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Unive r s i ty  o f  C a l i f o r n i a ,  Berkeley 

I n  a  r ecen t  paper ,  Blomquist (1979) presented  an ingenious method f o r  e s t i -  

e a t i n g  t h e  m n e c a r y  worth t o  an i n d i v i d u a l  of  a  sma l l  change i n  t h e  p r o b a b i l i t y  

of  s u r v i v i n g  based on people ' s  observed choices  t o  wear an automobile s e a t  

b e l t .  The "value of l i f e "  i s  found t o  b e  about $370,300 i n  1978 d o l l a r s ,  which 

is f a i r l y  s i m i l a r  t o  t h e  e s t i m a t e s  obta ined  by Thaler  and Rosen (1975) and o t h e r s  

from aii a n a l y s i s  o f  job choice da ta .  This  e s t i m a t e  i s  open t o  t h e  ob jec t ion ,  

which Blomquist recognizes,  t h a t  the  s o c i a l  va lue  o f  l i f e r a v i n g  a c t i v i t y  

should n o t  n e c e s s a r i l y  be based on t h e  p r i v a t e  wi l l i ngnesses  t o  pay a s  i n f e r r e d  

from i n d i v i d u a l s '  choices arong r i s k y  a c t i v i t i e s .  :%%ile accept ing  Bloaquis t ' s  

b a s i c  i n s i g h t  t h a t  t h e  p r i v a t e  w i l l i n g n e s s  t o  pay f o r  s u r v i v a l  can be i n f e r r e d  

from d a t a  on Lndiv-idual choice behavior ,  I w i l l  argue t h a t  h i s  p a r t i c u l a r  

rzethod of cCeasuring t h i s  w i l l i n ~ e s s  t o  pay i s  flawed. tie enploys twa sepa ra t e  

irodels of  i nd i~%du;? l  choice behavior ,  one f o r  h i s  e a p i r i c a l  model o f  s ea t -be l t  

usage end t h e  o t h e r  f o r  i n t e r p r e t i n g  i i e  c o e f f i c i e n t s  of t h e  e n p i r i c a l  ccdel .  

S ince  t'e two .=o&lls a r e  not  r ~ c u a i l y  c o q s i s t e n t ,  h i s  e s t ima te  o f  trie va lus  of 



l i f e  i s  erroneous. A f t e r  e l a b o r a t i n g  t h i s  argument, L .All provide a  

b r i e f  d e s c r i p t i o n  oE an e q i r i c a l  choice aodel ,  der ived  from an 

u t i l i t y  m a x i d z a t i o n  irodel, which does l e a d  t o  a  c o n s i s t e n t  rronetary measure 

of  t h e  va lue  of a  change i n  s u r v i v a l  p r o b a b i l i t y .  

Blomquist s t a r t s  w i t h  a  t h e o r e t i c a l  model of  t h e  choice of l i f e s a v i n g  

a c t i v i t y  which, when s l i g h t l y  s i m p l i f i e d ,  involves  t h e  mximiza t ion  of a  

we l fa re  func t ion  con ta in ing  t h e  fo l lowing va r i ab le s :  E,  t h e  p resen t  value of 

t h e  i n d i v i d u a l ' s  l a b o r  earnings; A, t h e  p resen t  va lue  of  h i s  nonlabor income; 

S ,  t h e  l e v e l  of l i f e s a v i n g  a c t i v i t y ;  P(S),  t h e  p r o b a b i l i t y  of surv iv ing ,  a s  

a func t ion  of  t h e  chosen l e v e l  of l i f e s a v i n g  a c t i v i t y ;  q, t h e  c o s t  pe r  u n i t  

o f  l i f e s a v i n g  a c t i v i t y ;  R(S) ,  t h e  p r o b a b i l i t y  of n o n f a t a l  i n j u r y ,  a s  a func- 

t i o n  of  l i f e s a v i n g  a c t i v i t y ;  and I, t h e  p resen t  va lue  of  t h e  morbidi ty c o s t s  

a s s o c i a t e d  w i t h  n o n f a t a l  i n j u r y .  The we l fa re  func t ion  has  t h e  form 

