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Introduction 

The benefits of programs aimed at improving 
e n v i r o n m e n t a l  q u a l i t y  a r e  m e a s u r e d  wi th  i n c r e a s i n g  
f r e q u e n c y  by c o n t i n g e n t  v a l u a t i o n  (CV) s u r v e y s .  T h e s e  
CV s u r v e y s  i n c o r p o r a t e  e l e m e n t s  of p u b l i c  o p i n i o n  
polls  a n d  m a r k e t i n g  s u r v e y s ,  as well as a t h e o r e t i c a l  
f r a m e w o r k  b a s e d  on m o d e r n  w e l f a r e  e c o n o m i c s .  1 In 
t h e  s i m p l e s t  s ense ,  CV s u r v e y s  p r e s e n t  a f a i r l y  c o m -  
p lex  s c e n a r i o  in which  a h y p o t h e t i c a l  m a r k e t  is s e t  up  
a n d  r e s p o n d e n t s  a r e  a s k e d  t h e  m a x i m u m  a m o u n t  of 
m o n e y  t h a t  t h e y  would  be willing to p a y  in o r d e r  to  
o b t a i n  spec i f i ed  i n c r e a s e s  in t h e  level of an  e n v i r o n -  
m e n t a l  a m e n i t y .  The n e e d  for  a s u r v e y  i n s t r u m e n t  
t h a t  a s k s  r e s p o n d e n t s  t h e s e  q u e s t i o n s ,  in a m a n n e r  
c o n s i s t e n t  with r e l e v a n t  e c o n o m i c  t h e o r y ,  and ,  a t  t h e  
s a m e  t ime,  is u n d e r s t a n d a b l e  to r e s p o n d e n t s ,  g ives  
r i se  to a l a r g e  n u m b e r  of p o t e n t i a l  n o n - s a m p l i n g  
e r r o r s  ( C a r s o n  a n d  Mitchell ,  1984a) .  The m o s t  e a s i l y  
i d e n t i f i e d  of t h e s e  n o n - s a m p l i n g  e r r o r s  ( a n d  we be l i eve  
p o t e n t i a l l y  t h e  m o s t  s e r i o u s )  is a l a r g e  i t e m  n o n -  
r e s p o n s e  r a t e  fo r  t h e  WTP q u e s t i o n s .  

In th i s  p a p e r ,  we c o n s i d e r  s e v e r a l  d i f f e r e n t  m e t h o d s  
of i m p u t i n g  v a l u e s  fo r  t h e  mi s s ing  or  u n u s a b l e  
r e s p o n s e s  to  t h e  WTP q u e s t i o n s  in a r e c e n t  s u r v e y  on 
WTP for  n a t i o n a l  f r e s h  w a t e r  q u a l i t y  i m p r o v e m e n t s  
( C a r s o n  a n d  Mitchel l ,  1984b).  The m e t h o d s  i n c l u d e  
i m p u t a t i o n  of t h e  m e a n  a n d  m e d i a n  f r o m  i m p u t a t i o n  
c l a s s e s  d e f i n e d  in d i f f e r e n t  ways:  s e q u e n t i a l  a n d  r a n -  
d o m  h o t  d e c k s ,  m a x i m u m  l i ke l i hood  e s t i m a t i o n ,  a n d  
s e v e r a l  v a r i a n t s  of CART, a t r e e  s t r u c t u r e d  r e g r e s s i o n  
a n d  c l a s s i f i c a t i o n  p r o c e d u r e  ( B r e i m a n  et al., 1984).  
Our  p r o b l e m  of i m p u t i n g  v a l u e s  for  t h e  mi s s ing  a n d  
inva l id  WTP r e s p o n s e s  is diff icul t  s ince  we a r e  
i n t e r e s t e d  in t h r e e  s t a t i s t i c s ,  t he  m e a n ,  t h e  s t a n d a r d  
e r r o r  of t h e  m e a n ,  and  t he  m e d i a n .  

This  p a p e r  is d iv ided  in to  six s e c t i o n s .  The f i r s t  
d e s c r i b e s  how t h e  s t a t i s t i c s  of i n t e r e s t  a r e  u s e d  in 
e s t i m a t i n g  t h e  b e n e f i t s  of n a t i o n a l  w a t e r  q u a l i t y  
i m p r o v e m e n t s .  The s e c o n d  s e c t i o n  d e s c r i b e s  t h e  
c h a r a c t e r i s t i c s  of t h e  d a t a  set ,  which  a r e  r e l e v a n t  to 
t h e  m i s s i n g  va lue  p r o b l e m .  The t h i r d  s e c t i o n  b r i e f l y  
p r e s e n t s  e a c h  of t h e  i m p u t a t i o n  m e t h o d s  used .  In t h e  
f o u r t h ,  we d i s c u s s  t h o s e  f e a t u r e s  of CART which  m a y  
be u s e f u l  in i m p u t i n g  mi s s ing  va lues ,  a n d  which  a r e  
l ike ly  to be u n f a m i l i a r  to  t h e  r e a d e r .  The f if th s e c t i o n  
p r e s e n t s  t h e  r e s u l t s  of t h e  d i f f e r e n t  i m p u t a t i o n  e x e r -  
c i ses .  The  f inal  s e c t i o n  i n c l u d e s  a d i s c u s s i o n  of t h e s e  
r e s u l t s  a n d  s o m e  c o n c l u d i n g  r e m a r k s .  

1. Measur ing  Water Quality Benef i t s  
A h o u s e h o l d ' s  m a x i m u m  wi l l ingness  to p a y  for  an  

i m p r o v e m e n t  in w a t e r  q u a l i t y  f r o m  an in i t ia l  s p e c i f i e d  
level,  q0, to a spec i f i ed  h i g h e r  level, q l, is an  e c o n o m i c  
q u a n t i t y  k n o w n  as c o m p e n s a t i n g  s u r p l u s .  S ince  w a t e r  
q u a l i t y  is an  a m e n i t y  t h a t  m a y  be e n j o y e d  by e v e r y o n e ,  
it is t h e  s u m  of t he  p u b l i c ' s  wi l l ingness  to p a y  t h a t  
determines the demand side. As it is difficult, if not 
impossible, to poll every household in the United 
States, the standard practice of taking a sample sur- 
vey is used. 

For a specified change in water quality the desired 
economic measure is: 

H 
J = E WTF~, (~) 

¢=1 

R t h e  n u m b e r  of r e s p o n d e n t s  a n d  M t h e  n u m b e r  of 
h o u s e h o l d s  t h a t  did n o t  r e s p o n d ,  t h e n  N = R + M. The 
e x p e c t a t i o n  of WTP is 

R M 

E(WTP) = ( R /  g ~) E WTPR +(J/I /  N "z) E RWTPI¢ (3) 
~=1 i = l  

The b ias  of t r e a t i n g  (17,/N2)(WTPR) as E(WTP) is, 

(M/  N2)( WTPR - WTPI¢); (4) 

w h e r e  th is  b ia s  is sma l l  if M is sma l l  or  if WTPjI is c lose  
to  WTPR. 

2. A D e s c r i p t i o n  of th e  D a t a  S e t  
The d a t a  s e t  u s e d  in th i s  p a p e r  is f r o m  a s u r v e y  of 

813 h o u s e h o l d s  in t h e  c o n t i g u o u s  U n i t e d  S t a t e s .  The 
s u r v e y  q u e r i e d  r e s p o n d e n t s  p r i m a r i l y  a b o u t  t h e i r  use  
of w a t e r  b a s e d  r e c r e a t i o n ,  a n d  t h e i r  a t t i t u d e s  t o w a r d  
w a t e r  q u a l i t y  i n c l u d i n g  t h e i r  wi l l ingness  to  p a y  for  
w a t e r  q u a l i t y  i m p r o v e m e n t s .  The  s u r v e y  was c o n -  
d u c t e d  by  Opin ion  R e s e a r c h  C o r p o r a t i o n  (0RC) of 
P r i n c e t o n ,  New J e r s e y ,  fo r  R e s o u r c e s  for  t h e  F u t u r e  in 
N o v e m b e r  a n d  D e c e m b e r  of 1983. The s a m p l e  was 
d r a w n  us ing  a m u l t i s t a g e  a r e a l  p r o b a b i l i t y  des ign .  

