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ABSTRACT 

Past stu d  i es h a ve re l i  ed on cross-sect i on patter ns  of r i  sky beh a v  i or 

to generate va l ue of l i fe est i mates. Becau se n u merous prob l ems have bee n  

enco u n tered u s  i ng th  i s  ap proach , the re l la bl l lty o f  the  est i mates h a s  been 

quest i oned. I t  h a s  proven d i  f f i cu l t  to sepa r ate the r i sk components from 

the ( dls ) utt l lty attr i butes of work or consu mpt i on ;  to a vo i d  se l ect i v i ty 

b i  ases  ; a n d  to d i  senta n g  l e  u ser costs ( e.g. , for wear i ng a face ma s k )  f rom 

the r i sk p rem i um pa  i d  for accept i ng r i  s k. To c i  rcumvent some of these 

d i f  f i  cu l t i es ,  th  i s  paper uses a d i  f ferent ap proac h  , one wh i ch exp l o i ts the  

I mp l  i c  i t  v a  l ue of l i  fe I n format i on that I s  prov i ded by  c h a ng i ng con sumpt i on 

patterns over t i me broug h t  a bout by changes I n  ava i  l a b  l e  i n forma t  i on a bout 

r i  s ks. S i  n ce data I s  often ava i  l a b  l e  that d e scr  i bes consumpt i on h a  b i ts 

before a n d  a f ter hea l th I n forma t i on i s  a n nou n ced , I t  I s  pos s  i b l  e to more 

re l i  a b l y est i mate the p ure e f f ects of r i  sks on beh a v  i or ,  a nd to gene ra te 

u n b i  a sed d i  str i but i on s  of the va l ue of l i fe sav i ng. The ca se of c i  g a rette 

con s umpt i on over t i me p rov i des an I dea l sett i ng to I I l u strate th  i s  

methodo l og y. 
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I .  I NTRODUCT I ON 

It I s  now wei I accepted that the va l ue of l i fe ca n I n  pr i nc i  p l e  be 

est i mated by o bserv i ng I n div i  d u a  l s' behav  i or I n  accept i ng l i  fe-t hreaten i n  g 

r i  sks In mar ket transact i on s .  Numerous stu d  i es have adopted this a p  proach 

by compa r  i ng either wage or consumpt i on patterns a ga i nst va rious measu r es 

o f  risk (e . g .  , B l  omquist 1979; Smith 1976; Tha  l er a nd Rosen 1975; or 

V I sc u s !  1978).J/ Thoug h  su bstan tia l progress has been mad e  In  

overcoming man y  measurement  and  technica l prob l ems w i th va l ue of l i f  e 

estimates, severa l methodo l ogica l d i  f fic u  l ties remain that h inder a ttempts 

to deve l op more ref  i n  ed a n d  re l ia b  l e  measures of the va l ue of l i f e .  

Among these a r e  t h e  prob l ems o f  se l f  -se l ection a n d  the dif fic u  l ties of 

separat i ng the risk components from the uti l l  ty attributes of a n  a ctl vl ty . 

Coa l m i  ners receive wage premiums for (u n measur ed )  job  a ttributes other  

than  rl sk.  Hig h -rise construct i on wor ke rs a re n ot ran  dom l y  c hosen from the  

popu  l at i  on . For the most part , these prob l ems a re In  herent I n  met hods that 

extract va l ue of life estimates from cross section o bser vations on risky 

a ctiv i ties . I t  I s  extreme l y  dif ficu l t  to measure risk premiums or to avoid 

se l ection b i as once ma r kets h a ve I nter n a  l ized the presen ce of u nusua l 

risk . 

I n  th i s  pape r ,  a n  attempt I s  made  to derive va l ue of life  estimates 

that are  f ree f rom these b i  ases , a nd to accommodate ma ny  of the c rit i  c i sms 

that have been mad e  a bout prev i ou s  wor k .  As a first step , the stud y  

de  l i berate l y  avoids re l i  a n ce o n  existing patterns o f  r i sky beh a v  i or to 

g e nerate In format i on on the va l ue of l i fe .  I n  stead , advantage I s  taken 

of cha  n g  i ng consumpt i on patte r ns over time broug h t  a bout by c h a nges I n  

a val l a b  l e  In formation a bout r i sks . 



I n  part i  cu l  ar ,  cons umer react i ons to c i  garette hea l th I nformat i on are 

cons i dered. The ana l ys i s  I s  performed over a per i od I n  wh i ch c i  garette 

s mok i ng changed from be i ng cons i dered reɥat i ve l y  sate to be i ng cons i d ered 

q u  ite  r i  s ky. The wei 1 -p u b  l l  c l  zed cam pa i gn to I n  form cons umers of the 

d angers of smok i ng c i garettes has no ser i ou s  com pet i ng exp l anat i on tor the 

dramat i c  s w  i tch toward s a  fer  smok i ng ha  b i  ts over the l ast 2 5  years. As 

s uch ,  the r i sk component of c i  garett e demand can be more re l i  a b  l y  sepa r ated 

from I t s  ut i I tty component . Moreover , by v i ew i ng snapshots of market 

behav i  or  over the per i od of adj  u stment to the new I nformat i on ,  the 

react i ons of a represent at i ve pop u  l at i  on of cons u mers can be meas ured . 

The a p proach presented here I s  des i gned to go t uther than prov i d i  ng an 

argu a b  l y  unb  i a sed est i mate of the average va  l ue of l i  te. An att empt I s  

a l  so mad e  to est i mate the d i str i but i on of va l ues of l i te acros s the 

pop u l at i on .  Cr i t  i cs who have s u s  pect ed that the var i ance ot va l ues o f  l i  te 

he l d  by the pop u  l at i  on I s  too l a rge to be represent ed by average  

back-of -the-enve  l ope ca l cu l at i  ons w l  I I not be  d i sa p po i nt ed by  the res u  l t s  

report ed be l ow. For examp l e ,  consu mers who cont i nu e  to smoke , des p  i te 

hea l th warn i ngs , are est i mat ed to ho l d  va  l u es of l i  te that are l es s  than 

one-ha l t  those he l d  by non-smokers . 

Three add  i t  i ona l nove l t  i es cons i dered be l ow are worth h i gh l  i ght i ng .  

F i rst , the paper accounts  for prod uct q ua l i ty adj  u stments to r i  s ks. I f  

r i s  k expos u r e  I s  part l y  red uced by a u ser cost of sort s ( e  . g. , wear i ng a 

f ace mas k  ) ,  observed r i sk prem i ums part l y  represent compensat i on tor 

accept i ng rema i n i ng r i  sks  and pa rt l y  represent compens at i on fo r the u ser 

cost . A pr i mary way smokers react ed to r i s  k d i sc l  os ures has been to s w i tch 

to c i  garettes w i th l ess  taste ( and l ess  n i cot i ne ) .  Red uct i ons I n  ci  g a r ett e 

demand over t i  me are d ue part l y  to the I l te-threaten l ng cost of smok i ng and 
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partly to a re l ated ( vo l  untary ) reduction In the q ua l ity of c i  garette 

smo ked . By disentang l ing the se ef fects , It Is di scovered that 

a p  proxima te l y  one- f  ourth of the inf ormation-re l ated redu ction In demand ls 

a ttributa b  l e  to the q ua l ity ef fect and that the va l ue of l i f e  ca l cu l  a tion 

cou l d  ha ve been missta ted by as much a s  5 0  percent had this nuance been 

I gnored . 

Second , the study eva l u a tes consumer reactions to a hea l th hazard .  

Com pared to , sa y ,  highway or occu pationa l accidents , cigarette smoking 

c a u ses reductions of l i fe in l a ter years with a much higher degree of 

certainty ( as tn the deve l opment of l ung cancer or heart disea se a f ter 

20-30 years of  smoking ) .  As  such ,  I ndividu a  l s '  time pre ference rates and 

the time pattern of the risk over l i fetime become centra l fea tures in the 

va I u e  of I I  fe ca I cu I at I on . 

Fina l  l y ,  a ttention Is given to a rec urring comp l aint a bou t va l u  e of 

l i  fe  studies , that consumer perceptions of  risks may di f fer signi f icant l y  

f rom scienti f ic mea sures o f  ris k .  I ndividu a  l s  who accept re l a tive l y  hlgh 

ri sks may ha ve re l ative l y  l ow va l u es of l i te ,  or they may ho l d  unrea l istic 

perceptions a bout the ma gnitude of the risks  they face . Using s urvey data 

that descri be consumer be l ie f s  a bout the hea l th hazards of smoking , the 

I mp l  ications of varied s u bj ective be l ief s are sy stema tica l l  y considered . 

I n  the case of  cigarettes , it turns out tha t these considerations do not 

a l  ter the conc l u  sions of a mode l tha t  exc l udes the issue of su  bj ective 

be l ie f s  , but their potentia l for signi ficant l y  changing the res u  l ts is 

a pt l y  demonstrated . 
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I I. A BRIEF OUTLINE OF THE APPROACH 

The ba s t  e approach used be l ow to meas u r e  the va l ue of l i fe ca n be 

east l y  demonstrated w i th the a i d  of f i  g ur e  1 .  Su ppose there are  two 

ty pes of c i ga rettes a nd the Ind i v i du a  l w l  I I choose one ty pe or the other .  

Both se l I for the pr i ce P but one Is a h i gh n i  cot i ne a nd h i gh taste c 

( H )  c i ga r ette a nd the other Is a l ow n i  cot i ne a nd there fore l ow taste ( L )  

cIgarette . I n  f i  g u re the under l y i ng dema nd cu rves for the two ty pes of 

c 1 garettes are  shown a s  HH 1 a n d  L L  1 •  I f  a n  I n d  1 v I  dua  I 1 s u n aware o f  the 

hea l th cos t of smok i ng ,  he natu ra l l  y chooses the h i  gher taste c i ga rette 

becau se there i s  no  pr  i ce prem i um for the add i t i on a  l taste ; a t  pr i ce 

P ' the I nd i v  i du a  l smokes 00 
h i gh tas te c i ga rettes per per i od .  c 

A f ter rece i v  i n g In  forma t i on a bout the r i  sks  of smok i ng ,  the dema nd  

c urves for  h i gh taste and  l ow taste c i ga rettes ta l I to ref  l ect the hea l th 

costs of smo kIng .  I n  f I  g u re 1 ,  these rev I s ed dema nd c u r ves a re depIcted by 

the schedu  l es H*H 1 *  and  L*L 1 * .  The vert i ca l sh i f ts ML a nd MH In 

these dema nd c ur ves r e f  l ect the i nd i v i du a  l 1 s  asses sment of the hea l th cost 

of smok i ng each ty pe of c i ga rette . Bec a u se of the h i  gher "hea l th pr i ce"  

a s soc i ated w i th h i gh taste c i  garettes , the h i gh taste dema nd ta l I s  by more 

tha n the l ow taste demand  ( MH > ML ) .  I n  the ca se I l l  u stra ted I n  

f i  g u r e  1 ,  the Ind i v  i dua  l now f i  nds I t  opt i ma l to sw i tch to l ow taste 

c i  garettes . 

If  e i ther the two h i gh taste or the two l ow taste dema nd cu rves cou l d  

be observed, the va l ue of  l i  te cou l d  be meas ured d i  rect l y  f rom the o bser ved 

shI f t. I f  the reduced I I  fe  expecta n cy per cl ga rette I s  bl and bH 

for l ow and h i gh taste c i ga rettes , the va l ue of l i fe Is ML or/ bl 

eq u i va l  en t l  y MH/ bH . I f ,  however  , the Ind i v i dua  l reacts to the 
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hea l th risk by reducing the q ua l ity of cigarette smoked , It Is pos sib l e  

on l y  to observe the no-informa tion demand for high taste cigarettes ( HH' In 

figure 1) and the post-In formation demand for l ow ta ste cigarettes ( L*L' * 

In fig ure 1.) 

The observed shift In demand M In this ca se Is comprised of two parts . 

ref  l ects the hea l th cost of smoking the l ow tas te cigarettes . ML 

re f  l ects the uti l lty cos t  to the Individua l of switching to l ow MH L  

ta ste ( l  ow ris k )  cigarettes . Whl l e  the l atter shift component ref l ects a 

s a f ety decision , it does not readi l y  yie l d  va l ue of life  lnforma tion . 2/ 

The va  l ue of l if e  can be ca l cu l ated on l y  by disen- tang l ing the product 

q ua l ity e f f ect ɤL from the direct risk ef f ect ML ; so that the 

va  l u  e of l i f e  can be computed a s  ML/ bl . The di f fic u  l ty of 

disentang l ing the se ef  fects fru strates attempts to generate unbia sed 

estima tes of the va l ue of l i f e  when the reaction to sa f ety risk s  Inc l udes 

product q u  a l ity changes . 

ag grega te demand shi f ts cou l d  be decom posed to account forEven If  

the q ua l ity component of the reaction , the c l  a s sic se l ectivity prob  l em In 

va l u  e of l i f e  studies remains--tho u gh In a somewhat di f ferent form . For 

some smokers , the Informa tion cau  ses their demand c urve to f a  I I so m uch 

tha t  no cigarette Is worth smoking . I n  fig ure 1 ,  the post-Inf orma tion 

demand curves for these individua  l s  wou l d  f a  I I comp l ete l y  be l ow the price 

1 ine P . I n  these ca ses , the observed demand curve shift M Is c 

trunca ted at the price P , and there f ore these Individua l s '  va l u  a tions c 

o f  risk are not f u  l l  y ref l ected In shifts In ag greg ate demand .  Since 

individua l s  who va l u  e l i f e  high l y  are more l ike l y  to q uit smoking when 

hea l th costs become known , shifts In ag gregate demand data genera te bia sed 

estimates of the va l ue of l i f e  . 
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Since the best data ava l l a  b l e  on c i  g a  rette cons umpt i on over t i me Is 

aggregate data , a methodo l ogy Is needed wh i ch can u se th i s  aggregate 

Informat i on but In a way that accounts for the bia ses d i  scu s sed . To do 

th i s ,  a mode l of Ind i v  i dua  l cho i ce Is deve l oped ref l ect i ng the a n a  l ys i s  of 

fIgure 1. I nd I v l dua Is In the mode I are a I I owed to have d i  fferent tastes 

for smok i n g ,  d i  fferent va l u es of l i  fe and , i n  some pa rts of the a n a  l ys i s  , 

d i  fferent be l i  ef s  a bout the l i  fe costs of smok i ng .  The aggreg ate behav i or 

pred i cted by the s ummat i on of Ind i v  i d ua l  s '  cho i  ces can be compar ed to 

actu a  l ma r ket data . The va l ue of l i  fe d i  str i but i on f i  tted to th i s  da ta 

ref l ects the va l ues of l i  fe he l d  by d i  fferent segments of the pop u  l at i on 

Inc l ud i  ng those who q u i t  smok i ng and those who s u  bstant i a  l l  y changed the i r  

ty pe of c i  g arette.  

