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T h is  stu d y  w a s  c o n c e r n e d  w ith  a s c e r t a in in g  th e  s ig n if ic a n c e  

o f  v a r io u s  w e a th e r  v a r ia b le s  in  a f fe c t in g  r e c r e a t io n a l  a c t iv i t y  c h o ic e .  

It d id  n o t c o n s id e r  the s e l e c t io n  o f  the p a r t ic u la r  p a rk  to  b e  v i s i t e d ,  

b u t r a th e r , w a s  c o n c e r n e d  w ith  th e  c h o ic e  o f  a c t i v i t i e s  w ith in  the  

p r e v io u s ly - s e le c t e d  p a rk .

A  ra n d o m  s a m p le  o f  s u m m e r  u s e r s  a t  th r e e  r e p r e s e n t a t iv e  

M ic h ig a n  s ta t e  p a r k s  p r o v id e d  d a ta  w h ic h  in d ic a te d  th e  r e s p o n d e n ts '  

r e v e a le d  p r e fe r e n c e  fo r  the a c t i v i t i e s  o f  s ig h t s e e in g  fr o m  th e  c a r ,  

w a lk in g  to  s c e n i c  p o in ts ,  p ic n ic k in g  and s w im m in g . T h r e e  s e t s  o f  

w e a th e r  d a ta  w e r e  c o l le c te d :  d a i ly  p ark  w e a t h e r - - c o n d it io n s  a t  the  

p ark ; d a ily  o r ig in  w e a t h e r - - c o n d i t io n s  a t  th e  u s e r ' s  o r ig in ;  and fo r e  - 

c a s t  o r ig in  w e a t h e r - - t h e  fo r e c a s t e d  c o n d it io n s  a s  r e le a s e d  on the
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p r e v io u s  d a y . O r ig in  a r e a s  w ith  r e la t iv e ly  h o m o g e n e o u s  w e a th e r

c o n d it io n s  w e r e  d e s ig n a te d , and th o s e  r e s p o n d e n ts  w h o  in d ic a te d

o r ig in s  w ith in  th e  d e s ig n a te d  a r e a s  (a p p r o x im a te ly  75  p e r  c e n t  o f  th e

to ta l  r e s p o n d e n ts )  w e r e  in c lu d e d  in  th e  a n a ly s is .

T h e s e le c t e d  w e a th e r  c h a r a c t e r i s t i c s  to g e th e r  w ith  park

u s e r  and u s e  c h a r a c t e r i s t i c s  ( in d e p e n d e n t v a r ia b le s )  w e r e  th en  r e la te d

to  r e c r e a t io n a l  a c t iv i t y  p r e f e r e n c e  (d e p e n d e n t v a r ia b le s )  in  an  in i t ia l

s t a t i s t i c a l  m o d e l .  A n a ly s is  o f  the r e la t io n s h ip  w a s  co n d u cte d  by

m e a n s  o f  a t w o - s ta g e  l e a s t  s q u a r e s  p r o c e d u r e .  S in c e  fo u r  a c t iv i t i e s

w e r e  b e in g  c o n s id e r e d  a t  th r e e  d if f e r e n t  p a r k s , tw e lv e  l e a s t  s q u a r e s

e q u a t io n s  w e r e  t e s t e d .

A lth o u g h  n u m e r o u s  w e a th e r  v a r ia b le s  w ith in  th e  e q u a t io n s

w e r e  s t a t i s t i c a l l y  s ig n if ic a n t  a t  the . 90 l e v e l  o f  c o n f id e n c e , th ey  did

n o t a c c o u n t  fo r  a g r e a t  d e a l  o f  th e  v a r ia t io n  arou n d  the m e a n  o f  th e
2

d e p e n d e n t v a r ia b le s .  T h e c o e f f ic ie n t  o f  d e te r m in a t io n  (Ft ) fo r  the

e q u a tio n s  r a n g e d  b e tw e e n  a lo w  o f . 0 4 9 4  and a h igh  o f  .2 1 2 6 .  T h e

a c t iv i ty  w h ic h  a p p e a r e d  to  p o s s e s s  th e  b e s t  g o o d n e s s  o f  f i t  w a s  th a t

o f  s w im m in g . S ig h t s e e in g  fr o m  c a r  e q u a t io n s  g e n e r a l ly  had the  
2

lo w e s t  R v a lu e s ,  and  th o s e  o f  p ic n ic k in g  and w a lk in g  to  s c e n ic  p o in ts

2
had in te r m e d ia te  R v a lu e s .  W a te r lo o  S ta te  R e c r e a t io n  A r e a , r e p r e ­

s e n t in g  in t e r m e d ia t e - c la s s  p a r k s ,  sh o w e d  th e  l e a s t  v a r ia t io n  in

2
g o o d n e s s  o f  f i t ,  e . g .  , R v a lu e s  r a n g e d  b e tw e e n  .1 2 7 5  and . 1616 .
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A c t iv ity  e q u a tio n s  fr o m  the o th e r  tw o p a r k s  e x h ib ite d  a w id e r  ra n g e  

of v a lu e  s .

N o m a jo r  p a tte r n s  o f  s ig n if ic a n t  in d ep en d en t v a r ia b le s  cou ld  

be d is c e r n e d  th rou gh  e x a m in a tio n  o f  Ihe c o m p o s it io n  o f  l e a s t  s q u a r e s  

e q u a tio n s .

If th e  w e a t h e r - r e c r e a t io n a l  a c t iv i ty  c h o ic e  r e la t io n s h ip  

cou ld  be q u a n tified  and co m b in ed  w ith  a c c u r a te ,  lo n g  ra n g e  w e a th e r  

f o r e c a s t s  and o th e r  p e r tin e n t  v a r ia b le s ,  f o r e c a s t in g  m o d e ls  cou ld  

b e fo r m u la te d . T he " p a r tic ip a tio n  load"  w ith in  a c t iv i t i e s  cou ld  th en  

b e  fo r e c a s t e d ,  and m a n a g e r s  o f  r e c r e a t io n  a r e a s  cou ld  a d ju s t  th e ir  

o p e r a tin g  s c h e d u le  and s ta f f  c o v e r a g e  a c c o r d in g ly .

T h ere  i s  a n eed  fo r  fu r th e r  r e s e a r c h  in to  a l l  a s p e c t s  o f the  

w e a t h e r - r e c r e a t io n a l  b e h a v io r  r e la t io n s h ip .
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C H A P T E R  I

TH E P R O B L E M

In tr o d u c tio n

W e a th e r  in f lu e n c e s  h u m a n  b e h a v io r - - th is  f a c t  i s  s e l f - e v id e n t .  

H o w e v e r , the e x a c t  s ig n if ic a n c e  and l im it in g  e f f e c t s  o f w e a th e r  h a v e  

n o t y e t  b e e n  d e te r m in e d . In fa c t , m a n y  a t te m p ts  to  m o d e l  and  

d e s c r ib e  th e  r e la t io n s h ip  b e tw e e n  m a n  and h is  e n v ir o n m e n t  c o n v e ­

n ie n t ly  ig n o r e  th e  e f f e c t s  o f  w e a th e r . T h e  N a tio n a l S c ie n c e  F o u n d a tio n , 

in i t s  m o s t  r e c e n t  A n n u a l R e p o r t  on W e a th e r  M o d if ic a t io n , s ta te s :

R e la t iv e ly  l i t t l e  i s  k n ow n a b o u t th e  p r o c e s s e s  o f  d e c i s i o n ­
m a k in g  b y  w h ic h  p e o p le  r e sp o n d  to  th e  n o r m a l v a r ia b i l i t y  o f  
w e a th e r . T h e te c h n iq u e s  fo r  in v e s t ig a t io n  a r e  a v a i la b le ,  but 
th e  s u r f a c e  h a s  s c a r c e l y  b e e n  s c r a tc h e d  w ith  r e s p e c t  to  w h at  
n e e d s  to b e  d o n e . A s  th e  p r a c t ic a l i t y  o f  m e a n in g fu l w e a th e r  
m o d if ic a t io n  g r o w s  e v e r y  d a y  m o r e  p r o m is in g , th e  s o c ia l ,  e c o ­
n o m ic , l e g a l ,  and e c o lo g ic a l  im p l ic a t io n s  in v o lv e d  d em a n d  an  
in c r e a s in g  s h a r e  o f a t te n t io n . T h e h u m an  c o n s e q u e n c e s  o f  
d e l ib e r a t e  o r  in a d v e r te n t  m o d if ic a t io n  o f  n a tu r a l p r o c e s s e s  
m u s t  be u n d e r s to o d  and e v a lu a te d  in  a d v a n c e . T h e e x te n t  and  
c o m p le x ity  o f  p o te n t ia l  e f f e c t s  on  h u m an  l i f e  and th e  e c o lo g y  a r e  
o n ly  b e g in n in g  to  r e c e iv e  s e r io u s  s tu d y  by in v e s t ig a t o r s  in  the  
m a n y  d i s c ip l in e s  in v o lv e d . *

N a t io n a l S c ie n c e  F o u n d a tio n , W e a th e r  M o d if ic a t io n - - T en th  
A nfflig iriR gp ort-for F ia e a lA E ea r  E n d ed  Ju n e  36 , 1968  (W a sh in g to n ,
D . C . : U . S . G o v e r n m e n t  P r in t in g  O f f ic e ,  1 9 6 9 ), p . 141 .
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T h a t a s p e c t  o f  h u m a n  b e h a v io r  in  w h ic h  th e  e f f e c t s  o f  

w e a th e r  sh o u ld  b e  m o s t  e v id e n t  i s  in  r e c r e a t io n a l  o r  f r e e  t im e  

b e h a v io r . W hen  an  in d iv id u a l i s  f r e e  to  c h o o s e  h i s  a c t i v i t i e s ,  

v a r ia b le s  su c h  a s  w e a th e r  w i l l  e x e r t  m o r e  in f lu e n c e  upon th e  c h o ic e  

and c o r r e s p o n d in g  b e h a v io r  w ith in  th e  a c t iv i t y ,  th a n  w h en  the in d i ­

v id u a l i s  o b lig a te d  to  a c e r ta in  b e h a v io r a l  p a tte r n ;  i .  e .  , w ork  

a c t i v i t i e s  a r e  u s u a l ly  c a r r ie d  on r e g a r d le s s  o f  w e a th e r  w h e r e a s  th e  

a tm o s p h e r ic  e n v ir o n m e n t  a p p e a r s  to  e x e r t  m o r e  in f lu e n c e  upon  

r e c r e a t io n a l  p a r t ic ip a t io n . W e a th e r  in f lu e n c e s  sh o u ld  be e v e n  m o r e  

e v id e n t  i f  th e  f r e e  t im e  a c t iv i t y  i s  a  fo r m  o f  o u td o o r  r e c r e a t io n  and  

i s  s u b je c t  to  d is r u p t io n  b y  a tm o s p h e r ic  c h a n g e s . T h e r e f o r e ,  i f  on e  

w is h e s  to  e x a m in e  th e  e f f e c t s  o f  w e a th e r  on  h u m an  b e h a v io r , it  

s e e m s  r e a s o n a b le  th a t r e s e a r c h  c o n c e r n e d  w ith  th e  r e la t io n s h ip  

b e tw e e n  r e c r e a t io n a l  b e h a v io r  and w e a th e r  w o u ld  b e  o f  c o n s id e r a b le  

im p o r ta n c e .

S ta te m e n t  o f  the P r o b le m

T h e p r o b le m  i s  to  a s c e r t a in  th e  r e la t io n s h ip  w h ic h  e x i s t s  

b e tw e e n  w e a th e r  and r e c r e a t io n a l  a c t iv i t y  c h o ic e .  S p e c i f ic a l ly ,  i s  

th e  c h o ic e  o f  p a r t ic ip a t io n  in  s e l e c t e d  o u td o o r  r e c r e a t io n  a c t iv i t i e s  

a t  a  s a m p le  o f  M ic h ig a n  s ta te  p a r k s  and r e c r e a t io n  a r e a s  in f lu e n c e d  

b y  d a i ly  w e a th e r  c h a r a c t e r i s t i c s ?  I f  s o ,  how  m u c h  in f lu e n c e  i s
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e x e r te d  b y  d if f e r e n t  w e a th e r  p e r c e p t io n s ?  I s  th e  p r e c o n c e iv e d  

p e r c e p t io n  o f  th e  w e a th e r  th a t i s  o b ta in e d  fr o m  th e  p r e v io u s  day* s  

f o r e c a s t  m o r e  im p o r ta n t  in  a f fe c t in g  r e c r e a t io n a l  a c t iv i t y  c h o ic e  

than th e  a c tu a l  w e a th e r  a t  e i t h e r  th e  u se r *  s  o r ig in  o r  a t  th e  p ark

i t s e l f ?

M any fa c to r s  a r e  th o u g h t to  a f f e c t  r e c r e a t io n a l  a c t iv i ty  

c h o ic e .  D o d a ily  w e a th e r  c h a r a c t e r i s t i c s  e x e r t  a  s ig n if ic a n t  in f lu ­

e n c e  upon th e  r e v e a le d  p r e fe r e n c e  fo r  s e l e c t e d  o u td o o r  r e c r e a t io n  

a c t i v i t i e s  ?

S ig n if ic a n c e  o f th e  P r o b le m

H um an a c t iv i t i e s  v a r y  c o n s id e r a b ly  in  th e ir  s e n s i t iv i t y  to  

d if f e r e n t  w e a th e r  c h a r a c t e r i s t i c s .  W h ile  s o m e  a c t i v i t i e s  can  b e  

u n d e r ta k e n  w ith in  a w id e  r a n g e  o f  a tm o s p h e r ic  c o n d it io n s , o th e r s  

a r e  p r o fo u n d ly  a f fe c te d  by th e  s l i g h t e s t  ch a n g e  in  w e a th e r .

O u r  k n o w le d g e  o f  t h e s e  s e n s i t i v i t i e s ,  h o w e v e r , i s  in p r e c i s e  
and in c o m p le t e .  . . . M uch  m o r e  w o r k  n e e d s  to  b e  d o n e  b e fo r e  
p r e c i s e  e s t im a t e s  o f  e f f e c t s  o f  c h a n g e s  in  v a r io u s  w e a th e r  
p a r a m e t e r s  on  g iv e n  in d u s tr ie s  o r  a c t i v i t i e s  ca n  b e  d e v e lo p e d ,  
and  b e fo r e  the im p a c t  o f  su c h  c h a n g e s  on  th e  e c o n o m y  a s  a  
w h o le  ca n  b e  t r a c e d .

In th e  c a s e  o f  th o s e  a c t i v i t i e s  w h ic h  a r e  w e a th e r  s e n s i t i v e ,  

a t te m p ts  h a v e  b e e n  m a d e  to  a c c o m m o d a te  to  w e a th e r  c h a n g e s  by

2
N a tio n a l S c ie n c e  F o u n d a tio n , H um an D im e n s io n s  o f  th e  

A tm o s p h e r e  (W a sh in g to n , D .C .  : U . S. G o v e r n m e n t  P r in t in g  O ff ic e ,  
1 9 6 8 ), p . 3 5 .
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r ed u c in g  the u n c e r ta in ty  o f  th e ir  o c c u r r e n c e  and by d e v is in g  

te c h n iq u e s  to  o f f s e t  a d v e r s e  e f f e c t s .  W ea th er  f o r e c a s t in g  i s  an  

a tte m p t to  r e d u c e  th e  u n c e r ta in ty  o f w e a th e r  e v e n ts .  A d v e r s e  

e f f e c t s  ca n  b e  c o u n te r b a la n c e d  th rou gh  the c o n s tr u c t io n  o f  s h e l t e r s  

and the c r e a t io n  o f  a r t i f i c ia l  a tm o s p h e r e s ,  e . g .  , p ic n ic  s h e l t e r ,  

sw im m in g  p o o l e n c lo s u r e s .  F o r  the m o s t  p a r t , m an  h a s  c o n c e n ­

tr a te d  h is  a tte n tio n  on  a c c o m m o d a tin g  to  th e  w e a th e r . T h e r e  i s ,  

h o w e v e r , a g r o w in g  tren d  to  a tte m p t to  m o d ify  th e  w e a th e r  i t s e l f .

How do p e o p le  d e c id e  w h ich  o f  s e v e r a l  a lte r n a t iv e  m e a n s  o f  

a c c o m m o d a tin g  to  d if fe r e n t  w e a th e r  p a r a m e te r s  i s  the m o s t  a p p r o ­

p r ia te ?  M uch d e p e n d s  upon how  th ey  p e r c e iv e  t h e s e  p a r a m e te r s ,  

and on th e ir  p e r c e p t io n  o f and a tt itu d e s  to w a r d s  v a r io u s  a lte r n a t iv e  

a d ju s tm e n ts  to  the p h y s ic a l  e le m e n t s .  R e la t iv e ly  l i t t le  i s  know n, 

h o w e v e r , ab ou t su ch  p e r c e p t io n s  and a t t itu d e s . F o r  e x a m p le , w h at  

fa c to r s  co n d itio n  th e  m a n n e r  in w h ich  p e o p le  in te r p r e t  and r e sp o n d  

to in fo r m a tio n  g iv e n  in a w e a th e r  f o r e c a s t ?  In s u m m a r y , l i t t l e  i s  

know n a b o u t how p e o p le  u s e  w e a th e r  in fo r m a tio n .

M a n 's  a c c o m m o d a tio n  to  h is  a tm o s p h e r ic  e n v ir o n m e n t

r e f l e c t s  h is  p e r c e p t io n  o f  the e f f e c t s  o f  w e a th e r  e le m e n t s  and h is

p e r c e p t io n  o f th e  o p p o r tu n it ie s  fo r  ad ap tin g  to  th e m . T he fa c t  th a t
3

he r e j e c t s  s o m e  c l im a t ic  r e g io n s  and a c c e p t s  o th e r s  in d ic a te s  th a t

3
' C lim a te  i s  s im p ly  the p r e v a il in g  o r  a v e r a g e  w e a th e r  c o n ­

d it io n s  o f  a p la c e  a s  d e te r m in e d  b y  th e  m e t e o r o lo g ic a l  c o n d it io n s  o v e r  
a p e r io d  o f  y e a r s .
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h e  f in d s  i t  d i f f ic u lt  o r  im p o s s ib le  to  p u r s u e  c e r t a in  a c t i v i t i e s  w h e r e

t e m p e r a t u r e s  a r e  e x t r e m e ,  th e  p r e c ip it a t io n  i s  to o  s p a r s e  o r  to o

h e a v y , o r  w h e r e  w in d s  a r e  e s p e c i a l ly  s tr o n g . W h e th e r  o r  n o t  h e

r e j e c t s  t h e s e  ty p e s  o f  c l im a t e s ,  o r  how  h e  a c c o m m o d a te s  to  th e m ,

v a r ie s  c o n s id e r a b ly  fr o m  r e g io n  to  r e g io n , and r e f l e c t s  d if fe r in g

c u ltu r a l  b a c k g r o u n d s , l e v e l s  o f  t e c h n o lo g y , l e v e l s  o f  e c o n o m ic

4d e v e lo p m e n t , and s o  on.

V e r y  l i t t l e  i s  k n ow n  a b o u t th e  im p o r ta n c e  o f  w e a th e r  in

in f lu e n c in g  th e  c h o ic e  o f  r e c r e a t io n a l  a c t i v i t i e s  and in  g o v e r n in g

b e h a v io r  w ith in  th o s e  a c t i v i t i e s .  D e s p it e  th e  fa c t  th a t  m o s t  o u td o o r

r e c r e a t io n  a c t i v i t i e s  a r e  d ir e c t ly  s u b je c t  to  th e  w e a th e r ,  l i t t l e

r e s e a r c h  h a s  fo c u s e d  on  th is  r e la t io n s h ip .  C la w s o n  r e c o g n iz e d  the

p r o b le m  w h en  h e  s ta te d :

B vcn  a m o d e s t  a c q u a in ta n c e  w ith  o u td o o r  r e c r e a t io n  s u g g e s t s  
th a t it  i s  w e a t h e r - s e n s i t i v e - - a n y o n e  w h o  h a s  had a p ic n ic  
s p o i le d  b y  a su d d en  d o w n p o u r  c a n  t e s t i f y  to  th a t. B u t w e  n e e d  
to  e x p lo r e  in  j u s t  w h a t w a y s ,  an d  a t  w h a t s t a g e s  in  the r e c r e a  - 
t io n  e x p e r ie n c e ,  w e a th e r  i s  m o s t  in f lu e n t ia l;  and w e  n eed  fu r th e r  
to  c o n s id e r  th e  in f lu e n c e  o f  c l im a t e ,  a s  w e l l  a s  th a t o f  w e a th e r ,  
on o u td o o r  r e c r e a t io n .  ®

If r e la t io n s h ip s  b e tw e e n  w e a th e r  and r e c r e a t io n a l  a c t iv i t y  

c h o ic e  co u ld  b e  q u a n tif ie d , th e  in fo r m a tio n  w o u ld  b e  o f  m o r e  v a lu e

4I b i d . , p . 3 5 .
5

M a r io n  C la w s o n , "T h e In f lu e n c e  o f  W e a th e r  on O u td oor  
R e c r e a t io n , 11 H u m an  D im e n s io n s  o f  W e a th e r  M o d if ic a t io n , D e p a r t ­
m e n t  o f  G e o g r a p h y - R e s e a ! :ch - P a p e F " N u m b eP T 0 5 - T C hIcago: U n iv e r ­
s i t y  o f  C h ic a g o , 1 9 6 6 ), p . 1 8 4 .
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than m e r e ly  to  a id  in  d e s c r ib in g  g e n e r a l  r e c r e a t io n a l  b e h a v io r .

Such in fo r m a tio n  co u ld  be c o m b in e d  w ith  th a t o b ta in ed  fr o m  lo n g  

r a n g e  w e a th e r  f o r e c a s t s  to  c o n s t r u c t  a  fo r e c a s t in g  m o d e l .  T h en , 

th e  p a r t ic ip a t io n  " load"  w ith in  a c t i v i t i e s  co u ld  b e  fo r e c a s t e d ,  and  

m a n a g e r s  o f  r e c r e a t io n  a r e a s  co u ld  a d ju s t  th e ir  o p e r a tin g  s c h e d u le  

and s ta f f  c o v e r a g e  a c c o r d in g ly .  T h u s , th e  q u a n t if ic a t io n  o f  th e  i n t e r ­

r e la t io n  b e tw e e n  w e a th e r  and r e c r e a t io n a l  a c t iv i ty  c h o ic e  cou ld  h a v e  

m a n a g e m e n t  and e c o n o m ic  im p l ic a t io n s .

A s  th e  u s e  o f  w e a th e r  m o d if ic a t io n  te c h n iq u e s  i n c r e a s e s ,  

m o r e  c o n c e r n  l ik e ly  w i l l  b e  p a id  to th e  s o c ia l  and le g a l  im p l ic a t io n s  

o f  su ch  m a n ip u la t io n s . K n o w le d g e  o f  the w a y s  and e x te n t  to  w h ich  

n o r m a l w e a th e r  c h a r a c t e r i s t i c s  a f f e c t  r e c r e a t io n a l  b e h a v io r  w i l l  

b e t te r  e q u ip  th e  d e c is io n - m a k e r  to  d e a l  w ith  p o l ic y  q u e s t io n s  r e la te d  

to  th e  a d v a n ta g e s  and d is a d v a n ta g e s  o f  w e a th e r  m o d if ic a t io n . P e r ­

h a p s  in th e  fu tu re  it  m ig h t  b e  p o s s ib le  to  e v e n  r e g u la te  u s e  o f s o m e  

r e c r e a t io n  a r e a s  th ro u g h  a tm o s p h e r ic  m a n ip u la t io n s .

In fo r m a tio n  a b o u t th e  in f lu e n c e  o f  w e a th e r  upon r e c r e a t io n a l  

a c t iv i t y  c h o ic e  co u ld  a l s o  p r o v e  to  b e  a u s e fu l  inp ut to  m o d e ls  o f  

r e c r e a t io n a l  b e h a v io r  c u r r e n t ly  b e in g  fo r m u la te d .

T h e r e  i s  an in c r e a s in g  te n d e n c y  to  a t te m p t  to  o v e r c o m e  the  

e f f e c t s  o f  w e a th e r  in  e v e r y d a y  l i f e ,  e . g .  , e n c lo s e d  sh o p p in g  m a l l s ,  

im p r o v e d  a l l - w e a t h e r  c lo th in g , a ir  c o n d it io n in g  and im p r o v e d
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h e a t in g . A lth o u g h  th e  m o v e m e n t  to  ta k e  o n e ' s  w e a t h e r - im p e r v io u s  

l iv in g  e n v ir o n m e n t  in to  the o u t - o f - d o o r s  i s  g a in in g  m o m e n tu m  ( e . g .  , 

in c r e a s e  in  s a l e s  and u s e  o f  s e l f - c o n t a in e d  r e c r e a t io n a l  v e h ic l e s ) ,  

i t  i s  u n lik e ly  th a t o u td o o r  r e c r e a t io n a l  a c t i v i t i e s  w i l l  e v e r  b e  c o m ­

p le t e ly  is o la t e d  fr o m  a tm o s p h e r ic  in f lu e n c e s .

L im ita t io n s  o f  the Study

T h is  s tu d y  w a s  co n d u cte d  w ith in  th e  fo llo w in g  l im ita t io n s :

1. T h is  s tu d y  w a s  l im ite d  to  a few  r e c r e a t io n  a r e a s ,  w h ic h  a r e  

th ou gh t to  b e  r e p r e s e n t a t iv e  o f  the M ic h ig a n  s ta te  p a r k s  

s y s t e m .

2 . O n ly  in d iv id u a ls  w h o se  r e c r e a t io n a l  t r ip s  o r ig in a te d  in  

s e le c t e d  a r e a s  o f  the S ta te  and w h o in d ic a te d  p a r t ic ip a t io n  

in the fo llo w in g  a c t i v i t i e s  w e r e  c o n s id e r e d  in  th is  stu d y;

a ) s ig h t s e e in g  fro m  c a r

b) w a lk in g  to  s c e n ic  p o in ts

c) p ic n ic k in g

d) sw im m in g

3. T h e s tu d y  w a s  l im ite d  to  r e c r e a t io n a l  a c t iv i t y  th a t took  p la c e  

d u r in g  the p e r io d  J u ly  1, 1 9 68 , to  S e p te m b e r  5, 1968.

4. It w a s  c o n c e r n e d  w ith  o n ly  t h o s e  in d iv id u a ls  e n te r in g  a  

M ic h ig a n  s t a t e  p ark  o r  r e c r e a t io n  a r e a  by m e a n s  o f  an
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a u th o r iz e d  e n tr a n c e ;  s p e c i f i c a l ly ,  a n  e n tr a n c e  th a t w a s  

r e g u la r ly  s u p e r v is e d  by M ic h ig a n  s ta te  p ark  s ta f f .

A s s u m p t io n s

T h e fo llo w in g  a s s u m p t io n s  w e r e  m a d e  in  th is  stu d y:

1. It w a s  a s s u m e d  th a t th ro u g h  a n a ly s is  o f  r e c r e a t io n a l  a c t iv i t y  

p a r t ic ip a t io n  r e c o r d s  and w e a th e r  r e c o r d s ,  it  i s  p o s s ib le  

to  d e te r m in e  the in f lu e n c e  o f  a tm o s p h e r ic  c o n d it io n s  upon
g

r e v e a le d  p r e fe r e n c e  fo r  s e l e c t e d  r e c r e a t io n a l  a c t i v i t i e s .