The func t ion  has  t h r e e  arguments. The f i r s t  is t h e  i n d i v i d i ~ a l ' s  p re sen t  worth,  

n e t  of i l l n e s s ,  and l i f e s a v i n g  expenses; t h e  second i s  h i s  p r o b a b i l i t y  of 

s t a y i n g  a l i v e ;  and t h e  t h i r d  is t h e  a c t u a l  amount of  l i f e s a v i n g  a c t i v i t y .  The 

l a s t  argument i s  inc luded i n  o r d e r  t o  a l low f o r  "a d i s u t i l i t y  ( i t  could be  

u t i l i t y )  of  l i f e - sav ing  a c t i v i t y  over  and above t h e  resource  cos t  of l i f e -  

s av ing  ac t iv i ty . " '  The p a r t i a l  d e r i v a t i v e s  of v ( . )  w i l l  be dznoted ". i = 1, 2 ,  3. 
I' 

It i s  presumed t h a t  1) > 0, V > 0 ,  and V 3  > (<) 0 i f  a  d i s u t i l i t y  ( u t i l i t y )  
1 2 

i s  a t t ached  t o  t h e  l i f e s a v i n g  a c t i v i t y .  

i n  Blomquist 's  t h e o r e t i c a l  a n a l y s i s  t h e  i n d i v i d u a l  s e l e c t s  t h a t  value of  

S s h i c h  ;rzxi-,izes (1). The f i r s t - o r d e r  condi r ion  can be  w r i t t e n  a s  



where P' and R' a r e  the  f i r s t  d e r i v a t i v e s  of P(S) and R(S), r e s p e c t i v e l y .  The 

f i r s t  term i n  b racke t s  i s  the  marginal  b e n e f i t  o f  l i f e s a v i n g  a c t i v i t y ,  and 

the second t e r m  i n  b racke t s  i s  t h e  marginal c o s t ;  both a r e  measured i n  u t i l i t y  

u n i r s .  The cond i t ion  can be r e w r i t t e n  a s  

[(v,/v,) P '  - R ' I ]  - [y  - (v3/Vl)1 = 0. 

The two terms i n  squa re  b racke t s  a r e ,  r e s p e c t i v e l y ,  t h e  marginal  b e n e f i t  and t h e  

marginal  c o s t  of  l i f e s a v i n g  a c t i v i t y  measured i n  noney. The r a t i o  (V /v ) i s  
2 1 

t h e  marginal  va lue  of l i fe - - i . e ,  t h e  monetary worth of  a u n i t  change i n  t h e  

p r o b a b i l i t y  of  s u r v i v a l .  The r a t i o  (V / V  ) i s  t h e  monetary worth of  t h e  mar- 3 1 

g i n a l  d i s u t i l i t y  c o s t  of l i f e s a v i n g  a c t i v i t y .  I n  h i s  e q i r i c a l  a n a l y s i s  

Bloroquist s eeks  t o  measure t h e s e  express ions  from d a t a  on s e a t - b e l t  

usage. I n  t h i s  context  t h e  choice v a r i a b l e ,  S, is l i m i t e d  t o  two l e v e l s :  

t h e  i n d i v i d u a l  uses  s e a t  b e l t s  a l l  of t h e  time (S = 1, say)  o r  he uses  them 

none o f  t h e  t i m e  (S = 0).* The t h e o r e t i c a l  u t i l i t y  model (1) can be e a s i l y  

adapted t o  a b ina ry  choice s e t t i n g .  Let  hv be t h e  u t i l i t y  ga in  from always 

wearing s e a t  b z l t s  over  never  wearing them 

Wri t ing  AV = (dv/dS) . AS, and s e t t i n g  AS = 1, one f i n d s  t h a t  AV is given by 

where AP and CR a r e  t h e  changes i n  t h e  p r o b a b i l i t y  of be ing  k i l l e d  i n  an 

acc iden t  end t h e  p r o b a b i l i t y  of i n c u r r i n g  a nonEatal i n ,  r e s p e c t i v e l y ,  a s  

a r e s c l t  o f  a lvays  s e a r i n g  s e a t  b e l t s .  



4. 