I I I. FORMAL MODEL OF OPT I MAL  SMOK I NG BEHAV IOR 

a.  The Ba s i c  Mode l 

Cons i der an Ind i v  i dua  l who Is a n  expected ut i l lty max i m i ze r .  S u p pose 

that w i  thout hea l th d i  sc l  os u res , the Ind i v i  du a  l 1 s  dec i s i  on to smoke Is 

dependent u pon pr i ce and a "taste" parameter . Th i s  "taste" pa rameter Is 

f i  xed, a nd therefore the Ind i  v i dua  l '  s opt i ma l  consumpt i on of c i  ga rettes 

does not change systemat i ca l  l y w i th age ;  changes i n  the q ua nt i ty of 

c i ga rettes consumed each per i od depend on  l y  on pr  i ce .  When n ew hea l th 

i nformat i on on smok i ng Is re l eased , the Ind i v i dua  l Is assumed to adj u st h i s  

be l i  ef ( pos s i b l  y ,  l n  perfect l y )  a bout the haza rds of smok i ng a nd to reas sess 

h i s  rate of c i ga rette con s umpt i on .  But once the Informa t i on Is 

Incor porated , th i s  rate w l  I I aga  i n  depend on  l y  on pr i ce for the rema i nder 

of I I  fe . 3/ 
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The hea l th cost of smo k i ng is mode l ed as an increa se In the like l ihood 

of early death .i/ The Individua l has some percept i o n  of the Increa sed 

ris k of dyin g  at each age In the future • .2/ I n  partic u  l ar ,  l et q (  I ,  Q , n) 

be the co n s  umer's estimate of the probabi l l ty of n ot h a ving d i ed from 

smoking at age 1 given that he smokes 0 c i  garettes per period with n i  cotine 

content n per c i  garette . The r i sk of smoking Is assumed to Increase w i th 

the tota l cons umpt i on of n lcotl ne ; 6/ that Is , q' ( Q )  < 0 and q'  ( n )  < 0.  

If  each period's ut i l !ty is additive and Inde pendent of age , the 

ind i v  i du a  l '  s ex pected l ifet i me uti l  i ty Is 

N 

E ( U )  = I a lp (  l )  q (  I , Q ,  n ) U  ( x , Q ,  n )  


1 =0 


where I is age , 71 a Is a time preference fa ctor (0 < a <  1 ) ,  p (  l )  Is 

the probabi I lty of be i ng a l  i ve at age I If the In  div i du a  l does not smoke , 

a n d  x represents the q u  antity of other goods con s umed . I t  Is a l  so a s s u med 

that U Is a we l l  defined uti l ity f u n ction ; In particu l ar 

U > 0, U < O ; UQ > O, UQQ < 0; and x xx 


U > 0 for n < n * ,  U = 0 for n = n *  and U < 0 
n n n n  

where U denotes the first derivative of U with res pect to j ;  that.j 
Is , a l  I goods are pos i t i ve arguments to con s umption but nicot i ne content Is 

va l ued pos i  t i ve l  y on l y  be l ow a certa i n  Intensity l eve l n *; beyond n* the 

c i  garette becomes so "harsh" that further Increme nts to n are va l u ed 

n egat i ve l  y .  Note that the mode l Is not ba sed on the simp l er ap proach of 
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desc ribing uti l ity as  a f unction of to ta l nicotine cons um ption. 

Empirical evidence c l  ear l y  shows that cons umers are not Indif  ferent to the 

numbe r of cigarettes they smoke.8/ 

Norma l izing so that the price of  the repr esentative good Is unity , the 

per  period budget constr aint Is 

(1) X + PQ = 

where P Is the price of the ciga rettes and I ls Income pe r pe riod (both 

a ss umed constant over l l f e  ) .9/ 1 t Is a p pa r ent from (1) that the money 

cost of smoking Is ass  umed to depend on l y  on the q uantity a nd not the ty pe 

of ciga r  ette cons umed.lQ/ 

b. First O rder Condit i ons 

Maximizing ex pected uti l ity E ( U )  s ubj ect to the budget constraint In 

(1) yie l ds the first order conditions of Inte rest to u s  : 

N 
2: a lp ( l )  [ q (  l , Q  , n ) UQ 

( x , Q  , n )  + 
1=0 


q0c t ,  Q ,  n>U <x , Q , n )  -A. PI = 0; and 


N 
( 3 )  2: a lp ( J  ) [q ( I  , Q , n ) U  ( x ,  Q , n )  + 

1 =0 n 


q ( I , Q , n ) U ( x , Q , n )  I = 0
n 

where A. Is the margina l uti l ity of Income. 
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( 4 )  

( 5) 

Cond i t  i on ( 2 )  ba l a nces the  expected marg i na l  ut i l l  ty of con s u m  i ng a 

greater n um ber of c i  ga rett es (f i rst term  ) aga i nst t h e  mon ey costs of 

smok i ng p l us the costs  of red uced l i fe expect a n c y  from smok i n g  at a h i  gh er 

rate of cons umpt i o n  . Con d  i t  i on (3) eq u at es t h e  ma r g  i n a l  ut i l l  ty of smo k i ng 

a better tast i ng (h i gher  n i  cot i ne )  c i ga rett e (f i rst term ) to t he va l ue of 

expect ed red uct i on s  I n  l i  fespan  f rom smok i ng stronger c i  garettes . 

W i  t hout hea l t h  d i sc l os ures , t h e  I nd i v i d u a  l I s  ass umed to con s  i d e r  t h e  

h ea l t h  cost o f  smok i ng to be zero ; h e n c e ,  q=l .  The f i  rst order con d i t i on s  

I n  ( 2 )  a nd (3 ) t herefore s i mp l i fy to: 

<x , Q , n> - ;. P = o a n du0

u (x , Q ,  n )  = o.n 

Con d  i t  i o n  ( 4 )  req u i  res t h e  I nd i v i  d u a  l mere l y  to set t he ma rg i n a l  ut i l  i ty of 

smok i ng a n  add  i t  i on a  l c i  garette eq u a  l to I t s  pr i ce .  Con d  i t  i on ( 5) 

_ _Ind i cat es t hat s i  n ce n i cot i ne content does n ot a f fect pr i ce ,  t h e  I nd i v i  d ua l 

s hou l d  c hoose a c i ga rette t y pe of s u f f  i c i ent l  y h i  gh n l  cotlne conte nt t h at 

t h e  ma rg i n a l  ut i l  i ty  of smok i ng a stronger c i  g a rett e  I s  zero . 

The ef  f ects of h e a  l t h  d i sc l  os ur es on  t h e  con s umer' s opt i  ma l  

q ua nt i ty-q u a  l i  ty  cho i ce ca n be v i  ewed i n  two steps .  F i rst , the  cons  umer 

n ow rea l i  zes t h at n l  cot l nɣ Is  not a f ree good . Wh l l e  h i  gher  n i  cot i ne 

content does not I nvo l ve ad d i t i on a  l money cost s ,  I t  does red uce ex pect ed 

l i  fespa n .  Qua l i ty  no l onger comes as cheap  l y  as or i g i n a l  l y t hought . Th u s ,  

g i  ve n  any  (money p l us hea l t h  ) expend i t u r e  on c i ga rettes , the  I nd i v i d  ua  l 

w l  I I s u  bst i t ute q ua nt i ty for q ua l i ty I n  h i  s smok i ng h a b i t  . Seco n d  , w i  t h  
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c .  

I n  format i on , the con s umer rea l i  zes that h i s  actu a  l expen d  i ture of mon ey 

p l  us hea l th on c i  g a rettes exceed s h i s  perce i ved l eve l of ex pend i tu res . As 

s u c h  , I t  I s  now opt i ma l  for h i m  to red u ce h i s  tota l cons umpt i on of n i  cot i n e 

I n  terms of qua nt i ty of c i ga rettes a n d  n i  cot i ne content per c i ga rette . 

Let Q* a n d  n* denote the no- I n format i on so l ut i  on to ( 4 )  a n d  ( 5  ) .  Let 

Q a n d  n denote the post- I n  format i on so l ut i ons  to (2 ) a n d  ( 3 )  . I n s pect i on 

of these con d  i t  i on s  con f i  rms the I ntu i  t i  ve n ot i o n  t hat h ea l th I n  forma t  i on 

cau ses the I nd i  v i  d ua l to red uce the n u m be r  a n d  the n i  cot i ne content of h i  s 

con s umpt i on ; t hu s ,  n* > n a n d  Q* > Q .  

Opt i ma l Cho i ce U n d e r  S i mp l i f  i ed Con d  i t  i on s  

For p u r poses o f  est i mat i on ,  t h e  mod e  l I s  s i mp l  i f i ed I n  t h e  tot l ow i ng 

F i  r s t ,  for the no d i  scoun t  case , I t  I s  assumed that the I nd i v i  d ua lway s  . 

a pprox i mates I n  format i on on the h ea l th ef  fects of smok i ng a s  a l i  near  

re l at i  ons h i p  between expected l i  fespa n and  t he rate of n i  cot i ne 

con s umed .JJ! Second , the I nd i v i  d ua l a s s u mes that I f  he  qu i ts at age j ,  
--
h I s  It fe expectan cy w I I I 1 n c r  ease I n  pro port I on to the rema I n I ng port 1on of 

h i  s l i fe ;  t h u s  , a person w ho qu i ts h a  l f  way throu g h  h i s  adu  l t  l i fe expects 

to ga i n  h a  l f  the I ncreased l i  fespan  a s  a you ng a d u  l t  w ho qu  i ts as  soon a s  

h e  sta rt s .  These assumpt i on s  a r e  stated succ i  n ct l y  as  tot l ow s: 

( 6 )  E <T.<Q , n )  ) = E <T.( 0 , 0 )  ) - b n E  ( T.( O, O )  ) Q/n*E ( T )  , 
J J J 

w here j I s  the age at wh  i ch the I n  forma t  i on I s  rece i ved , E ( T.( Q ,  n )  ) I s
J 

the expected l i  f espan  at age j g i ven a f ut u re con s u mpt i on rate o f  Q 

c i  garettes of ty pe n a n d  a pa st con sumpt i on rate of Q* c i ga rettes of ty pe 

n*,  a n d  E ( T )  I s  the expected l i  fespan of a non -smoker at age 0 .  
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( 9 )  

Third , and f i na l  l y ,  ut i l l t y  Is ass u  med to be a power f unct i on of 

n i  cotine. Since t he no- In formation nicotine content Is ass umed to be n*, 

this re l at i  on Is s pec i f  i ed as 

(7) U (x , Q  , n )  = U (x , Q , n* )  - k (n*-n ) eQ ,  

where k and e are pos i t  i ve constant s .  

To derive pre l  i minary res u l t s  , the ad ditiona l ass umption l s  made t hat 

the rate of time preference Is zero (a= l } .  The so l ut i  ons reported be l ow 

wl I I be s u  bseq uent l y  recomp uted for t he case wh ere time preference i s  

pos i t  i ve .  Under t hese conditions , and Ignor i ng second order terms ,J1! 

post-l n formaton f i  rst-order cond i t  i ons (described In ( 2 )  and (3  ) ) s i  mp l i  fy 

to : 

( 8 )  -bnU (x , O, O) /An*E (T ) - k (n*-n ) e/A + u0<x ,  Q , n* ) /A = P or  

-M - M + u0<x ,  Q , n* ) /A = P; andL HL  

-bU (x , O, O) /n*E (T )  + ek  (n*-n ) e- 1 = 0. 

I n  particu l ar ,  not i ce that our  s i  mp l e  l inear s pec i fication a l  l ows u s  to  

abstract from the age at wh i ch the Ind i vid ua l rece i ves the Informat i on .  

The l ast term on t he l eft side o f  ( 8 )  Is t he same as in the  

no- Informat i on demand curve (4 ) ,  but  two  ad ditiona l shift terms ap pear . 

The first , ML ' Is the per-cigarette hea l t h  cost of smok i ng a l ower 

n i  cot i ne/ l ower taste cigarette .  The second term MHL  ref l ect s the 

per-c i garette cost of switch i ng to an Inferior tast i ng c i  garette.  These 

s h  i fts corres pond to t hose I I l u  st rated In fig u re 1 .  

The measure o f  t he va l ue o f  l i  fe In the mode l Is ap parent f r om t hese 

re l at i  ons h  i ps .  For an Individ ua l ,  t he va l ue of l i fe Is defined by t he 

1 1  



direct r i  s k  compone nt of t h e  sh  i ft ML wh i  ch  ref l ect s t h e  perce i ved 

h ea l t h  cost of smok i ng n -ty  pe c i  garettes . I f  n -ty pe c i  garettes are 

be l i  eved to cost bn /n*E (T )  y ears of l i fe per c i  garette (as In (6)), the 

va l ue of one year of  l i fe v Is  def i n ed by 

( 1 0  ) v = n*E<T>ML/ bn = U (x , O , O ) /A • 

S i  n ce ( 1  0 )  re l at es t h e  va l ue of l l  fe  to t h e  u n o bserved d ema nd s h  i ft 

ML ' It l s  a l so n ecessary to re l ate  t h e  va l ue of l i fe to t he 

Ind  i v i d u a  l 's observed d ema n d  s h  i ft M .  To do t h  i s ,  t h e  Ind  i v  i d u a  l 1 s  

n i  cot i ne cho i ce i s  rewr i tt e n  from (9 ) a n d  ( 1  0 )  as:  

( 1  1 )  n = n *  - [ bvVekn * E  (T )  J 1 / (e- 1  ) . 

Th e tot a l  d emand s h  i ft M can  t h erefore be re l at ed to t h e  va  l ue of l i  fe by 

rewr i t  i ng ( 8 )  a s: 

( 1 2 )  M = ML + MHL 

= bv [ n * - ( (e- 1  ) /e )  (bv/n * E  (T ) ek 1  ) 1 / (e- 1  ) J /n*E (T ) .  

wh ere k 1 = k/ A. 

d .  	 Aggregate Beh a v  i or 

Most of t h e  u s a b  l e  Informat i on descr i  b i ng smok i ng beh a v  i or i s  

aggregate l eve l dat a .  The Ind  i v  i d u a  l mode  l must t h ere fore be aggregated 

acros s the pop u  l at i  on to est a b  l i  s h  a con n ect i on to ava i  l a b l e  stat i st i  cs . 

Let each Ind i v i  d u a  l h ave a d i f  f erent t aste for smok i ng. I n  

part i  c u  l ar ,  t h e  Ind i v  i d ua  l 's marg i na l  utl l l ty for smok i ng l s  parameter i zed 

by a taste sca l ar r whose d i str i but i on over t h e  pop u  l at i on l s  u n  known. I f  

l ndl vld u a  l t aste d i f  f erences are assumed to be consta nt acros s ty pes of 

c i garett es , eq u at i on (7} can be rewr i tten to re f l ect Ind  i v  i d ua l t ast es as 
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(7a) U(x , Q , n  , r) = U(x , Q ,  n*,  r) - k(n*-n) eQ. 

w h ere k a nd e a re constant but r var i es by I nd i v  i dua  l .  Th us ,  the taste for 

n i  cot i ne Is assumed constant  over the pop u  l at i on but the taste for 

c i ga rettes is n ot. A d i  rect I mp l i  cat i on of th i s  assumpt i on is that , a bsent 

I n  format i on ,  a l  I consumers wou l d  smoke c i ga rettes of n i  cot i ne conten t ,  n*. 

The mode l i s  th erefore cons i stent w i th h i  stor i ca l  ev i dence (see Ap pend i x) .  

Absent hea l th I n format i on , at pr i ce P ,  there I s  a taste pa rameter 

thresho l d  r 1 (P) that separates smokers f rom n o n -smokers ; l ndl vl dua  l s  w i th a 

l arger  taste pa rameter smo ke , those w i th a sma l  l er taste pa  rameter do n ot .  

The agg regate dema nd for c i ga rettes when the h ea l th r i  sk i s  u n  known I s  then 

g i ve n  by  

( 1  3 )  	 Q*(P) = !00 Q<P , r) f(r) dr 

r 1 (P) 


w h e r e  QCP , r) I s  the q u a nt i ty demanded (f rom ( 4  ) )  and  f I s  the dens i ty of 

- -=tastes over the popu l at i  on  . The percentage of the popu  l at i  on that smokes 

p r  i or to hea l th d i sc l  osures I s  g i ve n  by 

( 1  4 )  	 S*(P) = !00 f(r) dr . 

r 1 (P) 


On ce I n  format i on on the h az a rd of smok i ng I s  rece i ved , the 

I nd i v  i du a  l '  s dema nd for c i ga r ettes f a  l Is I n  accordance w i th eq uat i on ( 8 ) .  

