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WATER QUALITY AND TlIC D13M7D FOR RECREATION 1 

I. INTRODUCTION 

I n  s e v e r a l  r ecen t  assessments of t h e  b e n e f i t s  of water  p o l l u t i o n  

abatement programs, t h e  s i n g l e  l a r g e s t  component has  been t h e  b e n e f i t s  

t o  r e c r e a t i o n i s t s  who engage i n  a c t i v i t i e s  such a s  swimning, b o a t i n g ,  

f i s h i n g ,  o r  water  fowl hunting.  For example, Freeman [ I S ]  examined 

t h e  b e n e f i t s  of removing convent ional  water p o l l u t a n t s  from U.S. water- 

ways under t h e  p rov i s ions  of t h e  1972 Amendments t o  t h e  F e d e r a l  Water 

P o l l u t i o n  Cont ro l  Act and concluded t h a t  the  most l i k e l y  p o i n t  e s t i m a t e  

of t h e  annual b e n e f i t s  i n  1985 was $12.3 b i l l i o n  ( i n  1978 d o l l a r s ) ,  of 

which $6.7 b i l l i o n  was a t t r i b u t e d  t o  r e c r e a t i o n  b e n e f i t s .  Tihansky [ 3 8 ]  

surveyed t e n  s t u d i e s  on t h e  b e n e f i t s  from t h e  removal of p o l l u t a n t s  i n  

va r ious  water  bodies  i n  t h e  U.S. and abroad, conducted over t h e  per iod  

1960-1972; on t h e  average,  r e c r e a t i o n  b e n e f i t s  accounted f o r  abou t  

44  per  cent  of t h e  t o t a l  b e n e f i t s .  A more s t r i k i n g  example is provided 

by Ackerman e t  a l .  [ 1 1 ;  i n  t h e i r  a p p r a i s a l  of t h e  Delaware Es tua ry  

Comprehensive Study, r e c r e a t i o n  b e n e f i t s  accounted f o r  approximately 

95 per  cent  of t h e  t o t a l  b e n e f i t s  from t h e  p o l l u t i o n  abatement program. 

Because of t h e  s t r a t e g i c  importance of r e c r e a t i o n  b e n e f i t s  i n  j u s t i f y i n g  

water  p o l l u t i o n  c o n t r o l  p r o j e c t s ,  i t  i s  worth devoting some a t t e n t i o n  t o  

t h e  methodology by which they a r e  c a l c u l a t e d .  Recent s t u d i e s  have gene ra l ly  

employed one of t h r e e  methods: t h e  survey approach, i n  which respondents  

a r e  d i r e c t l y  quest ioned about t h e i r  w i l l i ngness  t o  pay f o r  (sometimes hypo-. 

t h e t i c a l )  changes i n  environmental q u a l i t y ;  t h e  demand f u n c t i o n  approach, 

i n  which the  r e c r e a t i o n i s t s '  w i l l i n g n e s s  t o  pay is i n f e r r e d  from t h e i r  

a c t u a l  choice  behavior ,  a s  r e f l e c t e d  i n  f i t t e d  demand f u n c t i o n s  f o r  recrca-  

t i o n  s i t e s ;  and t h e  u n i t  day va lue  method, i n  which a  phys ica l  measure of 



a t tendance  i s  ob ta ined ,  poss ib ly  from a r eg res s ion  model of r e c r e a t i o n  

p a r t i c i p a t i o n  of s i t e  demand, and t h i s  is converted i n t o  monCtary bencf i ts  

through m u l t i p l i c a t i o n  by a measure of t h e  va lue  of a u n i t  of r c c r e a t i o n  

a c t i v i t y ,  such a s  t h e  wit day va lues  promulgated by t h e  Water Resources 

Council. This  paper w i l l  focus on t h e  demand func t ion  approach. I w i l l  

d i s c u s s  some methodological i s s u e s  and then  p resen t  an a p p l i c a t i o n  involving 

water-based r e c r e a t i o n  i n  t h e  Boston a r e a .  

The demand func t ion  approach has been used i n  two ways t o  measure the  

b e n e f i t s  of changes i n  water  q u a l i t y .  I n  one case ,  t h e  ques t ion  is what 

would happen i f  a beach were closed because of p o l l u t i o n .  The s i t u a t i o n  

is depic ted  i n  F igure  1, where AB i s  a n  i n d i v i d u a l ' s  demand func t ion  f o r  

v i s i t i n g  a s i t e ,  OP is t h e  cu r ren t  c o s t  of v i s i t i n g  t h e  s i t e ,  and OX is h i s  

c u r r e n t  number of v i s i t s .  I f  t h e  s i te  were s h u t  down, t h e  indiv j .dual l s  

we l fa re  l o s s  is t y p i c a l l y  measured by t h e  Marshal l ian  t r i a n g l e ,  PAB. I n  

t h e  second c a s e  t h e  ques t ion  i s  one of a v a r i a t i o n  i n  q u a l i t y  r a t h e r  than 

a beach c los ing .  The s i t u a t i o n  is depic ted  i n  F igure  2 ,  where BC i s  an 

i n d i v i d u a l ' s  demand f o r  v i s i t i n g  a s i t e  a t  i ts  c u r r e n t  l e v e l  of q u a l i t y ,  

end AD is h i s  demand func t ion  when t h e  q u a l i t y  is lowered. The c o s t  of 

v i s i t i n g  t h e  s i t e  i s  OP and t h e  i n d i v i d u a l  c u r r e n t l y  makes OX1 v i s i t s ;  

i f  t h e  q u a l i t y  f e l l ,  he would make only.OX v i s i t s .  Following Stevens'  [ 3 6 ]  
2 

sugges t ion ,  t h e  comrnon p r a c t i c e  i s  t o  measure t h e  we l fa re  l o s s  from t h e  

q u a l i t y  change by t h e  a r e a  ABCD. This  paper w i l l  be concerned wi th  t h e  

problem of measuring q u a n t i t i e s  corresponding t o  t h e  a r e a s  PAB i n  Figure 1 

and ARCD i.n F igure  2 i n  a manner which i s  c o n s i s t e n t  wi th  u t i l i t y  theory. 

The q u a n t i t y  PAB can be r e l a t e d  t o  t h e  r e c r e a t i o n  u n i t  va lue  concept 

mentioned above; t h e  consumer's s u r p l u s  p e r  t r i p ,  given by t h e  length  

(AP)/2  i n  Figure 1, can he thought of a s  a measure of t h e  benefi. t  per  



PIG. 1. The welfare loss from the closing of 
a recreation site. 

FIG. 2 .  The welfare l o s s  from a reduction in the 
quali ty  of a recreation site. 



v i s i to r -day .  Sonf e s r ima tes  of consumer's s u r p l u s  per  v i s i to r -day  taken 

from t h e  r ecen t  l i t e r a t u r e  a r e  presented  i n  Table I. These p e r t a i n  t o  

day t r i p s  f o r  g e n e r a l  r e c r e a t i o n  activities-swimming, p i cn ick ing ,  e t c .  

The e s t ima tes  were made a t  va r ious  t imes ,  i n  v a r i o u s  l o c a t i o n s ,  and by 

va r ious  methods, not  a l l  of them s t r i c t l y  c o n s i s t e n t  w i th  u t i l i t y  theory .  

I n  1973 t h e  Water Resources: Council i ssued  p r o j e c t  gu ide l ines  which 

s p e c i f i e d  u n i t  day v a l u e s  of 75C t o  $2.25 per  v i s i t o r  day f o r  gene ra l  

water-based r e c r e a t i o n  [ & I ] .  I n  1980 t h e s e  va lues  were r a i s e d  by 43 pe r  

c e n t  t o  a l low f o r  i n f l a t i o n  [42];  t h e  new range of va lues  is $1.07 t o  

$3.22 pe r  v i s i to r -day .  These s e t s  of va lues  a r e  not  incompatible  wi th  

t h e  consumer's s u r p l u s  e s t ima tes  i n  Table I. However, some r e c e n t  s t u d i e s  

have employed u n i t  v a l u e s  which a r e  cons iderably  h ighe r .  I n  1974 

Tihansky [37] a s ses sed  t h e  va lue  of c leaning  up ocean beaches a t  $2.00-$5.00 

f o r  swimmers c u r r e n t l y  usin; t h e  beaches, and $1.00-$2.00 f o r  new swimmers 

a t t r a c t e d  t o  t h e  beaches.  Heintz ,  Hershaf t  and Horak [26] valued t h e  l o s s  of 

u t i l i t y  t o  r e e r e a t L o n i s t s  who continued t o  v i s i t  a  s i te  when i t  changed 

from being c l e a n  t o  being po l lu t ed  a t  $5.75 pe r  v i s i to r -day ,  i n  1973 d o l l a r s .  

The B a t t e l l e  Memorial I n s t i t u t e  conducted a  s tudy f o r  t h e  Nat ional  Commission 

on Water Qua l i ty  on t h e  inc rease  i n  s w i m i n g  a c t i v i t y  a t  p u b l i c  beaches 

which had been c losed  because of poor water  q u a l i t y  and which could be 

expected t o  reopen a s  a  r e s u l t  of improvements a r i s i n g  from t h e  1972 Amend- 

ments t o  t h e  Fede ra l  Water P o l l u t i o n  Cont ro l  Act.  The i n c r e a s e  i n  swimming 

a c t i v i t y  was d iv ided  i n t o  two c a t e g o r i e s :  v i s i t s  d ive r t ed  from p re -ex i s t ing  

s t t e s ,  and e n t i r e l y  new p a r t i c i p a t i o n  i n  swimming r e c r e a t i o n .  I n  i t s  

a n a l y s i s  of ~ a t t e l l e ' s  f i n d i n e s ,  t h e  NCUQ S t a f f  Report valued a v i s i to r -day  

of di-verted a c t f v i t y  a t  $2.50 i n  1.976 d o l l a r s ,  and a  v i s i t o r - d a y  of new 

a c t i v i t y  a t  $7.50 [ 3 3 ] .  1 s h a l l  argue below t h a t  t hese  u n i t  va lues  a r e  



Table I. Es t imates  of Consumer Surplus Pe r  V i s i t o r  Day f o r  General  Water-Based 

Recrea t ion .  

Reference 

1401 

[41  I 
[ 4 1  I 
[27 1 
132 I 
132 1 
[321 

1321 

1181 

[ 7  1 

1341 

[341 

1 8 1  

[GI 

Year of 
P u b l i c a t i o n  

1958 

1962 

1962 

1964 

1968 

1968 

1968 

1968  

1 9 6 8  

1971  

1974 

1974 

1976 

1979 

S i t e  

Fea ther  River ,  CA 

Lake Michigan 

Reservoi r  5 0  m i l e s  from S t .  Louis 

Kerr Reservoi r ,  NC 

Lake Cachuma, CA 

Puddingstone Reservoi r ,  CA 

Yosemite Lake, CA 

Lake of t h e  Ozarks, M I  

Texas Reservoi rs  

3 hypo the t i ca l  r e s e r v o i r s  35 t o  5 5  m i l e s  
from S t .  Louis  

Corps of Engineers  Lakes 

Corps of Engineers  Lakes 

11 S t a t e  Parks ,  PA 

8 Wisconsin Lakes 

Consumer's Surplus 
p e r  V i s i t o r  Day ($) 

a 
Consumer's s u r p l u s  pe r  t r a v e l  p a r t y .  



probably much too 'iiig21. 

Tlre purpose of t h i s  paper is botlr methodological and e ~ a p i r i c a l .  Among 

t h e  methodological i s s u e s  t o  be discussed a r e  these:  How does one e s t ima te  

a s e t  of demand f c n c t i o n s  f o r  a  group of a l t e r -na t ive  r e c r e a t i o n  si.tes which 

vary  i n  q u a l i t y ?  Moreover, can one develop a s e t  of demand f u n c t i o n s  which 

is c o n s i s t e n t  with a  u t i l i t y  maximization model, s o  t h a t  exac t  measures of 

consumer's s u r p l u s  can be derived-i t  is w e l l  known t h a t  t h e  a r e a s  PAB and 

ABCD i n  F igurcs  1 and 2 a r e  a t  b e s t  approximations? Many previous  s t u d i e s  

of r e c r e a t i o n  demand have focused on demand func t ions  f o r  an i n d i v i d u a l  

site, thereby ignoring t h e  p o s s i b l e  i n t e r a c t i o n s  between t h e  v i s i t a t i o n  of 

one s i t e  and t h e  a v a i l a b i l i t y  of o t h e r  coinpeting s i t e s . *  I n t u i t i v e l y  one 

rvould expect  t h a t ,  i f  a l t e r n a t i v e  s i t e s  were a v a i l a b l e ,  t h e  consiimer's sur -  

p l u s  from t h e  opening o r  iinproveinent of any one s i t e  would he lower. This ,  

I b e l i e v e ,  exp la ins  why sone of t h e  previous  estimates of consuicer's s u r p l u s  

a r e  s o  h igh .  On tlic enp i r i ca l .  s i d e ,  some of t h e  ques t ions  a r e :  How iinpor- 

t a n t  a r e  a l t e r n a t i v e  j n d i c a t o r s  of water- q u a l i t y  i n  expla in ing  a c t u a l  recrea-  

t i o n  choices?  Do percept ions  of water  q u a l i t y  inf luence  r e c r e a t i o n  choices  

more powerfully than o h j e c t i v e  measures of water q u a l i t y ?  tfow much would 

a change i n  water  qual i . ty  a c t u a l l y  i n c r e a s e  r e c r e a t i o n  demand? F i n a l l y ,  a r e  

t h e  u n i t  day va lues  c i t e d  above reasonable  when applied t o  c o a s t a l  r eg ions  

where many a l t e r n a t i v e  s i t e s  a r c  ava i lah l -e ,  o r  a r e  they exaggerated? 
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11. SITE DEPUilJD IIODELS 

The ;nost common approach t o  modeling t h e  demand f o r  r e c r e a t i o n  s i t e s  is 

t o  w r i t e  down a  formula f o r  an o rd ina ry  demand func t ion  con ta in ing  t h e  con- 

v e n t i o n a l  arguments-the "price" of t h e  s i t e ,  perhaps sone raeasilre of t h c  

q u a l i t y  of t h e  r e c r e a t i o n  exper ience  a t  t h e  s i t e ,  income and poss ib ly  o the r  

c h a r a c t e r i s t i c s  of t h e  recrea t ionis t -and  t o  f i t  t h e  demand f u n c t i o n  t o  

obse rva t ions  on t h e s e  v a r i a b l e s .  A s  noted above, from t h e  f i t t e d  dcmnnd 

f u n c t i o n  one c a l c u l a t e s  q u a n t i t i e s  corresponding t o  t h e  a r e a s  PAB o r  ABCD 

i n  F igures  1 and 2. flowever, t h e r e  a r e  w e l l  known problems w i t h  u s i ~ l g  a r e a s  

under o rd ina ry  demand func t ions  t o  measure compensating o r  equ iva len t  va r i a -  

t i o n s .  I n  t h e  case  of  t h e  a r e a  PAB, t h e  e r r o r  r e s u l t i n g  from t h e  use  of 

o rd ina ry  demand f u n c t i o n s  i s  di::..:ussed i n  1201. I n  (21 ] I examine t h e  

v a l i d i t y  of t h e  a r e a  ABCD a s  a  welfar : :  measure; I show t h a t  u n l e s s  c e r t a i n  

r e s t r i c t i v e  condi t ions  a r e  sat isf ied-more r e s t r i c t i v e  than  t h o s e  genera l ly  

recognized i n  t h e  l i t e r a t u r e  ( f o r  example, [ 1 4 ,  pp. 73-41)-this a r e a  does 

not  provide  a n  a c c u r a t e  i n d i c a t i o n  of e i t h e r  t h e  d i r e c t i o n  o r  t h e  niagnitude 

of t h e  t r u e  we l fa re  change a s s o c i a t e d  wi th  t h e  s h i f t  i n  s i t e  q u a l i t y .  

