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Inves tmen t in Hea l  th and the L ife 

Cy cle Consumption of Hazardous Goods 


1 .  Introdu c t  ion 

In rec e n t  years con siderable a t te n tion has been d i re c ted 

towards the ide n tif i ca t  ion of goods which are hazardou s  to human 

hea l  th . Scientific s tud i e s  regularly re veal hazard s a s soc ia ted w i th 

p rodu c t s  previously cons i dered safe . Consumption i tems such a s  

cigare t te s  , eg9 s  (cho le s terol) , saccharin and c e r tain type s of 

rad ial tires are typical of produ c t s  curren t l y  recognized a s  

hazardou s  . Indu str ia l polluta n t s  , suc h  a s  a s be s to s  and kepone , 

repre s e n t  another lar ge c la s s  of goods which are under s c ru t  iny for 

t heir de trimen tal effec ts on human heal th . 

Economic theory sugg e s ts that on ce a good i s  i d e n t if i ed a s  

hazardous , con sump t ion of the good s hould b e  reduced . The u t i li ty 

as sociated wi th consumption of the good i s  traded for an i ncrease i n  

expec ted life o r  a reduc tion i n  the like l  i hood o f  i l lnes s  . 1 

Thus, an individua l  ' s  decision to re s tri c t  the consumption of a 

hazardou s good can be regarded a s  on e a s pe c t  of h i s  overa l l  d ecision 

to inve s t  in hea l  tho 

In ve s tmen t in hea l th has bee n  dea l  t w i th by many au thors . 

Gro s sman ( 1972 ) , for in s tance , has formu lated a mode l  in which 

ind i v idua l s  view hea l th as a capi tal s tock which d e precia te s w i th 

age but can be increased by in ves tmen t  . Cropper (1977 ) has ex tend ed 

the Gros s man anal y sis by allowing the rela tion s h ip be tween hea l  th 

capi tal and i l  l n e s s  to be random rather than determinis t i c  . In both 

mode l s ,  the age of death i s  a ssumed e i ther to be prede termined or t o  

occur when the hea l th s to ck fal l s  be low some prede te rmi ned value . 
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Impl i ci t  i n  th es e g eneral models are a v ar i ety of i ss ues 

related to health . The ch oi ce of occupat i on, the dec i s  i on to smoke, 

d r i nk alcohol or exerci s e, and ev en the cho i ce of entertai nment are 

all elements of overall h ealth i nves tment. However, becaus e thes e 

models are concerne d wi th th e broad i s s ue of health i nv es tment, they 

do not prov i d  e much i ns i  ght i nto the behav i or of i nd i v  id uals rela

tive to s i ng le cons umpti on i s s  ues as s oci ated wi th health . 

The purpo e of th i s  paper i s  to s tud y th i s  more s peci ali zed 

form o f  inves tment i n  health . Spec i f  ically a model i s  dev eloped to 

analyze the opt i mal li f e  cycle cons umpt i on of a hazardous good, that 

i s  , of a g ood that i ncreas es the probabi li ty o f  d eath ei ther i mmed i a

tely or i n  the f uture . A k ey f eature of th e mod el i s  that d eath 

f rom " oth er causes" i s  not as s umed to be pred eterm ined . In f act, 

the uncerta i nty of li f e  plays a key role i n  th e cons umpt ion 

d eci sion. 

A s econd po i nt of d epa rture f rom th e prev i ous li terature i s  

that our analys i s  d oes not neces s ari ly as s ume that i nd i  v i d uals hav e  

the relevant h ealth i nf ormati on when they f i  rs t  beg i n  to cons ume th e 

h azard ous g ood . In f act, a pri mary concern of th i s  paper i s  the 

rati onal reacti on to new i nf ormati on concern i ng a hazard . Th i s  i s  

an i mportant i s  s ue i n  th i s  context s i  nce i nd i  v i d uals are of ten mad e 

aware of a hazard only af ter they have been consuming th e g ood for 

s ome ti me. By i nv es t  i g ating rati onal cons umer react i on to new 

health i nf ormat i on, the analys i s  y i elds predict ions f or th e movement 

of ag g reg ate cons umpti on s tati s t i cs f ollowi ng th e announcement of a 

hazard . 



The s impl e s  t type of hazardous good i s  considered i n  Section 3 .  

I n  th i s  case, each u n i t  of consump tion i s  a s sumed to b e  fa tal w i th a 

s pe c i fied ( con stant ) probability, and d ea th, if i t  occurs, i s  

i ns ta ntaneou s  . Unde r  min i mal a ssumptions on the probabili ty of 

d e a th f rom •other caus e  s,• the opt imal l ife t ime consumption path for 

such a hazard i s  shown to be monotonically i n creas i ng . Fu rther, i f  

consumption had been as sume d to b e  safe and i nformation i s  made 

ava ilabie regarding the hazard , the lon g term adjustment should be 

a ch i  eved i mmed ia tely. 

In Sec tion 4 ,  t his model is general ized to cumula tive hazard s, 

t ha t  i s, to hazard s for which the l i  kel ihood of death pe r u n  i t  con

sumed depend s on pas t  cumulative consump t ion . I n  par t i cular, we 

focus on the case of an inc reasingly hazardous good, tha t  is, of a 

good whe re the fi r s t  units consumed are not very dange rou s but those 

consume d af ter years of con sumption are . In this cas e, the re sul t s  

are d rama t  ically differe n t  . The s hape of t h e  l ife t i me consumption 

path depend s on the age at which the hazard i nformation is re ceived: 

a U-s haped consumption path be i n g  pos s ible if the i nformat ion i s  

r e  ceived early e noug h; a monotonically increa sing pa th being optimal 

o therw i  se . Fur ther, pe r iods of abs tinence are usually op timal only 

u pon f i  r s t  hea r i ng of the hazard; tha t  i s, surpris ingly, i t  i s  not 

u sually optimal to consume the rela ti vely riskle s s  por tion of the 

hazard whe n  young, ab s tain during the middle y ears of l ife, and if 

alive, re sume con sumption whe n old . 

F inally  i n  con tra s t  with the con s tant hazard ca se, aggregate 

c on sump t ion s ta tis tics should not a ch ie ve long-term equ ilibrium 
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As sump tio ns Analy si s 2 . 

For increas i ng 

aggre gate consump t  ion rates 

this r edu c t  ion s hould 

a t  some point below the 

rat e s  for young age 

those for older a ge 

fu r ther by allowing a 

e ventual death 

fac t  tha t  many 

leng thy i n cuba t ion pe r iod . 

U-shaped or mono

a t  the t i  me of the 

be as s trong as for 

will ris e  to prean

instan taneous counte rpar ts . 

time to achieve long

analyzed by copper (1977). Her 

te rminology a s  an increasing ha zard 

from "o the r  causes" is known wi th 

of the 

Le t us suppose tha t a n  individual 

immedia tely upon announcemen t o f  the ha zard. 

hazards ,  a ra tional reac tion would cause 

to drop on a nnouncement of the ha zard , but 

e rode over time , s tabilizing in the long run 

preannounceme n t  ra te . Fur the r ,  the consumption 

groups s hould s tabilize more quickly than 

g roups . 

In Sec tion 5, we expand the model s till 

d elay be twe en  consumption of the good and the 

caused by i t  . This model is motiva ted by the 

cancer-causing agents are known to have a 

In this case , consump tion pa ths may a ga i n  be 

tonically inc reasing and are affe c ted by age 

a nnouncement. Howe ve r, the reac tion will not 

instantane ous haza rds , a nd consump tion ra tes 

nounceme nt ra tes sooner than for their 

Yurther, even constant hazards will require 

te rm adjustment if there is a delayed effe c t  . 

Finally  we note tha t the choice of a hazardous oc cupa tion 

was model can be r ep re sented in 

our where the age of d ea th 

c e r tain ty . 

receive s  a cons tant ra te of 

income over his e n tire life which he divide s  among e x penditures o n  n 
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relat i on s h i p  qe tween age 

related 

consump t ion good s .  Suppose that the u t il i ty der i  ved f rom th i s  con

sumpt i on i s  spe c i f  ied by a well-def i ned con cave u t  i l i  ty fun c t ion 

which is con s tant over the ind i vidual ' s  adul t l i f e  . F inally, sup
,, 

pose that the ind iv idual faces con s tant prices and an i n s tantaneou s  

budge t cons tra in t  . 

These as sumpt ions a re cri t  i cal to the a nal ys i s  wh i ch 

follows but s e rve merely a s  

not 

a ·conven ie n t  m echan i sm to i sola te the 

and the consumpt ion of a hazardous good . I n  

p ar t icular, b y  abs tract i ng from p r i ce and income e f  f e c t s  and age

changes i n  the underly ing ut il ity funct ion, we c an con-

elude tha t pr ior to any hazard announcemen t, consumpt ion o f  the 

hazardou s good ( and all other good s )  is con s tan t over l i fe . 

The term "hazardous good" i s  used i n  this analys i s  to refer 

to good s wh i ch i n crease the probab il i ty of death . Tha t i s, i t  i s  

a ssume d tha t  i nd ivi dual s re s t r i c t  con sumption of the good to 

a vo i d  premature dea th a nd do not con s i de r  the d i su t il i ty of ill

n e s  s wh i c  h m ig h t  pre cede dea th . Th is  a ssumption makes the model 

more appl i cable to good s wh i ch cause fa tal acc i  den t s, hear t 

a t tacks, s troke s or cancer than to, say, d iabe te s, 

i mpact i s  

there i s  

of n good s .  

moment, we 

wh i c h  m i g h t  

e ve n tually cause d eath bu t whose major o n e  of •d i scomfort" 

p r ior to d eath . 2 

hazardous good in the consume r  ' s  bundle Igno r i ng the 

hazardou s  a spect s of the good for the def i ne 

For s impl i c  ity, let us also suppose a s i ngle 
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hi s remai ni ng 

so as to 

to hi s budget 

U( x )  	 I ns tantaneous uti lity from cons umpti on x 

of x uni ts of the hazardous good, gi ven 

that the cons umer rearranges 

bundle of ( nonhazardous ) goods 

max i mi ze hi s utility subj ect 

constra i nt . 