T h e th e o r y  o f r e v e a le d  p r e f e r e n c e  w a s  o r ig in a l ly  p r o p o s e d

b y  P a u l A . S a m u e ls o n  to  d e r iv e  a  c o n s u m e r  p r e fe r e n c e

7
s t r u c tu r e  fro m  a c tu a l  m a r k e t  d a ta . W h ile  i t  h a s  n ot, a s  

y e t ,  fu lf i l le d  th e  in i t ia l  g o a l s  o f  p r e f e r e n c e  s t r u c tu r e  e x p la  - 

n a tio n , the th e o r y  o f  r e v e a le d  p r e fe r e n c e  h a s  " in s p ir e d  

fr u it fu l r e s e a r c h  w h ich  f in a l ly  sh o w e d  how  l i t t l e  o f the  

r a t io n a le  o f  c l a s s i c a l  th e o r y  o f  c h o ic e  i s  r e f le c t e d  by the
g

m a r k e t  b e h a v io r . " T h is  s tu d y  w a s  n o t d ir e c t ly  c o n c e r n e d

g
A r e v e a le d  p r e fe r e n c e  i s  an  o v e r t  c o n s u m e r  c h o ic e  in d i ­

ca tin g  th a t the in d iv id u a l h a s  s e l e c t e d  a p a r t ic u la r  b e h a v io r a l  o p tio n .  
N o in fo r m a tio n  a b o u t th e  c o n s u m e r  i s  r e q u ir e d  e x c e p t  the a p p a r e n t  
s e l e c t iv e  b e h a v io r .

7
P a u l A . S a m u e lso n , "A N o te  on th e  P u r e  T h e o r y  o f  C o n ­

s u m e r '  s  B e h a v io r , " E c o n o m ic s ,  V (1 9 3 8 ) , 3 5 3 -3 5 4 .

N ic h o la s  G e o r g e s c u -H o e g e n , " C h o ic e  and R e v e a le d  P r e f ­
e r e n c e ,  " S o u th ern  E c o n o m ic  J o u r n a l, XXI (1 9 5 4 ) , 129 .
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w ith  fo r m u la tin g  o r  t e s t in g  a th e o r e t ic a l  s t r u c t u r e  o f  

c o n s u m e r  p r e f e r e n c e s .  It d id , h o w e v e r , b o r r o w  a p r in c ip le  

fr o m  th e  r e v e a le d  p r e f e r e n c e  th e o r y . T h at p r in c ip le  w a s  

th a t th ro u g h  o b s e r v a t io n  o f  m a r k e t  b e h a v io r  and a k n o w led g e  

o f  th e  m a r k e t  c o n d it io n s , i t  i s  p o s s ib le  to  d e te r m in e  the  

in f lu e n c e  th a t m a r k e t  c h a r a c t e r i s t i c s  e x e r t  upon c o n s u m e r s '  

c h o i c e .

2 . It w a s  a s s u m e d  th a t r e l ia b le ,  v a l id  r e s u l t s  w e r e  o b ta in ed

fr o m  a p r e v io u s  stu d y  e n t it le d  " R e c r e a t io n  A r e a  'D a y - U s e '

I n v e s t ig a t io n  T e c h n iq u e s :  A  Study o f  S u rv e y  M eth o d o lo g y

..9W ith in  M ic h ig a n  S ta te  P a r k s .

3. It w a s  a s s u m e d  th a t w e a th e r  d a ta  o b ta in e d  fro m  th e  M ic h ig a n  

O ff ic e  o f  th e  S ta te  C l im a t o lo g is t ,  fro m  a r e v ie w  o f  n e w s ­

p a p e r s  i s s u e d  d u r in g  the p e r io d  u n d er  s tu d y , and from  

r e c o r d s  k e p t by the s t a f f  in  e a c h  o f  th e  s a m p le  p a r k s  a r e  

v a l id ,

9
D o u g la s  M e lv in  C r a p o , " R e c r e a t io n  A r e a  'D a y - U s e '  

I n v e s t ig a t io n  T e c h n iq u e s :  A  Study o f  S u r v e y  M e th o d o lo g y  W ith in  
M ic h ig a n  S ta te  P a r k s "  (u n p u b lish ed  M .S . T h e s i s ,  M ic h ig a n  S ta te  
U n iv e r s i t y ,  1 9 69 ); and th e  ex p a n d ed  p u b lish e d  v e r s io n  o f  th a t stu d y:  
D o u g la s  M . C ra p o  and M ic h a e l C hubb, R e c r e a t io n  A r e a  D a y - U s e  
I n v e s t ig a t io n  T e c h n iq u e s :  P a r t  1, A  Study o f  S u r v e y  M e th o d o lo g y , 
T e c h n ic a l  R e p o r t  N u m b e r  6 , R e c r e a t io n  R e s e a r c h  and P la n n in g  U n it  
( E a s t  L a n s in g , M ic h ig a n : D e p a r tm e n t  o f  P a r k  and R e c r e a t io n  
R e s o u r c e s ,  M ic h ig a n  S ta te  U n iv e r s i t y ,  19 6 9 ).
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H y p o th e s is

T h e s p e c i f i c  h y p o th e s is  in v e s t ig a te d  in  t h is  s tu d y  w a s  th a t  

s e le c t e d  w e a th e r  c h a r a c t e r i s t i c s  d o  n o t  e x e r t  a s ig n if ic a n t  in f lu e n c e  

up on  the r e v e a le d  p r e f e r e n c e  fo r  c e r ta in  r e c r e a t io n a l  a c t i v i t i e s  a t  

th r e e  M ic h ig a n  s t a t e  p a r k s  and r e c r e a t io n  a r e a s .



C H A P T E R  II

TH E IN F L U E N C E  O F  W E A T H E R  ON  

R E C R E A T IO N A L  BEH A V IO R

T he a m o u n t o f  a v a i la b le  in fo r m a tio n  r e la t in g  r e c r e a t io n a l  

b e h a v io r  to w e a th e r  i s  e x t r e m e ly  l im it e d .  M o s t  o f  th e  e x is t in g  

in fo r m a tio n  i s  n o th in g  m o r e  than  c o n j e c t u r e - - and u s u a lly  o f fe r e d  

a s  an  " a s id e "  to  th e  m a in  i s s u e  u n d e r  d e l ib e r a t io n . If o n e  w is h e s  

to  h y p o th e s iz e  th e  fo r m  o f  a  w e a t h e r - r e c r e a t io n a l  b e h a v io r  r e l a t io n ­

s h ip , i t  i s ,  t h e r e f o r e ,  n e c e s s a r y  to  s e a r c h  fo r  a p p r o p r ia te  in f o r m a ­

tio n  in  o th e r  f i e ld s  o f  s tu d y .

G e n e r a l B e h a v io r a l  E f f e c t s  o f  W e a th er

It i s  g e n e r a l ly  r e c o g n iz e d  th a t w e a th e r  and c l im a t e  a f f e c t  

h u m a n  b e h a v io r  in  p e r v a s iv e  w a y s .  S tu d ie s  h a v e  sh o w n  th at the  

p r o f ita b i l i ty  o f c e r ta in  e c o n o m ic  a c t i v i t i e s  i s  v e r y  d e p e n d e n t upon  

f lu c tu a t io n s  in  th e  w e a th e r .  O th e r  in v e s t ig a t io n s  h a v e  in d ic a te d  th a t  

s o m e  a c t iv i t y  b e h a v io r a l  p a t te r n s  a r e  in f lu e n c e d  b y  w e a th e r  v a r i a ­

t io n s .  S t i l l  o th e r s  s u g g e s t  th a t an in d iv id u a l*  s  p e r fo r m a n c e  and

11
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p s y c h o lo g ic a l  m ood  a r e  in f lu e n c e d  by w e a th e r  p a t te r n s . W ea th er  

d o e s  h a v e  an e f f e c t  upon o u r  l i v e s ,  but i s  th e  e f f e c t  th e o r e t ic a l ly  

p r e d ic ta b le  ?

In d iv id u a l V a r ia t io n s  in  R e s p o n s e

A ra n g e  o f in d iv id u a l r e s p o n s e s  to  a tm o s p h e r ic  c h a n g e s  

w ith in  a n y  g ro u p  o f p e r s o n s  m u s t  b e  a n t ic ip a te d . A s  on e  w ou ld  

e x p e c t , th e r e  a r e  m a n y  ty p ic a l  r e a c t io n s .  P e r h a p s  a la r g e  n u m b er  

o f p e o p le  in  a g ro u p  w i l l  e x p e r ie n c e  the s a m e  r e a c t io n  o r  s e n s a t io n .

In c o n tr a s t , a few  m a y  e x p e r ie n c e  a c o m p le te ly  d if fe r e n t  r e a c t io n .

In any  e v e n t, it  i s  im p o r ta n t to r e a l iz e  that w e  a r e  d e a lin g  w ith  the  

in te r a c t io n s  o f  s e v e r a l  v e r y  c o m p le x  s y s t e m s .  A tm o s p h e r ic  f l u c ­

tu a t io n s , the c o m p le x  r e s p o n s e s  o f  th e  hum an bod y and the e v en  m o r e  

c o m p le x  r e s p o n s e s  o f  a g ro u p  o f in d iv id u a ls  c o m b in e  in  a c o m p lic a te d  

r e la t io n s h ip . T h e r e fo r e , s o m e  r e s p o n s e s  can  be e s ta b l is h e d  on ly  in 

a s t a t i s t i c a l  s e n s e ;  i. e . , they  ap p ly  v a lid ly  to a la r g e  g ro u p  o f  p e r ­

s o n s ,  y e t  s o m e  in d iv id u a ls  in  th at g r o u p  m a y  sh o w  v e r y  d iv e r g e n t  

r e s p o n s e s .

A lth ou gh  i t  h a s  b e e n  p r o p o se d  that d iv e r g e n t  w e a th e r  

r e s p o n s e s  can  b e  a ttr ib u te d  to d if fe r e n t  in d iv id u a l m e ta b o lic  r a te s ,  1

*H. E . L a n d sb e r g , W e a th er  and H ea lth  (G ard en  C ity , New  
Y ork: A n ch o r  B o o k s , 1969 ), p . 3 4 .
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2
th e r e  i s  s o m e  e v id e n c e  th a t s u c h  a r e la t io n s h ip  d o e s  n o t e x i s t .

T y p e s  o f  B e h a v io r a l  R e s p o n s e

W e a th e r  and c l im a t e  a r o u s e  th r e e  ty p e s  o f  h u m an  r e s p o n s e :

a d a p ta tio n , m o v e m e n t , and a d ju s tm e n t . M an h a s  a d a p ted  p h y s io  -
3

lo g ic a l ly  to  w id e  r a n g e s  o f t e m p e r a tu r e ,  p r e c ip i ta t io n , and w in d .

T h e p h y s io lo g ic a l  a d a p ta t io n s  h a v e , in  tu rn , c r e a te d  p s y c h o lo g ic a l  

o n e s .  S e v e r a l  s t u d ie s  r e la t e  e n e r g y  l e v e l s  and s u c c e s s  o f  v a r io u s
4

c iv i l iz a t io n s  d ir e c t ly  to  c l im a t ic  f a c t o r s .

M o v e m e n t m a y  be a p e r m a n e n t  o r  te m p o r a r y  r e s p o n s e  to  

h a r s h  c l im a t ic  c o n d it io n s . T e m p o r a r y  m o v e m e n t , fo r  e x a m p le ,  

m a y  o c c u r  in r e s p o n s e  to  s e v e r e  w e a th e r  e v e n t s ,  o r  to e x tr e m e  

w in te r s  o r  h o t, h u m id  s u m m e r s .

W e a th e r  and c l im a t e  h a v e  l i t t l e  o r  no  p e r c e p t ib le  e f f e c t  on  

th e  type* o f a c t iv i ty  p u rsu e d  o r  th e  rh yth m  o f  i t s  p u r s u it  for  m a n y

2 A . P . G a g g e , J . A . J . S to lw ijk , and  B . S a lt in , " C o m fo r t  
and T h e r m a l S e n s a t io n s  and A s s o c ia t e d  P h y s io lo g ic a l  R e s p o n s e s  
D u rin g  E x e r c i s e  a t  V a r io u s  A m b ie n t  T e m p e r a t u r e s ,  " E n v ir o n m e n ta l  
R e s e a r c h ,  II (A p r i l ,  1 9 6 9 ), 2 2 8 .

3
N a tio n a l S c ie n c e  F o u n d a tio n , H um an D im e n s io n s  o f th e  

A tm o s p h e r e , op . c i t . , p . 3 2 .

4
F o r  in s ta n c e :  C la r e n c e  A . M il l s ,  W o r ld  P o w e r  and  

S h iftin g  C l im a t e s  (B o sto n :  C h r is to p h e r  P u b lis h in g  H o u s e , 1963);
E . H u n tin g to n , C iv i l iz a t io n  and C lim a te  (N ew  H aven : Y a le  U n i ­
v e r s i t y  P r e s s ,  1 9 24 ); and C . E . P.  B r o o k s ,  C lim a te  T h ro u g h  th e  
A g e s  (N ew  H aven : Y a le  U n iv e r s i ty  P r e s s ,  1 9 2 8 ).
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ty p e s  o f  h u m a n  a c t iv i t y ,  and  s o  n o  r e s p o n s e  i s  r e q u ir e d . S o m e  

a c t i v i t i e s ,  h o w e v e r , a r e  a f fe c te d  in  im p o r ta n t  w a y s  by v a r ia t io n s  in  

a tm o s p h e r ic  c o n d it io n s ;  and m e n  tr y  to  a d ju s t  to  th e s e  c h a n g e s  in  

v a r io u s  w a y s . T h ey  m a y  p e r m a n e n t ly  in s u la te  t h e m s e lv e s  fr o m  th e  

e f f e c t s  o f  w e a th e r , a s  in c o n s tr u c t in g  s to r m p r o o f  b u ild in g s  o r  

d e v e lo p in g  d r o u g h t - r e s i s t a n t  c r o p s ;  o r  th ey  m a y  t e m p o r a r i ly  o f f s e t  

the e f f e c t s  by  w e a r in g  a p p r o p r ia te  c lo th in g  o r  r e s c h e d u lin g  an  

a c t iv i t y ,  a s  in  d e la y in g  a h a r v e s t  o r  p o s tp o n in g  a v a c a t io n  tr ip .

W ith  the r e c e n t  im p r o v e m e n ts  in  te c h n o lo g y , th e r e  i s  an  

in c r e a s in g  in t e r e s t  in  a d ju st in g  w e a th e r  c h a r a c t e r i s t i c s  to  th e  e s t a b ­

l is h e d  b e h a v io r a l  p a tte r n s  o f m a n . I t  h a s  a l s o  b e e n  found th a t c e r ta in  

h u m an  a c t i v i t i e s  a f f e c t  w e a th e r  and c l im a t e .  F o r  e x a m p le ,  la r g e  

u rb a n  a r e a s  a r e  c o n s is t e n t ly  a few  d e g r e e s  w a r m e r  in  te m p e r a tu r e  

than the su r r o u n d in g  r e g io n . T h e d r a in a g e  o f  w e t la n d s  and c r e a t io n  

o f  a r t i f i c ia l  im p o u n d m e n ts  o f  w a te r  can  b r in g  a b o u t c h a n g e s  in  the 

w e a th e r  and c l im a t ic  c o n d it io n s  o f  a d ja c e n t  a r e a s .

B e h a v io r a l  r e s p o n s e  to  w e a th e r  can  be e x a m in e d  w ith in  th e  

f r a m e w o r k  o f  a d a p ta tio n , m o v e m e n t  and a d ju s tm e n t . H o w e v e r , the  

q u e s t io n  r e m a in s ,  "H ow sh o u ld  th e  e le m e n t s  o f w e a th e r  b e  s tu d ie d  

in  o r d e r  to  a s c e r t a in  th e ir  e f f e c t s  upon b e h a v io r ? "
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M eth o d s  o f  C o m b in in g  
W e a th e r  E le m e n t s  fo r  S tu dy

E le m e n t s  o f  w e a th e r  u s u a l ly  c o m b in e  in  d i s c e r n ib le  p a t te r n s .  

F o r  in s ta n c e ,  a  low  a tm o s p h e r ic  p r e s s u r e  g e n e r a l ly  o c c u r s  in  c o m ­

b in a tio n  w ith  h ig h  t e m p e r a tu r e  an d  r e la t iv e  h u m id ity , and w ith  

g e n e r a l  c lo u d in e s s  and p r e c ip ita t io n . S e v e r a l  a t te m p ts  h a v e  b een  m a d e

to  d e v i s e  a s y s t e m  o f w e a th e r  c la s s i f i c a t io n s  w ith in  w h ic h  h u m an
5

b e h a v io r  co u ld  b e  s tu d ie d . N on e o f  th e  p r o p o s e d  s c h e m e s  h a s  m e t  

w ith  o v e r w h e lm in g  su p p o r t , m o s t  l ik e ly  d u e  to th e  d if f ic u lty  in  

r e d u c in g  th e  n u m e r o u s  c o m b in a t io n s  o f  w e a th e r  e le m e n t s  to  a r e a ­

s o n a b le  n u m b e r  o f c la s s i f i c a t io n s .

S e v e r a l  in d ic e s  h a v e  b e e n  d e v e lo p e d  fo r  u s e  in  r e la t in g  

c o m b in a t io n s  o f w e a th e r  e le m e n t s  to  s p e c i f ie d  h u m an  r e a c t io n s ,  e . g .  , 

c o m fo r t  in d ic e s  for  " a v e r a g e "  in d iv id u a ls  and fo r  th o s e  in d iv id u a ls  

s u f fe r in g  fro m  w e a t h e r - s e n s i t iv e  d i s o r d e r s .  S a r g e n t and Z a h a r i h a v e  

s ta te d  th at c o n s id e r a b le  c a u tio n  m u s t  b e  u s e d  w h en  r e la t in g  in d ic e s  

d e r iv e d  fro m  c l im a t ic  c h a m b e r s  to  th e  f o r e c a s t in g  o f  man* s  r e a c t io n

5
S e e , fo r  e x a m p le :  W . J .  M a u n d er , "A H um an C l a s s i f i e s  -

t io n  o f  C l im a te , " W e a th e r , X V II, N o . 1 (1 9 6 2 ) , 3 -1 2 ;  R o b e r t  L . 
H e n d r ic k , "An O u td o o r  W e a th e r -C o m fo r t  In d ex  fo r  th e  S u m m e r
S e a so n  in  H a r tfo r d , C o n n e c t ic u t , 11 B u lle t in  o f  th e  A m e r ic a n  M e t e o ­
r o lo g ic a l  S o c ie ty ,  X L , N o. 12 (1 9 5 0 ) , 6 2 0 -6 2 3 ;  and  K . J . H.
B u e t tn e r , "H um an A s p e c t s  o f  B io c l im a to lo g ic a l  C la s s i f i c a t io n ,  "
B io m e te o r o lo g y :  V o lu m e  1 (N ew  Y ork : M a c m illa n  C o m p a n y , 19 6 2 ), 
pp. 1 2 8 -1 4 1 .
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g
to the w e a th e r . T h ey  im p lie d  th at a m e d ic a l - m e t e o r o lo g ic a l  f o r e c a s t  

co u ld  n o t b e  e x p l ic i t ly  s ta te d  in  a m a th e m a t ic a l  fo r m u la ;  th a t i t  w a s ,  

in  r e a l it y ,  a v a lu e  ju d g m en t.

M o st in d ic e s  h a v e  b e e n  d e v e lo p e d  fo r  u s e  in c o n tr o lle d  

a tm o s p h e r e s ,  and the o n e s  w h ich  cou ld  b e  u s e d  in  an  ou td oor  se tt in g  

a p p ea r  to h a v e  b e e n  fo r m u la te d  u s in g  c o n v e n ie n t , a v a ila b le  w e a th e r  

e le m e n t s .

In su m m a r y , th e r e  i s  no g e n e r a l ly  a c c e p te d  m eth o d  o f  

c o m b in in g  w e a th e r  e le m e n ts  w h ic h  cou ld  b e  u s e d  in  th e  a n a ly s is  of 

the w e a t h e r -r e c r e a t io n a l  b e h a v io r  r e la t io n s h ip .

H um an R e a c t io n s  to  th e  W e a th er

P h y s io lo g ic a l  R e s p o n s e s . - - T h e  m a jo r ity  o f  th e  r e s e a r c h  

d e a lin g  w ith w e a th e r  and i t s  e f f e c t s  upon m a n  h a s  fo c u se d  on the  

p h y s io lo g ic a l  r e la t io n s h ip . S in c e  the t im e  o f H ip p o c r a te s  the m e d ic a l  

p r o fe s s io n  h a s  r e c o g n iz e d  th a t w e a th e r  in f lu e n c e s  h e a lth . In turn , 

h ea lth  and c o m fo r t  in f lu e n c e  b e h a v io r  and , h e n c e , a f f e c t  r e c r e a t io n a l  

p a r t ic ip a t io n . T h e la r g e s t  g r o u p  o f  w e a th e r  s u f f e r e r s  c o n s i s t s  o f  

th o se  p e r s o n s  a f f l ic te d  by a i lm e n ts  g r o u p e d  u n d e r  the g e n e r a l  h e a d ­

ing o f  r h e u m a t is m . A tm o s p h e r ic  p u ls a t io n s  co m b in e d  w ith  fa llin g

6F . S a r g e n t and D a n ie l  S. Z a h a r i, " M ed ica l M e te o r o lo g ic a l  
F o r e c a s t in g :  A n A p p lic a tio n  o f  F u n d a m en ta l B io c l im a to lo g ic a l  C o n ­
c e p ts ,  11 In te r n a tio n a l B io c l im a to lo g ic a l  C o n g r e s s :  1960 P r o c e e d in g s  
(N ew  Y ork : P e r m a g o n  P r e s s ,  1962), p . 2 1 5 .
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i u i n p e r a tu r e s  and i- ls in g  h u m id ity  w i l l  g e n e r a l ly  c a u s e  d is c o m f o r t  to  

th o se  s u f fe r in g  fr o m  r h e u m a t is m . W e a th e r  a l s o  a g g r a v a te s  a n o th e r  

c o m p le x  o f  d i s e a s e s  c o m m o n ly  r e f e r r e d  to  a s  a s th m a . T h e  d i s t r i ­

b u tion  o f  p o lle n , a  m a in  c a u s a l  fa c to r  in  a s th m a  d i s o r d e r s ,  i s  

d ir e c t ly  in f lu e n c e d  by th e  w e a th e r . W e a th e r  m a y  a l s o  a g g r a v a te  o r

a m e l io r a t e  th e  c o u r s e  o f  o th e r  c h r o n ic  d i s e a s e s ,  e . g .  , h e a r t  and

7
c ir c u la t o r y  a i lm e n t s .

P e r fo r m a n c e  and D e v ia n t  B e h a v io r  R e la t io n s h ip s . - -  L it t le  

r e s e a r c h  d e a ls  w ith  th e  n o r m a l b e h a v io r a l  r e s p o n s e  to  w e a th e r  c o n ­

d it io n s .  In an e a r ly  s tu d y  o f  th e  in f lu e n c e  o f  w e a th e r  on  d e v ia n t  

b e h a v io r a l  o c c u r r e n c e s ,  D e x te r  r e la t e d  p u b lic  s c h o o l  a b s e n c e s ,  bank  

c l e r i c a l  e r r o r s ,  a r r e s t s  fo r  a s s a u l t  and m u r d e r , s u ic id e s ,  s i c k n e s s ,  

and a r r e s t s  fo r  d r u n k e n n e s s  to  s e l e c t e d  w e a th e r  c h a r a c t e r i s t i c s  in  

the c i t i e s  o f  N ew  Y ork and D e n v e r . H e found th e  fo llo w in g  r e l a t io n ­

s h ip s :

1. A s  w ind  v e lo c i t y  in c r e a s e d  th e r e  a p p e a r e d  to  be an in c r e a s e

in  th e  o c c u r r e n c e  o f a l l  f o r m s  o f  d e v ia n t  b e h a v io r  e x a m in e d .

7
A  c o m p le te ,  c o m p r e h e n s iv e  s u m m a r y  o f  th e  p h y s io lo g ic a l  

c o n s e q u e n c e s  o f  w e a th e r  m a y  b e  found in  M e d ic a l B io m e t e o r o lo g y  
b y  S, W . T r o m p .

8 E d w in  G ra n t D e x te r , W e a th e r  I n f lu e n c e s  (N ew  Y ork : M a c ­
m il la n  C o m p a n y , 19 0 4 ), p . 2 5 7 .
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2 . W ith  a n  in c r e a s e  in  t e m p e r a tu r e  th e r e  w a s  a c o r r e s p o n d in g
9

i n c r e a s e  in  a r r e s t s  fo r  a s s a u l t .  Y e t , d u r in g  the s a m e  t e m ­

p e r a tu r e  i n c r e a s e s  i t  w a s  n o te d  th a t  th e  s u ic id e  r a te  and th e  

n u m b e r  o f  a r r e s t s  fo r  d r u n k e n n e s s  d e c r e a s e d .  A n  e x tr e m e  

t e m p e r a tu r e , e i t h e r  h o t o r  c o ld , w a s  found to in d u c e  an  i n ­

c r e a s e  in  p u b lic  s c h o o l  a b s e n c e s  and  bank c l e r i c a l  e r r o r s .

3. E x tr e m e  d e v ia t io n s  fr o m  th e u s u a l  c o n d it io n s  o f  a t m o s p h e r ic

p r e s s u r e  an d  h u m id ity  a p p e a r e d  to  e l i c i t  an  in c r e a s e  in

e x tr a o r d in a r y  b e h a v io r . ** A n  in t e r e s t in g  e x c e p t io n  to t h is

r u le  p r o v e d  to  b e  th e  s u ic id e  r a te ;  c o n tr a r y  to  g e n e r a l

o p in io n , th e  n u m b e r  o f  s u i c id e s  d e c r e a s e d  d u r in g  e x tr e m e

12w e a th e r  c o n d it io n s .

4. A n in c r e a s e  in  sk y  c o v e r ,  w h ic h  r e f e r s  to  th e  p r o p o r t io n  o f  

sk y  a r e a  c o v e r e d  b y  c lo u d s , w a s  a s s o c ia t e d  w ith  a d e c r e a s e  

in  th e  n u m b e r  o f  m o s t  d e v ia n t  b e h a v io r  o c c u r r e n c e s .  E x c e p ­

t io n s  to  th is  r u le  w e r e  bank c l e r i c a l  e r r o r s  and th e  in c id e n c e

13o f  s i c k n e s s ,  b oth  o f  w h ic h  in c r e a s e d  w ith  c lo u d in e s s .

9Ib id . . p . 146 .

10 Ib id . , p . 2 4 9 .

1 1lb id . , p . 2 53 .

12 lb id . , p. 2 1 8 .

13Ib id . , p . 2 6 2 .
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5. P r e c ip i ta t io n  e l i c i t e d  id e n t ic a l  r e s p o n s e s  to  th o s e  p r e v io u s ly

14n o ted  w ith  sk y  c o v e r .

T h e r e la t io n s h ip  b e tw e e n  d e v ia n t  b e h a v io r  and w e a th e r  w a s  r e m a r k a b ly

s i m i la r  in  both  N ew  Y ork  and  D e n v e r .  D i f f e r e n c e s  b e tw e e n  th e  tw o

c i t i e s  w e r e  m o s t  e v id e n t  in  th e  r e a c t io n  to  r e la t iv e  h im id ity , w ind

v e lo c i t y  and o c c u r r e n c e  o f lo w  t e m p e r a t u r e s .  S in c e  t h e s e  w e a th e r

c h a r a c t e r i s t i c s  w e r e  th e  o n e s  fo r  w h ic h  N ew  Y ork  and D e n v e r  sh o w e d

the g r e a t e s t  d i f f e r e n c e  in  d a y - t o - d a y  r e a d in g s ,  th e  m in o r  d i s p a r i t i e s

in  w e a th e r  in f lu e n c e  w e r e  n o t u n e x p e c te d .

S e v e r a l  r e c e n t  s t u d ie s  h a v e  su p p o r te d  D e x t e r ' s  f in d in g s . P e r

fo r m a n c e  s t u d ie s  h a v e  found th a t t e le g r a p h e r s  m a k e  c o n s id e r a b ly  m o r e

15m is t a k e s  w h en  su r r o u n d in g  t e m p e r a t u r e s  c l im b . S c h o o l c h ild r e n  in

r o o m s  w ith  c a r e f u l ly  c o n tr o l le d  a t m o s p h e r e s  m a k e  fe w e r  m is t a k e s  in  

16th e ir  t e s t s .  A s tu d y  o f  r e fo r m  s c h o o l  a b s c o n d in g s  h a s  lin k e d  th e

17n u m b e r  o f  e s c a p e s  d ir e c t ly  to  the n u m b e r  o f  d a ily  h o u r s  o f  s u n s h in e .

