r n i s h  s e r v i c e s  on demand wi th  only twelve t o  e igh teen  

hours '  advance n o t i c e .  A l l  f l i g h t s  were s u b j e c t  t o  c a n c e l l a t i o n  due t o  

weather condi t ions  a t  almost any time before  t h e  a i r p l a n e  l e f t  t he  ground. 

The c o n t r a c t o r  used a F a i r c h i l d  camera Type T-5, which was mounted i n  a  

smal l ,  s ingle-engine a i r c r a f t  . Although t h e  smal l  p lane  produced accept  ab l e  

r e s u l t s ,  a  l a r g e r  p lane  is more d e s i r a b l e  because t h e r e  i s  l e s s  l i k e l i h o o d  

of a i r  cu r ren t  e f f e c t s ,  Three passes  were r equ i r ed  t o  inc lude  t h e  extreme 

upper reaches of t h e  r e s e r v o i r ,  

Under t h e  terms of the  c o n t r a c t ,  t he  c o n t r a c t o r  produced and de l ive red  

a i l  nega t ive  f i l m  i n  r o l l  foxm, one p r i n t  of each exposure a t  con tac t  s c a l e ,  
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a p h o t o g r a p h i c  composi te  of an a e r i a l  mosaic  c o v e r i n g  t h e  e n t i r e  l a k e  a t  a 

s c a l e  of 1" = 4.001 ,  and a s e t  of t r a n s p a r e n t  g r i d s  o f  s q u a r e s  f o r  photo  

i n t e r p r e t i v e  purposes .  The mosaic was assembled from c o n t a c t  p r i n t s  matched 

on p r e v i o u s l y  e s t a b l i s h e d  ground eon trsl p o i n t s  and o t h e r  c l e a r l y  i d e n t i  - 
f i a b l e  o b j e c t s  ( F i g m e  91, ?%e mosaic was t h e n  photographed and p r i n t e d  t o  

s e r v e  a s  a b a s e  f o r  t h e  permanent g r i d  sys tem ( d e s c r i b e d  l a t e r  i n  t h i s  

c h a p t e r )  which was e s t a b l i s h e d  over  t h e  e n t i r e  s t u d y  a r e a  a s  t h e  s t a n d a r d  

frame of r e f e r e n c e  f o r  a l l  l o c a t i o n a l  r e l a t i o n s h i p s .  Minor a d j u s t m e n t s  i n  

t h e  p r i n t i n g  p r o c e s s  were  made t o  reduce  s c a l e  d i s c r e p a n c i e s  and d i s t o r t i o n  

i n t r o d u c e d  a t  t h i s  s t a g e .  Hega t ive  f i l m  was l e f t  u n c u t  f o r  e a s e  of manipula- 

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

d e s c r i b e d  Ea te r .  

For t e s t  purposes ,  c o n t a c t  p r i n t s  were p r o c e s s e d  b o t h  i n  g l o s s y  f i n i s h  

and m a t t e  f i n i s h .  Although image r e s o l u t i o n  on t h e  g l o s s y  f i n i s h  was judged 

somewhat s u p e r i o r  t o  t h a t  on t h e  m a t t e  f i n i s h ,  t h e  l a t t e r  was p r e f e r r e d  

because  of t h e  comparat ive  e a s e  w i t h  which t h e  f i n e  l i n e s  and n o t a t i o n s  cou ld  

be made. Grease p e n c i l s  were r e q u i r e d  on ly  on t h e  g l o s s y  s u r f a c e .  S i n c e  

most o f  t h e  c r i t i c a l  measurements were  made on t h e  f i l m  n e g a t i v e s ,  t h e  s l i g h t  

d i f f e r e n c e  i n  r e s o l u t i o n  was i m m a t e r i a l  and a b i l i t y  t o  make n o t a t i o n s  on t h e  

m a t t e  f i n i s h  was f a f r l y  i m p o r t a n t ,  A c l o e k  d i a l ,  a n  a l t i m e t e r  d i a l ,  t h e  

f l i g h t  number, pho to  number, and t h e  d a t e  appeared i n  t h e  margin of e v e r y  

p r i n t .  

Because t h e  w a t e r  a r e a  of most l a k e s  and r e s e r v o i r s  does n o t  l i e  i n  a 

s t r a i g h t  l i n e ,  i t  w i l l  l i k e l y  be  n e c e s s a r y  t o  make more t h a n  one p a s s  o v e r  

t h e  w a t e r  s u r f a c e  s o  t h a t  d i f f e r e n t  p o r t i o n s  a r e  photographed each t i m e ,  

Three p a s s e s  were n e c e s s a r y  f o r  Lake B u r l i n g t o n  ( f l i g h t  p a t t e r n  is  e v i d e n t  i n  

F i g w e  9), Care w a s  t a k e n  t o  f l y  t h e  same d i r e c t i o n  and same sequence of 

f l i g h t  p a t h s  each  t ime ,  P a t h s  t a k i n g  t h e  least amount o f  t o t a l  t ime were 

s e l e c t e d  so  t h a t  a l l  photographs  of a s i n g l e  miss fon  were t a k e n  as n e a r  t o  

t h e  same t ime a s  p o s s i b l e ,  Th i s  meant t h a t  tu&ing  r a d i i  and number o f  p a s s e s  

had t o  be  minimized t o  t h e  degree  f e a s i b l e ,  

SoaZe and Time Control 

S c a l e  and t ime c o n t r o l s  a r e  e s s e n t i a l  i n  o b t a i n i n g  aecurat e measurements 

of r a t e s  o f  t r a v e l  and d i s t a n c e s  and i n  c o o r d i n a t i n g  a e r i a l  and ground obser -  

v a t i o n s .  Time c o n t r o l  was e s t a b l i s h e d  by s y n c h r o n i z i n g  a t  t h e  beg inn ing  of 

each day t h e  t ime  shown by t h e  watches  of a l l  o b s e r v e r s  and i n t e r v i e w e r s  w i t h  
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t h a t  shown b y  t h e  c lock  d i a l  on t h e  a e r i a l  camera. Th is  method d i d  n o t  prove 

