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ABSTRACT

Past studles have relled on cross-sectlon patterns of rlsky behavlor
to generate value of Ilfe estimates. Because numerous problems have been
encountered using thls approach, the reliability of the estlimates has been
questioned. |t has proven difflcult to separate the risk components from
the (dis)utility attributes of work or consumptlon; to avold selectlvity
blases; and to dlsentangle user costs (e.g., for wearlng a face mask) from
the risk premlium pald for accepting risk. To clrcumvent some of These
difflcultles, thls paper uses a dlfferent approach, one which explolts the
Impliclt value of Ilfe Informatlon that Is provided by changlng consumption
patterns over time brought about by changes in avallable Informatlon about
;l;ks. Since data Is often avallable that descrlibes consumption hablts
before and after health Informatlon Is announced, It Is possible to more
rellably estimate the pure effects of rlsks on behavlor, and to generate
unblased distributions of the value of |lfe saving. The case of clgarette

consumption over tIme provides an ldeal setting to Illustrate thls

methodology.



DRAFT: Please Do Not Quote Without Permission of Authors

MEASURING THE VALUE OF LIFE FROM

CONSUMER REACTIONS TO NEW INFORMATION

by

Pauline M. Ippolito* and Richard A. Ippolito¥**

October 1982

*¥Federal Trade Commission; **U,S. Department of Labor. The views
expressed in this paper are those of the authors and therefore do not
necessarily reflect the position of any agency of the U.S. Government.



I+ INTRODUCTION

it Is now well accepted that the value of Ilfe can In princlple be
estImated by observing indlviduals' behavlior In accepting I|lfe-threatening
risks In market transactlons. Numerous studles have adopted thls approach
by comparling elther wage or consumption patterns agalnst varlous measures
of rlsk (e.g., Blomqulst 1979; Sml+th 1976; Thaler and Rosen 1975; or
Viscusl 1978).1/ Though substantlal progress has been made In
overcomlng many measurement and technlcal problems with value of Ilfe
estimates, several methodologlical difflcultles remaln that hlnder attempts
to develop more reflned and rellable measures of the value of Ilfe.

Among these are the problems of self-selectlon and the difflcultles of
separating the rlsk components from the utlllty attrlbutes of an actlvity.
Coal mlners recelve wage premlums for (unmeasured) job attrlbutes other
than risk. HIigh-rise constructlion workers are not randomly chosen from the
population. For the most part, these problems are Inherent In methods that
extract value of Ilfe estimates from cross sectlon observatlons on risky
actlivitles. It Is extremely difflcult to measure risk premlums or to avold
selectlon blas once markets have Internallzed the presence of unusual
risk.

In thls paper, an attempt Is made to derlive value of |]lfe estimates
that are free from these b]ases, and to accommodate many of the critlclsms
that have been made about previous work. As a flrst step, the study
dellberately avolds rellance on exlstling patterns of risky behavlor to
generate Information on the value of Ilfe. Instead, advantage I's taken
of changling consumptlon patterns over time brought about by changes In

avallable Informatlon about rlsks.



In partlcular, consumer reactlons to clgarette health Informatlon are
consldered. The analysls Is performed over a perlod In whlch clgarette
smokling changed from belng consldered retatlively safe to belng consldered
qulite rlsky. The well-publicized campalgn to Inform consumers of the
dangers of smokling clgarettes has no serlous competlng explanatlon for the
dramatic swltch toward safer smoking hablts over the last 25 years. As
such, the risk component of clgarette demand can be more rellably separated
from 1ts utllity component. Moreover, by viewlng snapshots of market
behavior over the perlod of adjustment to the new Information, the
reactlons of a representatlve population of consumers can be measured.

The approach presented here Is deslgned to go futher than providing an
arguably unblased estImate of the average value of Ilfe. An attempt Is
also made to estimate the distributlon of values of I|lfe across the
population. Crltlcs who have suspected that the varlance of values of |lfe
held by the populatlon Is too large to be represented by average
Back-of—The-envelope calculatlons will not be disappointed by the results
reported below. For example, consumers who contlnue to smoke, desplte
health warnings, are estlImated to hold values of I|lfe that are less than
one-half those held by non-smokers.

Three additlonal noveltles consldered below are worth highlighting.
Flrst, the paper accounfs.for product quallty adjustments to risks. |f
risk exposure Is partly reduced by a user cost of sorts (e.g., wearlng a
face mask), observed rlisk premiums partly represent compensatlon for
acceptIng remalning risks and partly represent compensatlion for the user
cost. A primary way smokers reacted to rlsk dlsclosures has been to switch
to clgarettes with less taste (and less nicotline). Reductlons In clgarette

demand over tlime are due partly to the |Ife-threatening cost of smoklng and



partly to a related (voluntary) reduction In the quallty of cigarette
smoked. By disentanglling these effects, It Is discovered that
approxlImately one-fourth of the information-related reductlon In demand Is
attributable to the quality effect and that the value of I|ife calculation
could have been misstated by as much as 50 percent had thls nuance been
Ignored.

Second, the study evaluates consumer reactlons to a health hazard.
Compared to, say, hlghway or occupational accldents, clgareftte smoklng
causes reductions of Ilfe In later years with a much higher degree of
certalinty (as In the development of lung cancer or heart dlisease after
20-30 years of smokling). As such, Individuals' tIime preference rates and
the +1me pattern of the risk over |lfetime become central features In the
value of Ilfe calculatlon.

Finally, attention Is glven fo a recurring complalint about value of
I1fe studles, that consumer perceptlions of risks may differ significantly
;rom sclentiflic measures of risk. |Individuals who accept relatively hlgh
risks may have relatlively low values of Ilfe, or they may hold unreallstic
perceptlions about the magnitude of the risks they face. Usling survey data
that descrlbe consumer bellefs about the health hazards of smoking, the
Implicatlions of varied subjective bellefs are systematically consldered.
In the case of clgareTTes,‘IT turns out that these considerations do not
alter the conclusions of a model that excludes the Issue of subjectlive
bellefs, but thelr potentlial for signiflcantly changing the results Is

aptly demonstrated.



[t A BRIEF OUTLINE OF THE APPROACH
The baslc approach used below to measure the value of Ilfe can be

eas!ly demonstrated wlith the ald of flgure 1. Suppose there are two
types of cligarettes and the Indlividual will choose one type or the other.
Both sell for the price Pc but one Is a high nicotline and high taste
(H) clgarette and the other Is a low nlcotline and therefore low taste (L)
clgarette. In fligure 1 the underlying demand curves for the two types of
clgarettes are shown as HH' and LL'. |f an Indlvlidual Is unaware of the
health cost of smoklng, he naturally chooses the hlgher taste clgarette
because there Is no prlice premlum for the additlonal taste; at price
Pc’ the Indlvidual smokes QO high taste clgarettes per perlod.

After recelving Information about the risks of smoklng, the demand
curves for high taste and low ftaste clgarettes fall to reflect the health
costs of smoking. In flgure 1, these revlised demand curves are deplcted by

and M, In

;he schedules H*H'¥ and L*L'*, The vertlical shlfts ML H

these demand curves reflect the Individual's assessment of the health cost
of smoklng each type of clgarette. Because of the higher '"health prlce"
assoclated wlth high taste clgarettes, the hlgh taste demand falls by more
than the low taste demand My > ML)' In the case Illustrated In
flgure 1, the Indlvidual néw flnds 1t optimal to switch to low taste
clgarettes.

If elther the two hligh faste or the two low taste demand curves could
be observed, the value of |lfe could be measured dlrectly from the observed
shift. |f the reduced Ilfe expectancy per cligarette Is bL and bH

for low and high taste clgarettes, the value of Iife Is ML/bL or

equivalently MH/bH. If, however, the Indlvidual reacts to the



health rlsk by reduclng the quallty of clgarette smoked, It Is posslible
only to observe the no-Informatlon demand for high taste clgarettes (HH' In
figure 1) and the post-Information demand for low taste clgarettes (L*L'¥*
In flgure 1.)

The observed shift In demand M In thls case Is comprised of two parts.
M reflects the health cost of smoking the low taste clgarettes.

M, reflects the utlllty cost to the Indlvidual of swlitching to low

HL

taste (low rlsk) clgarettes. Whlle the latter shlft component reflects a
safety declslon, It does not readlly yleld value of Ilfe Informatlon.2/
The value of Ilfe can be calculated only by dlsen- tangling the product

quallty effect MHL from the dlrect risk effect M 5 so that the

value of |1fe can be computed as ML/bL' The difflculty of

disentanglling these effects frustrates attempts to generate unblased

estimates of the value of |lfe when the reactlon to safety rlsks Includes
product quallty changes.

) Even 1f aggregate demand shlfts could be decomposed to account for

the quallty component of the reactlon, the classic selectivity problem In

value of I|lfe studles remalns--though In a somewhat dlfferent form. For

some smokers, the Informatlion causes thelr demand curve to fall so much

that no clgarette Is worth smoking. In flgure 1, the post-Informatlion

demand curves for these Iﬁdlvlduals would fall completely below the price
I Tne Pc' In these cases, the observed demand curve shift M Is

truncated at the price Pc’ and therefore these Indlividuals'! valuatlons

of risk are not fully reflected In shilfts In aggregate demand. Since
Indlviduals who value Ilfe hlghly are more Ilkely fo qult smoklng when

health costs become known, shlfts In aggregate demand data generate blased

estIimates of the value of |lfe.



Since the best data avallable on clgarette consumption over time tis
ageregate data, a methodology Is needed which can use thls aggregate
Informatlon but In a way that accounts for the biases dlscussed. To do
thls, a model of Indlvidual cholce Is developed reflecting the analysls of
flgure 1. Indlviduals In the model are allowed to have dlfferent tastes
for smokling, different values of |Ife and, In some parts of the analysls,
different bellefs about the |lfe costs of smoking. The aggregate behavlior
predicted by the summatlon of Indlviduals' cholces can be compared to
actual market data. The value of Ilfe dlstribution fltted to thls data
reflects the values of |ife held by different segments of the population
Including those who quit smoking and those who substantlially changed thelr

type of clgarette.