For h i s  empi r i ca l  a n a l y s i s  of  d a t a  on s e a t - b e l t  usage, Blomquist employs 

t h e  p r o b i t  model, which i s  based on a choice  index z ,  given by 

where t h e  6 .  a r e  f i x e d  parameters,  t h e  x .  a r e  v a r i a b l e s  such as  t h e  d r i v e r ' s  
3 3  

l a b o r  weal th,  nonlabor income, educat ion ,  age,  wage r a t e ,  m a r i t a l  s t a t u s ,  e tc . ,  

and q is a random term f o r  unobservable d i f f e r e n c e s  among i n d i v i d u a l s  ( inc luding  

d i f f e r e n c e s  i n  preferences)  which i s  normaiiy d i s t r i b u t a d  wi th  E(q)  = 0 and 

2 2 
E(n ) I a . I f  z > 0, t h e  i n d i v i d u a l  always wears s e a t  b e l t s  (S = 1 ) ;  i f  z ( 0 ,  

he  never  wears them (S = 0 ) .  Accordingly, f o r  an i n d i v i d u a l  w i th  cha rac te r i s -  

t i c s  x t h e  p r o b a b i l i t y  t h a t  he alivays chooses t o  wear s e a t  b e l t s  is 
j 

given by [ I  - O* (-Xg,x./a)] = @* (CB.a./o), where Q*(.) i s  t h e  s tandard  
3  3  I 3  

n o m a 1  cumulative d i s t r i b u t i o n  funct ion .  This  p r o b a b i l i t y  can a l s o  be w r i t t e n  

a s  P* (CBxx.), where B X  = @./cf .  From t h e  d a t a  one can only  e s t i n a t e  6?--8 and 
I I I J 3 j 

cf a r e  n o t  s e p a r a t e l y  i d e n t i f i a b l e .  The p r o b i t  e s t i m a t e s  a r e  denoted 2?. 
J 

Blomquist equa te s  t h e  monetary worth of  t h e  n e t  b e n e f i t  of s ea t -be l t  

use  from t h e  t h e o r e t i c a l  choice model, Av/v,, w i t h  t h e  nons tochas t i c  component 

of  t h e  choice index i n  t h e  empi r i ca l  p r o b i t  model, z ,  and uses  t h i s  equat ion 

t o  o b t a i n  empi r i ca l  e s t ima tes  of  5, (V2/Vl), and (V /'d ). To es t ima te  0 he 
3 1 

assumes t h a t  t h e  money c o s t  of  us ing  a s e a t  b e l t  i n  t h e  t h e o r e t i c a l  choice 

model, q ,  m y  be  w r i t t e n  q = awt, where t is t h e  time consumed i n  p u t t i n g  

on s e a t  b e l t s ,  w is t h e  wage r a t e ,  and a i s  a f a c t o r  which conver ts  t h e  wage 

r a t e  intu the xuney va lue  of rim w h m  t r ave l ing ;  t h i s  r e l a t i o n  can a l s o  be 

w r i t t e n  q = O*.,where @ = a t .  I n  t h e  empir ica l  p r o b i t  model one of t h e  x .  
J 

v a r i a b l e s  i s  t h e  wage r a t e ,  w .  Denote t h e  corresponding s lope  c o e f f i c i e n t  

B and l e t  8; = 8 15. Thus, t hz  choice index can be w r i t t e n  a s  
W W 



s i n c e  he  equa te s  z w i t h  Av/vl, Blomquist i d e n t i f i e s  q, which i s  one component 

of  Au/vl, w i th  t h e  term 0 w in ( 4 ) ;  hence, 0 = B = 08;. Using t h e  p r o b i t  
-w w 

A * * 3 
e s t i n a t e ,  E;, and exogenous i n f o m a t i o n  on 13, he  ob ta ins  t h e  e s t i r z t e  a = F/B;. 