For the f i rst pa rt of the a n a  l ysts , a l  I consumers a r e  assumed to ho l d  the 

same be l i efs a bout the l i  fe cost of smok i ng (re flected by the parameter b). 

For con ven i en ce ,  the new q u a nt i ty dema nded is denoted by Q(P , r , M) w h ere M = 

I s the sh i ft term I n  eq uat i on ( 8 )  . F i na l  l y ,  I t  I s  c l  ear  MH L  + ML 


th at the taste p arameter th r esh o  l d  separat i ng smokers f rom non  -smokers 
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a f ter In format i on wl I I depend on the the sum  P+M. Post- I n  format i on 

aggregate demand I s  then g i  ven by 

(15) Q(P) = /00 /00 O<P , r , M) f(r) dr g(M) dM 
O r 1 (P+M) 

w here g(M) I s  the den s i ty f u n ct i  on  descr i b  i ng the d i  str i  but  i on of 

I nd i vidua  l react i on s  a rlsl n g  f rom d i f fer i ng va l u es of l i  f e. The proport i on 

of  the pop u  l at i on that smokes a f ter hea l th d i  sc l os ures I s  g i  ven  by 

( 1  6 )  	 S(P) = foo foo f(r) dr g(M) dM. 
0 r '  (P+M) 

F i na l  l y ,  I t  I s  n oted that , contr a ry to the n o- I n forma t  i on eq ul l l  brl u m ,  

t he opt i ma l n i  cot i n e-ty pe c i  garette wl I I d i  f fer across smoker s. S i  n ce 

c i ga rette cho i ce I s  now a f u n ct i on of the I nd i v  i du a  l '  s va l ue of l i fe (see 

eq u at i on ( 1  1 ) ) ,  a d i  s tr i but i on of ty pes of c i  ga rettes wt I I n ow be observed 

I n  the mar ket. 

I V. EST I MAT I ON OF THE VALUE  OF L I FE SAV I NG 

a. Methodo l ogy 

Eq uat i on s  ( 1 3  ) t hrou g h  ( 1  6 )  estab l i  s h the re l a t  i on s  between ag greg ate 

data and u nder l y i ng I nd i v i du a  l d i  str i but i on s. ·  The l e f t  hand s i  des of 

these eq uat i on s  a re known data. Slml l a r  l y ,  the d i  str i but i on of n i  cot i n e 

cho i ces I mp l  i c i t  I n  eq uat i on (11) I s  known.  Th u s ,  our  methodo l og y  u ses 

these equat i on s  to I n  fer the taste a nd s h  i ft d i  str i but i ons  f(r) a nd g(M) 

a nd ,  I n  tu r n  , to ca l cu l ate the va l ue of l i fe d i  str i bu t  i on.  

C i  garette smok i ng data I s  a val f ab l e  that  desc r  i bes actua l smok i n g 

behav i or I n  1 980 , I nc l  ud i  n g the tota l q ua nt i ty of c i ga rettes con s umed , the 

e l  a st i c i ty of dema nd for c i  garettes , the percentage of the pop u  l at i on 
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smok i ng a nd the d i str i but i on of the ty pes of c i ga rettes smoked. Abunda n t  

data Is a l so aval f a b l e  to est i mate how these smok i ng  pa tterns wou l d  have 

d i  f fered I n  1 980 h ad no I n  format i on been provided on the hea l th h a za rds of 

smok i ng .  These data and est i mates are summa rized I n  tab l e  1 a nd are 

presented I n  more detal I I n  the Ap pen d  i x . 

S i  nce there are no l on g  i tu d i  na l  m i  cro da ta sets that trac k i nd i v i dua l 

smok i ng patterns over t i  me , trad i t i o n a  l stat i st i ca l  tec h n  i q ues ca n not be 

u sed to f i t  the u n de r  l y i ng d i  str i but i ons i n  the modei .Jl1 I n stead , 

p a rt i cu l ar f u n ct i  ona  l forms for i nd i v i du a  l dema nd c urves and  for the  

u nder l y i ng d i str i but i ons of  taste and t he va l ue of l i fe a re assumed . By 

I terat i ng on the u n kn ow n  p a rameters of  t hese f u n ct i on a  l a nd d i str i but i on a  l 

forms , the mode l w h  i ch best f i ts the known aggreg a te data I s  determ i ned . 

The taste a nd dema nd s h  i ft d i str i but i ons are  f i  tted to aggregate data 

f i  rst ; the va l ue of l i fe d i str i but i ons are then ca l cu l ated . 

b .  The D i str i bu t  i on of Tastes for Smok i ng 

Cons i de r  cigarette consumpt i on I n  a n o- I n  forma t  i on wor l d .  Assume 

t hat I nd i v  i dua  l s  have dema nd cu r ves of the form 

( 1  7) Q =  r - cP/r 

for n*-ty pe c i ga rettes w here the constant c i s  eq ua l for a l  I consumers , a nd 

w here the taste pa rameter r va r i es across i ndiv i dua  l s .< 

The taste parameter I s  assumed to be pos i t  i ve a nd d i str i buted across 

I nd i v  i du a  l s  I n  such a way that the  correspond i ng q u a nt i t i es have a beta 

d i str i but i on of the form h ( Q) = B ( a , b) ( Q+L)a- 1 ( T-Q)b- 1  w here B I s  

the beta f u n ct i on ;  the sha pe parameters a a nd b a nd the r i  ght  endpo i  n t 

T a r e  pos i  t i ve .; T h e  l e ft endpo i nt - L  o f  t he d i  str i but i on I s  a l  l owed 

to be negat i ve to ref  l ect the possl bl l l ty that some I nd i v  i dua  l s  wou l d  h ave 
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to be pa  i d  to smoke.  F i n a l  l y from eq u at i on ( 1  7 ) ,  lt fo l l ows that  

i nd i v i dua  l s  wl I I not smoke at  pr i ce P I f  the i r  taste pa rameter r Is  l ess 

t h a n  the thresho l d  r '  ( P )  = ( c P )  1 !2 . 

Under these assum pt i on s ,  for a ny cho i ce of the pa rameter c a nd for a ny 

a p propr i ate l y  spec i f i ed taste d i str i but i on on r ,  aggregate dema nd w i  t hout 

h ea l t h d i sc l  osures ca n be der i ved from eq uat  i on ( 1  3 )  . By I terat i ng on  the 

parameters c ,  a ,  b ,  L a nd  T, the mode l can be so l ved to be cons i stent w i th 

the fo l l ow i ng facts ( p resented I n  tab l e  1 ) :  Absent  I n forma t  i on ,  the pe r 

cap  i ta q ua n t  i ty smoked wou l d  h ave bee n  386 packs per year I n  1 980 at t h e  

( 1  98 0 )  p r i ce P = $ . 6 56 p e r  pac k ;  t h e  e l ast i c i ty of aggregate dema nd c 

wou l d  h a ve been - . 48 ;  a n d  54  . 2  percent of the  popu  l at i on wou l d  h a ve 

smoked . 

The so l ut i on I s  character i zed by c*= 5 0 5 ,  000 a nd a q ua n t  i ty 

d i str i bu t  i on denoted by h* ( Q )  w i th sha pe parameters a = 9  a nd b=2 . 7  a n d  

endpo i nts -L=-6300 and  T= 1 8 7 5 .l§/ T h  i s  so l ut i on of the n o- I  n forma t i on 

- mode l g i  ves us the base l i  n e from w h  i ch to measure the react i on to c i  garette 

I n  format i on .  

c .  The D i str i but i on of I nd i v i  dua  l Demand S h  i fts M 

O n ce the I n  format i on on the h a z a rd of smok i ng i s  ava i !a b l e ,  the 


i nd i v i dua l '  s dema nd cu r ve ( spec i  f i ed by ( 1  7 ) ,  _ (  1 2  ) a nd ( 8 )  ) becomes 


( 1  8 )  Q = r - c ( P+M ) /r 

w here M I s  the I nd i v  i du a  l '  s sh i f t i n  demand attr i butab  l e  to the com b  i n ed 

ef  fect of the sw i tch to a n  I n  fer i or tast i ng c i  garette a nd the  perce i ved 

h ea l th r i sks of smok i ng that c i ga rette . Those consumers whose taste 

parameter r i s  l ess than  the n ew h i  g her thresho l d  r 1 ( P , M) = 

( c ( P+M )  ) 1 /2 w i  I I not smoke . A I  I consumers a re assumed to treat the 
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h a z a rds of smok i ng as a cost ; that I s , M > 0 .  F i  n a l  l y ,  the d i str i but i on of 


dema nd sh i fts is assumed to be a beta d i str i bu t  i on w i  th the de ns i ty g ( M) = 


B (  aa  , b b)Maa - 1 ( TT-M) bb- 1 w here the sha p e  pa rameters aa  a nd bb  a nd 


the endpo i  n t TT are pos i t i ve consta nts.  


The demand sh i ft d i str i bu t  i on g* ( M) w h  i c h  f i  ts the o bserved aggreg ate 

data I s  fou nd  I terat i ve l y  as fo l l ow s :  Us i ng the n o- I  n format i on q ua nt i ty 

d i str i bu t  i on h* ( Q) a n d  the pa rameters s* and c* determ i ned a bov e ,  a n y  

spec i f i ed d i str i but i on for the I nd i v i du a  l dema nd sh i fts M w l  I I generate a 

post- I n  format i on demand  curve as I n  eq uat  i on ( 1  5) .  By I terat i ng on t he 

sh i ft d i str i but i on parameters aa  , bb  a n d  TT , the post- I n  format i on mode l can 

be made to f i t  the fo l l ow i ng facts ( summa r  i zed I n  tab l e  1 )  : I n  1 9 80 ,  the 

per  ca p i ta q ua n t  i ty smoked at the p r  i ce P =$ . 6 56 I s  1 9 5  packs per yea r ;  c 

t he pr  i ce e l  ast i c i ty of dema nd I s  - . 4 8  ; a n d  3 2 .  5 percent  o f  the popu l at i on 

smokes . The  sh i ft d i str i but i on wh  i ch f i  ts th  i s  data has the shape 

p arameters aa= 1 . 0000 8 ,  b b= 5 . 957  and  the e ndpo i nt TT= 8 . Jl! 

The mean of the est i mated sh i ft d i str i  but i on I s  $ 1 .  1 5 ;  the sta nda rd 

dev i at i on of the d i str i bu t  i on I s  $ . 99 .  The est i ma tes suggest that , I n  

1 98 0 ,  I f  c i ga rettes cou l d  h a ve been p urged of r i sks,  consume rs ( I nc l  ud i  n g  

smokers a n d  non -smokers) wou l d  have bee n  wl I l i  ng to pay a n  add i t i  o n a  l $ 1 . 1 5  

on a verage beyond  the o ut-of -pocket costs ( $  .6  56) for a pack of t he i  r 

f avor i te c i  g a rette . Us i ng the standa rd errors that under l i  e the aggreg a te 

est i mates, a con f i  dence ra nge  between $ . 9  1 a n d  $ 1  . 28 was esta b  l i sh ed for 

t h  i s  est i ma te . ɞ 

I t  I s  I nterest i  n g to compare the $ 1 . 1 5  mean  demand sh i ft est i ma te to 

the observed sh i ft I n  per ca p i ta dema nd that ca n be attr i buted to 

c i  garette-hea l th d i sc l  osures .  Th i s  per cap i ta sh i ft  wh  i ch I s  eas i  l y  

der i ved f rom ta b l  e 6 I n  t h e  Ap pend  i x  I s  $ . 9 3 5 .  The d i screpancy between 
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these two meas ures occ u rs becau se the react i ons  of those who q u i  t smok i n g 

are  not f u  l l  y ref l ected I n  the aggregate da ta . Thu s ,  our  est i mate s uggests 

that u se of the o bserved per ca p i ta sh i ft wou l d  u n derest i mate the actua l 

react i on to c i ga rette I n  format i on by approx i  mate l y  2 0  percent .  

I t  I s  a l  so worth n ot i ng that the f i  tted I nd i v i du a  l dema nd s h  i f  t 

d i  str i  but  i on I s  not t i  g ht ;  a l  most 20  percent  of the popu l at i o n  h ad demand 

sh i fts exceed i  n g  $ 2  whl l e  54  percent h ad sh i fts of l ess tha n  $ . 50 .  I n  

short , I n  order to exp l a i n  the facts  I n  the aggreg a te data , I t  m u st be true  

that i nd i v i du a  l s  reacted I n  very d i  f ferent ways  to the s ame a n n o u n ced 

h ea l th-d i sc l os ures . The s h  i ft d i  str i bu t  i on I s  a l so s h a r p  l y  humped n ea r  

zero,  s u ggest i ng that man y  I nd i v i du a  l s  reacted wea k  l y  to c i  garette-hea l th 

d i sc l  os ures  . 

d .  Ca l cu l a t i ng the Va l ue of  L i fe 

T h e  d i  str i but i on of I nd i v i dua  l demand s h  i fts I s  not s u f f  i c i ent  to 

determ i ne the va l ue of l i  fe s av i n g ,  becau s e  the s h  i ft a l  so I ncor porates the 

r educed va l ue of smok i ng the I n  fe r  i or tast i ng c i  g a r ettes . To est i mate the 

va l ue attached to the l i fe sav  i ng a l  o n e ,  the q ua l i  ty e f f ect must be 

d i  sen ta n g  l ed from the d i  rect r i sk ef f ect . 

To address the d i  senta n g  l ement I ss u e ,  add i t  i on a  l I n  forma t  i on aval l ab l e  

on c i  ga rette smok i ng patter n s  I s  exp l o i ted . I n  pa rt i cu l a r ,  data descr i b i ng 

the d i str i b ut i on of c i ga rette cho i ces ( I  n terms of n i  cot i ne conte n t) I n  

1980 I s  aval l a b  l e ;  data I s  a l so ava i  l a b  l e  wh i ch perm i ts a n  est i mate of what 

th i s  d i str i but i on of cho i ces wou l d  have been I n  198 0  w i  thout I n  format i on 

(see Ap  pend i x) .  These facts a bout c i ga rette cho i ces make I t  pos s  i b  l e unde r  

d i f  ferent a ss umpt i on s  a bout con sumer be l i  ef s  to so l ve t h e  mode l for the 

va l ue of l i f e d i  str i but i on wh i ch I s  most  con s  i stent w i th the est i mated 

sh i ft d i str i but i on a n d  w i th the observed n i cot i ne cho i ces ( reca l I eq uat i on s  
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, e  

1 1  a nd 1 2) .  The a l gor i thm a l so gen erates sepa rate d i  str i but i on s  for ML 

and MH L  " 

Th e  so l ut i on to the mode l I s  fou n d  I terat i ve l y. Assume that cons umers 

ho l d  a part i cu l a r  be l i  ef ,  r ef l ected ln the pa rameter b, a bout the l l  fe cost 

of smok i ng.  I t  i s  a p p a rent from eq uat i on ( 1  2) t h a t ,  for a n y  assumed 

n i  cot i ne preference parameters e a nd k 1  , a va l ue of l i  fe dl strl button ca n 

be com puted d i  rect l y  from the s h  i ft d i  str i but i on g* ( M) determ i ned 

a bove.l2/ BY I terat i  ng on the preference pa rameters e a nd k '  , the 

corres pond i ng n i cot i ne dl strl button w h  i ch ml nl  ml zes the s um of sq  uares 

d i  stan ce from the known n i  cot i ne d i str i but i on can be determ i ned. That I s  , 

t he n i  cot i ne den s i ty generated by the mode l ,  denoted by ( n)J k 1  

can be compared w i th the known n i  cot i ne den s i ty j (  n) g i ven  I n  the 

A p pe nd i x  ; 20/ th e  best f i t  so l ut i  on  I s  determ i ned by the cr i ter i on 

n*  2J ( n)  -j ( n) J  dn.[ J  'e , e  0 k '  

The corres pond i ng va l ue of l i  fe dl strl butl on  I s  taken as the so l ut i on to 

the mode I. 