Ill. FORMAL MODEL OF OPTIMAL SMOKING BEHAVIOR

a. The Baslc Model

) Conslder an Indlvidual who Is an expected utlllty maxImlzer. Suppose
that without health dlsclosures, the Indlvidual's declslon to smoke Is
dependent upon price and a "taste'" parameter. Thls "taste" parameter Is
flxed, and therefore the Individual's optimal consumption of clgarettes
does not change systematically wlith age; changes In the quantity of
clgarettes consumed each ﬁerlod depend only on price. When new health
Informatlion on smokling Is released, the Indlvidual Is assumed to adjust hls
bellef (possibly, Inperfectly) about the hazardsvof smoklng and to reassess
hls rate of clgarette consumption. But once the Information Is

Incorporated, thlis rate willl agaln depend only on price for the remalnder

of Ilfe.é/



The health cost of smoking Is modeled as an Increase In the likellhood
of early death.4/ The Individual has some perceptlon of the Increased
risk of dying at each age In the future.2/ In particular, let q(1,Q,n)
be the consumer's estimate of the probability of not having died from
smoking at age ! gliven that he smokes Q clgarettes per period with nicotine
content n per cligarette. The risk of smoking Is assumed fto Increase with
the total consumption of nlcoTIne;Q/ that Is, q'(Q) < 0 and q'(n) < O.

If each period's utlllty Is additive and Independent of age, the

Individual's expected Iifetime utility Is

N
E(U) = £ alp(1)q(1,0,n)U(x,Q,n)

1=0
where 1 Is age, 1/ als atime preference factor (0 < a < 1), p(l) Is
the probablility of being alive at age | If the Individual does not smoke,

and x represents the quantity of other goods consumed. It Is also assumed

that U Is a well defined utility function; In particular

u_ > o0, U

x < O;U >

0~ %Y

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

< 0; and
XX

where UJ denotes the first derivative of U with respect to j; that

Is, all goods are positive arguments to consumption but nicotine content Is
valued positively only below a certain Intensity level n*; beyond n* the
clgarette becomes so '"harsh" that further Increments to n are valued

negatively. Note that the model Is not based on the simpler approach of



describing utility as a function of total nicotine consumption.
Empirical evidence clearly shows that consumers are not Indifferent to the
number of clgarettes they smoke .8/

Normalizing so that the price of the representative good Is unity, the

per period budget constraint Is
(1) x + PQ = |

where P Is the price of the cligarettes and | Is Income per period (both
assumed constant over I1fe).2/ |t Is apparent from (1) that the money
cost of smoking Is assumed to depend only on the quantity and not the type
of clgarette consumed .19/
b. First Order Conditlons

Maximizing expected utility E(U) subject to the budget constraint In

(1) ylelds the first order conditions of Interest fo us:

N
-(2) ) a’pu)lq(t,o,n)uQ(x,o,n) +
1=0
qQ(I,Q,n)U(x,Q,n) - AP] = 0; and
N
(3) rzo alp(1)1a(1,0,mU_(x,0,n) +
qn(l,Q,n)U(x,Q,n)) =0

where X Is the marglinal utility of Income.



Conditlion (2) balances the expected marginal utllity of consuming a
greater number of clgarettes (flirst term) against the money costs of
smoking plus the costs of reduced |lfe expectancy from smoking at a higher
rate of consumption. Condition (3) equates the marginal utillty of smoking
a better tasting (higher nicotine) cligarette (first term) to the value of
expected reductlions In Ilfespan from smoklng stronger cligarettes.

Without health disclosures, the Indlividual Is assumed to conslider the
health cost of smoking to be zero; hence, g=1. The first order conditions

In (2) and (3) therefore simplify to:
(4) UQ(X,Q,n) -AP =0 and
(5) Un(x,Q,n) = 0.

Conditlon (4) requlires the Individual merely fo set the marginal utllity of
smoking an additional clgarette equal to Its price. Conditlion (5)
Indicates that since nicotine content does not affect price, the Indlividual
should choose a cligarette type of sufficliently high nicotine content that
the marginal utlllity of smoking a stronger cigarette Is zero.

The effects of health disclosures on the consumer's optimal
quant ity-quality cholce can be viewed In two steps. Flrst, the consumer
now reallzes that nicotine Is not a free good. Whlle higher nicotine
content does not Involve additional money costs, It does reduce expected
ITfespan. Quallty no longer comes as cheaply as origlnally thought. Thus,
glven any (money plus health) expenditure on clgarettes, the Individual

wlll substitute quantity for quallity In his smoking hablt. Second, with



Informatlon, the consumer reallzes that his actual expendlture of money
plus health on clgarettes exceeds hls percelved level of expenditures. As
such, It Is now optimal for him to reduce hls total consumptlon of nicotline
In terms of quantity of clgarettes and nicotine content per clgarette.

Let Q* and n* denote the no-Informatlon solutlion to (4) and (5). Let
Q and n denote the post-Information solutlons to (2) and (3). Inspectlion
ot these condlitlions confirms the Intultive notlon that health Informatlion
causes the Individual to reduce the number and the nicotlne content of his
consumptlon; thus, n*¥ > n and Q* > Q.
c. Optimal Cholce Under Simplifled Condltlons

For purposes of estImation, the model Is simplified In the followlng
ways. Flrst, for the no dlscount case, It Is assumed that the Individual
approximates Informatlion on the health effects of smoking as a I|lnear
relatlionshlp between expected |lfespan and the rate of nlcotine
consumed.t1/ Second, the Indlvidual assumes that If he quits at age |,
‘his life expectancy wlll Increase In proportlon fo the remalnling portlion of
hls Ilfe; thus, a person who qults half way through hls adult Ilfe expects
to galn half the Increased |lfespan as a young adult who qults as soon as

he starts. These assumptlons are stated succlinctly as follows:
(6) E(TJ(Q,n)) = E(TJ(O,O)) - bnE(TJ(O,O))Q/n*E(T),

where j Is the age at whlch the Information Is recelved, E(TJ(Q,n)) I's
the expected |lfespan at age j glven a future consumption rate of Q
clgarettes of type n and a past consumptlon rate of Q* clgarettes of type

n¥, and E(T) Is the expected |lfespan of a non-smoker at age O.



Third, and flnally, utlllty Is assumed to be a power functlon of
nicotine. Since the no-Information nicotine content Is assumed to be n¥*,

this relatlon Is speclfled as
(7 U(x,0,n) = U(x,Q,n*) - k(n*-n)®0,

where k and e are posltlve constants.

To derive prellminary results, the additlional assumption Is made that
the rate of tIime preference Is zero (a=l). The solutlons reported below
wlll be subsequently recomputed for the case where time preference Is
posltive. Under these conditlons, and Ignorling second order Terms,lZ/
post-Informaton flrst-order condltlons (described In (2) and (3)) simplify

to:

"
)

(8) -bnU(x,0,0)/An*E(T) - k(n*-n)®/) + UQ(x,Q,n*)/A or
_ML - MHL + Uo(x,Q,n*)/)\ = P; and

(9) -bU(x,0,0)/n*E(T) + ek(n*-n)e~!

0.

In particular, notlce that our simple l|inear speclflcation allows us to

abstract from the age at which the Indlvidual recelves the Informatlon.
The last term on the left side of (8) Is the same as In the

no-Informatlon demand curQe (4), but two additional shift terms appear.

The first, M Is the per-clgarette health cost of smoklng a lower

L’
nlcotlne/lower taste cligarette. The second Term MHL reflects the
per-clgarette cost of switching to an Inferlor tasting clgarette. These
shlfts correspond to those Il lustrated In figure 1.

The measure of the value of Ilfe In the model Is apparent from these

relatlonshlps. For an Indlividual, the value of |ife Is defined by the

11



direct risk component of the shift ML which reflects the percelved
health cost of smoking n-type cligarettes. |If n-type clgarettes are
bel leved to cost bn/n*E(T) years of |lfe per clgarette (as In (6)), the

value of one year of Ilfe v Is deflned by
(10) v = n*E(T)ML/bn = U(x,0,0)/x .

Since (10) relates the value of |lfe to the unobserved demand shift

M It Is also necessary to relate the value of Ilfe to the

L’
Indlvidual's observed demand shift M, To do thls, the Indlvidual's

nlcotlne cholce Is rewrltten from (9) and (10) as:
(11) n=n% - [va/ekn*E(T)]]/(e-]).

The total demand shlft M can therefore be related to the value of |lfe by

rewriting (8) as:

[}
<
+
<

_(12) M =

bv(n* - ((e-1)/e)(bv/n*E(T)ek')1/(e=1) ) /nxe(T),

where k' = k/X.
d. Aggregate Behavlor

Most of the usable Informatlon descrlbling smoklng behavior Is
aggregate level data. The Tndlvidual model must therefore be aggregated
across the populatlion to establlsh a connectlon to avallable statlstlics.

Let each Indlvidual have a different taste for smoklng. In

particular, the Individual's marginal utlllty for smoking Is parameterized
by a taste scalar r whose dlstrlbutlon over the population Is unknown., If
Indlvidual taste differences are assumed to be constant across types of

clgarettes, equatlion (7) can be rewrlitten to reflect Indlvidual tastes as



(7a) U(x,Q,n,r) = U(x,0,n*,r) - k(n*-n)®Q.

where k and e are constant but r varles by Indlividual. Thus, the taste for
nlcotline Is assumed constant over the pobulaflon but the taste for
clgarettes Is not. A dlrect Impllicatlion of thls assumptlon Is that, absent
Information, all consumers would smoke cligarettes of nicotine content, n¥*,
The model Is therefore conslstent with historical evlidence (see Appendix).
Absent health Informatlon, at price P, there Is a taste parameter

threshold r!'(P) that separates smokers from non-smokers; Indlviduals with a
larger taste parameter smoke, those with a smaller taste parameter do not.

