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hypothesis  (H, : Bz=B,=. . . =B,=O) . The l ike l ihood r a t i o s  

given by our r e s u l t s ,  180.2 f o r  WTPl and 152.8 f o r  WTP2, are 

both g r e a t e r  than t h e  cri t ical  value f o r  t h e  .005 l e v e l  of 

s i g n i f i c a n c e ,  t h e r e f o r e ,  w e  can reject t h e  n u l l  hypothesis 

that a l l  of t h e  c o e f f i c i e n t s ,  o ther  than  t h e  i n t e r c e p t ,  a r e  

equal  t o  zero .  

\ '  

A f requent ly  used s tat is t ic  f o r  measuring 

goodness-of-fit f o r  t h e  model i s  the pseudo-Rz ( a l s o  c a l l e d  

the  McFadden-R2). The pseudo-Rz i s  defined as 

This measure i s  1 when t h e  model i s  a pe r fec t  predic tor  ( i n  

t h e  sense t h a t  P~=F(&B)=~.  and 0 when I n  L ( 5  ) = I n  L ( c )  

(Fomby, e t  a l . ,  1984). However, va lues  of p . 2  between 0.2 

and 0 .4  are considered extremely good f i t s  (Hensher and 

Johnson. 1981). The pseudo-R2's i n  our r e s u l t s ,  0.14 f o r  

WTPl and 0.13 f o r  WTP2, are considered reasonable.  

7 .1 .2 .  Obtaining a  Welfare Measure from t h e  E s t i m a t e d  

Disc re te  Choice Model. 

The  ob jec t ive  of t h i s  research  w a s  t o  obta in  a u t i l i t y  

t h e o r e t i c  measure of t h e  b e n e f i t s  of improving water q u a l i t y  

i n  Narragansett  Bay, using the  f i t t e d  binary response model. 



From the l o g i t  r e s u l t s  w e  have t h e  response p robab i l i ty  

func t ion .  It i s  p o s s i b l e  t o  i n t e g r a t e  under t h i s  funct ion 

t o  ob ta in  a measure f o r  t h e  change i n  welfare associa ted  

w i t h  an improvement i n  water q u a l i t y .  

We asked d i s c r e t e  choice wi l l ingness  t o  pay quest ions 

- becpse ind iv idua l s  may not know very accura te ly  what i s  t h e  

most they  would be w i l l i n g  t o  pay f o r  improved water 

q u a l i t y ,  however they  should know reasonably w e l l  whether it 

is  g r e a t e r t h a n  o r  less than BID.  Nevertheless,  w e  do 

a c t u a l l y  want t o  e s t ima te  (o r  i n f e r )  t h e  most that an 

ind iv idua l  would be w i l l i n g  t o  pay f o r  an improvement i n  

water q u a l i t y .  I f  the ind iv idua l  responds "yes" when asked 

i f  he would be w i l l i n g  t o  pay $10.00 f o r  an improvement i n  

water q u a l i t y ,  then  w e  know that $10.00 i s  a lower bound on 

h i s  t r u e  wi l l ingness  t o  pay. Al te rna t ive ly ,  i f  the  response 

w a s  "non*,  then  $10.00 would be an upper bound on t h e  

i n d i v i d u a l ' s  t r u e  wi l l ingness  t o  pay. We assume t h a t  t h e  

ind iv idua l  w i l l  be w i l l i n g  t o  pay an amount, B I D ,  f o r  an 

improvement i n  water q u a l i t y  i f  it is  less than  o r  equal t o  

their maximum wi l l ingness  t o  pay. Hanemann (1984; 1985) 

showed how one can de r ive  estimates of the  maximum 

I wi l l ingness  t o  pay f o r  an ind iv idua l  w i t h  given income, Y ,  

1 .  and c h a r a c t e r i s t i c s  t .  The key t o  t h i s  procedure i s  t o  

I p o s t u l a t e  a s p e c i f i c ,  parametric random u t i l i t y  model f o r  

I the  i n d i v i d u a l ,  set up the r e s u l t i n g  response p r o b a b i l i t i e s .  

I f i t  t h e  s t a t i s t i c a l  model using observed responses,  thereby 

I obta in ing  estimates f o r  t h e  c o e f f i c i e n t s  of t h e  u t i l i t y  



model, and then use t h e  estimated u t i l i t y  model t o  c a l c u l a t e  

maximum wil l ingness  t o  pay. From equat ion (6.2.13) w e  know 

t h a t  C = Y - m(v(O.Y;t) - w , l ; t ) .  Hanemann shows t h a t  two 

p o s s i b l e  procedures f o r  es t imat ing  maximum wil l ingness  t o  

pay are t o  use t h e  mean or  median of t h e  d i s t r i b u t i o n  of C ,  

where C i n  our case is  t h e  compensating v a r i a t i o n  measure of 

welfare change. Both of t h e s e  measures can be estimated 

from t h e  f i t t e d  s ta t is t ical  response model. The mean i s  

equal  t o  t h e  expected value of t h e  area under t h e  response 

p r o b a b i l i t y  funct ion  

where 500 i s  Judged t o  be a m a x i m u m  reasonable wi l l ingness  

t o  pay and G, is  t h e  cumulative d i s t r i b u t i o n  funct ion of C 

( t h e  shaded area i n  f i g u r e  6 . 2 . 2 ) ,  and t h e  median. C', i s  

t h e  va lue  at which t h e  estimated response p robab i l i ty  is  

The r e s u l t i n g  wi l l ingness  t o  pay amounts were summed 

over a l l  ind iv idua l s  i n  t h e  sample ( t h e  s o c i a l  value of 

improved water q u a a l i t y  i s  equal  t o  t h e  sum of i n d i v i d u a l ' s  

maximum wil l ingness  t o  pay f o r  a given l e v e l  of q u a l i t y ) .  