It follows d i  rectly fr om the concavi ty of the underlying uti li  ty 

functi on that ·u = U ( x  ) i s  a concave funct i on of x and that i ts 

max i  mum i s  achi eved w hen x = x, the pre-announcement cons umpt i on 

3rate . We as s ume further that U i s  tw i ce cont i nuous ly dif

ferenti able on (O,x). 

At the s tart of adult li fe s, the cons umer i s  ass umed to 

know the probabi l i ty that he wi ll be ali ve at all future ages 

as s umi ng no hazar d to cons umption . More s peci f i cally we defi ne 

p( t) = 	 Probabi li ty that the cons umer w i ll be ali ve at age t 

gi ven that he i s  ali ve at age s, s 't 

T i s  the max i mum attainable human age . 

p( t) i s  as s umed to be cont i nuous ly di fferent i able 

deri vati ve i s  denoted by ) and s atisfies • 

0 < p( t) < 1 p (  s> = 1 p( T) = 0 p( t) (() 

Note that thi s formulation of the uncertai nty of 

'T, and 

( the ti me 

(2.1) 

life i s  

equi valent to Yaar i 's (1965 ) model where the age of death i s  vi ew ed 

as a random var i able . 

We w i ll als o as sume that the condi ti onal probabi li ty of 

dyi ng i s  an i ncreas i ng functi on of age1 that i s ,  
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C ycle C onsumption 

-p( t} /p( t} increas es wi th t (2 .2 ) 

This a ssumption i s  not cr i ti cal to all the results which follow but 

is consistent wi th mortali ty s tati s t  i cs over the ad ult span of 

life in the u.s. 

As the ind i  v i d ual li ves pas t age s to age s ,  it is as s umed th at 

he updates hi s probability of living funct i on: that i s ,  at age s he 

consid ers hi s probabi lity of living to age t to be p( t)/p( s), for t 

)S. However, for reasons of tractabi lity, we w i ll as s ume that h e  

receives no oth er informati on wh i ch ind uces h im to upd ate his 

probabi lity of l i v i ng funct i on. Thus , we are explicitly ruling out 

the s i  tuati on where the i nd i  v i d ual d evelops "early warning signs" 

and cuts back hi s cons umpt i on of the hazard ous good as a result . 

F inally, we wi ll as s ume no subj ecti ve d i s  counting of the 

future, that i s  , future uti lity i s  d is counted only to the extent 

that there is uncertai nty of survival . I nclus ion of a subj ective 

d is count rate would alter the analys i s  in the usual way but would 

not change the ma j or res ults . 

3. Life of a C ons tant I ns tantaneous Hazard 

A.  Bas i c  Mod el - To illus trate our mod el and to provid e a 

benchmark agains t which to meas ure the more complex analysis 

wh i ch follows , we begin by considering the simples t type of 

hazardous good , namely a good wh i ch lead s to i ns tantaneous d eath 

with probabi lity q for each incremental amount cons umed . 4 Th e 

cri tical feature of th i s  hazar d is that the probabi lity q d oes not 

depend on pas t cons umption . Admitted ly this clas s of hazard s does 

not includ e many of the good s of concern to cons umers . However, 
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problem 

food s which have a probability of being tainted , airline travel, or 

d riving without a s eatbelt might be cons idered examples of hazard s 

in this clas s .  

I f  a rational consu mer has been ignorant of the hazard and 

information regar d ing its ill effects is mad e available to him, 

other things being equal, he will ad j us t  his cons umption pattern 


over life, tak ing this new information into account. I n  this s ec


tion, we will 'formu late this 
 and inves ti


gate the characteris tics of the cons umer's optimal consumption path 


over life . 


cons tant hazard 

S uppose that at the time of the announcement, the cons umer is s 

years of age and has consu med Y units of the hazard ous good to 

d ate. 5 If he s tops cons u ming the hazard ous good , his probabi

lity of being alive at age t, t > s ,  is p( t)/p( s ). Each unit of the 

hazar d ous good that he consu mes between ages s and t d ecreases the 

likelihood that he will be alive at t and beyond , and thus d ecreas es 

his chance of reaping the satis faction from cons umption of this and 

all other good s in future years . To begin our analys is , we d efine 

x( t) = 	 Planned cons u mption rate of the hazard ou s good at 

age t, given the information available at age s ,  

s ' t ' T. 

X( t) = 	 C umu lative cons u mption of the hazard ous good at 

age t given cons u mption at the r.ate x( t'} 

between the ages of s and t ( s  ' t' ' t} and 

cumulative cons u mption of Y at age s .  

-8-



p(s ) 

The cons u me r '  s optimal s trate gy at age s is to find a cons u mption 

rate x( t) for e ach fu tu r e  age t w hich maximize s his expe cte d 

6life time u tility. Giv e n  the s imple natu r e  of a cons tant 

hazar d ,  th e cond itional pr obability of being alive at age t if 

kX ( t)-Ycons u mption is X ( t) by that point is p (  t)/p( s )  whe r e  

-q 7
k = e . The r e for e ,  the cons ume r's pr oble m i s  t o  find 

the cons u mption path which maximize s  the fu nctional 

( 3 .1) 

s u  bj ect to 
. 
X(t ) = x { t) ( 3 • 2 ) 

X(s ) = Y. (3. 3) 

Be f or e  proce e d i ng to solve ( 3.1 ) - (3.3), note that the s im

ple chang e of var i  able Z(t ) = X(t ) - Y trans f orms the cons u me r '  s 

pr oble m at any age s into the e quiv ale nt pr oble m: 

T 
kZ(t ) J .eiU U(x ( t) )  d t ( 3. 4) =J (Z, x )  s s 

s u bj e ct to 
. 

z ( t )  = x(t) ( 3 • 5 ) 

Z ( s )  = 0 ( 3 . 6) 

From this formu lation of the problem, it is cle ar that the con

s u me r 's d e  cis ion as viewe d from age s is i ndepe nd e nt of pas t  con

su rnption Yo If the consume r has not be e n  ki l l e d  by pas t  cons u mp

tion and if he doe s  not cons ume any mor e of the g ood , his life 

e xpectancy is equ al to that of a pe r s on who has never cons u me d  th e 

good . Fu  r the r ,  th e harm as s ociate d with cons u mption of e ach 
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£i!l 
p{ s ) 

£1!l 
p{ s) 

£i!l 
p ( s ) 

p( t')U( x( t'))dt' 
p( s )  

H er e  A( t) 

a d d  ition al u n  it of the good is not affected by pas t cons u mption. 

C onsu mption plan ned for the fu tu r  e, howeve r ,  affects the prob

a bility of bein g a live at old e r  a ges . 

To find the consume r 's optimal cons umption path x( t) for 

s ( t ( T, we note that (3.1) - (3.3) is a non au tonomou s optimal 

contr ol problem8 over a fixed time per iod .  The cor r es ponding 

Hamiltonian fun ction is 
X- Y  . H( t, X  , X, A) = k U( x) + AX 

is an auxilia r y  fu nction cor r es pond ing to X an d x chos en 

to s atis fy 

A( t) = - aH = qkX- Y U( x) 
ax 

Applying th e non -au ton omou s ve rs ion of the Pontr ya g in 

Maximu m Pr in ciple , we con clu d e  that the optimal cons u  mption path 

mu s t  satis fy 

X( t)- Y U '  {x( t)) + ).( t) ( 0k

with equality hold ing unles s x( t) = 0 .  Furthe r ,  the followin g 

tr ans v e r s  ality con dition is s atis fie d at T: 

). ( T) = 0 

Computing ).( t) from (3.8) an d (3.1 0 ), it is optimal for a 

con s u me r  to pla n e ithe r no con s u  mption of the hazar d ou s  good a t  

age t ( x( t) = 0 )  or a pos itive con sump tion r a te x( t) which 

s atis fies 
T X( t')-Yk X( t)-YE!!lU'( x{t)) = q 1 k (3.11) 

t p( s )  
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C y cle C on sumption 

q !
T

kX( t')-X( t}  
p(t) 

=  -

C ond ition (3.11) simply in d icates that an y positive con s ump

t i on planned for a given age t mus t be chos en so that the expe cted 

marginal u tility of con s umption at age t ( lef t s id e  of (3.11)) i s  

equal to the expecte d mar ginal cos t in the future, the s had ow price 

A( t) ( right side of (3.11)). This future cos t is d ue to the 

decrease in the probability of living at each point in the f utur e 

if cons mption of the hazar d ous good is in cr eas ed at to 

Be C har acter is tics of Lif e 

To anal yze the nature of the optimal consumption path over 

life, note that by (3.9) con s umption s ati s f  ies 

U'{x( t )  ) ( 
t 

U( x( t'} )dt' (3.12) 

at ever y age t, with equality hold ing un les s x( t) = O. Thus if an 

individual lives to old age ( t  n e  ar T), he will cons ume a posi

tive amoun t an d ev entually his con s  umption r ate will appr oach 

the pr e- ann oun c ement rate x, s in ce by (3.12) 

u (x(T)) = o (3.13) 

To analyze the pr operties of the optimal cons umption path 

fur t her; we d ifferentiate equation (3o9) with r es pect to t and 

us e (3.8) to es t ablis h the fact that when ever positive cons umption 

is optimal, the following cond ition mus t hold :  

u n ( x) x -q [ u( x) xu ' ( x) ] E_u ' ( x) 
p 

Suppos e now that it is optimal for an i n d ivid ual to r edu ce his 

cons umption rat e  over s ome pe riod of lif e; that is r that x < 0 at 

con vexity of U and the incr eas in g con d ition al probability of d eath 

from other causes imp l y  that 

-11-



p( t')U'(x') 

a ge 

o < u• (x')x( t') = -q [ U( x') - x'U'(x'))-
p (t') 

< -q[U( x) - xU'(x)) - 2l!l U'(x)
p (t) 

Hence it mus t  be true that 
• 
x( t) < 0 whenev er t > t' a nd 0 < x < x'. ( 3.1 5  ) 

Since w  know that the optimal consu.ption rate aust eventu

a lly ris e to x·and mus t be continuous (since u wa s assumed twice 

differentiable), this is impossible. 