- 
Next,  cons ide r  a d r i v e r  w i t h  t h e  average c h a r a c t e r i s t i c s  of  t h e  sample, x . .  H i s  

3 

s t anda rd ized  choice index s c o r e ,  a s  p red ic t ed  by t h e  empi r i ca l  p r o b i t  model, 

+. - 
is z* = C Bji x., and h i s  p r e d i c t e d  p r o b a b i l i t y  of  choosing t o  wear s c a t  b e l t s  

J J  

i s  @* (G*). From t h e  t h e o r e t i c a l  choice model, t h e  m n e t a r y  worth of  h i s  n e t  

b e n e f i t  from us ing  s e a t  b e l t s  is 

where the  b a r  over  each t e r n  i n d i c a t e s  i t s  average va lue .  Le t  i* b e  t h e  quan- 

t i t y  such t h a t  ,aii (:*I = .23 ,  t h e  a c t u a l  propor t ion  o f  d r i v e r s  i n  the  sanple  

-1 . 
who always wear s e a t  b e l t s .  Blomquist equates  i* wi th  u t imes t h e  r i g h t -  

hand s i d e  of (5) .4 This y i e l d s  a n  equat ion  i n  two unknowns, (m) and 

- - - -  
(v /v  ), s i n c e  t h e  va lues  of t h e  o t h e r  terms--$, i*, 8, w, AP, OR, and I-- 3 1 

a r e  a l l  known. F ina l ly ,  suppose t h a t  0 and, hence,  q were ze ro  and a l s o  t h a t  

t h e r e  was no d i s u t i l i t y  a s s o c i a t e d  wi th  wearing s e a t  b e l t s  (v = 0 ) .  The 3 

c o s t  of  wearing s e a t  be l t s - - i . e . ,  t h e  second t e r n  i n  squa re  brackerrs i n  (5)-- 

would then be zero. I n  t h a t  ca se ,  Blomquist a rgues ,  the  p r o b a b i l i t y  o f  the  

average d r i v e r  wearing s e a t  b e l t s  would be  v i r t u a l l y  unity--say, 0.99. 

Biornquist f i n d s  t h a t  va lue  z* such t h a t  @* (g") = .99, and equa te s  t h i s  wi th  

$-l times t h e  f i r s t  term i n  square  brackets  on the  right-hand s i d e  of  (5) .  

This provises  a second equat ion  i;hlch, t oge the r  wi th  the f i r s t ,  can be solved 

f o r  ( t h e  a-gerage d r i v e r ' s  marginal value of  l i f e ,  and (mi"), t h e  
2 1 3 "1 

average d r i v e r ' s  d i s u t i l i t y  of wearing s e a t  b e l t s .  

The key t o  Bloi?quist ls  a n a l y s i s  i s  h i s  equat ion  o f  the  n o n s t o c h ~ s t i c  con- 

ponent of  z ~ i t h  O V / V ~ .  iioweber, a c o ~ l p ~ i r i s o n  o f  t h z  righr-hand s i d e s  of  (3) 



and ( 4 )  shows t h a t  t h i s  is not  l e g i t i m a t e ;  s i n c e  each equa t ion  conta ins  sone 

v a r i a b l e s  n o t  appearing i n  t h e  o t h e r ,  t hey  c l e a r l y  c o n s t i t u t e  d i f f e r e n t  u t i l i t y  

models, For exaapie ,  i f  t h e  t r u e  u t i l i t y  model i s  ( I ) ,  t h e  right-hand s i d e  

of (4) should inc lude  such terms a s  A 2  and OR . I, which a r e  missing from 

Blomquist 's  empi r i ca l  model. An empi r i ca l  choice model which does y i e l d  

e s t i m a t e s  of  t h e  va lue  of l i f e  and t h e  d i s u t i l i t y  c o s t  o f  wearing s e a t  b e l t s  

t h a t  a r e  c o n s i s t e n t  wi th  t h e  u t i l i t y  model (1) can be  developed a s  follows. 