To c o m p e n s a t e  fo r  d i f f e r e n t i a l  r e s p o n s e  r a t e s  ( for  
t h e  q u e s t i o n n a i r e  as  a whole ) ,  0RC s u p p l i e d  a s e t  of 
w e i g h t s  b a s e d  on t h e  1980 C e n s u s  in o r d e r  to  p r o d u c e  
s a m p l e  s t a t i s t i c s  ( a s s u m i n g  no i t e m  n o n - r e s p o n s e )  
r e p r e s e n t a t i v e  of t h e  n o n - i n s t i t u t i o n a l i z e d  U.S. p o p u -  
l a t ion .  However ,  as wi th  m o s t  s a m p l e  s u r v e y s ,  t h e r e  is 
b o t h  a n o n - r e s p o n s e  a n d  an  i t e m  n o n - r e s p o n s e  p r o b -  
lem. R e s u l t s  f r o m  d i f f e r e n t  m e t h o d s  of i m p u t i n g  
v a l u e s  fo r  t h e  i t e m  n o n - r e s p o n s e s  on wi l l ingness  to 
p a y  for  w a t e r  q u a l i t y  a r e  g iven  with ,  a n d  w i t h o u t ,  t h e  
0RC s a m p l e  w e i g h t s .  One of t h e  a d v a n t a g e s  of of 
i m p u t i n g  v a l u e s  fo r  t h e  i t e m  n o n - r e s p o n s e  is t h a t  t h e  

w h e r e  H is t h e  t o t a l  n u m b e r  of h o u s e h o l d s ,  a n d  t h e  
s u b s c r i p t s  d e n o t i n g  t h e  e x a c t  q u a l i t y  c h a n g e  q0 to q l 
h a v e  b e e n  d r o p p e d  to avoid  n o t a t i o n a l c l u t t e r .  Using a 
s a m p l e  s u r v e y ,  J c a n  be e s t i m a t e d  by  m u l t i p l y i n g  t h e  
s a m p l e  m e a n  WTP f r o m  t h e  s u r v e y  by  H: 

n 1 
;7 = H ~ - -  W TP~ , ( e ) 

w h e r e  n is t h e  n u m b e r  of h o u s e h o l d s  s u r v e y e d  a n d  
e v e r y  h o u s e h o l d  in t h e  p o p u l a t i o n  of i n t e r e s t  h a s  an  
e q u a l  c h a n c e  of b e i n g  one of t h e  n h o u s e h o l d s  
r e s p o n d i n g  to t h e  s u r v e y .  The s t a n d a r d  e r r o r  of t h e  
s a m p l e  m e a n  fo r  WTP c a n  be u s e d  to f o r m  c o n f i d e n c e  
i n t e r v a l s  a r o u n d  Y. 

The s h a p e  of t h e  d i s t r i b u t i o n  of WTP is a l so  of 
i n t e r e s t  s ince  b e n e f i t s  (as  well as c o s t s )  of i m p r o v e -  
m e n t s  in w a t e r  q u a l i t y  m a y  n o t  be d i s t r i b u t e d  un i -  
f o r m l y  a m o n g  t h e  publ ic .  The m e d i a n ,  o r  m o r e  
c o r r e c t l y  t h e  m e d i a n  r e l a t i v e  to  t h e  m e a n ,  is f r e -  
q u e n t l y  u s e d  as a s ing le  s u m m a r y  m e a s u r e  of t h e  
s h a p e  of t h e  d i s t r i b u t i o n .  Fo r  cos t s ,  f a m i l i a r  t e r m s  a r e  
u s e d :  r e g r e s s i v e  ( m e d i a n  g r e a t e r  t h a n  t h e  m e a n ) ,  p r o -  
p o r t i o n a l  ( m e d i a n  a n d  m e a n  equa l ) ,  a n d  p r o g r e s s i v e  
( m e d i a n  less  t h a n  t h e  m e a n ) .  F o r  bene f i t s ,  t h e  oppo-  
s i te  r e l a t i o n s  hold .  The m e d i a n  also h a s  a n a t u r a l  
i n t e r p r e t a t i o n  in t h e  c o n t e x t  of a r e f e r e n d u m ,  t h e  r e a l  
wor ld  a n a l o g u e  of a c o n t i n g e n t  v a l u a t i o n  s u r v e y ,  as 
t h e  h i g h e s t  f ia t  t a x  t h a t  wou ld  be a p p r o v e d  by t h e  
v o t e r s .  

Due to v a r y i n g  r e s p o n s e  r a t e s  to s a m p l e  s u r v e y s ,  
t h e  s a m p l e  w e i g h t s  of 1 / n  f r o m  e q u a t i o n  (e) a r e  u s u -  
al ly  r e p l a c e d  wi th  1/vg~ w h e r e  ~v~ v a r i e s  i n v e r s e l y  with  
t h e  r e s p o n s e  r a t e  of d i f f e r e n t  t y p e s  of h o u s e h o l d s  
i n d e x e d  by  i. If we le t  N c o r r e s p o n d  to t h e  t he  n u m b e r  
of h o u s e h o l d s  in t h e  o r i g i n a l  e q u a l  p r o b a b i l i t y  s a m p l e ,  

o r i g i n a l  s a m p l e  w e i g h t s  c a n  be u sed .  We also p r e s e n t  
r e s u l t s  fo r  r e w e i g h t i n g  t h e  s a m p l e  ( w i t h o u t  i m p u t a -  
t ion)  b a c k  to t h e  o r i g i n a l  C e n s u s  s p e c i f i c a t i o n s .  2 

The v a r i a b l e  fo r  wh ich  m i s s i n g  v a l u e s  we re  i m p u t e d  
is WTPTOT, t h e  t o t a l  s u m  of w i l l i n g n e s s  to p a y  for  t h r e e  
m a r g i n a l  q u a l i t y  c h a n g e s  ( u n u s a b l e  to  b o a t a b l e ,  b o a t -  
ab le  to f i shab le ,  f i shab le  to s w i m m a b l e ) .  
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The unusable WTPTOT responses can be divided into 
four categories: 

(1) Don't know/refused (g7 respondents or 10% of 
the respondents); 

(2) Protest zeros (136 respondents or 17g of the 
sample );s 

3) Failed edit for WTPTOT larger than .05*income 
16 respondents or 2% of the sample); or 

(4) Failed edit for low WTPTOT which was incon- 
sistent with income and other responses (9 respon- 
dents or ig of the sample). The variables used in 
the analysis to follow are defined in Table 2.1. 

3. An Overview of t he  I m p u t a t i o n  M e t h o d  U s e d  
The c h o i c e  of i m p u t a t i o n  c l a s s e s  is u s u a l l y  t h e  m o s t  

difi%cult a n d  i n f l u e n t i a l  d e c i s i o n  to  be  m a d e  in i m p u t -  
ing v a l u e s  for  m i s s i n g  r e s p o n s e s .  We u s e d  six d i f f e r e n t  
ways  to  de f ine  i m p u t a t i o n  c l a s s e s .  E a c h  of t h e s e  f o r m s  
a s e r i e s  of t h r e e  to f o u r  i m p u t a t i o n  e x e r c i s e s .  They  
a r e  d e f i n e d  in t h e  two t a b l e s  (3.1 a n d  3.2) below. 

Tab le  3.1 

I m p u t a t i o n  Class D e f i n i t i o n s  

G1 Se r i e s :  E i g h t  i m p u t a t i o n  c l a s s e s  d e f i n e d  by  t h e  
c o m b i n a t i o n s  of t h r e e  v a r i a b l e s  [AGE < 45; EDUC < 

co l l ege  g r a d u a t e ;  USERD=I ,0 ] .  

G2 Se r i e s :  E i g h t  i m p u t a t i o n  c l a s s e s  d e f i n e d  by t h e  
c o m b i n a t i o n s  of f o u r  i n c o m e  c a t e g o r i e s  [ i n c o m e  < 
15 t h o u s a n d ;  15_> i n c o m e  < 30; 30_> i n c o m e  < 45; 
45 _ ineo~ze ] and U SERD. 

CR Series: two imputation classes defined by CART 
using WTPTOT as the dependent variable and sum of 
squared deviations as the loss function. 

CRA Series: four imputation classes defined by CART 
using WTPTOT as the dependent variable and the 
sum of least absolute deviations as the loss func- 
tion. 

CL Series: six imputation classes defined by CART 
using Iog(WTPTOT) as the dependent variable and 
sum of squared deviations as the loss function. 