An a l t e r n a t i v e  approach, which avoids  these  problen~s and y i e l d s  exact  

measures of t h e  compensating o r  equ iva len t  v a r i a t i o n s ,  i s  t o  s t a r t  by w r i t i n g  

down an e x p l i c i t  u t i l i t y  func t ion  and d e r i v e  t h e  corresponding ord inary  

demand func t ions ,  which a r e  then e s t ima ted  from t h e  d a t a .  I n  t h i s  case ,  

from t h e  c o e f f i c i e n t s  of t h e  f i t t i .  demand funct ions  one can o b t a i n  e s t ima tes  

of t h e  c o s f f i c i e n t s  of t h e  u t i l i t y  f u n c t i o n  and wi th  t h i s  one can  c a l c u l a t e  

t h e  t r u e  we l fa re  measures. Conceptually t h i s  approach is t h e  more appeal ing 

b u t ,  f o r  reasons descr ibed  below, i t  is sometimes more d i f f i c u l t  t o  app1.y 

empi r i ca l ly .  The set-up i n  the  u t i l i t y - t h e o r e t i c  approach i s  as fol lows.  

A consumer-an i n d i v i d u a l  o r  a  housetlold-is faced with N a l t e r n a t i v e  



r e c r e a t i o n  s i t e s ,  and chooses a r e c r e a t i o n  consumption plan  ( i . e . ,  which 

s i t e s  t o  v i . s i t ,  and how o f t e n )  f o r ,  say ,  t h e  surnmrzr r e c r e a t i o n  season.  

Let  x .  be tlie nu~nhcr of v i s i t s  t o  tile ith s i t e ,  and l e t  pi be t h e  c o s t  of 
1 

v i s i t i n g  t h e  s i t e ;  l e t  x = ( x  . . ., x ) and p  = (p l ,  . . ., pN).  Since x 
t h e  d a t a  a v a i l a b l c  i n  most r e c r e a t i o n  s t u d i e s  does not  cover nonrecrea t ion  

consumption a c t i v i t i e s ,  i t  is  convenient t o  assume t h a t  a11  o t h e r  goods 

can be aggregated i n t o  a  s i n g l e  commodity whose consumption i s  denoted by z ,  

which w i l l  be  taken a s  t h e  n ~ m e r a i r e . ~  The r e c r e a t i o n  s i t e s  a r e  d i f f e ren -  

t i a t e d  i n  q u a l i t y ,  and t h e  consumer's we l fa re  depends not  only  on h i s  

consumption l e v e l s  bu t  a l s o  on t h c  q u a l i t y  c h a r a c t e r i s t i c s  of t h e  a v a i l a b l e  

s i t e s .  Let  bik be t h e  amount of t h e  kth q u a l i t y  c h a r a c t e r i s t i c  a s soc ia t ed  

w i t h  a  u n i t  of good i- in  t h e  p resen t  con tex t ,  b .  could he ,  say ,  the  water  
l k  

temperature a t  s'te i-and l e t  hi = (bil, . . ., bik) be t h e  v e c t o r  of 

q u a l i t y  c h a r a c t e r i s t i c s  a s soc ia t ed  wi th  good i; let b  = (b l ,  . . ., bN). 

Given t h e  consumer's income, y ,  he chooses h i s  r e c r e a t i o n  p lan  by so lv ing  

t h e  cons t ra ined  maxiinization problem: 4 

maximize 
u (x, z ,  b) s.t .  C p . x .  + z = y.  

x > o , z > o  1 1  
- - 

I f  one s p e c i f i e s  a  p a r t i c u l a r  f u n c t i o n a l  form f o r  t h e  u t i l i t y  func t ion  

u  (x, Z ,  b ) ,  t h e  s p e c i f i c  demand func t ions  f o r  t h e  N s i t e s  can be obtained 

by so lv ing  (1). 

It i s  i inpor t~ r i t  t o  d i s t i n g u i s h  between two types  of s o l u t i o n  t o  ( I ) .  

One is an i n t e r i o r  s o l u t i o n ;  i n  t h i s  case ,  t h e  consumer makes some v i s i t s  

t o  s i te  (i.e., a t  t h e  optimum x > 0 f o r  a l l  i ) .  Here t h e  ord inary  
i 

demand function?, have t h e  gene ra l  forci x .  = 11. ( p ,  b, y) , i = 1,  . . . , K ;  
1 1 

i . e . ,  t h e  demand f o r  each s i t e  depends on income, t h e  p r i c e s  of a l l  s i t e s ,  

and the  q u a l i t y  c h a r a c t e r i s t i c s  of a l l  s i t e s .  On s u b s t i t u t i n g  t h e  ord inary  

demand func t ions  i n t o  t b e  d i r e c t  u t i l i t y  func t ion ,  one o b t a i n s  t h e  i n d i r c c L  



8 

u t i l i t y  func t ion  v (p ,  b ,  y) E tl[h (p ,  b ,  y ) ,  y  - I: pihi (p, b ,  y ) ,  b ] ,  

i n  terms of which t h e  compensating and equ iva len t  v a r i a t i o n s  f o r  a  change 

i n  q u a l i t y  from b o  t o  b1 can be  def ined .  The c o e f f i c i e n t s  of t.he i n d i r e c t  

u t i l i t y  func t ion  can be  obtained from those  of t h e  f i t t e d  o r d i n a r y  demand 

func t ions .  I n  [ 2 3 ] ,  I propose some func t iona l  forcis f o r  u (x ,  z ,  b) which 

a r e  s u i t a b l e  f o r  empi r i ca l  a p p l i c a t i o n s ,  I d e r i v e  t h e  formulas f o r  t h e  

r e s u l t i n g  systems of o rd ina ry  demand func t ions ,  and I p r e s e n t  t h e  cor res-  

ponding formulas f o r  t h e  compensating and equiva lent  v a r i a t i o n s .  

I f  one is w o r k k g  wi th  aggregate  d a t a  on t h e  v i s i t a t i o n  of  r e c r e a t i o n  

sites (e.g.,  d a t a  grouped by county of o r i g i n ) ,  it i s  l i k e l y  t h a t  t h e  

assumption of an i n t e r i o r  s o l u t i o n  can  be  invoked-there w i l l  probably be  

v i s i t s  t o  a1.1 s i t e s  from each u n i t  of observa t ion .  However, i f  one i s  

working with microdata on i n d i v i d u a l  households, t h i s  assumption w i l l  

probably not  hold--each 1lousehol.d x i 1 1  not v i s j t  every s i t e  i n  i t s  choice 

s e t .  This  is  c e r t a i n l y  t r u e  of t h e  d a t a  s e t  employed below. I n  t h a t  case  

one is dea l ing  wit11 a  corner  s o l u t i o n  t o  (1)-i .e. ,  a t  t h e  optimum xi = 0 

f o r  a t  l e a s t  one i. One can d i s t i n g u i s h  between two types  of c o r n e r  solu-  

t i o n .  One type might be c a l l e d  t h e  "extreme" corner  s o l u t i o n ,  i n  which 

x = 0 f o r  a l l  bu t  one i-thc househol.d v i s i t s  only one of t h e  h' s i t e s .  
i 

Thi.s may be compared wi th  t h e  l o g i t  and o t h e r  types  of quanta1  cho ice  

model, which focus  on t h e  q u a l i t a t i v e  choice  of one out  of N i t e m s .  I n  

t h e  s i t u a t i o n  envisaged h e r e ,  t h e r e  is both  a  q u a l i t a t i v e  choice-which 

s i t e  t o  select?-and a q u a n t i t a t i v e  choice-how many v i s i t s  a r e  made t o  

t h e  chose11 s i t e ?  I n  ( 2 2 1 ,  I develop two u t i l i t y - t h e o r e t i c  dfz:nnd models 

a p p l i c a b l e  t o  t h i s  type  of qual . i ta t ive-qunnt i t i i t ive  choLce s i t u a t i o n ,  and 

1 apply onc of t hcn  t o  t h e  r e c r c a t i o n  demands of t h e  s u b s e t  of households 

i n  my sample who v i s i t  only one s i t e ;  I a l s o  c a l c u l a t e  exac t  w e l f a r e  measures 

corresponding t o  t h e  a r e a s  PAB and ARCD i n  F i~gures  1 and 2 .  Ncvcrthel.ccs,  
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most householdr: 5~n !lie sclnple i.isj.t more than  one s i t e ,  i11thouf:h ilone 

v i s i t s  nore than t?levcn o u t  of thi: t h i r i ) .  o r  more crater-based rccrea t io : :  

s i t e s  a v a i l ~ n b l e  i n  t h s  Boston a rea  ( s e e  Appendix Table 1 I k ) .  Therefore  

t h e  s i t u a t i o n  is one of a "genclral" corner  s o l u t i o n :  t h e  housc!hold may 

v i s i t  a subse t  of t h e  r e c r e a t i o n  s i t e s ,  no t  necessarily one of them 

and not  i i eces sa r i ly  a l l  of them. This  s i t u a t i o n ,  which i s  t h e  c o s t  r e a l -  

i s t i c ,  is t h e  most d i f f i . c u l t  t o  r ep resen t  empi.r ical ly i n  a manner cons is -  

t e n t  with an expl . ic i t  u t i l i t y  maximization model. I n  1191 and 1231 I have 

developed some u t i l i t y - t h e o r e t i c  demand models a p p l i c a b l e  t o  t h e  g e n e r a l  

corner  sf:,lution 'ase, bu t  s i n c e  they involve  (N-1) dimensional m u l t i p l e  

i n t e g r a l s  they can  be implemented only when t h e  nunber of sites i s  small- 

on t h e  o rde r  of f o u r  o r  f i v e .  Therefore,  they  cannot be app l i ed  he re .  

This i s  t h e  crux  of t h e  problem of modeling t h e  demand f o r  d i f f e r e n -  

t i a t e d  conunodities (such a s  r e c r e a t i o n  s i t e s )  wi th  mi.crodata. On t h e  one 

hand, i t  worild he desirabl t , .  t o  employ a demand model which i s  c o n s i s t e n t  

with a u t i l - i t y  inaxi~nizat ion hypothes is ,  r a t h e r  t han  a pure1.y s t a t i s t i c i ~ l  

model, i n  o rde r  t o  xilake u s e  of t h e  u t i 1 i . t ~ - t h e o r e t i c  mcasurcs of t h e  we l fa re  

e f f e c t s  of a q u a l i t y  change. On t h e  o t h e r  hand, c o n s t r u c t i n g  a u t i l i t y -  

t h e o r e t i c  demand inodel s eve re ly  l i m i t s  one ' s  f l e x i b i l i t y  i n  iiiodeling observed 

behavior and, i n  f a c t ,  becomes impractica.1 f o r  t h e  complicated types of 

corner  s o l u t i o a  which occur i n  r e a l  world d a t a .  I n  t h e  remainder of t h i s  

s e c t i o n  I w i l l  d e s c r i b e  a devnand modc3 which can be  iinplernented a i ~ p i r i c a l l y ,  

and which i s  p a r t l y  c o n s i s t e n t  wi th  a u t i . l i t y  maxiniizntion hypothes is .  I n  t h e  

next  s ec t ion  t h i s  model w i l l  be appl icd  t o  microdata on r e c r e a t i o n  demand 

i n  the  Boston a r e a .  

I n  order  t o  develop a p r a c t i c a l  s u b s t i t u t e  f o r  ( I ) ,  i t  i.s necessary  

t o  change t h e  c h a r a c t e r i z a t i o n  of t h c  choice  s i t u a t i o n .  Suppose t h a t  

t h e  consumer's dec i s ion  i f ;  made i n  two st:paratc3 s t e p s .  I n  one s t e p  he 



dec ides  on t h c  t o t a l  nuiiiber of r e c r e a t i o n  t r i p s ,  and i n  t h e  o t h e r  he 

decide., how t o  appor t ion  t1io. i~ t r i p s  among t h e  a v a i l a b l e  r e c r e a t i o n  

s i t e s .  The demand f o r  any s i t e  can t h u s  be w r i t t e n  

where X is t h e  predetermined t o t a l  number of r e c r e a t i o n  t r i p s ,  and 7 r .  is 
1 

t h e  s h a r e  of t h e s e  t r i p s  a l l o c a t e d  t o  t h e  ith s i t e .  The de te rmina t ion  of 

X may depend on t h e  income and o t h e r  socio-economic a t t r i b u t e s  of  t h e  

consumer, and i t  may a l s o  depend on some index of t h e  o v e r a l  c o s t l i n e s s  

and q u a l i t y  of t h e  a v a i l a b l e  s i t e s  i n  h i s  choice s e t ,  bu t  i t  does  not  

depend on t h e  p r i c e s  and q u a l i t i e s  of t h e  p a r t i c u l a r  s l t e s  which h e  chooses 

t o  v i s i t ;  because of t h i s ,  t h e  model is not  c o n s i s t e n t  w i th  (1) .  The 

a l l o c a t i o n  of v i s i t s  among sites can be  c a s t  i n  a  u t i l i t y  maximization 

framework by assuming t h a t  each time t h e  consumer embarks on a r e c r e a t i o n  

t r i p  he makes what is now a  pure ly  q u a l i t a t i v e  choice  of which s i t e  t o  

v i s i t .  This  can  be  represented  by a  quanta1 choice model such a s  mult i -  

nomial l o g i t  o r  p r o b i t ,  which can be  i n t e r p r e t e d  as a r i s i n g  from t h e  follow- 

ing  u t i l i t y  maximization problem: 

niaxiinize u  ( w ,  b ,  Z )  = COi (bi) wi + hz s . t .  C + z = y 
w , 2 > O  - 

and w = O o r l , a l l i  
i 

Here @. ( b . )  is an index of t h e  a t t r a c t i v e n e s s  of t h e  ith site, h i s  a  
1 1  

5 
p o s i t i v e  cons tan t ,  and t h e  choice v a r i a b l e s  w = (wl, . . ., wN) rep resen t  

a  pure ly  q u a l i t a t i v e  choice ,  namely t h e  s e l e c t i o n  of a  s i t e  t o  v i s i t ;  w .  
1 

equa l s  1 i f  s i t e  i is s e l e c t e d ,  and 0 otherwise.  S u b s t i t u t i n g  t h e  budget 

c o n s t r a i n t  i n t o  t h e  maximand, t h e  problem can be w r i t t c n  

maxi~i ize  C 0 .  w .  + hy, w = O o r  1 ,  a l l  i 
1 1  i (3 )  

W 

wherc e .  f 4. ( b . )  - hp . I n  o rde r  t o  provide a s t a t i s t i c a l  f ra~~iework  
3 1 1  i 

f o r  e s t i n a t i n g  t h e  quanta1 choice modcl it is  neerssary  t o  i n t r o d u c e  a  



s t o c h a s t i c  el.en?ent i n t o  t h c  u t i l i t y  functi.vi.i i n  (3 ) .  This  can be done by 

making t h e  $. ( '  ) I s  random func t ions  of t h e i r  argrr?tei:ts; hence, t h e  5 , ' s  
1 1 

6 
a l s o  a r e  randoill. T l i e  a l l o c a t i o n  sha res  i n  ( 2 )  can be  equated with t h e  

q u a l i t d t i v e  choice  p r o b d b i l i t i e s  a r i s i n g  from (3) 

n. = Pr  { s i t e  i is s e l e c t e d )  
1 

= Pr  {Qi > B j ,  a l l  j # i l .  