Ou r pr i mary  est i  mate of the va l ue of l i  fe d i  str i but i on I s  ba sed on t he 

a s s umpt i on that con s umers be l i  eve the expected l i  fe l os s  from smo k i  ng  a 

pack  a day to be 3. 5 years -- a n  a s s umpt i on that I s  cons  i stent  w i th the 

best med i ca l  ev i dence ava i  l a b  l e  on l i  fe expect a n cy effects.1l/ us i ng 

the  best dema nd est i mates a bove ( ch a r a cter i zed by t h e  $ 1 . 1 5  mean dema nd  

s h i ft) , the mode l so l ut i on I s  fou n d  to have  va l ues  of e = 3. 0 a nd k '  = 1. 2 ,  

w i  th the s um of sq uar ed d i  fferences for the n i  cot i ne d i str i but i on s  eq u a  l to 

. 029. 
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Th e f i rst resu l t  worth not i ng Is that the means of the d i  rect r i sk a nd 

the switch i ng components of the sh i fts are = $.  86 ,  a nd ML 

= $ .29 . Th u s ,  ap  prox i mate l y  7 5  percent of the Ind i v  i du a  l s' mea n  MH L  

demand sh i ft of  $ 1  . 1  5 l s  attr i  buta b  l e  to the l i  fe cost o f  smok i ng th e 

re l at i ve l  y sa fe  ( l  ow taste) c i garettes that were consumed In 1 980 . The 

rema i n i n  g 25 percent of  the redu ct i on Is attr i  buta b  l e  to the smokers' 

sw i tc h  i ng from h i  g h er to l ower q u a  l i ty c i  garettes . 

Th ese est i mates prov i de a basts for determ i  n i ng the degree of b i as 

I nh erent I n  methodo l og i es that I gn ore q ua l i ty react i ons to the a n  noun  cement 

of r i sk .  I f  the pos i t i on were adopted i n  th i s  study that " a  c i  garette l s  a 

c i  garette , "  the va l ue of l i fe wou l d  be est i mated as M/ bH wh ere bH 

Is the l i  fe l oss per pack of  h i  g h  taste c i  garettes . Th i s  a p  prcach wou l d  

u nderest i mate the mea n  va l ue of l i fe by a p  prox i mate l y  1 0  p ercent . 22/ 

A l tern at i ve l y ,  one cou l d  arg ue  that the reduct i on i n  dema nd wou l d  more 

a ppropr i ate l y  be match ed to the r i sk rema i n i ng In  the l ow tarbl 

c i garettes , that I s , that the mean va  l ue of l i  f e i s  computed as the mea n  of  

M/ bl . I n  th i s  case , the measure wou l d  be a pprox i mate l y  5 0  p ercent 

h i  g h er than  It shou l d  be .  

Th ese s i mp l e  com putat i ons demonstrate the potent i a l  I mportance of 

exp l i  c i t  l y  treat i ng the q ua l i ty react i on to r i sk .  I t  shou l d  be n oted , 

h owever , that these resu l ts do not I mp l y  that the f i  rst method ( M/ bH
) 

shou l d  be preferred, s i  n ce the re l at i ve magn i tudes of  the errors wou l d  h a ve 

been reversed If  the va l ue attac h ed to the q ua l i  ty sw i tch  h ad been h i  g h er 

tha n  the d i  rect rl sk ef  f ect . There Is n o  theoret i ca l  reason to prec l ude 

th i s .  

The est i mated va l ue o f  l i fe d i str i  but i on Is show n  by the down ward 

s l  op  i ng dens i ty f u n ct i on l n  f i  g ure 2 .  The mean va  l ue of the d i  str i  but i on 

20 



I s  $ 8,622 ( 1 980  do l I ars ) ;  the sta nda rd dev i at i  on I s  $9,170. We wl l I 

discuss the ch aracter i st i cs and shape  of the distr i but i on f i rst , then 

address the s i gn i f i  ca n ce of the mean va l ue i tse l f. 

Th e s i gn i f i  cant spread of the est i mated d i  str i but i on Is a n  I m portant 

feature of the resu l ts a nd one wh i ch s u r v  i ved var i ous sens i t i v  i ty a n a  l yses. 

The var i at i on across the pop u  l at i on suggests that the va l ue of l i fe I s  

su bstant i a  l l y  d i  f ferent for d i  f ferent segments o f  the pop u  l at i on. As such  , 

concern a bout se l ect i v  i ty prob l ems that co l or est i mates of the va l ue of 

I i fe cou l d  be s i gn i f  i c a nt depen d i  n g  on the samp l e  bas i s  for the est i mate. 

For exam p  l e ,  I f  compa ra b l  y r i sky j o bs attract I nd i v  i dua  l s  from the l ower  2 5  

percent o f  t h e  popu  l at i  on I n  f i  g u r e  2, th e est i mated va  l ue o f  l i fe 

determ i ned from wage prem i ums attach ed to those r i  sky j o bs shou l d  y i e l d  a 

va l ue o f  l i  fe of l ess th a n  $3, 200 per year. I n  contrast, I f  certa i n  ty pes 

of sa f ety I tems are p urchased by those I n  the u pper 25 percent of the 

d i str i but i o n ,  the va  l ue of l i  fe r e f  l ected by the market wou l d  be 

a pp rox i mate l y  $ 1 2, 000 per year. 

Th i s  po i nt I s  a l  so force f u  l l  y made by a compa r i  son  of smokers w i th 

non -smokers. I f  , I n  the est i mate descr  i bed h ere , the  aver a ge va l ue of l i  f e 

I s  comp uted for smokers a l on e ,  the va l ue of a year of l i fe I s  $5, 700 ;  t h e  

correspond i ng va l ue f o r  non -smokers a l  one I s  $ 1 0, 50 0  p e r  year. Th ese 

est i mates c l  ear l y  I I l ustrate the potent i a  l b i as I nh erent I n  methodo l og i es 

that est i mate va l ues of  l i fe based on  observed r i  sk prem i ums rece i ved by 

t h e  r i  sk-takers a l  on e. 

The est i mated va l ue of l i  f e d i str i but i o n  I s  not on  l y  d i  spersed but I t  

a l  so exh i b  i ts i ts h i  g h est dens i ty n ea r  zero,  ta l l i  n g mon oton i ca l  l y  over 

h i  g h er va l u es of l i  f e. Whl l e  th i s  resu  l t  may v i o l ate pr i or expectat i ons 

a bout n i  ce l y  h umped d i str i but i ons , It Is I n  some sense I n ev i ta b  l e  I n  l i  ght  
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of t he emp i r  i ca l f i nd i  ng t h at a s u bsta nt i a l  port i on of t he pop u l at i  o n  

exh i b  i ted a sma l I react i on t o  the  c i ga rett e-h ea l t h  I n f ormat i on.  Under a n  

assumpt i on t h at a l  I consume rs ho l d  t h e  same be l i  ef a bout t he h ea l t h  cost o f  

smok  i ng, the  emp i r i  ca l f i  nd i ng o f  a re l at i  ve l y  h i  g h  freq uency o f  weak 

react i ons to hea  l t h  war n  i n gs t r a ns l at es d i  rect l y  to t h e  I n  ference t h at ma ny  

Ind i  v i  du a  l s  have re l at i ve l y  l ow v a  l ues of l i fe .  

The sh a pe of t h e  va  l ue of l i  fe d i st r  i but i on ra  i ses t h e  I ssue of 

consumer be l i  efs  I n  a str i k i ng way . I f  consumers do n ot share t he same 

be l i  ef a bout t h e  l i  fe cost of smok i n g ,  t h e  u n expect ed l y  h i  gh  dens i ty of 

sma l I va l u es of l i fe m i  g ht be s i mp l y  a sym ptom of t he mlsspecl f i ed be l i  ef 

assumpt i on .  Th i s  I ssue i s  exp l ored more f u  l l  y be l ow .  A I  l ow i  n g  for 

d i f fer i ng consumer be l i  efs ca n be shown to ch a n g e  t he resu l ts I n  expect ed 

ways , b ut does n ot f undamenta l l  y a l ter t h e  q u a  l i t at i ve n at u re of t h e  

r esu lts desc r  i bed here . 

Before accommodat i ng t h  i s  comp l i  cat i o n  , however  , lt ls wort h 

cons i der i ng the  magn  i t ude of the  mea n  va  l ue of l i  fe ln  more detal I .  F i  rst , 

t h e  resu l ts were t ested for sens i t  i v  i ty to va r i  ous cr  i t  i ca l I np ut s .  I n  

part i cu l ar ,  us i ng t h e  r ange of est i mat ed sh i ft d i st r  i but i ons deve l oped 

a bove (reca l I t h at t h e  stat i st i ca l  l y accept a b  l e  range  of d i str i but i ons h ad 

means vary  i ng f rom $ . 9 1  to  $ 1  . 28) , a nd a l so at l owl n g  t h e  be l i  efs a bout t h e  

I lfe l ost from smok i ng to range between two to f i  ve years ( but f i xed across 

ɟndlvldua l s),  the  mean va  l ue of a yea r  of l i  fe I s  est i mat ed to be bet ween 

$4 , 1  86 a nd $ 1 6 , 00 8  ( see t a b  l e  2) . 

These est i mates are not d i  rect l y  compa r a b  l e  to ot her est i mates of the  

va  l ue of l 'l f e  I n  t h e  l i terat u r e ,  because t h  i s  measure Is  for a year  of l i  f e 

whl l e  prev i ous measures h ave been for a pop u  l at i o n  fac i ng a rlsk of 

I mmed i ate deat h  . Reca l  l i ng t h e  lnltla l assumpt i on ,  however , t h at t h e  t i  me 
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pref erence r ate I s  zero, the a n n u a  l va  l ue can be con verted to the usua l 

measure by tak i ng the expected present va l ue of the a n n u a  l measure at the 

a verage age of the popu  l at i on used i n  other stud i es. 23/ per f orm i ng 

th i s  exerc i  se, the compara b l  e va  l ue of l i fe I s  est i mated to be between 

$ 1 46 ,  5 1 0  and $ 560 , 280 . Th ese est i mates are presented I n  the f i rst row of 

ta b l e  3 .  

V .  V A L U E  OF L I FE EST I MATES W I TH SUB J  ECT I V E D I  SCOUNT I NG 

The va l ue of l i  fe est i mates to th i s  po i nt h a ve been based on a n  

assumpt i on that consumers do not exh i b  i t  t i  me preference (beyond that 

I nduced by the u ncerta i nty of  s u r v  i va l )  . However  , assumpt i ons a bout 

consumer t i me preference p l  ay  a potent i  a l  l y  I mportant ro l e  I n  the 

methodo l ogy for est i mat i ng the va l ue of l i  f e .  

A h az a rd l i  ke smok i ng I s  ch aracter i z ed b y  s i gn i f  i ca nt l ags between 

consumpt i on a nd I ts u l t i mate hea  l th ef fects. When  n ew I n  format i on a bout 

t h e  h az a rd I s  re l eased , the I nd i v  i du a  l cons i de r  i ng a reduct i o n  I n  

consumpt i on I nc u rs a ut i l l ty cost throug h out h i  s l i  fe for the sa ke of 

benef  i ts that are con centrated l ater I n  l i fe .  I f  the I nd i v  i dua  l I s  

d i scount i ng these f uture bene f  i ts ,  a methodo l ogy that match es h i s o bser ved 

r ed u ct i on I n  demand to undl scou nted l i fe sav i ng ben e f  i ts wl I I l ead to 

u nderest i  mates of the va l u: of l l  fe . 24/ 

Morta l i  ty data Is a val f ab l e  to est i mate the t i m i  ng of deaths for 

smokers re l at i ve to non-smokers . I n  pa rt i  c u  l a r ,  a f un ct i  on  of the form 

P = Aexp (K/Age2) w here P i s  the d i  f ference I n  the proba bl l l ty
e e 

of  death for smokers re l at i ve to non  -smokers was f i  t to data aval f ab l e  from 

a study of morta l i  ty patterns of smok i ng  a nd non-smok i ng U . S  . Veterans CHEW 
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1 9 79 ) ; the coeff i c i  ents A =  -. 59 a nd K = -63 1 6  prov i ded the best f i t  


(R 2 = .98). For pur poses of est i mat i on ,  I nd i v i  dua  l s  are assumed to 


know the bas i c  sh a pe of th i s  excess death f u n ct i  on. A mu l t i  p l  i cat i ve 


sca l i  ng factor I s  used to generate d i  fferent be l l ets about the number of 

years of ex pected l i  fe l ost throu g h  smok i ng.9 As I n  the case of no  

d i scou nt i  n g ,  the sca l i  n g parameter was set to ref l ect a r a n ge of 

assumpt i ons a bout l i  fe expectan cy be l i  efs ( see tab l e  2). 

Argua b  l y ,  the a p p ropr i ate t i me preference r ate for th i s  context I s  

bounded by the rea l I nterest rate. 26/. F i  sher a n d  Lorl e ( 1  9 7 7) h ave  

p ut th i s  rate at  no more tha n  2. 5 percent over the l ast 5 0  yea rs. To a l  l ow 

for the possl bl I tty that I mperfect i ons I n  the cap  i ta l  mar ket I nh i b i  t t ime 

p reference from be i ng fu  l l  y r ef l ected I n  the o bserved I nterest rate , t i me 

preference rates u p  to 5 percent were a l  so cons i dered. 

By I ncor porat i ng th ese d i scount rates a nd th e assoc i ated excess death 

f u n ct i on P I nto the a l  gor i thms d i  scussed above , rev i sed va l ue of l i  fe e 

� d i str i but i ons were f i tted. The resu l ts are presented I n  rows 2-4 I n  tab l e  

3. 

When the t i me prefere n ce rate I s  set eq ua l to the I nterest r ate . 0 2 5, 

the best no-d i scou nt est i mate of $ 30 1  , 77 0  I ncreases to $368 , 49 5. Dou b  l i  ng 

t h e  t i me preferences rate to . 0 5  I ncreases the est i mate to $ 503,  1 32. Th e 

l ower a nd h i  g h er bou nd esfl mates u n der the n o-d i scount assumpt i on I ncrease 

by sl ml l a r  amounts. I n  short , whl  l e  the I ntroduct i on of d i scou nt i ng does 

I ncrease the measu r ed va  l ues of l i  fe , these I ncreases are  n ot l a rge enough  

to ch ange  the order of mag n  i tude of the res u  l ts. 

The resu l ts I n  ta b l e  3 are  re l at i  ve  l y  l ow when  compar ed to prev i ous 

est i mates of the va l ue of l i  fe. B l omq  u i  st ( 1  9 7 9) a nd T h a  l er and Rosen 

( 19 7 5) generate resu l ts that are  I n  th e $450, 000  - $500 , 000 range  ( 19 80 
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do l I ars ) .  Our best estimates are a p proximate l y  two-thirds as l arge as 

these estimates without discounting, and j ust as l a rge  with discounting at 

a r ate of  5 percent. Simi f a r  f y, the estimates are consider a b  l y  be l ow other 

estimates I n  the literatu re that range from $ 1  ml I l ion ( 1  980 do l I a  rs ) to 

a l  most $ 3  mi l l  ion per f i fe saved ( Brown ( 1  980 );  Smith ( 1  976 ); V I scus ! 