CC Series: seventeen imputation classes defined by 
CART u s i n g  a 6 c a t e g o r i z e d  ( l a b e l e d  1, 2, 3, 4, 5, 6) 
v e r s i o n  of WTPTOT as t h e  d e p e n d e n t  v a r i a b l e ,  
o r d e r e d  two ing  as  t h e  c l a s s i f i c a t i o n  c r i t e r i a ,  a n d  a 
c o s t  c r i t e r i a  of t h e  f o r m  i - j w h e r e  i was  t h e  c o r r e c t  
c l a s s  a n d  j was  t h e  c lass  t h e  o b s e r v a t i o n  was 
c l a s s i f i ed  as  be ing .  The c l a s s e s  in o r d e r  w e r e  [1: 0- 
25; 2: 26-74;  3: 75-149;  4: 150-249;  5: 250-499 ;  6: 
500+] .  The  d iv i s ions  c o r r e s p o n d  r o u g h l y  to e q u a l  
p e r c e n t i l e s  of t h e  d i s t r i b u t i o n  a n d  n a t u r a l  b r e a k s  
in t h e  d a t a .  

Table  3.2 

I m p u t a t i o n  Type  

M: Mean  WTPTOT of t h e  i m p u t a t i o n  c l a s s  a s s i g n e d  to  
all o b s e r v a t i o n s  wi th in  t h a t  c l a s s  h a v i n g  m i s s i n g  
WTPTOT v a l u e s .  

D: Median  WTPTOT of t h e  i m p u t a t i o n  c lass  a s s i g n e d  to 
all o b s e r v a t i o n  wi th in  t h a t  c l a s s  h a v i n g  m i s s i n g  
WTPTOT va lues .  

S: O b s e r v a t i o n s  o r d e r e d  s e q u e n t i a l l y  wi th in  i m p u t a -  
t i on  c l a s s  by  C e n s u s  r e g i o n  a n d  s a m p l i n g  po in t .  
Missing WTPTOT va lue s  w e r e  r e p l a c e d  s e q u e n t i a l l y  
by  l a s t  u s a b l e  WTPTOT r e s p o n s e .  No l imit  was  
i m p o s e d  on t h e  n u m b e r  of t i m e s  an  o b s e r v a t i o n  
c o u l d  d e n o t e d  i ts  WTPTOT va lue .  S e q u e n t i a l  i m p u t a -  
t i on  a s s u m e s  t h a t  t h e r e  is pos i t ive  s p a t i a l  c o r r e l a -  
t i on  b e t w e e n  o b s e r v a t i o n s .  While pos s ib l e  s e q u e n -  
t im  v a r i a n t s  u s ing  t h e  CART p r o c e d u r e  w e r e  n o t  
used .  

R: Missing WTP v a l u e s  with in t h e  i m p u t a t i o n  c l a s s  a r e  
r e p l a c e d  with a val id  WTPTOT va lue  c h o s e n  r a n -  

dornly  (with r e p l a c e m e n t )  f r o m  t h o s e  o b s e r v a t i o n s  
in t h e  i m p u t a t i o n  c lass  h a v i n g  valid WTPTOT v a l u e s .  
An o b s e r v a t i o n s  c o u l d  d o n a t e  i ts  va lue  up to  five 
t ime .  

In add i t i on ,  t h r e e  v a r i a n t s  of t h e  EM a l g o r i t h m  a r e  
u sed .  The EM a l g o r i t h m  is an  i n t e r r a t i v e  m a x i m u m  
l i k e l i h o o d  p r o c e d u r e  ( O r c h a r d  a n d  W o o d b u r y ,  1972; 
D e m p s t e r ,  Lai rd ,  a n d  Rubin,  1977). EM1 e s t i m a t e d  
v a l u e s  for  t h e  mis s ing  WTPTOT r e s p o n s e s .  EM1C is t h e  
s a m e  as EM1 e x c e p t  t h a t  a n y  m i s s i n g  va lue s  e s t i m a t e d  
to be less  t h a n  z e r o  a r e  s e t  to ze ro .  EM2 e s t i m a t e s  
v a l u e s  fo r  t h e  t h e  log of WTPTOT of t h e  m i s s i n g  
r e s p o n s e s ,  a n d  t h e n  t a k e s  t h e  t h e  an t i l og  of t h a t  
r e s p o n s e  to o b t a i n  an e s t i m a t e  of WTPTOT. All of t h e  
EM i m p u t a t i o n s  a s s u m e  n o r m a l i t y  a n d  a s q u a r e d  e r r o r  
loss  f u n c t i o n .  

The G1 a n d  G2 s e r i e s  i m p u t a t i o n  c l a s s e s  m o t i v a t e d  
by r e s u l t s  f r o m  a p r i o r  n a t i o n a l  s u r v e y  on w i l l i ngnes s  
to  p a y  fo r  w a t e r  q u a l i t y  (Mi tche l l  and  C a r s o n ,  1981).  
The G1 i m p u t a t i o n s  avoid  p r o b l e m s  wi th  t h e  miss ing  
v a l u e s  on INCOME s ince  val id  va lues  a re ,  wi th  m i n o r  
e x c e p t i o n s ,  a lways  ava i l ab le  for  AGE, EDUC, a n d  
USERD. F u r t h e r  AGE a n d  EDUC have  s i zab le  c o r r e l a -  
t i o n s  wi th  i n c o m e  which  b o t h  t h e o r y  a n d  ava i l ab l e  
e m p i r i c a l  e v i d e n c e  s u g g e s t  to be t h e  b e s t  p r e d i c t o r  of 
WTPTOT.  The G2 s e r i e s  u ses  t h e  G1 v a l u e s  w h e n  
i n c o m e  is m i s s i n g  in o r d e r  to e m p h a s i s  a n y  d i f f e r e n c e s  
b e t w e e n  t h e  two se r i e s .  Defining i m p u t a t i o n  c l a s s e s  
wi th  CART is d i s c u s s e d  in t he  n e x t  s e c t i o n .  

The S a n d  t h e  R v a r i a n t s  of t h e  G1 a n d  G2 s e r i e s  
r e p r e s e n t  t h e  m o s t  t h e  m o s t  p o p u l a r  f o r m s  of t h e  h o t  
deck .  4 The m e a n  of t h e  i m p u t a t i o n  c lass  is p e r h a p s  t h e  
m o s t  c o m m o n l y  u s e d  m e t h o d  of i m p u t i n g  mi s s ing  
v a l u e s .  The m e d i a n  is also u s e d  h e r e  b e c a u s e  we a r e  
i n t e r e s t e d  in t h e  m e d i a n  va lue  of t h e  s a m p l e  WTPTOT 
a n d  b e c a u s e  it h a s  a n u m b e r  of d e s i r a b l e  r o b u s t  p r o -  
p e r t i e s  in m a n y  s i t u a t i o n .  In n o n - s y m m e t r i c  d i s t r i b u -  
t i ons ,  t h e  e a s e  h e r e ,  t he  m e a n  a n d  t h e  m e d i a n  a r e  
e s t i m a t o r s  of d i f f e r e n t  l o c a t i o n s  a n d  h e n c e  c a n  n o t  be  
c o m p a r e d  on an e f f i c i ency  bas is .  In o u r  case ,  s t a t i s t i -  
ca l  t e s t  t e n d e d  to  r e j e c t  b o t h  s y m m e t r y  a n d  n o r m a l i t y .  
L o g n o r m a l i t y  cou ld  n o t  be r e j e c t e d  if f a i r l y  c o a r s e  
g r o u p i n g  e f fec t s  we re  a l lowed a t  va lue s  s u c h  as 25 a n d  
100 do l l a r s .  