18E ven  m o to r  s k i l l  r e a c t io n  t im e s  a r e  in f lu e n c e d  by th e  w e a th e r .

14 .. . .Ib id .

15 D a n d sb e r g , o p . c i t . , p . 9 3 .

Ib id .

17 R . V . C la r k e , " S e a so n a l and O th e r  E n v ir o n m e n ta l A s p e c t s  
o f  A b s c o n d in g s  by A p p r o v ed  S c h o o l B o y s . " B r it i s h  J o u r n a l o f  C r i m i ­
n o lo g y , V II, N o . 2 (1 9 6 7 ) , 2 0 4 .

18 L a n d sb e r g , o p . c i t .  , p . 9 5 .
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Id e n t if ic a t io n  o f  a  ''N e u tr a l Z o n e ”

T h ro u g h o u t th e  l i t e r a t u r e  r e la t in g  w e a th e r  to  h u m an

b e h a v io r  th e r e  i s  o n e  s i m i l a r i t y - - a  " n e u tr a l zo n e"  e x i s t s  w ith in

w h ic h  c h a n g e s  in  the w e a th e r  d o  n o t e l i c i t  a  b e h a v io r a l  c h a n g e .

U s u a lly  th e  " n eu tra l zo n e"  i s  n o t e x p l ic i t ly  id e n t if ie d , but a few

r e c e n t  s t u d ie s  h a v e  a tte m p te d  to  a s c e r t a in  th e  l im i t s  o f  su c h  a z o n e .

G a g g e , S to lw ijk  and H ard y  found th a t th e r e  i s  a  t e m p e r a tu r e  ra n g e

19w h e r e  m a n  r e a c t s  in  a n e u tr a l  m a n n e r . A  " c o m fo r t  z o n e "  b e tw e e n  

28° and 3 0 “ C e n t ig r a d e  w a s  id e n t if ie d  in  w h ic h  th e r e  w e r e  n o  t e m ­

p e r a tu r e  r e g u la to r y  e f f o r t s  su c h  a s  s w e a t in g , v a s o c o n s t r ic t io n ,  and  

v a s o d ila t io n . A ls o ,  th e  s e n s e  o f  d i s c o m f o r t  to  te m p e r a tu r e  in c r e a s e d  

m o r e  r a p id ly  w ith  c o ld e r  c o n d it io n s  than  w ith  w a r m e r  o n e s .  T he

a u th o r s  s ta te d  in  s u m m a r y  th a t m a n ' s  im m e d ia te  b e h a v io r  can  b e

20p r e d i c t e d  th ro u g h  k n o w le d g e  o f  c h a n g e s  in t e m p e r a tu r e .  H ea tin g  

and a i r  c o n d it io n in g  e n g in e e r s  r e g u la r ly  u s e  a p r e d e te r m in e d  n e u tr a l  

c o m fo r t  z o n e  in a s s e s s i n g  th e  a m o u n t o f  e q u ip m e n t r e q u ir e d  fo r  

b u ild in g s . It h a s  a l s o  b e e n  found th a t th e  c h ild  c o n c e p tio n  r a te

19A . P . G a g g e , J .  A . J . S to lw ijk , and J . D . H a rd y , " C o m ­
fo r t  and T h e r m a l S e n s a t io n s  and A s s o c ia t e d  P h y s io lo g ic a l  R e s p o n s e s  
a t  V a r io u s  A m b ie n t  T e m p e r a tu r e s ,  " E n v ir o n m e n ta l R e s e a r c h , I 
(J u n e , 1 9 6 7 ), 19 .

2 ° Ib id . , p . 2 0 .
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i n c r e a s e s  d u r in g  th e  g e n e r a l ly  " n e u tr a l"  te m p e r a tu r e  m o n th s  o f

21S p rin g  and A u tu m n .

T o  s u m m a r iz e ,  it  i s  e v id e n t  th a t th e  r e la t io n s h ip  b e tw e e n  

w e a th e r  and h u m an  b e h a v io r  i s  e x t r e m e ly  c o m p le x . T h e r e  h a s  b e e n  

n o  s y s t e m a t ic  a t te m p t  to  s u b je c t  th e  r e la t io n s h ip  to  in te n s iv e  a n a ly s i s .  

In s te a d , the s t u d ie s  c o m p le te d  to  d a te  h a v e  g e n e r a l ly  c o n s id e r e d  

s m a l l ,  u n r e la te d  p r o b le m s  w ith  l i t t l e  a tte n t io n  b e in g  g iv e n  to  

r e s p e c t iv e  p o s it io n  w ith in  a la r g e r  s y s t e m  o f  r e la t io n s h ip s .

T h e  R e la t io n s h ip  o f  W e a th e r  
to  R e c r e a t io n a l  B e h a v io r

T h e f a c t o r s  w h ic h  a r e  b e l ie v e d  to  in f lu e n c e  p a r t ic ip a t io n  in  

r e c r e a t io n a l  a c t i v i t i e s  a r e  s o  n u m e r o u s  and in t e r r e la t e d  th a t i s o l a ­

tion  and e x a m in a t io n  i s  u n lik e ly  a t  th e  p r e s e n t  t im e . H um an b e h a v io r  

in g e n e r a l  i s  in f lu e n c e d  by a c o m p o s i t e  o f f o r c e s ,  and the r e l a t io n ­

sh ip  b e tw e e n  c a u s a l  f a c t o r s  and e v e n tu a l h u m an  b e h a v io r  s t i l l  b a s i ­

c a lly  r e m a in s  an  unknow n q u a n tity .

A s s u m in g  th a t an  in d iv id u a l h a s  f r e e  t im e  a v a i la b le  fo r  

r e c r e a t io n a l  p a r t ic ip a t io n , th e  c h o ic e  o f a c t i v i t i e s  ca n  b e  c o n s id e r e d  

to  be in f lu e n c e d  by th r e e  g r o u p s  o f  fa c to r s :  p e r s o n a l  c h a r a c t e r i s t i c s  

o f th e  in d iv id u a l, e , g . ,  a g e ,  s e x ,  p r e v io u s  r e c r e a t io n  e d u c a tio n  and

2 1E lls w o r th  H u n tin gton , S e a so n  o f  B ir th  (N ew  Y ork : John  
W ile y  and S o n s , In c . , 1 9 3 8 ), p . 130 .
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e x p e r ie n c e ;  s o c ia l  e n v ir o n m e n t , e . g . ,  p r im a r y  g r o u p  m e m b e r s h ip s ,

s e c o n d a r y  g r o u p  m e m b e r s h ip s ,  s o c i a l  m o r e s ;  and th e  p h y s ic a l

e n v ir o n m e n t , e . g . ,  in d iv id u a l*  s  l i f e - s p a c e ,  r e c r e a t io n a l  o p p o r -

tu n it ie s ,  and w e a th e r . It i s  p r o b a b le  th a t th e  f a c t o r s  w ith in  e a c h  o f

the th r e e  b r o a d  g r o u p s  in t e r a c t  in  v a r y in g  c o m b in a t io n s  and d e g r e e s

o f  in te n s ity  to  in f lu e n c e  r e c r e a t io n a l  a c t iv i t y  c h o ic e s .

W e a th e r  i s  m e r e ly  o n e  o f  th e  f a c t o r s  w ith in  th e  p h y s ic a l

e n v ir o n m e n t  g r o u p in g  w h ic h  m ig h t  in f lu e n c e  r e c r e a t io n a l  a c t iv i t y

c h o ic e .  In a y e a r - lo n g  stu d y  o f  p le a s u r e  b o a t la u n c h in g s  on an  A r k a n s a s

r e s e r v o ir ,  D o w e ll  found th a t m e a n  d a ily  t e m p e r a tu r e  and p r e c ip ita t io n

w e r e  a s s o c ia t e d  w ith  6 3 . 69 p e r  c e n t  o f  th e  v a r ia t io n  in  b o a t la u n ch  - 

22
in g s . W hen d a ily  w in d  v e lo c i t y  and a tm o s p h e r ic  p r e s s u r e  r a n g e

w e r e  ad d ed  in to  the m u lt ip le  l in e a r  r e g r e s s io n  e q u a tio n , a l l  fou r

m e t e o r o lo g ic a l  fa c to r s  had a c o m b in e d  c o e f f ic ie n t  o f d e te r m in a t io n  

2 23
(It ) o f , 6 4 3 f). * V a r io u s  o th e r  a u th o r s  m e n tio n  th at w e a th e r  e x e r t s  

an im p o r ta n t  in f lu e n c e  u p on  r e c r e a t io n a l  b e h a v io r , but the r e l a t io n ­

sh ip  h a s  n o t r e c e iv e d  fu r th e r  q u a n tita t iv e  in v e s t ig a t io n .

22 C a r r o l l  D a v is  D o w e ll ,  "T he R e la t io n s h ip  o f  R e s e r v o ir  
P le a s u r e  B o a tin g  to  S e le c te d  M e t e o r o lo g ic a l  F a c to r s "  (u n p u b lish ed  
P h .D .  D is s e r t a t io n ,  T e x a s  A  and M U n iv e r s i t y ,  1 9 7 0 ), p . 49 .

23 T h e sq u a r e  o f  th e  m u lt ip le  c o r r e la t io n  c o e f f ic ie n t ,  the  
c o e f f ic ie n t  o f  d e te r m in a t io n  (R ^ ), m a y  b e  d e fin e d  a s  th e  p r o p o r t io n  
o f  th e  su m  o f  th e  sq u a r e d  d e v ia t io n s  fr o m  the m e a n  o f  th e  d e p e n d e n t  
v a r ia b le  a c c o u n te d  fo r  by  the in d e p e n d e n t v a r ia b le s .
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A tm o s p h e r ic  e le m e n t s  w e r e  found to  e x e r t  a d e f in it e  

in f lu e n c e  upon p le a s u r e  b o a tin g  in  A r k a n s a s .  D o e s  th e  e x te n t  o f  the  

in f lu e n c e  r e m a in  th e  s a m e  fo r  o th e r  r e c r e a t io n a l  a c t i v i t i e s  an d  in  

o th e r  r e g io n s  o f  th e  c o u n tr y ?

A c t iv ity  and R e g io n a l V a r ia t io n

P a r t ic ip a t io n  in  o u td o o r  r e c r e a t io n  i s  th ou gh t to  b e  d e p e n ­

d e n t upon a c e r ta in  r a n g e  o f  t e m p e r a tu r e ,  s u n s h in e , h u m id ity , w in d  

v e lo c i t y ,  and o th e r  a tm o s p h e r ic  f a c t o r s ,  i f  i t  i s  to  be to le r a b ly  e n j o y ­

a b le .  T h is  " n e u tr a l zo n e"  o f  t o le r a b i l i t y  v a r ie s  fro m  a c t iv i ty  to  

a c t iv i t y .  F o r  e x a m p le , o n e  w ou ld  s u s p e c t  th a t th e  " n e u tr a l ra n g e"  

o f  w e a th e r  t o le r a n c e  fo r  p a r t ic ip a t io n  in  s w im m in g  i s  s m a l l e r  than  

th e  s a m e  n e u tr a l  r a n g e  fo r  p a r t ic ip a t io n  in  w a lk in g  fo r  p le a s u r e .  

D o w e l l  found th a t th e  m a jo r ity  o f  p le a s u r e  b o a tin g  p a r t ic ip a t io n  

o c c u r r e d  w ith in  c e r ta in  b ro a d  m e t e o r o lo g ic a l  r a n g e s :

A p p r o x im a te ly  90 p e r  c e n t  o f  th e  b o a t la u n c h in g s  o c c u r r e d  on  
d a y s  w ith  a d a ily  m e a n  te m p e r a tu r e  r a n g e  b e tw e e n  56° and 8 6 ° 
F a h r e n h e it ;  81 p e r  c e n t  o c c u r r e d  on d a y s  w ith  45 m i l e s  o r  l e s s  
o f  d a ily  to ta l w ind  (v e lo c ity ]  ; 90  p e r  c e n t  o c c u r r e d  on d a y s  w ith  
l e s s  than 0 . 50 o f  an  in ch  o f  p r e c ip ita t io n ;  and 87 p e r  c e n t  
o c c u r r e d  on d a y s  w ith  b a r o m e tr ic  p r e s s u r e  c h a n g e  b e tw e e n  
- 0 . 10 and 0 . 10 in c h e s .  ^

D o w e l l ' s  f in d in g s  co u ld  b e  ex p a n d ed  s o  a s  to  d e f in e  a 

" n e u tr a l z o n e "  o f w e a th e r  t o le r a n c e  fo r  the a c t iv i t y  o f  p le a s u r e

^4 lb id , , pp . 4 8 - 4 9 .
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b o a tin g . W ith  d e ta i le d  in v e s t ig a t io n ,  s im i la r  r a n g e s  co u ld  be  

id e n t if ie d  fo r  o th e r  r e c r e a t io n a l  a c t i v i t i e s .

O ne w o u ld  a l s o  su B p e c t  th a t  th e  w e a t h e r - s e n s i t iv i t y  o f  o u t ­

d o o r  r e c r e a t io n  p a r t ic ip a t io n  v a r i e s  fr o m  r e g io n  to  r e g io n . F o r  

in s ta n c e ,  r a in  o c c u r r in g  in  a r e g io n  w h ic h  h a s  o n ly  tw en ty  r a in - d a y s  

a n n u a lly  ( e . g .  , in  th e  s o u th w e s te r n  s e c t io n  o f  th e  U n ited  S ta te s )  w i l l  

l ik e ly  h a v e  m o r e  in f lu e n c e  u p on  h u m a n  b e h a v io r  than  r a in  o f  the s a m e  

in t e n s i t y  and d u r a tio n  o c c u r r in g  in  a r e g io n  w h ic h  h a s  o n e  h u n d red  

r a in - d a y s  a n n u a lly  ( e . g .  , in  th e  P a c i f i c  N o r th w e s t ) .  T h ro u g h  

r e s e a r c h ,  " w e a t h e r - s e n s i t iv i t y  r e g io n s "  c o u ld  b e  id e n t if ie d  in  w h ic h  

the b e h a v io r a l  r e a c t io n  o f  r e c r e a t io n i s t s  to  a tm o s p h e r ic  c h a n g e s  i s  

r e la t iv e ly  h o m o g e n e o u s . A  s ta r t in g  p o in t  fo r  su c h  a s tu d y  m ig h t  b e  

the id e n t i f ic a t io n  o f  r e g io n s  w ith  r e la t iv e ly  h o m o g e n e o u s  c l im a t e s .

S in c e  w e a th e r  and c l im a t e  in f lu e n c e  th e  d is tr ib u t io n  o f  n a tu r a l  

r e s o u r c e s ,  th ey  a l s o  d e f in e  th e  ty p e s  o f  r e c r e a t io n a l  a c t i v i t i e s  w h ic h  

m a y  be p u r s u e d  to g e th e r  w ith  th e  r e s p e c t iv e  s e a s o n s  fo r  p u r su in g  

th o se  a c t i v i t i e s .  T h u s , th e  c h o ic e  o f  o u td o o r  r e c r e a t io n  a c t i v i t i e s  

w ith in  th a t c l im a t ic  r e g io n  i s  d ir e c t ly  c o n tr o l le d  by th e  w e a th e r .

R e c r e a t io n a l  A c t iv i t y  C h o ic e

T h e  r e c r e a t io n  e x p e r ie n c e  c o n s i s t s  o f  s e v e r a l  p h a s e s  w h ic h  

d if f e r  in  w e a t h e r - s e n s i t i v i t y .  C la w s o n  h a s  e x p r e s s e d  th e  r e l a t i o n ­

sh ip  a s  fo l lo w s :
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[T h e  r e c r e a t io n  e x p e r ie n c e ]  . . . c o n s i s t s  o f f iv e  
in t e r r e la t e d  s e q u e n t ia l  s t a g e s :  ( 1) a n t ic ip a t io n  o r  p la n n in g , 
w h en  th e  p e r s o n  o r  fa m ily  c o n s id e r s  w h a t to  d o , w h e r e  to  g o ,  
w h en , w h a t to  ta k e , how  m u c h  t im e  and m o n e y  to sp e n d , and  
th e  l ik e ;  (2 ) t r a v e l  fr o m  h o m e  to  th e  s i t e ;  (3 ) o n - s i t e  e x p e r i ­
e n c e s ,  w h ic h  h a v e  ty p ic a l ly  had  a l l  th e  a t te n t io n  in  th e  p a s t ;
(4) t r a v e l  h o m e  a g a in ;  and (5) r e c o l l e c t io n ,  w h en  o n e  r e l i v e s  
th e  e a r l i e r  e x p e r ie n c e s ,  and  p e r h a p s  r e in t e r p r e t s  th em  d i f ­
f e r e n t ly  th an  h e  d id  a t  th e  t im e .  T h e f i r s t  p h a s e  (p la n n in g )  
t y p ic a l ly  ta k e s  p la c e  in  the r e c r e a t io n is t '  s  h o m e  o r  a t  l e a s t  in  
h is  h o m e  tow n , t y p ic a l ly  i t  i s  w h e r e  h e  s p e n d s  m o r e  than  h a lf  
o f  a l l  th e  m o n e y  r e q u ir e d  fo r  th e  w h o le  e x p e r ie n c e ,  and i s  l ik e ly  
to  b e  l a r g e ly  in d if f e r e n t  to  w e a th e r ,  e x c e p t  a s  h e  s u b c o n s c io u s ly  
p r o j e c t s  th e  w e a th e r  th en  p r e v a il in g  in to  th e  la t e r  e x p e r ie n c e .  
T h e f ifth  p h a se  ( r e c o l le c t io n )  a l s o  ta k e s  p la c e  a t  h o m e , o r  in  
th e  h o m e  tow n , i s  l ik e ly  to  c o s t  r e la t iv e ly  l i t t l e  in  m o n e y  but 
m a y  c o n s u m e  a lo t  o f  t im e ,  and i s  h ig h ly  w e a t h e r - in d i f f e r e n t .  
T he s e c o n d  and fo u r th  p h a s e s ,  th e  t r a v e l  p a r t s ,  ta k e  p la c e  o v e r  
a r a n g e  o f  t e r r i t o r y ,  s o m e t im e s  a v e r y  w id e  o n e , c o s t  c o n ­
s id e r a b ly  in  b o th  t im e  and m o n e y , and a r e  m o d e s t ly  w e a th e r  
s e n s i t i v e - - d i r e c t l y ,  to  a b o u t th e  s a m e  d e g r e e  a s  a n y  t r a v e l ,  
b u t p e r h a p s , a t  l e a s t  d u r in g  th e  g o in g  s ta g e ,  p s y c h o lo g ic a l ly  
h ig h ly  a n t ic ip a to r y  o f  w e a th e r  c o n d it io n s  e x p e c te d  to  p r e v a i l  a t  
the s i t e .  T h e th ird  o r  o n - s i t e  p h a s e  i s  th e  m o s t  h ig h ly  w e a th e r  
s e n s i t i v e  o f  a l l .  . . .

T h e  m a j o r i t y  of  c o m p le te d  r e c r e a t io n  r e s e a r c h  h a s  b e e n  c o n c e r n e d  

o n ly  w ith  the o n - s i t e  p h a se  o f  th e  r e c r e a t io n  e x p e r ie n c e .  H o w e v e r , 

w h en  in v e s t ig a t in g  r e c r e a t io n a l  a c t iv i t y  c h o ic e  i t  i s  d e s ir a b le  to  c o n ­

s id e r  a d d it io n a l r e c r e a t io n a l  e x p e r ie n c e  p h a s e s .

T h e r e  i s  s o m e  q u e s t io n  a s  to  w h e th e r  o r  n o t in d iv id u a ls  a r e  

c o n s c io u s  o f  th e  e f f e c t s  o f  w e a th e r  on  th e ir  b e h a v io r . T h e r e  i s  a 

d e f in it e  p o s s ib i l i t y  th a t w e a th e r  m a y  b e  r e g a r d e d  a s  u n c h a n g e a b le ,

25
C la w s o n , " In flu e n c e  o f  W e a th e r , " op . c i t ,  , p . 184 ,
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and e v e n  th ou gh  a n  in d iv id u a l m a y  a d a p t h i s  b e h a v io r  to  e x is t in g  

w e a th e r  c o n d it io n s , h e  m a y  n o t b e  c o n s c io u s  o f  th e  o v e r a l l  in f lu e n c e  

o f  w e a th e r  on  h is  l i f e .  T h e r e f o r e ,  i t  i s  l ik e ly  th a t th e  u s e  o f  d ir e c t  

q u e s t io n in g  ( e . g .  , in te r v ie w )  a b o u t th e  in f lu e n c e  o f  w e a th e r  w ou ld  

y ie ld  d a ta  o f  q u e s t io n a b le  v a l id ity .  I f  a  fo r m  o f  d ir e c t  q u e s t io n in g  

c a n n o t b e  u s e d  v a l id ly ,  th e  o n ly  p h a se  o f  th e  r e c r e a t io n a l  e x p e r ie n c e  

w h ic h  co u ld  b e  in v e s t ig a te d  to  o b ta in  a c t iv i t y  c h o ic e  d a ta  w o u ld  b e  

the o n - s i t e  p h a s e .  T he in d iv id u a l ' s  a c t io n s  on  th e  s i t e  w i l l  r e v e a l  

h is  p r e f e r e n c e s  a m o n g  a l t e r n a t iv e  r e c r e a t io n a l  a c t i v i t i e s .  W e a th e r  

e le m e n t s  co u ld  th en  b e  r e la te d  to  th e  r e v e a le d  p r e f e r e n c e s  and the  

d e s ir e d  in fo r m a tio n  co u ld  b e  o b ta in e d  w ith o u t th e  r is k  o f  u s in g  

o p in io n s  in s te a d  o f  f a c t s .

If e v id e n c e  can  be found to  in d ic a te  th a t c h o ic e  o f  o u td o o r  

r e c r e a t io n  a c t i v i t i e s  i s  p r e d e te r m in e d , and th a t th e  p o te n t ia l  p a r ­

t ic ip a n t  w a it s  in  a n t ic ip a t io n  fo r  th e  o c c u r r e n c e  o f  th a t f r e e  t im e  in  

w h ic h  h e  h a s  p la n n ed  th e  r e c r e a t io n  a c t iv i t y ,  th en  a c a s e  m a y  be  

m a d e  fo r  s ta t in g  th a t th e  w e a th e r  in f lu e n c e  m a y  n o t b e  g r e a t  in  any  

p h a s e . F o r  th e  m a jo r ity  o f  the p o p u la t io n , f r e e  t im e  fo r  r e c r e a t io n  

i s  r ig id ly  c o n tr o l le d  a s  to  t im in g ;  o n e  m u s t  g o  w h en  h e  h a s  f r e e  t im e ,  

r e g a r d le s s  o f  w h e th e r  w e a th e r  i s  fa v o r a b le  o r  n o t. If, h o w e v e r , it  

can  b e  sh o w n  th a t m o s t  o u td o o r  r e c r e a t io n  p a r t ic ip a t io n  i s  im p u ls iv e  

( s p u r - o f - t h e - m o m e n t )  w ith  l i t t l e  p r e p la n n in g , w e a th e r  m a y  p la y  a  

m o r e  im p o r ta n t  p a r t  in  th e  a c t iv i t y  c h o ic e .
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A  m a jo r  q u e s t io n  r e la t iv e  to  th e  i s s u e  o f  t im in g  r e m a in s  

u n a n sw e r e d :  D o e s  th e  in a b il i ty  to  in d u lg e  in  a r e c r e a t io n a l  a c t iv i ty  

a t the p r e c i s e  t im e  o n e  w is h e s  to  d o  s o  r e s u l t  in  a lo w e r  a n n u a l p a r  - 

t ic ip a t io n  o r  m e r e ly  in  a d e fe r r e d  e x p e r ie n c e ?



C H A P T E R  III

D A T A  C O L L E C T IO N

In o r d e r  to  d e te r m in e  th e  im p o r ta n c e  o f w e a th e r  in  

in f lu e n c in g  r e c r e a t io n a l  a c t iv i t y  c h o ic e ,  tw o ty p e s  o f  d a ta  a r e  

r e q u ir e d . T h e f i r s t  ty p e  i s  c o n c e r n e d  w ith  th e  r e c r e a t io n  p a r t ic ip a n t  

- - h i s  r e v e a le d  p r e fe r e n c e  fo r  v a r io u s  a c t i v i t i e s .  S e c o n d , d a ta  a r e  

n e e d e d  a b o u t th e  v a r io u s  w e a th e r  e le m e n t s  w h ic h  m ig h t  p r o v e  to  be  

in f lu e n t ia l .  T h e r e  i s  a  p o s s ib i l i t y  th a t a p a rk  u s e r  co u ld  b e  in flu  - 

e n c e d  b y  w e a th e r  f o r e c a s t s ,  w e a th e r  c o n d it io n s  o v e r  h is  h o m e , and  

u lt im a t e ly  by th e  a tm o s p h e r ic  c o n d it io n s  o v e r  th e  p a rk . T h e r e fo r e ,  

a l l  th r e e  s o u r c e s  o f  d a ta  sh o u ld  b e  a n a ly z e d . T he a n a ly s i s  sh o u ld  

n o t o n ly  d e l in e a te  th o s e  w e a th e r  e le m e n t s  w h ic h  h a v e  a s ig n if ic a n t  

e f f e c t  upon r e c r e a t io n a l  a c t iv i ty  c h o ic e ,  b u t sh o u ld  a l s o  in d ic a te  how  

m u c h  in f lu e n c e  i s  e x e r te d .

T h e  p o s s ib i l i t y  o f  a r e la t io n s h ip  b e tw e e n  w e a th e r  and  

r e c r e a t io n a l  b e h a v io r  had b e e n  s u s p e c te d  b y  th e  a u th o r  w h ile  c o n ­

d u c tin g  a p r e v io u s  stu d y  fo r , and w ith  th e  a s s i s t a n c e  o f , th e  P a r k s

28
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D iv is io n  o f  th e  M ic h ig a n  D e p a r tm e n t  o f  N a tu r a l R e s o u r c e s .  *

A lth o u g h  d ir e c t ly  c o n c e r n e d  w ith  d e s ig n in g  and t e s t in g  a s y s t e m  fo r  

c o lle c t in g  d a ta  a b o u t M ic h ig a n  s ta te  p a rk  u s e r s ,  a r e s u l t  o f  th e  s tu d y  

w a s  the g e n e r a t io n  o f  u s e r  d a ta . A m o n g  d a ta  c o l le c t e d  w e r e  r e s p o n s e s  

in d ic a t in g  p r e f e r e n c e s  fo r  a v a i la b le  r e c r e a t io n  a c t i v i t i e s .  In c o n ­

ju n c tio n  w ith  th e  c o l le c t io n  o f u s e r  d a ta  a t  s e l e c t e d  s a m p le  p a r k s ,  

a d a ily  r e c o r d  o f  w e a th e r  a t  e a c h  o f  th e  p a r k s  w a s  a l s o  m a in ta in e d .

T h e o r ig in  o f  e a c h  o f  the r e s p o n d e n ts  w a s  a m o n g  the u s e r  d ata  c o l -

2
le c t e d ,  and s in c e  th e  W e a th e r  B u r e a u  o f  E SSA  r e c o r d s  d a ily  w e a th e r  

f o r e c a s t s  and c o n d it io n s  th ro u g h o u t th e  U n ite d  S ta te s ,  o r ig in  w e a th e r  

d ata  co u ld  b e  o b ta in e d . I t  w a s  p o s s ib le ,  t h e r e f o r e ,  to  o b ta in  a l l  o f  

th e  d a ta  r e q u ir e d  fo r  th is  s tu d y  fr o m  s e c o n d a r y  s o u r c e s .  On th a t  

b a s i s ,  d a ta  p r o c u r e m e n t  and p r e p a r a t io n  w e r e  in it ia te d .