( 1  978 )  ) .  Th us, when compa red to previous studies, our resu l ts to this 

point su p port the use of gener a  l f y  l ower va l u es of f if e. 

V I .  	 VALUE OF  L I  FE EST I MATES WHEN CONSUMER 

B E L  I E FS ARE NOT I DENT I CA L  

T h e  estimates presented a bove a r e  based on the assumption t h at a l  I 

consumers h ave the same assessment of the l i f e  l oss due to smoking. 

Whl le this assumption h as been wide l y  used I n  the l iterature , It I s  

trou b l  esome on theoretica l and empirica l grou nds. I f  some I ndividua l s  

a ccept re l ative l y  high rl sks, I t  can be I n  ferred that either they h ave 

re l ative l y  l ow v a  l ues of l i f e  or they h ave re l ative l y  l ow estimates of the 

risks. For examp l e  , I n  terms of figu r e  2, the h ig h  freq uency of l ow va l ues 

of  l i f e  cou l d  suggest that a su bstantia l portion of the pop u  l ation  simp l y  

u n derestimates the l i fe cost of smokin g. 

To the extent that I ndividu a  l s  with weak responses be l ieve the l i fe 

costs a re r e  l ative  l y  l ow ,  their comp uted va  l u es of l ife shou l d  be h ig h e r  

t h a n  t h e  l eve l ref  l ected I n  fig u r e  2 .  Simi l  a r  l y ,  consumers w h o  reacted 

stron g  l y  to the h a za rd I n  formation but w ho ho l d  h ig h er estimates of the 

l ife cost shou l d  be com p uted to h ave l ower va l u es of l i fe. The n et ef fect 

of th ese competing adj ustments on the mean va  l ue of l ife depends on th e 

p a rtic u  l a r  be l ie f  distribution h e  l d  by the pop u  l ation.  However, the 
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var i an ce arou nd the mean I s  expected to ta l I bec a u se part of the prev i ou s  l y  

o bserved var i ance I s  now attr i  b uta b  l e  to d i  f ferences I n  be l lets . 

Wh i l  e re l i  a b  l e  be l i  ef I n  format i on I s  not ty p i ca l  l y a va i  l ab l e  , a 

nat i on a  l l  y proj ecta b l  e survey was conducted by the Roper Org a  n i  zat i o n  for 

the Federa l Trade Comm i ss i on I n  November 1 9 8 0 .  I nd i v  i du a  l s  were a sked to 

j udge the truth f u  l ness of a n  assert i on that a 30 y ear o l  d pack-a-day smoker 

h ad a l ower l i fe expectan cy tha n  a compara b  l e  non-smoker . 27/ Those who 

a n swered I n  the a f  f i  rmat i ve were then a s k ed h ow ma ny  years of l i fe were 

l ost on average .  Th e s urvey res u  l ts are s hown I n  tab l e  4 .  

Whl l e  these res u  l ts are s ug gest i ve of con sumer know l edge of smo k i  n g  

r i  sks  , some prob  l ems are ev i dent . For I nsta n c e ,  3 0  percent o f  the 

pop u  l at i on (an d  40 percent of smokers) den y  that smok i ng a f fects l i  fe 

expectan cy . Yet , these res ponses are d i  rect l y  contrad i ct ed by the 

I nd i v i du a  l s  themse l ves I n  oth er parts of the s urvey , a nd by overa l I market 

res pons e  beh avl or .  28/ Notw i th stand i ng these s hortcom i ng s  , the s urvey 

res u  l ts suggest s evera l q ua l i tat i ve features of c urrent consumer know l edge 

of  smok i ng .  

F i  rst , on average , I nd i v  i dua  l s  do n ot a p  pear to u nderest i mate the 

r i sk of smok i n  g .  Ta k i ng the s urvey res u  l ts at face va  l u e ,  a nd I gnor i  n g  

the non-res ponses , the mea n  l i fe l os s  I s  a p  prox i mate l y  3 . 5  years , wh i ch 

c l  ose l y  corres ponds to ep  i dem i o  l og i ca l res u  l ts (see n ote 11/>· 

Second , the be l i  e f  d i  str i but i on I s  not symmetr i c  ; even I f  zero-cost 

res pon s es are e l  i m i  n ated , the d i  str i  but i on I s  s kewed to the l ef t .  Wh l l e  a 

greater n um ber of con s umers a p  parent l y  u nderest i mate the l i fe loss of 

smok i n  g ,  those who do overest i mate do so by a greater marg i n  on a verage . 

Th i rd ,  and f i na l  l y ,  the d i  str i  but i on exh i b i ts a h i  g h  var i an ce .  For 

I n  sta nce,  I nc l ud i  ng the zero-cost res ponde nts I n  the l owest cost grou p ,  
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the standa rd dev i at i on of t h e  Roper d i  str i but i on !s 4 . 3  yea rs, ther eby 

suggest i ng that the d i spers i on of be l i  efs  about the mea n  l i fe l oss cou l d  be 

q u i te h i  g h  . 

The dev i at i ons I n  reported be l i  efs  are l a rge  enough  to I ntroduce the 

possl bl l l ty that the est i mated va l u es of l i fe ref  l ected I n  tab  l e  4 a nd the 

correspond i ng d i str i but i ons are l arge l y  a n  a rttfact of the u n  i form be l i ef 

assumpt i on .  To I nvest i gate th i s  I ssue , the va  l ue of l i fe d i str i but i on was 

r eest i mated I ncor porat i ng the Roper survey data . For th i s  pur pose , 

consumers w ho r esponded that smok i ng h ad no  l l  fe expectan cy ef fects were 

p l  aced I n  the l owest Roper category of 0-2 y ea rs l ost per pack; 29/ 

consumers I n  each category are assumed to be u n  i form ! l y  d i str i buted across 

the category . Th i s  be l i  ef  d i str i but i o n  h as a mea n  of 4 . 3  y ea rs .  I t  I s  

a l  so assumed th at a n  I nd i v  i du a  l ' s r eported be l i  ef a bout the l l  fe  cost of 

smo k  i ng Is I ndependent of h is unde r  l y i ng taste for c i ga rettes r a nd h i  s 

va  l ue of l ! fe v .  

W i th a p propr i ate adj u stments to the so l ut i  on a l gor i th m ,  the mode l ca n 

be so l ved under the Roper be l i  ef  assumpt !on . 30/ Th e so l ut i on  I s  

c h aracter i zed by parameters e = 3 a nd k 1  = 1 .  2 a nd a va  l ue o f  l i  f e  

d i str i but i on wl th a mea n  of $ 8 ,  500 p e r  y e a r  o f  l i fe a nd a standa rd 

dev i at i on eq ua  l to 70 perce nt of the mean ( rough  l y ,  $6 , 000) . I n  contrast , 

w h e n  the va l ue of l i fe dl ɠtrl butl on  I s  comp uted for a u n  i form be l i  ef of 4 . 3  

years, the mean va  l ue of l i  fe I s  fou nd to b e  $ 6 , 9 5 0  w i  th a sta n da rd 

dev i at i  on  eq ua l to 1 06 percent of the mea n  ( rough  l y  $ 7 ,  415) . 

The v a  l ue of l i  fe d i str i but i on for th e Roper be l i  ef d i str i b ut i on I s  

shown by the h um p ed dens i ty f u n ct i  o n  I n  f i gu r e  2 .  Th e correspond i ng 

u n  i form be l i  ef case ( 4 . 3  y ea rs) I s  very sl m !  l a r  to the u n  i form be l i  ef case 

of 3 .  5 years a l  so shown I n  f i  g u r e  2. As expected , the I ntroduct i on of 
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d i f fer i ng consumer be l i  efs acts to r educe the va r i  a nce of the va l ue of l i  f e 

d i str i but i on; the mass of the d i  str i but i on I s  a l so declde l y  p ushed away 

f rom zero. ɡɢre I mporta n t  l y  perh aps,  the Roper be l i  ef assumpt i on I ncreases 

the mea n  va l ue of l i  fe by a p p rox i mate l y  2 0  percent,  from $6, 950 to $ 8, 500 

per year. Th i s  I ncrease Is p rl marl l y  attr i buta b l e  to the n et r educt i on I n  

the dens i ty of I nd i v i  dua  l s  near zero. I t  I s  I nterest i ng to note , however ,  

that desp i te the decl de l y  skewed nature of th e Roper s u r vey r es ponses , th e 

f i  tted va l ue of l i  fe d i str i but i o n  cont i n ues to h ave a c l ear  non-symmetr i c  

c h aracter w i th a concentrat i on of dens i ty at l ower va  l ues. Moreover , whl  l e  

somewh at d i  m i n  i sh ed I n  strength , our  prev i ou s  f i nd i ngs of a su bstant i a l  

v a r  i at i on I n  I nd i v i du a  l va  l u es of l i fe r ema i ns. 

V I  . CONCLUS I ON 

Us i ng a t i me ser i es a p p roach , th i s  study found that c i garette-h ea l th 

d i sc l  osures l ed to a r educt i on I n  the demand for c i ga rettes o f  $1 . 1 5  on 
- -

a verage. Th e sh i ft ca n be compared to the 1980 p r  i ce per pack of 

c i ga rettes of $ . 6 56 .  From these react i ons,  the best est i mates of the 

a verage va l ue of  l i fe h e  l d  by  the pop u  l at i  on  were p ut I n  the range of 

$300, 000 to $ 500, 00 0 .  Var i ous sens i t i v  i ty tests con f i  rmed that t h e  r es u  l ts 

were robust. 

The pa per a l  so I de nt i f i ed a nd q ua nt i f i  ed seve r a  l b i  ases that p l  ag ue 

v a  l ue of l i  fe stud i  es. For examp l e ,  h ad observed aggregate c i  g arette 

dema nd been used to est i mate the per ca p i  ta sh i ft due to c i ga rette- h ea l th 

d i  sc l  osures ,  the average va  l ue of l i  fe wou l d  h ave been u nderstated by a bout 

20 percent. Th e error occu rs because the react i ons of consumers who l eft  

the  c i ga rette mar ket a re n ot f u  l l  y measured. I t  I s  a l so shown that 

I nd i v  i dua  l s '  demand react i ons are compr i  sed of two pa rts , one that ref l ects 
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a d i  rect va l ue of l i  fe d i  scount and one t h at ref l ects the red u ct i on In the 

q ua l i ty of c i  garette smoke d .  The l atter effect account ed for a p prox i mat e  l y  

2 5  percent of the  tot a  l obser ved red u ct i on In c i  garette demand . I gnor i ng 

t h e  q ua l i t y  react i on to hea l t h  d i  sc l osures wou l d  h a ve l ed to errors In 

ca l cu l at i ng the  va l ue of l i fe t hat ranged from 1 0  to 5 0  percent In t h  i s  

st u d y .  

T h e  t i  me ser i es ap  proach, toget her  w i  t h  eff i c i  ent use of aval fab l e  

d at a, perm i ts an est i mat i on of t h e  d i st r  i b ut i on of va l u es of l i  fe h e  l d  by 

t h e  pop u  l at i  on, not j ust the  mean va l ues.  Pers i st ent smokers In 1 980 

exh i b  i t ed v a  l u es of l i  fe t h at were genera l l  y l ess t h an two-t h  i rds t h e  

average for t h e  popu l at i on and l ess than one- h a  l f  t he va l ue for 

non-smokers . The l arge d i  spers i on Tn va l u es of l i  fe across t h e  pop u  l at i on 

conf i rms susp i c i ons t hat the  a p p ropr i ate va l ue of l i  fe for po l i  cy  or oth e r  

p u rposes can d i  ffer su bstant i  a l  l y depend i ng u pon t h e  segment o f  t h e  

popu  l at i  on affected . 

The  mode l was mod i f i ed to accommodate va r i ed consumer be l i  efs about 

t h e  l i  fe cost of smok i ng .  Rep l ac i ng a un i form be l i  ef assumpt i on w i t h  

sur vey data t h at showed a w i de va r i at i  on In be l  i efs around the  same mean 

c hanged the resu l ts s i gn i f i cant l y .  The est i mated mean va  l ue of l i  fe 

Increased by 20 percent and t h e  standa rd dev i at i on te l I from ove r  1 00 

percent to w i t h  i n  70  percent of the  mean. Stl I I ,  whl l e  t h e  pot ent i a l  for 

v a r  i ed be l i  efs to su bstant i  a l  l y  a l t er t h e  resu  l t s  was demonstr ated, t he 

order of magn i t u de of the  p r  i ma ry q uant i t at i ve resu l ts d i  d not change.  

A c l  ear l esson of th  i s  stu d y  Is that re l i  ance on se l f  se l ect ed r i  sk 

t akers In ɛross sect i on stu d  i es can l ead to ser i ous l y  b i  ased resu  l t s .  I f  

t i  me ser i es stu d  i es are performed to accommodate these b i  ases , It .Is 

Inev i t a b  l e  t h at t h e  emph as i s  of va  l ue of l i  fe st ud  i es must move towar ds 
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hea l th h a za rds and away from acc i dent a  l r i  sks. I n  the  case of acc i dent s ,  

risks are more appa  rent and therefore offer l i  tt l e  ch ance to observe 

observe mar ket react i ons to new I nformat i on a bout r i  sks. The st udy of 

h ea l t h  hazards , however , I nev  i t a b  l y  req u i  r es an ex p l i  c i  t treatment of t i me 

preference rat es as we I I  as est !mat es of t h e  t i  me prof l ie of the  mort a l lty 

effects over I nd i  v i d  u a  l l i  fet i mes. They a l  so req u i re mor e  attent i on 

towards t h e  q uest i on of consumer be l i  efs. Rout i ne l  y assum i ng t h at 

consumers ho l d  correct ex pect at i ons about hea l t h  h a z a rds I s  a prob l em t hat 

p l  a gues a l  I va  l ue of l i  fe stu d i  es. But I t  may be more trou b  l esome for 

new l y  announced hea l t h  r i  sks. F i  rst , I n  the  case of hea l t h  h a za rds , t here 

is an I nd i rect connect i on between consumpt i on and its u lt i mate 

conseq uences , and second , it may t a ke cons i derab  l e  t i  me for the pop u  l at i on 

to ass i ml l ate t h e  fu l I I mp l i  cat i ons of new l y  announced h az a rds. 

Fut u re st u d  i es cou l d  s i gn i  f i cant l  y benef i t  from access to l ong i  t ud i na l  

m i  cro data sets wh i ch I nc l ude beh av  i or a  l and be l i  ef I nformat i on. I n  t h  i s  

paper , v ar i ous d i str  i but i ons were i nferred from aval !ab  l e  p i  eces of 

i nformat i on descr i b  i ng aggreg ate beh av  i or. More r e  l i  a b  l e  r esu l ts and 

better concepts of stand a rd errors around t hese res u  lts  cou l d  be found by 

st u d y  i ng many i nd i v  i d ua l s '  react i ons over a s i m i  l ar l y  cr  i t  i ca l  t i  me per i od .  

W h l  l e  such dat a  bases a r e  rare , t h ey cou l d  s i gn i  f i cant l  y I mprove our 

know l edge of t h e  way l ndl vl d u a  l s  react to r i  sk and the  ro l e  consumers ' own 

est i mates of hea l t h  cost p l  a y  l n  determ i n i ng t he i r  beh av i or. 