C a l c u l a t i n g  t h e  t h r e e  s t a t i s t i c s  of i n t e r e s t  for  
WTPTOT ( t h e  m e a n ,  t h e  s t a n d a r d  e r r o r  of t h e  m e a n ,  
a n d  t h e  m e d i a n )  a re  f a i r ly  s t r a i g h t f o r w a r d .  However ,  
t h e  e s t i m a t e d  s t a n d a r d  e r r o r  of t he  m e a n  of WTPTOT, 
~ / ( 1 / r ~ ) s  2, a f t e r  i m p u t i n g  va lue s  for  t h e  mis s ing  
W.TPTOT r e s p o n s e s ,  s y s t e m a t i c a l l y  u n d e r e s t i m a t e s  t h e  
t r u e  s t a n d a r d  e r r o r .  Ka l t on  a n d  K a s p r z k y  (1982)  give 
a n  a p p r o x i m a t e  c o r r e c t i o n  f o r m u l a  for  t h e  s t a n d a r d  
e r r o r  of t h e  m e a n  b a s e d  on ~ / ( l + I ) / r ) a  2 w h e r e  r is 
t h e  n u m b e r  of n o n - i m p u t e d  WTPTOT va lues ,  a 2 is t h e  
t r u e  e s t i m a t e d  v a r i a n c e ,  a n d  I is t he  p r o p o r t i o n a t e  
i n c r e a s e  in v a r i a n c e  a r i s i n g  f r o m  the  i m p u t a t i o n  var i -  
a n c e .  This  f o r m u l a  c o r r e c t s  for  two s o u r c e s  of b ias  
a r i s i n g  f r o m  t h e  u s e  of t h e  s t a n d a r d  e r r o r  of t h e  m e a n  
e s t i m a t e d  f r o m  t h e  s a m p l e  a f t e r  i m p u t i n g  t h e  miss ing  
va lues .  The  f i r s t  c o r r e c t i o n  is to m u l t i p l y  by  t h e  f a c t o r  
n / r ,  b e c a u s e  t h e  e s t i m a t e  is in a c t u a l l y  b a s e d  on ly  on 
r o b s e r v a t i o n s .  F o r  d e t e r r n i n i s t i e  i m p u t a t i o n s  (M, D, 
a n d  t h e  EM e s t i m a t e s )  I e q u a l s  zero ,  b u t  s ,a t h e  
o b s e r v e d  v a r i a n c e ,  u n d e r e s t i m a t e s  a ~ by a f a c t o r  of 
[ ( r - 1 ) / ( n - 1 ) ] .  F o r  s t o c h a s t i c  i m p u t a t i o n  p r o c e d u r e s  (S 
a n d  R), s 2 is a n  u n b i a s e d  e s t i m a t e  of a ~, b u t  I equa l s  
[ ( m / n ) ( 1  - ( m / n ) ) ]  w h e r e  m is t h e  n u m b e r  of i m p u t e d  
WTPTOT v a l u e s .  This c o r r e c t i o n  f o r m u l a  is d e r i v e d  
u n d e r  t h e  a s s u m p t i o n  t h a t  t h e  v a l u e s  a r e  mis s ing  a t  
r a n d o m  (wi th in  i m p u t a t i o n  c lass )  a n d  i.i.d, wi th in  t h o s e  
i m p u t a t i o n  c l a s s e s .  L a r g e  s a m p l e  a s s u m p t i o n s  a r e  
a lso m a d e  fo r  t h e  s t o c h a s t i c  i m p u t a t i o n  p r o c e d u r e s ,  
and ,  h e n c e ,  t h e  e s t i m a t e s  of t h e  c o r r e c t e d  s t a n d a r d  
e r r o r  of t h e  m e a n  g iven  in Tables  5.1 a n d  5.2, s h o u l d  
be c o n s i d e r e d  v e r y  r o u g h  t h e  p r o c e s s  g e n e r a t i n g  t h e  
m i s s i n g  v a l u e s  is u n k n o w n .  
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A l t h o u g h  we do n o t  k n o w  w h a t  t h e  t r u e  v a l u e s  for  
t h e  m i s s i n g  WTPTOT r e s p o n s e s  a re ,  we do have  s o m e  
f a i r l y  s t r o n g  p r i o r s  b a s e d  u p o n  p a s t  f ind ings  (Mi tche l l  
a n d  C a r s o n ,  1981)  a n d  f r o m  o t h e r  e v i d e n c e  ava i l ab le  in 
t h e  p r e s e n t  s u r v e y .  The r e s p o n d e n t s  giving " d o n ' t  
k n o w s , "  or  r e f u s i n g  to a n s w e r  t h e  WTPTOT q u e s t i o n  
( a n d  to a l e s s e r  d e g r e e  t h o s e  r e g i s t e r i n g  p r o t e s t  
z e r o s )  t e n d  to  be  o lde r ,  less  e d u c a t e d  a n d  n o n - w a t e r  
r e c r e a t o r s - - a l l  c h a r a c t e r i s t i c s  h a v i n g  s i zab le  n e g a t i v e  
c o r r e l a t i o n s  wi th  WTPTOT. P r o t e s t  z e r o s  a lso  t e n d  to 
be a s s o c i a t e d  wi th  n e g a t i v e  a t t i t u d e s  t o w a r d  e x p e n d i -  
t u r e s  on m o s t  p u b l i c  g o o d s  e x c e p t  f i gh t ing  c r i m e .  The 
WTPTOT r e s p o n s e s ,  s e t  to  mi s s ing  fo r  be ing  to high,  a r e  
all f r o m  r e s p o n d e n t s  wi th  v e r y  low i n c o m e s  while t h o s e  
few o b s e r v a t i o n s  s e t  to m i s s i n g  fo r  be ing  t oo  low 
r e s e m b l e  p r o t e s t  z e r o s .  All of t h e s e  f a c t o r s  s u g g e s t  
t h a t  t h e  t r u e  m e a n  WTPTOT s h o u l d  be lower  t h a n  it is 
w i t h o u t  i m p u t i n g  v a l u e s  fo r  t h e  mis s ing  o b s e r v a t i o n s .  
A l a r g e  n u m b e r  of t h e  r e s p o n d e n t s  with  inval id  WTPTOT 
r e s p o n s e s  a l so  e x h i b i t e d  a p e r v a s i v e  p a t t e r n  of i t e m  
n o n - r e s p o n s e  on o t h e r  q u e s t i o n s ,  p a r t i c u l a r l y  t h o s e  
d e a l i n g  with  a t t i t u d e s  t o w a r d ,  a n d  k n o w l e d g e ,  a b o u t  
w a t e r  qua l i ty .  This  s u g g e s t s  t h a t  t h e  s t a n d a r d  e r r o r  of 
m e a n  WTPTOT s h o u l d  if a n y t h i n g  be i n c r e a s e d .  Our 
p r i o r  on t h e  m e d i a n  is less  c l e a r  b u t  we would  be 
s u s p i c i o u s  of a n y  i m p u t a t i o n  p r o c e d u r e  t h a t  r e s u l t e d  
in a s i zab le  sh i f t ,  p a r t i c u l a r l y  an  i n c r e a s e .  

4. A D i g r e s s i o n  o n  CART 

CART ( B r e i m a n  e t  al .  , 1984) is a se t  of r e e u r s i v e  
p a r t i t i o n i n g  p r o c e d u r e s  w h i c h  a r e  s imi l a r  in m a n y  
r e s p e c t s  to t h e  M i c h i g a n  AID/SEARCH p r o g r a m ,  wh ich  
h a s  b e e n  u s e d  s u c c e s s f u l l y  in t h e  p a s t  to de f ine  i m p u -  
t a t i o n  c l a s s e s  ( K a l t o n ,  1983; C h a p m a n ,  1983).  While 
t h e  a l g o r i t h m s  u n d A r l y i n g  CART r e p r e s e n t  an  i m p r o v e -  
m e n t  ove r  e x i s t i n g  r o u t i n e s  in t e r m s  of s p e e d  a n d  
e f f i c i ency ,  we c o n c e n t r a t e  h e r e  on two new f e a t u r e s  of 
CART: s u r r o g a t e  sp l i t s ,  a n d  t e c h n i q u e s  for  d e t e r m i n -  
ing t h e  o p t i m a l  n u m b e r  of i m p u t a t i o n  c l a s s e s  to  
def ine .  ° 

A f t e r  l o c a t i n g  t h e  p r e d i c t o r  sp l i t  t h a t  b e s t  m i n i m -  
izes t h e  loss f u n c t i o n ,  CART will s e a r c h  o u t  s u r r o g a t e  
sp l i t s .  S u r r o g a t e  sp l i t s  a r e  sp l i t s  on o t h e r  v a r i a b l e s  
t h a t  b e s t  a p p r o x i m a t e  t h e  b e s t  p r e d i c t o r  spli t .  This is 
a u s e f u l  f e a t u r e ,  if, as is t y p i c a l l y  t h e  case ,  t h e  p r e d i c -  
t o r  v a r i a b l e s  a l so  h a v e  a s i g n i f i c a n t  n u m b e r  of mi s s ing  
v a l u e s .  A m e a s u r e  s i m i l a r  to  a c o r r e l a t i o n  coe f f i c i en t  
is a v a i l a b l e  w h i c h  i n d i c a t e s  how m u c h  b e t t e r  t h e  
s u r r o g a t e  sp l i t  is a t  m i m i c k i n g  t h e  b e s t  p r e d i c t o r  spl i t  
t h a n  s e n d i n g  t h e  c a s e s  wi th  m i s s i n g  v a l u e s  down t h e  
t r e e  in t h e  s a m e  d i r e c t i o n  as t h e  m a j o r i t y  of t h e  c a s e s  
in t h a t  n o d e  w e r e  sen t .  The  o u t p u t  fo r  t h e  f i r s t  spl i t  of 
t h e  CL s e r i e s  is r e p r o d u c e d  in f i gu re  4.1. No te  t h a t  
c o m p e t i t o r  sp l i t s ,  t he  " n e x t  b e s t "  sp l i t s  a t  m i n i m i z i n g  
t h e  loss  f u n c t i o n ,  a r e  a l so  a v a i l a b l e  a n d  in g e n e r a l  t h e  
s a m e  spl i ts .  0 