C o lle c t io n  o f  D ata  In d ic a tin g  R e v e a le d  
P r e f e r e n c e  fo r  R e c r e a t io n  A c t iv i t i e s

A d e ta i le d  d e s c r ip t io n  o f th e  d e s ig n ,  im p le m e n ta t io n , and

r e s u l t s  o f  th e  park  - u s e r  d a ta  c o l le c t io n  s y s t e m  i s  c o n ta in e d  in
3

a n o th e r  s o u r c e ,  an d  w i l l  m e r e ly  b e  s u m m a r iz e d  in  th is  s e c t io n .

1C r a p o , op . c i t .

2
E SSA  i s  the c o n tr a c t io n  c o m m o n ly  u s e d  fo r  the E n v ir o n ­

m e n ta l  S c ie n c e  S e r v ic e s  A d m in is tr a t io n , an  a g e n c y  w ith in  the U . S. 
D e p a r tm e n t  o f  C o m m e r c e .  T h e  E n v ir o n m e n ta l D a ta  S e r v ic e  and th e  
W e a th e r  B u r e a u  a r e  tw o d iv i s io n s  w ith in  E S SA .

C r a p o , o p . c i t .
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S e le c t io n  o f  S a m p le  P a r k s

L im ite d  r e s e a r c h  fu n d s n e c e s s i t a t e d  th e  s e l e c t io n  o f  a

s a m p le  o f  p a r k s  to  r e p r e s e n t  a l l  M ic h ig a n  s ta t e  p a r k s  and r e c r e a - 

4
t io n  a r e a s .  T h e s t r a t i f ic a t io n  s c h e m e  p r o p o s e d  b y  C la w so n  b a s e d

upon p ark  lo c a t io n , m a n a g e m e n t  p h ilo s o p h y  and u s e  - in t e n s i t y  w a s

u se d  a s  the fou n d ation  fo r  p la c in g  a l l  M ic h ig a n  s t a t e  p a r k s  in  o n e  o f
5

th r e e  d i f f e r e n t  c la s s i f i c a t io n s .  A  s e r i e s  o f  m e e t in g s  w e r e  h e ld  

w ith  r e p r e s e n t a t iv e s  o f  th e  D iv is io n  o f  S ta te  P a r k s ,  and the s a m p le  

p a r k s  o u t lin e d  in  T a b le  1 and F ig u r e  1 w e r e  c h o s e n  a s  b o th  r e p r e ­

s e n ta t iv e  o f  th e  p a r k  s y s t e m  and  " a d m in is tr a t iv e ly  f e a s ib le "  en ou gh  

to  b e  in c lu d e d  w ith in  th e  s tu d y .

T A B L E  1. - - R e p r e s e n t a t iv e  M ic h ig a n  S ta te  P a r k s  in  W h ich  U s e r  
D a ta  W a s C o l le c te d .

C la s s P a rk

1 . U s e r - o r ie n t e d  a r e a H ollan d  S ta te  P a rk

2 . I n te r m e d ia te  a r e a
W a te r lo o  S ta te  R e c r e a t io n  A r e a ,  
P o r ta g e  L a k e  U n it

3 . R e s o u r c e - b a s e d  a r e a T a w a s  P o in t  S ta te  P a rk

4
F o r  c o n v e n ie n c e , h e r e a f t e r  th e  te r m  "park" w i l l  b e  u s e d  

to  r e p r e s e n t  a n y  o u td o o r  r e c r e a t io n  a r e a  o r  p a r k .
5

M a r io n  C la w so n , L and and  W a te r  fo r  R e c r e a t io n  (C h ic a g o :  
R and M c N a lly  and C o m p a n y , 1 9 6 3 ), pp . 1 3 -1 6 .
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FIG U R E  1. - -  L o c a t io n  o f  S a m p le  P a r k s  in  R e la t io n  to  O th e r  M ic h ig a n  
S ta te  P a r k s  and  M a jo r  H ig h w a y  S y s t e m s .
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A n im p l ic i t  a s s u m p t io n , c a r r ie d  o v e r  fr o m  th e  p r e v io u s ly - c o n d u c te d
g

" d a y -u s e "  s tu d y , w a s  th a t th e  p a r k s  a n a ly z e d  in  th is  s tu d y  w e r e  

r e p r e s e n t a t iv e  o f  a l l  M ic h ig a n  s ta te  p a r k s  and r e c r e a t io n  a r e a s  fo r  

e a c h  p a r t ic u la r  c l a s s  a s  p r o p o s e d  b y  C la w so n .

T h e a c t i v i t i e s  o f fe r e d  a t  e a c h  o f  th e  s a m p le  p a r k s  a r e  

r e la t iv e ly  s i m i la r ,  w ith  th e  b e a c h  a r e a s  p r o v id in g  th e  fo c u s  fo r  u s e .  

T h e fo llo w in g  d e s c r ip t iv e  in fo r m a tio n  w a s  o b ta in e d  fr o m  D iv is io n  o f  

S ta te  P a r k s  p u b lic a t io n s  and fr o m  v i s i t s  to  th e  p a r k s  b y  th e  a u th o r .

H o lla n d  S ta te  P a r k . - - T h i s  p o p u la r  la k e s h o r e  p ark  c o n s i s t s  

o f  142 a c r e s  lo c a te d  in  O ttaw a  C o u n ty , s e v e n  m i l e s  w e s t  o f  the tow n  

o f  H o lla n d . A g a in s t  a b a c k d r o p  o f  to w e r in g  sa n d  d u n e s , i t  f e a t u r e s  

a n  e x c e l l e n t  o n e - q u a r te r  m i le  b e a c h  on  L ak e M ic h ig a n .

D a y - u s e  f a c i l i t i e s  a r e  c e n te r e d  aro u n d  the b e a c h  and in c lu d e  

a food  c o n c e s s io n ,  b a th h o u se , and n u m e r o u s  p ic n ic  t a b le s .  T h e  

c a m p in g  a r e a  i s  lo c a te d  in  s p a r s e  w o o d s  and  c o n ta in s  334  s i t e s ,  278  

o f  w h ic h  h a v e  e l e c t r i c a l  c o n n e c t io n s .  S h o w e r s , a  la u n d r y , a  s m a l l  

food  s t o r e  and a l ib r a r y  a r e  a v a i la b le  to  c a m p e r s .

In 1 9 6 8 , a p p r o x im a te ly  1, 1 6 9 ,2 0 0  v i s i t s  w e r e  m a d e  to  th is

p a r k .

6
C r a p o , op . c i t . , p . 8 .
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W a te r lo o  S tate  R e c r e a t io n  A r e a . - - L o c a t e d  in  J a c k so n  and  

W ash ten aw  C o u n tie s  e ig h t  m i le s  e a s t  o f  th e  C ity  o f  J a c k so n , W a te r ­

lo o  S tate  R e c r e a t io n  A r e a  i s  r e a d ily  a c c e s s i b le  fr o m  1 - 94 ,  U . S .  127, 

M -5 2 , and M - 1 0 6 .

T he la r g e s t  o f  M ic h ig a n ’ s  s ta te  r e c r e a t io n  a r e a s ,  W a te r lo o  

c o n ta in s  1 5 , 9 8 7  a c r e s  o f  s ta te -o w n e d  lan d . T he s ta te -o w n e d  land is  

n ot on e  c o n tig u o u s  h o ld in g , but i s  s c a t t e r e d  in v a r io u s - s i z e d  u n its  

th ro u g h o u t th e  la r g e  t r a c t  id e n t if ie d  a s  W a te r lo o  S ta te  R e c r e a t io n  

A r e a . P r iv a te ly -o w n e d  in h o ld in g s  c o n s t itu te  n e a r ly  o n e -h a lf  o f  the  

to ta l a r e a  w ith in  the b o u n d a r ie s  o f  th e  R e c r e a t io n  A r e a .

N u m e r o u s  d a y - u s e  s i t e s  a r e  lo c a te d  th rou gh ou t the r e c r e a ­

tion  a r e a  but the la r g e s t  o f  t h e s e  i s  th e  P o r ta g e  L ak e U n it. T h is  

s i t e  c o n ta in s  a sw im m in g  b e a c h  on B ig  P o r ta g e  L a k e , b a th e r 1 s  

ch an g in g  f a c i l i t i e s ,  food c o n c e s s io n , b o a t la u n ch in g  r a m p , m o d e r n  

t o i le t s ,  150 p ic n ic  ta b le s  and 50 s t o v e s .

T he la r g e s t  ca m p g ro u n d  w ith in  W a te r lo o  S ta te  R e c r e a t io n  

A r e a  i s  a l s o  lo c a te d  a t  the P o r ta g e  L ak e U n it . T h is  ca m p in g  fa c i l i ty  

c o n ta in s  198 m o d e r n  c a m p s i t e s  w ith  e le c t r ic i t y ,  f lu sh  t o i le t  f a c i l i t i e s ,  

sa n ita t io n  s ta t io n , p ark  s t o r e ,  l ib r a r y , and n u m e r o u s  n a tu re  and  

h ik in g  t r a i l s .  S u p e r v ise d  n a tu re  stu d y  p r o g r a m s  a r e  o f fe r e d  to  

v i s i t o r s .

M o re  than  h a lf  o f  the 8 3 8 , 734  v i s i t s  to  W a te r lo o  S tate  

R e c r e a t io n  A r e a  in  1968 w e r e  r e c o r d e d  a t  d ie  P o r ta g e  L ak e  U n it.
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T a w a s  P o in t  S ta te  P a r k . - - T a w a s  P o in t  S ta te  P a r k  i s  lo c a te d  

in  I o s c o  C ou n ty , th r e e  and a h a lf  m i l e s  s o u t h e a s t  o f  th e  tow n o f  E a s t  

T a w a s . T h e p ark  fr o n ts  on b oth  L ak e  H u ron  and T a w a s  B a y , w ith  

th e  d a y - u s e  a r e a  lo c a te d  on th e  L ak e H u ron  s h o r e .

T h e p ark  i s  in  th e  sh a p e  o f  a  sa n d y  hook  w h ich  e x te n d s  in to  

L ak e H u ron  and fo r m s  T a w a s  B a y . M o r e  than  tw o  m i l e s  o f  w id e ,  

sa n d y  b e a c h  th a t i s  c o n t in u a lly  c o o le d  b y  la k e  b r e e z e s  i s  a v a i la b le  

to  p a rk  u s e r s .  D a y - u s e  f a c i l i t i e s  in c lu d e  a  s w im m in g  b e a c h , b o a t  

la u n c h in g  r a m p s , h ik in g  t r a i l s ,  p ic n ic  t a b le s ,  and m o d e r n  r e s t ­

r o o m s . A ch ild ren *  s  p la y g r o u n d  i s  e q u ip p ed  w ith  s l i d e s ,  s w in g s ,  

and o th e r  a p p a r a tu s , and a b a t h e r ' s  c h a n g e  b u ild in g  i s  c o n v e n ie n t ly  

lo c a te d  n e a r  the b e a c h .

T h e 170 a c r e  p a rk  a l s o  in c lu d e s  a 202 s i t e  ca m p g ro u n d  

w h ic h  i s  fu r n ish e d  w ith  e l e c t r i c i t y ,  t o i l e t s ,  s h o w e r s  and a s a n ita t io n  

s ta t io n .

A p p r o x im a te ly  1 5 0 , 7 0 0  v i s i t s  w e r e  m a d e  to  th is  p ark  in

1968.

P r o c u r e m e n t  and  
E v a lu a t io n  o f  D ata

T h e s e l f - e n u m e r a t iv e  q u e s t io n n a ir e  w a s  s e l e c t e d  a s  the  

m o s t  a p p r o p r ia te  d a ta  c o l le c t io n  in s tr u m e n t . T h e q u e s t io n n a ir e  

sh o w n  in  F ig u r e  2 w a s  d e s ig n e d  to  c o l l e c t  in fo r m a tio n  in  th r e e
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FIG U R E  2 . - - Q u e s t io n n a ir e  E m p lo y e d  in  P a r k - U s e r  D a ta  C o lle c t io n .
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g e n e r a l  c a t e g o r ie s ;  s o c io - e c o n o m ic  c h a r a c t e r i s t i c s  o f  th e  u s e r s ,  

u s e r  o r ig in  and t r a v e l  c h a r a c t e r i s t i c s ,  and  a c t iv i t y  p a r t ic ip a t io n  

w h ile  in  the p a r k . R e sp o n d e n t s a m p le  s i z e  a t  e a c h  o f  th e  p a r k s  w a s  

th en  c a lc u la te d , ta k in g  in to  c o n s id e r a t io n  th e  a n a ly s i s  r e q u ir e m e n t s .

Q u e s t io n n a ir e  d i s p e r s a l  w a s  th ro u g h  d is tr ib u t io n  by th e  

c o n ta c t  s ta t io n  r a n g e r  a t  th e  p ark  e n tr a n c e . A  s y s t e m a t ic  s a m p lin g  

p r o c e d u r e  w ith  ran d om  s t a r t s  w a s  e m p lo y e d  to  d is t r ib u t e  q u e s t io n ­

n a ir e s  to  th e  d e s ig n a te d  s a m p le  u n i t s .  R e t r ie v a l  o f  the c o m p le te d  

s u r v e y  in s tr u m e n t s  w a s  a c c o m p lis h e d  by m e a n s  o f v o lu n ta r y  d e p o s i t  

in to  a c o l le c t io n  b o x  p la c e d  n e a r  th e  p a r k  e x it .

O f th e  to ta l  n u m b e r  o f  q u e s t io n n a ir e s  han d ed  o u t, a p p r o x i - 

m a t e ly  63 p e r  c e n t  w e r e  r e tu r n e d . H o w e v e r , o n ly  39 p e r  c e n t  w e r e  

to ta l ly  c o m p le te d  and w e r e  in c lu d e d  in  the a n a ly s i s .  E a ch  s a m p le  

park w a s  th en  v i s i t e d  by in te r v ie w  t e a m s  and fo r  a few  d a y s  i n f o r m a ­

tio n  w a s  o b ta in ed  fr o m  a c e n s u s  o f  p ark  u s e r s .  T h e d a ta  c o l le c t e d  

b y  v o lu n ta r y  d e p o s i t  th r o u g h o u t th e  s u m m e r  m o n th s  w a s  th en  co m  - 

p a r e d  b y  m e a n s  o f  c h i s q u a r e  and a n a ly s i s  o f  v a r ia n c e  t e s t s  to  the  

c e n s u s  d a ta . It w a s  found  th a t a t  the 95 p e r  c e n t  c o n f id e n c e  l e v e l  

th e  " v o lu n ta r y  d e p o s it"  d a ta  and th e  " c e n su s"  d a ta  w e r e  fr o m  th e  

s a m e  p o p u la t io n , e x c e p t  fo r  r e s p o n s e s  fr o m  q u e s t io n s  r e la t in g  to  

t r a v e l  c h a r a c t e r i s t i c s .  R e s p o n s e s  to  Ihe t r a v e l  q u e s t io n s ,  w h ic h  

w e r e  c h a r a c te r iz e d  b y  la r g e  s ta n d a r d  d e v ia t io n s ,  w e r e  th e  o n ly  o n e s
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th a t sh o w e d  a s t a t i s t i c a l ly  s ig n if ic a n t  d e v ia t io n  b e tw e e n  " v o lu n ta ry  

d e p o s it"  d a ta  and  " c e n su s"  d a ta .

A c t iv i t i e s  S e le c te d  fo r  
A n a ly s i s  o f  R e v e a le d  P r e f e r e n c e

R e s p o n s e s  to  Q u e stio n  2 3 , "W hich o f  th e  a c t i v i t i e s  l i s t e d  

b e lo w  d id  y o u r  g r o u p  do w h ile  h e r e ? "  w e r e  u s e d  to  in d ic a te  r e c r e a ­

t io n a l  a c t iv i t y  p r e f e r e n c e s .  T he q u e s t io n  c o n ta in e d  tw e n t y - f iv e  f ix e d  - 

c a te g o r y  r e s p o n s e  p o s s i b i l i t i e s ,  and  th e  r e c r e a t io n is t s  m e r e ly  had  

to in d ic a te  w h ic h  o f  th e  l i s t e d  a c t i v i t i e s  w e r e  s e l e c t e d  fo r  p a r t ic ip a  - 

t io n .

In o r d e r  to  p e r m it  d e ta i le d  s u b - c e l l  a n a ly s i s ,  i t  w a s  

d e c id e d  th a t th o s e  a c t i v i t i e s  w h ic h  had  th e  l a r g e s t  r e s p o n s e  r a te s  

w o u ld  b e  s e l e c t e d  fo r  fu r th e r  in v e s t ig a t io n . O th e r  l im it a t io n s  su c h  

a s  f in a n c ia l  su p p o r t  and a v a i la b le  c o m p u te r  t im e  d ic ta te d  th a t no  

m o r e  than  fo u r  in d iv id u a l a c t i v i t i e s  w e r e  to  b e  e x a m in e d . A f r e ­

q u e n c y  d is tr ib u t io n  o f  th e  r e s p o n s e s  to  Q u e s t io n  23 r e v e a le d  th a t the  

fo llo w in g  a c t i v i t i e s  m e t  th e  a b o v e  c r i t e r ia ,  and on  th a t b a s i s  th ey  

w e r e  s e l e c t e d  fo r  in c lu s io n  in  the a n a ly s is :

a . s ig h t s e e in g  fr o m  c a r

b . w a lk in g  to  s c e n ic  p o in ts

c .  p ic n ic k in g

d . s w im m in g
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T h e n u m b e r  o f  s a m p le  u n it s  w h ic h  in d ic a te d  a p r e f e r e n c e  fo r  th e

s e le c t e d  a c t i v i t i e s  a t  e a c h  o f  th e  s a m p le  p a r k s  i s  c o n ta in e d  in  T a b le  2 .

P r e v io u s ly  o u tlin e d  l im it a t io n s  p r o h ib ite d  th e  a n a ly s i s  o f  c o m b in a  -

t io n s  o f  th e  fo u r  a c t i v i t i e s ,  b u t p a r t ic ip a t io n  r a t e s  fo r  c o m b in a t io n s

a r e  e x h ib ite d  in  A p p en d ix  A .

T h e  fo u r  s e le c t e d  a c t i v i t i e s  ran k  a m o n g  th e  ten  m o s t  p o p u -
7

la r  o u td o o r  r e c r e a t io n  a c t i v i t i e s  o f  M ic h ig a n  r e s id e n t s .  T h e  s a m e
g

p o p u la r ity  i s  in  e v id e n c e  th r o u g h o u t th e  U n ited  S ta te s ,  and i s  p r e -
9

d ie te d  th ro u g h  to  th e  y e a r  2 0 0 0 .

C o m p ila t io n  o f  P a r k  W e a th e r  D ata

W e a th e r  d ata  a t  e a c h  o f  th e  s a m p le  p a r k s  w e r e  c o l le c t e d  

d a ily ,  w ith  s e p a r a te  r e c o r d s  b e in g  k e p t fo r  m o r n in g  and  a fte r n o o n  - 

e v e n in g  c o n d it io n s . P r io r  to  s tu d y  c o m m e n c e m e n t , e a c h  s a m p le  

p ark  w a s  v i s i t e d  and the s t a f f  w a s  g iv e n  in s tr u c t io n  in  th e  m e th o d s  

to  b e  u s e d  in  c o l le c t in g  d a ta . T h e f ix e d - c a t e g o r y  fo rm  sh o w n  in

7
M ic h ig a n  D e p a r tm e n t  o f  C o n s e r v a t io n , M ic h ig a n  O u td oor  

R e c r e a t io n  P la n  (L a n s in g :  R e c r e a t io n  R e s o u r c e  P la n n in g  D iv is io n ,  
M ic h ig a n  D e p a r tm e n t  o f  C o n s e r v a t io n , 1967) ,  p.  1 - K  21 0 .

0
U.  S. B u r e a u  o f O u td oor  R e c r e a t io n ,  O u td o o r  R e c r e a t io n  

T r e n d s  (W a sh in g to n , D . C . : G o v e r n m e n t  P r in t in g  O ff ic e , 1 9 6 7 ),
p . 8 .

9 Ib id . , pp. 1 0 - 1 7 .



a
TABLE 2. --Number of Sample Units Which Indicated Participation in Selected Activities

Park

Total Number 
of

Sample Units 
(N)

Activities

a. Sightseeing 
from Car 

Only

b. Walking to 
Scenic Points c. Picnicking d. Swimming

Tawas Point 
State Park 1158 403 562 377 644

Waterloo State 
Recreation Area, 
Portage Lake Unit

832 175 195 410 668

Holland State Park 950 228 286 289 548

a
Sample units may have indicated participation within one, two, three, or all four 

selected activities. A summary of the number of respondents who indicated participation in 
combinations of the selected activities is contained in Appendix A.
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F ig u r e  3 w a s  u se d  to  r e c o r d  w e a th e r  c o n d it io n s  a t  th e  p a rk . 

T e m p e r a tu r e  r e a d in g s  w ith in  e a c h  p a rk  w e r e  o b ta in e d  fr o m  F a h r e n ­

h e it  t h e r m o m e t e r s  lo c a te d  a c c o r d in g  to  E SSA  s ta n d a r d s . C loud  

c o v e r ,  p r e c ip ita t io n , and w in d  c o n d it io n s  w e r e  o b ta in ed  fr o m  s u b ­

j e c t iv e  r a t in g s  b y  th e  p a rk  s ta f f .

T h e m o r n in g  ( A . M .  ) w e a th e r  r e c o r d in g s  w e r e  to be th e  

a v e r a g e  w e a th e r  c o n d it io n s  o v e r  th e  p a rk  fr o m  s u n r is e  u n t i l  n oon . 

S in c e  th e  p a r k s  do not b e g in  n o r m a l o p e r a t io n  u n t i l  8 :0 0  a . m . ,  i t  i s  

r e a s o n a b le  to  a s s u m e  th a t th e  m o r n in g  w e a th e r  d ata  w e r e  th e  a v e r a g e  

w e a th e r  c o n d it io n s  o v e r  th e  p ark  fr o m  8 :0 0  a . m .  u n til  n o o n . T h e  

a f te r n o o n -e v e n in g  (P . M . ) w e a th e r  d a ta  c o n s is t e d  o f  th e  a v e r a g e  

w e a th e r  c o n d it io n s  a t  th e  p ark  fr o m  n o o n  u n t il  s u n s e t .

D e te r m in a t io n  o f  W e a th e r  D a ta  a t  
the P a r k  U se r *  s  O r ig in

T h e o r ig in  o f  e a c h  s a m p le  u n it  co u ld  be id e n t if ie d  th ro u g h  

the r e s p o n s e  to  Q u e s t io n  6 , " W h ere  i s  y o u r  p r e s e n t  h o m e ? " ^  A s  

o n e  w o u ld  e x p e c t ,  a  p e r u s a l  o f  th e  c o l le c t e d  q u e s t io n n a ir e s  r e v e a le d  

th a t h u n d r e d s  o f  d i f f e r e n t  c o m m u n it ie s  w e r e  r e p r e s e n t e d  by the  

r e s p o n d e n ts .  S ta ff and t im e  l im it a t io n s  p r o h ib ite d  the c o l le c t io n  o f

* ^ S in ce  the s tu d y  fo c u s  w a s  on the d a y - u s e r ,  th e  q u e s t io n  
w a s  w o r d e d  in  su c h  a m a n n e r  a s  to  f a c i l i t a t e  d a y - u s e r  r e s p o n s e .  It 
i s  r e c o g n iz e d  th a t th e  q u e s t io n  w o u ld  n o t e l i c i t  th e  d e s ir e d  in fo r m a  - 
t io n  fr o m  th o s e  r e s p o n d e n ts  w h o  d id  n o t  sp en d  th e  p r e v io u s  e v e n in g  
a t  t h e ir  p e r m a n e n t  r e s id e n c e .



SPECIA L WEEKLY PARK REPORT

DAY

Weather Conditions Sample Size

Teaperature to the 
nearest 5a

Cloud
Cover Precipitation Mind

Record nunber of cards handed out 
before noon and after noon.

1. Low-L
2. High-H
3. Averaee-'Xvq

1. Clear
2. Partly 

Cloudy
3. Overcast

1. None
2. Light Shower
3. Moderate *
4. Heavy *

1. None
2. Light 

Breeze
3. Guatv
4. Minds ton

Record nuaber of cards received 
before noon and the cards re- 

after noon.

L H AVG CARDS OUT__  CARDS IB__
L__H AVG CARDS OUT CARDS Dl__
L H AVG CARDS OUT CARDS Dl
L__ H AVG cardA <Jut__ cards jm_____
L__ H AVG__ CARDS OUT CARDS Dl
L H AVG CARDS OUT CARD6 IN
L H AVG caAdS 6ut__  CARhs dl__
L H AVG CARDS OUT CARDS Dl
L H AVG CARDS OUT CARDS Dl
L H AVG CARDS OUT CARDS Dl
L H AVG CARDS OUT_ CARDS Dl__
L__AVG CARDS OUT CARDS Dl
L__ H AVG CARDS OUT__ CARDS Dl_____
t ' ~B~ ~ \V T  ~ 1 CARDS OUT CARDS Dl

SUN

PARK CLOSED (Give t in e  and rea so n .)  OTHER EXPLANATION! (Use o th e r  s id e .)

FIGURE 3. --F o rm  Used to Record Daily Weather Conditions at the Sample Parks.
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w e a th e r  d a ta  fo r  m o r e  than  a few  d if f e r e n t  o r ig in  a r e a s ,  s o  an  

a m a lg a m a tio n  s c h e m e  had  to  b e  d e v is e d .

D e l in e a t io n  o f O r ig in  A r e a s

D is c u s s io n s  w ith  r e p r e s e n t a t iv e s  fr o m  th e  O ff ic e  o f  th e  

S ta te  C l im a t o lo g is t  r e v e a le d  th a t a r e a s  w ith in  th e  S ta te  o f  M ic h ig a n  

co u ld  b e  id e n t if ie d  w ith in  w h ic h  w e a th e r  c h a r a c t e r i s t i c s  w e r e  r e l a ­

t iv e ly  h o m o g e n e o u s . It i s  on  th e  b a s i s  o f  h o m o g e n e o u s  w e a th e r  z o n e s  

th a t w e a th e r  f o r e c a s t s  a r e  fo r m u la te d  and i s s u e d  by E SSA .

S in c e  m o s t  M ic h ig a n  c o u n t ie s  u s u a l ly  h a v e  h o m o g e n e o u s  

w e a th e r  c h a r a c t e r i s t i c s  th r o u g h o u t th e  e n t ir e  c o u n ty , u s e r  o r ig in s  

w e r e  c la s s i f i e d  a c c o r d in g  to  c o u n t ie s .  A  20 p e r  c e n t  s u b - s a m p le  o f  

c o l le c t e d  q u e s t io n n a ir e s  r e v e a le d  th a t a p p r o x im a te ly  80  p e r  c e n t  o f  

th e  to ta l n u m b e r  o f  r e s p o n d e n ts  a t  th e  s a m p le  p a r k s  c a m e  fr o m  

c o u n t ie s  in  S o u th ern  M ic h ig a n . T h e r e s u l t s  o f  th e  s u b - s a m p le  a r e  

o u tlin e d  in T a b le s  3 , 4 and 5.

U s in g  th e  s t a t e  w e a th e r  f o r e c a s t  z o n e s ,  ** a s s o c ia t e d  

w e a th e r  in fo r m a tio n , and r e s p o n d e n t  o r ig in  p a t te r n s ,  th e  o r ig in  a r e a s  

o u tlin e d  in  F ig u r e  4 w e r e  fo r m u la te d  in  c o n s u lta t io n  w ith  th e  s t a f f  

a t  th e  O ff ic e  o f  th e  S ta te  C l im a t o lo g is t .  T h o s e  r e s p o n d e n ts  w h o  d id

e
1 *A m a p  o f  the w e a th e r  f o r e c a s t  z o n e s  in  th e  S ta te  o f  

M ic h ig a n  i s  in c lu d e d  in  A p p e n d ix  B .