F i na l  l y ,  It I s  worth h i  g h l i  g ht i ng a few feat u r es of t h e  r esu l ts t h at 

a r e  usefu l for po l i  cy ap  p l i  cat i on. Po l l  cymakers somet i mes h ave d i ff i cu lty  

d ea l i  ng w i  t h  v a  l ue of l i  fe est i mates t hat are generat ed by  the  compensat i on 

pr  i nc i p  l e. Th e i r  cr i t  i c i sms are based on arguments t h at I nd i v  i d  ua  l s  do not 

know t h e  h ea l th costs of r i  sks; t h at workers cannot move from dangerous 
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jobs because they are e it h e r  hea v i  l y  i nvested i n  pa rt i  c u  l a r f i  rms or are 

oth erw i se lmmob i l e; t h at d i  fferent Ind i v  i d u a  l s  h a ve d i  fferent va  l ues of 

l i  fe , and f i na l  l y ,  that some Ind i v  i d  ua  l s  cannot "afford " to avo i d  r i sks . 

The case of c i ga rettes may prov i de a p a rt i  cu  l ar l y  usefu l examp l e  to 

dea l w i t h  these prob l ems . Ava! !a b l  e ev i dence does not s u p po rt e it h e r  t he 

not i on t h at i nd i  v i d u a  l s ,  on average , a re unaware of the  l i  fe cost from 

smok i ng ,  or t h at add  i ct i on ( t h e  counterpa rt to jo b i mmobl l lt y) Is a 

s i gn i f i cant prob l em In t h e  case of c i ga rettes .8 The est i mates a l  so 

perm i t  q uant i  f i cat i on of the  extent to wh i ch va l ues of l i  fe act u a  l l  y d i  ffe r  

across the  popu l at i  on .  F i na l  l y ,  rat h e r  t h an dea l i  ng w i  th  the  d i ff i cu l t  

q uest i  on r e  l at i  ng t o  t h e  " afford a bl l lt y "  of r i sk a vo i  d ance, t h e  case of 

c i  ga rettes perm i ts us to use an exa m p  l e  wh ere i nd i  v i du a  l s  actua  l l  y must pay  

an out -of-pocket cost for opport un i ty to expose th emse l ves to r i sks . The  

popu  l a r  retort t h at l ow Income Ind i v i  d ua l s  (who i nc i denta l l  y smoke more 

t h an h i  g h  Income Ind i  v i d u a  l s--see I p po l i to et a l .  1 97 9) cannot " affo r d "  to 

p u rchase a safety dev i ce Is thwa rted w it hout resort i ng to awkward a rg uments 

a bo ut marg i na l  vs a verage ut i l ltles of consumpt i on .  
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Cap i ta C i garette Consumpt i on, 

Smok i ng Pa rt i c i pat i on 

- Per Cap i t a  C i garette Consumpt i on 

APPEND I X  

Effects of D i sc l  os u re on Per N i cot i ne 


Content and t h e  Rate 


The h i  story of c i  garette h ea l t h  d i sc l  os ur es h as been g i  ven e l  sewhere, 

and therefore I s  not repeated here ( see, e .g . ,  I p po l  i to et . a l .  1 979  or  

K l  e i n  et . a l .  1 98 1  ) .  I n  essence, t h e  h ea l t h  h a zards  of smok i ng were w i de l  y 

p u b  l i  c i zed sta rt i ng a round 1 952, c u  l m  i nat i ng I n  t h e  now-famo u s  S urgeon 

Genera l '  s Report I n  1 964.  N umerous ad d i t i ona l Reports and much a d d  i t  i ona l 

p u b  l i  c i ty h ave ens ued . I n  th  i s  Ap pend i x, est i mates a re made  of wh at per 

c a p  ita  c i  ga rette cons umpt i on, n i cot i ne content per c i  g a rette smoked a nd t h e  

overa l I smok i ng part i  c i  pat i on rate wou l d  h a ve been Tn 1 980 I f  n o  hea l t h  

d i sc l os ur es h ad ever a p pear ed . Th ese est i mat es are compared to a ct ua l 

behav  i or t h at ch aracter  i zed t he c i ga rette smok i ng mar ket I n  1 980.  

I n  1 980, per ca p i t a  c i ga rette consumpt i on was  1 95 packs per year 

( U . S  . Department of Agr i cu l t ure, 1 98 1  ) .  The per ca p Tta cons u m pt i on t h at 

wou l d  h a ve occurred w i  t hout d i sc l  os ures I s  est i mated by ana l y z i ng aggreg at e  

c i  garette cons umpt i on I n  t h e  U . S .  over t i  me .  

Severa l stu d  i es h a ve used somewh at d i  fferent methodo l og i es to mea s u r e  

t h e  effects of c i  g a r ett e-h ea l t h  p u b  l i  c i  ty  on per c a p  i t a  c i  garette 

consumpt i on .  Th e res u  l t s  h a ve a l  I been s i  m i  l a r .  32/ I n  th  i s  a p  pend i x, 

t h e  res u  l t s  presented I n  I p po l i to et . a l .  ( 1  9 7 9  ) wh i ch I nc l u d ed data u p  to 

1 9 7 5  are u p d ated t h ro u g h  1 98 0 .  Fo l l ow i ng the  same met hodo l og y, t h e  

fo l l  ow i ng s pec i f i cat i on of c i  garette cons umpt i on from 1 934- 1 98 0  was 

est i mated : 



I n  tab  l e  6 .  33/ 

c = b + b t + b 0 53/ ( l -edT53) + b 3064 T64 + b P 
0 1 2 4

+ b y + error 5

The va r i a b  l e  c I s  the l og of the number of c i  g a rett es consumed per 

a d u  l t  ( ag e  1 8  and over) In t h e  U . S  . , P Is a BLS  rea l ret a  i l  pr i ce Index,  y 

Is the l og of def l ated per ca p i t a  Income and t I s  the  l og of a trend term. 

The term 053 denotes the a p  pearance of In i t  i a  l h ea l t h  d i sc l  osures and 

su  bseq uent p u b l  i c i  ty  and eq u a  l s  one d u r  i ng t h e  per i  od 1 953- 1 980 and zero 

ot h er w  i se; 064 d enotes the  a p pearance of t h e  Surgeon Gener a  l ' s Report and 

s u  bseq uent p u b l i  c i  ty  and eq ua  l s  one d u r  i ng t h e  per i od 1 964- 1 980 and zero 

otherw i se .  T53 i s  a t i  me counter beg i nn i ng at one I n  1 953  and T64 Is a 

counter beg i nn i ng at one i n  1 964 . I t erat i on on d In i ncrements of . 2 5  

r esu l t ed i n  t h e  best f i t  of t h e  eq uat i on when d eq ua l ed - 4  . 0; b2 I s the  

l ong term percentage red u ct i on In consumpt i on ow i ng to the  1 95 3  d i sc l  osures 

a nd su bseq uent p u b l  i c i  ty , assum i ng t hat the Surgeon Genera l ' s Report h ad 

never a ppeared . 

Th e est i mates us i ng ord i na r y  l east sq ua res are presented In eq uat i on 

The  est i mates on the  hea l t h  d ummy v a r  i ab l es suggest 

t h at t h e  1 953 hea l t h  d i sc l  osures and su bseq uent p u b  l i c i ty l ed to a l ong 

t erm decrease i n  per ca p i t a  consumpt i on In t h e  v i c i n i ty of 1 7  percent , and 

t h at t h e  S u rgeon Genera l '  s Report and su bseq uent p ub l i  c i  ty  l ed to an . 

a d d  i t  i ona l gradua  l red u ct i on In per cap i  t a  consumpt i on on t h e  ord e r  of 3 .  1 7  

percent per year t h rough  1 98 0 .  

Together , t h ese measur es suggest t hat per cap i t a  c i ga r ette consumpt i on 

In 1 980 was 50. 4 percent of what i t  wou l d  h ave been a bsent the  a p  pearance 

of smok i ng-hea  l t h  p u b  l i  c i  ty  . Th u s ,  w i  t hout t h e  a p pea r ance of d i sc l  osures ,  
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per ca p i  t a  consumpt i on wou l d  have been 386 packs per year In 1 980 com pa red · 

to act ua l cons umpt i on o f  1 9 5 packs per yea r .  

N i  cot i ne Content 

The re l at i ve h a rm assoc i at ed w i t h  smok i ng a pa rt i c u  l a r  ty pe of 

c i  garett e can be Indexed by Its n i cot i ne content . 34/ N i cot i ne cont ent 

by brand and var  i ety l s  a va i !a b l e  from t h e  Federa l Trade Comm i ss i on .  

Cor r espond i ng mar ket share data Is aval f a b  l e  f rom J .  P .  Maxwe l I ( see 

ref erences) . Whl l e  the  va  l ue of l i fe ca  l cu l  at i  ons In t h e  t ext req u i re t h e  

d i  str  i but i on of  smokers across n i cot i ne ty pes, It Is wei I documented t hat 

smo k  i ng Intens i ty Is Inva r  i a nt to c i  garette-ty pe ( see  I p  po l i  to, 

et . a l .  1 979; Hea l t h  Conseq uences of Smok i ng 1 98 1 ); h ence, t h e  d i str i but i on 

of  mar ket sha res across n i cot i ne-ty pe c i ga rett es Is eq u i va l  ent to t h e  

d i str i but i on o f  smokers across n i cot i  ne-ty pe c i ga rettes . 

a .  	 Smoker D i  str i but i on Ac ross C i garette 

Ty pes W i t h D i sc l  osures 

The  act ua l d i st r  i but i on of n i cot i ne c i ga rett e  ty pes In 1 980 Is 

ca l cu l at ed d i rect l y  f r om t h e  FTC and Maxwe  l I d at a .  Th e n i  cot i ne brand dat a  

was used to aggregate market shares across s i  m i  l ar brands o f  c i ga rettes . 

The resu l t  i ng n i cot i ne mar ket share d i  st r  i but i on was f i  t w i t h  t h e  

fo l l  ow i ng l og i st i  cs eq uat i on :  

( 2 1 ) l og (Z/  ( 1 -Z ) )  = - 5 .  1 1  + 5 .  66 n, R2 = . 99, 
( 49 .  0 9) ( 50 . 4 7) 

w here n Is n i cot i ne content, Z Is the proport i on of c i ga rett es so l d  whose 

n i cot i ne content Is l ess t h an or eq ua  l to n and the numbers In pa rentheses 
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Smok i ng Part i c i pat i on Rate 

a re t-statl stl cs  . Th i s  d i str  i b ut i on Is ch a racter i zed by a mean n i cot i ne 

content of a p prox i mate l y  one ml I l l  gram per c i  garett e .  

b .  	 Smoker D i st r  i but i on Across C i  garette 

Ty pes W i t hout D i sc l  os ur es 

Wh at ty pes of c i ga rett es wou l d  Ind i  v i d ua l  s h ave smoked i n  1 980 If 

d i  sc l os u r es h a d  not a p pear ed ? A c l  ue to t h e  answer Is prov i ded by 

h i  stor i ca l ev i d ence . Pr i or to 1 9 52, a few non-fl I t er c i ga rettes w i th very 

s i  m i  l ar n i cot i ne content s dom i nat ed s a  l es for over t wenty-f i ve yea rs 

(J  . P .  Maxwe  l 1 ) .  I f  n i cot i ne content w i th i n  brand s Is ass umed to be 

constant p r  i or to 1 952, t h e  we i ghted n i cot i ne content per c i  garette smoked 

w a s  v i rt ua l  l y sta b  l e  from 1 926  to 1 952 . Therefore, It Is reasona b  l e  to 

a s sume t h at a bsent the Interven i ng d i sc l  os ures n i cot i ne content wou l d  h a ve 

r ema i ned constant and v i rt u a  l l  y a l  I c i ga r ettes wou l d  h ave h ad t h e  same 

n i cot i ne content . For est i mat i on p u rposes, t h e  l i  m i t i ng a s s umpt i on Is 

adopt ed that a l  I c i ga rettes wou l d  h ave been !dentl ca l .  35/ Us  i ng t h e  
-

FTC and Maxwe l I data, the  n i cot i ne content of t h ese no-Informat i on 

c i ga r ettes Is put at 1 .  4 9  ml I l l  g r ams . 36/ 

The  act ua l part i c i pat i on rate In 1 9 79 Is u sed as  our best guess of 

the  smok i ng p a rt i c i  pat i on rate In 1 98 0 .  As of 1 97 9, 32 .  5 percent of t h e  

ad  u l t pop u  l at i  on smoked c i ga rettes ( Hea l t h  Conseq uences o f  Smo k  i ng, 1 98 1  ) .  

To determ i ne the proport i on of a d u  l t s  t h at wou l d  

h ea l t h  d i sc l  os u res, smok i ng pa rt i c i pat i on rates over t i  me were exam  i ned . 

Pa rt i  c i pat i on rates for the  age g rou p 2 1  -4 7  years o l d  were aval f ab l e  

annua l l  y from 1 94 7- 1  9 7 5  ( H . E . W . ,  Ad u lt Use  of To bacco, 1 97 5 )  ; 37/ t hese 

h a ve smoked but for t h e  

4 



data were ana l yzed us i ng numerous a l  t ernat i ve d ummy v a r  i ab l es to f i t  

cons umer react i ons to hea l t h  d i  sc l  osures. The fo l l  ow i ng spec i f i cat i ons 

prov i ded the  best f i t  to the dat a  : 

a = + t + D 53 + c 3D64 ( T64 ) 2 +c 0 c 1 c 2

c4P + c 5y + e r ror . 

where a Is the  smok i ng part i c i pat i on rate ( a l  I other var  i ab l es were 

d esc r  i bed above ) .  Th e eq uat i ons were run w i th and w i  t ho ut the pr i c e  and 

Income v a r  t a b  l es .  38/ T h e  est i mates are  presented In eq uat i ons 2 and 3 

In t a b  l e  6 .  

Th ese resu lts  c l  ea r  l y  rej ect t h e  hy  pot h es i s  t h at t h e  1 953 d i  sc l osures 

a nd su bseq uent p u b  l i c  i ty h ad a l ast i ng negat i ve Impact on consumers ' 

co l l  ect i ve proba bl l T t y  of smok i ng .  I n  contrast, t h e  r esponse to t h e  1 964 

S u rg eon Genera l '  s Report Is negat i ve and s i gn i f i cant, suggest i ng a l a rge 

l ong term Impact of the  post 1 964 hea l t h  d i sc l  osures on smok i ng 

part i c i  pat i on rates. I t  can be Inferred from t h ese est i mates that a bsent 

h ea l th d i sc l  osures, the  pa rt i c i pat i on rate wou l d  h ave been 54. 2 percent 

In 1 98 0 .  

Th e data deve l oped a bove Is summa r i  zed In tab  l e  1 I n  t h e  text. 

5 



bH-b L . 
MH L/ ( bɜ- b l ) l ! fe . 
n-q u a i Tt y  

FOOTNOTE S  

J! For more comp l ete rev !ews of the  l i terature, see Bal l ey ( 1  980 ) ,  

B l  omq u !st ( 1 980) , Brown ( 1  9 80 ) and Sm !t h  ( 1  9 79) . 