T l ~ e  s t o c h a s t i c  e l e m m t  i n  t h e  + . ( ' ) ' s  can be  thought of as r ep resen t ing  
1 

random d i f f e r e n c e s  i n  tastes ac ross  i n d i v i d u a l s  and a l t e r n a t i v e s  i n  t h e  sample. 

Because of t h e  l a r g e  number of s i t e s  i n  t h e  a p p l i c a t i o n  presented  below, 

i t  i s  not  p r a c t i c a l  t o  employ multinomial p r o b i t  f o r  t h e  q u a l i t a t i v e  choice 

model ( 3 ) ,  and t h e r e f o r e  multinomial l o g i t  w i l l  be  used.' I n  t h a t  ca se  t h e  

s t o c h a s t i c  element i s  introduced by w r i t i n g  

where y. ( b . )  i s  t h e  nons tochas t i c  component of t h e  a t t r a c t i ~ r e n e s s  index, 
1 1  

and t h e  ? . I s  a r e  assuced t o  be independently d i s t r i b u t e d  according t o  t h e  
1 

extreme va lue  (EV) d i s t r i b u t i o n  with parameters  (1, ui) .8  Equivalent ly ,  one 

can w r i t e  $. = u  + y .  ( b . )  + ?, where 2 i s  EV ( 1 ,  0). The independence 
1 i 1 1  

assumption i s  a s t r o n g  one s i n c e  it impl ies  t h a t  t h e r e  is no c o r r e l a t i o n  

between a n  i n d i v i d u a l ' s  choices  on d i f f e r e n t  occasions-the f a c t  t h a t  he  

chose t o  v i s i t  s i t e  number 1 l a s t  week t e l l s  you nothing about  which s i t e  

he w i l l  v i s i t  t h i s  week. I n  p r i n c i p l e ,  it would be  more p l a u s i b l e  t o  a l low 

t h e  T i ' s  t o  be c o r r e l a t e d  a c r o s s  i n d i v i d u a l s ;  t h i s  can be b u i l t  i n t o  t h e  

multinomial p r o b i t  model-for cxampl.e, s e e  [25J--but t h e r e  a r e  too marry 

s i t e s  t o  apply thi.s model liere. Gi.vt!n tlie s t o c l ~ a s t i c  s p e c i f i c a t i o n  of (5), 

t h e  q u a l i t a t i v e  chc~ ice  p r o b a b i l i t i e s  t a k e  t h e  form 



a + yi(bi) - hpi 
e  

i 
pr i i s  se].ectc<) = ~ 

N a .  + y . ( L . )  - hp. ' 
Ce J 

3 3 3 

A s  shown ill 1301, t? ie  parameters of  t h e  model.-the ai is ,  h ,  and t h e  

c o e f f i c i e n t  of t h e  y. ( b . )  funct ions-em bc  es t imated  fro:,> ( 6 )  by t h e  
1 I 

inaximum l i k e l i h o o d  method. 

I n  order  t o  perform we l fa re  eva lua t ions  f o r  changes i n  p r i c e s  o r  

q u a l i t i e s ,  it is necessary t o  o b t a i n  t h e  i n d i r e c t  u t i l i t y  f u n c t i o n  corres-  

ponding t o  t h e  d i r e c t  u t i l i t y  f u n c t i o n  i n  ( 3 ) .  Suppose t h a t  tire consumer 

s e l e c t s  s i t e  i-i.e., t h e  s o l u t i o n  t o  (3 )  is wi = 1, wj - - 0, j $ i; subs t i -  

t u t i n g  these  va lues  i n t o  ( 3 ) ,  one o b t a i n s  t h e  c o n d i t i o n a l  i n d i r e c t  u t i l i t y  

func t ion  ; = Oi + hy. The consumer a c t u a l l y  s e l c c t s  t h a t  s i t e  which y i e l d s  
i 

t h e  h i g h e s t  u t i l i t y .  Denote t h e  v a l u e  of t h e  maximized i n d i r e c t  u t i l i t y  

- 
func t ion  by ;*-i.e., u* = max {G*, . . . , G * )  Z <* ( p ,  b ,  y ) .  Let  ;*fp, b ,  y) r N 

E {v* (p, b ,  p) ]. be t h e  expected v a l u e  of t h e  maximized i n d i r e c t  u t i l i t y  

funct ion .  This  func t ion  w i l l  b e  used t o  cons t ruc t  a  monetary measure of t h e  

we l fa re  e f f e c t s  of a  change i n  t h e  p r i c e s  o r  q u a l i t i e s  of t h e  a v a i l a b l e  s i t e s .  

0 Suppose t h a t  p r i c e s  and q u a l i t i e s  change from (p , b u )  t o  ( p i ,  b l ) .  The 

compensating v a r i a t i o n  measure of t h e  we l fa re  e f f e c t s  of t h i s  change i s  

def ined  t o  be t h e  q u a n t i t y  C which s a t i s f i e s  

;* b' ,  y  - C )  = ;* ($ , b" ,  y ) .  (7a) 

A l t e r n a t i v e l y ,  tile equiva lent  v a r i a t i o n  measure of t h i s  change is def ined  

t o  be t h e  q u a n t i t y  l: which s a t i s f i e s  

vf b l ,  y  ) = G" ( p U ,  b y  y  + E ) .  (7b) 

111 [22], i t  is show11 t h a t  f o r  t h e  l o g i t  model given by (3)  and (51, t h e  

expected i n d i r e c t  u t i l j t y  func t ion  t akes  t h e  form 



j=1 
cons t:ant) 

and, t h c r c f o r c ,  f o r  the  chanae from ( p \  b G )  t o  ( p ' ,  b ' )  

I c = E = - Rn ( A o /  A ' )  
b 

where 

I n  t h e  case  of a  pure  q u a l i t y  chan&e ,oneob ta ins  the  t r u e  we l fa re  measure 

corresponding t o  t h e  a r c a  ABCD i n  F igure  2 by s e t t i n g  p! = a l l  j i n  (8) 
J 3 

To ob ta in  t h e  t r u e  we l fa re  measure corresponding t o  t h e  a r c a  PAB i n  Eigure 1 

0 f o r  s i t e  i, s a y ,  one s e t s  b '  = b o ,  = p. a l l  j $ i, and pf = m i n  (8), 
J 

s i n c e  t h i s  i s  t h e  p r i c e  requi red  t o  d r i v e  t h e  consumer's demand f o r  s i t e  i 

t o  zero ( i . e . ,  n = 0) i n  t h e  l o g i t  model. Note t h a t  (8) i s  a  measure of 
i 

t h e  wel fare  g a i n  (o r  l o s s )  per  choice occasion-l .e . ,  each t i m i -  t h e  consuvier 

einbarks on a  r e c r e a t i o n  t r i p  and niakes a  q u a l i t a t i v e  c'ioice of which 

s i t e  t o  v i s i t  he  r eaps  t h i s  b e n e f i t .  Therefore ,  t h e  t o t a l  b e n e f i t  f r o n  

t h e  change i n  p r i c e s  o r  q u a l i t i e s  is obta ined  by mul t ip ly ing  t h i s  b e n e f i t  

per  s i t e  cho ice  by t h e  consumer's t o t a l  number of r e c r e a t i o n  t r i p s  over  

t h e  season,  X.  



1 . .  ESTI:~i4TIOS OF TIiE SITE DE1AND MODEL 

I n  t h i s  s e c t i o n  t h e  deniand model descr ibed  above w i l l  be appl.ied t o  

d a t a  on t h e  v i s i t a t i o n  of w:xter-based r e c r e a t i o n  s i t e s  i n  t h e  Boston 

a r e a .  The d a t a  come from two surveys ,  both  conducted i n  1974 and described 

i n  more d e t a i l  i n  [ 5  ] and [ lY]:  a  survey i n  t h e i r  bornes of a s t r a t i f i e d  

randorn sample of 462 households l i v i n g  i n  t h e  Boston SMSA t o  a s c e r t a i n  

which beaches they had v i s i t e d  du r ing  t h e  15-week per iod  between Memorial 

Day and Labor Day, 1974, and how f requen t  t h e  v i s i t s  had been; and a  su r -  

vey of 30 major r e c r e a t i o n  s i t e s  i n  t h e  a r e a  t o  inventory t h e i r  f a c i l i t i e s  

and c o l l e c t  water  samples f o r  chemical  a n a l p i s ?  The s i t e s  involved  i n  

the. survey,  which inc lude  a l l  of t h e  important beaches i n  t h e  Boston a r e a ,  

a r e  l i s t e d  i n  Appendix Table I A ;  some of t h e  main f e a t u r e s  of t h e  honse- 

ho lds '  r e c r e a t i o n  p a t t e r n s  a r e  summarized i n  Appendix Table I I A .  The 

survey d e a l t  only w i t h  t r i p s  t h a t  1.asted one day o r  l e s s ,  and i t  covered 

s e v e r a l  r e c r e a t i o n  a c t i v i t i e s .  This  paper w i l l  focus only on swimming 

and gene ra l  beach r e c r e a t i o n .  The households surveyed r e p r e s e n t  about 

0.07 pe r  cent  of t h e  t o t a l  1970 Boston SMSA popula t ion ,  and have  roughly 

t h e  same incomes, educat ions  and e t h n i c  backgrounds a s  t h e  l a r g e r  popula- 

t i o n .  

The demand model t o  be es t imated  h e r e  is given by (2) .  A s  noted above, 

it has two components: t h e  de terminat ion  of t h e  t o t a l  number of  v i s i t s  

by t h e  members of a  household t o  a l l  r e c r e a t i o n  s i t e s ,  2, and t h e  a l l o c a t i o n  

of t h i s  t o t a l  among i n d i v i d u a l  s i t e s ,  Ti1, . . . , %. The e s t i m a t i o n  of 

t h e  determinants  of t o t a l  r e c r e a t i o n  a c t i v i t y  invol.ves some s t a t i s t i c a l  

probluns which w i l l  now be  examined. The d i s t r i b u t i o n  of 2 a c r o s s  t h e  

households i n  t h e  sample i s  suii~narized i n  t h e  second panel  of Tab le  I I A .  

- 
Three f e a t u r e s  of t h i s  d i s t r i b u t i o n  s t and  out :  X i s  obvious1.y a non-negative 
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random va r i ab le ;  i t  has a d i s c r e t e  p r o b a b i l i t y  mass a t  zero-56 of t h e  

462 houscholds d i d  not  p a r t i c i p a t e  i n  any r e c r e a t i o n  a c t i v i t y ;  and i t  is 

h ighly  skewed, wit11 a  long r i g h t  t a i l - t h e  mcdian number of v i s i t s  t o  

r e c r e a t i o n  sites b-- a household i s  about  10 ,  t h e  mean i s  21,  and t h e  

maximurn f o r  any household i s  276.  Tfiese f e a t u r e s  cause problems f o r  t h e  

choice  of a  s t a t i s t i c a l .  model. For example, one might be temgted t o  

p o s t u l a t e  t h e  s tandard  r eg res s ion  model 

where 7. i s  a set of explanatory v a r i a b l e s ,  B i s  a vec to r  of c o e f f i c i e n t s  

t o  be  e s t ima ted ,  and E i s  a  normally d i s t r i b u t e d  e r r o r  term. Ilowever, t h i s  

s p e c i f i c a t i o n  is not  c o n s i s t e n t  w i th  t h e  non-negat ivi ty,  t h e  p r o b a b l l i t y  

mass a t  zero ,  o r  t h e  skewness of tire d i s t r i b u t i o n  of 2. One could handle 
- 

t h e  non-negat ivi ty by p o s t u l a t i n g  t h a t  X is a poisson v a r i a b l e  w i t h  mean 

26, bu t  t h i s  could not  s imultaneously accommodate t h e  p r o b a b i l i t y  mass 

- 
a t  zero  and t h e  skewness. Another p o s s i b i l i t y  is t o  assume t h a t  X is 

lognormally d i s t r i b u t e d ;  t h i s  i nco rpora t e s  t h e  non-negat ivi ty and t h e  

skewness, b u t  not  t h e  p r o b a b i l i t y  mass at  zero .  One could employ t h e  Tob i t  

model : 

o i f  z a -  E Z  o 

ZB - 2 otherwise  

where 2 i s  normally d i s t r i b u t e d ;  t h i s  provides  f o r  t h e  non-negat ivi ty and 

t h e  p r o b a b i l i t y  m a s s  a t  z e r o ,  but  n o t  tile skewness. One would i d e a l l y  l i k e  

t o  have a  lognormal v e r s i o n  of Tobi t .  I n  [ 2  ] and [ 31 such a model is 

presented al though not  i n  a  r eg res s ion  con tex t ;  a  r eg res s ion  v e r s i o n  of 

t h e  model i s  descr ibed  i n  [13] ,  bu t  i t  does not  appear t o  be  con~pu ta t iona l ly  

f e a s i b l e .  In s t ead ,  I w i l l  ei.,ploy a  modcl rrl-licl~ is based on Goldberger ' s  

[16] two-stage approxh.a t iou  t o  t h e  Tobi t  model: 



Thc log ic  of t h i s  c o n s t r u c t i o n  i s  t h a t  i t  deconpose.s t h e  de terminat ion  

of 2 i n t o  two s t a g e s ,  a  q u a l i t a t i v e  cho ice  of whether o r  not  t o  p a r t i c i p a t e  

i n  r e c r e a t i o n  and, g iven  a  dec i s ion  t o  y e r t i c i p a t e ,  a  q u a n t j t a t i v e  choice 

of how much t o  p a r t i c i p a t e .  Moreover, i t  p e r m i t s  d i f f e r e n t  f a c t o r s  t o  

in f luence  t h e  two choices ;  t h e  q u a l i t a t i v e  choice depends on t h e  v a r i a b l e s  

2 ,  wi th  c o e f f i c i e n t s  B ,  whi le  t h e  q u a n t i t a t i v e  choice depends on t h e  va r i -  

a b l e s  W, with  c o e f f i c i e n t s  y. Combining t h e  two s t a g e s  of  (Y), one has 

I n  the  f i r s t  s t a g e  of (91, u s i n g  a l l  t h e  households i n  t h e  sample, 

one e s t ima tes  t h e  p r o b a b j l i t y  t h a t  a  household p a r t i c i p a t e s  i n  r e c r e a t i o n  

where F ( - 1  i s  t h e  c . d . f .  of t h e  random term 2 i n  (9 ) .  This  is a  binary c 
p r o b i t  iiiodel i f  one uses  t h e  normal d i s t r i b u t i o n ,  and a b inary  l o g i t  model 

i f  one uses  t h e  , o g i s t i c  d i s t r i b u t i o n .  lo I n  t h e  second s t a g e ,  u s ing  the  

subse t  of households who do p a r t i c i p a t e  i n  r e c r e a t i o n ,  one employs a 

r eg res s ion  model t o  estim:itc t h e  c o n d i t i o n a l  mean number of v i s i t s ,  