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

r a t e s .  A b e t t e r  method would have  been t o  have  t h e  o b s e r v e r s  r e c o r d  t h e  

e x a c t  t i m e  at  which t h e  p l a n e  f l ew over  t h e i r  l o c a t i o n  d u r i n g  each photo- 

g r a p h i c  m i s s i o n ,  By t h i s  means, an almost  e x a c t  c o r r e l a t i o n  of t ime asso-  

c i a t e d  w i t h  e v e n t s  recorded  by t h e  a e r i a l  camera and t h o s e  recorded  by ground 

o b s e r v e r s  c o u l d  have  been o b t a i n e d ,  (The n e c e s s i t y  of merging ground and 

a e r i a l  o b s e r v a t i o n s  i s  e x p l o r e d  i n  Chapter V . )  

In a d d i t i o n  t o  t h e  c o n t r o l  through s y n c h r o n i z a t i o n  o f  ground o b s e r v e r  and 

a e r i a l  o b s e r v e r  t imes ,  t h e  t ime  i n t e r v a l  between s e q u e n t i a l  f i l m  exposures  w a s  

a l s o  c o n t r o l l e d .  T h i s  was accomplished by f i x i n g  t h e  i n t e r v a l  a t  which 

i n d i v i d u a l  photographs  in  a s i n g l e  f l i g h t  l i n e  were t a k e n ,  To o b t a i n  a  60 

p e r c e n t  end l a p  o f  photographs  (30 p e r c e n t  o v e r l a p  o f  s u c c e s s i v e  photographs  

i n  t h e  same f l i g h t  l i n e ) ,  t h e  t ime  i n t e r v a l  w a s  t a r g e t e d  f o r  n i n e  seconds ,  

T h i s  i n t e r v a l  depends on s h u t t e r  speed ,  p l a n e  s p e e d ,  and amount of o v e r l a p  

d e s i r e d ,  By o b t a i n i n g  image o v e r l a p ,  movement sf b o a t s  can b e  d e t e c t e d  and 

t h e i r  v e l o c i t i e s  measured,  I n  F&pre 1 0 ,  t h e  movement of a b o a t  as recorded  

by two s u c c e s s i v e  photographs  t a k e n  a  f i x e d  number of seconds  a p a r t  i s  i l l u s -  

t r a t e d .  Image #I of t h e  b o a t  i s  r e c o r d e d  by Fhoto #l and Image #2  i s  recorded  

by Fhoto #2, The d i s t a n c e  t h e  b o a t  t r a v e l e d  d u r i n g  t h e  nine-second i n t e r v a l  

between exposures  can b e  conver ted  t o  v e l o c i t y .  I n  most c a s e s ,  t h r e e  s e p a r a t e  

images of t h e  same b o a t  were  a v a i l a b l e  because  o f  t h e  amount of o v e r l a p  

s p e c i f i e d .  Th is  proved t o  b e  a c o r r e c t  c h o i c e  even though l e s s  o v e r l a p  would 

have  been cheaper  and s t i l l  would have p rov ided  two images of t h e  same b o a t .  

Three  images (and sometimes f o u r )  p rov ided  more d e t a i l e d  and a c c u r a t e  informa- 

t i o n  on b o a t  movement. 

S c a l e  c o n t r o l  was accomplished by f l y i n g  a t  about  2300 f e e t  above t h e  

l o c a l  t e r r a i n  ( s l i g h t l y  more t h a n  3000 f e e t  above s e a  l e v e l )  which produced 

an average  and approximate  p h o t o g r a p h i c  s c a l e  o f  1:4800 (1" - 4 0 0 ' ) .  

Because t h e  p h o t o g r a p h i c  s c a l e  determined by p l a n e  a l t i t u d e  and c o n t a c t  

p r i n t  s i z e  i s  on ly  approximate ,  i t  was n e c e s s a r y  t o  e s t a b l i s h  t h e  r e l a t i o n -  

s h i p  t o  gmmd measurements s o  t h a t  s c a l e  v a r i a t i o n  from exposure  t o  exposure  

and on t h e  p h o t o g r a p h i c  mosaic  could  be  c o r r e c t e d  t o  a  common, known s c a l e ,  

The f o l l o w i n g  p rocedure  was used:  P r i o r  t o  t h e  f i r s t  pho tograph ic  m i s s i o n ,  

b l a c k  p l a s t i c  t a r g e t s  measur ing 8' x PO' were s t a k e d  a t  i n t e r v i s i b l e  p o i n t s  

a l o n g  t h e  s h o r e l i n e ,  and a  w h i t e  "Xu w a s  p a i n t e d  on each ,  I n  a d d i t i o n  t o  

t h e s e ,  o t h e r  permanent and a e r i a l l y  d i s t i n g u i s h a b l e  p o i n t s  were  l o c a t e d ,  



Figure 10. IZZustration o f  2 inages of a sing& b w t  
recorded on b~ sucoessive, over Zapping 
photognapha (with a k m  t h  interval 
be b e e n  photographa) 



These s e r v e d  as f i d u e i a l  p o i n t s  f o r  t h e  photogrammetric p r o c e s s  which w i l l  b e  

d e s c r i b e d ,  The number and l o c a t i o n  of t h e  f i d u c i a l  p o i n t s  shou ld  be s u f f i -  

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

and v i s i b l e  on each  exposure  made. The a n g l e s  and d i s t a n c e s  between t h e s e  

p o i n t s  as shown on i n d i v i d u a l  photographs  were  checked a g a i n s t  a n g l e s  and 

d i s t a n c e s  between t h e s e  same p o i n t s  as t h e y  appeared  on t h e  pho tograph ic  

mosaic ,  The mosaic s e r v e d  as t h e  s t a n d a r d  o r  b a s e  r e f e r e n c e  f o r  checking and 

c o r r e c t i n g  s c a l e  of a l l  i n d i v i d u a l  photographs .  The a e r i a l  p h o t o g r a p h i c  

mosaic  s c a l e  r e l a t i v e  t o  ground measure was checked by measur ing t h e  dam, 

t h r e e  b r i d g e s ,  and s e v e r a l  b u i l d i n g s  w i t h  a s t e e l  t a p e  f o r  l a t e r  comparison 

w i t h  t h e  dimensions  of t h e i r  pho tograph ic  images. As c l o s e l y  a s  c o u l d  be 

determined,  t h e  d i s c r e p a n c y  between s c a l e d  and measured d i s t a n c e s  were recon-  

c i l e d  t o  w i t h i n  p l u s  o r  minus one p e r c e n t ,  A s  l a t e r  became e v i d e n t ,  i n a b i l i t y  

t o  complete ly  r e c t i f y  t h e  mosaic  was a  s e r i o u s  s o u r c e  o f  e r r o r  i n  a t t e m p t i n g  