The aggregate demand for clgarettes when the health risk Is unknown Is then
glven by
(13) Q¥(P) = s  Q(P,r)f(r)dr

r'(P)
where Q(P,r) Is the quantlity demanded (from (4)) and f Is the denslty of
Fastes over the populatlion. The percentage of the population that smokes
prior to health disclosures Is glven by
(14) S¥*(P) = S f(r)dr.

r'(P)

Once Informatlon on the hazard of smoking Is recelved, the
Indlvidual's demand for clgarettes falls In accordance wlth equatlon (8).
For the flrst part of the analysls, all consumers are assumed to hold the
same bellefs about the Ilfe cost of smoklng (reflected by the parameter b).
For convenlence, the new quantity demanded Is denoted by Q(P,r,M) where M =
M, * M Is the shift term In equation (8). Flnally, It Is clear

HL L

that the taste parameter threshold separatling smokers from non-smokers

13



after Informatlion wlll depend on the the sum P+M, Post-Informatlon
aggregate demand Is then glven by
(15) QP)y = s s QMP,r,Mf(r)dr g(M)dM
0 r'(P+M)
where g(M) Is the density functlon descrliblng the distrlibutlon of
Individual reactlons arising from differing values of |1fe. The proportion
of the populatlion that smokes after health dlsclosures Is glven by
(16) S(P) =/ J* {f(r)dr g(M)dM.
0 r'(P+M)

Finally, It Is noted that, contrary to the no-Informatlion equlllbrium,
the optimal nlcotine-type clgarette wlll differ across smokers. Since
clgarette cholce Is now a functlion of the Indlvidual's value of Ilfe (see

equatlion (11)), a distrlbutlon of types of clgarettes wlll now be observed

In the market.

IV. ESTIMATION OF THE VALUE OF LIFE SAVING
a. Methodology

Equations (13) through (16) establlsh the relatlons between aggregate
data and underlylng Individual distributlons. - The left hand sides of
these equatlons are known‘dafa. Simllarly, the distributlon of nlcotline
cholces Impllcit In equation (11) Is known, Thus, our methodology uses
these equatlions to Infer the taste and shift distributions f(r) and g(M)
and, In turn, to calculate the value of Ilfe distributlion.

Clgarette smoklng data Is avallable that describes actual smoking
behavior In 1980, Including the total quantlty of clgarettes consumed, the

elastliclty of demand for cligarettes, the percentage of the population

14



smoking and the dlstrlbution of the types of clgarettes smoked., Abundant
data Is also avallable to estimate how these smoklng patterns would have
differed In 1980 had no Informatlon been provided on the health hazards of
smoking. These data and estimates are summarized In table 1 and are
presented In more detall In the Appendlx.

Slince there are no longltudinal micro data sets that track indlividual
smoklng patterns over tlIme, tradltlonal statlstical technliques cannot be
used to flt the underlyling dlstributlons In the mode | .13/ Instead,
partlcular functlional forms for Indlvidual demand curves and for the
underlylng distributlons of taste and the value of I|lfe are assumed. By
Iterating on the unknown parameters of these functlional and dlistributional
forms, the model which best flts the known aggregate data Is determlned.
The taste and demand shift distributlions are fitted to aggregate data
flrst; the value of |1fe distributions are then calculated.

b. The DIstributlion of Tastes for Smoklng
Conslider cigarette consumption In a no-Information world. Assume

that Indlviduals have demand curves of the form
(17) Q =r - cP/r

for n*-type clgarettes where the constant c Is equal for all consumers, and
where the taste parameter * varles across Indlviduals.!4/

The taste parameter I|s assumed to be positlive and dlstrlbuted across
Indlviduals In such a way that the corresponding quantlties have a beta
dlstributlion of the form h(Q) = B(a,b)((§)+L)a'1(T—'Q)b'1 where B Is
the beta functlon; the shape parameters a and b and the right endpolint
T are poslflve.lé/ The left endpolnt -L of the distribution Is allowed

to be negatlve to reflect the possiblllty that some Indlviduals would have



to be pald to smoke. Flnally from equation (17), It follows that
Individuals will not smoke at price P If thelr taste parameter r Is less
than the threshold r'(P) = (cP)1/2,

Under these assumptlons, for any cholce of the parameter c and for any
appropriately speclfled taste distributlion on r, aggregate demand without
health dlsclosures can be derlved from equatlon (13). By Iterating on the
parameters c, a, b, L and T, the model can be solved to be conslstent wlth
the following facts (presented In table 1): Absent Information, the per
caplta quantlty smoked would have been 386 packs per year In 1980 at the
(1980) price PC=$.656 per pack; the elastliclty of aggregate demand
would have been -~.48; and 54.2 percent of the populatlon would have
smoked.

The solutlion 1s characterized by c*=505,000 and a quantity
distribution denoted by h*(Q) with shape parameters a=9 and b=2.7 and
endpolnts -L=-6300 and T=1875.16/ This solutlon of the no-Information
Mmodel glves us the basellne from which to measure the reactlon to clgarette
Information.

c. The Distribution of Indlividual Demand Shifts M
Once the Informatlon on the hazard of smoking Is avallable, the

Indlvidual's demand curve (specifled by (17), (12) and (8)) becomes
(18) Q =r = c(PtM)/r

where M 1s the Individual's shift In demand attributable to the comblined
effect of the swlitch to an Inferlor tasting clgarette and the percelved
health risks of smoking that clgarette. Those consumers whose taste
parameter r Is less than the new hlgher threshold r'(P,M) =

(c(P+M))1/2 wlll not smoke. All consumers are assumed to treat the



hazards of smoking as a cost; that Is, M > 0. Finally, the distributlion of
demand shifts is assumed to be a beta dlstribution with the density g(M) =
B(aa,bb)Maa'1(TT-M)bb'] where the shape parameters aa and bb and

the endpolnt TT are positive constants.

The demand shift distribution g*(M) which flts the observed aggregate
data Is found Iteratlvely as follows: Uslng the no-Information quantlity
distribution h*(Q) and the parameters s* and c* determined above, any
speclfled dlistributlion for the Individual demand shifts M will generate a
post-Informatlion demand curve as In equatlon (15). By Ilterating on the
shift distribution parameters aa, bb and TT, the post-Informatlon model can
be made to flt the followlng facts (summarlzed In table 1): In 1980, the
per caplta quantlity smoked at the price Pc=$.656 Is 195 packs per year;
the price elastlclity of demand Is -.48; and 32.5 percent of the population
smokes. The shift distributlion which flts thls data has the shape
parameters aa=1.00008, bb=5.957 and the endpolnt TT=8.17/

The mean of the estlmated shift dlstributlion Is $1.15; the standard
devlation of the distrlbutlon Is $.99. The estimates suggest that, In
1980, If clgarettes could have been purged of risks, consumers (Including
smokers and non-smokers) would have been wllling to pay an additlonal $1.15
on average beyond the out-of-pocket costs ($.656) for a pack of thelr
tavorlte clgarette. Uslng the standard errors that underlle the aggregate
estIimates, a confldence range between $.91 and $1.28 was established for
this estimate.l18/

It Is Interesting to compare the $1.15 mean-demand shlift estimate to
the observed shlft In per caplta demand that can be attributed to
clgarette-health dlsclosures. Thls per caplta shlft which Is easlly

derlved from table 6 In the Appendix Is $.935. The dlscrepancy between
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these two measures occurs because the reactlons of those who quit smoklng
are not fully reflected In the aggregate data. Thus, our estimate suggests
that use of the observed per caplita shlft would underestimate the actual
reactlon to clgarette Information by approxIimately 20 percent.

It Is also worth notlng that the flitted Individual demand shift
dlstributlon Is not tlght; almost 20 percent of the populatlon had demand
shifts exceeding $2 while 54 percent had shlfts of less than $.50. In
short, In order to explaln the facts In the aggregate data, |t must be true
that Individuals reacted In very dlfferent ways to the same announced
health-dIsclosures. The shlft dlstribution Is also sharply humped near
zero, suggesting that many Individuals reacted weakly to clgarette-health
dlsclosures.

d. Calculating the Value of Llfe

The distributlon of Individual demand shlfts Is not suffliclent to

determine the value of |lfe saving, because the shlft also Incorporates the

) ~-reduced value of smoklng the Inferlor tasting clgarettes. To estimate the
value attached to the Ilfe saving alone, the quallty effect must be
disentangled from the dlirect risk effect.

To address the disentanglement Issue, addlitlonal Information avallable
on clgarette smokling patterns Is explolted. In partlicular, data describling
the distribution of charéTTe cholces (In terms of nlcotlne content) In
1980 1s avallable; data Is also avallable which permits an estimate of what
this distribution of cholces would have been In 1980 without Information
(see Appendix). These facts about clgarette cholces make It possible under
d!fferent ‘assumptlons about consumer bellefs to solve the model for the
value of I|Ife distributlon which Is most consistent with the estImated

shift distribution and with the observed nlcotine cholces (recall equations
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11 and 12). The algorlthm also generates separate dlstributlons for ML
and MHL'

The solution to the model Is found lteratively. Assume that consumers
hold a particular bellef, reflected in the parameter b, about the |Ife cost
of smokling. |t Is apparent from equatlion (12) that, for any assumed
nlcotine preference parameters e and k', a value of Ilfe dlistribution can
be computed directly from the shift distribution g*¥(M) determlned
above,l9/ By lterating on the preference parameters e and k', the
corresponding nicotine dlstribution which minIimlzes the sum of squares
dlstance from the known nlcotine dlstributlion can be determlined. That Is,
the nlicotline density generated by the model, denoted by Jk,,e(n)
can be compared with the known nlcotline density j(n) glven In the

Appendlx;ZQ/ the best flIt solutlon Is determined by the criterion

k‘,e(n)—\j(n)lzdn.
The corresponding value of Ilfe distribution Is taken as the solutlon to
the model.