Thus , for a cons tant hazard ,  it c4n never be optimal for an 

ind ivid ual to red uce h is cons umption of the haza rdous good over 

any portion of life. Wh en combined with (3.13), this result 

allows us to as s ert that an individ ual consuming a consta nt 

h azard may find it optimal to abs tain completely in the early 

part of life, but at s ome point he should begin to consume the 

h azard ous good and should d o  s o  at a aonotonically increa sing ra te. 

I n  fact, if he lives to be old enough , his cons umption should rise 

to the pre-announcement rate. 

F igure 3.1 d epicts the pos s ible forms of the lifetime con-

s ump tion path s for this type of haza rd . This beha vior is intui

tively app ea ling. Since the probability of death associa ted with 

cons umption of the h azard is fixed at q, the only fa ctor affect

ing the cons umption d ecis ion is th e cost sh ould death oc ur . As a n  

individual gets old er, this cos t decrea ses --termed th e effect-

since the expected number of years rema ining in life is falling . 

Als o, a s  expected , the likelihood of dying from oth er causes is 

-12-



Cycle Consumption 

relative ly high for an old person so that the mar ginal effe cts of 

consumi ng the hazar d become negligi ble , cau s ing the consumption rate 

to rise to the pr e -announceme nt le ve l. 

F i  nally, we note that once the information is available to 

consumer s ,  the optimal consu mption path x ( t) d oe s  not d epend on 

the i nd ivid u al's age at the time of the annou ncement. That is , 

si nce P.ast consu mption d oe s  not affect the cost of fu tu re con

sumption, all ind ivid uals ( with the same income and u tility func

t i  on) who receive i nformation r egar d ing the hazar d will ad j u  st thei r 

consumption r ates so that they consume at the same r ate at the same 

age . Thu s, once the information is available the observed cons ump

tion path x (  t) for an ind ivid u al ove r time shou ld confor m to a 

cr os s -se ction d e  piction of the consumption r ate s for like 

i nd ivid uals as a fu nction of age .  Both the ins tantane ou s natu re of 

the long- te rm ad j u  s tme nt and the cons istency of the lifetime and 

cross -se ction consumption r ates d epend cr itically on the cons tant 

hazar d as su mption. 

4. Life of A C umu lative Hazar d 

A .  Cu mu lative Hazar d s  

Mos t health hazar d s  cannot be ad equ ately char acter i z  ed as con

stant hazar d s .  A mor e plau s ible model is one wher e the pr obability 

of d eath pe r unit consumed is not fixed bu t d e pend s on the leve l of 

pr e viou s cons ump tiono Intuitive ly, for ins tance, many hazar d s  are 

viewe d as having a d e ge nerative effect on the bod y so that the firs t 

u nits consumed ar e not like ly to cau se d eath bu t units consume d 

after the bod y has bee n w e ake ned may. This type of i ncr easingly 
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h azar d ou s  good might be typifie d by the conne ct i on between di e t  

( salt or ch ole s te r ol i ntake ) and stroke or by th e dange r s  of exces

sive consu mption of alcohol. 

Alte r native ly, some hazar d s  ar e mos t dan ge r ou s  when first con

su me d as in cas e s  whe r e  the bod y de ve lops a tole r ance for the hazar d 

( e  . g. the d an ge r ou s  si de e ffe cts of some dru gs) or when lear ni ng i s  

r e qu ir e d  to u s e  a pr od uct safe ly. Similar ly, hazar d s  wh i ch only 

. 	affe ct a por tion of the popu lation can be mod e le d  as a d e cr e asi ng 

hazar d i f  th e r e  is no  ante me thod of de te rm i ni ng su sceptibi li ty; 

nonfatal pas t con s u  mption se r ve s  as an i nd icat i on that the pe r son i s  

in th e immu ne gr ou p. 

P ollu tan ts might als o fall in to the clas s of cumu lative hazar d s  . 

T he s e  ar e u s  ually vie we d  as be in g gr ad u ally absor be d by i nd ivid uals 

in pr opor tion to expos u r e ,  accumu lating in the bod y u n til some 

critical le ve l is r e ache d and d e  ath occu r s .  I f  an ind ivid ual's 

thr e s  hold is as s u me d  to be u nkn ow n bu t d is tribute d  accor ding to a 

spe cifie d d e n s ity fu n ction, the n the le ve l of pas t cons u mption 

se r ve s  to d e te r mine the pr obabili ty of d e ath as sociate d with fu tu r e  

con s u  mption . 9 T he cas e of an ind u s tr ial pollu tant w hich is an 

i ncr e as ing hazar d w as con s id e r e d  by C r oppe r ( 1977) u nd e r  the 

assu mption that the age of d e ath fr om othe r cau se s  is ce r tain and 

the thr e s  hold is fixe d ove r ·li fe . 

B. The Mod e l  

I n  th e cas e of a cumu lative hazard , the r ate at which the hazar d 

i s  consu me d i s  ofte n an impor tant d e te r  minan t of the d ange r  as socia

te d with fur ther con s u  mption . ( One bottle of wine pe r w e e k  for one 
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age 

< 

at 

o. 

year is not equ i valent to 51 weeks of abstinence followed by 52 

bottles of wine in one week!) I n  order to incorporate this feature 

in our model, we beg i n  by redefining one of the previous variables, 

namely, the stock variable X( t) associ ated with a given consumpt i on 

path x( t) . In parti cular, def i ne 

X( t) = Net cumulative consumption of the hazardous good at 

t resu lting from consumption at the rate x( t') , s 

t· ' ' t, given that net cumulative consumpti on was Y 

age s and cumulative consumption decays at a rate 

Note that i f  there i s  no d ecay, X( t) agai n represents cumula

tive consu mpti on. The d ecay rate o can be interpreted as the rate 

at wh i ch the bod y can compensate for the cumulative effects of the 

hazard . 

The essenti al characteristi c  of a cumulative hazard is that the 

harm associated with marginal consumption depend s  on the current 

level of net cumu lati ve consumption1 that is, on the level of past 

consumpti on from which the bod y has not recuperated . Thus, we 

defi ne 

f( X )  = 	 C onditional probability density of death due to con

sumption of the hazard given a net cumulative consump

tion of X. 

Thu s, f( X) can be interpreted loosely as the probab i l i ty that an 

individual will d i  e from fu rther consumption of the hazard ou s  good 
10given that his current net cumulative consumption is Xo As 

for the constant hazard model of Section 3, we will assume that 
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there are no lagged health effects to consumpti on (these are treated 

i n  Secti on 5) ; if consumption of a uni t  of the hazardous good does 

not ki ll a n  i nd ivid ual instantly, i ts only future effect i s  to make 

him more (or less) suscep tible to further consumpti on of the good. 

Thus, i f  he abstains from further consumption, hi  s life expectancy 

i s  assu med to be the same as for someone who has never consumed the 

good . Further, we assume that the rate of consumption d oes not 

i nfluence the hazard of consumpti on beyond i ts effect on net cumu la

tive consump tion. Though admittedly an ideal i zed model of a 

hazard 's effects, 11 this formulation d oes capture the essential 

nature of a cu mulative hazard . For a smoker, for i nstance, we are 

assu ming that if his consump tion of cigarettes has not caused a 

fatal heart attack to d ate and he ab stains from further smoking, he 

will not suffer a heart attack in the future d ue to his past beha

vior. However, each ad d itional cigarette that he smokes is 

to have an increased probabi lity of giving him a fatal heart 

assumed 

attack. 

To formalize these concepts, for every consumption path x and 

associated net cumulative consumption path X, we define 

P ( t  ) = Probability that an ind ivid ual is not d ead from con

sump tion of the hazard by age t i f  he i s  alive at age 

s, has a net cumulative consumption of Y by that age, 

and p lans to consume at the rate x (  t' ) between ages s 

and t , s " t' " t • 

12N ote that P( t) must satisfy 

P = -P f (  X ) x  

P( s )  = 1 ( 4  . 1) 
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P( t) p( t) 
P(s)p(s ) 

p ( 4 • 7 ) 

Recalling the d efinition of p( t) from Section 2 ,  the cond itional 

probability that the ind ivid u al is alive at age t is simply the 

prod uct of the probabilities that he d oes not d ie from consu mp

tion of the hazard ou s good and that he d oes not die from other 

cau ses, thu s, P( t) p( t) /p( s) . 

As with the constant hazard mod el, the cons umer at a ge s mu st 

d etermine the cons u mption rate x ( t) ( s < t < T) over life which 

maximizes his expected lifetime u tility. However, in this case, 

past consu mption has an effect on the current d ecision. 