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

For  f u r t h e r  v e r i f i c a t i o n  o f  t h e  s c a l e  o f  t h e  composite pho tograph ic  

mosaic of Lake B u r l i n g t o n ,  an open t r a v e r s e  was made between p o i n t s  on one 

of t h e  b r i d g e s  and t h e  dam u s i n g  a t h e o d o l i t e  and t h e  mini-bar  t echn ique .  
a 

7~ t h e o d o l i t e  was s e t  up o v e r  t h e  c e n t e r  of t h e  e a s t  edge o f  t h e  n o r t h -  
east wingwal l  of t h e  s o u t h  b r i d g e  o v e r  Lake B u r l i n g t o n ,  T h i s  p o i n t  was c a l l e d  
P o i n t  A and i s  a r e f e r e n c e  p o i n t  g iven  t h e  a r b i t r a r y  c o o r d i n a t e s  (0,O).  A 
t r a n s i t  was set up o v e r  a hub c a l l e d  P o i n t  B ,  which was v i s i b l e  from P o i n t  A ,  
The t r a n s i t  was b a c k s i g h t e d  on P o i n t  A and a 90" a n g l e  was t u r n e d  o f f .  Along 
t h i s  l i n e  which was p e r p e n d i c u l a r  t o  BB, two t a r g e t s  were s e t  up a conven ien t  
d i s t a n c e  a p a r t  ( c a l l e d  t h e  s u b t e n s e  d i s t a n c e ) ,  The t h e o d o l i t e  was s i g h t e d  t o  
t h e  edge of t h e  s o u t h e a s t  wingwal l  of t h e  b r i d g e ,  c a l l e d  P o i n t  1, and t h i s  
l i n e  was used as an a r b i t r a g r  l i n e  due s o u t h .  The a n g l e  between P o i n t  I and 
P o i n t  B was then  t u r n e d  twice  w i t h  t h e  t e l e s c o p e  d i r e c t  and i n v e r t e d  and 
recorded .  Th is  e s t a b l i s h e d  t h e  b e a r i n g  o f  AB. S i g h t i n g  on P o i n t  B ,  t h e  a n g l e  
between t h e  two t a r g e t s  was t u r n e d  w i t h  t h e  t e l e s c o p e  b o t h  d i r e c t  and i n v e r t e d .  

The t h e o d o l i t e  was now moved t o  P o i n t  B and t h e  t r a n s i t  t o  P o i n t  A. 
Using t h e  t r a n s i t  and s t e e l  t a p e ,  t h e  two t a r g e t s  were aga in  s e t  up perpendi-  
c u l a r  t o  BE, With t h e  t h e o d o l i t e  t h e  s u b t e n s e  a n g l e  was a g a i n  r e c o r d e d  twice  
g i v i n g  f o u r  r e a d i n g s  f o r  t h e  l i n e ,  

The t r a n s i t  was n e x t  s e t  up o v e r  a  hub, c a l l e d  P o i n t  C ,  which was v i s i b l e  
from P o f n t  B ,  and t h e  t a r g e t s  s e t  o u t  p e r p e n d i c u l a r  t o  B e .  The t h e o d o l i t e  was 
b a c k s i g h t e d  on P o i n t  A and t h e  t e l e s c o p e  plunged and t h e  d e f l e c t i o n  a n g l e  t o  
P o i n t  C was t u r n e d  t w i c e .  Next,  t h e  a n g l e  between t a r g e t s  w a s  r e a d ,  

Th is  p r o c e s s  was r e p e a t e d  w i t h  t h e  f i n a l  p o i n t  b e i n g  t h e  n o r t h w e s t  c o r n e r  
o f  t h e  n o r t h  d m  abutment,  c a l l e d  l o i n t  E. 

Using t h e  t a b l e  o f  n a t u r a l  t a n g e n t s  i n  t h e  f o u r r h  e d i t i o n  o f  Hfckerson ' s  
R o ~ t e  Surveying m d  Deszgn, t h e  average  l e n g t h  of each  l i n e  can be computed, 
With t h e s e  l e n g t h s  and t h e  b e a r i n g s  of t h e  l i n e s  known, t h e  c o o r d i n a t e s  of 
P o i n t  E can be  found, With t h e s e  c o o r d i n a t e s  t h e  d i s t a n c e  AE can be found by 
s imple  t r igonomet ry .  
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The d i s t a n c e  s o  e s t a b l i s h e d  and g ~ o u n d  truth measurements o f  f e a t u r e s  such 

a s  b r i d g e s  and paved walks  were compared t o  t h e  s c a l e d  d i s t a n c e  between t h e  

same p o i n t s  a s  t h e y  appeared  on t h e  pho tograph ic  mosaic.  A c o n s t a n t  c o r r e c -  

t i o n  f a c t o r  o f  2.35 p e r c e n t  was s u b s e q u e n t l y  i n c o r p o r a t e d  i n t o  t h e  photo- 

g r a p h i c  s c a l e  c a l c u l a t i o n s  i n  a d d i t i o n  t o  s c a l e  c o r r e c t i o n s  a p p l i e d  t o  photo- 

g raphs  on an i n d i v i d u a l  b a s i s .  Even w i t h  or thophotography,  some ground l e v e l  

s c a l e  c o n t r o l  is needed.  

Extraction of Data f m m  the P h o t o g ~ q h s  

From t h i s  s t a g e  of t h e  procedure  on, t h e  techniques  developed d u r i n g  t h i s  

r e s e a r c h  a r e  needed whether  o r  n o t  or thophotography i s  used.  Using t h e s e  

t e c h n i q u e s  an a t t e m p t  was made t o  d e r i v e  s e v e r a l  t y p e s  of key d a t a  needed 

f o r  h y p o t h e s i s  t e s t i n g .  These d a t a  i n c l u d e d :  (1) l a k e  conf i g u s a t i o n ,  (2)  

w a t e r  a r e a  by zones ,  (3)  number and d i s t r i b u t i o n  o f  b o a t s  on t h e  w a t e r ,  ( 4 )  

l o c a t i o n  of e a c h  b o a t  w i t h  r e s p e c t  t o  t h e  s h o r e  and wi th  r e s p e c t  t o  o t h e r  

b o a t s ,  and (5)  speed ,  c o u r s e ,  and a c t i v i t y  s t a t e  o f  each b o a t ,  