~ 1 2 1 2  > 01. 1t wou1.d be a p p r o p r i a t e  h e r e  t o  assume t h a t  t h e  e r r o r  term 

i n  t h e  second s t a g e ,  6, is a  skewed, p o s i ~ t i v e  random v a r i a b l e ,  such  a s  a  

lognormal v a r i a b l e .  The lognornial r eg rcs s ion  can be s e t  up i n  two d i f f e r -  

e n t  ways. One way i s  t o  w r i t e  t h e  condit ional .  d i s t r i b u t i o n  of  ? given 

t h a t  .? > 0 as 

where 5 is K(0, 0 ' ) .  Taking loga r i thms ,  one ob ta ins  the  r e g r c s s i o n  inodel 



Tablf 11. Household C h a r a c t e r i s t i c  Var iab les  

D e f i n i t i o n  
~~ 

Var i ab l  e 

1xc 

EDUC 

PADULTS 

#KIDS 

IRISH 

ITA1,IAN 

MIKORITY 

AUTO 

DAY SWO?,KED 

SFJIMI'OOL 

UOFISII 

AVDIST 

Househol~d income ($) I 

* 

Iiiglicst houseliold educat ion ( ca t egor i e s :  1 = elementary 
school ,  . . ., 4 = some toll-ege, . . . 7 = pos tgraduate  
educat ion)  

Number of persons  aged 18 and o l d e r  i n  t h e  household I 
Number of persons  under 18 i n  t h e  household I 
1 i f  t h e  household i s  predominantly I r i s h ,  0 o therwise  I 
1 i f  t h e  household i s  predominantly I t a l i a r ~ ,  0 otherwise I 
1 i f  t h e  household is predominantly of a minori ty group, 

0 o therwise  I 
1 i f  t h e  h o ~  ilold 0wr.s one o r  snore c a r s ,  O otherwise I 
Number of days pe r  week worked by t h c  head of t h e  

household I 
1 i f  t h e  household ~ a k e s  f requent  use  of a p r i v a t e  
swinming pool ,  0 otherwise 

1 i f  mcnbers of t h e  household engage i n  f i s h i n g  or  
b o a t i ~ g ,  0 o therwise  

Average of t h e  s t r a i g h t - l i n e  d i s t ances  from t h e  house- 
h o l d ' s  home t o  each of s i t e s  1 through 2 9  

Mean 
Value 

14,317 

4.71 

2.57 

1.60 

0.210 

0.180 

0.104 

0.825 

5.0 

0.160 

0.496 

10.196 



which can be es t imated  by l e a s t  squa res .  Note t h a t  i n  t h i s  se t -up  t h e  

v2/2 
c o n d i t i o n a l  mean EISIX > 01 is $ (W, y ) e  , and not  4 ( W ,  y ) . Therefore  

0 (W, v ) ,  where 9 a r e  t h e  l e a s t  squa res  c o e f f i c i e n t  e s t i ~ l a t c c ,  i s  a biased 

e s t i m a t o r  of E{?\? > 0) ;  i n  1171, Goldberger d e s c r i b e s  an adjus tment  

procedure which e l i m i n a t e s  t h e  b i a s .  The second approach t o  lognormal 

r e g r e s s i o n ,  proposed by Amemiya [ 4 1 ,  is t o  assume d i r e c t l y  t h a t  t h e  

c o n d i t i o n a l  mean number of v i s i t s  is some s p e c i f i c  func t ion  

and t h e  c o n d i t i o n a l  va r i ance  is 

~ { X j i i  > 0 )  = K ~ $ J ( W ,  y)' 

where K and y a r e  t h e  parameters  t o  be estimated." Suppose t h a t  

$J (w, Y) = ~ J Y  . Ameiniya sugges t s  t h e  gene ra l i zed  l e a s t  squares  (GLS) 

e s t  inlator 

Y GLS = ( U - f i - t W ) - ~ W ~ f i - ~ X  (15) 

c. 

A ~ ~ ~ ) ~ ]  i s  a n  e s t i m a t e  of t h e  c o n d i t i o n a l  va r i ance -  where 62= d iag [  (Iiy 

"OLS = 
covar iance  m a t r i x  (14b),  based on a f  i r s t - round OLS es t ima to r  y 

(w'w)-'w'x. 

To summarize, t h e  e s t ima t ion  of t h e  demand model (2) i s  conducted i n  

t h r e e  s t e p s .  The f i r s t  two s t e p s  a r e  t h e  e s t ima t ion  of t h e  r e c r e a t i o n  

p a r t i c i p a t i o n  model ( I l ) ,  and t h e  r e g r e s s i o n  model f o r  t h e  t o t a l  number 

of r e c r e a t i o n  t r i p s ,  based on (12) o r  (14). The t h i r d  s t e p  is t h e  estima- 

t i o n  of t h e  u t i l i t y - t h e o r e t i c  l o g i t  model of t h e  a l l o c a t i o n  of  v i s i t s  among 

i n d i v i d u a l  s i t e s ,  ( 6 ) .  Once e s t ima ted ,  t h e  models may be combined t o  

p r e d i c t  a tiousehold's v i s i t s  t o  any s i t e  using t h e  formula 



The v a r i a b l e s  used i n  t h e  f i r s t  two s t e p s  a r e  def ined  i n  Table 11. They 

inc lude  household income, educat ion,  s i z e  and age composition, e t h n i c  back- 

ground, a u t o ~ l o b i l e  ownership, and access  t o  a  p r i v a t e  swim7iing pool .  A l l  

of t hese  v a r i a b 1 . e ~  measure c h a r a c t e r i s t i c s  of t h e  household. I n  a d d i t i o n ,  

a s  an index of t h e  availability of r e c r e a t i o n  o p p o r t u n i t i e s ,  I included t h e  

average d i s t a n c e  from t h e  household 's  home t o  t h e  main r e c r e a t i o n  s i t e s  

i n  t h e  area.'' For t h e  r e c r e a t i o n  p a r t i c i p a t i o n  model I used t h e  b inary  

l o g i t  model, es t imated  by t h e  maximum l i k e l i h o o d  method. For t h e  number 

of r e c r e a t i o n  t r i p s ,  I used both t h e  lognormal 01,s reg res s ion  model, (13), 

and Amemiya's GLS es t ima to r  (15); al though both y i e lded  s i m i l a r  r e s u l t s ,  

t h e  l a t t e r  produced a s l i g h t l y  b e t t e r  f i t  and i s  r epor t ed  here .  The 

r e s u l t i n g  c o e f f i c i e n t  e s t ima tes  a r e  shown i n  Table 111. 

These r e s u l t s  may be summarized a s  fo l lows.  Househo1.d income does 

not  appear t o  have a  s i g n i f i c a n t  i n f luence  on r e c r e a t i o n  a c t i v i t y ,  hut  

household educat ion  does-households wi th  a  h igher  educat ion a r e  s i g n i f i -  

c a n t l y  more l i k e l y  t o  p a r t i c i p a t e  i n  water-based r e c r e a t i o n ;  but  g iven  t h a t  

they p a r t i c i p a t e ,  they do not  make s i g n i f i c a n t l y  more t r i p s .  The age  com- 

p o s i t i o n  of t h e  household has  some in f luence .  The p r o b a b i l i t y  of p a r t i -  

c i p a t i o n  i n  r e c r e a t i o n  depends s i g n i f i c a n t l y  on t h e  number of a d u l t s  i n  

t h e  household, but  not  on t h e  number of c h i l d r e n .  However, given t h a t  a  

household p a r t i c i p a t e s ,  t h e  number of t r i p s  which i t  makes depends on i ts  

s i z e  but  not  i ts  age composition: t h e  hypothes is  t h a t  t h e  c o e f f i c i e n t s  of 

house- P v i s i t s  
by house- 

s e l e c t s  hold t o  
s i t e  i a11 sites 

# K I D S  and /'AI>ULTS are t h e  same cannot be r e j e c t e d  a t  t h e  -05 l e v e l .  As 

wi th  o the r  a s p e c t s  of l i f e  i n  Bosion, e t h n i c  background has sone e f f e c t  

on r e c r e a t i o n  behavior .  Both I r i s h  and I t a l i a n  households a r e  somewhat 

tiouschold housi-hold 
p a r t i c i -  
p a t e s  i n  p a t e s  i n  
recrea t ior i  



Two-Stage Model of  t h ?  T o t a l  Nunber of  V i s i t s  t o  A 1 1  S i t c s  

h 
Thc fsrudo-E* s t a t i s t i c  [ 1 2 ,  p .  1231 
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more l i k e l y  than o t h e r  whi te  households t o  p a r t i c i p a t e  i n  recreation a t  

pub l i c  beaches; given t h a t  they p a r t i c i p a t e ,  I r i s h  households make s i g n i f i -  

can t ly  more v i s i t s ,  whereas I t a l i a n  households ntzke soiriewhat fcwer v i s i t s .  

Minori ty households a r e  l e s s  l i k e l y  t o  p a r t i c i p a t e  i n  recreat i .on a t  pub l i c  

beaches and, given t h a t  they  p a r t i c i p a t e ,  they make sornewhat fcwer v i s i t s .  13 

Possession of an automobile has no in f luence  on t h e  p r o b a b i l i t y  of p a r t i c i -  

pa t ing  i n  r e c r e a t i o n ,  but  i n  households which p a r t i c i p a t e  i t  l e a d s  t o  

somewhat more v i s i t s  being made. Households wi th  access  t o  a  p r i v a t e  

swimming pool  a l s o  a r e  more l i k e l y  t o  p a r t i c i p a t e  i n  r e c r e a t i o n  a t  pub l i c  

beaches b u t ,  given t h a t  they p a r t i c i p a t e ,  they make somewhat fewer v i s i t s .  

1Iouseholds which p a r t i c i p a t e  ill boa t ing  and f i s h i n g  a l s o  make s i g n i f i c a n t l y  

more t r i p s  f o r  gene ra l  beach r e c r e a t i o n .  L a s t l y ,  households which a r e  

loca ted  a t  a  g r e a t e r  d i s t a n c e  from t h e  main beaches i n  t h e  Boston a r e a  

a r e  s i g n i f i c a n t l y  l e s s  l i k e l y  t o  p a r t i c i p a t e  i n  r e c r e a t i o n  and, i f  they 

20 p a r t i c i p a t e ,  they make fewer t r i p s .  

The v a r i a b l e s  used i n  t h e  l o g i t  model f o r  t h e  a l l o c a t i o n  of v i s i t s  

among s i t e s  a r e  l i s t e d  i n  Table 1 V .  S ix  a r e  measures of water  q u a l i t y  

a t  each s i t e :  &lo, COD, FBBCT, PROS, TEKP and TURB. l 4  The v a r i a b l e  SITE 

TYPE, a  dummy f o r  fresl lwater  a s  opposed t o  ocean s i t e s ,  i s  included because 

t h e r e  may be  d i s t i n c t  preferences  f o r  t h e  two types  of s i t e .  The e i g h t h  

var iab le . ,  NUISANCE, measures nonwater a s p e c t s  of s i t e  q u a l i t y .  The v a r i a b l e  

MINORLTY ATT i s  included i n  order  t o  a l low f o r  r a c i a l  segmentation i n  

r e c r e a t i o n  behavior:  a t  c e r t a i n  s i t e s  i n  t h e  Boston a r e a ,  an unusual ly h igh  

percentage of v i s i t o r s  a r e  from c e r t a i n  e t h n i c  o r  r a c i a l  groups. Th i s  phe- 

nomenon is  handled h e r e  by c rea t ing  a  d~:~xny and t h e  s i t e  i s  one of t hose  

i d e n t i f i e d  a s  having a  s p e c i a l  a t t r a c t i v e n e s s  t o  m i n o r i t i e s ,  and 0 o the r -  

wise. The v a r i a b l e  I R i S l i  ATT i s  d td incd  slmi1;irly f o r  s i t e s  t r a d i t i o n a l l y  

a t t r a c t i v e  t o  I r i s h  households. Ti~ese  t e n  v a r i a b l e s  c o n s t i t u t e  t h e  



Table I V .  S i t e  C1,arac ter i s t ic  Var i ab le s  

TRAVEL COST 

ENTRY COST 

! PRICE 

D e f i n i t i o n  I Typea 

Ammoilia content  of water  a t  t h e  s i t e  
(mg/l) 

Chcinical oxygen demand of water a t  t h e  
s i t e  (mg/l) 

Feca l  co l i fo rm b a c t e r i a  i n  water a t  t h e  
s i t e  (# / I00  ml) 

T o t a l  phosphorus con ten t  of water  a t  
t h e  s i t e  (mgfl) 

Water temperature a t  t h e  s i t e  (" F) 

Turb id i ty  of water  a t  t h e  s i t e  (JTU) 

1 i f  f r e shwa te r ,  0  i f  s a l t w a t e r  s i te  

1 i f  t h e  s i t e  has  heav i ly  urban o r  
noisy  s e t t i n g ,  0  o therwise  

1 i f  t h e  household i s  a  minori ty group 
and t h e  s i t e  is i d e n t i f i e d  a s  having 
a s p e c i a l  a t t r a c t i v e n e s s  t o  m i n o r i t i e s ,  
0 o the rwise  

1 i f  t h e  household is I r i s h  and t h e  s i t e  
is i d e n t i f i e d  a s  having a  s p e c i a l  
a t t r a c t i v e n e s s  t o  I r i s h ,  0 otherwise 

Cost ( i n  d o l l a r s )  of t r a v e l i n g  by auto- 
mobile from home t o  s i t e  

Parking and en t r ance  f e e s  a t  t h e  s i t e  
( i n  d o l l a r s )  

Sum of TRAVEL COST and ENTRY COST 

a  
S  = v a r i e s  over  s i t e s ;  H = v a r i e s  over households. 
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components of b .  i n  t h e  u t i l i t y  model ( 3 ) .  I assuine t h a t  t h e  f u n c t i o n  
1 

y (b i n  (5) i s  l i n e a r  i n  these  v a r i a b l e s ,  and i ts  c o e f f i c i e n t s  a r e  t h e  
i i 

same ac ross  a l l .  sitcis--i..e., yi (b) = ~ ( b )  f o r  a l l  i. E!oreover I assune 

t h a t  t h e  cons tan t  t e r n s  a r e  t h e  same a c r o s s  a l l .  s i t e s ;  t oge the r  wi th  t h e  

normalizati.on requiuement,  t h i s  imp l i e s  t h a t  a .  = 0 a l l  i. I n  t h e  t e r -  
1 

minology of DomencLch and McFadden [12, p. 531, t h i s  is an e n t i r e l y  "generic" 

s p e c i f i c a t i o n  of t h e  $ . I s  i n  (5). 
1 

The l a s t  t h r e e  v a r i a b l e s  i n  Table I V  a r e  p r i c e  v a r i a b l e s .  The construc-  

t i o n  of t h e s e  p r i c e s  r e q u i r e s  some explanat ion .  I d e a l l y  one would l i k e  

t o  use t h e  a c t u a l  c o s t  t o  households of v i s i t i n g  t h e  s i t e s ,  which depends 

p a r t l y  on t h e  s i z e  of t h e  p a r t y ,  t h e  method of t r a n s p o r t a t i o n ,  and t h e  

r o u t e  followed. The survey d a t a  on a c t u a l  r e c r e a t i o n  expend i tu res  were 

u n s a t i s f a c t o r y ,  and i t  was t h e r e f o r e  necessary t o  r e c o n s t r u c t  t h e  c o s t  of 

v i s i t i . ng  s i t e s .  There a r e  two components of t h i s  c o s t .  A t  e leven  s i t e s ,  

parking and ent rhnce  f e e s  a r e  changed. Only two of these  sites a r e  acces- 

s i b l e  by p u b l i c  t r a n s p o r t a t i o n ;  f o r  t h e s e  two s i t e s  I m u l t i p l i e d  t h e  parking 

f e e  by t h e  percentage of t h e  sample hot~seholds  v i s i t i n g  them which used 

p r i v a t e  automobiles f o r  access .  For t h e  o t h e r  n i n e  sites, I assumed t h a t  

a l l  access  was by p r i v a t e  automobile.  The r e s u l t i n g  va lues  of t h e  ENTRY 