TABLE 3. --M ichigan Counties of Origin Obtained from a Sub-Sample of User Questionnaires
Collected a t the Waterloo State Recreation Area, Portage Lake Unit.

Weekday Users Weekend U sers Combined

County Number 
of U sers County Number 

of U sers County Number 
of Users

Wayne 47 Wayne 39 Wayne 86

Jackson 30 Jackson 22 Jackson 52

Ingham 19 Ingham 12 Ingham 31

Washtenaw 10 Washtenaw 12 Washtenaw 22

TOTAL 106 TOTAL 85 TOTAL 191

Number of Users Within the Entire Origin Sub-Sample

113 93 2 OS

Percentage of the Entire Sub-Sample Originating in the Counties Listed Above

93.8% 91.4% 92.7%



TABLE 4. --Michigan Counties of Origin Obtained from a Sub-Sample of User Questionnaires
Collected at Holland State Park.

Weekday Users Weekend Users Combined

County Number 
of Users County Number 

of Users County Number 
of Users

Kent 37 Kent 48 Kent 85

Ottawa 34 Ottawa 34 Ottawa 68

Kalamazoo 8 Kalamazoo 10 Kalamazoo 18

Calhoun 7 Calhoun 8 Calhoun 15

TOTAL 86 TOTAL 100 TOTAL 186

Number of U sers Within the Entire Origin Sub-Sample

110 224

Percentage of the Entire Sub -Sample Originating in the Counties Listed Above

78.2% 8 8 . 6% 83.0%



TABLE 5. --M ichigan Counties of Origin Obtained from a Sub-Sample of U ser Questionnaires
Collected a t Tawas Point State Park.

Weekday U sers Weekend U sers Combined

County Number 
of U sers County Number 

of U sers County Number 
of U sers

Genesee 42 Genesee 48 Genesee 90

Saginaw 32 Saginaw 45 Saginaw 73

Wayne 28 Wayne 26 Wayne 58

Jackson 10 Jackson 16 Jackson 26

TOTAL 112 TOTAL 135 TOTAL 247

•»>o>

Number of U sers Within the Entire Origin Sub-Sample

141 307

Percentage of the Entire Sub-Sample Originating in the Counties Listed Above

79.4% 81.3% 80.5%
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4

6

Origin
A r e a

No.a

Origin
A reo
Name

2 F l i n t
3 D e t r o i t
4 Gd. R a p i d s
5 M u s k e g o n
6 L a n s i n g
7 J a c k s o n
8 S a g i n a w  A

SSTTOffir

imtr

f t

z

F IG U R E  4 . - - O r i g i n  A r e a s  o f  S a m p le  P a r k  R e sp o n d e n ts .

— - D u e  to  d a ta  p r o c e s s in g  l im it a t io n s ,  th e r e  w a s  no " N u m b er  
O ne" o r ig in  a r e a  d e s ig n a te d .
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n o t l i s t  th e ir  o r ig in  a s  b e in g  w ith in  th e  s e v e n  d e l in e a te d  o r ig in  a r e a s  

w e r e  n o t c o n s id e r e d  in  th e  a n a ly s i s .

In e a c h  o f  th e  d e l in e a te d  o r ig in  a r e a s ,  th e  w e a th e r  s ta t io n

th a t c o l le c t e d  th e  m o s t  d e ta i le d  d a ta  w a s  s e l e c t e d  to  p r o v id e  th e

12d a i ly  o r ig in  w e a th e r  d a ta . O r ig in  a r e a s  w e r e  n a m e d  a f t e r  the  

c h o s e n  w e a th e r  s t a t io n s .

O r ig in  A r e a  D a ily  W e a th e r  D a ta

T h e p a r t ic u la r  o r ig in  a r e a  d a i ly  w e a th e r  f a c t o r s  w h ich  w e r e  

to  b e  in c lu d e d  in  th e  a n a ly s i s  w e r e  d e te r m in e d  fr o m  a s u r v e y  o f  

r e c o r d e d  w e a th e r  d a ta , a  r e v ie w  o f  l i t e r a t u r e ,  and p a s t  o u td o o r  

r e c r e a t io n  e x p e r ie n c e s .  T h e  s e le c t e d  v a r ia b le s  a r e  c a te g o r iz e d  

b e lo w  and a r e  l i s t e d  in  d e ta i l  in  th e  in i t ia l  s t a t i s t i c a l  m o d e l  s e c t io n  

o f  C h a p te r  IV .

T h e d a ily  o r ig in  a r e a  w e a th e r  d ata  w e r e  o b ta in ed  fro m  

o f f i c ia l  E SSA  W e a th e r  B u r e a u  r e c o r d s .  A l l  w e a th e r  d a ta  had b e e n  

c o l le c t e d  a c c o r d in g  to  s p e c i f ic a t io n s  w h ic h  a r e  s ta n d a r d  fo r  a l l

12 W e a th e r  B u re a u  S ta t io n s  a r e  r a te d  a c c o r d in g  to  th e  
e x te n t  o f  s ta f f  tr a in in g , th e  a m o u n t o f  E SSA  s u p e r v is io n ,  th e  r a n g e  
o f  d a ta  c o l le c t io n  e q u ip m e n t, and th e  h o u r s  o f  o p e r a t io n . T he  
h ig h e s t  o r d e r  w e a th e r  s ta t io n s  a r e  t e r m e d  " f i r s t  o r d e r .  " A l l  
o r ig in  a r e a  w e a th e r  d ata  w e r e  o b ta in e d  fr o m  f i r s t  o r d e r  w e a th e r  
s ta t io n s  w ith  tw o e x c e p t io n s ;  d a ta  fr o m  s e c o n d  o r d e r  s ta t io n s ,  w h ic h  
i s  e q u iv a le n t  in  q u a lity  to  d a ta  fr o m  f i r s t  o r d e r  s t a t io n s ,  w e r e  u s e d  
fo r  J a c k s o n  and  S ag in aw  o r ig in  a r e a s .



13w e a th e r  s t a t io n s  th ro u g h o u t th e  U n ited  S ta te s .  T h r e e  g e n e r a l  s e t s  

o f  d a ta  w e r e  co d ed : d a ily  m e t e o r o lo g ic a l  c o n d i t io n s - - g e n e r a l ly  

c o n s is t in g  o f  th e  a v e r a g e  c o n d it io n s  a t  th a t p a r t ic u la r  o r ig in  a r e a  

d u r in g  th e  e n t ir e  d ay ; 7 :0 0  A . M .  w e a th e r  c o n d it io n s - - s p e c i f ic  

w e a th e r  c o n d it io n s  w h ich  e x is t e d  a t  7 :0 0  a . m .  ; and th e  s a m e  w e a th e r  

f a c t o r s  a t  1:00 P . M .

O r ig in  A r e a  F o r e c a s t  
W e a th e r  D a ta

S in c e  th e  o r ig in a l  f o r e c a s t s ,  a s  i s s u e d ,  had  b e e n  d is c a r d e d

b y  E SSA , f o r e c a s t  w e a th e r  d a ta  fo r  e a c h  o f  the d e s ig n a te d  o r ig in

a r e a s  w e r e  o b ta in ed  fr o m  lo c a l  n e w s p a p e r s .  T h e n e w s p a p e r  w ith

th e l a r g e s t  d a i ly  c ir c u la t io n  th ro u g h o u t e a c h  r e s p e c t iv e  o r ig in  a r e a

14w a s  s e le c t e d  to  p r o v id e  f o r e c a s t  w e a th e r  d a ta . N e w s p a p e r s  u s e d  

a r e  l i s t e d  in  T a b le  6 .

C h a p te r  IV w i l l  d e a l  w ith  th e  a n a ly s i s  o f  the d a ta  and w i l l  

d i s c u s s  th e  r e s u l t s  o f  th e  in v e s t ig a t io n .

13 F o r  an  e x p la n a tio n  o f  t h e s e  s p e c i f ic a t io n s  s e e :  U . S .  
D e p a r tm e n t  o f C o m m e r c e ,  S u r fa c e  O b s e r v a t io n s :  F e d e r a l  M e t e o ­
r o lo g ic a l  H andbook N o . 1 (W a sh in g to n , D . C . :  U . S .  G o v e r n m e n t  
P r in t in g  O f f ic e , 1970); o r  fr o m  th e  s a m e  s o u r c e ,  I n s tr u c t io n s  fo r  
C lim a t o lo g ic a l  O b s e r v e r s ,  C ir c u la r  B , E le v e n th  E d itio n  (J a n u a r y ,  
19621.

14D a i ly  c ir c u la t io n  in fo r m a tio n  w a s  o b ta in ed  fr o m  E d ito r  
and P u b l i s h e r ' s  Y e a r b o o k , 1 9 6 9 , E n c y c lo p e d ia  o f  th e  N e w s p a p e r  
In d u str y  (N ew  Y o rk ; E d ito r  and P u b lis h e r  C o . ,  In c . , 19 6 9 ).
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T A B L E  6 . - - N e w s p a p e r s  U s e d  to  P r o v id e  F o r e c a s t  W e a th e r  D a ta  
fo r  E a ch  o f th e  D e s ig n a te d  O r ig in  A r e a s .

O r ig in  A r e a
O r ig in
A r e a

N u m b e r

N e w s p a p e r  w ith  th e  L a r g e s t  D a ily  
C ir c u la t io n  w ith in  E a c h  O r ig in  

A r e a

F lin t 2 F lin t  J o u r n a l

D e tr o it 3 D e tr o i t  N e w s

G rand R a p id s 4 G ran d R a p id s  P r e s s

M u sk eg o n 5 M u sk e g o n  C h r o n ic le

L a n sin g 6 L a n sip g  S ta te  J o u r n a l

J a c k so n 7 J a c k s o n  C it iz e n  P a t r io t

S ag in aw 8 S a g in a w  N e w s



C H A P T E R  IV

A N A L Y S IS  A N D  R E S U L T S

T h e m e th o d  o f  a n a ly s i s  e m p lo y e d  in  th is  s tu d y  w a s  a 

v a r ia t io n  o f  m u lt ip le  l in e a r  r e g r e s s i o n .  T h e u s e  o f th is  te c h n iq u e  

p r e s e n te d  o n e  m a jo r  a d v a n ta g e  o v e r  o th e r  a n a ly t ic a l  te c h n iq u e s :  n o t  

o n ly  co u ld  th o s e  w e a th e r  c h a r a c t e r i s t i c s  ( in d e p e n d e n t v a r ia b le s )  

w h ic h  e x e r t  a s ig n if ic a n t  in f lu e n c e  upon r e v e a le d  p r e f e r e n c e  fo r  

r e c r e a t io n  a c t i v i t i e s  (d e p e n d e n t v a r ia b le )  b e  id e n t if ie d , b u t the e x te n t  

o f  th a t in f lu e n c e  c o u ld  a l s o  b e  e s t im a t e d .

C a u tio n  m u s t  be e x e r c i s e d  in  th e  u s e  o f  o r d in a r y  l e a s t  

s q u a r e s  b e c a u s e  o f  th e  d ic h o to m o u s  n a tu r e  o f  the d e p e n d e n t v a r ia b le .  

R a th e r  th an  the in f in ite  n u m b e r  o f  v a lu e s  th at th e  d e p e n d e n t v a r ia b le  

i s  n o r m a lly  a s s u m e d  to  ta k e , o n ly  tw o v a lu e s  w e r e  p o s s ib le .  F o r  

e x a m p le ,  e i t h e r  a r e s p o n d e n t  c h o s e  to  p a r t ic ip a te  in  sw im m in g  o r  

h e  d id  n o t, h e  p a r t ic ip a te d  in  p ic n ic k in g  o r  h e  d id  n o t , and s o  fo r th . 

T h u s, th e  d e p e n d e n t  v a r ia b le  y  co u ld  o n ly  b e  w r it te n  a s:

r 1 i f  th e  r e s p o n d e n t  p a r t ic ip a te d  in  th e  a c t iv i t y  u n d er
J c o n s id e r a t io n .y - <

 ̂ 0  i f  the r e s p o n d e n t  d id  n o t  p a r t ic ip a te  in  th e  a c t iv i t y .
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A  g e n e r a l  l in e a r  r e g r e s s i o n  m o d e l  i s  o f  th e  fo r m

y = A ) +  +  A x 2 • • ■ +  A x t +  €

w h e r e :

y  r e p r e s e n t s  th e  d e p e n d e n t v a r ia b le

Xj» Xg, . . . Xj a r e  s p e c i f ie d  a s  in d e p e n d e n t v a r ia b le s

r e p r e s e n t  unknow n p o p u la tio n  
p a r a m e t e r s  th a t, in  a s e n s e ,  
m e a s u r e  th e  w e ig h t  a s s ig n e d  to  
th e  in d e p e n d e n t v a r ia b le s  in  
p r e d ic t io n  o f  th e  ran d om  
r e s p o n s e  y

6  i s  a  ra n d o m  c o m p o n e n t w h ic h  e x p la in s  th e  ra n d o m  f lu e  - 
tu a tio n  in  y  fo r  f ix e d  s e t t in g s  o f  x ^ , Xg, . . . x^.

It i s  a s s u m e d  th a t th e  ra n d o m  v a r ia b le  €  h a s  an  e x p e c te d  v a lu e  o f  

z e r o  and c o n s ta n t  v a r ia n c e  &  ^ , and th a t r e p e a te d  v a lu e s  o f C a r e  

in d e p e n d e n t o f  o n e  a n o th e r  in  r e p e a te d  s a m p lin g .

G o ld b e r g e r  h a s  sh o w n  th a t w h en  y  i s  d ic h o to m o u s  th e  

a s s u m p t io n  o f h o m o g e n e o u s  v a r ia n c e  i s  u n te n a b le . 1 In s u c h  c a s e s ,  

i t  h a s  b e e n  found th a t €* v a lu e s  a r e  h e t e r o s c e d a s t ic :  th ey  v a r y  

s y s t e m a t ic a l ly  w ith  e s t im a t e d  v a lu e s  o f  y  and  h e n c e , w ith  p a r t ic u la r  

v a lu e s  o f  th e  in d e p e n d e n t v a r ia b le s .

1 A r th u r  S. G o ld b e r g e r , E c o n o m e tr ic  T h e o r y  (N ew  Y ork :  
Joh n  W ile y  and S o n s , In c . , 1 9 6 4 ), p . 2 4 9 .
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In o r d e r  to  o b ta in  th e  b e s t  l in e a r  u n b ia s e d  e s t im a t o r s  w ith

a d ic h o to m o u s  d e p e n d e n t v a r ia b le ,  G o ld b e r g e r  h a s  r e c o m m e n d e d  a

2
tw o  s t a g e  l e a s t  s q u a r e s  p r o c e d u r e .  F i r s t ,  th e  c a lc u la te d  v a lu e s  o f  

y  a r e  o b ta in e d  fo r  e a c h  o b s e r v a t io n  fr o m  an  o r d in a r y  l e a s t  s q u a r e s  

s o lu t io n . T h e y  v a lu e s  a r e  th en  u s e d  to  c a lc u la te  th e  te r m  y ( l  - y ) ,  

an  a p p r o x im a t io n  o f  th e  v a r ia n c e  o f  6 * fo r  th a t p a r t ic u la r  o b s e r v a t io n .  

T h en  v a lu e s  o f  th e  d e p e n d e n t and in d e p e n d e n t v a r ia b le s  fo r  e a c h  

o b s e r v a t io n  a r e  tr a n s fo r m e d  b y  d iv id in g  th e m  by th e  c o r r e s p o n d in g  

y ( l  - y ) t e r m . T h e f in a l  s t e p  c o n s i s t s  o f  a n a ly z in g  th e  tr a n s fo r m e d  

v a lu e s  b y  o r d in a r y  l e a s t  s q u a r e s  to  d e r iv e  p a r a m e te r  e s t i m a t e s .  B y  

m e a n s  o f  th is  p r o c e d u r e , n o t o n ly  a r e  b e t t e r  u n b ia se d  e s t im a t o r s

o b ta in e d , b u t th e  v a l id ity  o f  th e  s ig n if ic a n c e  d e te r m in a t io n  i s

^ 3 in c r e a s e d .

In v ie w  o f  th e  d ic h o to m o u s  d e p e n d e n t  v a r ia b le ,  the c a l c u ­

la te d  v a lu e  o f  y fo r  any  g iv e n  x i s  in te r p r e te d  a s  an e s t im a t e  o f  the  

c o n d it io n a l p r o b a b ili ty  o f  y , g iv e n  x .  T h a t i s ,  i f  x c h a n g e s  by o n e  

u n it  th en  th e  p r o b a b ility  o f y  c o r r e s p o n d in g ly  c h a n g e s  b y  th e  e s t i  - 

m a te d  p a r a m e te r  v a lu e  a s s o c ia t e d  w ith  th a t x .

2
Ib id . , p p . 2 5 0 - 2 5 5 .  A  c o n c is e  d e s c r ip t io n  o f  G o ld b e rg e r*  s  

p r o c e d u r e  i s  o u t lin e d  in  J . J o h n s to n , E c o n o m e tr ic  M e th o d s  (N ew  
Y ork : M c G r a w -H il l  B o o k  C o m p a n y , 1 9 6 3 ), p . 22 8 .

3
J a n  K m e n ta , P r o f e s s o r ,  D e p a r tm e n t  o f  E c o n o m ic s ,  

M ic h ig a n  S ta te  U n iv e r s i t y .  F r o m  d i s c u s s i o n s  w ith  th e  A u th o r  
d u r in g  A p r i l ,  1 9 7 0 .
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In it ia l  S t a t i s t ic a l  M o d e l

T h e in i t ia l  s t a t i s t i c a l  m o d e l  s p e c i f ie d  in  t h is  a n a ly s i s  w a s

a s  fo llo w s :

w h e r e

P jk  " b 0 + b l X l  + b 2 X 2 ' * ’ b iX i

P  = c o n d it io n a l p r o b a b ility  o f  p a r t ic ip a t in g  in  a c t iv i t y  j 
 ̂ a t  p ark  k

1 fo r  s ig h t s e e in g  fr o m  c a r

2 fo r  w a lk in g  to  s c e n ic  p o in ts

3 fo r  p ic n ic k in g

4 fo r  sw im m in g

k -  <

1 fo r  T a w a s  P o in t  S ta te  P ark

2 fo r  W a te r lo o  S ta te  R e c r e a t io n  A r e n ,
P o r ta g e  L ak e  U n i t

3 fo r  H o lla n d  S ta te  P a rk

C h a r a c t e r is t ic s  o f  th e  P a r k  U s e r  
and P a r k  U s e

X^ = to ta l  n u m b e r  o f  m a le s  in  th e  v e h ic le  

Xg = to ta l  n u m b e r  o f  f e m a le s  in  th e  v e h ic le
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X g = to ta l  n u m b e r  o f  o c c u p a n ts  in  th e  v e h ic le ,

X 4 = t im e  s p e n t  t r a v e l in g  fr o m  u s e r ' s  o r ig in  to  the p a r k , 
to  the n e a r e s t  £ h o u r  in t e r v a l

X g = n u m b e r  o f  m i l e s ,  b y  th e  m o s t  d ir e c t  r o u te , fro m  
u s e r 1 s  o r ig in  to  th e  p a r k ,, to  th e  n e a r e s t  m i le

X g = to ta l  in c o m e  fr o m  th e p r e v io u s  y e a r  fo r  th e  fa m ily  
o f  the d r iv e r  o f  th e  v e h ic le ,  in  d o l la r s ^

4
X^ = t im e  o f  p a rk  e n tr y , to  ih e  n e a r e s t  tw o h ou r  in t e r v a l

X g = to ta l  n u m b e r  o f  h o u r s  sp e n t  in  th e  p a rk , to  th e  
n e a r e s t  hour^* ^

X jg  = to ta l  n u m b e r  o f  a c t i v i t i e s  fo r  w h ic h  p a r t ic ip a t io n  w a s  
in d ic a te d

g
X j 4 = d ay  o f  p ark  e n tr a n c e , (w e e k e n d  d ay  p a rk  e n t r a n c e - 

w e e k d a y  p a rk  e n tr a n c e )

X^j. = t im e  o f  p ark  e n tr a n c e , ( P . M .  park  e n t r a n c e - A . M. 
p ark  e n tr a n c e )

4
C od in g  c a t e g o r ie s  a r e  sh o w n  in  F ig u r e  2 , p a g e  36 .

5
I d e n t if ic a t io n  n u m b e r s  9 - 1 2  w e r e  r e s e r v e d  fo r  d e p e n d e n t  

a c t iv i ty  v a r ia b le s  in  th e  a n a ly s i s .
g

P a r e n t h e s e s  a r e  u s e d  to  in d ic a te  th e  s p e c i f i c  co d in g  c a te  - 
g o r ie s  b e in g  c o n s id e r e d  in  th a t v a r ia b le .  T h is  t r e a tm e n t  i s  u s e d  to  
e n s u r e  in d e p e n d e n c e  a m o n g  c a t e g o r ie s ,  h e n c e  b e tw e e n  v a r ia b le s ,  in  
a n o n -c o n t in u o u s , m u lt i - c a t e g o r y  r e s p o n s e ,  and i s  o u t lin e d  in  S T A T  
S e r ie s  D e s c r ip t io n  N o. 18 A n a ly s i s  o f  C o v a r ia n c e  and A n a ly s i s  o f  
V a r ia n c e  w ith  U n eq u a l F r e q u e n c ie s  P e r m it t e d  in  th e  C e l l s , A g r i ­
c u ltu r a l E x p e r im e n t  S ta tio n , M ic h ig a n  S ta te  U n iv e r s i t y  (N o v e m b e r ,  
1969) ,  pp.  4 and 28 .
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7
X ^g = t im e  o f  p ark  e n tr a n c e  i f  r e s p o n d e n t  w a s  a c a m p e r ,  

( P . M .  p ark  e n t r a n c e - A . M . p a rk  e n tr a n c e )
0

X f?  = ty p e  o f  p ark  u s e r ,  (d a y  u s e r  - c a m p e r )

P a r k  W e a th e r  C h a r a c t e r i s t i c s

X iD = m in im u m  A . M .  t e m p e r a tu r e ,  in  F °  
l o

X^g = m a x im u m  A . M .  t e m p e r a tu r e ,  in  F °

X ^ q = a v e r a g e  A . M .  t e m p e r a t u r e ,  in  F °

X 2 i  = A . M .  t e m p e r a tu r e  r a n g e , in  F °

X 2 2 = m in im u m  P . M .  t e m p e r a t u r e ,  in  F °

X = m a x im u m  P . M .  t e m p e r a tu r e ,  in  F °
d O

^ 2 4  = a v e r a g e  P . M .  t e m p e r a t u r e ,  in  F °

X = P . M .  te m p e r a tu r e  r a n g e , in  F °
d o

“ A . M .  sk y  c o v e r ,  ( c l e a r  - o v e r c a s t )
d O

X 2  ̂ -  A . M .  sk y  c o v e r ,  (p a r t ly  c lo u d y  - o v e r c a s t )

X 2 g = A . M .  p r e c ip i ta t io n , (n o n e -h e a v y  p r e c ip ita t io n )

7
T h is  on e  in d e p e n d e n t v a r ia b le  w a s  found to  b e  a l in e a r  

c o m b in a tio n  o f  o th e r  in d e p e n d e n t v a r ia b le s  in  th e  r e g r e s s i o n  eq u a  -  
t io n . T h e r e fo r e ,  i t  w a s  d r o p p ed  fr o m  th e  a n a ly s i s  to  p r e v e n t  m a tr ix  
s in g u la r i ty .

0
A n in d iv id u a l w a s  c o n s id e r e d  to  be a d ay  u s e r  i f  h e  u s e d  a 

p a r k  fo r  r e c r e a t io n a l  p u r p o s e s  and  d id  n o t r e m a in  o v e r n ig h t  w ith in  
th a t p a rk .
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X 2 9  = A . M .  p r e c ip i ta t io n , ( l ig h t  s h o w e r s - h e a v y  p r e c ip ita t io n )

X __ = A . M .  p r e c ip i ta t io n , (m o d e r a te  s h o w e r s  - h e a v y  p r e ­
c ip ita t io n )

X g j  = A . M .  w in d  v e lo c i t y ,  (n o  w in d -w in d s to r m )

X 32 = A . M .  w in d  v e lo c i t y ,  ( l ig h t  b r e e z e - w in d s t o r m )

X „„ = A . M .  w in d  v e lo c i t y ,  ( g u s t y - w in d s t o r m )J a

X 34  = P . M .  sk y  c o v e r ,  ( c l e a r  - o v e r c a s t )

X = P . M .  sk y  c o v e r ,  (p a r t ly  c lo u d y  - o v e r c a s t )
«5 D

X„ _ = P . M .  p r e c ip ita t io n , (n o n e  - h e a v y  p r e c ip ita t io n )  ob

X g ? = P . M .  p r e c ip ita t io n , ( l ig h t  s h o w e r s  - h e a v y  p r e c ip ita t io n )

X 3 g = P . M .  p r e c ip ita t io n , (m o d e r a te  s h o w e r s  - h e a v y  p r e ­
c ip ita t io n )

X ^g = P . M .  w in d  v e lo c i t y ,  (n o n e - w in d s to r m )

= P . M .  w in d  v e lo c i t y ,  ( l ig h t  b r e e z e - w in d s t o r m )

= P . M .  w in d  v e lo c i t y ,  (g u s ty  - w in d s to r m )

O r ig in  A r e a  W e a th e r  C h a r a c t e r i s t ic s

X ^ 2 = f o r e c a s t  m a x im u m  d a i ly  t e m p e r a t u r e ,  in  F °

X = f o r e c a s t  m in im u m  d a i ly  t e m p e r a tu r e ,  in  F °4*5

X ^  = f o r e c a s t  d a i ly  p r e c ip ita t io n  p r o b a b ili ty , in  p e r  c e n t  

X ^  = m a x im u m  d a i ly  t e m p e r a tu r e ,  in  F °

X ^g = m in im u m  d a i ly  t e m p e r a tu r e ,  in  F °
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-  a v e r a g e  d a ily  t e m p e r a tu r e ,  in  F °

X AO = to ta l  d a i ly  p r e c ip ita t io n , in  1 /1 0 0  in c h e s  o f  w a te r  4o

X ^g = a v e r a g e  d a i ly  a tm o s p h e r ic  p r e s s u r e ,  in  1 / 1 0 0  in c h e s  
o f  m e r c u r y

X ^q = d a i ly  w in d  d ir e c t io n  d e v ia t io n  fr o m  m o n th ly  a v e r a g e ,  
in  d e g r e e s  w ith  a m a x im u m  v a r ia t io n  o f  18 d e g r e e s

X   ̂ = a v e r a g e  d a i ly  w in d  v e lo c i t y ,  in  m i l e s  p e r  h o u r

X _ = a v e r a g e  d a i ly  s k y  c o v e r  fr o m  s u n r i s e  to  s u n s e t ,  in
te n th s

X ,.g  = sk y  c o v e r  a t  7 :0 0  A . M . , in  te n th s

X &4 = t e m p e r a tu r e  a t  7 :0 0  A . M .  , in  F °

X ^g = r e la t iv e  h u m id ity  a t  7 :0 0  A . M . , in  p e r  c e n t

X ^g = w in d  v e lo c i t y  a t  7 :0 0  A . M . , in  m i le s  p e r  h ou r

Xg^ = sk y  c o v e r  a t  1:00 P . M . , in  te n th s

X gg  = te m p e r a tu r e  a t  1:00 P . M . , in  F °

X &g = r e la t iv e  h u m id ity  a t  1:00 P . M .  , in  p e r  c e n t

X __ = w ind  v e lo c i t y  a t  1 :00  P . M .  , in m i l e s  p e r  h ou r  
bU

X g j  = f o r e c a s t  d a ily  t e m p e r a tu r e  r a n g e , in  F °

X g 2 = d a ily  te m p e r a tu r e  r a n g e , in  F °

X __ = f o r e c a s t  s k y  c o v e r ,  ( c l e a r  - c o m p le t e ly  o v e r c a s t )  
b o

X g 4 = f o r e c a s t  sk y  c o v e r ,  ( s c a t t e r e d  c lo u d s  - c o m p le t e ly  
o v e r c a s t )

X g 5 = f o r e c a s t  sk y  c o v e r ,  (p a r t ia l ly  o v e r c a s t - c o m p le t e l y  
o v e r c a s t )
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X _„ = d a ily  o c c u r r e n c e  o f  fo g , (n on e  - h e a v y  fog> bo

X = d a ily  o c c u r r e n c e  o f  fo g , ( f o g - h e a v y  fog)67

X g Q = d a ily  o c c u r r e n c e  o f  th u n d e r s to r m s , ( th u n d e r s to r m  - 
n o  th u n d e r sto r m )

X gg = p r e c ip ita t io n  o c c u r r e n c e  a t  7 :0 0  A . M .  , (p r e c ip ita t io n  
no p r e c ip ita t io n )

X^g = p r e c ip ita t io n  o c c u r r e n c e  a t  1:00 P . M .  , (p r e c ip ita t io n  
no p r e c ip ita t io n )

X ? j = w e a th e r  d u rin g  p r e v io u s  d a y , (p o o r -g o o d )

X^g = w e a th e r  d u rin g  p r e v io u s  d a y , ( f a ir - g o o d )

X^g = w e a th e r  d u rin g  p r e v io u s  tw o d a y s , (p o o r -g o o d )

X ? 4  = w e a th e r  d u rin g  p r e v io u s  tw o  d a y s , ( f a ir - g o o d )

C o m b in a tio n s

X _ e = variables7 5 18 X 26

X _„ - variables 
i t> 37 X 40

X ?7  = variables 34 X 45

X _„ = variablesf o 50 X 51

X ? g = variables 42 X 51 X 52

X - variables BU 49 X 53 X 54 X 55

C o n fid en ce  L e v e l

T he l e v e l  o f  c o n f id e n c e  s p e c i f ie d  fo r  th e  a n a ly s is  w a s  0 . 90. 