Dividing t h i s  amount by t h e  sample s i z e  we obta in  an 

e s t i m a t e  of t h e  average wi l l ingness  t o  pay f o r  water q u a l i t y  

improvements f o r  t h e  average household i n  t h e  sample 

populat ion.  Our r e s u l t s  i n d i c a t e  a mean value (C+) of. 

.$203> 19- ,per  .household f o r  water q u a l i t y  which i s  s a f e  f o r  



swimming, and $210.22 per  household f o r  water ~ a l i t y  such 

t h a t  * s h e l n l ~ i ; s h ~ ~ g w ~ a ~ e a s  i n  t h e  Upper Bay would not have t o .  

be c losed  due t o  po l lu t ion ;  and median values (C') of 

$190.84 and $170.08, r e spec t ive ly .  These measures include 

opt ion and ex i s t ence  values (Chapter 3). Considering t h e  

ser iousness  of the p o l l u t i o n  problems i n  t h e  Upper 

N a r ~ a g a n s e t t  Bay, t h e s e  wi l l ingness  t o  pay values seem 

reasonable.  These values represent  t h e  maximum amount t h a t  

people i n  t h e  sample population would be wi l l ing  t o  pay each 
,-+. 

year ,  u n t i l  water q u a l i t y  p , ro jec ts  are paid i n  f u l l ,  t o  have 

water q u a l i t y  improved t o  swimmable/shellfishable l e v e l s .  

7.1.3. Aggregate Benef i t s  t o  t h e  S t a t e  from 

Improved Water Qual i ty .  

The aggregate b e n e f i t s  t o  the  State of Rhode I s l and  can 

be est imated by applying median income, t h e  percentage of 

t h e  population age 65 o r  o lde r  and t h e  percentage of t h e  

populat ion who have a col lege  degree.  by town. t o  t h e  f i t t e d  

b inary  response model. A weight i s  given t o  each town 'equal 

t o  t h e  number of households ( a s  occupied housing u n i t s )  i n  

t h e  town as given i n  t h e  1980 Rhode I s l and  Census of 

Population and Housing. Following t h e  above procedure w e  

e s t ima te  t h e  wi l l ingness  t o  pay f o r  t h e  average household i n  

each town, by i n t e g r a t i n g  under t h e  response p r o b a b i l i t y  

funct ion  from BID=$O t o  BID=$500. The r e s u l t i n g  wi l l ingness  
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respondents were asked to value either shellfishing or 

shellfishing and swimming. WTPQZ was equal to 1 if t4e 

respondent was asked to value shellfishing and swimming 

combined, and equal to 0 otherwise. WTPQ2 was found to be 

non-significant, which indicates that the way the second 

question was framed had little influence on responses to the 

w&llingness to pay question. 

OLDAGE was not found to be a significant determinant of 
'*. 

willingness to pay. However. one would expect a negative 

correlation between OLDAGE (specified to account for people 

on fixed incomes) and willingness to pay. People age 65 or 

older are generally on fixed incomes and would be less able 

to afford paying for water quality improvements. The 

coefficient on OLDAGE in the second model was of the 

expected sign. 

7.2.3. Obtaining a Welfare Measure from the Estimated 

Continuous Choice Model. 

Once we have our estimated model we can solve for 

willingness to pay to obtain a measure for the change in 

consumer surplus associated with an improvement in water 

quality. Because the functional form used in our estimated 

model was log-linear we can solve for willingness to pay by 

numerical methods. 



F i r s t  w e  estimate t h e  maximum wil l ingness  t o  pay f o r  

t h e  average household i n  our sample population. Using t h e  

sample data w e  so lve  f o r  LOG(MAXWTP) then take t h e  a n t i l o g  

of t h i s  r e s u l t ' ( a d j u s t e d  f o r  b i a s ) ,  t o  obta in  t h e  ind iv idua l  

respondent 's  maximum wi l l ingness  t o  pay.1 We then sum 

maximum wi l l ingness  t o  pay over a l l  respondents and d iv ide  

by, t h e  sample s i z e .  This g ives  u s  t h e  maximum wil l ingness  

t o  pay f o r  t h e  average household i n  our sample population. 

Our r e s u l t s  i n d i c a t e  an average wi l l ingness  t o  pay of $47.00 

and $42.00 per  household f o r  water q u a l i t y  which i s  s a f e  f o r  

swimming and water q u a l i t y  such t h a t  s h e l l f i s h i n g  a reas  

would not  have t o  be c losed  due t o  po l lu t ion ,  respect ive ly .  

7 . 2 . 4 -  Aggregate Benef i t s  t o  t h e  S t a t e  from Improved Water 

Qual i ty  Obtained from t h e  Continuous Choice Model. 

I t h e  aggregate b e n e f i t s  t o  t h e  State of Rhode Is land from 

I improved water q u a l i t y  i n  Narragansett  Bay. To do t h i s  w e  

I ass ign  a  weight t o  each town equal  t o  t h e  t o t a l  number of 

occupied housing u n i t s  a s  recorded i n  t h e  1980 Rhode I s l and  

Census of Population and Housing. We then  apply median 

I income. t h e  percentage of t h e  populat ion age 65 or o l d e r ,  

l and t h e  percentage of t h e  populat ion who have a col lege  

I degree.  by town. a s  recorded i n  t h e  1980 census,  t o  t h e  

I est imated model. The aggregate b e n e f i t s  t o  t h e  S t a t e  of 