COST v a r i a b l e  a r e  shown i n  Appendix Table I A .  l5 The TRAVEL COST v a r i a b l e  

was cons t ruc ted  by coinputi.ng t h e  s t r a i g h t - l i n e  d i s t a n c e  fro:n each house- 

h o l d ' s  home t o  each r e c r e a t i o n  s i t e ,  mul t ip ly ing  t h i s  by a  conversion f a c t o r  

t o  o b t a i n  an e s t ima te  of a c t u a l  road d i s t a n c e ,  and mul t ip ly ing  t h i s  i n  t u r n  

by an est imated t r a v e l  c o s t  of 7 C  per  road mi le  ( i n  1974 do l . l a r s ) .  Wilmnn [ 4 3 ]  

and o t h e r s  have argued t h a t  one should a l s o  inc lude  a n  e s t i m a t e  of t h e  

t i n ! @  component of t r a v e l  c o s t s .  ~ I o c J L ' v ~ ~ ,  tiif survey d a t a  do not  i n d i c a t e  

how many a d u l t s  or c h i l d r e n  were i n  t h e  p a r t y  v i s i t i n g  t h e  s i t e ,  nor whether 

t h e  t r i p s  were made on weekdays o r  t h c  weekend. It seems imposs ib le ,  



t l re refore ,  t o  d e r i v e  any reaso:~able e s t i m a t e  of t h e  shadow p r i c e  of t h e  

time spent  t r a v e l i n g  t o  t h e  s t i e s .  The f i n a l  var iab l -e ,  PRICE, i s  t h e  

sum of TRAVEL COST and ENTRY COST. I n  p r i n c i p l e ,  s i t e  cho iccs  should 

be bas:id on t h i s  sum-this sliould correspond t o  t h e  v a r i a b l e  p .  i n  (3 ) .  
1 

This hypothes is  is t e s t e d  below. 

There a r e  i n  f a c t  more than 200 water-based r e c r e a t i o n  s i t e s  a v a i l a b l e  

wi th in  a  one-day t r i p ' s  d i s t a n c e  from t h e  Boston S31SA. The 406 households 

in  t h e  samp1.e who p a r t i c i p a t e d  it1 water-based r e c r e a t i o n  r e p o r t e d  t h a t  they 

had v i s i t e d  some 116 sites. However, a s  noted above, water  q u a l i t y  d a t a  

were a v a i l a b l e  f o r  only t h e  30 s i t e s  l i s t e d  i n  Table I A ;  372 households 

v i s i t e d  these  s i t e s ,  and t h e i r  v i s i t s  t o  t h e s e  sL tes  accounted f o r  about 702 

of a l l  t h e  v i s i t s  repor ted  by a l l  households. Therefore,  n o t t o o  much i s  

l o s t  by concen t ra t ing  on t h e  dernond f o r  t h e s e  s i t e s .  A second problem 

wi th  t h e  number of s i t e s  was l e s s  e a s i l y  overcorrie, The mult inomial  l o g i t  

maximum l ikel . ihood e s t ima t ion  program t o  which I had access  cou ld  accowio- 

d a t e  no more t h a  20 s i t e s .  Therefore,  i t  was necessary  t o  e l i m i n a t e  t e n  

s i t e s .  ThLs was done by forming two d i f f e r e n t  s u b s e t s  of 20 s i t e s :  

Sample A (Sa l twater  S i t e s )  inc ludes  s i t e s  1-21 and 30, wit.h sites 2 and 3 ,  

and 8 and 9 aggregated i n t o  two composite " s i t e s "  (354 households v i s i t e d  

t h e  sites i n  t l r i s  sample) ; I6 and Sample B (Sa l twater  and Freshwater  s i t e s )  

inc ludes  s i t e  2 and 3 ,  and 8 and 9 aggregated i n t o  composite s i t e s ,  p lus  

s i t e s  h ,  5 ,  10-14, 16-19, 21-23, 26-28and 30 (352 households v i s i t e d  t h e  

s i t e s  i n  t h i s  sample).  l7 The multinoniial l o g i t  model was a p p l i e d  t o  

each sample s e p a r a t e l y ;  t h e  r e s u l t i n g  c o e f f i c i & n t  e s t i m a t e s  arc. presented 

i n  Table V .  

The two s e t s  of r e s u l t s  a r c  q u a l i t a t i v e l y  s i m i l a r  and t h e  c o e f f i c i e n t  

e s t ima tes  a r e  of a  s i m i l a r  order  of magnitude, althougli they are hy no mcans 
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i d e n t i c a l .  I n  b o t h  cases  i t  i s  c l e a r  t h a t  water  q u a l i t y  cond i t ions  have a  

s i g n i f i c a n t  i n f l u e n c e  on s i t e  choice .  Higher l e v e l s  of COD, PIIOS, FBACT, 

and, i n  sample B but  not  sample A, TURB s i g n i f i c a n t l y  reduce t h e  p r o b a b i l i t y  

t h a t  a  s i t e  i s  v i s i t e d .  Moreover, i n  sample B t h e r e  i s  evidence  of a  

d i s t i n c t  p re fe rence  a g a i n s t  f reshwater  s i t e s ,  even when o t h e r  wa te r  q u a l i t y  

v a r i a b l e s  a r e  taken  i n t o  account.  Two water  q u a l i t y  v a r i a b l e s  have coe f f i -  

c i e n t s  which a r e  s i g n i f i c a n t  but  of t h e  "wrong" s ign:  AM0 has  a  s i g n i f i c a n t  

p o s i t i v e  c o e f f i c i e n t ,  and TEkP has  a  s i g n i f i c a n t  negat ive  c o e f f i c i e n t .  

There is no obvi.ous explanat ion  f o r  t h i s .  A lower l e v e l  of non-water q u a l i t y  

a t  a  s i t e ,  a s  measured by NUISAKCE, s i g n i f i c a n t l y  reduces t h e  p r o b a b i l i t y  

t h a t  t h e  s i te  i s  v i s i t e d .  The c o e f f i c i e n t s  of  MINORITY ATT are s i g n i f i c a n t  

and p o s i t i v e ,  which suppor ts  t h e  sugges t ion  of r a c i a l  segmentat ion i n  rec- 

r e a t i o n  behavior .  L a s t l y ,  t h e  c o e f f i c i e n t  of PRICE (which cor responds  t o  -h 

i n  ( 3 ) )  i s  s i g n i f i c a n t  and negat ive .  A s  noted above, PRICE i s  the. sum of 

two components, TRAVEL COST and ENTRY COST. I n  equat ions  (1) and (2 ) ,  and 

(4)  and (5) of Table V ,  I t e s t  t h e  hypothes is  t h a t  t hese  two components 

have t h e  same c o e f f i c i e n t .  I n  each c a s e  t h e  hypothesis  is d e c i s i v e l y  

r e j e c t e d .  
18 Moreover, t h e  c o e f f i c i e n t  of ENTRY COST is a c t u a l l y  p o s i t i v e  

and s i g n i f i c a n t .  The explanat ion  seems t o  be  t h a t  most of t h e  s i t e s  a t  

which an en t r ance  f e e  is charged a r e  h igher-qual i ty  s a l t w a t e r  o r  f reshwater  

s i t e s ;  t h e r e f o r e ,  t h e  ENTRY COST v a r i a b l e  may be serv ing  a s  a  s u r r o g a t e  

f o r  s i t e  q u a l i t y .  Accordingly, t h i s  v a r i a b l e  is omitted i n  t h e  f i n a l  

vers ion  of each model-equations (3)  and (6) of Table V .  

The goodness of  f i t  measures r epor t ed  i n  t h e  t a b l e  a r e  Domencich and 

McFaddcn' s p s e u d o - ~ 2  s t a t i s t i c  [12 ,  p. 1231 . o t h e r  ad hoc measures of good- 

ness  of f i t  a r e  p o s s i b l e .  For example, one can c a l c u l a t e  t h e  m a t r i x  of 

p red ic t ed  p r o b a b i l i t i e s  t h a t  household h  se l .ec ts  s i t e  i, and t a k e  t h e  s imple 

c o r r e l a t i o n  c o e f f i c i e n t  between t h e  elements of t h i s  mat r ix  and those  of t h e  



nwtr ix  of observed s i t e  scl .ect ion p r o b a b i l i t i e s .  Using equai ions  (3)  and 

( 6  of Table V ,  t h e  squares  of t h e s e  c o r r e l a t i o n  c o e f f i c i e n t s  a r c  0.126 

and 0.189, r e s p e c t i v e l y .  A1ternati.veI.y one can mul t ip ly  each household's 

vec tor  of p red ic t ed  s i te  s e l e c t i o n  p r o b a b i l i t i e s  by i t s  a c t u a l  t o t a l  number 

of v i s i t s  t o  a l l  t h e  s i t e s  Ln t h e  appropr: iate  sample, and sun over  a l l  

t h e  households i n  t h e  sample. This  y i e l d s  a  p r e d i c t i o n  of t h e  t o t a l  number 

of v i s i t s  t o  each s i t e ,  which may be coinpared with t h e  a c t u a l  t o t a l s ;  t h e  

square of ttie s imple  c o r r e l a t i o n  c o e f f i c i e n t  between t h e  p r e d i c t e d  and ac- 

t u a l  t o t a l  number of v i s i t s  t o  each s i t e  is 0.407 f o r  t h e  sites i n  sample A ,  

and 0.493 f o r  t h e  s i t e s  i n  sample B. This  t e s t s  t h e  goodness of f i t  of t h e  

a l l o c a t i o n  model, (6 ) .  I n  order  t o  t e s t  t h e  o v e r a l l  demand model, t h e  

above c a l c u l a t i o n  was repea ted  us ing  t h e  p red ic t ed  t o t a l  number of v i s i t s  

by each household t o  a l l  s i t e s ,  based on equat ion (3)  of Table 111. The 

c a l c u l a t i o n  was based on t h e  al l .ocat ion m d e l  f o r  s anp le  B s i . t e s ,  and was 

r e s t r i c t e d  t o  t h e  s u b s e t  of 352 households which v i s i t e d  thesc: s i t e s  ( i . e . ,  

t h e  th i rd - : e rn  on t h e  righ.1--hand s i d e  of (16) was s e t  equal  t o  one).  This  

y ie lded  a  p r e d i c t i o n  of each of t h e s e  household's t o t a l  number of v i s i t s  

t o  a l l  s i t e s ;  t h i s  was ad jus t ed  f o r  t h e  s i t e s  i n  sample B by mul t ip ly ing  

i t  by t h e  a c t u a l  propor t ion  of t h e  household's v i s i t s  which were made t o  

these  s i t e s .  The square  of t h e  s imple c o r r e l a t i o n  c o e f f i c i e l ~ t  between 

t h e  t o t a l  number of v i s i t s  t o  each s i t e  p red ic t ed  i n  t h i s  way and t h e  

a c t u a l  t o t a l  i s  0.466. 
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I V .  AN AD liOC IIODCI, OF SITE DE?iATil> 

It was poin ted  out  i n  Sec t ion  11 t h a t  by i n s i s t i n g  on a u t i l i - t y - t h e o r e t i c  

approach t o  t h e  demand f o r  r e c r e a t i o n  s i t e s  one sur renders  some f l e x i b i l i t y  

i n  modeling observed choice  behavior .  I n  t h i s  s e c t i o n  I w i l l  adopt  t h e  

a l t e r n a t i v e  approach i n  which one p o s t u l a t e s  a  purely s t a t i . s t i c a 1  model 

of r e c r e a t i o n  demand, not  d e r i v a b l e  from any u t i l i t y  maximization hypothesis .  

The f ixpl ica t ions  of t h i s  ad boc demand model w i l l  be compared w i t h  those 

of t h e  u t i l i t y - t h e o r e t i c  demand model est imated i n  t h e  preceding sec t ion .  

I n  t h e  n o t a t i o n  used above, t h e  g e n e r a l  form of an ad hoc demand model 

might be x i = ~ i ( p ,  b ,  y) i = 1, . . ., N o r ,  more simply, 

2. = P(pi,  b . ,  y) i = 1, . - ., N ,  
1 I 

(17) 

which is t h e  form used i n  [ 361, o r  

x . = F ( p i . p * , b i , b * ,  . .  . , b ; , y )  i = l , .  . . , N  
3. 1 (18) 

where 

P* = @ ( p l ,  . . ., pN) and b E =  $k(blk, . . ., bNk) k =  1, . . ., #. 

The po in t  of t h e  formula t ion  i n  (18) i s  t h a t  t h e  demand f o r  a s i t e  is 

inf luenced  by t h e  p r i c e s  and q u a l i t y  c h a r a c t e r i s t i c s  of o t h e r  s i t e s  on1.y 

through t h e  gene ra l  i n d i c e s  p* and b*, . . ., bg. This  is a compromise 
1 

between t h e  formula t ion  i n  (17) ,  where t h e  demand f o r  a  s i te  is independent 

of t h e  a t t r i b u t e s  of  t h e  o t h e r  s i t e s ,  and t h e  genera l  formulation, where i t  

depends on a l l  of them exp l . i c i t l y .  Thc formulat ion i n  (18) was o r i g i n a l l y  

suggested by Quandt and Baumol [ 3 5 ]  f o r  t h e  purpose of modeling t h e  denland 

f o r  a l t e r n a t i v e  nodes of t r a n s p o r t a t i o n ;  they cnll.cd i t  t h e  " a b s t r a c t  mode" 

demand model, bccause t h e  demand f u n c t i o n s  a r e  e n t i r e l y  g e n e r i c .  I n  t h e i r  

i o n n u l a t i o n  t h e  i n d i c e s  p* and bc  wcre defined a s  p" := m i i i { p l ,  . . ., p N j  

and b* = max {blk, . . ., bNkl-  i . e . ,  p$c is t h e  c o s t  of v i s i t j n g  t h e  cheap- 
k 

e s t  s i t e ,  and b* i s  the  bes t  va lue  of c h a r a c t e r i s t i c  k a t t a i n a b l ~ e  a t  any k 



s i t e .  A s  an a l t e r n a t i v e ,  one might d e f i n e  p* and b* t o  be t h e  means of 
k 

t h e  p i ' s  and bik's, o r  t h e  medians. A l l  t h r e e  ve r s ions  w i l l  be t e s t e d  

below. 

The demand model (18) w i l l  be app l i ed  t o  t h e  30 s i t e s  l i s t e d  i n  Table I A ;  

a s  noted above, t hese  s i r e s  were v i s i t e d  by 372 households i n  t h e  sanple .  

The dependeqt v a r i a b l e  i n  (18) i s  t h e  nunber of v i s i t s  by each liousehold t o  

each s i t e ;  t hus ,  t h e r e  a r e  11,160 (= 372 X 30) observa t ions  on t h i s  v a r i a b l e .  