Thu s the cons umer ' s  problem is to maximize the fu nctional 

T 
J s ( X  , P  , x:Y) = 1 

s 
U( x( t) ) d  t ( 4. 2 )  

where 

X = X - OX ( 4 • 3 ) 

P ·= -P f( X) x (4.4) 

X( s )  = Y (4.5) 

P( s )  = 1 (4.6) 

As in the constant hazard case, the consu mer ' s  problem can be 

viewed as a non-au tonomou s optimal control problem. The correspon

d ing Hamiltonian is 

H( t , X , P, X, A, y) = P ( t ) ( t) U ( X) + A( x-
P( s) p( s )  

OX) - -yPf ( X) X 

where A and y are au xilliary fu nctions correspond ing to x, X and 

P chosen to satis fy 

A = - (II = X )6 >. + -yPx f'( 
ax 
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P( t} p( t ) U ' ( x( t ) ) 

P( t ' ) p( t ' ) 

y = -aH 
aP 

= - £1!1 U( x) + yf( X  ) x  
p( s )  

Thus we can aga i n  apply the Pontryagin Maximum P rinciple to 

conclude that either it is optimal for the cons umer to plan to abs

tain completely at a given age t {x( t ) =O )  or he shou ld plan his con

sumption to s atis fy 

= -x( t )  + y( t  ) P  ( t  ) f( X( t  ) ) ( 4 .  10) 
P( s ) p( s  ) 

I n  the cases wher e zero con s umption is optimal, inequality (<) will 

hold in ( 4  . 10) .  Fu rther, the following transversality conditions 

mu s t  hold 

X( T ) = 0 y ( T  ) = 0 (4.11) 

It is s tra i g  htfor war d to ver ify that ( 4  . 8) - (4.9) and ( 4  . 11) ar e 

s ati s fied by x and y given by: 

T
y( t )  = 	 f U( x( t '  ) )  d t '  ( 4  . 1  2) 

t P( t )  p( s )  

X( t )  = -e 6 tf
T e 

- 0 t 1 
x ( t '  ) P ( t '  ) f '  ( X  ( t '  ) ) r ( t '  ) d t 1 

t 

Note that using the n otation of ( 4  . 2), ( 4  . 12 )  can be written as 

y( t )  = £1!l Jt( X  , P  , x; X( t )  ) 
p( s )  

( 4  . 1  4 )  

and us ing ( 4  . 10) in (4.9) that 

• 

y < o .  	 (4.15) 

N ote also from ( 4 .  8), that 

X -6X = yPxf ' ( X )  > 0 

and h ence that 
• 

X > oX 
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C onsumption I ncreasingly 

As in the constant hazard case, the intu itive explanation for 

(4. 10) is simple. Positive consu mption will not be planned for age 

t unless the expected marginal benefits from consu mption at t ( LHS 

of ( 4  . 10) ) can be balanced against expected marginal costs. These 

marginal costs can be decomposed into two distinct costs: the 

expected loss due to death at age t ( the second term on the RHS of 

13(4. 10)) plu s  	the expected loss ( or gain) in the fu ture d ue to 

the cumu lativ  effects of having increased consu mption at age t ( the 

first term on the RHS of (4. 10)) . 

F inally note that as in the constant hazard case, if the 

ind ivid ual lives to be old enough, he will consu me a positive 

amou nt of the hazard ou s good and that amou nt will rise to the 

pre-annou ncement rate x as his age approaches T ( let t=s and then 

let s + T in ( 4 .  10} ) • 

In order to analyze the optimal consu mption path in more detail, 

we will initially restrict ou r stu d y  to the case of an increasingly 

hazard ou s good . Decreasingly hazardou s good s will be consid ered 

below. 

c. of an Hazard ou s Good 

An increasingly hazardou s good is defined as one for which the 

cond itional probability density of dying is an increasing function 

of net consu mption X, that is, 

f'( X} >0. ( 4. 16} 

C learly ( 4. 16) implies that each u nit consumed is more hazard ou s 

than the previou s one and the rate at which consu mption becomes dan

gerous d epend s  on the derivative of f( X )  . 
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To analyze the consu mption path for an increasing hazard, we 

d i  fferentiate ( 4  . 10) and u se ( 4  . 3  ) ,  ( 4  . 4  ) and ( 4 .  8 ) -( 4 .  10) to con-

elude that whenever positi ve consu mption is opti mal, the following 

cond i tion mu st hold : 

U"  ( x) x  = 	 -f( X) [ U( x) - xU' ( x) ]  + ( o- ) U '  ( x) ( 4  . 17) 

-op < s > y [ f < x ) + f ' ( x ) x l 
p 

Since U is assu me d to be a concave fu ncti on, the fi rst and thi rd 

t erms on the RHS of ( 4. 17) are negative and the second term i s  
• 

posi ti ve. The si gn of x i s  thu s d eterm i ned by the magni tu des 

i nvolved . In particu lar, for an i ncreasi ngly hazardous good 

wh i ch i s  not v ery harm f u l  i n  itially ( that is, f( X) i s  small for X 

small )  , the si gn of ( 4  .17 ) i s  u nambi guously posi ti ve at an early 

age ( s  near s - the start of ad ult li fe) . Relati ng th i s  to the 

p rev i ou sly d eterm i ned behav i or, we can conclu d e  that for such an 

increasi ngl y hazard ou s good , the consu mption rate should i n  i t  i-

ally fall bu t at some poi nt will ri se agai n to the pre-announce

ment rate x. Thu s a U -shaped lifetime consu mption path is con

s i  stent w i th rati onal behav i or for this type of increasi ng 

hazard. 

Thi s  behav i or is stri ki ngly d i  fferent from that fou nd in the 

constant hazard case of Secti on 3 where the ind i v i d u  al wou ld never 

f i nd i t  opt imal to d ecrease hi s consu mpti on rate ov er time. In the 

current case, the shape of the planned consu mpti on path is seen to 

d epend cri ti cally on the natu re of the hazard and on past consu mp

tion Y and hence i n  ou r mod el on the age at wh i ch the consu mer 

recei ves the information regard ing the hazard • 
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The prev i ou s  argu ment i s  not su ffi cient to allow u s  to con clu de 

that we should ever expect to se e a U-shaped li fet i me cons umpt i on 

path si nce we have only consi d ered con s u mpt i on x( t) , s 't ' 

T. However, the plan ned opt i mal cons u mpti on path i n  thi s cas e 

coi nci d es wi th the opti mal consu mpti on path an i nd i vi d u  al wi ll 

actually follow i f  he li  ves . Thu s we need not make a d i s ti nct i on 

betwe n the two. 14 

Gi ven ou r analys i s  to th i s  poi nt, i t  seems plau s  i ble that for 

i ncreasi ng hazard s we m i  ght expect to see rati onal i nd i  vi d u als con

sume a hazard ou s good when you ng and agai n when old bu t abstai n from 

consumpti on i n  thei r m i d d le years. However, i n  most cas es, we can 

show that s u ch a peri od of abs ti nence i n  mi d li fe i s  not opti mal. 

C ons i d er fi rs t  the cas e where the d ecay rate o i s  very large. In 

th i s  cas e  the hazard i s  approxi mately a con s tan t hazard si n ce an y 

stock of pas t con s u  mpti on d ecays rapi d ly and can be approx i mated by 

f( X) = f( O) .  Thu s a peri od of abs ti nence i s  not opt i mal by the 

argu men t of Sect i on 3 .  Alternati vely i f  the d ecay rate i s  zero ( or 

small enou gh) the ri ght-hand si d e  of ( 4. 17) i s  i ncreasi ng over an y 

peri od of abs ti nence. Thu s ,  since U is con cave an d ( 4. 17) mu st hold 

at the start and the end of the peri od of abstinence, t1 t2 

i t  mu st be tru e that x 

and m i nu s  i n d i  cate the ri ght and left hand d eri vati ves res pecti vely . 

Bu t si nce the opti mal con trol mu s t  be cont i n  u ou s  ( gi ven ou r smoot h

n es s  assumption s )  , i t  mu st be tru e that x -( tl) '0 ' 

x +( t2 ) ,  whi ch i s  a contrad i ct i on. Thu s no such peri od of 

abs ti nence can exi st i n  th i s  case. 
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0 

For decay rates between these two extremes, the s i  tuat i on i s  

not entirely clear. If the opt i mal consumption path i s  character

ized by the fact that expected li f eti me uti li ty Jt( X, P, x;X ( t  ) ) at 

15 age t is monotonically d ecreas i ng over li fe and the rate of 

i ncrease of the hazard is not too sharply decreasi ng ( that i s, i f  

f ( X  } + X f  ' (X) i s  i ncreas i ng i n  X ) ,  then we can agai n establi sh the 

nonoptimality of a period of absti nence . To see thi s  note that by 

{4el4 ) ,  1/P i s  thus assumed decreas i ng. Then, as above, we can show 

t hat the right-hand si d e  of ( 4  . 17) i s  i ncreasing during a per i od of 

absti nence and thus gi ves us a contradi ction. 

The only cases remai ni ng, then, f or whi ch a per i od of abst i n

ence is even a possibi lity are those where the rate of i ncrease of 

the hazard i s  sharply d i  m i ni shing or where the opti mal path i s  

characterized by a per i od i n  whi ch expected li f et i me uti li ty Jt 
i s  i ncreasing wi th age. 

C ropper ( 1  977) also proved the nonopt i mali ty of a peri od of 

absti nence f or her model of hazardous employment. However, i n  the 

C ropper mod el, thi s  result d epend s on the fact that the mod el is a 

f ixed threshold mod el ( see Footnote 9) and hence that it i s  always 

opti mal to consume at a rate greater than the decay rate; that i s, x 

) eX, si nce thi s  rate of consumpti on i s  harmless. In our model, the 

i ncreasi ng marg i nal probabi lity of death from other causes i s  enough 

to guarantee the result i n  most cases even though there i s  a hazard 

to any positi ve level of consumpti on. Thus, the f act that a hazard 

i ncreases the probabi li ty of death i s  not usually, i n  itself, enough 

to i nduce an ind ivi d  ual to take " recuperati ve breaks " i n  consumption 

upon fi rst heari ng of the hazard. 
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age 

F inally, it shou ld be noted that the incr easing mar ginal 

pr obability of d eath from other cau ses plays a significant r ole in 

this analysis. This illu str ates the sensitivity of life cycle mod 

els to this assu mption and uhd er scores the fact that mod els which 

use a constant d iscount rate as a pr oxy for u ncer tain lifetimes may 

lead to qu alitatively d iffer ent resu lts. 

F ig u r e  4.1 d epicts the alternative lifetime consu mption 

paths x (  t ) ,  s ( t ( T, for an ind ivid ual aged s at the time the 

hazard information is mad e known. In all cases the consu mption 

rate is x befor e the hazar d annou ncement is mad e. If the i nd ivid ual 

is you ng enou gh at the time of the annou ncement ( s  small ) then his 

cu mu lative consu mption Y will be small and his consu mption path may 

take the form of either ( a  ) or ( b  ) 1  if he is old er when the 

annou ncement is mad e, his consu mption path will be monotonically 

incr easing as in either ( a  ) or ( c  ) .  