1f The sh !ft ref l ects the  sav i ngs l n  l l fe generat ed by the swl tch MH L  
However, 

u nd e rstates the  true va l ue of I n  an 
mode  l ,  t h e  I nd i  v i d u a  l can be t hought of a s  ma k i ng a ser i es of 

sw i tc h es to l ower n i cot i ne c !garettes . At f i  rst, the red uct i ons I n  tastes 
are  outwe i gh ed by I ncreases I n  l i  fe expect ancy; and so, t h e  I nd i v  i d ua l 
cont i nues to sw i tc h  to ever poorer t ast i ng c i ga rettes untl I t hese factors 
exact l y  ba l ance . Th u s, t h e  sum of l !fe expect ancy ga i ns from t h e  
!nt ra-margl na l sw i tch es exceeds t he s u m  of t h e  ut i l l ty costs of smok i ng 
l ower taste c i ga rettes. 

t o  l ess harmfu l c i ga rettes, measu red by 

3/ We chose not to mode l smok i ng as an a d d  i ct i on I n  t h e  sense t hat 
qu i tt i ng I mposes a p h ys i ca l  w i t hd r a w a  l cost on t h e  I nd i  v i d ua l .  I f  t h e  
a d dl ctl ve  cha ract er i st i  cs of smo k  i ng were I mportant, I t  wou l d  fo l l  ow t h at 
a fter 1 964 (the  dat e  of t h e  tl rst S urgeon Gener a  l ' s report), t h e  r ed u ct i on 
I n  sta rt rat es wou l d  have been proport i ona l l  y l a rger  t h an t h e  correspond i ng 
r ed u ct i on I n  over a  l I p a rt i c i pat i on rates; t h at adj ust i ng for other  factors, 
p r e- 1 964 sta rters wou l d  smoke e it h e r  more c i ga rettes or h i gh e r  n i cot i ne 
cont ent c i garettes t h an post - 1 964 sta rt ers; and t h at post 1 964  q ul t  rates 
wou l d  be l ower for o l der smokers t h an for younge r  smokers . Ava ! l ab l e  
emp i r  i ca l  ev i dence rej ects t h ese hy  pot heses . See I p po l  i to et . a l .  ( 1  979 ) .  

4/ Th e money cost and the  d i sutl I t ty cost of a smok i ng-r e  l ated fat a  l 
_ Ll  l ness are not necessarl l y  h i  g her t h an those t h at wou l d  oth e rw i se be 

I nc u r red tor an unre l ated fata l I I l ness . Lower hea l t h  l eve l s  t hat may be 
c aused by smo k  i ng d ur i ng l i  fe ( shortness of breat h, coug h  i ng, etc .  ) were 
p r esuma b  l y  more w i de l  y known, and t h erefore I nterna l i  zed,  pr i or to 
d i  sc l osures .  For t hese reasons, t h e  p r  i ma ry h ea l t h  cost of smok i ng I s  
t a ken to be a red u ct i on I n  l i  fe expect ancy . 

5/  Rep l ac i ng t h  i s  assumpt i on w i th  a weaker one--th at t h e  I nd i v  i d u a  l h as a 
percept i on of t h e  effects of smok i ng on expected l i  fespan--does not affect 
t h e  no-d i scount resu l ts g enerated be l ow .  

6/ N i  cot i ne I s  h i  gh l  y corre  l ated w !th ot her  determ i nants of t h e  smok i ng 
r !sk, e . g ., tar a nd car bon monoxl d e .  

7/ A I  I ages a r e  t aken I n  reference t o  t h e  a g e  when t h e  smok i ng decl s !on !s 
ma d e, so t h at age I = 0 r efers to t h e  sta rt i ng age.  

8/  More pa rtl cu  l a r l y, ln  a wor l d  I n  wh i ch ut i l l ty Is  a funct i on of  tot a  l 
nl cotl ne T nta ke, rat h er t h an q uant i ty of cl garettes and n i cot i ne content 
separ ate l y, a l  I smokers wou l d  smoke one very strong c i ga r ette per per i od . 
They wou l d  do so because cl garette pr  i ces are genera l l  y I nsens i t  i ve to 



wea l t h  
Howeve r, 
smok i ng 

a nd 

1 1  / 
h i  g her 

n i cot i ne content . Th e fact t h at smokers pay for the  op port un i ty to spread 
t h e  i r  nl cotl ne T nt a ke over many cl gar ett es dal l y  r ej ects mod e  l s  t h at pose 
ut i l l t y  as a f unctl on on l y  of nl cotl ne Intake . 

9/ Th i s  s i mp l i  f y  i ng assumpt i on cou l d  be re l axed to T nc l u de an over a  l I 
constra  i nt wl t h  va r i a b  l e  T ncome over l i fe and sav i  ngs possl bl l l tl es .  

t h ese gener a  l l tl es are su per f  l uous for t h e  a cons i derat i on o f  
behav i or .  

1 0/ Th e pr  i ce of same-s i zed cl g a rettes Is genera l l  y T nsensl tl ve  to t he tar 
nl cotl ne content per c i  garette .  

I n  	fact, t h e  ev i dence suggests dl ml nl shl ng mort a  l i ty ef  fect s  f r om  t h e  
rates o f  smok i ng and a l ag g ed h ea l t h  r esponse t o  r ed uced consumpt i on 

( U . S .  Depa rtment of Hea l t h  , Ed u cat i on & We l f a re 1 97 9 )  . 

J1! I n  pa rt i cu l ar ,  T t  i s  assumed t h at t h e  ut i l l ty of smokl ng Is sma l I 

compa red to the ut i l l ty of l i  v i ng and consum i ng a l  I ot h e r  goods . 


llf Occas i ona l snapshots of  cross sect i on beh av i or h a ve been t a ken . 
However , t hese data sets a re gener a  l l  y not compara b  l e  and do not cover 
p r e- 1 96 5  behav  i or .  I n  a d d  i t  i on ,  i t  i s  w i  d e  l y  known t h at the  d i st r  i b ut i on 
of  report ed q ua nt i t  i es of c i ga rettes smoked In these samp l es i s  
Incons i stent w i th  ver i f  i a b l e  aggreg at e  d at a  ( see Warner, 1 979 ) .  Thus,  
aval fa b l e  cross sect i on q uant i t y  data  Is l ess a bund ant and l ess re l i  a b  l e  
t h an a g gregate q uant i  ty  d at a  . 

1 4/ Ot h e r  s i mp l e  spec i f i  cat i ons wh ere t h e  s l ope of demand was not a l  l owed 
to vary by i nd i v i d u a  l were dec i  d ed l y  i nfer i or In f itt i ng aval l ab l e  dat a .  

_ I n  ad d i  t i on ,  a more genera l form of t he demand curve was Invest i g ated where 
p r  i ce P was ra i sed to a power , b ut va  l u es of the power d i f  ferent from un i ty 
d i d  not generated better f i ts to the dat a  . 

_ 

1 5/ A beta d i  str i  b ut i on was chosen h ere beca use t h e  aval  l ab l e  ( t hough  
cross-sect i on Informat i on on Ind i  v i  d ua l smok i ng q ua nt i t  i es shows a 
l eft skew across Ind i v  i d  ua  l s . 

are  mu l t  i p l  e so l ut i  ons for t h  i s  port i on of t h e  mode  l .  These 

suspect ) 
def  i n  i te 

1 6/ Th ere 
so l ut i  ons are c h aracte r  i z ed by sma l I changes rn the  tal I s  of t h e  
d i  str i b ut i on wh i ch d o  not . sl gnl fl  cant l y  ch ange t h e  mean and standa rd 
d ev i at i  on of  t h e  f i  tt ed d i str  i but i ons . The resu  l ts r e port ed be l ow are  not 
ch anged i f  these a l t ernat i ve so l ut i  ons a re used . I n  ad d i t  i on to sat i sfy  i ng 
the  aggregate emp i r  i ca l  cr  i t e r  i a  set-out a bove , t h e  so l ut i on was checked 
aga  i nst two ad d i t i ona l cr i ter i a .  F i  rst , the  aggregate demand c urve 
Imp l i  c i t In the  mod e  l was shown to be essent i a  l l y  Ident i ca l  to t h e  
est i mated p e r  ca p i ta demand presented In t a b  l e  6 I n  t h e  A p pend i x .  A s  a 
f u rt h er c h ec k, the  i mp l i  ed q uant i ty d i  str  i but i on for smokers was compared 
to act u a  l smok i ng Intens it  i es pr i or to hea l t h  i nformat i on ( H EW 1 979  );  
adj  u st i  ng ·for t h e  usua  l underreportl ng b i as In t hese surveys ( Wa rner 1 9 79 ) ,  
t h e  res u  lts  were cons i stent . 



M L/b l 
$ . 86/ bl $ 1 . 1 5/ ( 372 

$ . 7 7/ bl . 

1 7/ Sma l I ch anges In the r i  g ht ta l I of t he d i str i b ut i on d i d  not 

Sign i f i  cant l y  change t h e  resu l t s .  


1 8/ The est i mates o f  smok i ng behav  i or In 1 98 0 ,  a bsent Informat i on ,  are 
su bject to stat i st i  ca  l error ( see t a b  l e  6 )  . Us i ng the 95 percent bounds 
for the est i mates , the mode l was aga i n  so l ved for t h e  correspond l ng demand 
sh i ft d i  str  i but i on .  The f i tted sh i ft d i str  i but i ons for t h  i s  range of  
cr  i ter i a  were ch aracter i zed by  means rang i ng from $ . 9 1  to $ 1  . 28 .  

1 9/ I n  pa rt i  c u  l ar ,  the  dens i ty for the  va l ues of l i  fe Is h (  v )  = 
9(M ( v  ) ) [ b  ( n*- ( bv/n* E ( T ) ek 1 ) )  /n*E (  T )  J - 1  where g ( M )  Is the  dens i ty 
f unct i on for M determ i ned a bove and M ( v )  Is t h e  d emand sh i ft corres pond i ng 
to the va l ue of l i fe v ( f rom ( 1 2  ) ) .  

20/ The dens i t y  for t h e  n i cot i ne cho i ces generat ed by the  mod e  l Is
�1 ( n )  = h (  v ( n )  )n*E ( T ) k 1 e ( e- 1 )  ( n*-n ) e-2; b  where h Is ed e f  f ned In Footnote ( 1  7 )  a nd v ( n )  Is the  va l ue of l i  fe corres pond i ng to a 
p a rt i  c u  l ar n i cot i ne cho i ce ( f rom ( 1  1 ) ) .  

2 1 /  Based on smok f ng surveys and su bseq uent fo l l  ow - u ps u pon t h e  deat h o f  
res pond ent s ,  severa  l stud  i es h a ve est i mated t he ef  fect s of smok i ng o n  l i fe 
expect ancy . The est i mates are g enera l l  y based on the  consumpt i on o f  
pre- f nformatl on n i cot i ne content c i ga rettes . St and a rd i z f  ng to the  same 
f ntens f ty l eve l s , the  resu l ts range f rom 2 . 3  to 4 . 8  years of expect ed l i  f e 
l ost for l f  f et f me pack-a-day smokers ( see I p  po l i to ,  et . a l .  1 97 9 ;  Hammond 
1 967 ; U . S . Depa rtment of Hea l t h  , Ed u cat i on & We l f a r e  1 97 9 )  . Consumers ' 
percept i on of morta l f  ty  warn i ngs ap pear to be cons i stent w i th t h ese 
est f mat es . Hamermesh ( 1  9 8 1  ) cond uct ed a su rvey o f  26-39 year o l  d 
academ i cs.  ot h e r  t h  i ngs constant , smokers i n  h i  s sam p  l e  est i mated t he i r  

_ J l  fe expectanc i es to be 3 .  5 yea rs shorte r  t han non-smokers. I n  a Roper 
survey cond uct ed for the Fed era l Trade Comm i ss i on In 1 980 , r es pondents 
est i mated t h at a l i  fet i me pack-a-day h a b i t  wou l d  r esu lt i n  a r ed uct i on i n  
l i  fe ex pectancy of about 4 years . 

22/ Th at Is , s i nce tar i s  assumed to be l i  near l y  re l ated to l i fe expect ancy 
and s i nce a verage n i cot i ne per c i ga rette f e  l I from 1 .  4 9  mg to . 97 mg , t he 
l i  f e l oss for the  l ow tar c i  garette bl Is a bout two th  i rds t h at 

of l i fe 
x 

of t he 
h i  g h  

= 

tar c i  g arette bɝ · Th us , t h e  average va l ue 
i s  and t h e  a l  t ernat i ve measure  Is M/ b = H
b l ) 

23/ I n  most wage stud  i es ,  for Instance , t he va l ue of l i fe ca l cu l at i on 
refers to t h e  average ma l e  wor ker w ho Is a p prox i mat e l y  37  years o l d  . 
Expect ed l i  f espan at t h  i s  po i nt Is a p p rox i mate l y  3 5  years.  Therefo r e ,  
w i  t hout t i me p r e ference , our  best est i mate of  t h e  compara b l  e average va l ue 
of l i fe der i ved from our measure Is eq ua l to t he annua l measur es t i  mes a 
factor o f  3 5 .  

24/ Prev i ous stud  i es est i mate t h e  expected present va l ue o f  f ut ur e  l osses 
TO ut i l l ty If t h e  i nd i  v i  d ua l does not d i e  f rom an Instantaneous rl s k  ( l  ong 



pattern 

28/ 

f unct i on 

term hea l t h  hazards have not been cons i  dered ) .  These est i mates ref l ect 
consumer d i  scount i ng ,  l f  It ex i sts.  The same a p  proach cou l d  be used for 
t h e  c i  garette measure , but the resu l t  i ng "va l ue of l i fe "  wou l d  be 
a p  p l  i ca b  l e  on l y  to oth er h azards w i  th  the same of r i  sk over l l  f e ,  
t h at l s ,  w l t h  t h e  same l agged str uct ure  of morta l i  ty . I n  order to make t h e  
c i ga rette measure compara b  l e  t o  prev i ous est i mates l n  t h e  l i terat ure ( and 
therefore re l ev ant to Instant aneous r i sks )  , lt must be convert ed to 
represent the  expect ed present va  l ue of l l  v l ng l f  t h e  h a za rd l s  not 
consumed . 

d eat h 
a 
h arm 

26/ 
for 

fact t h at 

2 5/ Th at Is , consumers are assumed to est i mate t he excess proba b  l l l  ty of 
d u e  to smok i ng at any age to be P = dAex p (  K/Age2 ) w here d l s  e

sca l i  ng factor t h at ref  l ects aggreg ate be l i  efs a bout t h e  magn i t ude o f  t h e  
from smok i ng .  

For ex amp  I e ,  see 0 I son and B a  I I ey ( 1 98 1  ) .  I n  essence ,  pos l t  i ve demand 
produ ct i ve cap i t a  l sugg ests t h at the rate of  Interest must exceed t h e  

rate o f  t l  me preference; t h e  same Inf erence Is s u p ported b y  the  emp i r  i ca l 
consum pt i on a p pea rs to Increase w ith  a g e .  

2 7/ Mor e  prec i se l y ,  Ind i v  i d  ua  l s  were asked to cat egor i ze t h e  statement "A 
30 year o l  d person red uces h i  s l i fe expectancy i f  he smokes at l east one 
pack a day . "  Responses were "Know It ' s  true"  , " Th i nk It ' s  true , "  11Don 1 t  
know I f  i t ' s  true  , "  "Th i nk i t  ' s  not t r ue , "  and "Know i t  ' s  not t r u e  . "  
Responses T n  the  f i  rst two categor  i es were cons i dered a f  f i  rmat i ve .  Those 
In t h e  l ast two cat egor i es were cons i dered negat i ve .  