Our primary estimate of the value of I|lfe distribution Is based on the
assumptlon that consumers belleve the expected Iife loss from smoking a
pack a day to be 3.5 years -- an assumptlion that Is consistent wlith the
best medical evidence avallable on |lfe expectancy ef fects.2l/ Uslng
the best demand estlImates above (characterlized by the $1.15 mean demand
shift), the model solutlon Is found to have values of e = 3.0 and k' = 1.2,
wlth the sum of squared dlfferences for the nlcotine distributions equal to

.029.


http:effects.1l
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The flrst result worth notlng Is that the means of the dlrect rlsk and
the switchlng components of the shlfts are ML = $.86, and
MHL = $.29, Thus, approximately 75 percent of the Indlviduals' mean
demand shlft of $1.15 Is attrlbutable tfo the Ilfe cost of smoklng the
relatively safe (low taste) clgarettes that were consumed In 1980. The
remalnling 25 percent of the reductlon Is attrlibutable to the smokers!'
swltchling from higher to lower quallty clgarettes.

These estlImates provide a basls for determlning the degree of blas
Inherent In methodologles that Ignore quallty reactlons to the announcement
of risk. |If the posltlion were adopted In thls study that "a clgarette Is a
clgarette," the value of Ilfe would be estimated as M/bH where bH
Is the I1fe loss per pack of hligh taste clgarettes. Thls apprcach would
underestImate the mean value of Ilfe by approximately 10 percenT.zz/
Alternatlively, one could argue that the reductlon In demand would more
approprlately be matched fo the rilsk bL remalning In the low tar
;IgareTTes, that Is, that the mean value of |lfe Is computed as the mean of
M/bL' In thls case, the measure would be approxImately 50 percent
hlgher than It should be.

These sImple computatlons demonstrate the potentlal Importance of
expllcltly treating the quallty reactlon to risk. It should be noted,
however, that these resulfg do not Imply that the flrst method (M/bH)
should be preferred, slince the relatlve magnltudes of the errors would have
been reversed If the value attached to the quallty swltch had been hlgher
than the dlirect risk effect. There Is no theoretlcal reason to preclude
this.

The estImated value of Ilfe dlstributlion Is shown by the downward

sloplng denslity functlon In flgure 2. The mean value of the dlstrlbutlon
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Is $8,622 (1980 dollars); the standard deviatlion Is $9,170. We wlll
discuss the characterlstlcs and shape of the distributlion flrst, then
address the slignliflicance of the mean value Itself.

The signlflcant spread of the estimated distributlon Is an Important
feature of the results and one whlich survlived varlous sensitivity analyses,
The varlatlion across the populatlon suggests that the value of Ilfe Is
substantlally different for different segments of the populatlon. As such,
concern about selectlvity problems that color estimates of the value of
I1fe could be sligniflcant depending on the sample basls for the estImate.
For example, 1f comparably risky jobs attract Indlviduals from the lower 25
percent of the populatlion In figure 2, the estimated value of Ilfe
determined from wage premlums attached to those risky jobs should yleld a
value of I1fe of less than $3,200 per year. In contrast, If certaln types
of safety Items are purchased by those In the upper 25 percent of the
dlstributlon, the value of I|lfe reflected by the market would be
“approxImately $12,000 per year.

This polnt Is also forcefully made by a comparlson of smokers with
non-smokers, |f, In the estImate described here, the average value of Ilfe
Is computed for smokers alone, the value of a year of |ife Is $5,700; the
corresponding value for non-smokers alone Is $10,500 per year. These
estImates clearly Illustrate the potentlal blas Inherent In methodologles
that estlimate values of |]fe based on observed risk premlums recelved by
the risk-takers alone.

The estImated value of |1fe distributlon lsAnof only dlspersed but It
also exhlblts Its highest denslty near zero, falllng monotonically over
higher values of Iife. Whlle thls result may vlolate prlor expectatlons

about nlcely humped dlstrlbutions, It Is In some sense Inevitable In |ight
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of the empirical finding that a substantlial portlon of the population
exhliblted a small reactlon to the clgarette-health Informatlion. Under an
assumptlon that all consumers hold the same bellef about the health cost of
smoklng, the emplrical finding of a relatlvely hlgh frequency of weak
reactlons to health warnings translates dlrectly to the Inference that many
Individuals have relatively low values of Ilfe.

The shape of the value of |lfe distributlion ralses the Issue of
consumer bellefs In a strlking way. |If consumers do not share the same
bellef about the Ilfe cost of smoking, the unexpectedly hligh density of
small values of Ilfe might be sIimply a symptom of the misspecified bellef
assumptlion. Thls Issue Is explored more fully below. Allowling for
dlffering consumer bellefs can be shown to change the results In expected
ways, but does not fundamentally alter the qualltatlve nature of the
results descrlibed here.

Before accommodating this compllcatlon, however, It Is worth
‘;onslderlng the magnltude of the mean value of Iife In more detall. Flirst,
the results were tested for sensltivity to varlous critical Inputs. In
partlcular, using the range of estlmated shift distributlions developed
above (recall that the statlistlcally acceptable range of distributlons had
means varylng from $.91 to $1.28), and also allowing the bellefs about the
|Tfe lost from smoklng To'range between two to flve years (but flxed across
Individuals), the mean value of a year of |ife Is estimated to be between
$4,186 and $16,008 (see table 2).

These estimates are not directly comparable to other estimates of the
value of Iife In the I|lterature, because thls measure Is for a year of Ilfe
while previous measures have been for a populatlon facing a risk of

Immedlate death. Recalllng the Initlal assumptlon, however, that the time
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preference rate Is zero, the annual value can be converted to the usual
measure by taklng the expected present value of the annual measure at the
average age of the populatlon used In other studles.23/ performling

thls exerclse, the comparable value of Iife Is estImated to be between
$146,510 and $560,280. These estImates are presented In the flrst row of

table 3.

V. VALUE OF LIFE ESTIMATES WITH SUBJECTIVE DISCOUNTING

The value of |lfe estImates to thls polnt have been based on an
assumptlon that consumers do not exhlblt time preference (beyond that
Induced by the uncertalnty of survival). However, assumptlons about
consumer tIme preference play a potentlally Important role In the
methodology for estlimating the value of Ilfe.

A hazard |lke smoklng Is characterlzed by signlflicant lags between
consumptlon and Its ultimate health effects. When new Information about
the hazard Is released, the Indlvidual consldering a reductlon In
consumptlon Incurs a utlllty cost throughout his |ife for the sake of
beneflts that are concentrated later In Ilfe. |f the Indlvidual Is
dlscounting these future beneflits, a methodology that matches hls observed
reduction In demand to undliscounted I|lfe saving beneflits wll| lead to
underest Imates of the value of |Ife.24/

Mortallty data Is avallable to estImate the tImlng of deaths for
smokers relatlive to non-smokers. In partlicular, a function of the form
Pe = Aexp(K/AgeZ) where Pe Is the dlfference In +he probabl |1ty
of death for smokers relatlve to non-smokers was fit to data avallable from

a study of mortallty patterns of smokling and non-smoklng U.S. Veterans (HEW
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1979); the coefflclents A = -.59 and K = -6316 provlided the best fI+t
(R2 = ,98). For purposes of estlImatlon, Indlviduals are assumed to
know the baslc shape of thls excess death functlon. A multlipllcatlve
scallng factor Is used to generate dlfferent bellefs about the number of
years of expected Ilfe lost through smoklng.zéf As In the case of no
dlscounting, the scallng parameter was set to reflect a range of
assumptlons about |lfe expectancy bellefs (see table 2).

Arguably, the approprlate tIme preference rate for thls context Is

bounded by the real Interest rate.26/, Flsher and Lorle (1977) have

put thls rate at no more than 2.5 percent over the last 50 years. To allow
for the posslibllity that Imperfectlons In the capltal market InhIblt tIme
preference from belng fully reflected In the observed Interest rate, tlIme
preference rates up to 5 percent were also consldered.

By Incorporating these dlscount rates and the assoclated excess death
functlon Pe Into the algorlithms dlscussed above, revised value of |lfe
dlstributions were fltted. The results are presented In rows 2-4 In table
3.

When the tIme preference rate Is set equal to the Interest rate .025,
the best no-dlscount estlImate of $301,770 Increases to $368,495., Doubllng
the tIme preferences rate to .05 Increases the estimate to $503,132. The
lower and hlgher bound estImates under the no-dlscount assumptlon Increase
by sImllar amounts. In short, whlle the Introductlon of dlscountlng does
Increase the measured values of |lfe, these Increases are not large enough
to change the order of magnltude of the results,

The results In table 3 are relatlvely low when compared to prevlous
estImates of the value of |lfe. Blomqulst (1979) and Thaler and Rosen

(1975) generate results that are In the $450,000 - $500,000 range (1980
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dollars). Our best estimates are approximately two-thirds as large as
these estimates without discounting, and just as large with discounting at
a rate of 5 percent. Simllarly, the estimates are considerably below other
estImates In the I|literature that range from $1 mllllon (1980 dollars) to
almost $3 milllon per |ife saved (Brown (1980); Smith (1976); Vliscus!
(1978)). Thus, when compared to previous studles, our results to this

polnt support the use of generally lower values of |lfe.

Vli. VALUE OF LIFE ESTIMATES WHEN CONSUMER

BELIEFS ARE NOT IDENTICAL

The estimates presented above are based on the assumption that all
consumers have the same assessment of the Ilfe loss due to smoking.