The intuitive explanation for the behavior dep icted in F igur e 

4.1 is quite simp le. Ther e are two opposing forces associated with 

increasing hazar d s  which influence the ind ivid ual ' s consu mption 

d ecision. The first, ter med the effect, is the same force that 

d ictated the consu mption behavior for the constant hazar d ;  namely, 

the expected cost of d ying ( the loss of expected fu tu r e  u tility ) is 

d ecr easing as an ind ivid ual ages. This factor ind u ces him to 

increase his consu mption r ate over time. 

Acting in the opposite d ir ection is what we will ter m the d is

cou nt effect. As each u nit is consu med , the r isk associated with 

fur ther consu mption increases. Since the likelihood of d ying from 
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Relationship Age 

other causes is increasing with time, the consumer tends to discount 

future consumption of the hazardous good in favor of current con

sumption. That is, it is optimal for him to consume the relatively 

riskless quantity of the hazardous good before the risk of dying 

. . f. 16from other causes becomes s1gn1 1cant. 

The Between and N ew I nformation 

Th  age at which the individual receives the information regard

ing the hazard·clearly play s a significant role in the model 

developed here. To examine this factor further we will restrict our 

attention to the case where the cumulative effects do not decay 

( 6= 0 ) .  In this case consider the phase diagram depicted in F igure 

4 .  2.  Here the cumulative consumption X is graphed as a function of 

age t. Until the consumer receives the information, his cumulative 

consumption X rises along the line X =  x( t- 5) . Once he receives the 

information, his consump tion rate is reduced, causing his cumulative 

consump tion to rise less rapidly. Note that in all cases, if the 

i ndividual lives to age T, his consumption rate ( as reflected by the 

slope of the curve) will have risen to the preannouncement rate x. 

F urther if he receives the information later in life than another 

individual, his cumulative consumption at each age t will never be 

17less than that of the other person. 

The rate of consump tion x over life is perhaps of more inter

est than cumulative consump tion X .  To analyze the effect of age at 

the time of the announcement on x consider two optimal consumption 

plans x {and corresponding X )  and x' ( and its corresponding X') over 

the same age span s ( t ( T which differ only because of different 
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net cumulati ve consumpti on s  at s. In particular, suppose that the 

fi rst indi vi dual has accumulated consumpti on of Y at age s and the 

second has accumu lated Y '  at age s w i th Y < Y '  . Elementary 

properti es of the opti mal con sumpt i on path di ctate that X 'X' for 

every age t. Further, X < X' at age t, unless X = X' for the remai n

der of li fe .  

In Appen d i  x A i t  i s  shown that under these cond i t i ons the li fe

ti me consumpti on rates for the two i ndi vi duals w i ll also con si sten t

ly reflect thei r relati ve i n i ti al posi ti ons, that i s, i f  Y < Y '  at 

age s, x > x' at every age t, s < t < T unless x = x' over the last 

part of li fe. 

F i gu re 4 .  3 d epi cts the li feti me consumpt i on rates for li ke 

i nd i vi d uals who receive the hazard i n  formati on at vari ous ages . 

Note that the consumpti on rate at an y age i s  never larger for a pe r

son who rece i ved the i n  format i on later i n  li fe. Th i s  follows 

di rectly from the analys i s  i n  Append ix A si nce hi s cumulat i ve con

sumpti on at any age s wi ll be larger than that of the person who 

rece i ved the i nformati on earli er. I ntui ti vely th i s  result i s  

attri buted to the fact that because of the i ncreasi ng nature of the 

hazard , the i n di vi d ual who recei ves the i nformat i on later i n  life 

faces a higher pr i ce for margi nal con sumpt i on at every age. As a 

result, he consumes less than h i s  earli er i n  formed counterpart . 

Thi s relati on shi p between consumpti on rates an d age at the time 

of the announcement can have a si gnifican t effect on aggregate 

stat i sti cs. For si mpli ci ty, suppose the age profi le of the popula

ti on i s  constant over t i me. Then at the ti me of the hazard 
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announcement, ind ivid uals would ad j ust their consumption as a 

function of age. This initial cross-section profile for individua l s  

with the same utility function and income i s  d epicted i n  Figure 4.3 

by the d ashed curve connecting the initial points of the ind ivid ual 

consumption paths. 

F igure 4. 4 represents the changes that will take' place in this 

cross-,ection profile as time passes and more of the pop

u la tion has known about the d angers of consumption from an 

earlier age. Note that in the long run (after T - s years) the 

c ross-section profile will coincid e with the l ifetime behavior of 

a n  ind ivid ual who knows of the hazard from the start of ad ult 

life. However, until T - s years have passed , the cross- section 

profile will be continuously changing as the ind ivid uals who have 

consumed nonoptimally for the longest period die. After s 

years, the cross-section profile will coincid e with the long 

profile for ind ivid ual s aged less than s but will deviate for 

s 

run 

ind ivid uals older than s ( see F igure 4. 4. a). 

I f  the age profile of the population is not changing over time 

and utility functions and income are constant, these results have a 

well-d efined effect on aggregate statistics. Once the information 

has been received by ind ivid uals, there should be an initial d rop in 

the average consumption rate. As time passes, the average con

s umption rate should rise until reaching an equilibrium (after T 

s years) which is less than the pre announcement rate This 

erosion of the initial red uction simply reflects the smaller average 

reaction required to compensate for past nonoptimal behavior. 
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The same phenomenon s hould be ob se rved for eac h  age group . 

That i s  , i f  the consumpt ion rate is measured e ac h  year for 

i nd i v id uals age d  s i ' the a l  drop i n  the consump t ion rate i n i. t i

s hou ld tend to e rode over time unti l  rea ch i ng an equ i l  ibrium a f te r  

- w years . Thus i f  ind i viduals are correctly perce i v i ng theBi 

hazard informa t ion , cross-sec t ion s ta t i s t i c s  s hould qu i ckly become 

s table-for young adu l ts but rema i n  •tran s i  tory• for o lder adu l t s  for 

a longe r  per iod of t i me . 

These resul t s  have a l l  assumed that the age prof i le of the pop

u la t ion i s  con s tan t over t i me . I f  the pro f i l e  i s  c hang i ng ( a s  i t  is 

in the u.s.), e ven i n  the long run aggregate stat i s t i cs s hou l d  

r ef l e c t  movemen t  a t tr ibutable to the d i f  ferences i n  consumpt ion 

rate s w h i ch are opt i mal for i nd i vidua l s  of d i f ferent ages . The 

d i re c t ion of the aggr ega te moveme n t  depend s on both the na ture of 

the popula tion s h i f t  and the parame ters of the par t i cu lar hazard 

cons idered . 

F inal ly , i t  should be noted tha t  wh i le i t  i s  true tha t  l ife

t ime consumption ra tes for an i n c reas ing hazard should never be 

mono ton i cally decreas ing over l i fe , as an emp i r i cal mat te r  they may 

b e  i n  the re le vant range . S i nce a con tro l l  i ng parameter i n  the 

analys i s  i s  the max imum a t ta i nable age T ,  the r i se in consumpt io n  

rates may o ccur a f te r  the age a t  wh i c h  s ta t i s t i c s  a r e  normal ly 

reported. In th i s  case , both i nd i vidual l i fe t i me consumpt ion rate s 

and cross-sec t ion con sumption rates may be d e c rea s  ing a s  a fun c t io n  

o f  a g e  in t h e  reported range . 
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C onsumption Decreasingly 

falling 

-28-

of a Hazardous Good 

I n  this section, we will briefly consider hazards where the 

probability of death from consumption decreases with past consump

tion. Since the analysis required for this case is quite similar to 

that for the previous two cases, it will not be repeated. Instead, 

the basic results will be outlined and the source of differences 

indi cated. 

As in th  case of the constant hazard, decreasing hazards 

s hould be characterized by a lifetime consumption path that is 

monotonically increasing. Since further consumption is always less 

riskly than past consumption, this force acts in the same direction 

as the • age effect• ( rather than in the opposite direction as in the 

case of an increasing hazard . )  Thus both forces cause consumption 

to increase with age. 

The decreasing hazard d iffers from the constant hazard , how

ever, in that the long run effect is not achieved immed iately. 

Because of the d ependency on past consumption, the ind ivid ual's con

sumption path varies with his age at the time of the announce

ment. As in the case of the increasing hazard , aggregate consump

tion statistics will change over time until the full ad j ustment 

has taken place ( after T - s years) . However, in 

increasing case, these aggregate statistics will be 

time, reflecting the fact that past nonoptimal consumption has put 

ind ivid uals (who have survived !) in a more favorable current 

position. As new members enter the population, they will consider 

the hazard s associated with the initial consumption and tend to 

reduce average consumption rates. 

contrast with the 

over 



Delayed 5. Hazard ous Good s With a Effect 

In the previous two sections it was assumed that the effects of 

hazardous consumption were instantaneous. This assumption is ad mit

tedy a strong one for many of the health hazard s of current concern. 

Good s which have been linked to cancer, for i nstance, are typically 

characterized as having a rather long i ncubation period . Recent 

d isclo ures on the hazard s of asbestos and nuclear rad iation ind i

cate incubation period s in excess of 20 years. 

In this section we will modify the previous mod el to consid er 

the case where the hazard ' s  effects are felt only after a speci fied 

i ncubation period of length e . The d elayed effect of the ha za rd 

significantly changes rational consumption d ecisi ons. In pa rti 

cular , we will show that the d elay i n  the hazard ' s  effects red uces 

the reaction to new information about a hazard . During the period 

between consumption of the hazard and its effects, the consumer may 

die from other causes or from the effects of past consumption. I f  

consumption is fatal, the stream of utility which is lost is e years 

shorter than in the i nstantaneous case. Both of these factors 

red uce the expected costs faced by the consumer and hence cause him 

to increase current consumption when compared with the instant

aneous case. In particular, this effect causes consumption to rise 

to the pre-announcement level much earlier in the life cycle. 