Le t  t h e  i n d i v i d u a l ' s  we l fa re  func t ion  be  u(S) = V(S) + &(S) where v(') i s  a 

nons tochas t i c  func t ion  of  a t t r i b u t e s  of s ea t -be l t  usage and c h a r a c t e r i s t i c s  of 

t h e  k d i v i d u a l ,  and E ( - )  i s  a s t o c h a s t i c  term r e f l e c t i n g  i n d i v i d u a l  d i f f e rences  

in t a s t e s  o r  unobserved a t t r i b u t e s .  Then z 5 Au = ~ ( 1 )  - ~ ( 0 )  + n ,  where 

E ~ ( 1 )  - ~ ( 0 ) ;  a d ,  a s  be fo re ,  S = 1 i f  and only  i f  Au > 0. I n  o rde r  t o  

proceed i t  i s  necessary  t o  impose f u r t h e r  r e s t r i c t i o n s  on v( . )  beyond those  

impl ied  i n  ( I ) ,  such a s  a d d i t i v e  s e p a r a b i l i t y .  Suppose, s p e c i f i c a l l y ,  t h a t  

when S = 1 

where I fol low Blomquist i n  assuming t h a t  q = @ w ,  and when S L- 0 

O O v1 and 0 a r e  cons tan t s  t o  be e s t i - , a t edm5 Then where vl, vl ,  V 2 ,  v2,  3,  



E i t h e r  (7) o r  (8) can form t h e  b a s i s  f o r  an e m p i r i c a l  p r o b i t  o r  l o g i t  model. 6 

I n  t h e  terminology of Domencich McFadden (1975, p. 54) ,  t h e  fo rnu la t ion  i n  

(7) i s  a nongeneric  weight m d e l ,  wh i l e  t h a t  i n  (8) is a gener ic  weight model. 

Ln both  c a s e s  t h e  cons tan t  term i n  t h e  p r o b i t  equat ion ,  V measures t h e  
3' 

d i s u t i l i t y  c o s t  of wearing s e a t  b e l t s .  It should b e  noted t h a t  t h e  c o e f f i c i e n t s  

V' and v:, j = 0 and 1 , c a n n j t  be es t imated  i f  t h e r e  i s  no v a r i a t i o n  i n  P(1), 
1 

P(O), R( l ) ,  and R(0) a c r o s s  t h e  sample. 

One can in t roduce  n e t  worth e x p l i c i t l y  i n t o  t h e  empi r i ca l  choice model i n  

a t  l e a s t  t h r e e  ways: ( i )  Le t  Y(1) = A + E - R(1) - I and Y(0) = A + E - R(0) . I, 

and s u b s t i t u t e  Y ( 1 )  a d  Y(0) f o r  R(1) . I and R(0) I i n  (7) .7 ( i i )  Let  

i i i i v = v (A + E), i = 0,  1; f o r  example, assume t h a t  Vl = y em[-(A f E ) ] ,  where 1 1 
1 0 

y and y a r e  c o e f f i c i e n t s  t o  be e s t ima ted ,  and s u b s t i t u t e  i n  (7)  o r  (8). 

( i i i )  Add a t e r n  V i  ( A  f E) t o  (6a) and a t e r n  uo . (A + E) t o  (Gb), which 
4 

1 0 l e a d s  t o  t h e  a d d i t i o n  of a term (v4 - V4) . (A + E) t o  (7) o r  (8 ) ;  i n  t h i s  

1 case  some n o n n l i z a t i o n  i s  requi red ,  such a s  VZ = 0 (i.e., V measures the  4 

d i f f e r e n t i a l  e f f e c t  oE n e t  worth on t h e  u t i l i t y  l e v e l  when s e a t  b e l t s  a r e  

worn). Other  socioeconordc v a r i a b l e s ,  such a s  age  o r  sex ,  can be  incorporated 

a long t h e  l i n e s  of  Cii)  o r  ( i i i ) .  

Within t h i s  framework, one can de r ive  from t h e  e s t i m a t e s  o f  t h e  coeff i-  

c i e n t s  of  (7 )  o r  (8) an es t ima te  of a t  t h e  conversion f accor  f o r  t h e  value of 

t r a v e l  t i m e  and of v t h e  d i s u t i l i t y  c o s t  of  wearing s e a t  b e l t s .  One can 3' 

a l ;o  o b t a i n  an e s t ima te  o f  the ccnetar f  worth t o  t h e  d r i v e r  of a chanze i n  t h e  

p r o b a b i l i t y  o f  surv iv ing .  This  must be def ined  wi th  s o r e  care .  Suppose t h a t  

n e t  worth ha; been incorpora ted  i n t o  t h e  empi r i ca l  choice model along t h e  

l i n e s  suggested above. Decote t h e  f i t t e d  u t i l i t y  f i inct ions corresponding t o  