P e r h a p s  t h e  m a j o r  p r o b l e m  wi th  t h e  Mich igan  
AID/SEARCH p r o  g r a m  is t h e  d i f f i cu l ty  in d e c i d i n g  w h e n  
to s t o p  g r o w i n g  t h e  t r e e .  This  p r o b l e m  is g e n e r i c  to 
a n y  r e c u r s i v e  p a r t i t i o n  s c h e m e  b e c a u s e  t h e y  give 
m u c h  too o p t i m i s t i c  e s t i m a t e s  of how well t h e y  p r e d i c t  
in a n y t h i n g  b u t  v e r y  l a r g e  d a t a  se t s .  S t a n d a r d  s t a t i s t -  
ical  t e s t  of v a r i a n c e  e x p l a i n e d  t e n d  to  be  m i s l e a d i n g .  
It is w o r t h  q u o t i n g  Ka l ton  (109; 1983) a t  l e n g t h  h e r e  on 
u s ing  AID/SEARCH to de f ine  i m p u t a t i o n  c l a s s e s :  

In p r a c t i c e  t h e r e  is u s u a l l y  l i t t l e  i n f o r m a t i o n  
to  g u i d e  t h e  c h o i c e  of i m p u t a t i o n  c l a s s e s  to  
s a t i s f y  t h e  mi s s ing  a t  r a n d o m  a s s u m p t i o n ,  
a n d  t h e r e f o r e  a t t e n t i o n  is m a i n l y  f o c u s s e d  on 
f o r m i n g  c l a s s e s  wi th in  w h i c h  t h e  p o t e n t i a l  
d o n o r s  a r e  as  h o m o g e n e o u s  as p o s s i b l e  wi th  
r e g a r d  to t h e  s u r v e y  v a r i a b l e  b e i n g  con -  
s i d e r e d .  The g e n e r a l  p r i n c i p l e  is t h e n  to  
f o r m  i m p u t a t i o n  c l a s s e s  t h a t  m i n i m i z e  t h e  
v a r i a n c e  of t h e  s u r v e y  v a r i a b l e  wi th in  c l a s s e s ,  
o r  e q u i v a l e n t l y  that m a x i m i z e  t h e  v a r i a n c e  
b e t w e e n  c l a s s e s .  This  is t h e  p r i n c i p l e  b e h i n d  

the SEARCH/AID technique used for deter- 
mining the imputation classes in the last sec- 
tion. In general the SEARCH technique seems 
a valuable tool for guiding the choice of 
imputation classes. However, since the tech- 
nique capitalizes on chance patterns in the 
data, it should be applied with caution. 

This ability of reeursive partitioning programs to find 
meaning in random data (Einhorn, 1972) has lead 
many survey researchers to reject techniques like AID. 
CART embodies a solution to this problem. 

Breiman et al. (1984) after unsuccessful attempts 
to find optimal rules for stopping the growth of a tree 
found that the solution lay not in stopping the growth 
of a tree but in how to "prune off" the lower tree nodes 
after the tree had "grown" as large as it could. 7 In very 
large data sets this can be done by dividing the data 
into two groups, a learning set and a test set. The 
learning set is used to grow a very large tree and is 
then used to predict the values of the dependent vari- 
able of t h e  t e s t  s e t  a n d  t h e  s q u a r e d  e r r o r  (o r  o t h e r  
loss  f u n c t i o n )  a t  e a c h  node .  In g e n e r a l  th i s  loss f u n c -  
t ion  will d e c r e a s e  with  t h e  n u m b e r  of n o d e s  up to s o m e  
po in t ,  r e m a i n  f la t  fo r  a while a n d  t h e n  i n c r e a s e  as t h e  
n u m b e r  of t r e e  n o d e s  g e t s  l a r g e r ,  a The f i r s t  s e c t i o n  of 
th i s  t r a c e d  o u t  loss  f u n c t i o n  c o r r e s p o n d s  to t r u e  p r e d -  
i c t ab i l i t y ,  while t h e  s e c o n d  a n d  t h i r d  p a r t s  c o r r e s p o n d  
to f a l se  p r e d i c t i o n  due  to over  f i t t i ng  in t h e  l e a r n i n g  
set .  The t r e e  g r o w n  by  t h e  l e a r n i n g  se t  c a n  be p r u n e d  
u p w a r d  e l i m i n a t i n g  n o d e s  u n t i l  t h e  s q u a r e d  e r r o r  in 
p r e d i c t i n g  t h e  t e s t  se t  o b s e r v a t i o n s  b e g i n s  to  i n c r e a s e .  

U n f o r t u n a t e l y ,  m o s t  d a t a  s e t s  a r e  n o t  s u f f i c i e n t l y  
l a r g e  to  use  t h e  t e s t  s e t  m e t h o d o l o g y  fo r  p r u n i n g  a n d  
e s t i m a t i o n  of t h e  t r u e  e x p l a n a t o r y  p o w e r  of t h e  p r e d -  
i c t o r  t r e e .  For  d a t a  s e t s  t h e  size of m o s t  r e g u l a r  s u r -  
veys  ( 2 0 0 - 2 0 0 0  o b s e r v a t i o n s ) ,  it is p o s s i b l e  to  u s e  v- 
fold  c r o s s - v a l i d a t i o n  to d e t e r m i n e  how m a n y  n o d e s  
s h o u l d  be p r u n e d  off t h e  t r e e .  This c a n  be  d o n e  by  
g r o w i n g  v t r e e s  e a c h  of w h i c h  omi t s  N / v  p e r c e n t  of t h e  
d a t a .  E a c h  of t h e  v c r o s s  v a l i d a t i o n  t r e e s  is u s e d  to  
p r e d i c t  t h e  o b s e r v a t i o n s  t h a t  we re  n o t  u s e d  in g r o w i n g  

t h a t  t r e e .  The  e r r o r  s u m  of s q u a r e s  (o r  o t h e r  loss c r i -  
t e r i a )  f r o m  p r e d i c t i n g  t he  o u t  of s a m p l e  o b s e r v a t i o n  
by  e a c h  of t h e  v c r o s s - v a l i d a t i o n  t r e e s  is a v e r a g e d  a t  
e a c h  tree size to determine how l a r g e  t h e  m a i n  tree 
s h o u l d  be. The  t r e e  s e q u e n c e  o u t p u t  f r o m  t h e  CL CART 
r u n  is shown  in f igure  4.2. Re la t i ve  e r r o r  u n d e r  a 
s q u a r e d  e r r o r  loss  f u n c t i o n  is e q u i v a l e n t  to 1 - R  2. 
Note  t h e  U - s h a p e d  r e l a t i v e  e r r o r  c u r v e  f r o m  t h e  
c r o s s - v a l i d a t i o n  t r e e s  while t h e  r e l a t i v e  e r r o r  indi -  
c a t e d  by  t h e  m a i n  t r e e  ( r e s u b s t i t u t i o n )  c o n t i n u e s  to 
d e c r e a s e  as t h e  n u m b e r  of n o d e s  i n c r e a s e d .  B r e i m a n  
et  al .  (1984)  f o u n d  on t he  bas i s  of Mon te  Car lo  e x p e r i -  
m e n t s  t h a t  v=10  was a p p r o p r i a t e  for  m o s t  p u r p o s e s  
a n d  t h a t  is w h a t  we u s e d  to g row a n d  p r u n e  t h e  t r e e s  
in f i g u r e  4.3. 