Whlle this assumption has been widely used In the |iterature, It Is
troublesome on theoretical and empirical grounds. |If some Individuals
accept relatlively high risks, 1t can be Inferred that elther they have
;elaflvely low values of Iife or they have relatively low estimates of the
risks., For example, In terms of fligure 2, the high frequency of low values
of Ilfe could suggest that a substantlal portlion of the population simply
underestimates the |ife cost of smoking.

To the extent that Individuals with weak responses bellieve the |ife
costs are relatively Iow,'Thelr computed values of Iife should be higher
than the level reflected In figure 2, Simllarly, consumers who reacted
strongly to the hazard Information but who hold higher estimates of the
ITfe cost should be computed to have lower values of Ilfe. The net effect
of these competing adjustments on the mean value of |ife depends on the

particular bellef distribution held by the population. However, the
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varlance around the mean |s expected to fall because part of the previously
observed varlance Is now attributable to dlfferences In bellefs,

Whille rellable bellef Information Is not typlcally avallable, a
natlonally projectable survey was conducted by the Roper Organlzation for
the Federal Trade Commlisslon In November 1980. Indlviduals were asked to
Jjudge the truthfulness of an assertlon that a 30 year old pack-a-day smoker

had a lower Ilfe expectancy than a comparable non-smoker .27/ Those who

answered In the afflrmatlve were then asked how many years of Ilfe were
lost on average. The survey results are shown In table 4.

While these results are suggestlive of consumer knowledge of smoklng
risks, some problems are evident. For Instance, 30 percent of the
populatlon (and 40 percent of smokers) deny that smokling affects |1fe
expectancy. Yet, these responses are dlrectly contradicted by the
Individuals themselves In other parts of the survey, and by overall market
response behavlor.28/ NotwlthstandIng these shortcomings, the survey

“results suggest several qualltatlive features of current consumer knowledge
of smoklng.

Flrst, on average, Indivliduals do not appear to underestimate the
risk of smoking. Takling the survey results at face value, and Ignoring
the non-responses, the mean |lfe loss Is approximately 3.5 years, which
closely corresponds to ep]demlologlcal results (see note 21/).

Second, the bellef dlstribution Is not symmetric; even If zero-cost
responses are ellminated, the distributlon Is skewed to the left. Whlle a
greater number of consumers apparently underestimate the Ilfe loss of
smokIng, fhose who do overestimate do so by a greater margln on average.

Third, and flnally, the dlstributlon exhlblts a high varlance. For

Instance, Including the zero-cost respondents In the lowest cost group,
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the standard devlatlon of the Roper dlstribution Is 4.3 years, thereby
suggestIng that the disperslon of bellefs about the mean I|ife loss could be
qulite high.

The devlatlons In reported bellefs are large enough fo Introduce the
possIblllty that the estimated values of Ilfe reflected In table 4 and the
corresponding distributlons are largely an artlfact of the unlform bellef
assumptlon. To Investigate this Issue, the value of I|lfe distributlion was
reestlImated Incorporating the Roper survey data. For thls purpose,
consumers who responded that smoking had no I1fe expectancy effects were
placed In the lowest Roper category of 0-2 years lost per pack;zg/
consumers In each category are assumed to be unlformlly distributed across
the category. Thls bellef distributlon has a mean of 4.3 years. It Is
also assumed that an Indlvidual's reported bellef about the Ilfe cost of
smoking Is Independent of hls underlyling taste for clgarettes r and hls
value of |1fe v,

With appropriate adjustments to the solutlon algorithm, the model can
be solved under the Roper bellef assumpTIon.éQ/ The solutlon Is
characterlzed by parameters e = 3 and k! = 1.2 and a value of Ilfe
dlstributlon wlith a mean of $8,500 per year of Ilfe and a standard
deviatlion equal to 70 percent of the mean (roughly, $6,000). In contrast,
when the value of Ilfe dIstributlon Is computed for a unlform bellef of 4.3
years, the mean value of |lfe Is found to be $6,950 with a standard
devlatlon equal to 106 percent of the mean (roughly $7,415).

The value of Ilfe dlstributlon for the Ropér bellef dlstribution Is
shown by the humped denslty function In flgure 2. The correspondling
unlform bellef case (4.3 years) Is very slImllar to the unlform bellef case

of 3.5 years also shown In figure 2. As expected, the Inftroductlon of
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differing consumer bellefs acts to reduce the varlance of the value of Ilfe
distributlon; the mass of the dlstributlon Is also declidely pushed away
from zero. More Importantly perhaps, the Roper bellef assumptlon Increases
the mean value of I|lfe by approxImately 20 percent, from $6,950 to $8,500
per year. Thls Increase Is primarlly atftrlibutable to the net reductlon In
the denslty of Indlvlduals near zero. It Is Interesting to note, however,
that desplte the decldely skewed nature of the Roper survey responses, the
fltted value of I|1fe distributlon contlnues to have a clear non-symmetric
character wlth a concentratlon of denslty at lower values. Moreover, whlle
somewhat dIminlshed In strength, our previous flndlngs of a substantlal

varlatlon In Indlvidual values of Ilfe remalns.

VI. CONCLUSION

Uslng a tIme serles approach, thls study found that clgarette-health
disclosures led to a reductlon In the demand for clgarettes of $1.15 on
average. The shlft can be compared to the 1980 prlice per pack of
clgarettes of $.656. From these reactlons, the best estImates of the
average value of I|Ife held by the populatlon were put In the range of
$300,000 to $500,000. Varlous sensltlvity tests conflrmed that the results
were robust.

The paper also ldentlfled and quant!fled several blases that plague
value of Ilfe studles. For example, had observed aggregate clgarette
demand been used to estlImate the per caplta shlft due to clgarette-health
dlsclosures, the average value of |Ife would have been understated by about
20 percent, The error occurs because the reactlons of consumers who left
the clgarette market are not fully measured. It Is also shown that

Indlviduals' demand reactlons are comprlised of two parts, one that reflects
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a dlrect value of I|lfe dlscount and one that reflects the reductlion In the
quallty of clgarette smoked. The latter effect accounted for approximately
25 percent of the total observed reductlon In clgarette demand. Ignoring
the quallty reactlon to health disclosures would have led to errors In
calculating the value of |lfe that ranged from 10 to 50 percent In thls
study.

The tIme serles approach, together with efflclent use of avallable
data, permlts an estImatlion of the distributlon of values of Ilfe held by
the population, not just the mean values. Perslstent smokers In 1980
exhlblted values of |l1fe that were generally less than ftwo-thirds the
average for the population and less than one-half the value for
non-smokers. The large disperslion In values of |lfe across the population
conflirms suspliclons that the approprlate value of Iife for pollcy or other
purposes can dlffer substantlally depending upon the segment of the
populatlon affected.

- The model was modlfled to accommodate varled consumer bellefs about
the |l1fe cost of smoklng. Replacing a unlform bellef assumption wlth
survey data that showed a wlde varlatlon In bellefs around the same mean
changed the results signlflicantly. The estimated mean value of |lfe
Increased by 20 percent and the standard devlation fell from over 100
percent to withln 70 percent of the mean. Stl1ll, whille the potentlal for
varled bellefs to substantlally alter the results was demonstrated, the
order of magnitude of the prlmary quantitative results dlid not change.

A clear lesson of this study Is that rellance on self selected risk
takers In cross sectlon studles can lead to serlously blased results. |If
time serles studles are performed to accommodate these blases, It Is

Inevitable that the emphasls of value of |Ife studles must move towards
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health hazards and away from accldental risks. |In the case of accldents,
risks are more apparent and therefore offer Ilttle chance to observe
observe market reactlons to new Informatlon about rlsks. The study of
health hazards, however, Inevitably requlires an expllclt treatment of time
preference rates as well as estImates of the tIme proflle of the mortallty
effects over Indlvidual Iifetimes. They also require more attentlon
towards the questlon of consumer bellefs. Routlinely assuming that
consumers hold correct expectatlons about health hazards Is a problem that
plagues all value of |ife studles. But It may be more ftroublesome for
newly announced health risks., First, In the case of health hazards, there
Is an Indlrect connectlon between consumptlion and Its ultimate
consequences, and second, It may take conslderable time for the populatlion
to assImllate the full Implicatlons of newly announced hazards.

Future studles could signiflicantly beneflt from access to longltudlnal
micro data sets which Include behavloral and bellef Information. In thls

) _paper, varlous dlstributlions were Inferred from avallable pleces of
Informatlon descrlibling aggregate behavlior. More rellable results and
better concepts of standard errors around these results could be found by
studying many Indlividuals' reactlons over a simllarly critlcal time period.
While such data bases are rare, they could signiflcantly Improve our
knowledge of the way Indl&lduals react to risk and the role consumers!' own
estimates of health cost play In determlning thelr behavlior.