A n 
(6a,b) ,  V [ A  + E, P(1) 1 and V [A + E, P(O)] , and t h e  corresponding s t o c h a s t i c  

h 
wel fa re  func t ions ,  u  [ A  + E ,  P ( l ) ]  = 9 [A + E, P(1)]  + ~ ( 1 )  and [A + E ,  P(O)] = 

[A + E ,  ?(O)] + &(Of. Consider a p r o j e c t  which changes the  p r o b a b i l i t y  of 

surv ivhg when one always wears s e a t  b e l t s  from P(1) t o  P(1) ' .  One may be 

tempted t o  e v a l u a t e  t h e  p r o j e c t  by t h e  monetary q u a n t i t y  C such t h a t  

E ti? [ A +  E - C, ~ ( l ) ' ] }  = E {^u [ A +  E ,  ~ ( l ) ] ) .  However, t h i s  presumes t h a t  

t h e  i n d i v i d u a l  w i l l  choose t o  wear a  s e a t  b e l t  i n  both  cases.  A  more appropri- 

*max 
a t e  measure is based on u , def ined  by 

Le t  T [A + E, P(1) , P(O) 1 = E [Gmax]. This  i s  t h e  expected u t i l i t y  of an indi -  

v i d u a l  w i t h  n e t  worth (A + E) who a c t s  op t ima l ly  i n  dec id ing  whether t o  use 

seat b e l t s  and f aces  s u r v i v a l  p r o b a b i l i t i e s  of  P(1) and ? ( a ) ,  A  monetary 

measure of t h e  va lue  of t h e  p r o j e c t  i s  t h e  q u a n t i t y  C def ined  by 

8 
T [A  + E - C, P(1) ' ,  P(0)I  = T [A + E, P ( l ) ,  P(0) I .  I n  o r d e r  t o  cons t ruc t  

t h i s  we l fa re  measure i t  i s  p r e f e r a b l e  t o  apply an eropir ical  l o g i t  model, 

r a t h e r  than a  p r o b i t  model, t o  (7) o r  (8). I n  t h e  p r o b i t  ca se  t h e  formula 

f o r  T [A  + E ,  P ( l ) ,  P(O)] i s  f a i r l y  cumbersoae,since t h i s  i s  t h e  mean of  t h e  

maximum of two n o n i d r a t i c a l l y  d i s t r i b u t e d  normal variaees. '  I n  t h e  l o g i t  case  

i t  can be  shown t h a t  T = l n  6 + 5.5722 ... (Eulers '  cons t an t ) ,  where 6 = 

A 

exp {u [A + E ,  ~ ( 1 )  1 )  + exp { j  [ A  + E ,  ~ ( 0 )  j j ,  which l e a d s  t o  a  f a i r l y  s imple 

expres s ion  f o r  C .  
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Footnotes  

'There i s  no s p e c i f i c  d i s u t i l i t y  a s s o c i a t e d  with t h e  p r o b a b i l i t y  of  

n o n f a t a l  i n j u r y , a p a r t  from t h e  resource  c o s t s .  T'nis is s l i g h t l y  implausible ,  

b u t  i t  does n o t  a f f e c t  t h e  t h r u s t  of my argument. 

2 ~ b v i o u s l y ,  t h e s e  a r e  n o t  t h e  only p o s s i b i l i t i e s .  There i s  a  t h i r d  case-- 

t h e  i n d i v i d u a l  uses  s e a t  b e l t s  some o f  t h e  time but  not  a l l  of  t h e  t i m e .  One 

could  ana lyze  t h i s  three-way choice empi r i ca l ly  wi th  an o rd ina l -d i sc re t e  de- 

pendent v a r i a b l e  model; s e e ,  f o r  example, Ai tch ison  and S i lvey  (1957) o r  McKelvey 

and Zavoina (1975). 