T he r a tio n a le  fo r  s e le c t in g  th is  l e v e l  w a s  a s  fo l lo w s .  F ir s t ,  the
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p r e v io u s ly - c o l l e c t e d  r e s p o n d e n t  d a ta  had a lr e a d y  b e e n  c o l le c t e d  and  

t e s t e d  fo r  a c c u r a c y  u s in g  a 5 p e r  c e n t  s ig n if ic a n c e  l e v e l .  H e n c e ,  

th e  m a x im u m  l e v e l  o f  c o n f id e n c e  w h ic h  co u ld  b e  s p e c i f ie d  and u s e d  

w ith  r e a s o n a b le  a s s u r a n c e  in  th is  s tu d y  w a s  0 . 95 . S e c o n d , i t  w a s  

k n ow n th at o n e  o f  th e  c o n s e q u e n c e s  o f  h e t e r o s c e d a s t i c i t y  i s  th a t  th e  

v a l id ity  o f s ig n if ic a n c e  d e te r m in a t io n s  i s  r e d u c e d . In o r d e r  to  in s u r e  

th a t a l l  v a r ia b le s  w h ich  w e r e  a c tu a l ly  s ig n if ic a n t  a t  th e  5 p e r  c e n t  

l e v e l  w e r e  in c lu d e d  in  th e  f in a l  s t a t i s t i c a l  m o d e ls ,  i t  w a s  n e c e s s a r y  

to  r e d u c e  th e  l e v e l  o f  c o n f id e n c e  to  0 , 90 .

P r o c e d u r e  and R e s u lt s

9
C o l le c t e d  d a ta  w e r e  t r a n s f e r r e d  to  c o m p u te r  in p u t c a r d s .

D ata  on th e  n e w ly -p r o d u c e d  p u n ch ed  c a r d s  w e r e  th en  c o m p a r e d  to  

th e  o r ig in a l  d a ta  in  o r d e r  to  id e n t ify  r e c o r d in g  o r  k ey p u n ch  e r r o r s .

T h e CD C 6500  C o m p u tin g  S y s te m  w a s  th e n  u s e d  to  p r e p a r e  n ew  d ata  

d e c k s  in  w h ic h , fo r  in d e p e n d e n c e  in  a n a ly s i s ,  a l l  n o n -c o n t in u o u s ,  

c a te g o r iz e d  r e s p o n s e s  w e r e  t r a n s fo r m e d  in to  d u m m y  v a r ia b le s .

A g a in , new  d e c k s  w e r e  s c r u t in iz e d  fo r  p o s s ib le  e r r o r s ,

A t t h is  p o in t, a  lin k in g  p r o c e d u r e  w a s  fo l lo w e d . T h ir te e n  

d e c k s  o f p u n ch ed  c a r d s  w e r e  in  e x is t e n c e :  th r e e  d e c k s  o f  " r esp o n d e n t"

g
R e q u ir e d  s a m p le  p a rk  r e s p o n d e n t  d a ta  w e r e  o b ta in e d  fr o m  

p r e v io u s ly - p r e p a r e d  p u n ch ed  c a r d s .  T h e p r o d u c tio n  o f  th e  o r ig in a l  
punch  c a r d  d e c k s  h a s  b e e n  d e s c r ib e d  in  C r a p o  and C hubb, op . c i t . , 
p p . 6 2 - 6 4 .
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d a ta , o n e  fo r  e a c h  o f  the sa m p le  p a r k s; a d eck  o f  " d a ily  p ark  w ea th er"  

c a r d s  fo r  e a c h  o f the th r e e  sa m p le  p a r k s ;  and s e v e n  d e c k s  o f " d a ily  

o r ig in  w e a th e r "  c a r d s , on e  fo r  e a c h  o f  the o r ig in  a r e a s .  It w a s  

n e c e s s a r y  to  lin k  the a p p r o p r ia te  d a ily  o r ig in  and park w e a th e r  data  

to  r e sp o n d e n t d a ta . F or e x a m p le , c o n s id e r  a r e sp o n d e n t fro m  

W ash ten aw  C ou nty  w ho e n te r e d  T a w a s P o in t  S tate  P a r k  on Ju ly  2 5, 

1968 . D e s ir e d  data  fro m  th e  c o m p le te d , re tu r n e d  q u e s t io n n a ir e  

( in c lu d in g  r e c r e a t io n a l  a c t iv i ty  d a ta ) had b e e n  p la c e d  on  one punched  

" resp o n d en t"  c a r d . T he " d a ily  p ark  w e a th e r"  c a rd  w h ich  co n ta in ed  

the w e a th e r  d ata  fo r  T a w a s P o in t  S ta te  P a r k  on J u ly  25 w a s  th en  

jo in e d  to  th e  " resp o n d en t"  c a r d . F in a lly , th e  " d a ily  o r ig in  w e a th e r"  

c a r d , w h ich  co n ta in ed  the w e a th e r  d a ta  ( in c lu d in g  fo r e c a s t )  from  the  

D e tr o it  o r ig in  a r e a  fo r  J u ly  2 5, w a s  a l s o  lin k ed  to the " resp o n d en t"  

c a rd . T h e t h r e e - c a r d  c o m b in a tio n  w a s  then  r e c o r d e d  on m a g n e t ic  

tape and f i le d  u n d er  the n a m e  o f  the p a rk . T h is  p r o c e d u r e  w a s  

r e p e a te d  u n til a l l  o f  th o s e  r e sp o n d e n ts  o r ig in a t in g  in  the s e v e n  

s p e c i f ie d  o r ig in  a r e a s  w e r e  r e p r e s e n te d . T h o se  sa m p le  r e sp o n d e n ts  

w ho had in d ic a te d  an  o r ig in  o u ts id e  o f  th e  s e v e n  in c lu d e d  a r e a s  w e r e  

d rop p ed  fro m  th e a n a ly s is .  T he n u m b er  o f  r e sp o n d e n ts  in d ic a tin g  

o r ig in s  w ith in  th e  s p e c if ie d  o r ig in  a r e a s  i s  sh ow n  in T a b le  7.
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T A B L E  7. - - N u m b e r  o f  R e sp o n d e n ts  O r ig in a t in g  in  the S e v e n  
S p e c if ie d  O r ig in  A r e a s . a

T a w a s  P o in t  
S ta te  P a r k

W a te r lo o  S ta te  
R e c r e a t io n  A r e a ,  

P o r ta g e  L ak e  
U n it

H o lla n d  
S ta te  P a r k

N u m b e r  o f  
r e s p o n d e n ts  
in  o r ig in a l  
s a m p le  o f  
p a r k - u s e r s

1158 832 950

N u m b e r  o f  
r e s p o n d e n ts  
in d ic a t in g  
o r ig in  in  on e  
o f  s e v e n  
o r ig in  a r e a s ,  
and  in c lu d e d  
in  a n a ly s i s

919 679 603

P e r  c e n t  o f  
o r ig in a l  
r e s p o n d e n ts  
in c lu d e d  in  
a n a ly s i s

7 9 . 3% 8 1 . 6% 6 3 . 4%

a
R e fe r  to  F ig u r e  4 fo r  o u t lin e  o f  o r ig in  a r e a s .
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R e d u c t io n  in  th e  N u m b er  
o f  In d e p e n d en t V a r ia b le s

In an  a t te m p t  to  r e d u c e  th e  la r g e  n u m b e r  o f  in d e p e n d e n t

v a r ia b le s  in e a c h  o f  th e  tw e lv e  p a r k - a c t i v i t y v e r s i o n s  o f  th e  in i t ia l

s t a t i s t i c a l  m o d e l ,  a " le a s t  s q u a r e s  add" c o m p u te r  p r o g r a m  < L SA D D )

w a s  u s e d  to  e l im in a te  th o s e  v a r ia b le s  w h ic h  w e r e  n o t s ig n if ic a n t  a t

th e  0 . 90 c o n f id e n c e  l e v e l .  ** T h e L SA D D  r o u tin e  i s  a  m u lt ip le

r e g r e s s io n  p r o g r a m  w ith  a u to m a tic  s t e p w is e  a d d it io n  o f  v a r ia b le s

to  fo rm  a l e a s t  s q u a r e s  e q u a tio n . T h ro u g h  th e  u s e  o f  th e  L SA D D

r o u t in e , a  c a n d id a te  fo r  e n te r in g  in to  an  e q u a tio n  i s  s e l e c t e d  fr o m

a m o n g  a l l  th o s e  in d e p e n d e n t v a r ia b le s  n o t p r e s e n t ly  in  th e  e q u a tio n .

T h e c a n d id a te  s e l e c t e d  i s  th a t in d e p e n d e n t v a r ia b le  w h ic h  w i l l  r e d u c e

u n e x p la in e d  v a r ia n c e  aro u n d  th e  m e a n  o f  th e  d e p e n d e n t v a r ia b le  th e

m o s t .  C o n v e r s e ly ,  th e  s e l e c t e d  in d e p e n d e n t v a r ia b le  i s  th a t on e
2

w h ic h  w i l l  r a is e  the c o e f f ic ie n t  o f  d e te r m in a t io n  (R ) the m o s t .  

R e s t r ic t in g  c r i t e r ia  w h ich  w i l l  t e r m in a te  v a r ia b le  s e l e c t io n  can  b e  

s p e c i f ie d  w h en  u s in g  th is  p r o g r a m , e . g .  , a  p r e d e te r m in e d  s ig n if ic a n c e

* ^ " P a r k -a c t iv ity "  i s  u s e d  to  d e n o te  a p a r t ic u la r  a c t iv i ty  
w h ic h  took  p la c e  a t  a  g iv e n  p a r k . T h e r e f o r e ,  a to ta l  o f  tw e lv e  d i f ­
f e r e n t  p a r k - a c t iv i t i e s  w e r e  c o n s id e r e d  in  t h is  s tu d y .

* * T h is  p r o g r a m  i s  d e s c r ib e d  in  d e t a i l  in  th e  p u b lic a t io n  
L SA D D : S te p w is e  A d d itio n  o f  V a r ia b le s  to  F o r m  a L e a s t  S q u a r e s  
E q u a tio n , S T A T  S e r ie s  D e s c r ip t io n  N o . 9 , A g r ic u ltu r a l  E x p e r im e n t  
S ta tio n , M ic h ig a n  S ta te  U n iv e r s i ty  (N o v e m b e r , 1 9 6 9 ).
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l e v e l .  I f  th e  c a n d id a te  v a r ia b le  d o e s  n o t v io la t e  th e  p r e s e t  r e s t r ic t in g  

c r i t e r ia ,  i t  i s  a d d ed  to  th e  l e a s t  s q u a r e s  e q u a tio n , a  n ew  ca n d id a te  

i s  s e l e c t e d  fo r  e x a m in a t io n , and th e  p r o c e d u r e  i s  co n tin u ed . W hen  

a l l  r e m a in in g  c a n d id a te s  v io la t e  th e  r e s t r i c t in g  c r i t e r ia ,  th e  p r o ­

c e d u r e  i s  t e r m in a te d .

T h e  L SA D D  p r o g r a m , a s  w e r e  a l l  c o m p u te r  p r o g r a m s  s u b ­

s e q u e n t ly  u s e d , w a s  run on  th e  CD C 3 6 0 0  c o m p u te r  and e m p lo y e d  

d o u b le  p r e c i s io n  a c c u r a c y .  B y  th is  m e a n s ,  a p p r o x im a te ly  23 d ig i t s  

(e x c lu d in g  le a d in g  z e r o s )  w e r e  c a r r ie d  a lo n g  in  th e  c a lc u la t io n s  a t  

e v e r y  s t e p .

T h e s im p le  c o r r e la t io n s ,  m e a n s ,  s ta n d a r d  d e v ia t io n s  and  

o th e r  s t a t i s t i c s  r e la t in g  to  v a r ia b le s  in c lu d e d  in  th e  o r ig in a l  equa - 

t io n s  a r e  sh o w n  in  A p p e n d ic e s  C , D , and E . T h o se  in d ep en d e n t  

v a r ia b le s  w h ich  w e r e  id e n t if ie d  a s  s ig n if ic a n t  a r e  l i s t e d  in  A p p e n ­

d ix  F .

O ne a d v a n ta g e  o f  th e  L SA D D  r o u tin e  i s  th a t c o n d it io n s  g iv in g  

r i s e  to m a tr ix  s in g u la r i t y  w i l l  c a u s e  no d i f f ic u lty  in  th e  o p e r a tio n  o f  

th e  p r o g r a m . T h is  i s  d u e  to  th e  fa c t  th a t a v a r ia b le  w i l l  n o t b e  

s e l e c t e d  a s  a  c a n d id a te  i f  e n te r in g  th a t v a r ia b le  in to  th e  e q u a tio n  

w o u ld  c a u s e  th e  m a tr ix  to  b e  s in g u la r .  A  d is a d v a n ta g e  o f  th e  L SA D D  

r o u tin e  i s  th a t p a r t ia l  r e g r e s s io n  c o e f f ic ie n t s  and th e ir  a s s o c ia t e d  

s t a t i s t i c s  a r e  n o t c a lc u la te d .
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F ir s t  S ta g e  L e a s t  S q u a r e s

In o r d e r  to  o b ta in  th e  y  v a lu e s  n e e d e d  fo r  th e  f in a l s t a g e  o f  

th e  t w o - s t a g e  l e a s t  s q u a r e s  te c h n iq u e , and to  fu r th e r  t e s t  th e  s i g ­

n i f ic a n c e  o f  in d e p e n d e n t v a r ia b le s ,  s ig n if ic a n t  v a r ia b le s  id e n t if ie d

b y  th e  L SA D D  r o u tin e  w e r e  e n te r e d  in to  a " le a s t  s q u a r e s  d e le te "

12c o m p u te r  p r o g r a m  (L S D E L ). F o r  e x a m p le , in d e p e n d e n t v a r ia b le s  

w h ic h  had b e e n  s ig n if ic a n t  in  a n y  o f  the fo u r  d i f f e r e n t  " a c t iv ity "  

e q u a t io n s  fr o m  a  s a m p le  p a r k , w e r e  c o m b in e d  in to  a "p ool"  fo r  th a t  

p a r k . T h e L S D E L  p r o g r a m  th en  s e l e c t e d  in d e p e n d e n t v a r ia b le s  fo r  

e a c h  o f  th e  fo u r  " a c t iv ity "  e q u a t io n s  fo r  th a t p ark  fr o m  th e  " p oo l"  o f  

s ig n if ic a n t  v a r ia b le s .

A s  o n e  w o u ld  s u s p e c t ,  in d e p e n d e n t v a r ia b le  13 (" to ta l  

n u m b e r  o f  a c t i v i t i e s  in  w h ic h  p a r t ic ip a t io n  w a s  in d ic a te d " )  w a s  o n e  

o f  th e  m o s t  s ig n if ic a n t  in  e v e r y  L SA D D  e q u a tio n . A s  th e  n u m b e r  o f  

a c t i v i t i e s  in  w h ich  p a r t ic ip a t io n  w a s  in d ic a te d  in c r e a s e d ,  the  

g r e a t e r  w a s  th e  p r o b a b ility  th a t th e  a c t iv i t y  p o s in g  a s  the d e p e n d e n t  

v a r ia b le  w ou ld  b e  in c lu d e d  in  th e  to ta l . B e c a u s e  in d e p e n d e n t v a r i ­

a b le  13 w o u ld  h a v e  l i t t l e  v a lu e  in  a f o r e c a s t in g  m o d e l ,  i t  w a s  d e le te d  

fr o m  fu r th e r  a n a ly s i s  a t  th is  s ta g e .

12 A  d e ta i le d  d e s c r ip t io n  o f  th e  L S D E L  p r o g r a m  i s  c o n ta in e d  
in  L S D E L : S te p w is e  D e le t io n  o f  V a r ia b le s  fr o m  a L e a s t  S q u a r e s  
E q u a tio n , ST A T  S e r ie s  D e s c r ip t io n  N o . 8 , A g r ic u lt u r a l  E x p e r im e n t  
S ta tio n , M ic h ig a n  S ta te  U n iv e r s i t y  (N o v e m b e r , 1 9 6 9 ).
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W ith th e  L S D E L  r o u t in e , an  in i t ia l  e q u a tio n  i s  o b ta in ed  

u s in g  a l l  in d ep en d e n t v a r ia b le s .  T h e p a r t ic u la r  in d e p e n d e n t v a r ia b le  

w h ic h  r e d u c e s  th e  v a r ia n c e  a ro u n d  th e  m e a n  o f  the d e p e n d e n t v a r ia b le  

the l e a s t ,  i s  th en  d e le te d  fr o m  th e  e q u a t io n . A  new  e q u a tio n  i s  th en  

e s t im a t e d .  A  s e c o n d  v a r ia b le  i s  th en  d e le te d  u s in g  th e  p r e v io u s ly  

d e s c r ib e d  c r i t e r ia  and  th e  p r o c e d u r e  c o n t in u e s  u n t il  a  v a r ia b le  

s e le c t e d  a s  a c a n d id a te  fo r  d e le t io n  m e e t s  o n e  o r  m o r e  o f  th e  s p e c i ­

f ie d  s to p p in g  c r i t e r ia .

O n ce  th e  s ig n if ic a n t  in d e p e n d e n t v a r ia b le s  in  e a c h  p a r k - 

a c t iv i t y  e q u a tio n  had b e e n  id e n t if ie d , th e  ^ v a lu e s  fo r  e a c h  r e s p e c t iv e  

o b s e r v a t io n  w e r e  c a lc u la te d . U s in g  t h e s e  v a lu e s ,  the t e r m  y ( l  - y )  

w a s  th en  c a lc u la te d . A t th is  p o in t, e v e r y  r e s p o n d e n t  w h o  had i n d i ­

c a te d  p a r t ic ip a t io n  in  th e  p a r t ic u la r  p a r k - a c t iv i t y  u n d e r  in v e s t ig a t io n  

had b e e n  a s s ig n e d  a y ( l  - y )  v a lu e .

F in a l  L e a s t  S q u a r e s  S ta g e

A ll  o f  th e  o b s e r v e d  v a lu e s  o f  th e  v a r ia b le s  in c lu d e d  in  e a c h  

o f  th e  p a r k - a c t iv ity  e q u a t io n s  d e r iv e d  fr o m  th e  L S D E L  p r o g r a m  w e r e  

th e n  d iv id e d  by th e ir  r e s p e c t iv e  y ( l  -  y )  v a lu e s .  T h e  r e s u lt in g  v a lu e s  

w e r e  th en  e n te r e d  in to  a f in a l a n a ly s i s  fo r  e a c h  p a r k - a c t iv i t y .

A  b r i e f  d e s c r ip t io n  o f  th e  s ig n if ic a n t  in d e p e n d e n t v a r ia b le s  

in  th e  f in a l  p a rk  -a c t iv i t y  l e a s t  s q u a r e s  e q u a t io n s  i s  c o n ta in e d  in
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T a b le  8 . R e g r e s s io n  c o e f f ic ie n t s  and a s s o c ia t e d  s t a t i s t i c s  a p p lic a b le  

to  a g iv e n  a c t iv ity  in  e a ch  o f  th e  p a r k s  a r e  sh ow n  in  T a b le s  9, 10,

1 1 , and 12 .

In te r p r e ta t io n  o f R e s u lt s

T he n u ll h y p o th e s is  o f  th is  stu d y  w a s  th at s e l e c t e d  w e a th e r  

c h a r a c t e r i s t i c s  d o  not e x e r t  a s ig n if ic a n t  in f lu e n c e  upon th e  r e v e a le d  

p r e fe r e n c e  fo r  c e r ta in  r e c r e a t io n a l  a c t iv i t i e s  a t  th r e e  M ic h ig a n  s ta te  

p a r k s  and r e c r e a t io n  a r e a s .  On the b a s i s  o f  the n u m e r o u s  in d e p e n ­

d en t v a r ia b le s  found to  b e  s ig n if ic a n t  in  the d if fe r e n t  p a r k -a c t iv ity  

l e a s t  s q u a r e s  e q u a tio n s , th e  n u ll h y p o th e s is  m u s t  b e  r e je c te d .

A lth ou gh  m a n y  o f  the in d ep en d en t v a r ia b le s  w e r e  id e n tif ie d  

a s  b e in g  s t a t i s t i c a l ly  s ig n if ic a n t  w ith in  th e  p a r k -a c t iv ity  e q u a tio n s , 

th ey  d id  not a c c o u n t  fo r  an a p p r e c ia b le  a m o u n t o f  the v a r ia t io n  in the  

d ep e n d en t v a r ia b le s .  It i s  a p p a r e n t th a t a m o d e l u s e fu l  in f o r e c a s t ­

in g  th e  c h o ic e  o f o u td o o r  r e c r e a t io n  a c t iv i t i e s  w i l l  h a v e  to in c lu d e  

v a r ia b le s  in  a d d itio n  to  th o s e  r e la t in g  to  w e a th e r .

A s  one w ou ld  e x p e c t ,  w e a th e r  v a r ia b le s  b e c a m e  m o r e  in flu  - 

e n t ia l  in  a f fe c t in g  r e c r e a t io n a l  a c t iv i ty  c h o ic e  a s  the a m o u n t o f  d ir e c t

a tm o s p h e r ic  c o n ta c t  o f  p a r t ic ip a n ts  w ith in  a c t iv i t i e s  in c r e a s e d .  T he

2
a c t iv i ty  w h ich  e x h ib ite d  the s m a l l e s t  R  v a lu e s  w a s  s ig h ts e e in g  fro m  

c a r . "  T h is  a c t iv ity  can  b e  p u r su e d  r e g a r d le s s  o f w e a th e r  c o n d it io n s ,
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T A B L E  8. - - B r i e f  D e s c r ip t io n  o f  S ig n if ic a n t  In d ep en d en t V a r ia b le s  
C o n ta in ed  in  th e  F in a l P a r k  A c t iv ity  L e a s t  S q u a r e s  
E q u a tio n s .

Id e n tif ic a t io n  N u m b e r s  and B r ie f  D e s c r ip t io n

C h a r a c t e r is t ic s  o f  P a rk  U s e r  
and P ark  U s e

O r ig in  A r e a  
W e a th er  C h a r a c t e r is t ic s

1 T o ta l m a le s  in  c a r
2 T o ta l f e m a le s  in c a r
3 T o ta l o c c u p a n ts  in  c a r
4 T r a v e l  t im e  to  p ark
5 M ile s  fro m  u ser*  s  o r ig in
6 In c o m e  fo r  d r i v e r ’ s  fa m ily
7 P a rk  e n tr y  t im e
8 H o u rs  in  park

14 P a rk  e n tr a n c e  d ay
15 A . M .  o r  P . M .  p ark  e n tr a n c e  
17 D a y -u s e r  o r  c a m p e r

P a rk  W ea th er  C h a r a c t e r is t ic s

18 Mi n .  A . M .  te m p . 
10 M ax. A . M .  te m p . 
20 A v g . A . M . tem p .
24  A vg . P . M .  tem p .
25 P . M .  te m p , ra n g e  
27 A . M .  sk y  c o v e r  
29  A . M .  p r e c ip .
31 A . M .  w ind  v e l .
32 A . M .  w ind v e l .
34 P . M .  sk y  c o v e r
36 P . M . p r e c ip .
37 P . M .  p r e c ip .
38 P . M . p r e c ip .
39 P . M .  w ind  v e l .
40 P . M . w ind  v e l .
41 P . M . w ind  v e l .

42
43
44
45
46
47
49
50
51
52
53
54
55
56
57
59
60
63
64
67
68
70
71
73
74

F o r e c a s t  m a x . tem p . 
F o r e c a s t  m in . tem p . 
F o r e c a s t  p r e c ip . p r o b a b ility  
M ax. d a ily  tem p .
M in . d a ily  tem p .
A v g . d a ily  te m p .
A v g . a t . p r e s s u r e  
A v g . w ind  d ir e c t io n  
A v g . w ind  v e l .
A v g . sk y  c o v e r  
7 :0 0  A . M .  sk y  c o v e r  
7 :0 0  A . M .  te m p .

r e l .  h u m id ity  
w ind  v e l .  
sk y  c o v e r  
r e l .  h u m id ity  
w ind v e l .