The  CART t r e e s  u s e d  to  d e f i n e  t h e  i m p u t a t i o n  
c l a s s e s  for  t h e  CR, CRA, CL, a n d  CC i m p u t a t i o n s  a r e  
s h o w n  in f i gu re  4.3. E a c h  of t h e s e  CART e s t i m a t i o n s  
u s e s  e i t h e r  a d i f f e r e n t  f o r m  of t h e  d e p e n d e n t  v a r i a b l e  
o r  d i f f e r e n t  loss  f u n c t i o n s .  The CR CART e s t i m a t i o n  
u s e s  WTPTOT a n d  l e a s t  s q u a r e s  a n d  p r o d u c e s  two 
i m p u t a t i o n  c l a s s e s .  The p r o b l e m  with  t he  CR e s t i m a -  
t i on  is t h a t  it  d o m i n a t e d  by t r y i n g  to  e x p l a i n  t h e  va r i -  
a n c e  of s e v e r a l  l a r g e  WTPTOT o b s e r v a t i o n s  a n d  fo r  th i s  
r e a s o n  p r o d u c e s  a v e r y  u n b a l a n c e d  split .  The CRA 
e s t i m a t i o n  sti l l  u s e d  WTPTOT as t h e  d e p e n d e n t  v a r i a b l e  
b u t  m i n i m i z e s  t h e  s u m  of s q u a r e d  d e v i a t i o n s  i n s t e a d .  
This c r i t e r i a  p r o d u c e s  a m u c h  m o r e  b a l a n c e d  se t  of 
i m p u t a t i o n  c l a s s e s  s ince  it d o e s  n o t  p u t  as m u c h  
w e i g h t  on t h e  l a r g e  WTPTOT o b s e r v a t i o n s .  The  CL es t i -  
m a t i o n  u s e s  t h e  log of WTPTOT as t h e  d e p e n d e n t  va r i -  
ab le  wh ich  f u r t h e r  i n c r e a s e s  t h e  i m p o r t a n c e  of 
e x p l a i n i n g  t h e  smal l  a n d  m e d i u m  WTPTOT o b s e r v a t i o n s  
w h i c h  a r e  t h o s e  wh ich  we m o s t  l ike ly  n e e d  to be ab le  
to p r e d i c t  a n d  s e p a r a t e .  The C L e s t i m a t i o n  p r o d u c e s  6 
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i m p u t a t i o n  c l a s s e s .  A n o t h e r  t y p e  of p r e d i c t i o n  ru le  
w h i c h  g ives  e q u a l  or g r e a t e r  we igh t  to d i f f e r e n t  p a r t s  
of t h e  d a t a  s e t  can  be u s e d  by  a s s i g n i n g  d i f f e r e n t  
r a n g e s  of WTPTOT to a s e r i e s  of o r d e r e d  c l a s s e s  as t he  
CC CART e s t i m a t i o n  does .  9 The CC e s t i m a t i o n  p r o d u c e s  
17 i m p u t a t i o n  c l a s s  a n d  u s e s  a m u c h  l a r g e r  n u m b e r  of 
t h e  v a r i a b l e s  t h a n  t he  o t h e r  CART e s t i m a t e s  w h i c h  a r e  
b a s e d  p r i m a r i l y  on i n c o m e .  

5. Resu l t s  
Table  5.1 d i s p l a y s  t h e  r e s u l t s  of e a c h  of t h e  i m p u t a -  

t i on  e x e r c i s e  w i t h o u t  u s ing  t h e  s a m p l e  we igh t s .  Table  
5.2 d i s p l a y s  t h e  r e s u l t s  of t h e  s ame  i m p u t a t i o n  e x e r -  
c i se s  u s i n g  t h e  s a m p l e  weigh t s .  10 

6. D i s c u s s i o n  a n d  Concluding Remarks  
There is u n i f o r m i t y  in t h e  r e s u l t s  of t h e  i m p u t a t i o n  

e x e r c i s e s  to  t h e  e x t e n t  t h a t  t h e y  all s u g g e s t  t h a t  m e a n  
WTPTOT w i t h o u t  c o r r e c t i n g  for  t h e  n o n - r e s p o n s e  to 
t h e  s u r v e y  a n d  i t e m  n o n - r e s p o n s e  to t h e  WTPTOT q u e s -  
t ion  is b i a s e d  u p w a r d .  Using t he  w e i g h t e d  r e s u l t s  of 
Tab le  5.2, th i s  b ias  r a n g e s  f r o m  t h i r t y  to s i x ty  do l la r s .  
T h e s e  a m o u n t s  t h a t  t r a n s l a t e  in to  a r e d u c t i o n  of 2.5 to 
5.5 bi l l ion d o l l a r s  in t h e  e s t i m a t e s  of t h e  p u b l i c ' s  wil- 
l i n g n e s s  to  p a y  fo r  w a t e r  q u a l i t y  p r o g r a m s .  

T h e r e  is a lso  f a i r ly  u n i f o r m  a g r e e m e n t  t h a t  i m p u t -  
ing t h e  m e a n  v a l u e  of t h e  i m p u t a t i o n  c lass  d i s t o r t s  t he  
m e d i a n  while  i m p u t i n g  t h e  m e d i a n  d i s t o r t s  t h e  m e a n .  11 
The c o r r e l a t i o n  b e t w e e n  a n y  of t h e  p r o c e d u r e s  t h a t  
i m p u t e  e i t h e r  t h e  m e a n  or  m e d i a n  is g e n e r a l l y  f a i r ly  
h igh .  All of t h e  r a n d o m  i m p u t a t i o n s  p r o d u c e  d a t a  s e t s  
wi th  m u c h  b e t t e r  d i s t r i b u t i o n a l  p r o p e r t i e s  t h a n  a n y  of 
t h e  s y s t e m a t i c  i m p u t a t i o n s .  12 

It is t r o u b l e s o m e  t h a t  t he  two a p p l i c a t i o n s  of t he  
EM a l g o r i t h m  p r o d u c e  s u c h  d i f f e r e n t  r e s u l t s .  13 Of 
t h e s e  two e s t i m a t e s  EM2 is p r o b a b l y  p r e f e r r e d  s ince  
t he  d i s t r i b u t i o n  of WTPTOT is f a i r ly  c lose  to  log n o r m a l  
a n d  b e c a u s e  of t h e  l a r g e  n u m b e r  of n e g a t i v e  e s t i m a t e s  
p r o d u c e d  by  EM1. The d a t a  se t  u s e d ,  howeve r ,  is a n y -  
t h i n g  b u t  c l e a n  a n d  well b e h a v e d ,  wh ich  d i m i n i s h e s  o u r  
e n t h u s i a s m  fo r  t h e  m a x i m u m  l i k e l i h o o d  a p p r o a c h .  

Two of t h e  s e r i e s  u s i n g  CART d e f i n e d  i m p u t a t i o n  
c l a s se s ,  CR a n d  CRA, do n o t  p e r f o r m  p a r t i c u l a r l y  well. 
This was to  be  e x p e c t e d  b e c a u s e  of t h e  diff icul t ies  in 
e x p l a i n i n g  WTPTOT in i ts  u n t r a n s f o r m e d  form.  It  is 
i n t e r e s t i n g  to  n o t e  t h a t  t h e s e  two i m p u t a t i o n  s e r i e s  
look  v e r y  m u c h  l ike t h e  G2 se r i e s .  This is due  to  t h e  
f a c t  t h a t  i n c o m e  was  t h e  p r i m a r y  d e t e r m i n a n t  of t h e  
i m p u t a t i o n  c l a s s e s  in all t h r e e  s e r i e s .  The CL a n d  CC 
i m p u t a t i o n  c l a s s e s  p r o d u c e  s imi l a r  r e s u l t s  a l t h o u g h  
t h e  c o r r e l a t i o n s  b e t w e e n  t h e s e  i m p u t a t i o n s  a r e  on ly  
a r o u n d  .5 in t h e  d e t e r m i n i s t i c  M a n d  D cases .  

The  CLR a n d  CCR i m p u t a t i o n s  a p p e a r  to be of t h e  
h i g h e s t  q u a l i t y .  T h e y  b o t h  have  s imi la r  a n d  r e a s o n -  
able  m e a n s ,  s t a n d a r d  e r r o r s  of t h e  m e a n ,  a n d  m e d i a n s .  
The d i s t r i b u t i o n  of WTPTOT a f t e r  t h e  i m p u t a t i o n s  looks  
f a i r ly  s m o o t h  wi th  n o n e  of t he  s p i k e s  a s s o c i a t e d  with  
t h e  d e t e r m i n i s t i c  m e t h o d s .  The b e t t e r  " a p p a r e n t "  
s u c c e s s  of t h e s e  two i m p u t a t i o n  m e t h o d s  a t t e s t s  to 
t he  n e e d  to c o n s i d e r  t h e  r a n g e  in which  t he  miss ing  
v a l u e s  a r e  l ike ly  to fall  w h e n  c o n s i d e r i n g  how t h o s e  
v a l u e s  s h o u l d  be i m p u t e d .  14 The m e a n  va lues  of t he  
CLR a n d  CCR i m p u t a t i o n s  s u g g e s t  t h a t  t h e  r e d u c t i o n  in 
t h e  e s t i m a t e  of t h e  p u b l i c ' s  w i l l ingness  to  p a y  for  
w a t e r  q u a l i t y  p r o g r a m s  s h o u l d  be a p p r o x i m a t e l y  t h r e e  
bi l l ion do l l a r s .  This  is a r e d u c t i o n  in t h e  e s t i m a t e d  
t o t a l  w i l l i n g n e s s  to p a y  of t he  A m e r i c a n  pub l i c  for  
w a t e r  q u a l i t y  i m p r o v e m e n t s  f r o m  22 bil l ion do l l a r s  to 
19 bi l l ion do l la r s .  