For Instance , i n  the same survey , on l y  2 . 9% of the pop u  l at i on and 5 .  1 % 
of  smokers den i ed t h at smok i ng causes l ung cancer , a w i de l y  acknow l ed g ed 

_ J at a  l d i sease . Moreove r  , aggregate data shows t hat wh i l  e 4 0  p e rcent of 
smokers may say t h at smok i ng does not cause ear l y  deat h ,  on l y  seven percent 
of smokers pers i st l n  smok i ng non- f l  l t ered c i ga rettes . ( see  
J .  P .  Maxwe I I ) • 

2 9/ The resu l ts rema i ned essent i  a l  l y  unchanged when t h e  zero-cost response 
were ass i gned to t h e  0- 1 rang e .  These ass i gnments were done on t h e  bas t s  
o f  Informat i on reported I n  note 28/.  

30/ I n  pa rt i  c u  l a r ,  the  dens i t y  for t hB sh i ft M Js  now 

Max b 
h (  M )  = J f (  v (  M , b )  ) R (  b ) n*E ( T ) /  ( n*- ( bv/n*E ( T ) ek )  1 / ( e- 1  ) ) b  d b  

0 

w h ere f Is the dens i t y  of Ind i  v i d ua  l va l ues of l i fe ,  v ( M , b )  J s  t h e  va l ue of 
l l  fe corres pond i ng to M and b, and R ls t h e  Roper dens i ty for t h e  be l i  ef 
p a rameter b .  Th e correspond i ng dens i t y  f unct i on for n l cot l ne cho i  c es J s  



w i der 

- popu l at i  on 
to  

consumers ' 
l i  fe 

3 1 /  See not e 3/ . 

32/ Ham i l ton ( 1  9 72 ) , 
Warner ( 1  97 7  ) 

Max b 

J ( n )  = f f (  v ( n , b )  ) R ( b )  ( e ( e- 1 )  kn *E ( T )  ( n*-n )  e-2; b ) d b .  


0 


The  so l ut ion a l gor i th m  aga i n  req u i  res I t erat i on on the  pa rameters of 
t h e  va  l ue of l i  fe d i  str  i but i on as we i I as t h e  n i cot i ne taste paramet ers e 
and k .  However , becau se of the jo i nt determ i nat i on of t h e  sh i ft M ,  the  
mode  l generated dens i t  i es for both M and n must be  compared a ga i nst the  
ma r ket generated dens i t  i es .  The m i n i mum  sum of sq ua red d i  fferences I s  
aga  i n  u sed as a so l ut i  on cr  i t e r  i on .  

I p po l  i to et . a l .  ( 1  9 7 9 )  , K l  e i n  et . a l .  ( 1  9 8 1  ) and 
h a ve estl mat ed t h e  effects of I nformat i on d i sc l  osure on per 

cap i t a  c i ga rett e consumpt i on .  Whl l e  t h ese stu d  i es h ave used d i  fferent 
met hodo l og i es and cover ed somewh at d i  fferent t i  me per i ods,  t h e  i r  resu l t s ,  
w h en extr a po l at ed t o  common years , h a ve been rema rka b  l y  s i m i  l ar .  

33/ These resu l ts rema i ned v i rt ua l l y unchanged when est i mated us i ng t h e  
Coc h r ane-Orcutt techn i q ue t o  correct tor ser i a l  corr e  l at i on .  

34/ The corr e  l at i  on between n i cot i ne and t a r  ( t h e  other maj or I ndex of 
harm ) I s  very h i  g h  ( .  92  u s i ng 1 97 5  Federa  l Tr a d e  Comm i ss i on data ) .  

35/ I t  I s  a rg ua b  l e  t h at the  n i cot i ne-t y pe c i  g ar ette d i  st r i  but i on wou l d  h ave 
nat u r a  l l  y spread over t i  me to I nc l ude  m i  l de r  c i ga rett es e i ther  to attract a 

popu  l at i  on of smokers or to sat i sfy the  demands of ( gener a  l l  y l ower 
n i cot i ne smok i ng )  fema l es who compr  i sed a l a rg er proport i on of t he smok i ng 

over t i  me . By assum i ng cont i nu at i on of the  po i nt d i  str  i but i on 
1 980 , the  ent i re red u ct i on I n  the  mean and t he correspond i ng I ncrease I n  

t h e  spread of t h e  n i cot i  ne-t y pe c i ga rette d i  st r  i b ut i on I s  attr i but ed to 
r eact i on to hea l t h  I nformat i on; h ence , est i mates of t he va l ue of 

are b i  a sed u pward for t h  i s  reason . 

36/ Cons i stent n i cot i ne measur ements by brand h ave been ava i  l a b  l e  from the 
Federa l Tr a d e  Comm i ss i on s i nce 1 96 7 .  S i nce brand shares are a l  so a val ! ab l  e 
from Maxwe l I ,  r ed u ct i ons I n  n i cot i ne consumed per c i ga rette can be 
separat ed I nto w i  t h  i n  brand r ed u ct i  ons a nd across brand sw i t ch es for t h e  
post 1 96 7  per i od .  Us i ng 1 .967  FTC n i cot i ne measur ements, the  effects of 
brand sw i tc h  i ng on n i cot i ne content over t h e  per i od 1 95 2  to 1 96 7  can a l so 
be read ! l y  ca l cu l  ated . Assum i ng that w i  t h  i n  brand red u ct i ons I n  n i cot i ne 
content over t h  i s  per i od took p l  ace I n  the  same proport i on to brand 
sw i tch  i ng as t h ey d i d  after 1 96 7 ,  the act ua  l n i  cot i ne content per c i ga r ette 
I n  1 9 52 ( a nd pr  i or yea r s ) I s  p ut at 1 .  4 9  m i  l l  i gr ams. 

37/ Mor e  pa rt i  c u  l a r  l y ,  the Center for D i  sease Contro l survey In 1 97 5  
d escr i bed t h e  smok i ng h i  story of sur vey part i  c i  pants.  Thus,  adj  u st i  ng t h e  
d at a  to account for t h e  h i  gh e r  deat h r at e  of smokers, I t  I s  str a  i g htforwa rd 
to constr uct smo k  i ng part i  c i pat i on rat es by age and year for t h e  ages 2 1 -47 
and t h e  years 1 94 7- 1  9 7 5 .  



38/ E l  sewhere , It has been found that the proba b l  I t ty of smok i ng may be 
Independent of  Income and pr i ce ( see  I p  po l i  to et . a l  . )  . Th i s  does not 
Imp l y  that smok i ng Intens i ty l eve l s  are Independ ent of pr i ce and I ncome  . 



Ta b l e  1 


Ava ! !ab l e  Ev i dence a bout Smok i n g  Beh a v  i or 

Wlt h and W i t hout D i  sc l  osures, 1 980 


Smok i ng Beh a v  i or W i t hout W i t h  
I nformat i on I nformat i on 

Per Ca p i  ta  C i  garette Consumpt i on 386* 1 95 
( Packs per yea r ;  1 8  years o l  d 
and over ) 

Percent of Pop u  l at i  on Smok i ng 54 . 2* 32.  5 
( 1  8 yea rs o l  d and over ) 

Pr i ce E l  ast i c  i ty of C i garette - .  48*  - .  4 8 *  
Demand 

N i cot i ne Content Per C i  garette 
Smoked ( Ml l  l lg rams )  

Mean 1 .  4 9* . 996 

Stand a rd Devlatlon 0 . 34 

* The numbers not marked by an aster i sk are d at a  report ed by or 
ca l cu l at ed from p u b  l i  shed sou rces In 1 980.  The numbers mar ked by an 
aster i sk a re est i mates of what smok i ng beh a v  i or wou l d  h a ve been I n  1 98 0  
l f  c i  g a r ette-hea l t h  dlsc (osures h a d  never been mad e  ava i  l ab l e .  For 
p u rposes of a pp l i  cat i on, t he n i cot i ne content d i  str i  b ut i on t h at ex i st ed 
In 1 980 was flt by a l og !  stlcs eq uat i on .  A I  I data sou r ces and 
est i mat i ons are prov i ded ln t h e  Ap pend i x  . 



3 . 5  

Ta b I e 2 

Range o f  Est i mated Va l u es of  

One Year of L i  fe Sa ved 


Demand Years Lost Per Packf! 
S h  i ftY 

2 . 0  5 . 0  

$ . 9 1  $ 1 2  , 649 7 , 327 

$ 1  . 1 5  1 4  , 8 5 5  8 ,  622 

5 , 1 42  

6 ,  050  

$ 1  . 28 1 6 , 008 9 , 237 6 ,  507 

1 /  The range of demand sh i fts Is d eterm i ned by the  95 percent 
conf  i dence I nterva l s  of under l y  i ng stat i st i ca l  est i mates on q uant i ty 
and smo k  I ng pa rt I c I pat I on react I ons to d I  sc I osur es .  I n  cases where 
severa l est i mates were made ,  the l a  rgest standa rd errors found In  any 
est i mate were u sed . 

2/ The c i  ted l i fe cost of smok i ng assumes da l l  y l i  fet i me consumpt i on of 
a ty p i ca l  1 9  52-eq u l va l ent n i cot i ne content c i  ga rette . 
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Ta b l e  3 


Est i mates of the  Va l ue o f  L i fe 


D i  scount Lower Bound Best Est i mate H i  gher  Bound 
Rate Est i mate Est i mate 

0 $ 1  7 9, 970 $30 1 ,  7 70 $560, 280 

. 0 1 25 1 96, 678 33 1 , 46 5  6 1 8, 220  

. 025 2 1 7, 6 1 3  368, 495  6 90, 3 5 1  

• 050 294, 502 503, 1 32 950, 426 

Demand S h  i ft $ . 9 1  $ 1 .  1 5  $ 1  . 28 

L i fe Cost : pack a 5 . 0  2 . 0  
day  ha b i t  ( years ) 



3/ 

Ta b l e 4 

Res u  l ts of t h e  Roper  Survey of Con s umer Be l i  ef s  
About the L i fe Expect a n cy Cost of Smo k  i n g  1 980J/ 

Est I mated L I  fe Res pondent D i str i b ut i ons  
Expect a n cy Loss 
From Smok I ngl/ 

Tot a I Smokers Non-smokers 
( Year s )  ( Percent ) 

Zero 30 . 4  4 0 . 9  24 . 7  
Les s t h a n  2 5 . 2  5 . 6  5 . 0  
2 - 4 1 1 . 9  1 3 . 3  1 1 . 3  
4 - 6 1 5 . 5  1 4 . 2  1 6 . 2  
6 - 8 1 0 . 0  8 . 0  1 1 . 0  
8 - 1 0  1 0. 7  6 . 2  1 3. 1 
More t h a n  1 0  

Don ' t  know how m u ch 
4 . 6  2 . 7  5 . 6  

1 1 . 7  9 .  1 1 3 . 1 

Tot a  l 1 00 . 0  1 00 . 0  1 00 .  0 

1 /  I n  1 980 , t h e  Federa l Trade  Comm i ss i on as ked t h e  Roper Orga n  i zat i on to I nc l  ude  
numerou s  smok i ng q uest i on s  I n  the  i r  1 980 r a n d om s urvey . Th e survey I nc l  uded 
1 ,  00 5  I nd i v  i d ua  l s  , I nc l  ud i n g 339 smokers , ref  l ect i ng t he n at i on a  l smok i ng 
part i c i  pat i on rat e  ( s ee A p pe n d  i x )  . 

2/ I nd i  v i d  ua l  s were as ked w h ether  a 30 y ear o l d  person red u ces h i  s f i fe 
expect a n cy I f  h e  smokes at I east one pack a d ay for I t f e .  I f  h e  a n s we r ed l n t h e  
a f f  i rmat i ve ,  t h e  res pondent was t hen  a sked to revea l h i  s est i mate o f  t h e  l i fe 
expect a n cy cost . 

3/ These i nd i  v i d ua  l s  sa i d. t hey t houg ht t hat smo k  i ng red uced f i fe expect a n cy but 
were u n a b  l e  to ass  i gn a part i  c u  l ar n um ber of years to t h  i s  l os s .  



Ta b l e  5 

Va  l ue o f  L i  f e  Est i mates When 

Hea l th Be l i  ef s  Are Not I dent  i ca l 


D i  str i but i on Constant 
of Be l i  e f  Be I I efs  

F i  tted Va  l u e  of 
L i fe D i str i but i on 

Mean $ 8 ,  500 16 , 9 50 

Sta n da r d  Dev i at i on 6 , 000 7 , 4 1 5  

C h a racter i st i  cs  of  
Be I ! efs  

Mea n ( years  ) 4 . 3  4 . 3  

D i str i but i on Roper Non e  

T h e  ca l cu l at i ons  l n  t h  i s  t a b  l e  correspond to t h e  case w here t h e  
i nd i  v i d ua  l demand  sh  i f t  d i  str i but i on has  a mea n  o f  $ 1  . 1  5 ; t h e  assumed 
rate of t l me preference l s  zero.  The I terat i ve so l ut i ons  are  
c h aracter i zed by  n i cot i ne · preference pa rameters eq ua  l to : e = 3 a nd k = 

1 . 2 .  
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Ta b I e 6 
I 

Ef  fects o f  Hea l t h I n  format i on on  C i  garette Con sumpt i on 

Depen dent 

Var i a b l e  t D 53/ ( 1 -edT53 ) D64 T64 p y R2 D . W .  


I • Per Cap I ta - . 1 7 1  - . 03 1 7  - .  733 . 627 . 988  1 . 26  
Con s umpt i on ( 8 . 97 )  ( 7  . 33 )  ( 20 . 35 )  ( 7  . 64 )  ( 7  . 29 )  
( n =46 ) [ - . 48 1 *  

Dependent t D 53 D64 ( T64 ) 2 l og P y R2 D . W . 
Var i a b l e  

2 .  	 Smok i ng . 049 . 028 - . 00 1 8  - . 059 - . 066  . 974  2 .  1 4  
Part i e !  - ( 5  . 02 )  ( 2 . 64 )  ( 8 . 40 )  ( .  83  ) ( .  8 6 )  

pat l on 

Rate 

( n =28 ) 


Smok i ng . 023 . 033 - .  0022 . 960  1 .  38 
Part i e ! - ( 3 . 33 ) ( 2 .  54 )  ( 2 1  . 57 ) 

pat l on 
Rate 
( n=28 ) 

The consta nt terms I n  these regres s  i ons  a re n ot reported . Numbers I n  parenthes i s  a re t-stat l st l cs .  The eq uat i on s  
were est i  mated us i ng ord i na r y  l east  sq uares ; the resu l ts rema i ned v i  rtua l l  y u n ch a nged when  est i  mated by the 
Coch r a ne-Orc utt method to red uce ser i a l  corre l at i on .  For pur  poses of ca  l c u l  at i  ng the bou n d s  for va  l ue of l i  f e  
est i mates , the l a rger sta n da r d  errors foun d  I n  e i  ther eq uat i on 2 o r  eq uat i on 3 o r  us  i ng O LS o r  Coch r a n e-Or cutt 
est i mates were u sed . 

* Number I n  brackets I s  the pr  i ce e l a st i c i ty of dema n d  ca l cu l  a ted at pr i ce 6 5 .  61 pe r pac k  ( the average pr i ce of 
c i ga rettes I n  1 980 ) . 
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Figure 1 


P re and P o s t  Info rmat io n  Demand When 


The Op timal Quali ty o f  Cigare t t e  Changes 


P r i ce H 

L *  

H *  

P C 

Quan t i ty 
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Figure 2 

Value o f  L/fe Density Func tions 

Dens ity 

. 0002 

Uniform Bel iefs 
3 . 5  Years per Pack* 

. 00 0 1  

Roper Beliefs 
4 . 3  Years per Pack 

10 , 000 20 , 000 Value of Life v 
( $  /Year) 

* The density func t ion for uni form b eliefs equal to 4 . 3  years i s  very s imilar 
to the 3 . 5  year func t ion . 
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