With t h e  f i e l d  measurements and a e r i a l  photography accomplished,  t h e  

time-consuming p r o c e s s  of e x t r a c t i n g  t h e  needed d a t a  w a s  i n i t i a t e d .  During 

t h e  r e s e a r c h  p rocedure  p l a n n i n g  phase ,  i t  became obvious  t h a t  two o p t i o n s  

e x i s t e d ,  F i r s t ,  t h e  d a t a  o r  measurements cou ld  be t a k e n  from t h e  pho tographs  

i n  t h e  form and u n i t s  o f  measure i n  which they  would f i n a l l y  be used .  I n  

o t h e r  words, a11 d i s t a n c e s ,  v e l o c i t i e s ,  d e n s i t i e s ,  and s o  f o r t h  cou ld  be  

d i r e c t l y  measured from t h e  photographs .  The second o p t i o n  invo lved  t a k i n g  t h e  

d a t a  from t h e  pho tographs  i n  a much more form, b u t  i n  one t h a t  would 

e n a b l e  EDP t o  a r r i v e  at t h e  d e s i r e d  u n i t s  o f  measure.  Because o v e r  1200 

photographs ,  n e a r l y  5000 images of d i f f e r e n t  b o a t s ,  and thousands  of s e p a r a t e  

d i s t a n c e  and a n g l e  r e l a t i o n s h i p s  were  s o u g h t ,  t h e  second o p t i o n  was s e l e c t e d ,  

and p e r s o n n e l  t ime was t r a d e d  f o r  programming and computer r u n  t ime .  

Measurements and i n t e r p r e t a t i o n s  t aken  from photographs  must b e  as p r e -  

c i s e  a s  p o s s i b l e  w i t h i n  t h e  l i m i t a t i o n s  imposed by t i m e ,  funds ,  and o t h e r  

p r a c t i c a l  c o n s i d e r a t i o n s .  S t e r e o s c o p i c  t e c h n i q u e s  were  shown t o  b e  of v e r y  

l i m i t e d  u s e f u l n e s s  i n  o b t a i n i n g  t h e  t y p e  o f  d a t a  needed f o r  t h i s  r e s e a r c h .  

Boats  on t h e  w a t e r  s u r f a c e  were  t h e  o b j e c t s  o f  pr imary i n t e r e s t .  And s i n c e  

most of t h e  b o a t s  a r e  i n  motion,  t h e y  a p p e a r  as s p l i t  images when o v e r l a p p i n g  

photographs  a r e  viewed s t e r e o s c o p i c a l l y .  Although t h e  d i s t a n c e  between t h e  

two images of t h e  same b o a t  on s e q u e n t i a l  pho tos  w i t h  a known t i m e  i n t e r v a l  

forms a b a s i s  f o r  c a l c u l a t i n g  t h e  speed of t h e  b o a t ,  manual measurement of 
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t h i s  d i s t a n c e  i s  f r a u g h t  w i t h  t e c h n i c a l  and mechanical problems which i n t r o -  

duce h i g h  c o s t s  and p r o b a b i l i t y  of s u b s t a n t i a l  e r r o r ,  Because o f  t h e  d i f f  i- 

c u l t i e s  w i t h  s t e r e o s c o p i c  i n t e r p r e t a t i o n  and o t h e r  manual means of d a t a  

e x t r a c t i o n ,  t h e  b a s i c  t o o l  s e l e c t e d  f o r  t a k i n g  t h e  d a t a  from t h e  photographs  

and f o r  i n p u t t i n g  a d e s c r i p t i o n  of t h e  w a t e r  body from t h e  composite mosaic 

as t h e  s c a l e - c o n t r o l  v e h i c l e  was a  c o o r d i n a t e  g r i d  sys tem.  

The g r i d - c o o r d i n a t e  sys tem e l i m i n a t e d  t h e  need t o  t a k e  measurements 

d i r e c t l y  from photographs  and made i t  p o s s i b l e  t o  use  n o n - t e c h n i c a l  p e r s o n n e l  

f o r  photo  read ing .  Area,  d i s t a n c e ,  and course  measurements r e q u i r e d  from t h e  

a e r i a l  photographs  were e s t a b l i s h e d  as a s e r i e s  of c o o r d i n a t e  p o i n t s .  Then, 

u s i n g  s p e c i a l l y  programmed geomet r ic  t r a n s f o m a t i o n s ,  t h e  g r i d - c o o r d i n a t e  d a t a  

were E a t e r  compiled arid t r ans formed  by computer t o  t h e  r e l e v a n t  s p a t i a l .  and 

r a t e - o f - a c t i v i t y  r e l a t i o n s h i p s ,  

The Coordinate G&d Saatem. The f i r s t  phase  o f  d a t a  e x t r a c t i o n  invo lved  

convers ion  o f  t h e  l o c a t i o n s  o f  t h e  l a k e  s h o r e l i n e ,  l a k e  zone boundar ies ,  and 

f i d u c i a l  p o i n t s  (ground l o c a t e d  p o i n t s  o b s e r v a b l e  on t h e  photographs  and 

mosaic) i n t o  a f i l e  of g r i d  c o o r d i n a t e s ,  T h i s  f i l e  d e s c r i b e s  t h e  imagery of 

t h e  composite pho tograph ic  mosaic and s e r v e d  as t h e  base  r e f e r e n c e  f o r  r e c t i -  

f y i n g  t h e  s c a l e  o f  each  of t h e  1268 i n d i v i d u a l  pho tographs ,  It a l s o  s e r v e d  

a s  t h e  b a s e  f o r  f i n a l  r e c o r d i n g  s f  t h e  l o c a t i o n s  of a l l  b o a t  and s h o r e l i n e  

f e a t u r e  images observed on t h e  pho tographs .  The u l t i m a t e  t a r g e t  was t o  r e c o r d  

t h e  l o c a t i o n ,  amount of mot ion,  p a t t e r n  of mot ion,  and a c t i v i t y  of each b o a t  

photographed as a  s e r i e s  o f  g r i d  c o o r d i n a t e s  ( o r  a s i n g l e  c o o r d i n a t e  i f  t h e  

b o a t  was n o t  moving) w i t h i n  t h e  m a t r i x  of c o o r d i n a t e s  e n c l o s e d  by t h e  l a k e  

s h o r e l i n e ,  To do t h i s  r e q u i r e d  c a r e f u l  r e a d i n g  o f  t h e  s h o r e l i n e  l o c a t i o n  on 

t h e  c o o r d i n a t e  g r i d  sys tem.  Because t h e  s c a l e  o f  t h e  photograph of t h e  com- 

p o s i t e  mosaic  ( h e r e a f t e r  c a l l e d  rnosadvr) of t h e  l a k e  had been checked through 

t h e  s e r l e s  of ground measurements d e s c r i b e d  e a r l i e r ,  t h e  g r i d  c o o r d i n a t e  

sys tem t i e d  t o  t h e  mosaic enab led  assessment  o f  s p a t i a l  r e l a t i o n s h i p s  on t h e  

w a t e r  s u r f a c e  w i t h o u t  hav ing  t o  manual ly  t a k e  measurements,  