00  A . M .
00  A . M .
00  P . M .
00  P . M .
:00 P . M .

F o r e c a s t  sk y  c o v e r  
F o r e c a s t  sk y  c o v e r  
O c c u r r e n c e  o f  fog  
O c c u r r e n c e  o f  th u n d e r s to r m s  
1:00 P . M .  p r e c ip .
P r e v io u s  d a y ' s  w e a th e r  
W e a th er  fo r  p r e v io u s  tw o d a y s  
W e a th er  fo r  p r e v io u s  tw o d a y s

C o m b in a tio n s

77 V a r ia b le s  34  X 45
78 V a r ia b le s  50 X 51
79 V a r ia b le s  42 X 51 X 52
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T A B L E  9 . - - i n f o r m a t i o n  f r o m  th e  F in a l  R e g r e s s i o n  E q u a t io n s  fo r  the
A c t iv i t y  " S ig h t s e e in g  f r o m  C a r .  "

T a w a s  P o in t  
S ta te  P a r k

P a rk

W a te r lo o  S ta te  
R e c r e a t io n  A r e a ,  

P o r ta g e  L ake  
U n it

H o lla n d  
S ta te  P a rk

y  V a lu e s . 3 4 7 1 2 . 18851 . 2 4 3 7 8

B V a lu e s  o
+ . 6 3 5 8 9 + . 0 4 2 5 9 + 2 9 . 7 0 8 2 7

17 11924

7 + . 0 7 0 6 6
8 02 462
3 + 0 2 0 8 8

47 + . 0 0 9 6 7

6 + . 0 0 9 3 6
45 + . 0 2 5 2 2
49 + . 0 0 9 6 7
63 + . 11569
68 + . 0 9 9 3 1
71 07682

Id e n t if ic a t io n
N u m b e r s  o f
S ig n if ic a n t
In d ep en d en t
V a r ia b le s
F o llo w e d
b y  T h e ir
R e s p e c t iv e
R e g r e s s io n
C o e f f ic ie n t s

17 0 9 0 3 9 17 14028

7
8

+ . 0 1 9 3 1  
0 1 9 4 4

3
47

. 0 0 3 5 0  

. 0 3 2 4 7

18 -. 0 0 5 8 0 24
40 + . 0 4 3 5 6 46
53 + . 0 1 2 5 5 51
56 + . 0 0 8 6 6 72
73 + . 0 7 0 1 5
78 + . 0 0 0 0 7

+ . 0 1 4 0 5  
+ . 0 2 0 9 2  
+ . 0 0 2 3 8  
- . 0 6 5 2 7

R V a lu e s 0 4 9 4 . 1487 1358

O
R V a lu e s 0 4 0 0 . 1398 1197

a  2
R i s  th e  m u lt ip le  c o r r e la t io n  c o e f f ic ie n t  a d ju s te d  by  

d e g r e e s  o f  f r e e d o m .
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T A B L E  10. -  - I n f o r m a t io n  f r o m  th e  F in a l  R e g r e s s i o n  E q u a t io n s  fo r
the A c t iv i t y  "W alk in g  to  S c e n ic  P o in t s .  "

P a r k

T a w a s  P o in t  
S ta te  P a rk

W a te r lo o  S ta te  
R e c r e a t io n  A r e a ,  

P o r ta g e  L ak e  
U n it

H o llan d  
S ta te  P a r k

y  V a lu e s . 4 9 2 9 3 . 2 2 3 8 6 . 2 8 3 5 8

B V a lu e s  o
48317 - 5 . 9 2 3 3 9 + 2 4 6 1 3

17 0 4 3 7 6 17 - . 0 9 6 7 6
2 4 + . 0 0 4 2 4 2 4 0 0 9 4 5
42 + . 0 1 3 8 9 42 - . 0 1 5 8 0
45 0 2 1 5 9 45 + . 0 1 1 7 7

8 + 0 2 4 3 6 8 + . 0 2 7 9 6
40 - .  2 4 8 5 7 40 - . 0 9 5 4 1

Id e n tif ic a t io n 41 + . 2 2 3 3 3 41 - . 0 5 7 0 2
N u m b e r s  o f 54 - . 0 0 2 0 7 54  + . 0 2 8 8 8
S ig n if ic a n t
In d ep en d en t 4 + . 0 3 7 6 7 29 + . 1 0 8 7 3 46 - . 0 2 8 9 3
V a r ia b le s 7 - . 0 2 6 5 4 39 -. 19961 51 + . 0 0 1 1 1
F o llo w e d 14 + . 0 1 7 9 1 44 + . 0 0 1 5 3 52 + . 0 2 3 9 6
by T h e ir 18 0 1 8 4 5 49 + . 0 0 2 4 6 59 -.  0 0 3 9 4
R e s p e c t iv e 20 + . 0 0 5 0 1 70 + . 0 8 7 9 4 71 - . 0 9 9 9 0
R e g r e s s io n 27 + . 0 4 8 0 5 7 4 + . 0 7 8 9 7
C o e f f ic ie n t s 32 0 8 9 1 9 77 + . 0 0 1 3 0

37 + . 0 2 5 6 1
47 + . 0 3 1 3 1
50 + . 0 5 4 0 4
57 0 0 3 2 8
67 0 2 9 3 8
78 0 0 0 5 7

2
R V a lu e s . 1302 . 1616 . 0892

R 2 V a lu e s . 1118 . 1439 . 0 7 3 8
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T A B L E  11. - - I n f o r m a t io n  fr o m  th e  F in a l  R e g r e s s i o n  E q u a t io n s  fo r
the  A c t iv i t y  " P ic n ic k in g .  "

P a r k

T a w a s  P o in t  
S ta te  P a r k

W a te r lo o  S ta te  
R e c r e a t io n  A r e a ,  

P o r ta g e  L ak e  
U n it

H o llan d  
S ta te  P a rk

y V a lu e s . 3 2 6 4 4 . 5 1 1 0 5 . 3 0 1 8 2

B V a lu e s  o + . 6 6 2 6 8 + 1 . 3 1 7 0 9 -. 2 8 9 1 6

7 + . 0 2 7 4 2 7 - . 0 8 7 4 7 7 0 3 0 8 0
8 + . 1 0 6 1 9 8 + . 0 1 4 6 1 8 + . 0 2 5 0 5

3 + . 0 2 7 4 2 3 + . 0 5 9 5 2
14 + . 0 3 1 1 4 14 + . 0 5 4 0 6

id e n t i f ie s  ti on 47 + . 0 0 5 8 1 47 + . 0 1 6 3 8
N u m b e r s  o f 40 0 1 5 7 6 40 + . 3 1 3 3 2
S i g n i f i c a n t
In d ep en d en t 2 + . 0 2 7 7 9 17 + . 0 4 1 0 9 31 + . 4 0 5 7 6
V a r ia b le s 4 + . 0 0 0 4 3 39 + . 1 5 3 6 2 36 -.  0 7 7 2 8
F o llo w e d 5 00002 44 + . 0 0 0 7 6 38 -. 19697
by T h e ir 6 0 2 0 8 9 45 - . 0 1 3 6 0 41 + . 2 5 1 6 0
R e s p e c t iv e 20 0 1 3 5 0 53 - . 0 0 9 3 7 46 -. 0 1 5 4 8
R e g r e s s io n 32 - . 0 2 7 4 3
C o e f f ic ie n t s 34 - . 9 4 5 4 0

43 - . 0 0 3 7 3
54 + . 0 1 0 4 7
55 0 0 0 9 9
74 0 8 3 1 0
77 + . 0 1 1 9 1

R^ V a lu e s . 1052 . 1275 . 1723

- 2R V a lu e s . 0 9 0 3 . 1144 . 1569
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T A B IJ3  12. - -  In fo r m a t io n  fr o m  th e  F in a l  R e g r e s s i o n  E q u a t io n s  fo r
the A c t iv i t y  " S w im m in g .  "

P a r k

T a w a s  P o in t  
S ta te  P a r k

W a te r lo o  S ta te  
R e c r e a t io n  A r e a ,  

P o r t a g e  L a k e  
U n it

H o llan d  
S ta te  P a rk

y  V a lu e s . 5 6 1 4 8 . 8 2 1 8 0 . 5 5 7 2 1

B V a l u e s - 1 4 . 1 1 0 3 7 -.  9 9 2 6 6 + 1 5 . 1 3 3 6 7o

8 + . 0 3 8 5 7 8 + . 0 0 7 0 4 8 + . 0 1 1 5 5
17 0 9 4 1 2 17 0 0 0 8 1 17 -. 0 8 0 5 6

42 + . 0 0 7 3 6 42 + . 0 1 8 1 3
47 + . 0 6 0 1 4 47 + . 0 1 5 5 4
52 -.  0 1 8 8 3 52 -. 0 2 2 1 6

7 0 4 1 6 5 7 -. 0 2 9 8 8
25 + . 0 0 4 0 1 25 + . 0 0 7 5 1
40 + . 1 1 0 7 9 40 + . 0 8 0 8 0
49 + . 0 0 4 4 8 49 -. 0 0 5 9 0

1 + . 0 0 4 8 1 3 + . 0 3 2 0 7 4 - . 0 1 9 5 9
2 + . 0 3 7 8 2 19 -. 0 1 2 1 6 31 + . 2 1 7 2 0
5 0 0 0 1 7 39 2 0 0 8 0 34 + . 1 0 8 5 9

15 + . 0 5 6 6 5 46 0 36 5 7 38 + . 1 9 0 1 6
18 + . 0 0 4 1 0 51 + . 0 0 1 7 9
24 0 0 1 9 6 56 0 1 2 7 6
54 + . 0 0 6 6 9 63 14 5 7 8
55 + . 0 0 8 1 5
60 + . 0 1 6 4 3
64 16185

R^ V a lu e s . 2 1 2 6 . 1406 . 2 0 1 4

—2R V a lu e s . 1987 . 1238 . 1824
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a s  v e h i c l e  o c c u p a n t s  a r e  n o t  d i r e c t l y  in  c o n ta c t  w ith  th e  w e a t h e r .

On th e  o t h e r  hand , p a r t i c ip a n t s  in  th e  o u td o o r  r e c r e a t i o n  a c t iv i t y

" s w im m in g "  a r e  d i r e c t l y  e x p o s e d  to  th e  a t m o s p h e r e ,  and " sw im  -

m in g "  w a s  found to  h a v e  th e  h i g h e s t  g o o d n e s s  o f  f i t  o f  the  fo u r

a c t i v i t i e s  e x a m in e d .  "W alking  to  s c e n i c  p o in ts"  and " p ic n ic k in g "

2
e x h ib i t e d  i n t e r m e d ia t e  R v a l u e s .

D i f f e r e n c e s  in  g o o d n e s s  o f  f i t  w e r e  n o ted  a l s o  a m o n g  the  

t h r e e  s a m p le  p a r k s .  W a t e r lo o  S ta te  R e c r e a t i o n  A r e a ,  the  s a m p le

2
p ark  w h ic h  r e p r e s e n t e d  i n t e r m e d i a t e - c l a s s  p a r k s ,  sh o w e d  l i t t l e  R

2
v a r ia t io n  a m o n g  th e  fo u r  s e l e c t e d  a c t i v i t i e s ,  e . g . ,  R v a l u e s  r a n g e d

b e tw e e n  . 1616  and . 1 275 . T h e  r e s o u r c e - b a s e d  p a rk , T a w a s  P o in t

2
S ta te  P a r k ,  e x h ib i te d  the g r e a t e s t  v a r ia t io n ,  e . g . ,  R fo r  " s w i m -

2
m in g "  w a s  . 2 1 2 6 ,  w h e r e a s  R fo r  " s ig h t s e e i n g  fr o m  c a r  only"  w a s  

. 0 4 9 4 .  H o lla n d  S ta te  P a r k ,  th e  u s e r - o r i e n t e d  a r e a ,  sh o w e d  a g o o d ­

n e s s  o f  f i t  s i m i l a r  to  the r e s o u r c e - b a s e d  p a rk .

T h e  v a s t  m a j o r i t y  o f  c o r r e l a t i o n s  b e tw e e n  v a r i a b l e s  w e r e  

w e a k .  It i s  i n t e r e s t i n g  to  n o te  th a t  n o n e  o f  th e  f o r e c a s t  w e a t h e r  

v a r i a b l e s  sh o w e d  a h ig h  c o r r e l a t io n  w ith  a n y  d a i ly  w e a t h e r  v a r i a b l e s .  

T h e few  h ig h  c o r r e l a t i o n s  g e n e r a l l y  o c c u r r e d  in  g r o u p s  c o n s i s t in g  

o f  in t e r r e l a t e d  t e m p e r a t u r e  v a r i a b l e s .  T h is  w o u ld  s u g g e s t  th a t  in  

th e  f o r m u la t io n  o f  m o d e l s  to f o r e c a s t  th e  e f f e c t s  o f  w e a t h e r  on  

r e c r e a t i o n a l  b e h a v io r ,  th e  m o s t  c o n v e n i e n t l y - c o l l e c t e d  d a i ly
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t e m p e r a t u r e  v a r ia b le  w ou ld  a d e q u a t e ly  r e p r e s e n t  a l l  d a i ly  

t e m p e r a t u r e  v a r i a b l e s .

T o  a c o n s id e r a b le  e x t e n t  th e  n u m b e r  o f  s ig n i f i c a n t  in d e p e n ­

d e n t  v a r i a b l e s  in  e a c h  o f  th e  p a r k  - a c t i v i t y  e q u a t io n s  w a s  a r e f l e c t io n  

o f  th e  a m o u n t  o f  d a ta  u s e d .  A s  th e  n u m b e r  o f  o b s e r v a t i o n s  in  a 

g iv e n  p a r k - a c t i v i t y  i n c r e a s e d ,  t h e r e  w a s  an  i n c r e a s e  in  th e  d e g r e e s  

o f  f r e e d o m  on w h ic h  to  b a s e  s i g n i f i c a n c e  t e s t s ,  t h e r e b y  d e c r e a s i n g  

th e  e r r o r  t e r m  w h ic h  i s  u s e d  to  c a lc u la t e  s i g n i f i c a n c e .  T he  r e s u l t  

w a s  th a t  an  i n c r e a s e  in  the  n u m b e r  o f  o b s e r v a t i o n s  b r o u g h t  a b o u t  a 

c o r r e s p o n d in g  i n c r e a s e  in  th e  n u m b e r  o f  s i g n i f i c a n t  in d e p e n d e n t  

v a r i a b l e s .

It a p p e a r s  th a t  th e  ind iv idu al*  s  c h o i c e  o f  v a r io u s  r e c r e a t io n  

a c t i v i t i e s  i s  a c o m p le x  p r o c e s s  and i s  e x t r e m e l y  d i f f i c u l t  to  f o r e c a s t .  

T h e r e  w a s  no m a j o r  d i s c e r n i b l e  p a t te r n  a m o n g  the  v a r io u s  park  - 

a c t iv i t y  e q u a t io n s .  N ot  o n e  in d e p e n d e n t  v a r ia b le  w a s  id e n t i f ie d  a s  

b e in g  s ig n i f i c a n t  in  a l l  t w e lv e  p a r k - a c t i v i t y  e q u a t io n s .  S e v e r a l  

in d e p e n d e n t  v a r i a b l e s  o c c u r r e d  in  a t  l e a s t  o n e  a c t iv i t y  e q u a t io n  a t  

e a c h  p a r k , y e t  o n ly  fo u r  v a r i a b l e s  o c c u r r e d  in  m o r e  than h a l f  o f  the  

p a r k - a c t i v i t y  e q u a t io n s .  On th e  b a s i s  o f  the  in f o r m a t io n  s u m m a r i z e d  

in  T a b le  13, a  g e n e r a l  p r e d ic t io n  m o d e l  to  f o r e c a s t  p a r t i c ip a t io n  in  

o u td o o r  r e c r e a t io n  a c t i v i t i e s  a t  an y  ty p e  o f  p ark  w o u ld  in c lu d e  the  

fo l lo w in g  v a r ia b le s :
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T A B L E  13. - - S u m m a r y  o f  S ig n i f ic a n t  In d e p e n d en t  V a r i a b l e s  W h ich  
O c c u r r e d  in  a t  L e a s t  T h r e e  D i f f e r e n t  P a r k - A c t i v i t y  
L e a s t  S q u a r e s  E q u a t io n s .

I d e n t i f i c a t io n

N u m b e r  o f  D i f f e r e n t  A c t iv i t y  E q u a t io n s  in  
W h ich  th e  S ig n i f ic a n t  In d e p e n d en t  V a r i a b l e s

O c c u r r e d

N u m b e r s  and B r i e f  
D e s c r i p t i o n  o f  
S ig n if ic a n t  
In d ep en d en t  
V a r i a b l e s

Ta
w

as
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ate
 

Pa
rk

W
at

er
lo
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at
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R
ec

re
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Po
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La
ke

 
U
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t

H
ol
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(M
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um

 
of 

12
)

8 H o u r s  in
P a r k 3 3 4 10

17 C a m p e r  o r
D a y  U s e r 3 4 2 9

7 P a r k  E n tr y
T im e 4 1 3 8

40 P a r k  P . M .
W ind V e l . 3 1 3 7

42 F o r e c a s t
M a x . T e m p . 1 2 1 4

14 W e e k d a y  o r
W e e k e n d  U s e 1 1 1 3

47 O r ig in  A v e .
D a i ly  T e m p . 3 3 6

3 T o ta l  in
V e h i c l e 3 2 5

2 4 P a rk  A v e .
P . M .  T e m p . 2 2 4

54 O r ig in  7 :0 0
A . M .  T e m p . 3 1 4

41 P a r k  P .  M .
W ind V e l . 1 2 3

45 O r ig in  M ax.
T e m p . 1 2 3

49 O r ig in  A t.
P r e s s u r e 1 2 3

52 O r ig in  A v e .
Sky C o v e r 1 2 3
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X 0 -  t o t a l  n u m b e r  o f  h o u r s  s p e n t  in  the  parkO

= ty p e  o f  p a r k  u s e r ,  (day  u s e r - c a m p e r )

X^ = t im e  o f  p a rk  e n tr y

X . n = p a rk  P . M .  w ind  v e l o c i t y ,  ( l ig h t  b r e e z e - w i n d s t o r m )  
40

A fu r th e r  d i f f i c u l ty  in  fo r m u la t in g  a  f o r e c a s t  m o d e l  a r i s e s  b e c a u s e  

o f  the  c h a r a c t e r  o f  the  a b o v e  v a r i a b l e s .  N o n e  o f  th e m  a r e  s u i t a b le  

fo r  in c lu s io n  in  a lo n g - r a n g e  f o r e c a s t in g  m o d e l .  D ata  r e q u ir e d  fo r  

th e  f i r s t  t h r e e  v a r i a b l e s  c o n c e r n e d  w ith  p a r k - u s e  a r e  n ot u s u a l ly  

a v a i la b le  in  en o u g h  a d v a n c e  t im e  to  b e  o f  v a lu e .  D a ta  r e q u ir e d  fo r  

th e  r e m a in in g  v a r ia b le  d e a l in g  w ith  w in d  v e l o c i t y  a r e  n o t  g e n e r a l l y  

i s s u e d  in  w e a t h e r  f o r e c a s t s .  In s u m m a r y ,  t h e r e  d o e s  n o t  a p p e a r  to  

b e  a g e n e r a l  m o d e l  w h ic h  c o u ld  b e  fo r m u la te d  fr o m  the in d e p e n d e n t  

v a r ia b le s  t e s t e d ,  w h ich  c o u ld  b e  u s e d  to  f o r e c a s t  c h o ic e  o f  o u td o o r  

r e c r e a t io n  a c t i v i t i e s .

T h a t  g r o u p  o f  in d e p e n d e n t  v a r i a b l e s  w h ic h  c o n tr ib u te d  the  

l a r g e s t  p r o p o r t io n a te  n u m b e r  o f  s i g n i f i c a n t  v a r i a b l e s  to e a c h  park  - 

a c t i v i t y  e q u a t io n  w a s  th a t  c o n c e r n e d  w ith  th e  " c h a r a c t e r i s t i c s  o f  the  

p ark  u s e r  and park  u s e .  "

T h e  p a r t i c u la r  w e a t h e r  p e r c e p t io n  w h ic h  a p p e a r e d  to  

a p p o r t io n  th e  g r e a t e s t  n u m b e r  o f  v a r i a b l e s  to  e a c h  park  - a c t iv i t y

e q u a t io n  w a s  the d a i ly  o r ig in  w e a t h e r .

2
T h e  d e c l in e  in  R v a l u e s  b e t w e e n  L SA D D  and  c o r r e s p o n d in g  

LSDEL. e q u a t io n s  w a s  c a u s e d  b y  the  e l im in a t io n  o f  v a r ia b le  13 " to ta l
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n u m b e r  o f  a c t i v i t i e s  in  w h ic h  p a r t ic ip a t io n  w a s  i n d ic a t e d ."  A
2

c o m p a r i s o n  o f  the LSA D D  R v a l u e s ,  p r e s e n t e d  in  A p p en d ix  F, and  

2
the L S D E L  R m e a s u r e s  in  T a b le s  9 , 10, 11, and 12 r e v e a le d  th a t

2
the d e l e t io n  o f  t h i s  o n e  v a r ia b le  g e n e r a l l y  r e s u l t e d  in  R v a lu e s  

b e in g  h a lv e d .

T h e  s l i g h t  d i f f e r e n c e  in  s ig n i f i c a n t  in d e p e n d e n t  v a r i a b l e s  

a s  d e t e r m in e d  by the  L SA D D  and L S D E L  p r o g r a m s  w a s  p r o b a b ly  

du e to  the  d i f f e r e n c e s  b e t w e e n  th e  tw o  s t a t i s t i c a l  m e t h o d s .  In u s in g  

the  L S D E L  p r o g r a m ,  a l l  v a r i a b l e s  w e r e  in i t ia l l y  e n t e r e d  in to  the  

l e a s t  s q u a r e s  e q u a t io n .  H e n c e ,  the  g r o u p  e f f e c t  o f t h e s e  v a r i a b l e s  

had a c h a n c e  to  e x e r t  i t s e l f  f r o m  the s t a r t .  T h e  L SA D D  r o u t in e  d o e s  

n ot h a v e  t h i s  c h a r a c t e r i s t i c ;  a  g r o u p  o f  v a r i a b l e s  w h ic h  in d iv id u a l ly  

a c c o u n t  fo r  l i t t l e  o f  th e  v a r ia t io n  a ro u n d  th e  m e a n  o f  th e  d e p e n d e n t  

v a r ia b le  and th a t  a s  a  g r o u p  e x p la in  m u c h  o f  th e  v a r ia t io n  o f  the  

d e p e n d e n t  v a r ia b le ,  m a y  n e v e r  b e  e n t e r e d  in to  the e q u a t io n .

E x a m p le  o f  W e a th e r  S e n s i t i v i t y . -  - H e t e r o s c e d a s t i c i t y  p r e ­

v e n te d  the u s e  o f  m o s t  o f  th e  s t a t i s t i c s  n o r m a l ly  g e n e r a t e d  in l in e a r  

r e g r e s s i o n  p r o g r a m s .  In a n  a t t e m p t  to  o b ta in  fu r th e r  in fo r m a t io n  

fr o m  the a n a l y t i c a l  r e s u l t s  and to  a s c e r t a i n  th e  s e n s i t i v i t y  o f  r e c r e a ­

t io n a l  a c t iv i t y  c h o ic e  to  w e a t h e r  v a r i a b l e s ,  the  fo l lo w in g  e x a m p le  

w a s  c a lc u la t e d .
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E q u a t io n s  fo r  " s w im m in g "  a t  H o lla n d  and  W a te r lo o  P a r k s  

w e r e  s e l e c t e d  b e c a u s e  o f  a l l  th e  park  - a c t i v i t y  e q u a t io n s ,  th e y  had  

th e  l a r g e s t  n u m b e r  o f  c o n t in u o u s  w e a t h e r  v a r i a b l e s  in  c o m m o n . T h e  

c o m m o n  w e a t h e r  v a r i a b l e s  in  th e  tw o  e q u a t io n s  w e r e :

X ^ 2 - f o r e c a s t  m a x im u m  d a i ly  t e m p e r a t u r e ,  in  F °

= a v e r a g e  d a i ly  t e m p e r a t u r e ,  in  F °

X ^2 = a v e r a g e  d a i ly  sk y  c o v e r  f r o m  s u n r i s e  to  s u n s e t ,  
in  t e n th s

T o  i s o l a t e  th e  t h r e e  id e n t i c a l  w e a t h e r  v a r i a b l e s  fo r  e x a m in a t io n ,  the  

e f f e c t s  o f  th e  o t h e r  in d e p e n d e n t  v a r i a b l e s  in  e a c h  e q u a t io n  w e r e  

r e m o v e d .  T h is  w a s  a c c o m p l i s h e d  by in s e r t in g  the  m e a n  v a l u e s  o f  

t h o s e  v a r i a b l e s  d e s t in e d  fo r  r e m o v a l  in to  th e  e q u a t io n ,  and then  

m u lt ip ly in g  the m e a n  v a lu e s  b y  t h e i r  r e s p e c t i v e  c o e f f i c i e n t s .  T h e  

r e s u l t in g  v a l u e s  w e r e  th en  a d d ed  to  th e  B q f i g u r e s .

A t  t h i s  p o in t ,  the  o n ly  in d e p e n d e n t  v a r i a b l e s  r e m a in in g  in 

e a c h  e q u a t io n  w e r e  th e  t h r e e  c o m m o n  w e a t h e r  v a r i a b l e s .  T h e  

c o m m o n  w e a t h e r  v a r i a b l e s  w e r e  th e n  e x a m in e d  in d iv id u a l ly .  T h e  

e f f e c t  o f  the  tw o  w e a t h e r  v a r i a b l e s  n o t  u n d e r  e x a m in a t io n  w a s  

r e m o v e d  b y  the  p r o c e s s  d e s c r i b e d  in  the p r e v io u s  p a r a g r a p h .  

M a x im u m  and  m in im u m  v a l u e s  o f  th e  r e m a in in g  v a r ia b le  in s e r t e d  

in to  th e  e q u a t io n  in  tu r n , w e r e  m u l t ip l i e d  b y  t h e i r  r e s p e c t i v e  c o e f f i ­

c i e n t s ,  and th e  r e s u l t in g  v a l u e s  w e r e  s o l v e d  to  y i e ld  a v a lu e  fo r  y .
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An in d ex  o f  s e n s i t i v i t y ,  r o u g h ly  e q u iv a le n t  to  the e l a s t i c i t y  

in d ex  u s e d  by e c o n o m i s t s ,  w a s  then  c a lc u la t e d .  T h e  in d ex  w a s  a 

m e a s u r e  o f  r e l a t iv e  c h a n g e  and in d ic a te d  how  s e n s i t i v e  s w im m in g  

p a r t ic ip a t io n  w a s  to  c h a n g e s  in  th e  t h r e e  w e a th e r  v a r ia b le s .

A s u m m a r y  o f  the c a lc u la t io n s  i s  sh ow n  in  T a b le  14.

T h e r e  a p p e a r e d  to  be a  w id e  r a n g e  o f  s e n s i t i v i t i e s  a m o n g  

the v a r i a b l e s .  L it t le  c o n s i s t e n c y  in  v a r ia b le  s e n s i t i v i t y  w a s  noted  

b e tw e e n  the  tw o  p a r k s .
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TABTjE 14. -  - S u m m a r y  o f  " S w im m in g ” P a r t i c ip a t io n  S e n s i t iv i t y  to  
S e le c t e d  W e a th e r  V a r i a b l e s  a t  T w o  S a m p le  P a r k s .

" S w im m in g "
C e a s t  S q u a r e s  E q u a tio n

W a t e r lo o  S ta te  
R e c r e a t i o n  A r e a

H olla n d
S ta te  P a r k

V a lu e  o f  y
A f t e r
I n s e r t in g
M a x im u m
and
M in im u m
V a l u e s  in
E a c h
C o m m o n
W e a th e r
V a r ia b le
( C o n s id e r e d
O n e a t  a
T im e )

X 42 = f o r e c a s t
M a x im u m
D a i ly
T e m p e  r a tu r e  
in F °

M ax . . 8497  
M in . .6 2 8 9

M ax . . 6258  
M in . - .  2 0 8 8

X 47 = A v e r a g e  
D a i ly
T e m p e r a t u r e  
in  F 0

M ax. 1 . 52 13 
M in . - . 2 2 2 8

M a x , . 5 7 4 4  
M in . . 1703

X co  - A v e r a g e  
D a i ly  Sky 
C o v e r  fr o m  
S u n r i s e  to  
S u n se t ,  in 
T e n th s

M a x . . 6642  
M in . .8 5 2  5

M a x . . 52 14 
M in. - .2 9 9 8

S e n s i t i v i t y
In dex
V a l u e s

A y  x .

X 42
M a x . .8 2  
M in . . 7 6

M ax . 6 . 2 5  
M in. 2 . 5 7

X 47
M a x . 3 . 3 6  
M in . -1 5 .  12

M a x . 5 . 3 8  
M in . 2 . 3 0

A x .  ' Y

X 52
M a x . - . 2 8  
M in . - OO

M a x . - . 7 4  
M in . - OO



C H A P T E R  V

CO NCLUSIO NS AN D R EC O M M E N D A T IO N S

T h is  stu dy  h a s  a t te m p te d  to a s c e r t a i n  the s ig n i f i c a n c e  o f  

v a r io u s  w e a th e r  v a r ia b le s  in a f fe c t in g  r e c r e a t io n a l  a c t iv i ty  c h o ic e .