Flnally, 1t Is worth highlighting a few features of the results that
are useful for pollcy applicatlon. Pollcymakers sometimes have dlfflculty
deallng with value of Iife estImates that are generated by the compensation
principle., Thelr crltliclisms are based on arguments that Individuals do not

know the health costs of rlsks; that workers cannot move from dangerous
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jobs because they are elther heavlly Invested In particular firms or are
otherwlise Immoblle; that different Indlviduals have different values of
ITfe, and flnally, that some Indlividuals-cannot "afford" to avold risks.
The case of clgarettes may provide a particularly useful example fo
deal with these problems. Available evidence does not support elther the
notlon that Individuals, on average, are unaware of the Ilfe cost from
smok Ing, or that addlctlon (the counterpart fo job ImmoblIlty) Is a
slgniflcant problem In the case of clgareTTes.él/ The estImates also
permlt quantificatlon of the extent fto which values of I|life actually dlffer
across the population. Flnally, rather than dealing with the difflcult
question relating to the "affordabl|lIty" of risk avoldance, the case of
clgarettes permits us to use an example where Indlviduals actually must pay
an out-of-pocket cost for opportunity to expose themselves to rlisks. The
popular retort that low Income individuals (who Incldental ly smoke more
than high Income Individuals--see Ippolito et al. 1979) cannot "afford" to
‘purchase a safety device Is thwarted wlthout resorting to awkward arguments

about marginal vs average utllitles of consumption.
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APPENDI X

Effects of Dlsclosure on Per Caplta Cligarette Consumptlon, Nlcotlne

Content and the Smokling Partlicipation Rate

The hlstory of clgarette health dlsclosures has been glven elsewhere,
and therefore Is not repeated here (see, e.g., Ippollto et. al. 1979 or
Kleln et. al. 1981). In essence, the health hazards of smoklng were wldely
publlclzed startling around 1952, culmlinating In the now-famous Surgeon
General's Report In 1964, Numerous addltlonal Reports and much addltlonal
publlclty have ensued. In thls Appendlix, estImates are made of what per
caplta clgarette consumptlon, nlcotline content per clgarette smoked and the
overal |l smoklng partliclpation rate would have been In 1980 If no health
dlsclosures had ever appeared. These estlimates are compared to actual

behavlor that characterlzed the clgarette smoking market In 1980.

Per Caplta Clgarette Consumption

In 1980, per caplta clgarette consumptlon was 195 packs per year
(U.S. Department of Agriculture, 1981). The per caplta consumptlon that
would have occurred wlthout dlsclosures Is estImated by analyzlng aggregate
clgarette consumptlion In the U.S. over tlIme.

Several studles have used somewhat dlfferent methodologles to measure
the effects of clgarette-health publlclty on per caplta clgarette
consumptlon. The results have all been simllar.32/ In thls appendlx,
the results presented In Ippollto et. al. (1979) which Included data up to
1975 are updated through 1980. Followlng the same methodology, the
followlng speclflcatlon of clgarette consumptlion from 1934-1980 was

estImated:



c=b +b,t +b.053/(1-e4T53) 4+ p.D64 T64 + b P
o | 2 3 4

+ b5y + error

The varlable c Is the log of the nuﬁber of clgarettes consumed per
adult (age 18 and over) In the U.S., P Is a BLS real retall price Index, y
Is the log of deflated per caplta Income and t Is the log of a trend term.
The term D53 denotes the appearance of Inltlal health dlisclosures and
subsequent publlcity and equals one durlng the perlod 1953-1980 and zero
otherwise; D64 denotes the appearance of the Surgeon General's Report and
subsequent publiclity and equals one durling the perlod 1964-1980 and zero
otherwlse., T53 Is a tIme counter beginning at one In 1953 and T64 Is a
counter beglinning at one In 1964, Iteratlon on d In Increments of .25
resulted In the best flt of the equatlion when d equaled -4.0; b2 Is the
long term percentage reductlon In consumption owling to the 1953 dlsclosures
and subsequent publicity, assuming that the Surgeon General's Report had
never appeared.

| The estImates using ordlnary least squares are presented In equation |
In table 6.33/ The estimates on the health dummy varlables suggest
that the 1953 health dlsclosures and subsequent publliclty led to a long
term decrease In per caplta consumptlion In the vicinlty of 17 percent, and
that the Surgeon General's Report and subsequent publliclity led to an
addltlonal gradual reductlon In per caplita consumption on the order of 3.17
percent per year through 1980.

Together, these measures suggest that per caplita clgarette consumptlion
In 1980 was 50.4 percent of what I+ would have been absent the appearance

of smoklng-health publicity. Thus, wlithout the appearance of dlsclosures,



per caplta consumptlon would have been 386 packs per year In 1980 compared

to actual consumption of 195 packs per year.

Nicotlne Content

The relative harm assoclated with smoking a partlicular type of
clgarette can be Indexed by Its nlcotline content.34/ Nicotlne content
by brand and varlety Is avallable from the Federal Trade Commission.
Corresponding market share data Is avallable from J. P. Maxwell (see
references). Whlle the value of Ilfe calculations In the text requlire the
distributlon of smokers across nlicotlne types, It Is well documented that
smoking Intenslty Is Invarlant to clgarette-type (see Ippolito,
et. al. 1979; Health Consequences of Smoking 1981); hence, the distributlion
of market shares across nlcotline-type cligarettes Is equlivalent to the
distributlon of smokers across nlcotlne-type clgarettes.
a. Smoker DIstrlbutlon Across Clgarette
B Types With Dlsclosures

The actual dlstrlbutlion of nicotline clgarette types In 1980 Is
calculated directly from the FTC and Maxwel| data. The nlcotine brand data
was used to aggregate market shares across simllar brands of clgarettes.
The resulting nicotIne market share distributlion was flt with the
following loglstics equaflén:
(21) log(Z/(1-Z)) = =5.11 + 5.66 n, RZ = .99,

(49.09) (50.47)

where n Is nlcotine content, Z Is the proportlion of clgarettes sold whose

nicotine content Is less than or equal to n and the numbers In parentheses



are t-statlistlics. This distribution Is characterized by a mean nicotline
content of approximately one mllllgram per clgarette.
b. Smoker DIstribution Across Clgarette

Types Without Disclosures

What types of clgarettes would Individuals have smoked In 1980 If
disclosures had not appeared? A clue to the answer s provided by
historical evidence. Prlor to 1952, a few non-fllter clgarettes with very
similar nicotine contents dominated sales for over twenty-flve years
(Jo P. Maxwell). |If nicotine content within brands Is assumed to be
constant prior to 1952, the welghted nicotine content per clgarette smoked
was virtually stable from 1926 to 1952. Therefore, It Is reasonable to
assume that absent the Intervening disclosures nicotine content would have
remalned constant and virtually all clgarettes would have had the same
nicotine content. For estimation purposes, the IImiting assumption Is
adopted that all clgarettes would have been ldentlcal.32/ Using the
FTC and Maxwel | data, the nicotine content of these no-Information

clgarettes Is put at 1.49 mIIIIgrams.gﬁy

Smokling Partlclpation Rate

The actual particlipation rate In 1979 Is used as our best guess of
the smoking participation rate In 1980. As of 1979, 32.5 percent of the
adult populatlion smoked cligarettes (Health Consequences of Smoking, 1981).
To determine the proportion of adults that would have smoked but for the
health disclosures, smoking partlicipation rates err time were examined.

Particlipation rates for the age group 21-47 years old were avallable

annually from 1947-1975 (H.E.W., Adult Use of Tobacco, 1975);37/ these



data were analyzed uslng numerous alternatlive dummy varlables to flt
consumer reactlons to health disclosures. The followlng speclflcatlons

provided the best fit to the data:

a=cq*c,t+c,D55 +cyD64 (T64)2 +

2 3

c4P + CgY + error.

where a Is the smoklng participatlion rate (all other varlables were
descrlbed above). The equatlons were run with and wilthout the price and
Income varlables.38/ The estimates are presented In equatlons 2 and 3
In table 6.
These results clearly reject the hypotheslis that the 1953 dlsclosures
and subsequent publicity had a lasting negatlve Impact on consumers'
col lective probabllity of smoking. In contrast, the response to the 1964
Surgeon General's Report Is negatlive and slignlflcant, suggesting a large
long term Impact of the post 1964 health dlsclosures on smoklng
v BarTIclpaTIon rates. It can be Inferred from these estlImates that absent
health dlsclosures, the particlipation rate would have been 54.2 percent

In 1980.

The data developed above |s summarized In table 1 In the text.



FOOTNOTES

1/ For more complete revliews of the Ilterature, see Balley (1980),
Blomqulst (1980), Brown (1980) and Smlth (1979).

2/ The shlft M reflects the savings In Ilfe generated by the swltch

to less harmful clgarettes, measured by b,,~b, . However,

MHL/(b —bL) understates the true value of life, In an

n-qual?fy model, the Indlvidual can be thought of as making a serles of
switches to lower nicotine clgarettes. At flrst, the reductlons In tastes
are outwelghed by Increases In |Ilfe expectancy; and so, the Individual
contlnues to swltch to ever poorer tastling clgarettes untll these factors
exact ly balance. Thus, the sum of |Ife expectancy galns from the
Infra-marglnal swlitches exceeds the sum of the utlllty costs of smoklng
lower taste clgarettes.

3/ We chose not to model smoking as an addictlon In the sense that

qultting Imposes a physlcal wlthdrawal cost on the Indlvidual. |[|f the
addlctlve characterlistics of smoklng were Important, It would follow that
after 1964 (the date of the flrst Surgeon General's report), the reduction
In start rates would have been proportlonal ly larger than the corresponding
reductlon In overall particlpation rates; that adjusting for other factors,
pre-1964 starters would smoke elther more cligarettes or hlgher nlcotine
content clgarettes than post-1964 starters; and that post 1964 qult rates
would be lower for older smokers than for younger smokers. Avallable
emplirical evidence rejects these hypotheses. See Ippollito et. al. (1979).

4/ The money cost and the disutlllty cost of a smoking-related fatal
Tllness are not necessarlly hlgher than those that would otherwlse be
Incurred for an unrelated fatal IlIiness. Lower health levels that may be
caused by smoklng during I|lfe (shortness of breath, coughing, etc.) were
presumably more wldely known, and therefore Internallzed, prlor to
disclosures. For these reasons, the primary health cost of smoklng Is
taken to be a reduction In Ilfe expectancy.

5/ Replacing thls assumption with a weaker one--that the Indlvidual has a
perceptlion of the effects of smokling on expected I|lfespan--does not affect
the no-discount results generated below.

6/ Nlcotlne Is highly correlated wlth other determlinants of the smoklng
risk, e.g., tar and carbon monoxlde.

71/ All ages are taken In reference to the age when the smokling declslon Is
made, so that age | = 0 refers to the starting age.