3h a l t e r n a t i v e  approach would be t o  equate  z with  Av,  t h e  n e t  b e n e f i t  

of  s e a t - b e l t  use  i n  u t i l i t y  terms,and t o  adopt t h e  convention, c o m n  i n  p r o b i t  

a n a l y s i s ,  t h a t  o = 1. The tern V q  i n  (2) could be  equated wi th  t h e  term @ w 1 W 
6 ,. 

in (4) ;  hence, v10 = (3; and one o b t a i n s  t h e  e s t i m a t e  V = 6*/0.  By cont inuing  1 w 

w i t h  t h e  rest of  Blomquist 's  a n a l y s i s ,  b u t  equat ing  ( 4 )  with  (2) i n s t e a d  of  ( 3 ) ,  
P - 

one would o b t a i n  e x a c t l y  t h e  same e s t i m a t e s  of  (v2/V1) and (v /v ). 
3 1 

4 ~ o t e  t h a t  i* # z*. Since one i s  working elsewhere wi th  t h e  f i t t e d  
A -1 

p r o b i t  model, i t  might be  more l o g i c a l  t o  equate  z* wi th  0 t imes t h e  r igh t -  

hand s i d e  of (51, a l though t h i s  would n o t  g r e a t l y  a l t e r  t h e  numerical 

- 
e s t i m a t e s  of  (V2/VL) and (v3/vl). 

j ' ~ l t h o u ~ h  t h e  v .  terms a r e  cons tan t s ,  t h e  " s t a t e  dependent" u t i l i t y  
I 

funct ions .)lo) and ' ~ ( 1 )  need n o t  be  l i n e a r  i n  X I ,  w, o r  P s i n c e  one could 

enploy t ransforms of t h e s e  v a r i a b l e s  (e.g. ,  t h e  logari thm) on t h e  right-hand 

s i d e  of  (6a o r  6b). A l l  t h a t  is requ i red  i s  t h a t  t h e  equat ion  be l i n e a r  i n  

t h e  t r a n s f o r m .  



6 ~ n  tile p r o b i t  model one adopts  t h e  convention t h a t  ~ ( 1 )  and ~ ( 0 )  a r e  

independent nsrmal v a r i a t z s  wi th  zero Eean and a comon va r i ance  o f  0.5; 

hence r) is a s t anda rd  u n i t  normal v a r i a t e .  I n  t h e  i o g i t  model one adop t s  

t h e  convention t h a t  ~ ( 1 )  and ~ ( 0 )  a r e  independent Weibull  v a r i a b l e s  x i t h  

c o m n  parameters (1 ,  0 ) ;  i n  t h i s  c a s e  0 is a l o g i s t i c  v a r i a t e .  

1 0 .  
7 ~ f  t h e  r e s t r i c t i o n  t h a t  v = V rs imposed, a s  i n  ( a ) ,  the  t e r n  (A + E) 

1 1  

would drop o u t  of t h e  empi r i ca l  e s t ima t ing  equa t ion  wi th  t h i s  method o f  in-  

co rpora t ing  n e t  worth. 

8 .  Thrs is a compensating-variation type o f  measure; a n  e q u i v a l e n t  v a r i a -  

t i o n  msasure can a l s o  be  def ined .  Moreover, similar measures can a l s o  be  

def ined  f o r  a  p r o j e c t  which changes P(O), R(O), R ( I ) ,  and/or  I. These ty-,es 

of  wel fare  rceasures were o r i g i n a l l y  suggested by Domencich and McFadden 

(1975, p .  97) and a r e  e l abora t ed  i n  Hanenann (1978, pp. 142-146). 

A 

' ~ e t  ;, = v [A + E, P ( l ) ]  and GO = [A + E,  P(O)]. It can be shown t h a t  
1 

A .. * 
T = u + z* (5) + 5 ' @* fE), where 5 = V - Vl and 4* and O* a r e  t h e  s tandard  

1 0 

u n i t  n o m a i  d e n s i t y  and d i s t r i b u t i o n  func t ions .  Since p r o b i t  and l o g i t  coeEfi- 

c i e n t  e s t i n a t c s  a r e  u s u a l l y  f a i r l y  s i m i l a r  i n  p r a c t i c e ,  noth ing  i s  l o s t  by 

enploying t h e  e a p i r i c a l  l o g i t  model i n s t ead  of t h e  p r o b i t  model. 