It w a s  i n i t i a l l y  n e c e s s a r y  t o  p r e s e r v e  t h e  known s c a l e  of t h e  mosaic  by 

g l u i n g  i t  t o  a 4 '  x 6' c u t  of 388-inch plywood, Th is  w a s  done t o  reduce 

s h r i n k a g e  m d  s w e l l i n g  o f  t h e  mosaic due t o  a i r  humidi ty  changes and t o  pre-  

v e n t  damage o r  t e a r i n g ,  Any of t h e s e  e v e n t s  d u r i n g  u s e  would have produced 

measurements of i n a c c u r a t e  s c a l e .  

Next,  a g r i d  of I" x 1" s q u a r e s  was l a i d  over  t h e  mosaic  m d  pinned t o  a  

permanent i o r a t i o n  s o  t h a t  t h e  same gr id - loca t ion- to -mosa ic - loca t ion  r e l a t i o n -  

s h i p  could  be e s t a b l i s h e d  any number o f  t imes  even though t h e  g r i d  may have 
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been removed. The one-inch-wide columns and rows formed by t h e  v e r t i c a l  and 

h o r i z o n t a l  P ines  o f  t h e  g r i d  were numbered from z e r o  t o  N a l l  a l o n g  t h e  l e n g t h  

and wid th  o f  t h e  l a k e  image. The one-inch-square c e l l s  formed b y  t h e  i n t e r -  

s e c t i n g  p e r p e n d i c u l a r  l i n e s  were r e f e r r e d  t o  as MACRO u n i t s  o f  measure ( s e e  

S t e p  A o f  Figwe 2 1) . 
To o b t a i n  g r e a t e r  d e f i n i t i o n  of t h e  l o c a t i o n  of images of o b j e c t s  on 

t h e  mosaic,  smaller t r a n s p a r e n t  g r i d s  o f  MICRO m i t s  ( w i t h  t e n  d i v i s i o n s  p e r  

inch)  and w i t h  MINI-MICRO u n i t s  (100 d i v i s i o n s  p e r  i n c h )  were p r e p a r e d  photo- 

g r a p h i c a l l y ,  On t h e  mini scale, t h e  ten d i v i s i o n s  p e r  i n c h  were  numbered 

v e r t i c a l l y  and h o r i z o n t a l l y  from z e r o  through n i n e  (S tep  B ) .  Columns and 

rows on t h e  mini-micro s c a l e  were n o t  numbered o r  drawn i n ,  b u t  were  counted 

and recorded  i n  t h e  same manner as f o r  t h e  m i n i  s c a l e  (S tep  C). T h i s  t u r n e d  

o u t  t o  be an e f f i c i e n t  and a c c u r a t e  p r o c e s s .  The mini-micro g r i d  s e r i e s  was 

n o t  p r i n t e d  on t h e  o v e r l a y  g r i d s  because  t h e  number o f  l i n e s  r e q u i r e d  would 

have obscured  v i s i b i l i t y  of t h e  imagery undernea th .  

Using t h e  f  i x e d - p o s i t i o n  mas te r  g r i d  o v e r l a y  (macro s c a l e )  i n  combina- 

t i o n  w i t h  t h e  non-f ixed,  min i - sca le  g r i d  (which was a l i g n e d  over  t h e  m a s t e r  

g r i d ) ,  t h e  l o c a t i o n s  o f  t h e  t o t a l  l a k e  s h o r e l i n e ;  boundary end p o i n t s  e s t a b -  

l i s h e d  t o  s e p a r a t e  major ,  d i f f e r e n t  a r e a s  of t h e  l a k e ;  and shore-based f i d u c i a l  

p o i n t  l o c a t i o n s  were recorded  as a  s e r i e s  of s i x - d i g i t  c o o r d i n a t e s ;  t h r e e  

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

f i d u c i a l .  p o i n t  was numbered f o r  p o s i t i v e  i d e n t i f i c a t i o n .  S h o r e l i n e ,  zone 

boundary,  and f i d u c i a l  p o i n t  c o o r d i n a t e s  were recorded  s e p a r a t e l y  on s p e c i a l l y  

p r e p a r e d  S o m s  which were a r ranged  t o  f a c i l i t a t e  keypunch transfer of the  data 

f o r  l a t e r  EDP ( f o r  example, s e e  Ezhibit 3). The format  of t h e  keypunching 

r e q u i r e d  t h a t  each  of t h e  above t h r e e  sets of  c o o r d i n a t e s  b e  coded f o r  p o s i -  

t i v e  i d e n t i f i c a t i o n .  It w a s  n o t  n e c e s s a r y  t o  m a i n t a i n  a s p e c i f i c  o r d e r i n g  of 

t h e  c o o r d i n a t e s  w i t h i n  each of t h e s e  s e t s  s i n c e  p l o t t i n g  p rocedures  u s i n g  

t h e  computer produces  an ordered  placement of a l l  p o i n t s  r e g a r d l e s s  o f  p o i n t  

read-in sequence.  