Since there is a d elay of e years between consumption of the 

hazard and its possible effects, the probability P {t) of not having 

d ied from consumption at age t, given that the ind ivid ual is alive 

at age s, i s  given by 
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Q( t-e)p( t )U ( x ( t ) ) dt 

P (  t )  = P (  t ) f (  X ( t-e )  ) x (  t-6 ) ( 5  . 1  ) 

P ( s )  • 1 ( 5 .  2) 

Not e  tha t i t  i s  con sump tion e years ago ( a  t age t-6 ) tha t 

aff e c t s  the probability of death a t  t ( compare with ( 4 .1 ) ) .  Thus , 

the intui tive notion e mbodied here is typified by a model of the 

haz ard s of ciga re tte smoking where consumption today i s  viewed a s  
-

t rig ge ring cell c hanges tha t will resul t in lung cancer 2 0  years 

from now . 

For no ta tional simplici ty , we define the lagged probability 

va riable 

Q ( t )  = P ( t  + 6 )  . 

A t  age s ,  the consumer ' s  problem is to maximiz e life time u tili ty 

T 
J ( X  ,Q ,x:Y ( t )  , s-6 <t <s ) = js s ( 5 . 3 )  

w here 

Q ( s...;e )  p ( s  ) 

X ( t )  = x (  t ) - 6X ( t  ) ( 5 . 4) 
• 

Q ( t )  = - Q (  t ) f (  X ( t  ) ) x  ( t )  ( 5  . 5 )  

X ( t )  = Y ( t  ) s-e < t < s ( 5  . 6) 

Q ( s-6 ) = 1 ( 5 . 7) 

The hi s tory of consumption given by ( 5 . 6) de termine s  the val ue 

of Q for 6 years: in pa rticular , 

t 
Q ( t )  = exp {-j f (  X ( t  ) ) x ( t  ) d  t} s-e < t < s ( 5  . 8) 

s-6 

Thus , the consume r  ' s  his tory of consumption for the pa s t  e years 

e nters irito his curre n t  con sumption d e cision . This is the c ritica l  
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Q(t-e p( t )U ( x )  

p 
p(s) 

Q( 6) P ( t) t-
Q (  s-e ) p  ( s )  

Equ a t  ions ( 5. 3 ) - ( 5. 6) and ( 5. 8 ) cons t i tute a well-de f i ned 

delayed control problem ( see Pontryag i n  , or Khar a t ishvi l i  ) .  The 

rela ted Hamilton ian fu n c t  i on18 i s  

H ( t ,X ( t )  , Q  ( t )  , Q  ( t-6 ) , x  ( t )  , A ( t )  , Y ( t )  ) • 

f eature of the model . Wh ile the consume r can al ter h i s  consumpt ion 

i n  the nex t  6 years , he c annot change h i s  probabil i ty o f  dea th i n  

thos e ye ars . Th i s  has already been d e t e rm i ned by h i s  pa s t  consump

t ion of t he hazard . Thus , t"he ga i ns from reduc i ng consumpt ion today 

w il l  be real i  z e d  only i f  the ind i v  idual l ives more tha n  e years i n to 

the future . 

Q ( s- e p ( s )  
(5 .9 )  

+ A ( x- 6X) - yQ ( t )  f ( X  ) X 

where l and >. are aux ill iary fun ct ions chosen to sa t i  sfy 

. 

>.( t )  = -

ax 

CIH CIH = ( t+ 0) U (X ( t+ 0) ) 
ao aoc t-6 )  

CIH = 6 A + yQf ' ( X  ) x for s < t < T ( 5. 10} 


• 

Y( t )  = + Y f  ( X )  X 

for s < t < T - 6 ( 5. 11) 

• 

Y ( t ) = - lli = y f  ( X ) X for T - 6 < t < T ( 5. 12 )  
ao 

>.( T) = 0 ( 5. 13 )  

Y( T) = 0 ( 5. 14 )  

The Max imum Pr i n c  iple for deiayed problems insures that the opt imal 

con sump t ion path w ill be chara c te r i z ed by 

U '  (X)  = -). + yQf ( X )  ( 5. 15) 

except where x • 0 and inequal i ty ( <) hold s i n  ( 5. 15) . 
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(5. 17) 

To analyze the optimal consum tion path, we show first that 

near the end of life, the hazards of consumption should be i gnored, 

that is, that the shadow price of consumption is zero. To establish 

this fact, we demonstrate first that the direct mortality component 

of the shadow price is zero during the last e years of possible 

life, that is, 

Y(t) = 0 for T - e ' t ' T (5. 16) 
• 

Suppose alternatively that Y( t) >0 near T. Then by (5. 12), Y( t) > 

0 near T. But this contradicts (5. 14). Similarly if Y( t) < 0 
• 

near T, then Y( t) < 0 near T which al so contradicts (5. 14). Thus 

y( t) = 0 in some neighborhood of T. The argument can be repeated 

until (5. 16) is established in the entire range for T  - e < t 'T. 

Using (5. 16} in (5. 10), we have A =  OA for T - e < t < T. 

But then using the same type of argument as above, we have 

A (t) = 0 for T - 6 ' t < T. 

U sing (5. 16) and (5. 17) in (5. 15), it is clear that U'( x) = 0 for T 

-e < t ' T and hence that 

x( t} = x for T - e < t < T (5. 18} 

Thus in contrast with the instantaneous models, consumption 

rates for the delayed hazards should rise to the pre-announcement 

rate x much sooner. Hazards which take e years to have an effect 

become harmless if there are fewer than e possible years remaining 

in life. 

Using these results, it is easy to verify that the two cost com

ponents of consumption are 
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P(t' )p(t' 
P(t+6)p(s) 

• • • 

6rp(s)Q 

Q(t)p (t+e) 

Note that as in 

mortality cost 

the increased 

T 
Y(t) = 1 )U(x (t') )dt' for s < t < T- e ( 5.19) 

t+S 

T 
l.( t ) • - e  

6t 1 e -
6t' x ( t • ) P ( t ' + e) f ' ( X ( t ' ) ) Y ( t ' ) d t ' 

t 

for s < t < T-:-6 ( 5.20) 

Y{t) • l. (t) • 0 for T- e < t < T ( 5. 21) 

the instantaneous case, Y represents the di rect 

of marginal consumption, and l. represents the cost of 

dangerousness of all future consumption (for increas

ing hazards) caused by marginal consumption. As is evident from a 

comparison of equation ( 5. 19) with equation ( 4. 12), the costs of 

consumption for a delay ed hazard are substantially lower than for an 

instantaneous one. Two factors are responsible for this reduction: 

f irst, if consumption is fatal, the number of years lost is e years 

less for the delayed hazard (note the limits of integration in 

( 5. 19)), and second, the likelihood of incurring this loss is 

reduced by the probability that the individual will die before age 

t + & for other reasons (either unconnected with the hazard or due 

to the hazard's lagged effects. ) These two factors substantially 

reduce the cost of hazardous consumption and hence reduce the 

response to hazard information. 

Differentiating ( 5. 15) and using ( 5. 10) and ( 5.11) we can estab

lish the fact that when positive consumption is optimal, it must 

satisfy 

( 6-E_-P)U' (x) - (f(X) 
p p p (t)Q (t-6) 

- f(x)U(x(t+S)) 
0(t- e) p ( t) 
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+ Xf' (X)) ( 5. 22)u•(x)x • 

for s < t < T - 6 



Qp( t+6)f( X)U( x( t+6)) 
p( t ) 

will 

At young ages ( s  near s), there are no lagged effects altering the 

consumption decision so that Q( t-6) • 1, x( t-6) c 0 initially. Thu s  

• 

u•( x) x = ( cS-£)U ' ( x) - ·oy  Q( f( X) + Xf'( X)) 
p p( t) 

-
-

for s < t < -s + 6 

(5 . 2  3 )  

As in the case where the hazard has an instantaneous effect, 

delayed increasing hazards which are not very dangerous initially 

be characterized by a consumption path that decreases in ea rly 

years of consumption. This follows directly from the fact that 

when f( X) and X are small, U " ( X) x  is positive by (5. 2 3  ) a nd hence 

x < 0. Thus, the delay in the hazard's effects does not alter the 

u-sh aped cha racter of the optimal consumption path for an increasing 

hazard. 

The previous results regarding the movement of aggregate con

sumption statistics are altered, however, by the delayed effect. I n  

particular, it i s  n o  longer true that the adj ustment should be imme

diate in the case of constant hazards ( f( X) = k )  . Since the effects 

of past consumption will be felt for 0 years after receipt of the 

i nformation, individuals should be expected to consume more upon 

hearing of the hazard than they would have if they had been con
19suming at the optimal ( lower) rate. Thus as the proportion of 

individuals w ho have consumed non-optimally becomes smaller, aggreg

ate statistics should fall after the announcement reaching long term 

equilibrium after T - s - e years. 
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The e ffe ct of the de lay on aggre gat e consumption statistic s ,  

the n, i s  to int rod uce a ne gative factor into the force s w e  have 

pre viously ide n tifie d .  This doe s not affe ct the qualitative re sults 

for de creasing haz ard s - agg re gate consumption statistics should 

fall ove r  time . Howe ve r, for incre asing hazards it introduce s an 

ambig uit y. I f  the haz ard is increasing fast enough or the length of 

the de l ay is shor t e noug h,  the n the agg re gate statistics should fall 

upon announ ce me n t  of th e h az ard but the n incre ase until re aching 

equilibrium in T s - e ye ars. On the other hand , if the hazard-

doe s not incre ase rapid ly or the d e  lay is long enough, the aggre gate 

statist ics should have a discre te drop upon announce ment of the 

haz ard followed by a U-sh aped or monotonically de cre asing move me nt 

for th e ne x t  T - s - e ye ars . 