Thei r  d i s t r i b u t i o r ~  i s  sum-arized i n  t h e  t h i r d  panel  of Table I I A .  This d i s -  

t r i b u t i o n  has t h e  same f e a t u r e s  a s  t h e  i i s t r i b u t i o n  of 2 ,  discussed  i n  t h e  

- 
preceding s e c t i o n :  x .  is a non-negrtive v a r i a b l e ;  i t  has a  d i s c r e t e  proba- 

I 

b i l i t y  mass a t  zero-of t h e  11,160 p o s s i b l e  househo ld f s i t e  i n t e r a c t i o n s ,  

only 923 (= 8.3%) a c t u a l l y  occurred;  and i ts  d i s t r i b u t i o n  has  a  long t a i l .  

Tlierefore, I w i l l  use  t h e  sane  type of tw3-stage s t a t i s t i c a l  model f o r  x 
i 

- 19 
a s  was used f o r  X 

0 i f  h(pi ,  p*, bi. b*, y) - - < 0 ( 1 9 4  

g(pi,  p*, bi, b", y;  5) otherwise.  (19b) 

Note t h a t  t h i s  demand model ignores t h e  ques t ion  of r e c r e a t i o n  p a r t i c i p a t i o n  

-it assumes t h a t  t h e  household has a l r eady  decided t o  p a r t i c i p a t e .  This  

dec i s ion  can be incorpora ted  by combining (19) wi th  t h e  p a r t i c i p a t i o n  model (11). 

Thus, t h e  f u l l  model may be  w r i t t e n  

# v i s i t s  by if v i s i t s  by household p a r t i c i -  
household p a t e s  i n  r e c r e a t i o n  - 

t o  s i t e  i t o  s i t e  i and v i s i t s  s i t e  i 1 

The second t f r n  on t h e  right-hand s i d e  of ( 2 )  corresponds t o  t h e  f i r s t  s t age  

tiousehold ' v i s i t s  r:.te i 
Pr 1 a t  a l l  

of t h e  a b s t r a c t  mode dernand model, (19a) ; t h e  f i r s t  t e r n  corresponds t o  t h e  

second s t a g e ,  (19bf;  and t h e  t h i r d  term corresponds t o  (11) .  

household houseliold 
p:irt ici .yates 1. f r  ] p a r t i c i p a t e s  
i n  r e c r e a t i o n  i n  r e c r e a t i o n  
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Scvera l  d i f f e r e n t  for r .u la t ions  of t h e  f i r s t  s t a g e  modet., (19a) ,  were 

e s t - h a t e d  using l o g i t ;  t h e  f i n a l  formula t ion  i s  presented  i n  Tab le  V I .  The 

r e s u l t s  a r e  q u a l i t a t i v e l y  s iml , a r  t o  tho:,<? obtained f o r  t h e  l o g i t  model of 

t h e  a l l o c a t i o n  of  v i s i t s  among s i t e s ,  p resented  i n  Table V ,  a l though t h e  

two models a r e  conceptua l ly  d i f f e ren t - ( l9a )  involves  a  b inary  choice  of 

whether o r  not  t o  v i s i t  each s i t e  taken  scparatel .y ,  whereas t h e  v i s i t  a l l o -  

c a t i o n  niodel (6) involves  a  mult inomial  choice  of one s i t e  o u t  of N a l t e r -  

n a t i v e s .  Among t h e  water  q u a l i t y  v a r i a b l e s ,  COD, PIIOS and FBACT have a  

s i g n i f i c a n t  nega t ive  e f f e c t  oil s i t e  v i s i t a t i o n ;  a s  i n  t h e  v i . s i t  a l l o c a t i o n  

model, t h e  c o e f f i c i e n t s  of AM0 and TEPIP a r e  p o s i t i v e ,  whereas t h e  coe f f i -  

c i e n t  of TURB is highly  uns t ab le .  There is a  d i s t i n c t  p r e f e r e n c e  a g a i n s t  

freshwattrr and urban sites. The hypothes is  t h a t  t h e  two components of 

PRICE have t h e  same c o e f f i c i e n t  can  be  r e j e c t e d  and t h e  c o e f f i c i e n t  of 

ENTRY COST is p o s i t i v e .  Ilousehold s i z e  has  a  s i g n i f i c a n t  p o s i t i v e  e f f e c t  

on s i t e  v i s i t a t i o n , * '  bu t  o t h e r  household c h a r a c t e r i s t i c s  (income, educa- 

t i o n ,  access  t o  a  p r i v a t e  swimming pool )  do not  have s i g n i f i c a n t  c o e f f i c i e n t s .  

The a b s t r a c t  mode fonnu la t ion  was t e s t e d  wi th  COD, PHOS, FBhCT and TIWEL 

COST by us ing  t h e  r a t i o s  of each of t h e s e  v a r i a b l e s  t o  t h e i r  mean, median 

and maximum o r  minimum; f o r  a l l  of t h e s e  var iab l -es  t h e  a b s t r a c t  mode formu- 

l a t i o n  provided a poorer  f i t  than  t h e  formulat ion presented  i n  t h e  t a b l e .  

The second s t a g e  of t h e  demand model, (19b), c o n s i s t s  of t h e  r eg res s ion  

of t h e  number of v i s i t s  t o  a s i te  on v a r i o u s  a t t r i b u t e s  of t h e  s i t e  and 

t h e  household us ing  t h e  da ta  f o r  t h e  923 cases  i n  which a s i t e  was v i s i t e d  

by a  household. To e s t ima te  t h e  model I used both lognormal OLS reg res s ion ,  

a s  i n  (131, and Amemiya's GLS e s t i m a t o r ,  (15) .  ' The O1.S c o e f f i c i e n t s  

provided a  b e t t e r  f i t ,  and a r e  r epor t ed  i n  Table V I I .  ~ h c s e  r e s u l t s  

may be compared wi th  those  i n  Table 111, wliich den1 wi t11  tlre de t c r i t i nan t s  

of t h e  households'  o v e r a l l  r e c r e a t i o n  a c t i v i t y ,  and with t h e  f i r s t - s t a g e  



TABLE V 1  

Ad Hoc Site Dr.:oand 1:odr.l: F i r s t  Stctge 



b ~ ! i e  c u r i i i c i r - o r  of cb.r lei of the  r a t i o  of :rnvei c a s t  
t o  the l i~edian crave1 cost ro a l l  e i i c s .  
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r e s u l t s  i n  Table V 1 .  1:t w.7.s shoi.;n abov? t h a t  liouse11ol.d incomc does not  

s ign i . f i can t ly  i n f l u e n c e  eit11e.r t h e  t o t a l  ~iurnber of t r i p s  by a  household 

t o  a l l  s i t e s  o r  t h e  p r o b a b i l i t y  t h a t  n househo1.d s e l e c t s  an indiv idual  

s i t e .  The r e s u l t s  i n  Table V I I  inp1.y t h a t  household income doc: have a  

s i g n i f i c a n t  i n f luence  on the  num5er of v i s i t s  mldc by households t o  t h e  

s i t e s  which they do v is i t -g iven  t h a t  a  t~ousehold v i s i t s  a  s i t e ,  i t  makes 

more v i s i t s  i f  i t  has  a  higher  income. However, household educat ion does 

not  ltave a  s i g n i f i c a n t  e f f e c t .  Not s u r p r i s i n g l y ,  l a r g e r  households make 

more v i s i t s  t o  each s i t e ,  while houst:holds wi th  access  t o  a p r i v a t e  swimzing 

pool  make fewer v i s i t s . "  I r i s h  house l~olds  make more v i s i t s  t o  each s i t e ,  

and so do m i n o r i t i e s .  It was shown above t h a t  minori ty households make a  

smal le r  t o t a l .  nunber of v i s i t s  and t h e r e  is a l s o  evidence (not  reported 

above) t h a t  they v i s i t  fewer s i t e s  tlian white  house l~olds ;  ev iden t ly  t h e i r  

v i s i t s  a r e  more concentrated on a  sma l l  nunber of s iLes .  A s  f o r  the  e f f e c t  

of s i t e  c h a r a c t e r i s t i c s  on demand, t h e r e  i s  s t i l l  a  d i s t i n c t  preference  

aga ins t  f reshwater  sites: not  only a r e  households l e s s  l i k e l y  t o  s e l e c t  a  

f r e s l ~ w a t e r  s i t e  b u t ,  i f  they do s e l e c t  one, they make s i g n i f i c a n t l y  fcwer 

v i s i t s  t o  i t .  The same i s  t r u e  of heav i ly  urbanized s i t e s .  A s  before ,  t h e  

hypothes is  t h a t  t h e  two components of PRICE have equal  c o e f f i c i e n t s  can be 

r e j e c t e d ,  and t h e  c o e f i i c i e n t  of ENTRY COST i s  p o s i t i v e .  The a b s t r a c t  mode 

fornlulation was t e s t e d  by using the  r a t i o  of TRAVEL COST t o  i ts  mean, median 

and minimum va lues  over  a l l  s i t e s ;  t h e  ve r s ions  wi th  t h e  mean and, e s p e c i a l l y ,  

t h e  median provided a  b e t t e r  f i t .  

I n  a d d i t i o n  t o  the  o b j e c t i v e  measures of water  q u a l i t y  used previously 

--AMO, COD, e tc . --- i t  tias poss ib l e  i n  t h e s e  r e g r e s s i o n s  t o  employ ind ices  of 

t h e  households'  s i i b j ec t ive  assessments of s i t e  q u a l i t y .  These assessmtnts  

were oht;iined dur ing  t h e  hou?eliold survey a s  responses t o  t h e  following 

questioil:  



For each s i t e  w i th  which you a r e  f a m i l i a r ,  would you p l e a s e  

r a t e  each of t h e  fol lowing c h a r a c t e r i s t i c s  of t h e  s i t e  on a  

s c a l e  from 1 t o  5 .  For t h i s  r a t i n g ,  1 means bad, 2 means 

moderately bad, 3 i s  f a i r ,  4 i s  moderately good, and 5 

i s  good: 

A .  Water temperature 

B. Water q u a l i t y  ( c l a r i t y ,  co lo r ,  odor ,  weeds, e t c . )  

C. Beach f a c i l i t i e s  ( a v a i l a b i l i t y ,  e t c . )  

D.  Beach q u a l i t y  ( s e t t i n g ,  maintenance) 

E. Crowding. 

The r e s u l t i n g  r a t i n g s  w i l l  be  r e f e r r e d  t o  a s  RWTEMP, RWQUAL, RBFAC, RBQUAL 

and RCROWD, r e s p e c t i v e l y ;  they a r e  a l l .  i n t e g e r s  between 1 and 5 .  I n  prac- 

t i c e  i t  turned out  t h a t  most households provided r a t i n g s  only f o r  t h e  

s i t e s  which they  a c t u a l l y  v i s i t e d  p l u s ,  poss ib ly ,  one o r  two o t h e r  s i t e s .  

These r a t i n g s  could not  be used a s  explanatory  v a r i a b l e s  i n  t h e  u t i l i t y -  

t h e o r e t i c  t r i p  a l l o c a t i o n  model (S), o r  i n  t h e  f i r s t  s t a g e  of t h e  ad hoc 

demand model, (19a) ,  because t h e r e  one needs a  complete s e t  of obse rva t ions  

on site c h a r a c t e r i s t i c s :  f o r  each v a r i a b l e  and each household, one needs 

t o  know t h e  v a l u e s  of t h a t  v a r i a b l e  a c r o s s  a l l  s i t e s .  This  is n o t  needed 

f o r  t h e  second s t a g e ,  (19b).  Therefore ,  i t  is h e r e  p o s s i b l e  t o  examine t h e  

i s s u e  of whether t h e r e  is a c l o s e r  r e l a t i o n s h i p  between s i t e  v i s i t a t i o n  and 

e i t h e r  o b j e c t i v e  o r  perceived l e v e l s  of s i t e  q u a l i t y .  

Thc r e s u l t s  can be found i n  Table V I I . ~ ~  Of t h e  o b j e c t i v e  measures of 

water quality-AMO, COD, FBACT, PHOS, and TURB-only COD c o n s i s t e n t l y  has  

a  nega t ive  c o e f f i c i e n t .  Thus, f a c t o r s  such asPWOS and FBACT, which s i g -  

n i f i c a n t l y  lower t h e  p r o b a b i l i t y  t h a t  a  household s e l e c t s  a  s i t e ,  do not  

s ign i . f i can t ly  a f f e c t  t h e  frcquency wi th  which i t  v i s i t s  t h e  s i t e .  Moreover, 

t h e  inc lus ion  of t hese  v a r i a b l e  has  v i r t u a l l y  no impact on t h e  model 's 



goodness of f i t  (co:.ipare equx t io~ l s  (I) and ( 2 ) ,  o r  ( 3 )  and ( 4 )  i n  Table V I L .  

Hy c o n t r a s t ,  s e v e r a l  of t h e  subjective r a t i n g s  a r e  s igr l i f icant l j r  correl .a ted 

wi th  s i t e  v i s i t a t i o n ,  and t h e i r  i i ic lusion s u b s t a n t i a l l y  improvcs t h e  model's 

f i t .  I n  p a r t i c u l a r ,  t h e r e  is a  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  between 

t h e  frequency of v i s i . t a t i o n  and RWQUAL and RTEMP, and a  s i g n i f i c a n t  negat ive  

r e l a t i o n s h i p  wi th  RCROWD. Thus, households make more v i s i t s  t o  s i t e s  which 

they judge t o  be  more crowded, and whose water  q u a l i t y  and temperature they 

r a t e  more h ighly .24  This  r a i s e s  a  ques t ion  about t h e  d i r e c t i o n  of causa t ion:  

do households v i s i t  sites more f r equen t ly  because they  pe rce ive  them t o  be  

of h igher  q u a l i t y ,  o r  do they r a t e  t h e  s i t e s '  q u a l i t y  more h igh ly  because 

they v i s i t  them more f r equen t ly  ( i . e . ,  t h e  r a t i n g s  a r e  o f f e r e d  a s  a  r a t ion -  

a l i z a t i o n  of  t h e i r  behavior )?  On t h e  b a s i s  of  t h e  p resen t  d a t a  i t  i s  not  

poss ib l e  t o  answer t h e  ques t ion  d e f i n i t i v e l y ,  because of t h e  incompleteness 

of t h e  a v a i l a b l e  r a t i n g s .  However, i n  a  separa te  paper 1241 I have performed a  

s t a t l . s t i c a l  a r ~ a l y s i s  of thc: r e l a t i o n s h i p  between these  r a t i n g s  and  o b j c c t i v e  

measures of s i te  q u a l i t y .  The evidence t h e r e  sugges t s  t h a t  f o r  water  tem- 

p e r a t u r e  and, t o  a  Lesser  e x t e n t ,  f o r  water  q u a l i t y ,  households do i n  f a c t  

g ive  a  h ighe r  r a t i n g  t o  s i t e s  which they  v i s i t  inore f r equen t ly .  It is  

conceivable,  t h e r e f o r e ,  t h a t  t h e  causa t ion  could run  i n  e i t h e r  d i r e c t i o n .  