S t m ~ d i d i z a t i o n  of SMZQ m d  Image Loca$;ons on Ind$s)iduaZ Pho kographs , 

The n e x t  phase  of t h e  pho tograph ic  d a t a  e x t r a c t i o n  p rocedure  i n v o l v e d  record-  

i n g  t h 6  o b s e r v a t i o n s  of b o a t i n g  a c t i v i t y  p r e s e r v e d  on each of t h e  1268 i n d i -  

v i d u a l  photographs .  The c r e a t i o n  o f  t h e  f i l e  of c o o r d i n a t e s  d e s c r i b i n g  

f i d u c i a l  p o i n t  and s h o r e l i n e  l o c a t i o n s  p rov ided  t h e  means f o x  g r e a t l y  speed ing  

up t h e  d a t a  t ake-of f  and,  g iven t h a t  or thophotography was n o t  used ,  f o r  cor-  

r e c t i n g  s c a l e  v a r i a t i o n  of i n d i v i d u a l  photographs  r e l a t i v e  t o  a c t u a l  ground 

s c a l e  . 
4 2 
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A s  i n d i c a t e d  e a r l i e r ,  f i d u c i a l  p o i n t s  around t h e  l a k e  s h o r e l i n e  were 

l o c a t e d  such t h a t  any s i n g l e  photograph t aken  o f  any p o r t i o n  of t h e  l a k e  a t  

t h e  e s t a b l i s h e d  f l i g h t  a l t i t u d e  would i n c l u d e  at l e a s t  f o u r  o f  t h e s e  p o i n t s ,  

By r e f e r r i n g  t o  t h e  numbered f i d u c i a l  p o i n t s  as t h e y  o c c u r r e d  on b o t h  t h e  

mosaic (wi th  a  known s c a l e )  and on t h e  i n d i v i d u a l  photograph and by knowing 

t h e  a n g l e s  and d i s t a n c e s  between t h e s e  p o i n t s  on t h e  mosaic,  i t  was p o s s i b l e  

t o  r e c t i f y  t h e  s c a l e  and t o  e s t i m a t e  t h e  true l o c a t i o n  on t h e  mosaic  of any 

image shown on a photograph.  Th is  p rocedure  was des igned  t o  c o r r e c t  s c a l e  

e r r o r  whe ther  produced by r o l l ,  p i t c h ,  o r  a l t i t u d e  d e v i a t i o n s  of t h e  p l a n e  

d u r i n g  t h e  pho tograph ic  m i s s i o n ,  

Data take-off  was accomplished by r e c o r d i n g  g r i d  c o o r d i n a t e s  f o r  image 

l o c a t i o n s  of f i d u c i a l  p o i n t s  and b o a t s  on t h e  pho tographs ,  R e c t i f i c a t i o n  o f  

t h e  d i s t a n c e s  and a n g l e s  between f i d u c i a l  p o i n t s ,  as shown on t h e  photo- 

g raphs ,  t o  f i t  t h e  d i s t a n c e s  and a n g l e s  shown on t h e  mosaic  a l s o  r e c t i f i e d  

t h e  r e l a t i v e  p o s i t i o n s  o f  b o a t  images.  By u s i n g  t h i s  s imple  p r i n c i p l e ,  i t  

was n o t  n e c e s s a r y  t o  o r i e n t  t h e  t r a n s p a r e n t  o v e r l a y  g r i d  o v e r  t h e  photo-  

g raphs  i n  any p a r t i c u l a r  manner f o r  o b t a i n i n g  t h e  g r i d  c o o r d i n a t e  r e a d i n g s .  

I n  f a c t ,  t h e  o v e r l a y  cou ld  be  o r i e n t e d  a t  random and s t i l l  o b t a i n  a c c u r a t e  

r e c t i f i c a t i o n s ,  The o v e r a l l  d a t a  rake-off  p r o c e s s ,  t h e r e f o r e ,  i n v o l v e d  

o b t a i n i n g  c o o r d i n a t e  r e a d i n g s  of images of f i d u c i a l  p o i n t s  and b o a t s  from 

i n d i v i d u a l  photographs  (wi th  unknown s c a l e )  and t h e n  r e l a t i n g  t h e s e  back  t o  

t h e  c o o r d i n a t e  r e a d i n g s  of t he  f i d u c i a l  p o i n t  and s h o r e l i n e  images from t h e  

mosaic  (wi th  known s c a l e ) .  

Steps  in Pho-kogmph Reading, E i g h t  c a t e g o r i e s  of d a t a  were e x t r a c t e d  

from t h e  photographs  t aken  of t h e  Lake B u r l i n g t o n  w a t e r  s u r f a c e  w h i l e  boa t -  

i n g  a c t i v i t y  w a s  o c c u r r i n g ,  For each b o a t  photographed,  t h e s e  i n c l u d e d :  

1, d a t e  and rime t o  t h e  n e a r e s t  one-half  second,  

2 ,  v e r t i c a l  and h o r i z o n t a l  c o o r d i n a t e  l o c a t i o n s  of f i d u c i a l  
p o i n t  h a g e e ,  

3. s e r i a l  and image numbers of t h e  b o a t ,  

4 ,  c h a r a c t e r i s t i c s  and t y p e  of  a c t i v i t y  of t h e  b o a t ,  

5, c o o r d i n a t e  l o c a t i o n  o f  t h e  b o a t  bow, 

6.  c o o r d i n a t e  l o c a t i o n  of an e s t i m a t e d  d i r e c t i o n  of b o a t  
motion,  

7 ,  c a o r d i n a t e ( s )  of h e a t i o n ( s )  of s k i e r ( s )  i n  tow behind 
t h e  b o a r ,  and 

8, c o o r d i n a t e  r e a d i n g s  a l o n g  t h e  p a t h  which t h e  b o a t  had 
fo l lowed ,  



These d a t a  were recorded  on a s t a n d a r d i z e d  form shown a s  E x h i b i t  4 on 

page 47. 

The f i r s t  s t e p  i n  t h e  p rocedure  f o r  o b t a i n i n g  t h e  above i n f o r m a t i o n  was 

t o  t r a n s f e r  t h e  l o c a t i o n s  of E i d u c i a l  p o i n t s ,  as shown on t h e  mosaic ,  o n t o  two 

e x t r a  s e t s  of photographs .  Each s e t  r e p r e s e n t e d  complete pho tograph ic  cover- 

age  o f  t h e  l a k e  s i t e  and was s e l e c t e d  f o r  q u a l i t y  of t h e  imagery. These two 

s e t s  were  p r e p a r e d  because  t h e  mosaic  was t o o  l a r g e  and cumbersome t o  u s e  f o r  

c e r t a i n  purposes  and because  t h i s  would e n a b l e  two d i f f e r e n t  p e r s o n s  t o  work 

independen t ly  and,  t h u s ,  s i m u l t a n e o u s l y  from each set.  T h i s  reduced t h e  num- 

b e r  o f  days r e q u i r e d  t o  complete t h e  a e r i a l  photograph r e a d i n g ,  

The e x a c t  l o c a t i o n  of each f i d u c i a l  p o i n t  was marked on t h e  photograph i n  

e a c h  s e t  on which it cou ld  be  most e l e a r l y  d i s t i n g u i s h e d .  A p a t t e r n  of f o u r  

converging l i n e s  as shown below was used t o  p i n p o i n t  l o c a t i o n :  

Marking procedure  = ' 1 3  (See Figure 12). 