F o o t n o t e s  
1 / T h e  w e l f a r e  e c o n o m i c  t h e o r y  b e h i n d  CV is 

c o v e r e d  in F r e e m a n  (1979) ,  Just,  H u e t h ,  a n d  Schrn i tz  
(1982) ,  a n d  Mi tche l l  a n d  C a r s o n  (1984) .  A c l a s s i c  
e x a m p l e  of a CV s u r v e y  is R a n d a l l  et al. (1974). 

g / R e w e i g h t i n g  is n o t  in g e n e r a l  an a p p r o p r i a t e  
i m p u t a t i o n  m e t h o d  if t h e r e  a r e  mi s s ing  v a l u e s  on a 
n u m b e r  of d i f f e r e n t  v a r i a b l e s  of i n t e r e s t .  

3 / P r o t e s t  z e r o s  o c c u r  w h e n  t h e  r e s p o n d e n t  is n o t  
willing to pay  a n y t h i n g  b e c a u s e  t h e y  fee l  t h e  g o v e r n -  
m e n t  w a s t e  m o n e y  a n d  s h o u l d  n o t  be given a n y  m o r e ,  
t h a t  it s h o u l d  be p o s s i b l e  to  r a i s e  w a t e r  q u a l i t y  
w i t h o u t  p a y i n g  fo r  it, o r  t h a t  i n d u s t r y  s h o u l d  p a y  t he  
c o s t  s i nce  t h e y  w e r e  r e s p o n s i b l e .  

4 / T h e r e  is no  g e n e r a l l y  a g r e e d  u p o n  de f in i t ion  of a 
h o t  d e c k  {Pane l  on I n c o m p l e t e  Da ta ,  1983) and  t h e  
t e r m  h a s  c o m e  to g e n e r i c a l l y  s t a n d  for  a n y  t e c h n i q u e  
in wh ich  miss ing  v a l u e s  a r e  r e p l a c e d  with  v a l u e s  of 
o b s e r v a t i o n s  f r o m  t h e  c u r r e n t  s a m p l e .  The s e q u e n t i a l  
h o t  d e c k  d e s c r i b e d  by  B a i l a r  a n d  Ba i l a r  (1928)  was 
u s e d .  

5 /CART a lso  h a s  a n u m b e r  of u s e f u l  f e a t u r e s  n o t  
d i s c u s s e d  in th i s  p a p e r  w h i c h  m a y  be of i n t e r e s t  to t he  
r e a d e r .  These  i n c l u d e  n o d e  s u b - s a m p l i n g  t e c h n i q u e s  
for  l a r g e  d a t a  s e t s ,  a v a r i e t y  of c l a s s i f i c a t i o n  r u l e s  a n d  
loss f u n c t i o n s ,  m e a s u r e s  of v a r i a b l e  i m p o r t a n c e  a n d  
t r e e  c o m p l e x i t y ,  a n d  l i n e a r  c o m b i n a t i o n s  of p r e d i c t o r  
v a r i a b l e s .  In a d d i t i o n ,  t h e  b o o k  by B r e i m a n  at al. 
{1984) p r e s e n t s  a n u m b e r  of u s e f u l  p r o o f s  on t h e  s t a -  
t i s t i c a l  p r o p e r t i e s  of CART as n o n  p a r a m e t r i c  r e g r e s -  
s ion a n d  c l a s s i f i c a t i o n  t e c h n i q u e s .  

6 / S u r r o g a t e  sp l i t s  with a h igh  d e g r e e  of a s s o c i a t i o n  
wh ich  a r e  also c o m p e t i t o r  sp l i t s  i n d i c a t e  s t a b i l i t y  in 
t h e  m o d e l  a n d  s w i t c h i n g  b a c k  a n d  f o r t h  b e t w e e n  c lose  
s u r r o g a t e s  in d i f f e r e n t  d a t a  s e t s  d o e s  n o t  i n d i c a t e  ins-  
t ab i t i ty .  

7 / U n i q u e  p r u n i n g  s c h e m e s  r e q u i r e  t h e  de f in ing  of 
t h e  n o t i o n  of t r e e  c o m p l e x i t y .  The  i m p l i c a t i o n s  of 
d i f f e r e n t  d e f i n i t i o n s  of t r e e  c o m p l e x i t y  a r e  d i s c u s s e d  
a t  l e n g t h  by B r e i m a n  at =l. (1984) .  

8 / T h e  s a m e  g e n e r a l  U s h a p e d  c u r v e  h o l d s  fo r  the  
a d d i t i o n  of v a r i a b l e s  in an  o r d i n a r y  r e g r e s s i o n  f r a m e -  
work.  See B r e i m a n  a n d  F r e e d m a n  (1983)  fo r  a d i s c u s -  
sion.  

9 /We also h y p o t h e s i s  t h a t  while w h e t h e r  a r e s p o n -  
d e n t  says  15 or  20 d o l l a r s  is l a r g e l y  r a n d o m  the  
d i f f e r e n c e  b e t w e e n  say  25 a n d  30 is n o t  s i n c e  25 is a 
n a t u r a l  d ividing l ine.  

1 0 / M i s c e l l a n e o u s  n o t e s  on T a b l e s  5.1 a n d  5.2. 
T w e n t y  one  i m p u t e d  v a l u e s  on GIS  fa i l ed  an  ed i t  
(WTPTOT > . 0 5 * i n c o m e )  w e r e  r e p l a c e d  by  t h e  c l o s e s t  
p r i o r  va lue  w h i c h  would  p a s s  t h e  edi t .  T w e n t y  e igh t  
i m p u t e d  v a l u e s  on GIR fa i l ed  f a i l ed  t h e  s u b s e q u e n t  
ed i t  a n d  new r a n d o m  v a l u e s  w e r e  d r a w n .  A c o n s t r a i n t  
t h a t  an  o b s e r v a t i o n  cou ld  d o n a t e  i ts  v a l u e  5 t i m e s  for  
t h e  R i m p u t a t i o n s  was n e v e r  b i n d i n g .  Nine was t he  
m a x i m u m  n u m b e r  of t i m e s  an  o b s e r v a t i o n  d o n a t e d  its 
va lue  in t h e  S i m p u t a t i o n s .  T h i r t y  n e g a t i v e  EM1 es t i -  
m a t e s  of WTPTOT ( s m a l l e s t , - 2 3 3 )  w e r e  s e t  to  z e ro  for  
EMIC. The m e d i a n s  in Table  5.2 w e r e  c a l c u l a t e d  by 
t r e a t i n g  t he  w e i g h t s  as i n t e g e r  f r e q u e n c i e s .  

11 /EM1 a n d  EMIC also d i s t o r t  t he  m e d i a n  while  EM2 
a p p e a r s  to  d i s t o r t s  t he  m e a n ,  a l t h o u g h  th i s  is less  
c l ea r .  T h r e e  of t he  fou r  e a s e s  i n w h i e h  CART was u s e d  
to de f ine  t h e  i m p u t a t i o n  c l a s se s ,  CRA, CL, a n d  CC 
a p p e a r  to  p r o d u c e  less  d i s t o r t i o n .  

1 2 / H o w e v e r ,  GIS,  G1R, G2S, a n d  t h e  G2R i m p u t a -  
t ions  a p p e a r  to u n d e r e s t i m a t e  t he  s t a n d a r d  e r r o r  of 
the  m e a n .  

13 /R .  Li t t le  h a s  s u g g e s t e d  t h a t  a c o r r e c t i o n  n e e d s  
to be m a d e  for  a d o w n w a r d  b ias  in t h e  a n t i l o g  
t r a n s f o r m a t i o n  u s e d  with  t h e  EM2 p r o c e d u r e .  

1 4 / 0 n e  obv ious  d i rec t4vn~for  f u t u r e  r e s e a r c h  wou ld  
be to s y s t e m a t i c a l l y  " p u n c h  ho le s "  in a d a t a  s e t  wi th  
s imi l a r  d i s t r i b u t i o n a l  p r o p e r t i e s  a n d  p r o b l e m s  a n d  
t h e n  i m p u t e  v a l u e s  for  t h o s e  v a r i a b l e s  se t  to mis s ing .  