8/ More partlcularly, In a world In which utlllty Is a functlion of total

nlcotlne Intake, rather than quantity of clgarettes and nlcotlne content

separately, all smokers would smoke one very strong clgarette per period.
They would do so because clgarette prices are generally Insensitlve to



nicotline content. The fact that smokers pay for the opportunity to spread
thelr nlcotIne Intake over many clgarettes dally rejects models that pose
utlIlty as a functlon only of nlcotlne Intake.

9/ This simpllfylng assumptlon could be relaxed to Include an overall
wealth constralnt with varlable Income over |lfe and savings possibllitles.
However, these generalltles are superfluous for the a conslderation of
smokling behavlor.

10/ The price of same-slzed clgarettes Is generally Insenslitlve to the tar
and nlcotIne content per clgarette.

11/ In fact, the evidence suggests diminlshing mortallty effects from the
higher rates of smoklng and a lagged health response to reduced consumptlon
(U.S. Department of Health, Education & Welfare 1979).

12/ In particular, It Is assumed that the utlllty of smoking Is small
compared to the utlllty of Iiving and consuming all other goods.

13/ Occaslonal snapshots of cross sectlon behavlor have been taken.
However, these data sets are general ly not comparable and do not cover
pre-1965 behavlor. In addltlon, 11+ Is widely known that the distributlon
of reported quantitles of clgarettes smoked In these samples Is
Inconslistent with veriflable aggregate data (see Warner, 1979). Thus,
avallable cross sectlon quantlty data Is less abundant and less rellable
than aggregate quantity data.

14/ Other simple speclflicatlons where the slope of demand was not allowed
to vary by Individual were decldedly Inferlor In fittling avallable data.
_In addltlion, a more general form of the demand curve was Investlgated where
price P was ralsed to a power, but values of the power dlfferent from unlty
dld not generated better flts to the data.

15/ A beta dlstributlon was chosen here because the avallable (though
suspect) cross-sectlon Information on Individual smoking quantities shows a
deflinite left skew across Indlviduals.

16/ There are multiple solutlons for thls portlon of the model. These
solutlons are characterlzed by small changes tn the talls of the
dlstribution which do not.signiflcantly change the mean and standard
deviatlion of the fitted distributlons. The results reported below are not
changed 1f these alternative solutlons are used. In additlon to satlsfylng
the aggregate emplirlical criterla set-out above, the solutlon was checked
agalnst two addltlonal criterla. First, the aggregate demand curve
Implicit In the model was shown to be essentlally ldentlcal to the
estImated per caplta demand presented In table 6 In the Appendix. As a
further check, the Implied quantity distributlon for smokers was compared
to actual smoking Intensitlies prlor to health Informatlon (HEW 1979);
adjusting for the usual underreporting blas In these surveys (Warner 1979),
the results were conslstent.



17/ Small changes In the right tall of the dlstrlibutlon dld not
sTgnlflcantly change the results.

18/ The estlImates of smokling behavlor In 1980, absent Informatlon, are
subject to statlstlcal error (see table 6). Uslng the 95 percent bounds
for the estlImates, the model was agaln solved for fthe corresponding demand
shlft distributlon. The fltted shlft dlstrlbutlons for thls range of
crlterla were characterlzed by means ranglng from $.91 to $1.28.

19/ In partlicular, the denslty for The values of Ilfe Is h(v) =
g(M(v))[b(n*- (bv/n*E(T)ek'))/n*E(T)])~! where g(M) Is the denslty

functlon for M determined above and M(v) Is the demand shlft corresponding
to the value of I1fe v (from (12)).

20/ The denslfy for the nlcotlne cholces generated by the model Is

J (n) = h(v(n))n*E(T)k'e(e-1) (n*-n)®=2/b where h Is

déf1Red In Footnote (17) and v(n) Is the value of IIfe corresponding to a
partlcular nlcotlne cholce (from (11)).

21/ Based on smokling surveys and subsequent follow-ups upon the death of
respondents, several studles have estImated the effects of smokling on Ilfe
expectancy. The estImates are generally based on the consumptlion of
pre-Informatlon nlcotline content clgarettes. Standardlizing to the same
Intensity levels, the results range from 2.3 to 4.8 years of expected |Ife
lost for |1fetime pack-a-day smokers (see Ippollto, et. al. 1979; Hammond
1967; U.S. Department of Health, Educatlon & Welfare 1979). Consumers'
perceptlon of mortallty warnlings appear to be conslstent wlth these
estImates. Hamermesh (1981) conducted a survey of 26-39 year old
academlcs., Other thlngs constant, smokers In hls sample estImated thelr
Il fe expectancles to be 3.5 years shorter than non-smokers. |In a Roper
survey conducted for the Federal Trade Commlsslon In 1980, respondents
estImated that a |lfetIme pack-a-day hablt would result In a reductlon In
I1fe expectancy of about 4 years.

22/ That Is, slnce tar Is assumed to be llnearly related to |lfe expectancy
and slnce average nlcotlne per clgarette fell from 1.49 mg to .97 mg, the
ITfe loss for the low tar clgarette bL Is about two thlrds that of the

high tar clgarette by Thus, the average value of I|lfe M /b

Is $. 86/b and the alternatlive measure Is M/b = $1.15/(3&2

o) = $.77/b, -

23/ In most wage studles, for Instance, the value of |lfe calculatlon
Tefers to the average male worker who Is approxlImately 37 years old.
Expected |lfespan at thls polnt Is approximately 35 years. Therefore,
wlthout tIme preference, our best estImate of the comparable average value
of |1fe derlved from our measure Is equal to the annual measures tImes a
factor of 35.

24/ Prevlous studles estimate the expected present value of future losses
In utlIlty If the Indlvidual does not dle from an Instantaneous rlsk (long



term health hazards have not been considered). These estlimates reflect
consumer dlscounting, If 1t exlsts. The same approach could be used for
the clgarette measure, but the resultling "value of |lfe" would be
applicable only to other hazards with the same pattern of risk over |lfe,
that Is, with the same lagged structure of mortallty. In order to make the
clgarette measure comparable to previous estlImates In the Iliterature (and
therefore relevant to Instantaneous risks), It must be converted to
represent the expected present value of Ilving If the hazard Is not
consumed.

25/ That Is, consumers are assumed to estlimate the excess probablllity of
death due to smoklng at any age to be P_ = dAexp(K/Agez) where d Is

a scallng factor that reflects aggregate bellefs about the magnlitude of the
harm from smoklng.

26/ For example, see Olson and Balley (1981). In essence, positive demand
for productlive caplital suggests that the rate of Interest must exceed the

rate of time preference; the same Inference Is supported by the empirical

fact that consumptlon appears to Increase wlth age.

27/ More preclsely, Indlviduals were asked to categorlze the statement "A
30 year old person reduces hls |]lfe expectancy If he smokes at least one
pack a day." Responses were "Know It's true", "Think It's true," "Don't
know If It's true,"” "Think It's not true," and "Know It+'s not true.”
Responses In the first two categorles were consldered afflrmative. Those
In the last two categorles were consldered negatlve.

28/ For lInstance, In the same survey, only 2.9% of the populatlion and 5.1%
of smokers denled that smoklng causes lung cancer, a wldely acknowledged
fatal dlsease. Moreover, aggregate data shows that whlle 40 percent of
smokers may say that smokling does not cause early death, only seven percent
of smokers persist In smoking non-flltered clgarettes. (see

J. P. Maxwell).

29/ The results remalned essentlally unchanged when the zero-cost response
were assligned to the 0-1 range. These asslignments were done on the baslis
of Informatlon reported In note 28/.

30/ In particular, the denslty functlon for the shift M Is now

Max b
h(M) = S f(v(M,b))R(b)n*E(T)/(n*=(bv/n*E(T)ek) 1/(e=1)yp 4p
0

where f Is the density of Individual values of Ilfe, v(M,b) Is the value of
ITfe corresponding to M and b, and R Is the Roper denslity for the bellef
parameter b. The corresponding denslty functlon for nicotline cholces Is



Max b
J(n) = J f(v(n,b))R(b)(e(e-1)kn*E(T)(n*-n)e'z/b)db.
0

The solutlon algorithm agaln requlres Iteratlon on the parameters of
the value of Il1fe distribution as well as the nicotline taste parameters e
and k. However, because of the jolnt determinatlon of the shlft M, the
model generated densltles for both M and n must be compared agalnst the
market generated densitles. The minImum sum of squared dlfferences Is
agaln used as a solutlon crlterion.

31/ See note 3/.

32/ Hamllton (1972), Ippollto et. al. (1979), Kleln et. al. (1981) and
Warner (1977) have estImated the effects of Information disclosure on per
caplta clgarette consumption. Whlle these studles have used dlfferent
methodologles and covered somewhat dlfferent tIme perlods, thelr results,
when extrapolated to common years, have been remarkably simllar.

33/ These results remalned virtually unchanged when estImated using the
Cochrane-Orcutt technlque to correct for serlal correlatlon.

34/ The correlatlon between nlcotline and tar (the other major Index of
harm) Is very hlgh (.92 using 1975 Federal Trade Commisslon data).

35/ It Is arguable that the nlcotlne-type clgarette dlstributlion would have
natural ly spread over tIme to Include mllder cligarettes elther to attract a
wlder populatlon of smokers or to satlsfy the demands of (generally lower
nicotine smoking) females who comprised a larger proportlon of the smoklng
population over time. By assuming contlnuatlion of the polnt dlstributlion
to 1980, the entlre reductlon In the mean and the corresponding Increase In
the spread of the nlcotine-type clgarette distribution Is attrlbuted to
consumers' reactlon to health Informatlion; hence, estlImates of the value of
|I1fe are blased upward for thls reason.