6. C on clusion 

This pape r has pre se nte d a mode l of the individual's de cision 

to consume a haz ard ous good . The individual is vie wed as re ce iving 

a ce r t ain ut ility from consumption of the good which costs him the 

sum of the purchase price and the expected life. cost. A primary 

focus of the pape r has be e n  to e mphasize seve ral factors which 

affe ct the e x pe cte d life cost of consumption and to analyz e how 

the se fact ors should chang e consumption be havior ove r  time o 

One such factor is the riature of the haz ard . I n  particular, 

the timing of a h az a  rd 's e ffe cts is shown to be an important de te r

minant of the re act i on to information about haz ards. A safe ty 

haz ard, such as failure to use a se at be lt or occupation as a con

struction worke r, is e sse ntially diffe re nt from smok ing or exposure 
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increasing 

to asbestos -- the effects of the safety hazard are immedia te, the 

ca ncer-cau sing agents take yea rs to have an effect. The rationa l 

reaction to the sea t belt ha za r d  is shown to be substantially 

greater tha n to an equiva lent ca ncerous agent (that is, one with the 

same probability of dea th ) .  

The cumu l ati ve natu re of the ha zard is another imp ortant fac tor 

i n  preg i cting the reaction to haza rd information. The failure to 

u se a seat bel t might be regarded as a constant hazard (there i s  a 

fixed proba bility of being killed per mile), bu t di etary ha zards ma y 

be better cha racterized as increa sing hazards (e . g. each a dditional 

proba bility of cau sing agram of salt consumed ha s an 

fata l hea r t  condition. ) The optima l consumption behavior in each 

cas e  is again differ ent. This pa per ha s focus ed on the cumula tive 

effects of a haza rd- -whether it is increa singly/ decreasingly 

da ngerous or not- -and on the timing of the effects--whether dea th is 

immediate or a fter an incuba tion period. Many other chara cteriza 

tion s are poss ible, but the genera l point is clea r :  the nature of 

the ha zard may pla y a critica l role in determining a ra tional 

res ponse to inform ation regar ding the haza rds of consumption. 

Another prima ry factor in the consumption decision is a ge. The 

cost of consumption clea rly depend on the expected number of years 

rema ining in life. This fa ctor (in isolation ) causes consumption to 

rise with age so tha t if an individual lives to be old e nough, his 

consumption ra te should appr oach wha t  it would ha ve been if there 

wer e no haza rd to consumption. 
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The expec t ed ag e o f  de ath als o plays a c ritical role i n  d eter

mining ra tional c ons umption of hazard s .  An individ ual who ex pects 

to d ie earl ier than normal ( for g eneti c  reas ons , say ) f aces a lower 

c os t  f or haz ard ou s c ons umption and s hou ld c onsume more of every 

h a z a rdou s g ood . Thu s ,  r at i onal behavior wou ld tend to ex ag g erate 

a ny n a t u r a l  d i  ffer ences in ex pec ted lif e .  This natural s election 

b ia s  has i mpl i c  at i ons for attempts20 to meas ure the val ue of 

l i  fe from observed c onsumer behavior. I t  is w i d ely rec ogniz ed t ha t  

i solation of a s i  ng l e  r isk-taking ac tivity may serve onl y  t o  me a sure 

r i  sk- tak i ng beh a v i or i n general . However , the res u lt prese n t ed here 

i l  l u s tr a te s  tha t even i f  we could control f or all ri s k-taking a c t iv

i ty ,  r a t i onal beh a v io r  by c ons umers wou l d  exag g erate the cos t of 

h a z  ardou s con s ump t ion " Thos e who ex pec t to live long er wou ld c u t  

con sump t  ion o f  a l l  h a z a rdou s g ood s and vic e vers a .  U nles s the i s s u e  

o f  e x p e c ted l i f e i s  ad d r e s s ed d i r ec tly, the es timated cos t o f  

h a z  ardous c on s ump t  ion w i l l  be hi g h  becaus e it will , in part , r e f l ec t  

th i s  g e ne t i c  d i f  f erence . The c orr es pond ing value of lif e es t imated 

from con s ump t i on a c t  i v i ty w i l l  also be s omewhat low o 21 

Another impor tan t f ea ture of thi s  analy sis is t hat the ag e o f  

d e a t h  i s  n ot trea te d  a s  an e x og enous variable o The u n c e r ta i n ty of 

l i  fe i t  se l f  a c t s  to i n c r e a s e  cons umption of hazard ou s g ood s  a n d  to 

change t h e  pa t t e rn o f  l i  f e-cy c le c ons ump tion. I f  t he a g e  of d eat h 

f rom 00 0ther c a u s e s   we r e  known w i th ce r ta i n ty u c onsump t i on of e v e n  

an i n c re a s i ng ly h a z  ardou s good wou l d  r i s  e mono tonic al ly over 

l i fe a 2 2  Howe ve r  , when l i fe i s  unc erta i n  and the c ond i t  ion a l  

p7eobabi l i ty o f  d e a t h  i s  in c re as i ng with a g e ,  c ons umpt ion i s  h i g he r  
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in earl y years and is ch arac terized by a period of dec rease 

rising again l ater in l ife. Thus , when confronted with the 

before 

fac t 

that younger cons umers are often l ess c onc erned with d ietary hazards 

or smoking on l y  to • c  ome to · their senses " in a few years, our an a

lysis woul d not nec es saril y attribute this to i rrational behavior ;  

rath er i t  i s  c ons is tent with perfec tl y rational consumption. 

Wh il e  l ife c yc le cons umption of hazard s i s  in teresting in its 

own right, probably a more pertinent ques tion in this era of ongoing 

heal th researc h is how s h oul d c ons umers reac t to new heal th informa

tion regard ing hazard s .  I t  is often th e c ase that c onsumers are not 

aware of th e hazard s of c ons umption until after they have been con

sumi ng the h azard for a number of years. For the simpl est type of 

safety hazard- -a c ons tant and ins tantaneous hazard l ike fail ure to 

us e a s eat bel t- - th is pas t ignorance s houl d not inhibit an immed iate 

move to a ne w equil ibrium. That is , if c ons umers are rational and 

if c onsumers ac c uratel y perc eive the hazard invol ved , they s houl d 

quic kl y ad j us t  their cons umption of the hazard to ac h ieve a new 

l ong-term equil ibrium. 

F or oth er hazard s, the s ituation is not as simpl e. I nd ivid ual s  

who in ignorance have been c onsuming an inc reas ing hazard in too 

l arge a quantity wil l find themsel ves in a relativel y d is ad vanta

geous pos ition upon announc e ment of the h azard . As a resul t, our 

anal ys is s hows that rational c on s  umption behavior wil l require them 

to re d uce their c ons umption far more than if th ey had been con

suming optimal l y  s inc e th e start of l ife. In c ontras t, n ew 

individ ual s entering the popul ation will c ons ume optimal l y  from the 
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start of life and will therefore be at a better relative position at 

every a ge. Thus for i ncreasing hazards wh i ch do not have much of a 

delay in thei r effect, aggregate rati onal consumption23 should 
· 

be chara cteri zed by a drop i n  the consumpti on rate upon announcement 

of the hazard followed by a gradual i ncrease until stabili zi ng once 

for young age 

groups. 

The react i on 

the population has been completely replaced. F urther, statistics 

groups should stabili ze much sooner than for older age 

to new i nforma t i on regardi ng ca ncer-caus i ng 

hazards is more di fficult to predi ct. I f  hazards like smoking can 

be ch aracterized as increasing hazards with a delayed effect , then 

there are two opposing forces affecti ng aggregate consumption 

stati sti cs. The phenomenon descri bed above should cause statist i c s  

to fall upon announcement of the hazard and then rise somewhat 

before stabili zi ng. However, the delay i n  the development of cancer 

has the opposite effect. Those who have been consumi ng an excess i ve 

amount of the hazard before the announcement know that there is a 

probability that they have already tri ggered the development of can

cer i n  the next ( say) 20 years. Si nce the i r  chance of dying i n  

these years i s  therefore hi gher than otherw i se, their cost of con

suming the hazard i s  less. Thi s  factor causes these indi viduals to 

consume more of the hazard than otherwise. As these indi viduals are 

replaced i n  the population by those who have consumed optimally from 

the start of life, consumpti on rates have a tendency to f all . Which 

of these forces dominates i s  therefore an empirical matter ,  but in 

general, a rati onal reacti on to i nformati on regardi ng cancer -cau sing 
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goods shoul d be character i zed by an immediate drop in consumption 

followed by addi tional movement (up if the delay is s hort and the 

hazard is an increas i ng one or down if the delay is long) until the 

population has been totally · replaced. However, 

s hould ag a i n  be characteri zed by the fact that 

younger age groups should stabilize sooner than for older age 

groups ; 

To be s ure, thi s analys is has ignored many of the factors which 

affect consumption deci s ions in the light of new information on 

hazards . We have cons i dered only the mortality costs of such con

sumpti on and we have not dealt with any addi ctive or habi t charac

teri s t i cs of cons umption. Nevertheless, by simplifying the 

analys i s  , thi s model of cons umption g i ves an initial unders tanding 

of some of the quali tati ve characteri s ti cs of rational consumption 

behavior and thus provi des a neces s ary firs t step in the under

standi ng requi red to tes t the rationality of cons umer response to 

health i nformati on and ulti mately as ses s the value of publi c 

sponsored programs to provi de such information. 

rational behavior 

statistics for 
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F ootnotes 

1 This view of the consumpti on deci s i on is clos ely related to 
the Schelling ( 1968 ) and M i s han ( 1971 ) arguments that the relevant 
benefit measure of an activi ty whi ch reduces the probabi l i ty of 
death is reflected in the sum of indi vi duals ' wi lli ng nes s to pay for 
such a reducti on . 

2 one approach to thi s  problem is to adopt the dev i ce used by 

C ropper ( 1977 ) where i llnes s is modeled as a di s rupt i on in the 

indivi dual's uti li ty stream. I n  thi s  case, a li feti me i llnes s 

becomes equi valent to death and our analysis would carry over wi th 

the pre babi lity of death replaced by the probability of illnes s .  

However, th i s  dev ice se ems e x  treme except for ser iou s i l lnes ses . 