The number a s s i g n e d  t o  each p o i n t  on t h e  mosaic was l i s t e d  b e s i d e  i t s  l o c a t i o n  

marked on t h e  pho tograph .  

The second s t e p  invo lved  l o c a t i n g  and numbering a l l  images o f  b o a t s  found 

on each of t h e  1268 photographs ,  i n c l u d i n g  t h e  two s e t s  on which f i d u c i a l  

p o i n t s  were  marked. The p r o c e s s  invo lved  numbering e v e r y  b o a t  image i n  r e d  

p e n c i l  i n  s e q u e n t i a l  numbers from I (one) through n .  Excep t ions  i n c l u d e d  (1) 

non-moving b o a t s  w i t h i n  f i f t e e n  f e e t  o f  s h o r e  a t  an a r e a  d e s i g n a t e d  f o r  

beaching,  (2 )  b o a t s  b e i n g  loaded  o r  unloaded from a t r a i l e r  a t  a b o a t -  

l a u n c h i n g  ramp, o r  (3) b o a t s  w i t h i n  a h a r b o r  a r e a ,  These were n o t  numbered 

because  t h e y  were  n o t  cons idered  t o  be ao-Liue a t  t h e  t ime o f  o b s e r v a t i o n .  

A 1 1  numbering o c c u r r e d  on t h e  pho tograph ic  prints s o  t h a t  t h e  amount o f  

i n f o r m a t i o n  t h a t  had t o  b e  w r i t t e n  on t h e  n e g a t i v e s  f o r  a subsequen t  s t e p  

cou ld  b e  minimized.  Numbers were k e p t  s m a l l  t o  minimize t h e  amount of t h e  

exposure  obscured.  Numbering was a p p l i e d  l i g h t l y  w i t h  e r a s a b l e  r e d  p e n c i l  

on t h e  m a t  p r i n t s  o r  w i t h  sharpened,  r e d  g r e a s e  p e n c i l  on g l o s s y  p r i n t s .  

T h i s  was done s o  t h a t  e r a s u r e s  cou ld  be made i f  n e c e s s a r y .  The number was 

p l a c e d  i n  f r o n t  o f  t h e  image o f  t h e  b o a t  a t  about  1 / 4  t o  318 i n c h e s  (photo- 
8 

s c a l e )  i n  f r o n t  o f  t h e  bow of  t h e  b o a t  image ( F i g m e  2 3 ) .  Numbering was 

'care s h o u l d  b e  e x e r c i s e d  i n  d i s t i n g u i s h i n g  between t h e  image of a b o a t  
and a f l a w  i n  t h e  pho tograph ic  p r i n t .  A s  a  g e n e r a l  r u l e ,  a f l a w  w i l l  n o t  be 
r e p e a t e d  on t h e  o v e r l a p  p o r t i o n  o f  a s u c c e s s i v e  p r i n t ,  whereas a b o a t  image 
w i l l  b e  r e p e a t e d ,  
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Figure 12.  Fidudal  point Zocations were marked on individual prints for l a t e r  
use. 



Figure 13. Boat images were nwnbered and a c t i v i t y  codes recorded on 
the photographic pr ints .  



s t a r t e d  a t  t h e  bottom of t h e  p r i n t  and went s e r i a l l y  toward t h e  top and i n t o  

success ive  photographs.  Images of t h e  same boa t  occur r ing  i n  two o r  more 

succes s ive  photographs received t h e  same s e r i a l  number i n  each photo. Dif- 

f e r e n t  f l i g h t  l i n e s  w i th in  t he  same photographic  mission were numbered inde- 

pendent ly  because of  t he  amount of t i m e  l a p s e  between f l i g h t s .  This  t ime 

l a p s e  made r e i d e n t i f i c a t i o n  of  t he  image of a s p e c i f i c  boat  extremely d i f f i -  

c u l t .  Add i t i ona l ly ,  t h e  boa t  may have landed dur ing  the  i n t e r i m  pe r iod ,  

Each boat  numbered as descr ibed  above was a l s o  s c r u t i n i z e d  t o  determine 

t h e  g e n e r a l  t ype  of  r e c r e a t i o n  (macro a c t i v i t y )  i n  which i t  appeared t o  b e  

engaged and t h e  c h a r a c t e r i s t i c s  o f  i t s  observable  movement (micro a c t i v i t y ) .  

, E$erience and observa t ion  were brought t o  b e a r  on the  problem of e x t r a p o l a t -  

i n g  photographic  evidence of  i t s  macro o r  micro a c t i v i t y .  Code numbers 

r ep re sen t ing  a c t i v i t y - s t a t e  were en t e r ed  on t h e  con tac t  p r i n t s  be s ide  ( r a t h e r  

than i n  f r o n t  o f )  t he  boa t  image, and a c t i v i t y  codes were made i n  b l u e  p e n c i l  

t o  d i s t i n g u i s h  them from the  boa t  numbers made i n  red.  

P4aero and micro a c t i v i t i e s  were coded according t o  t h e  d e s c r i p t i o n s  

Masro Act< v i t y  

below: 

Number 
Code - 
1 
2 
3 
4 
5 

Typica l  

A c t i v i t y  Class  C r i t e r i a  f o r  I d e n t i f y i n g  A c t i v i t y  

Water s k i i n g  One s k i e r  i n  tow 
Boating , power Boat proceeding under power 
S a i l i n g  S a i l  v i s i b l e  
0 t h e r  A c t i v i t y  c l a s s  o t h e r  than 1 , 2 , 3 ,  o r  5 
Water s k i i n g ,  m u l t i p l e  Two o r  more s k i e r s  in  tow 

Acce le ra t ing  

Dece le ra t ing  

Micro A c t i v i t y  
Aft  ending of wake d i s t i n c t  and v i s i b l e  
only f o r  a s h o r t  d i s t a n c e .  Bow wave 
of t en  d i s t i n c t .  Boat ga in ing  speed. 