A s a m p le  o f  s u m m e r  u s e r s  a t  th r e e  r e p r e s e n t a t iv e  M ic h ig a n  s ta te  

p a r k s  p r o v id e d  data  w h ic h  in d ic a te d  the r e s p o n d e n ts '  r e v e a le d  

p r e f e r e n c e  fo r  the a c t i v i t i e s  o f  s i g h t s e e in g  fr o m  c a r ,  w a lk in g  to 

s c e n i c  p o in ts ,  p ic n ic k in g  and s w im m in g .  T h r e e  s e t s  o f  w e a th e r  

data  w e r e  c o l l e c t e d : d a i ly  park w e a t h e r - -  c o n d it io n s  a t  the park;  

d a i ly  o r ig in  w e a t h e r - - c o n d it io n s  a t  the u s e r ' s  o r ig in ;  and f o r e c a s t  

o r ig in  w e a t h e r - - t h e  f o r e c a s t e d  c o n d it io n s  a s  r e l e a s e d  on the  

p r e v io u s  d a y . T h e  w e a th e r  c h a r a c t e r i s t i c s  to g e th e r  w ith  park u s e r  

and u s e  c h a r a c t e r i s t i c s  ( in d ep en d e n t  v a r ia b le s )  w e r e  then r e la te d  to 

r e c r e a t io n a l  a c t iv i t y  p r e f e r e n c e  (d e p e n d en t  v a r ia b le s )  by m e a n s  o f  

a t w o - s t a g e  l e a s t  s q u a r e s  p r o c e d u r e .

T he c o n c lu s io n s  o f  th is  s tu d y  a r e  o u t l in e d  b e lo w .
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C o n c lu s io n s

T h e  n u l l  h y p o t h e s i s  o f  th i s  s tu d y  w a s  th a t  s e l e c t e d  w e a t h e r

c h a r a c t e r i s t i c s  do  n o t  e x e r t  a  s ig n i f i c a n t  in f lu e n c e  upon the

r e v e a le d  p r e f e r e n c e  fo r  c e r t a in  r e c r e a t i o n a l  a c t i v i t i e s  a t

t h r e e  M ic h ig a n  s t a t e  p a r k s  and r e c r e a t i o n  a r e a s .  On the

b a s i s  o f  th e  n u m e r o u s  in d e p e n d e n t  w e a t h e r  v a r i a b l e s  found

to b e  s ig n i f i c a n t  in  the  d i f f e r e n t  p a r k - a c t i v i t y  l e a s t  s q u a r e s

e q u a t io n s ,  the  n u l l  h y p o t h e s i s  m u s t  be  r e j e c t e d .

A lth o u g h  n u m e r o u s  w e a t h e r  v a r i a b l e s  w ith in  th e  t w e lv e  f in a l

p a r k - a c t i v i t y  e q u a t io n s  w e r e  id e n t i f ie d  a s  b e in g  s t a t i s t i c a l l y

s i g n i f i c a n t  a t  the  . 90 l e v e l  o f  c o n f id e n c e ,  th e y  d id  n o t

a c c o u n t  fo r  a g r e a t  d e a l  o f  th e  v a r ia t io n  a r o u n d  the m e a n

o f  the d e p e n d e n t  v a r i a b l e s .  T h e  c o e f f i c i e n t  o f  d e t e r m i n a -  

2
t ion  (R “ ) for  the e q u a t io n s  r a n g e d  b e tw e e n  a low  o f  . 0 4 9 4

and a h ig h  o f  .2 1 2 6 .  It i s  e v id e n t  that a m o d e l  to a c c u r a t e ly

f o r e c a s t  r e c r e a t io n a l  a c t i v i t y  c h o ic e  w ith in  M ic h ig a n  m u s t

in c lu d e  o th e r  v a r i a b l e s  in  a d d it io n  to  t h o s e  o f  w e a t h e r .

W e a th e r  b e c a m e  m o r e  im p o r t a n t  in  in f lu e n c in g  r e c r e a t io n a l

p a r t ic ip a t io n  in  a c t i v i t i e s  a s  the a m o u n t  o f  d i r e c t  a t m o s p h e r i c

e x p o s u r e  o f  p a r t i c ip a n t s  i n c r e a s e d .  " S w im m in g "  e q u a t io n s

2
had the  h i g h e s t  R v a l u e s  w h i l e  " s ig h t s e e i n g  fr o m  c a r  on ly"  

e q u a t io n s  e x h ib i t e d  th e  p o o r e s t  f i t  to  the d a ta .  T h e
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i n t e r m e d ia t e  a c t i v i t i e s  o f  " w a lk in g  to  s c e n i c  p o in ts"  and
2

" p ic n ic k in g "  had s i m i l a r  R v a l u e s .

4. T h e  g o o d n e s s  o f  f i t  o f  l e a s t  s q u a r e s  e q u a t io n s  a l s o  a p p e a r e d

to v a r y  a m o n g  p a r k s .  T h e  a c t iv i t y  e q u a t io n s  fr o m  T a w a s

P o in t  S ta te  P a r k  r e s p o n d e n t s ,  r e p r e s e n t a t iv e  o f  r e s o u r c e  -

b a s e d  park  u s e r s ,  e x h ib i te d  the g r e a t e s t  v a r ia t io n  in  the
2

c o e f f i c i e n t  o f  d e t e r m in a t io n ,  e . g . ,  R w a s  .2 1 2 6  for  s w i m ­

m in g  but o n ly  . 0 4 9 4  fo r  s i g h t s e e i n g  fr o m  c a r .  T h e  r e p r e ­

s e n t a t i v e s  o f  i n t e r m e d i a t e - c l a s s  p a rk  u s e r s ,  W a te r lo o  S tate

R e c r e a t io n  A r e a  r e s p o n d e n t s ,  had a c t i v i t y  e q u a t io n s  w h ich

2
p o s s e s s e d  l i t t l e  v a r ia t io n  in  R a m o n g  the fou r  s e l e c t e d

2
a c t i v i t i e s ,  e . g .  , R r a n g e d  b e t w e e n  . 1616  and . 1275.  

R e s p o n d e n ts  fr o m  H o lla n d  S ta te  P a r k ,  r e p r e s e n t in g  u s e r -  

o r ie n t e d  park  v i s i t o r s ,  e x h ib ite d  a s i m i l a r  g o o d n e s s  o f  f it  

to  r e s o u r c e - b a s e d  p a rk  r e s p o n d e n t s .

5. O f the  t h r e e  d i f f e r e n t  s e t s  o f  w e a t h e r  data  t e s t e d ,  d a i ly  

o r ig i n  w e a t h e r  c h a r a c t e r i s t i c s  c o n s t i tu te d  the l a r g e s t  p r o ­

p o r t io n a l  r e p r e s e n t a t io n  w ith in  p a r k - a c t i v i t y  e q u a t io n s .

6 . N o m a j o r  p a t t e r n s  o f  s i g n i f i c a n t  in d e p e n d e n t  v a r i a b l e s  

c o u ld  b e  d i s c e r n e d  th ro u g h  e x a m in a t io n  o f  the  c o m p o s i t io n  

o f  p a r k - a c t i v i t y  e q u a t io n s .  T h e  fo l lo w in g  i t e m s  w e r e ,  h o w ­

e v e r ,  o b s e r v e d :
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a. T he g r o u p  o f  in d e p e n d e n t  v a r i a b l e s  w h ic h  c o n tr ib u te d  

the  l a r g e s t  p r o p o r t io n  o f  s i g n i f i c a n t  v a r i a b l e s  to e a c h  

p a r k - a c t i v i t y  e q u a t io n  w a s  th a t  c o n c e r n e d  w ith  the  

" c h a r a c t e r i s t i c s  o f  th e  p a r k  u s e r  and p a rk  u s e .  "

b. T h e  a c t i v i t y  e q u a t io n s  fo r  " p ic n ic k in g "  a p p e a r  to  p o s s e s s  

a m o r e  d e v ia n t  c o m p o s i t io n  o f  in d e p e n d e n t  v a r i a b l e s  

than  th o s e  o f  the o th e r  s e l e c t e d  a c t i v i t i e s .

c .  O n ly  fo u r  in d e p e n d e n t  v a r i a b l e s  a p p e a r e d  in  m o r e  than  

h a l f  o f  the d i f f e r e n t  e q u a t io n s .  T h e y  w e r e :

X = to ta l  n u m b e r  o f  h o u r s  s p e n t  in th e  parkO

X  ̂= ty p e  o f  park  u s e r ,  (day  u s e r - c a m p e r )

- t im e  o f  p a r k  e n tr y

X ^ = park  P . M .  w ind  v e l o c i t y ,  ( l ig h t  b r e e z e - w i n d s t o r m )

R e c o m m e n d a t io n s

1. T h e  r e la t io n s h ip  b e t w e e n  w e a t h e r  and r e c r e a t io n a l  b e h a v io r  

i s  in  n e e d  o f  fu r th e r  i n v e s t ig a t io n .  Such a s m a l l  a m o u n t  o f  

r e s e a r c h  h a s  b e e n  c o n d u c te d  in  th is  s u b j e c t  a r e a ,  th a t  i t  i s  

v i r t u a l l y  u n to u c h e d . M a n y  q u e s t io n s  r e m a in  u n a n s w e r e d .

"How can  w e  m e a s u r e  th e  s e n s i t i v i t y  o f  r e c r e a t io n a l  a c t i v i t i e s  

to  w e a t h e r  c h a n g e s ?  H ow w e a t h e r - s e n s i t i v e  a r e  v a r io u s  

r e c r e a t i o n  a c t i v i t i e s ?  H ow d o e s  the a c t iv i t y  w e a t h e r - s e n s i t i v i t y
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v a r y  fr o m  r e g io n  to  r e g io n ?  H ow d o e s  w e a t h e r  a f f e c t  

b e h a v io r  w ith in  the  r e c r e a t i o n a l  a c t i v i t y ? 11 T h e s e  q u e s t io n s  

a r e  but a few  of th e  m a n y  th a t  c o n fr o n t  the r e c r e a t io n  p r o ­

f e s s i o n .

2 . In o r d e r  to  d e t e r m i n e  how  s e n s i t i v i t y  o f  r e c r e a t i o n a l  p a r ­

t ic ip a t io n  to w e a t h e r  v a r i e s  a m o n g  d i f f e r e n t  t y p e s  o f  p a r k s ,  

i t  i s  f i r s t  n e c e s s a r y  to be a b le  to  id e n t i fy  h o m o g e n e o u s  

g r o u p in g s  o f  p a r k s .  F u r t h e r  r e s e a r c h  n e e d s  to  be u n d e r ­

ta k e n  in  o r d e r  to  d e v i s e  m e t h o d s  o f  s t r a t i f y in g  p a r k s .  W hat  

t y p e s  o f  s t r a t i f i c a t i o n  s c h e m e s  w o u ld  be m o s t  v a lu a b le  to  

th e  r e s e a r c h e r ?  T o  the  a d m i n i s t r a t o r ?  D o e s  th e  b a s i s  fo r  

s t r a t i f i c a t i o n  c h a n g e  o v e r  t i m e ?  D o e s  the  b a s i s  fo r  s t r a t i f i ­

c a t io n  c h a n g e  d e p e n d in g  u p on  th e  s p e c i f i c  d e c i s i o n  b e in g  c o n ­

s i d e r e d  ?

.'i. An o u td o o r  r e c r e a t io n  w e a t h e r  in d ex  c o n s i s t in g  o f  a few

c a t e g o r i e s  sh o u ld  b e  d e v e lo p e d  f o r  u s e  in  fu r th e r  w e a t h e r - 

r e c r e a t i o n a l  b e h a v io r  s tu d y . T h e  c r i t e r i a  fo r  c a t e g o r i z a t io n  

in to  o n e  o f  th e  o u t l in e d  c l a s s i f i c a t i o n s  sh o u ld  b e  d e t a i le d  

e n o u g h  s o  th at m e a n in g fu l  f o r e c a s t i n g  m o d e l s  c a n  be  

f o r m u la te d  u s in g  the c l a s s i f i c a t i o n s .  C l a s s i f i c a t i o n  m u s t  

b e  s i m p l e  en o u gh , h o w e v e r ,  to  p e r m i t  m a n a g e r s  o f  r e c r e a  - 

t ion  a r e a s  to  m a k e  c a t e g o r y  a s s i g n m e n t s  and th u s ,  to  u s e



the f o r e c a s t in g  m o d e l s .  An a p p r o p r ia t e  w e a t h e r  in d ex  

w o u ld  e n c o u r a g e  w e a t h e r  s e n s i t i v i t y  c o m p a r i s o n s  a m o n g  

a c t i v i t i e s  and a m o n g  r e g i o n s .

A c c u r a t e  l o n g - r a n g e  w e a t h e r  f o r e c a s t in g  w o u ld  a l lo w  

p e o p le  to  p la n  t h e ir  f r e e  t im e  w ith  m o r e  c e r t a in t y  than a t  

p r e s e n t .  T h ey  co u ld  a v o id  a t te m p t in g  to  d o  s o m e t h in g  

w h ic h  u n fa v o r a b le  w e a t h e r  w o u ld  m a k e  u n p le a s a n t  o r  

i m p o s s i b l e ,  and c o u ld  ta k e  a d v a n ta g e  o f  v e r y  fa v o r a b le  

w e a t h e r  c o n d it io n s  fo r  p a r t i c u la r  k in d s  o f o u td o o r  r e c r e a ­

t io n . If a c c u r a t e  l o n g - r a n g e  w e a t h e r  f o r e c a s t s  w e r e  

a v a i la b l e ,  i t  i s  p r o b a b le  th a t  the  im p o r t a n c e  o f  f o r e c a s t e d  

w e a t h e r  in in f lu e n c in g  r e c r e a t io n a l  a c t iv i t y  c h o ic e  w ou ld  

i n c r e a s e .  On a l a r g e r  s c a l e ,  i t  i s  e v e n  p o s s i b l e  that  

e c o n o m i c  a c t i v i t i e s  cou ld  b e  m o d if ie d  to  p e r m i t  m o r e  free1 

t im e  w h en  w e a t h e r  i s  l ik e ly  to  be  f a v o r a b le  fo r  c e r t a in  o u t ­

d o o r  r e c r e a t io n  a c t i v i t i e s .  E v e n  to d a y  the e c o n o m i c  

a c t i v i t i e s  o f  s o m e  b u s i n e s s e s  a r e  a l t e r e d  by  p e o p le  tak in g  

a d v a n ta g e  o f f a v o r a b le  w e a t h e r  c o n d i t io n s ,  e . g .  , a b s e n c e  

o f  a s s e m b l y  l in e  w o r k e r s  d u r in g  w e a t h e r - f a v o r a b l e  hunting  

d a y s  in  th e  fa l l ,  bu t s u c h  a b s e n c e s  a r e  l a r g e l y  u n p lan n ed  and  

a r e  c o s t l y  a s  th ey  d i s r u p t  p r o d u c t io n  p r o c e s s e s .
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5. P r o f e s s i o n a l s  in  the f i e ld  o f  r e c r e a t i o n  sh o u ld  b e  m o r e

c o n c e r n e d  w ith  th e  u s e s  and t e c h n iq u e s  o f  q u a n t i ta t iv e  m e t h o d s .  

T h e r e  i s  a t r e n d  in  o th e r  p r o f e s s i o n s  to w a r d s  an  i n c r e a s e d  

u s e  o f  q u a n t i f ic a t io n .  T o  k e e p  a b r e a s t  o f  a s s o c i a t e d  d e v e l ­

o p m e n ts  in  o t h e r  d i s c i p l i n e s ,  and to  p e r m i t  th e  u s e  o f  the  

m o s t  m o d e r n  r e s e a r c h  t e c h n iq u e s ,  i t  i s  i m p e r a t i v e  that  

i n c r e a s i n g  a t te n t io n  m u s t  b e  g iv e n  to  the in t e r p r e t a t io n  and 

u s e  o f  m o r e  s o p h i s t i c a t e d  m e t h o d s .  T h e r e  sh o u ld  b e  m o r e  

e f f o r t  d i r e c t e d  t o w a r d s  the u s e  o f  q u a n t i ta t iv e  m e t h o d s  in  

h y p o t h e s i s  t e s t in g ,  w ith  an a im  o f  e x p a n d in g  th e  e x i s t in g  

t h e o r e t i c a l  b a s e .
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________ . S y n o p t ic  A s p e c t s  o f  M o r ta l i ty :  A C a s e  S tu d y . T e c h ­
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S u r fa c e  O b s e r v a t io n s :  F e d e r a l  M e te o r o l o g i c a l  H andbook
N o. 1. W a sh in g to n ,  D . C . :  U . S .  G o v e r n m e n t  P r in t in g  
O ff ic e ,  1970 .

O th e r  S o u r c e s

C r a p o ,  D o u g la s  M. " R e c r e a t io n  A r e a  ' D a y - U s e 1 I n v e s t ig a t io n
T e c h n iq u e s :  A  Study of S u r v e y  M e th o d o lo g y  W ith in  M ic h ig a n  
S ta te  P a r k s .  " U n p u b lish e d  M . S. T h e s i s ,  M ic h ig a n  S ta te  
U n iv e r s i t y ,  1969 .

D o w e l l ,  C a r r o l l  D a v i s .  "The R e la t io n s h ip  o f  R e s e r v o i r  P leasu re*
B o a tin g  to  S e l e c t e d  M e t e o r o l o g ic a l  F a c t o r s .  " U n p u b lish e d  
P h . D .  D i s s e r t a t i o n ,  T e x a s  A and M U n iv e r s i t y .  1970.

K a i s e r ,  R o n a ld . "T h e  E x te n t  that W e a th e r  I n f lu e n c e s  P a rk  U s e  a t  
H olla n d  S ta te  P a r k ."  ( M im e o g r a p h e d . )

K m e n ta ,  J a n . P r o f e s s o r ,  D e p a r t m e n t  o f  E c o n o m i c s ,  M ic h ig a n  S ta te  
U n iv e r s i t y .  D i s c u s s i o n s  w ith  th e  A u th o r  d u r in g  the p e r io d  
J a n u a r y  th rou gh  J u n e ,  1970 .
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"LSA D D : S t e p w is e  A d d it io n  o f  V a r i a b l e s  to  F o r m  a 
F e a s t  S q u a r e s  E q u a t io n , " S T A T  S e r i e s  D e s c r i p t i o n  N u m b e r  9, 
E a s t  L a n s in g ,  1 9 6 9 . ( M im e o g r a p h e d . )

" L S D E L : S t e p w is e  D e le t io n  o f  V a r i a b l e s  f r o m  a L e a s t  
S q u a r e s  E q u a t io n ,"  S T A T  S e r i e s  D e s c r i p t i o n  N u m b e r  8 ,
E a s t  I^ansing, 1969 . (M im e o g r a p h e d .  )



A P P E N D I C E S



A P P E N D I X  A

N U M B E R  O F  S A M P L E  U N IT S  WHO  

IN D IC A T E D  P A R T IC IP A T IO N  IN  

C O M B IN A T IO N S O F  TH E S E L E C T E D  A C T IV IT IE S



Activity Combinations

Waterloo State 
Recreation Area, 
Portage Lake Unit 

N = 832

Holland State Park 
N = 950

Tawas Point 
State Park 
N = 1158

a. Sightseeing from Car
b. Walking to Scenic Points

77 66 192

a. Sightseeing from Car 
c. Picnicking

68 44 112

a. Sightseeing from Car 
d. Swimming 137 85 198

b. Walking to Scenic Points
c. Picnicking 116 117 233

b. Walking to Scenic Points 
d. Swimming 167 198 344

c . Picnicking
d. Swimming 363

_ _ _  .

214 278



Activity Combinations

Waterloo State 
Recreation Area, 
Portage Lake Unit 

N = 832

............ 1
Holland State Park 

N = 950

Tawas Point 
State Park 
N = 1158

a. Sightseeing from Car
b. Walking to Scenic Points
c. Picnicking

46 22 76

a. Sightseeing from Car
b. Walking to Scenic Points 
d. Swimming

67 39 124

a. Sightseeing from Car
c. Picnicking
d. Swimming

63 31 88

b. Walking to Scenic Points
c . Picnicking
d. Swimming

a. Sightseeing from Car
b. Walking to Scenic Points
c. Picnicking
d. Swimming

106

43

92

13

172

61



A P P E N D I X  B

W E A T H E R  F O R E C A S T  Z O N E S  

IN THE S T A T E  O F  M ICHIGAN
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M arieS a u l t

PCHIGAN
UPPER 

0
,*a  ,

MAP OF 
WEATHER BUREAU 
LOCAL AND ZONE 

PUBLIC AND AGRICULTURE 
FORECAST AREAS 

FOR
STATE OF MICHIGAN

NOVEMBER 1968
Muskason

LANSING
N

JACKSON
im

BLUE-VA1ER
one!

i



B r o k e n  L ine  

S o lid  L in e

A P P E N D I X  C

VARIO US ST A T IST IC S FOR V A R IA B L E S  

A N D  T H EIR  S IM P L E  C O R R E L A T IO N S  

FOR TAW AS P O IN T  S T A T E  PA R K  D A T A

S ig n i f ie s  S im p le  C o r r e la t io n s  B e tw e e n  . 800  and . 999  

S ig n i f ie s  S im p le  C o r r e la t io n s  B e tw e e n  .6 0 0  and . 7 9 9
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98

tJ u  41 t l  Ci t* I l i i  u  a  i .  r u n ,  u  «nnfbDnbciieil'Ctrrcin
u a i M i u noctct«»n«i<jc»eciPe0B«tc ndftooBuotiqaxmoi

n  r  ci q  <> o  c  n  ^  ^  u  n u  r  r i  f '  ^  o  r* p  ci d f t t '  f  > u
n r i  u n  o o  r<r* r  t > i > r > o r > a n  o p t o  i u t » u u  n n  r r «&(<unt»toSfkftet»c'Oft«tA0nnitr>a’rir>r»cjnfino 
r i m * n c j r t « t n r » < ^ n n r » n « t ( i i i ( t n n o n r i  '  * r*

V*»k « « « . * ! ̂in n r* •  m  m  ̂*>

r* r* ♦

r«(>f • i ; *  f  fc f  »*H ► » •*<*'* n» ^  ^  f  «' r* IT (
«  N > ^ K  >4 K  «  if* Cfr «  V *> P» f 4 N N W « ^ 4 i < A > H < ' N K I

K « ft K r  r< ^ u  U K I  ■-« v  «  p* p* w* W ^  * «*r< 
i ^  to n  *  ^  «4 ^a #r r< t r> V' c t. • i « • <*!*■ ? * # it ► < K fv i

p* IV H »1 H

t  r ^«  r -rv  r  k  <  «  
' ■ i r t c i A o r ^ L . ^  
^ r g v « < » e i r < H <

» • • • • * • • •*
• c  r  ( i  vn c  K  h  «  c

c  n  ^  ^
•3 9> « ■> r<f - *4 . ■• r» w 
f t  r* *. nt 
r* t cj <-> 4 •

I (T> *• #»# ̂  « 
i O d O t t f V  
■ • • * • »
i u  o  ci a  n

l- «i H N r  |A^fWH«> n»« i*n  «  «1t> .i «  m ̂  ^  r  *  ■' « h  w c r  fs «  n
hit | 4  v  •  %J c <  Cs  4 1  C .  C.  I V I V K  # >  h .  . t  « •tP »  * r\| 1-1 *  W * f> N N J | i l » N Vnk Lii.ijpivniMMm«i»Nint ■ • • • * *  ) » » • • * « * * • • •

* . * ■ ■ j  vj • t . 4  H h ,  4 h  ^  f

«»Kk>»K«niy«pn#i‘    ̂“ “*■ •- *“ •* •r« .-i ►. i t
f* p- i* »  *

•  •  •  *
.> 4 ***** •
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A P P E N D IX  E

B roken_L ine  

Sol id  L in e

VARIOUS ST A T ISTIC S FOR V A R IA B L E S  

A N D  THEIR SIM P L E  C O R R E L A T IO N S  

FOR H O L L A N D  S T A T E  PARK  D A T A

S i g n i f i e s  S im p le  C o r r e l a t i o n s  B e t w e e n  . 800 and . 999  

S i g n i f i e s  S i m p le  C o r r e l a t i o n s  B e t w e e n  . 600 and . 7 9 9
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P a r k

A c t i v i t y T a w a s  P o i n t  
S ta te  P a r k

W a t e r l o o  S ta te  
R e c r e a t i o n  A r e a ,  

P o r t a g e  L a k e  
U n it

H ol lan d  
Sta te  P a r k

1, 4,  5, 7,  8, 3, 4, 6,  8, 13, 3, 4, 6, 7, 8.

a .  s i g h t ­
13,  17, 18, 2 4 , 14,  15,  17, 2 3 * . 13, 14, 17. 33,
2 7 ,  3 1 , 49 ,  50 , 4 2 ,  4 7 ,  49 ,  51, 35,  49 , 51 ,  62

s e e i n g 56 ,  59, 60 ,  67, 5 5 ,  6 2* ,  7 0 ,  72 , 63,  67, 6 8 , 71 ,
f r o m  c a r 7 2 , 7 3 , 7 9 ,  80 7 4  o 76
o n ly . 0 8 1 9 ) <R2 = . 2 1 6 1 ) - . 1 6 3 8 )

<R2 = . 0 6 0 4 ) (R 2 = . 1 9 4 7 ) <R2 = . 1381)

1, 4, 5, 7, 8 , 1, 4 ,  6, 7, 8, 2 , 4, 7, 13, 17,
13, 14. 18, 20 13, 15,  17, 2 6 , 2 1 , 2 2 , 2 7 ,  38 ,
2 4 ,  2 7 , 2 8 ,  2 9 , 2 9 ,  3 4 * ,  3 5 ,  40, 40,  42, 4 6 ,  52 ,

b. w a lk in g 3 2 ,  3 7 , 38 ,  41 , 4 1 * .  4 2 ,  4 4 ,  49, 54,  67. 6 8 , 71
to s c e n i c  
p o in t s

42 .  4 5 ,  
5 4 ,  55 ,  
5 9 , 6 4 ,  

(R 2 =

4 7 ,  50 ,  
56, 5 7 ,  
78
. 2 9 4 9 )

56 ,  59 ,  6 0 ,  6 2* ,  
63 ,  7 0 ,  74,  75,  
77

(R2 = . 2 9 2  6) = . 3 2 2 3 )
<R2 = . 2 7 1 9 ) (R 2 = . 2 6 4 4 ) (R 2 * . 3 0 2 6 )

2 ,  4, 5, 6 , 7, 3, 7, 8, 13, 14, 3, 6, 7, 8 , 13,
8 , 13, 17, 2 0 , 17, 19 ,  2 4 ,  35, 14, 17, 18, 2 5.
32 .  34 , 40 ,  43 , 39 ,  4 3 ,  4 4 ,  46, 2 7 ,  30, 31 .  34 ,

c . p i c n i c k  - 54 ,  55, 58,  60 , 47 ,  5 3 ,  5 8 * ,  63, 36 ,  38. 40 ,  41,
ing 74 ,  77 , 78 6 5 * .  6 6 * .  67* . 52 ,  55, 59 ,  62,

<R2 = . 2 4 4 8 )
7 3 * ,  80  

(R2 = . 2 7 0 3 )
64 .  7 4 , 76

. 2 8 9 7 )
<R2 = . 2 2 8 0 ) <R2 = . 2  458) <R2 = . 2 6 0 2 )

2 .  5, 7 . 8 , 13, 3, 13,  17, 19, 3, 7, 13, 18,
15, 18, 2 4 ,  2 5 , 2 3 * ,  2 6 ,  2 9 ,  39, 2 5 ,  30, 42 ,  45 ,
40 ,  4 4 , 45 ,  49 , 42 ,  4 5 ,  4 9 .  51, 4 7 ,  63, 7 1 ,  79

d.  s w i m m i n g 51 ,  55,  
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56,  64  

. 4 5 0 3 )

52 ,  5 5 ,  56 ,  57 ,  
63 ,  6 7 * ,  68 * .  
74,  79  
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* V a r i a b l e s  id e n t i f i e d  w i t h  an  a s t e r i s k  w e r e  n o t  ad d ed  into  
the  L S D E L  p r o g r a m s  b e c a u s e  th e y  c a u s e d  m a t r i x  s i n g u l a r i t y .