3 

4 

That is, the rate of consumpti on before the hazard i s  k nown o 

More formally, a constant hazard is defined a s  one for 
whi ch the con di ti onal probabi li ty density function i s  constant. 
Loos ely speaki ng ,  thi s can be interpreted as a constant probabi li ty 
of death if consumpt i on is i ncreased marg i nal ly, gi ven that the 
indivi dual i s  currently ali ve. I n  a di s crete model, the equi valent 
as s umpti on would be that each uni t  of consumpt i on has a constan t 
probabi li ty of caus i ng death . 

5 Note that our previ ous as sumptions imply that consumpti on 

pri or to the an nouncement would be constant at x .  


6 Work by Luce and Krantz ( 1971 ) and J ones -Lee ( 197 4 ) has 

shown th at the indi vi dual acts as an expected uti li ty maxi mi zer i n  

ci rcums tances like ours . 


7 The probabi li ty of not having di ed from cons umpti on of the 

hazardous good at t + bt depends 
 on two independent events : that 

t he indivi dual has not died from consumpti on by t and that he does 

n ot die from cons umpti on duri ng ( t, t+ bt). Thus , 


-P( t+ bt) ... P( t) [ 1  qx bt ] 
or 


P ( t + bt ) - P ( t ) ... -qP( t ) X • 


at 

Taki ng the lim i t  as bt + 0 and solving for P( t) yi elds the 
s tated form. 
8 See, for ins tance, Pon tryag i n  ( 1962 ) or Hadley an d K emp 
(1971) .  
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hazard 
proven 

hav e a fi xed thres hol d 
s h oul d 

has been 
at th e d ecay rate 

9 Fo rmulation of a th re s  hol d  mod el involves the res olution of a 
tech nical matter wh ich G s erves men tion . I f  an ind i v  idual is 
ass umed to over life , then the accumulated 
s tock of the never be al low ed to decay s ince this 
s tock l ev el to be s afe for the ind iv idual . Thus 
cons umption x = o x  represents no hazard to life. 

An alternative formul ation of the thresh ol d mod el as s umes that 
th e thres hold is rand om and s ubj ect to a s pe  cific density function 
at each ins tant t. This mod el woul d correspond , for ins tance , to 
circumstances in which rand om outsid e events ( illnes s  , weaknes s ,  
recent good d iet , etc. ) make th e ind iv id ual more or les s s us ceptible 
to the hazard by changing h is thres hold accord ingl y. A level of 
accumul ation of the hazard which is not fatal today may prov e to be 
fatal fn th e future. Thus , any cons umption of th e hazard ous good 
has an as s ociated probabil ity of d eath ; that is , there is no 
• totally s afe" level of cons umption ( unles s th at level has alw ays 
been s afe. ) I t  is only the degree of the hazard that is affected by 
the s tock X .  

The approach ad opted h ere wil l  focus on th e s econd formul a
tion s ince it is the more complex. The C ropper ( 1977) model of 
occupational choice was of the firs t type : a fixed threshold mode l .  
Only s light changes in the arguments presented here will be requ ired 
to d eal with th e fixed thres h ol d  cas e  and we wil l point them out as 
appropriate. 

The appropriatenes s  of each mod el d epend s on the nature of the 
hazard . I f  genetic factors pl ay a si gnificant rol e  in the determina
tion of s us ceptibil ity , then th e fixed thres hol d  mod el may be more 
s uitabl e ;  th e " unknown" here is whether one inh erited th e s us cepti
bility or not and this is fixed for the ind ivid ua l .  How ever , if 
there is s ignificant uncertainty regarding the other factors wh ich 
affect th e ind ivid ual ' s  s us ceptibil ity , then a rand om th res h old 
mod el may be more appropriate. An individ ual 's thres hold for 
alcohol , for ins tance , may d epend on his weigh t ,  chemical balance , 
state of mind , ph ys ical cond ition and many other factors wh ich vary 
s ubs tantial l y  over life. 
10 Note that in a d is crete mod el f( X )  would repres ent th e proba
bility of death from cons umption of an ad d itional unit of the 
hazard ous good if net cumul ativ e cons umption was x:--However , in our 
continuous framework , f( X} corres pond s to a marginal increas e in con
s umption. 
11 F or ins tance , we are ignoring th e presence of oth er hazar d s  , 
connections between hazard s and oth er such comp l icating factors . 
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12 The proba bility that the indiv id ual will not have been 
killed by the hazard ous good at t + bt is equal to the prod uct of 
the probabilities of two ind epend ent ev ents : that h e  h as not be en 
killed by a ge t and that he is not killed in the intervening period . 
S o  

P (  t + bt) "" P ( 't) [ l  - f( X ( t) )x( t) lit] . 

Taking the limit as At •O, we get ( 4 . 1) .  
I n  the cas e of a fixed thres hold mod el ( s  ee F ootnote 9 )  , ( 4 . 1) 

bec omes 

P = - Pf ( X)X ( 4 .1 ' )  

• 

where it can be d emons trated that X > 0. 

1 3  Note that in t he c as e  of a d ecreas ing hazard , if the 
ind ivid ual d oes not die at age t, th e marginal consumption will 
prod uce the ben ef icial ef f ect of d ecreas ing the h azard to further 
consump ti on throughout li fe .  However, if the hazard is an 
increasing on e ( the cas e we cons id er in mos t d etail ) ,  the hazard to 
further con s ump tion will be increased .  

1 4  Recall that we have ex p l i  citly ruled out a s ubj ective 
d is coun tin g f un ction as wel l as an y new in formation which would 
caus e the in d ivid ual to ad j us t  his probability of living at a given 
age ( beyon d the factors con s i d  ered here. ) This allows us to avoid 
the p roblem of cons is tency ( S  ee, for ins tance, S trotz (1957 ) or 
P hlip s ( 197 4 ) ) .  

The potential for an in creas ing lifetime utility aris es from 
the poss ibility that X { t) d ecreases significantly. 

16 Note that a s ubj ective d is count rate would s imply augment 
this f a ctor . 
17 This as s ertion fol l ows from the s imple argument that if the 
two cumul ative cons umption paths ever cr os s ed ,  the piecewis e 
optimality princip le app l ied at that point would ins ure coincid ence 
for the remaind er of l if e  . 

18 N ote that whenever the argument is not explicitly s tated , t 
is impl ied .  
1 9 Past behavior h a s  i n c  r ea s e d  the pr oba bility of d ying i n  the 
next e yea rs and thus red uc ed the c os t  of ad ditional cons umption . 
20 S ee ,  for ins tan ce r B l  omq uis t (19 78) and Thaler and Ros en 
(1975 ) 0 
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2 1  To be sure, there are many other potential biases affecting
th ese estimates in either direction . 

2 2  Here we i gnore th e fact that th e cumulative effects of the 
h azar d may decay with time and alter this result somewh at. 

2 3  I n  this discussion, we assume the population age profile is 
not changing since this would have a corresponding effect on average 
consumption figures. 
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pend i x  

• • 

• • 

T .  

A 

Proof Tha t  Li fet ime Consumption Rate s 
Cons i st e n t l y  Re f lect I n i t i a l  Pos i t  i ons 

Cons i der two l ike i nd i v idua l s  of the same age s who have 

a c cu mu l a ted consumption o f  Y and Y '  w i th Y < Y '  . Our a im i s  to 

demons trate that the i r  consumption rates over the rema i nd e r  o f  l i fe 

w i l l  cons i s te n t l y  re f le c t  th is  f ac t  1 that i s  , that the f ir s t  

i nd i v i dual w i l l  f i nd i t  opt imal to consume more a t  e ve ry age , so 

that 

x > x '  for s < t < T 

u n l e s s x • x '  over the l a s t  part o f  l i f e  . 

From prev i ous resu l t s  , we k now tha t X < X '  u n l e s s  X • X '  over 

the  l a t te r  part of l i fe . Suppose tha t i t  is opt imal f o r  the se cond 

i nd i v i d u a l  to consume at a greater rate than the f i r s t  i nd i v idual 

near the end o f  l i fe , tha t i s  , a s sume 

x < x '  for t near T .  

Then a t  thes e  ages X < X '  and 
• 

U" ( x )  x • - f ( x )  [ u ( x )  -xu ' ( x )  ) 1 - EU ' ( x )  
p 

• 

> - f ( X '  ) [ U ( x 1 ) - x 1 U 1  ( x 1  ) ] - EU 1 ( x '  ) 
p 

• 

• U" ( X  I ) X I 	 ( A . l  ) 

I t  	f o l l ows d irectly tha t 

x < x '  a t T .  ( A .  2 ) 

B u t  s ince x < X 1  near T and x ( T )  = x 1  ( T )  , we mu s t  have 

x • x 1  at 
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Bu t i n  thi s  case ( A . l  ) impl i e s  that f (  X )  • f (  X '  ) a t  T and s ince the 

hazard i s  an i ncreas i ng one , tha t X • X '  at T .  Th i s  is a con tra

d i ct i on o f  our assumpt ion that x < x • near '  s ince X < X '  near T 

and X • X '  a t  T impl ies tha t X > X '  for t ne ar T and there fore x > 

' x near T .  Th i s  e s tabl i s he s  the propos i  t i on . that 

x > x ' near T .  ( A .  3 )  

Suppose now tha t x • x ' at some age t < T .  E i ther the con

sump t  i on paths are tange nt at th i s  poi n t  or they cross . For the 

t ang e n t  case , ( A . l  ) w i l l  hold wi th equa l i ty and there fore X • X '  a t  

t .  In th i s  case the p a ths wou ld coincide f rom t to T .  I n  the non-

tang e n t  case , ( A  . l )  w i l l  hold s t r i c tly and the concav i ty of U 

i mp l i e s  

( A . 4  ) 

Th i s  the curve s  cross . 

Thus , 

x < x ' a t  t 

contrad i c ts the assumpt i on that 

we have demons trated tha t 

x > x ' a t  e very age t ,  for s < t < T 

u nl e s s  x = x ' over the l a s t  par t  o f  l i fe . 
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