A c k n o w l e d g e m e n t s  

The a u t h o r  w o u l d  l ike to t h a n k  Leo B r e i m a n ,  R o b e r t  
Mitchel l ,  a n d  G a r y  C a s t e r l i n e  for  h e l p f u l  c o m m e n t s  
a n d  d i s c u s s i o n s .  
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Table 2.1 

Variables From Willingness to Pay for Water Quality Survey Used 

Name 
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SEXD 
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VPOLCST 
WSPEND 

WTPTOT 

YISTATE 
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Figure  4 .1  

The First CART Split for the CL Series 

i , , 

213 337 
, 4 

11 114 
• • 

• • 4 • 

• 2'• 4 4* 
4 4 • 
• • , • 
• • 

node I was split on variable income 
a case goes left if income .le 1.50e+02 
improvement = 4.4e+05 (c. t. = 2.4e+08) 

node cases average standard dev. 
1 550 0.46e+04 0.15e+04 
2 213 0.38e+04 0.14e+04 
4 337 0.51e+04 0.13e+04 

surrogate split assoc, improve. 
I age r 6.35e+01 0.25 2.4e+05 
2 yistate r 6.25e+01 0.19 2.2e+05 
3 educ s 2.50e+00 0.18 1.5e+05 
4 pooloc r 1.50e+00 0.14 2.0e+05 
5 csize s 3.50e+00 0.06 3.4e+04 
6 userd s 1.50e+00 0.05 1.0e+05 
7 pollute r 3.50e+00 0.02 9.8e+03 

competitor split improve. 
1 age 6.25e+01 2.4e+05 
2 yistate 5.85e+01 2.2e+05 
3 pooloc 1.50e+00 2.0e+05 
4 educ 2.50e+00 1.5e+05 
5 shore I 1.4e+05 

Figure  4.2 

Cross-Valldation Tree Sequence for CL Cart Estimation 

terminal 
tree nodes 

I 31 
2 30 
3 28 
4 26 
5 25 
6 23 
7 2O 
8 19 
9 18 
10 17 
11 14 
12 10 
13 9 
14 7 
15" 6 
16 5 
17 4 
18 3 
19 2 
2O I 

cross-valldated resubstitutlon complexity 
relative error relative error parameter 

0.82 +/- 0.049 0.43 0.650e+07 
0.80 +/- 0.047 0.44 0.733e+07 
0.79 +/- 0.047 0.45 0.774e+07 
0.81 +/- 0.046 0.46 0.842e+07 
0.81 +/- 0.046 0.47 0.873e+07 
0.80 +/- 0.046 0.48 O. 884e+07 
0.79 +/- 0.043 0.51 0.937e+07 
0.78 +/- 0.043 0.52 O. I00e+08 
0.76 +/- 0.040 0.52 0. I01e+08 
0.76 +/- 0.040 0.53 O. 112e+08 
0.76 ÷ / -  0.040 0.56 O. 117e+08 
0.73 ÷ / -  0.037 0.60 O. 119e+08 
0.72 + / -  0.033 0.62 O. 164e+08 
0.72 + / -  0.031 0.65 O. 186e+08 
0.72 + / -  0.031 0.66 O. 203e+08 
0.73 +/- 0.030 0.68 0.217e+08 
0.77 +/- 0.029 0.71 0.294e+08 
0.77 +/- 0.027 0.73 O. 360e+08 
0.84 +/- 0.026 0.81 O. 856e+08 
I. O0 +/- 0. 1.00 O. 236e+09 
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Figures 4.3 a, b, c, d 

CART Trees for CR, CRA, CL, and CC Series 
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Table 5.1 

Unweighted Means, Standard Errors, and Medians 
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Table 5.2 

Weighted Means, Standard Errors, and Medians 

Imputation MEAN STAN. ERROR CORRECTED Median 
Method WTPTOT MEAN WTPTOT S.E.M. WTPTOT WTPTOT 

None 275.20 25.29 - 120 

Imputation MEAN STAN. ERROR CORRECTED Median 
Method WTPTOT MEAN WTPTOT S.E.M. WTPTOT WTPTOT 

None 255.73 25.76 - 110 
Reweighted 254.37 28.99 - 110 

Table 5.3 

Correlation Between Imputed Values 

Variables EMI EM2 GIM GID GIS GIR G2M G2D G2S G2R 

OIM 261.47 17.66 25.43 160 
GID 226.07 17.80 25.63 140 
GIS 243.72 18.44 24.36 100 
GIR 248.48 18 .60  25.57 105 

G2M 260.35 17.93 25.82 142 
G2D 232.20 17.50 25.20 125 
G2S 251.11 18.32 24.20 120 
G2R 246.55 18.33 24.21 100 

EMI 251.47 18.08 26.03 141 
EMIC 254.37 18.01 25.94 141 
EM2 227.65 18.49 26.63 94 

CRM 264.41 17.89 25.76 200 
CRD 230.07 17.85 25.71 103 
CRR 266.90 19.87 26.24 120 

CRAM 259.69 18 .00  25.92 110 
CRAD 232.88 17.89 25.76 110 
CRAR 249.49 18.63 24.61 110 

CLM 258.64 18.03 25.97 150 
CLD 235.61 17.87 25.73 150 
CLR 255.86 19.19 25.35 110 

CCM 253.12 17.88 25.76 144 
CCD 226.94 17.89 25.76 100 
CCR 256.78 19.09 25.22 100 

G1M 245 .51  17 .99  25 .91  150 
G1D 2 0 9 . 9 2  18 .14  2 6 . 1 2  120 
G1S 2 2 8 . 1 4  18 .89  2 4 . 9 5  100 
G1R 2 3 1 . 8 3  19 .06  2 5 . 1 7  100 

G2M 2 4 2 . 3 0  18 .30  2 6 . 3 5  130 
G2D 2 1 7 . 9 8  18 .08  26.03 112 
G2S 2 3 5 . 6 2  18 .79  2 4 . 8 2  110 
G2R 2 3 0 . 0 6  18.71 24 .71  100 

EMI 232.83 18.49 26.63 130 
EMIC 236.58 18.40 26.50 130 
EI¢? 209.51 18.87 27.17 89 

CRM 248.17 18.21" 26.22 200 
CRD 213.95 18.18 26.18 103 
CRR 254.55 21.36 28.21 110 

CRAM 242.55 18.55 26.51 107 
CRAD 216.29 18.24 26.27 100 
CRAR 232.62 19.14 25.28 100 

CLM 240.77 18.41 26.51 105 
CLD 218.67 18.22 26.24 105 
CLR 237.61 19.64 25.95 100 

CCM 237.21 18.26 26.30 125 
CCD 210.95 18.25 26.28 100 
CCR 242.16 19.81 26.17 100 

EH2 .72 
G1M .33 .19 
GID .35 .21 .95 
G1S .30 .08 .17 .14 
G1R .30 .15 .21 .17 .06 
G2M .78 .55 .39 .37 .25 .39 
G2D .76 .53 .35 .34 .23 .38 .96 
G2S .35 .26 .18 .17 .32 .18 .46 .42 
G2R .46 .29 .07 .06 .22 .31 .46 .49 .18 
CRM .61 .60 .08 .07 .10 .29 .73 .?4 .2? .33 
CRD .61 .60 .08 .07 .10 .29 .73 .74 .27 .33 
CRR .O6 .05 - .02 -.O2 .07 .00 . I0  .09 .02 .OO 
CRAM .76 .58 .25 .24 .25 .40 .93 .92 .44 .48 
CRAD .76 .57 .27 .27 .26 .41 .93 .92 .45 .50 
CRAR .35 .29 .12 .O9 .04 .35 .39 .39 .24 .23 
CLM .78 .57 .27 .27 .27 .40 .95 .92 .46 .48 
CLD .78 .56 .28 .28 .27 .40 .94 .91 .46 .48 
CLR .48 .49 .09 .08 .I0 .29 .55 .52 .27 .33 
CCM .63 .39 .29 .33 .24 .2O .52 .53 .28 .39 
CCD .58 .40 .31 .33 .24 .17 .47 .49 .20 .37 
CCR .28 .12 .18 .21 .07 .07 .27 .27 .20 .11 

Variables CRM CRD CRR CRAM CRAD CRAR CLM CLD CLR CCM CCD 

CRD 1.OO 
CRR .19 .19 
CRAM .84 .84 .13 
CRAD .80 .80 .12 .99 
CRAR .35 .35 .06 .44 .44 
CLM .81 .81 .14 .97 .97 .44 
CLD .79 .79 .15 .96 .96 .44 .99 
CLR .56 .56 .O6 .59 .58 .14 .59 .59 
CCM .22 .22 .00 .48 .53 .19 .54 .57 .30 
CCD .21 .21 .O0 .43 .47 .19 .48 .50 .24 .91 