I n  o rde r  t o  a s s e s s  t h e  o v e r a l l  f i t  of t h e  demand model es t imated  i n  

thi.8 s e c t i o n ,  I used t h e  model t o  p r e d i c t  t h e  t o t a l  a t tendance  a t  each of 

t h e  t h i r t y  s i t e s .  This  p r e d i c t i o n  is confined t o  t h e  372 households which 

a c t u a l ~ l y  v i s i t e d  t h e s e  s i t e s  ( i . e . ,  t h e  t h i r d  term on t h e  right-hand si-de 

of (20) is s e t  equal  t o  one) .  The c o e f f i c i e n t s  of t h e  f i . r s t  s t a g e  of t h e  

model a r e  those  given i n  Table V I ;  t h e  c o e f f i c i e n t s  of t h e  second s t a g e  

a r e  a l t e r n a t e l y  those  given i n  equat ions  ( 2 )  and ( 4 )  of Table VI:I. The square  

of the  s imple c o r r c l a t i o n  c o e f f i c i e n t  between t h e  a c t u a l  and p red ic t ed  t o t a l  



number of v i s i t s  t o  each s i t c  is 0.145, us ing  o b j e c t i v e  measures of s i tc  

q u a l i t y  i n  t h e  second s t a g e  ( i . e . ,  equa t ion  ( 2 )  of Table V I I ) ,  and 0.148 

using t h e  s u b j e c t i v e  r a t i n g s  of s i t e  q u a l i t y  ( i . e . ,  equat ion  ( 4 ) ) .  By 

t h i s  c r i t e r i o n ,  t h e  ad hoc model f i t s  t h e  d a t a  somewhat l e s s  w e l l  than t h e  

u t i l i t y - t h e o r e t i c  model es t imated  i n  t h e  previous sec t ion .  However i t  

sheds l i g h t  on t h e  r e l a t i o n s h i p  between r e c r e a t i o n  choices and o b j e c t i v e  

and s u b j e c t i v e  measures of s i t e  q u a l i t y ,  which could not  be i n v e s t i g a t e d  

w i t h i n  t h e  framework of t h e  u t i l i t y - t h e o r e t i c  model. 
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I n  t h i s  paper trro d i f f e r e n t  nodcls  of t h e  demand f o r  r e c r e a t i o n  s i t e s  

have been es t imated .  The f i r s t  is der ived  from an e x p l i c i t  model of house- 

hold u t i l i t y  maxini:intion i n  al.l.ocatiiig v i s i t s  among r e c r e a t i o n  s i t e s .  The 

second is a  purely s t a t i s t i c a l  nodel  and cannot be deri-ved from a  u t i l i t y  

maximization model.; i t  involves  a  di.stineti .on between whether o r  not  a  s i t e  

is v i s t e d  a t  a l l ,  and how many t r i p s  a r e  made i f  t h e  s i t e  i s  v is i . ted .  This 

dichotomy permi ts  one t o  i -nves t iga te  whether t h e  two dec i s ions  a r e  inf luenced 

by d i f f e r e n t  f a c t o r s  and t o  inco rpora t e  i n  t h e  second-stage d a t a  on subjee-  

t i v e  pe rcep t ions ,  a s  opposed t o  o b j e c t i v e  measures,  of s i t e  q u a l i t y ,  The 

evidence sugges t s  t h a t  t h e  f i r s t  model f i t s  t h e  d a t a  somewhat b e t t e r  i n  the .  

aggregate.  I n  soine r e s p e c t s  t h e  empi r i ca l  imp l i ca t ions  of t h e  two models a r e  

s i m i l a r ;  i n  o t h e r s  they  d i f f e r .  Both s e t s  of r e s u l t s  underscore t h e  impor- 

t ance  of socio-economic f a c t o r s ,  inc luding  e t h n i c  and rac ia l .  background, a s  

determinants  of r e c r e a t i o n  a c t i v i t y .  Both a l s o  i n d i c a t e  t h e  negat ive  e f f e c t  

of d i s t a n c e  on s i t e  v i s i t a t i o n ,  and t h e  ex i s t ence  of a  d i s t i n c t  prefererlce 

aga ins t  f reshwater  s i t e s .  The two models have somewhat d i f f e r e n t  imp l i ca t ions  

f o r  the impact of water  q u a l i t y  on s i t e  demand. The f i r s t  model sugges ts  

t h a t  COD, phosphorus, f e c a l  col i form b a c t e r i a  and t u r b i d i t y  have a  s i g n i f i c a n t  

negat ive  e f f e c t  on t h e  choice  of a  r e c r e a t i o n  s i t e .  The second model sug- 

g e s t s  t h a t ,  whereas t h e  f i r s t  t h r c e  of t hese  va r i ab3 .e~  have a  s i g n i f i c a n t  

negat ive  e f f e c t  on whether o r  not  a  household v i s i t s  a s i t e  a t  a l l ,  they 

have r e l a t i v e l y  l i t t l e  impact on t h e  number of v i s i t s  made t o  t h e  s i t e s  which 

a r e  v i s i t e d ;  the  l a t t e r  dec i s ion  i s  inf lueaced  f a r  more s t rong ly  by house- 

holds '  p e r c e p t i o t ~ s  of s i t e  q u a l i t y .  This  f ind ing  is i n t r i g u i n g  b u t ,  f o r  t h e  

reasons noted above, L t  is not  p o s s i b l e  t o  t c s t  t h e  in f luence  of perceived 

versus  objec.tive measures of s i t e  q u a l i t y  nore  sys t ema t i ca l ly  wi th  t h e  d a t a  

a t  hand. Nor is i t  p o s s i b l e  t o  r e so lve  t h e  d i r e c t i o n  of causa t ion:  i t  may 
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be t h a t  households v i s i t  s i t e s  more o f t e n  because thcy p e r c e i v e  them t o  be 

b e t t e r ,  o r  t h a t  households r a t e  sites more h ighly  because they v i s i t  thcri 

more f r e q u e n t l y .  

I n  o rde r  t o  i l l u s t r a t e  t h e  r e l a t i v e  in f luence  of water  q u a l i t y  v a r i a b l e s  

and t r a v l e  c o s t  on s i te  v i s i t a t i o n  i n  t h e  two demand models, I s imula ted  

t h e  e f f e c t s  of a  10% and 50% reduc t ion  i n  t h e s e  v a r i a b l e s .  I n  each case  

I assumed t l ia t  t h e r e  was a  10% o r  50% reduct ion  i n  t h e  v a r i a b l e  a t  one s i t e  

alone,  wi th  no change i n  any o t h e r  v a r i a b l e  a t  t h a t  o r  any o t h e r  s i t e ,  and 

I c a l c u l a t e d  t h e  consequent change i n  t h e  t o t a l  v i s i t a t i o n  of t h e  s i t e .  

The r e s u l t s  a r e  summarized i n  e l a s t i c i t y  form i n  Table V I I I ;  t h e s e  f i g u r e s  

a r e  t h e  median e l a s t i c i t i e s  f o r  t h e  20 s i t e s  used i n  t h e  e s t i m a t i o n  of t h e  

f i r s t  model, and t h e  30 s i t e s  used i n  t h e  second model. The r e s u l t s  i n  t h e  

f i r s t  row of t h e  t a b l e  a r e  based on t h e  c o e f f i c i e n t s  of equa t ion  (6) of 

Table V ;  fo l lowing t h e  l o g i c  of t h a t  model, I assume t h a t  t h e s e  changes 

would not  a f f e c t  t h e  t o t a l  number of r e c r e a t i o n  t r i p s  by a  househol.d, but  

only t h e  a l l o c a t i o n  of t h i s  t o t a l  among t h e  a l t e r n a t i v e  s i t e s .  The r e s u l t s  

i n  t h e  second row p e r t a i n  t o  t h e  ad hoe demand model and a r e  based  on t h e  

f i r s t - s t a g e  c o e f f i c i e n t s  i n  Table V I  and t h e  second-stage c o e f f i c i e n t s  i n  

equat ion (4)  of Table V I I ;  they a l s o  employ a  s t a t i s t i c a l  model of t h e  

r e l a t i o n s h i p  between changes i n  t h e  o b j e c t i v e  water  q u a l i t y  v a r i a b l e s  and 

t h e  r e s u l t i n g  changes i n  households'  s u b j e c t i v e  r a t i n g s  of w a t e r  q u a l i t y  

which is developed i n  1241 .  I n  each case  t h e  e l a s t i c i t y  of demand wi th  a  

50% change is l a r g e r  than t h e  e l a s t i c i t y  wi th  a  10% cl~ange:  t h i s  r e f l e c t s  

t h e  n o n l i n e a r i t y  of t h e  underlying l o g i t  models. I n  both models t h e  e l a s -  

t i c i t i e s  of demand with r e spec t  t o  TRAVEL COSTand COD a r e  cons ide rab ly  

l a r g e r  than  those  wi th  r e spec t  t o  PHOS, FBACT and TURR. However, t h e  

u t i l i t y - t h e o r e t i c  model sugges ts  t l ia t  COI) has t h e  l a r g e s t  s i n g l e  impact 

on demand, whereas t h e  ad hoc model sugges ts  t h a t  TRAVEL COST has  t h e  

l a r g c s t  impact. 
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A s  noted i n  Sec t ion  11, t h e  f j r s r  demand model can he uscd t o  c a l c u l a t e  

exac t  measures of consuaer ' s  s u r p l u s  corresponding t o  t h e  a r e a s  PAI: and ABCD 

i n  F igures  1 and 2. 1 w i l l  s t a r t  w i th  t h e  l a t t e r .  The idea  of t h i s  calcu-  

l a t i o n  i s  t h a t  by est imatir tg a  demand model der ived  from a  s p e c i f i c  u t i l i t y  

maximi.zation model one can o b t a i n  a n  e s t i m a t e  of t h e  under ly ing  u t i l i t y  

func t ion ,  which i n  t u r n  can be  used t o  c a l c u l a t e  t h e  monetary compensation 

needed t o  o f f s e t  t h e  e f f e c t s  of a  change i n  s i te  q u a l i t y .  I n  f a c t ,  a l though 

s e v e r a l  water  p o l l u t i o n  abatement p r o j e c t s  have been undertaken i n  t h e  Boston 

a r e a  t o  meet t h e  requirements  of t h e  1972 Amendments t o  t h e  Water P o l l u t i o n  

Cont ro l  Act,  according t o  a  r ecen t  s tudy  t h e r e  w i l l  be ~?LL s i g n i f i c a n t  improve- 

ment i n  water  q u a l i t y  i n  t h e  lower Clrarles River and Boston Harbor,  where 

most of t h e  s i t e s  considered h e r e  a r e  l o c a t e d .  25 Therefore,  a s  a n  i l l u s t r a -  

t i o n  of t h e  methodology, I have computed t h e  b e n e f i t s  from t h e  h y p o t h e t i c a l  

water q u a l i t y  changes mentioned above, involving a  10% o r  50X reduc t ion  i n  

var ious  p o l l u t a n t s  at  each s i t e  s e p a r a t e l y .  These b e n e f i t  e s t i m a t e s  a r e  

shown i n  Table I X .  The l o g i c  of t h e  demand model i s  t h a t  q u a l i t y  changes 

a f f e c t  s i t e  s e l e c t i o n  probabi.1iti .e~-the f i r s t  tern on the  right-hand s i d e  of 

(16)-but  not  t h e  t o t a l  household r e c r e a t i o n  ac t iv i ty - the  second and 

t h i r d  terms i n  (16) .  Each time a  household s e l e c t s  a  r e c r e a t i o n  s i t e  ( i . e . ,  

each time i t  makes a  r e c r e a t i o n  t r i p )  i t  r eaps  some b c n e f i t  from t h e  q u a l i t y  

change; t h i s  b e n e f i t  is given by t h e  formula i n  (8).  26 Over t h e  e n t i r e  

summer r e c r e a t i o n  season,  t h e  t o t a l  b e n e f i t  t o  t h e  houset~old i s  obtained by 

mul t ip ly ing  t h i s  b e n e f i t  per s i t e  cho ice  by t h e  household's a c t u a l  t o t a l  

number of r e c r e a t i o n  t r i p s  f o r  t h e  season.  Since households va ry  i n  t h e i r  

l oca t ion  and socioeconomic c h a r a c t e r i s t i c s ,  they do not  r e c e i v e  t h e  same 

b e n e f i t  from a  g iven  q u a l i t y  change a t  a  p a r t i c u l a r  s i t e .  Therefore ,  I have 

tabula ted  tlte average b e n c f i t  over t h e  352 households i n  tire sample. Thus, 

the  f i r s t  e n t r y  i n  Table I X  s t a t e s  t h a t  t h e  avcrage b e n e f i t  p e r  household 



Table IX. A v e r a ~ e  Benef i t  Per Household f r o 2  a 10% and 50% Reduction 

i n  Various Water Poll .utants.  

Bene f i t  (t) From 10% Reduction Benef i t  (c) From 502 Reduction 
S i t e  i n  i n  

COD PHOS FBACT TUKB COD PHOS FBACT TURB 

a No change i n  p o l l u t i o n  l eve l - ex i s t ing  l e v e l  i s  zero.  



over t h e  suiniiier r e c r e a t i o n  season from a 10Xreduc t ion  i n  COD a t  s i t e s  2 and 

3 is 19.1 c e n t s .  I n  f a c t ,  t h e  minimum b e n e f i t  t o  any household i s  7 .6  cen t s ,  

and the. maximurn. is 43 c e n t s ;  t h e  s t anda rd  devia icon  i s  8.0 c e n t s .  A s i m i l a r  

v a r i a t i o n  u n d e r l i e s  t h e  o t h c r  e n t r i e s  i n  t h e  t a b l e .  It should be noted t h a t  

the bene f i t s  from a 50% reduct ion  i n  p o l l u t a n t s  a r e  gene ra l ly  more than f i v e  

t imes t h e  b e n e f i t s  from a 10% reduc t ion ;  t h i s  r e f l e c t s  t h e  n o n l i n e a r i t y  of 

t h e  under ly ing  demand model. 

The f i t t e d  demand model can a l s o  b e  used t o  e s t ima te  t h e c o n s u m e r ' s  

s u r p l u s  from each site,  corresponding t o  t h e  a rea  PAB i n  F i g u r e  1. A s  explained 

i n  Sec t ion  11, t h i s  is equ iva len t  t o  t h e  we l fa re  l o s s  from a n  inc rease  i n  

p r i c e  from t h e  c u r r e n t  l e v e l  t o  a p r i c e  of i n f i n i t y ,  a t  which t h e  household 

would have a zero  p r o b a b i l i t y  of v i s i t i n g  t h e  s i t e .  The l o s s  p e r  s i t e  choice 

occasion i s  gj~ven by (8), and m u l t i p l i c a t i o n  by t h e  household 's  t o t a l  number 

of r e c r e a t i o n  t r i p s  y i e l d s  t h e  t o t a l  w e l f a r e  l o s s  (consumer's su rp lus )  over 

t h e  summer r e c r e a t i o n  season.  The average  household's consumer's su rp lus  

f o r  each s i t e  is tabulated i n  t h e  f i r s t  column of Table X.  The f i r s t  en t ry  

i n  t h e  column shows t h a t  t h e  average household's consumer's surp11.s from sites 

2 and 3 i s  about  $1. The average over  all s i t e s  is about 60 c e n t s .  These 

f i g u r e s  a r e  t h e  consumer's s u r p l u s  f o r  t h e  whole r e c r e a t i o n  season-i.e. ,  t h e  

a r e a  PAB. A s  noted above, most p rev ious  e s t ima tes  of t h e  consumer's su rp lus  

from r e c r e a t i o n  sites have been couched i n  terms of t h e  b e n e f i t  per  v i s i t o r -  

day-i.e., t h e  l e n g t h  (AP)/2 i n  F igure  1. I n  order  t o  compare my r e s u l t s  

w i th  these  e s t ima tes ,  I d iv ided  t h e  t o t a l  consumer's s u r p l u s  f o r  each s i t e  

by t h e  p red ic t ed  t o t a l  number of v i s i t o r - d a y s  a t  t h e  s i t e ,  u s i n g  t h e  t o t a l  

number of household v i s i t s  a t  each s i t e  predic ted  by t h e  model and survey 

d a t a  on t h e  average number of persons i n  each househol.d's p a r t y  when i t  

v i s i t s  a s i t e .  The r e s u l t s  a r e  shown i n  t h e  second column of Table X .  The 

average consumer's s u r p l u s  per v i s i to r -day  over  a l l  s i t e s  i s  about  4 2 ~ .  