Evident broadening of ang le  formed by 
wake; i . e . ,  angle  of wake immediately 
behind boat  l e s s  a c u t e  than the  angle  
a r  a g r e a t e r  d i s t a n c e  from t h e  s t e m .  

A t  rest No v i s i b l e  wake. 

Constant speed Moving a t  approximately cons t an t  speed. 
Cons is ten t  wake p a t t e r n  on a l l  photo- 
graphs.  

examples of t h e  above a c t i v i t y  s t a t e s  a r e  shown i n  F i g m e  1 4 .  



forward speed 

\ dis t inct  end 
.t---- of wake 

- ,  

Boating, 
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# 

Skiing, two 
skiers 

Figure 2 4 .  EccampZes o f  images of boats in various ac t iv i ty  s tates .  



The wake o f  a  b o a t  known t o  be  t r a v e l i n g  a t  r e l a t i v e l y  c o n s t a n t  speed 

p e r s i s t s  as an a n g l e  o f  r e l a t i v e l y  c o n s i s t e n t  a c u t e n e s s  a l l  a l o n g  t h e  p a t h  i t  

h a s  fo l lowed ,  Th is  p a t h  i s  v i s i b l e  from t h e  a i r  f o r  a d i s t a n c e  v a r y i n g  f rom 

a  few hundred f e e t  t o  more than  one-four th  m i l e .  Turbulence immediate ly  

a s t e r n  appears  as a w h i t e  s t r e a k  which p e r s i s t s  f o r  d i s t a n c e s  up  t o  abou t  

f i f t y  f e e t ,  depending on h u l l  c o n f i g u r a t i o n ,  t y p e  of mot ive  power, and speed 

(F igwe  24al. I n  t h e  case  of a  d e c e l e r a t i n g  b o a t ,  t h e  wake a n g l e  i s  d e f i -  

n i t e l y  and o b s e r v a b l y  l e s s  a c u t e ,  w h i l e  t h e  t u r b u l e n t  s t r e a k  i s  d imin i shed  

o r  n o n - e x i s t e n t  (Figw?e 14b). A d i s t i n c t  b r e a k  i n  t h e  wake p a t t e r n  i s  e v i -  

d e n t  when b o a t s  a r e  a c c e l e r a t i n g  r a p i d l y ;  e i t h e r  t h e  v i s i b l e  wake t e r m i n a t e s  

a t  a r e l a t i v e l y  s h o r t  d i s t a n c e  ( u s u a l l y  less t h a n  100  f e e t )  from t h e  stem 

o r  two d i f f e r e n t  wake a n g l e s  a p p e a r ,  w i t h  t h a t  n e a r e r  t h e  b o a t  b e i n g  sub- 

s t a n t i a l l y  more a c u t e  (F igure  ldc) . Boats  a t  rest a r e  t y p i f i e d  b y  complete  

absence of t u r b u l e n c e  and wake immediately a s t e r n .  

A s  a  minimum, t h e  p r e s e n c e  o f  s k i e r  i n  tow i s  evidenced by a small 

secondary a r e a  of t u r b u l e n c e  l o c a t e d  i n  o r  n e a r  t h e  b o a t ' s  wake a t  a d i s t a n c e  

of n o t  more than 100 f e e t  from t h e  s t e m .  The s k i e r ' s  body i s  o f t e n  v i s i b l e  

as a small d o t  and s i g n s  o f  t h e  tow-l ine  a r e  sometimes i n  ev idence  ( F i g w e  1 4 d ) .  

L i t t l e  d i f f i c u l t y  w a s  encounte red  i n  t r a i n i n g  t h e  photo  r e a d e r s  t o  i n t e r -  

p r e t  t h e  ev idence ,  With f r e q u e n t  c ross -check ing  i t  appeared t h a t  t h i s  t y p e  o f  

e x t r a p o l a t i o n  cou ld  b e  done w i t h  a t  l e a s t  95 p e r c e n t  c o n f i d e n c e ,  Tube magni- 

f i e r s  proved t o  be  t h e  o n l y  o p t i c a l  a i d  r e q u i r e d .  

A f t e r  b o a t  numbering and a c t i v i t y  i d e n t i f i c a t i o n  on t h e  c o n t a c t  p r i n t s ,  

t h e  n e x t  s t e p  was t o  p r e p a r e  t h e  r o l l s  of n e g a t i v e s  f o r  f i n a l  d a t a  e x t r a c t i o n ,  

Each r o l l  of  n e g a t i v e s  was d i s p l a y e d  a c r o s s  a l o n g  l i g h t  t a b l e  w i t h  t h e  

i l l u m i n a t e d  p a r t  of t h e  t a b l e  t h e  same w i d t h  ( n i n e  i n c h e s )  a s  t h e  n e g a t i v e  

s t r i p  ( F i g u r e  15) , By r e f e r r i n g  t o  t h e  f  i d u c i a l  p o i n t  l o c a t  i o n s  a s  shown on 

t h e  s e t s  o f  marked photographs ,  d e s c r i b e d  e a r l i e r ,  t h e  l o c a t i o n s  o f  t h e  

p o i n t s  a p p e a r i n g  on each n e g a t i v e  exposure  were i d e n t i f i e d .  The l o c a t i o n s  on 

t h e  n e g a t i v e s  were  t h e n  c i r c l e d  wi th  r e d  g r e a s e  p e n c i l  ( f o r  v i s i b i l i t y )  and a  

small p i n  h o l e  was punched i n t o  t h e  n e g a t i v e  a t  t h e  e x a c t  p l a c e  o f  t h e  f i d u c i a l  

p o i n t  image. These l o c a t i o n s  were a l s o  numbered u s i n g  t h e  same numbers used  

t o  i d e n t i f y  l o c a t i o n s  on t h e  mosaic ,  

A t  t h e  same t i m e ,  p i n  h o l e s  were punched i n t o  t h e  n e g a t i v e s  t o  show 

e x a c t  l o c a t i o n  of t h e  bow of b o a t s  which would n o t  p r o j e c t  a c l e a r ,  d i s t i n c t  

image; t o  show a p r o j e c t i o n  o f  t h e  p a t h  a b o a t  would f o l l o w  i f  i t  proceeded i n  

a s t r a i g h t  l i n e ,  and t o  show t h e  t r a v e l  p a t h  t h e  b o a t  had been f o l l o w i n g ,  I n  






















































































