Table X .  Household's Consumer's Surplus from 

Boston Area Recrea t ion  S i t e s .  

S i t e  Average Consun!erls Surplus  (c) 

Per Houseliold Per  Visitor-Day 



These e s t i m a t e s  of consumer's s u r p l u s  per  v i s i t o r - d a y ,  which a r c  of t h e  

same o r d e r  of magnitude a s  those  obta ined  i n  [ 2 2 ]  us ing  a  u t i l i t y - t h e o r e t i e  

demand model app l i ed  t o  t h e  subse t  of households who v i s i t  only one s i t e ,  

a r e  cons iderably  lower than  t h e  u n i t  day v a l u e s  promulgated by t h e  Water 

Resources Council  and employed i n  t h e  r ecen t  b e n e f i t  assessment s t u d i e s  sun- 

marized i n  Sec t ion  I. If t h e s e  r e s u l t s  can be  ex t r apo la t ed  t o  o t h e r  c o a s t a l  

a r e a s  w i t h  abundant r e c r e a t i o n  s i t e s ,  they would suggest  t h a t  t h e  u n i t  day 

va lues  now widely used i n  r e c r e a t i o n  b e n e f i t  a s s e s s m e ~ t  a r e  excess ive .  



Table I A .  Boston Area Recrea t ion  S i t e s  

SITE 
I D  SITE NA?lE 

Kings Beach (Swampscott) 

Lynn Beach (Lynn) 

Nahant Beach (Nahant) 

Revere Beach (Revere) 

Short  (Revere) 

Winthrop Beach (Winthrop) 

Cons t i tu t ion  ~ e a c h / O r i c n t  Heights  (Boston) 

C a s t l e  I s l and  (Boston) 

P leasu re  Bay (Boston) 

C i ty  Poin t  (Boston) 

L & M S t r e e t  Beaches (Boston) 

Carson Beach (Boston) 

Malibu ~ e a c h / S a v i n  H i l l  (Boston) 

Tenean Beach (Boston) 

Wollaston Beach (Quincy) 

Nantasket Beach (Hull)  

Wingaersheek Beach (Gloucester)  

Crane 's  Beach (Ipswich) 

Plum l s l a n d  (Newbury) 

Duxbury Beach (Duxbury) 

White Horse Beach (Plymouth) 

Breakheart Reservat ion (Saugus) 

Sandy Beach /~pper  Mystic Lake (Winchester) 

Houghton's ~ o n d / B l u e  H i l l s  Reservat ion (Milton) 

Wright 's  Pond (Medford) 

Iialden Pond (Concord) 

S tea rns  Pond/Harold Parker  S t a t e  Fores t  (Andover) 

Cochituate  S t a t e  Park (Katick)  

IIopkinton S t a t e  Park (Hopkinton) 

Cape Code Eesches 



Tablc I I A .  l lousehold  P ~ r t c r n s  of S i t e  Visitation 



FOOTNOTES 

 he author  would l i k e  t o  thank P ro fes so r s  Dale Jorgenson and Robert 

Dorfman f o r  t h e i r  generous a s s i s t a n c e  i n  supervis ing  t h e  d i s s e r t a t i o n  

on which t h i s  paper is based. He is g r a t e f u l  t o  t h e  U.S. Environmental 

P r o t e c t i o n  Agency f o r  funding t h e  c o l l e c t i o n  of t h e  da ta  used i n  t h i s  

s tudy.  

1 

"Notable except ions  a r e  [ 7  1 ,  [ 9 I ,  and [ 8 1. Only t h e  l a s t  e x p l i c i t l y  

inc ludes  s i te  q u a l i t y  v a r i a b l e s ;  however t h e  demand f u n c t i o n s  used t h e r e  

are not  c o n s i s t e n t  w i th  a  u t i l i t y  maximization hypothes is .  

3This assumption impl ies  t h a t  t h e  p r i c e s  of a l l  o t h e r  goods move i n  t h e  

same p ropor t ion ,  A l t e r n a t i v e l y ,  one could assume t h a t  t h e  u t i l i t y  func- 

t i o n  i s  recu r s ive ly  sepa rab le ,  u  = u [ f ( x ,  b ) ,  z ] ,  and i n t e r p r e t  t h e  

r e s u l t i n g  demand f u n c t i o n s  f o r  xi a s  cond i t iona l  demand func r ions ;  i n  

t h i s  c a s e  t h e  argument y  becomes t o t a l  expenditure on beach r e c r e a t i o n  

r a t h e r  than  t o t a l  income. 

4 
This u t i l i t y  model can be  regarded a s  a  g e n e r a l i z a t i o n  of Laneas ter ' s  

model [ 2 8 ] ,  i n  which t h e  u t i l i t y  func t ion  t akes  t h e  s p e c i a l  form 

u(x, z ,  b) = u ( C x  b .  . . . , CxibiK, 2). 

i 
i 11' 

i 

It should a l s o  be noted t h a t  t h e  biK1s can r ep resen t  e i t h e r  o b j e c t i v e l y  

measured q u a l i t y  c h a r a c t e r i s t i c s  o r  t h e  consumer's s u b j e c t i v e  percept ions  

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

of q u a l i t y  w i l l  be  explored below. 

5 ~ h e  c o e f f i c i e n t  h  may be i n t e r p r e t e d  a s  t h e  marginal u t i l i t y  of income. 

More g e n e r a l  formula t ions  of t h e  u t i l i t y  funct ion  may be designed i n  which 

h i s  i t s e l f  a  func t ion  of income o r  o t h e r  c h a r a c t e r i s t i c s  of t h e  i n d i v i d u a l .  

 ereaf after a  t i l d e  w i l l  be used t o  denote a  random v a r i a b l e  o r  func t ion .  



3 7 

'&lost a p p l i c a t i o n s  of inul t inonia l  p r o b i t  involve N - < 4 ;  even i f  t h e  Clark 

approximation were used-see [ lo ] - - i t  is u n l i k e l y  t h a t  one could s a t i s -  

f a c t o r i l y  handle c a s e s  where N i s  much l a r g e r  than ,  say ,  10. For an 

expos i t ion  of mult inomial  l o g i t  s e e  1121 o r  1301. 

8 
That is, ~ r  { c .  < s )  = e x p [ - e x p  ( a  - s )  1 .  

1 - i 

 he d a t a  presented  i n  [ 5 ]  con ta in  a  number of e r r o r s  and anu~na l i e s .  The 

co r rec t ed  d a t a  s e t  i s  descr ibed  i n  1191 and is employed h e r e .  

1°'I'his l o g i t  o r  p r o b i t  model should be regarded a s  a  pure ly  s t a t i s t i c a l  model; 

t h e r e  is  no u t i l i t y - t h e o r e t i c  i n t e r p r e t a t i o n  which i s  meaningful i n  t h e  

p resen t  con tex t .  

l 1 l h e  s p e c i f i c a t i o n  (14a, b) nay be  compared w i t h  (17) by not ing  t h a t  i t  

- - 
impl ies  t h e  fol lowing c o n d i t i o n a l  d i s t r i b u t i o n  of X given t h a t  X > 0  

- 
T 

where G =  e  and i: i s  N[O, Q.n(K2 + 1 ) ] .  

121t i s  not  p r a c t i c a l  t o  inc lude  an index of t h e  o v e r a l l  q u a l i t y  of t h e  

a v a i l a b l e  r e c r e a t i o n  s i t e s  because t h i s  does n o t  vary ac ross  the  house- 

holds i n  t h e  san~ple :  they a l l  have e s s e n t i a l l y  t h e  same choice s e t .  

One would have t o  perform s t u d i e s  l i k e  t h i s  f o r  a  v a r i e t y  of c i t i e s  i n  

order  t o  o b t a i n  v a r i a t i o n  i n  s i te  q u a l i t y  and s tudy Lts e f f e c t  on t h e  

o v e r a l l  l e v e l  of r e c r e a t i o n  a c t i v i t y .  An a l t e r n a t i v e  procedure. which 

does not  r e a l l y  meet t h i s  ob jec t ion ,  i s  t o  use  t h e  est imated va lue  of 

i n  A ,  whcre A i s  def ined  i n  (81, i n s t ead  of AVDJST. However, t h e  only 

v a r i a t i o n  i n  X ac ross  households comes from di f fere l ices  i n  p ,  which a r e  

a l s o  picked up by AI'DIST. 

131t is worth nientioniug t h a t  i n  t h e  two summers a f t e r  t h i s  survey was 

conducted t h e r e  were s e r i o u s  i n c i d t ~ n t s  of r a c i a l  v io lence  a t  some Boston 

a r e a  beaches. 



14 
These were s e l e c t e d  from a l a r g e r  set of water  q u a l i t y  v a r i a b l e s  a f t e r  

a  c l u s t e r  a n a l y s i s  had been performed. 

1 5 ~ t  a few s i t e s  charges a r e  l ev ied  f o r  t h e  use 01 o n - s i t e  f a c i l i t i e s  such 

a s  ba th  houses,  but  t h e r e  charges a r e  very sma l l ;  t h e r e f o r e  they a r e  

ignored here .  

1 6  
For each composite s i t e ,  I took t h e  average of t h e  p r i c e s  and water  q u a l i t y  

v a r i a b l e s  of t h e  two component s i t e s .  

17 
An a l t e r n a t i v e  procedure f o r  "col lapsing" t h e  number of  s i t e s  would have 

been t o  p o s t u l a t e  a nes ted  s t r u c t u r e  based on t h e  General ized Extreme 

Value Dis t r ibut ion-see  [3l]--with a l l  t h e  s a l t w a t e r  s i t e s  and a l l  t h e  

f reshwater  s i t e s  aggregated i n t o  two groups. This  was not  t r i e d  here  

because of t h e  g r e a t e r  computational complexity. 

''The l i ke l ihood  r a t i o  t e s t  s t a t i s t i c s  a r e  1668 and 1662;  both va lues  g r e a t l y  
2 

exceed t h e  .99 p e r c e n t i l e  of t h e  X (1) d i s t r i b u t i o n .  

191f t h e r e  were information on t h e  temporal sequence i n  which households 

v i s i t e d  sites-which 1 do not  have-an e n t i r e l y  d i f f e r e n t  s t a t i s t i c a l  

model of  s i te  demand could be developed based on t h e  Markov chain  approach. 

2 0 ~ h c  l o g i c  of i nc lud ing  t h i s  v a r i a b l e  is t h a t ,  f o r  each s i t e ,  t h e r e  is a  

g r e a t e r  l i ke l ihood  t h a t  i t  w i l l  be v i s i t e d  i f  t h e  household is l a r g e r .  I 

a l s o  used #ADULTS and ?/KIDS a s  s e p a r a t e  v a r i a b l e s ;  t h e  hypothesis  t h a t  

t h e i r  c o e f f i c i e n t s  a r e  equal  could not  be r e j e c t e d  a t  t h e  . O 1  l e v e l .  

2 1 ~ e c a l l  t h a t  t h e  regressand i n  t h e  OLS model i s  t h e  logari thm of t h e  nuniber 

of v i s i t s  t o  a  s i t e .  tiowever, t h e  R* s t a t i s t i c s  repor ted  i n  t h e  t a b l e  

a r c  t b c  square of t h e  s imple c o r r e l a t i o n  c o e f f i c i e n t s  between t h e  a c t u a l  

and p red ic t ed  nu~iibers of b i s i t s ,  not  the  logar i thms of these  numbers. 

The cons tant  terms repor ted  i n  t h e  t a b l e  have been ad jus t ed  i n  t h e  manrrvr 

suggested by Goldbergcr 1171. 



2 2 ~ n  pre l iminary  tests t h e  hypothes is  t h a t  t h e  c o e f f i c i e n t s  of #ADULTS and 

#KIDS a r c  t h e  sane  could not  be r e j e c t e d  a t  t h e  . O 1  l e v e l .  

23 
I n  a  fcrw c a s e s  some r a t i n g s  were missing-e.g., a  respondent r a t e d  t h e  

water  q u a l i t y  but  not  t h e  beach q u a l i t y  of a  s i t e .  I n  these  c a s e s ,  t h e  

missing r a t i n g  was s e t  equal  t o  t h e  o v e r a l l  mean. 

2 4 ~ h e  f ind ing  t h a t  households make more v i s i t s  t o  s i t e s  which they p e r c e i v e  

t o  be more crowded r e q u i r e s  some comment. I n  p r i n c i p l e  these  a r e  two 

d i f f e r e n t  ways i n  which crowding can be r e l a t e d  t o  s i t e  v i s i t a t i o n .  On 

t h e  one hand crowding renders  t h e  r e c r e a t i o n  exper ience  l e s s  p l e a s a n t ;  

i n  t h i s  c a s e  t h e r e  should be a  nega t ive  c o r r e l a t i o n  between crowding and 

v i s i t a t i o n ,  as has  been observed i n  such s t u d i e s  a s  [ I l l  and 1291. On 

t h e  o t h e r  hand, i f  a  s i t e  i s  more crowded, t h i s  may be  because something 

about t h e  s i t e  makes i t  e s p e c i a l l y  a t t r a c t i v e  t o  r e c r e a t i o n i s t s .  To t h e  

e x t e n t  t h a t  t h e  source  of t h i s  a t t r a c t i o n  i s  n o t  picked up by t h e  o t h e r  

s i t e  q u a l i t y  v a r i a b l e s  included i n  t h e  r e g r e s s i o n ,  t h e  crowding v a r i a b l e  

se rves  a s  a  proxy f o r  s i t e  q u a l i t y  and w i l l  b e  p o s i t i v e l y  c o r r e l a t e d  

wi th  v i s i t a t i o n ;  ev iden t ly  t h i s  is happening h e r e ,  

2 5 ~ e e  1131; t h i s  s tudy  concludes t h a t  ". . . g e n e r a l  r e c r e a t i o n a l  a t t r a c -  

t i veness  w i l l  no t  be  improved i n  t h e  lower Char les  and Boston Harbor due 

t o  [cont inuing]  combined sewer overflows and h igh  r e s i d u a l  c o l o r  and 

t u r b i d i t y  from upstream" . . , p. 1 3 . 3 ) .  

26This c a l c u l a t i o n  i s  based on t h e  c o e f f i c i e n t s  i n  equat ion (6)  of T a b l e  V .  

I t  should be noted t h a t ,  i n  p r a c t i c e ,  a  water  q u a l i t y  improvement p r o j e c t  

would probably a f f e c t  s e v e r a l  wa te r  q u a l i t y  parameters  and s e v e r a l  s i t e s  

s imultaneously,  a l though t h e  c a l c u l n t i o n s  r epor t ed  h e r e  a r e  performed f o r  

each parameter and each s i t e  s e p a r a t e l y .  
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