36/ Conslstent nlcotlne measurements by brand have been avallable from the
Federal Trade Commisslon slince 1967. Since brand shares are also avallable
from Maxwel |, reductlions In nlcotline consumed per clgarette can be
separated Into within brand reductlons and-across brand swltches for the
post 1967 perlod. Usling 1967 FTC nlcotlne measurements, the effects of
brand swltchlng on nlcotlne content over the perlod 1952 to 1967 can also
be readily calculated. Assuming that within brand reductlions In nicotine
content over thls perlod took place In the same proportlion to brand
swltching as they dld after 1967, the actual nlcotlne content per clgarette
In 1952 (and prlor years) Is put at 1.49 mllllgrams.

37/ More partlicularly, the Center for Dlsease Control survey In 1975
described the smoklng history of survey particlipants. Thus, adjustling the
data to account for the hlgher death rate of smokers, It Is stralghtforward
to construct smoklng particlpatlon rates by age and year for the ages 21-47
and the years 1947-1975,



38/ Elsewhere, It has been found that the probabllity of smoking may be
Independent of Income and price (see Ippollto et. al.). Thls does not
Imply that smoking Intensity levels are Independent of prlce and Income.



Table 1

Avallable Evldence about SmoklIng Behavlor
With and Without Disclosures, 1980

SmokIng Behavior Wlthout With
Informatlon Informat fon

Per Capita Clgarette Consumptlon 386% 195
(Packs per year; 18 years old

and over)
Percent of Population Smoklng 54,2*% 32.5
(18 years old and over)
Price Elastlclty of Clgarette -.48% -.48%
Demand

NlcotIne Content Per Cligarette
Smoked (M1 IlTgrams)

Mean 1.49*% .996

Standard Deviation 0 .34

* The numbers not marked by an asterlsk are data reported by or
calculated from publlished sources In 1980. The numbers marked by an
asterisk are estlimates of what smoking behavior would have been In 1980
1f clgarette-health disclosures had never been made avallable. For
purposes of appllcation, the nlcotlne content dlstribution that ex!sted
In 1980 was fIt by a loglstics equation. All data sources and
estimations are provided In the Append!x.



Table 2

Range of Estimated Values of
One Year of LIfe Saved

Demand Years Lost Per Packg/
Shiftl/

2.0 3.5 5.0
$ .91 $12,649 7,327 5,142
$1.15 14,855 8,622 6,050
$1.28 16,008 9,237 6,507

1/ The range of demand shifts Is determined by the 95 percent
confldence Intervals of underlying statistical estimates on quantity
and smoking participation reactions to disclosures. |In cases where
several estimates were made, the largest standard errors found In any

estimate were used.

2/ The clted Ilfe cost of smoking assumes déIIy ITfetime consumption of
a typlcal 1952-equivalent nicotine content clgarette.



Table 3

Estimates of the Value of Llfe

Discount Lower Bound Best Estimate Higher Bound
Rate Estimate Estimate

0 $179,970 $301,770 $560,280
.0125 196,678 331,465 618,220
.025 217,613 368,495 690,351
.050 294,502 503,132 950,426
Demand Shift $ .91 $1.15 $1.28
Life Cost: pack a 5.0 3.5 2.0

day hablt (years)




Table 4

Results of the Roper Survey of Consumer Bellefs
About the LI1fe Expectancy Cost of Smoking 19801/

EstImated LI fe Respondent DIstributlions
Expectancy Loss
From Smoklnggf

Total Smokers Non-smokers

(Years) (Percent)
Zero 30.4 40.9 24,7
Less than 2 5.2 5.6 5.0
2 -4 11.9 13.3 11.3
4 - 6 15.5 14.2 16.2
6 -8 10.0 8.0 11.0
8 - 10 10.7 6.2 13,1
More than 10 4.6 2.7 5.6
Don't know how much 3/ 1.7 9.1 13.1
Total 100.0 100.0 100.0

-j/ In 1980, the Federal Trade Commisslon asked the Roper Organlzatlon to Include
numerous smoklng questlons In thelr 1980 random survey. The survey Included
1,005 Individuals, Including 339 smokers, reflecting the natlonal smoklng
participatlion rate (see Appendix).

2/ Indlviduals were asked whether a 30 year old person reduces hls |Ife
expectancy If he smokes at least one pack a day for I|ife. |f he answered In the
afflrmatlive, the respondent was then asked to reveal hls estimate of the Ilfe
expectancy cost.

3/ These Indlviduals sald they thought that smoking reduced |lfe expectancy but
were unable to asslgn a partlicular number of years to this loss.



Table 5

Value of Life Estimates When
Health Bellefs Are Not ldentical

Distribution Constant
of Bellef Bellefs
Fitted Value of
Life Distribution
Mean $8,500 £6,950
Standard Devliation 6,000 7,415
Characteristics of
Bellefs
Mean (years) 4.3 4.3
Distribution Roper None

The calculations In this table correspond to the case where the
Individual demand shift distribution has a mean of $1.15; the assumed
rate of time preference Is zero. The Iterative solutlions are
characterized by nicotine -preference parameters equal to: e = 3 and k =
1.2,



« Table 6

[

Effects of Health Information on Cigarette Consumption

Dependent
Variable + D53/ (1-edT53) D64 T64 P y R2 D.W.
|. Per Caplta .557 -7 -.0317 ~.733 627 .988 1.26
Consumption (8.97) (7.33) (20.35) (7.64) (7.29)
(n=46) [-.481%
Dependent t D53 D64 (T64)2 log P y RZ DoW.
Varlable
2. Smoking .049 .028 -.0018 -.059 -.066 .974 2.14
Partici- (5.02) (2.64) (8.40) (.83) (.86)
pation
Rate
(n=28)
3. Smokling .023 .033 -.0022 .960 1.38
Partici- (3.33) (2.54) (21.57)
pation
Rate
(n=28)

The constant terms In these regressions are not reported.
were estimated using ordinary least squares; the results remalned virtually unchanged when estimated by the

Cochrane-0Orcutt method to reduce serial correlation.

Numbers In parenthesis are ft-statistics.

The equations

For purposes of calculating the bounds for value of life

estimates, the larger standard errors found In elther equation 2 or equation 3 or using OLS or Cochrane-Orcutt

estimates were used.

* Number In brackets Is the price elasticity of demand calculated at price 65.6¢ per pack (the average price of

clgarettes In 1980).
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REFERENCES

Balley, M.J., Reducing Risks to Life: Measurement of the Beneflts.

Amerlican Enterprise Institute, 1980.
Barro, R.J. and Friedman, J.W., "On Uncertain Lifetimes," Journal of

Political Economy 85 (August 1977), 843-850.

Blomquist, G., "Value of Life Saving: Implications of Consumption

Activity," Journal of Pollitlical Economy 87 (June 1979), 540-558.

, "The Value of Human Life: An Emplrlcal Perspectlve,'" Mimeo,

1980.

Brown, C., "Equallizing DIfferences In The Labor Market," Quarteriy Journal

of Economics 94 (February 1980), 113-134.

Dardls, R., "The Value of LIfe: New Evlidence from the Marketplace,"

American Economic Review 70 (December 1980), 1077-1082.

Federal Trade Commisslion. Report of Tar and Nlicotine Content,

seml-annual.

Fisher, L., and Lorle, J.H., A Half Century of Returns on Stocks and Bonds.

Chicago: Unlversity of Chlicago Press, 1977.
Ghosh, D., Lees, D. and Seal, W., "Optimal Motorway Speed and Some

Valuatlions of Time and LIfe," Manchester School of Economics and

Soclal Studles 43 (June 1975), [134-143.

Hamermesh, D.S., "Subjective Horlzons, Rising Longevity and Economic
Behavior," Mimeo, 1981.
Haml Iton, J.L., "The Demand for Cigarettes, Advertising, The Health Scare,

and The Clgarette Advertising Ban," Review of Economics and

Statistics 39 (November 1972), 401-411.



Hammond, E.C., World Costs of Cigarefte Smoking in Disease, Disability and

Death. World Conference on Smoking and Health, 1967.
Ippolito, P.M., "Information and Life Cycle Consumption of Hazardous

Goods," Economic Inquiry 19 (October 1981), 529-558.

Ippolito, R.A., Murphy, K. and Sant D., "Consumer Responses to Cigarette

Health Information," Federal Trade Commission, August 1979,

Klein, B., Murphy, K. and Schnelder, L., "Government Regulation of

Cigarette Health Information," Journal of Law & Economics

24 (December 1981), 575-612.
Lewlt, E., Coate, D. and Grossman, M., "The Effects of Government

Regulation on Teenage Smoking," Journal of Law & Economics 24

(December 1981), 545-570.
LInnerooth, J., "The Value of Human Life: A Review of the Models,"

Economic Ingquiry 17 (January 1979), 52-74,

Maxwel |, J.P., Historical Trends In the Tobacco |ndustry. Maxwell

Assoclates, Richmond, Va., 1975 , Historical Sales Trends in

the Cigarette Industry, Lehman Brothers Kuhn Loeb Research, 1981.

Mishan, E.S., "Evaluation of Life and Limb: A Theoretical Approach,"

Journal Polltical Economy 79 (August 1971), 687-705.

Olson, M. and Bailey, M.J., "Positive Time Preference," Journal of

Political Economy 89 (February 1981), 1-25.

Rosen, S., "Valuing Health Risks," American Economic Review 71 (May 1981),

241-245,
Schelllng, T.C., "The Life You Save May Be Your Own," in Problems In

Public Expenditure Analysis (S.B. Chasp, editor), Washington:

Brookings Institution, 1968.



Smith, R.S., "Compensating Wage Differentials and Public Pollcy: A

Review," Industrial and Labor Relations Review 32 (April 1979),

339-352.

, The Occupational Safety and Health Act. American Enterprise

Institute, 1976.
Thaler, R. and Rosen, S., "The Value of Saving a Life," In Household

Production and Consumption, edited by N.E. Terleckyj. New York:

National Bureau of Economic Research, 1975.

U.S. Department of Agriculture, Outlook & Situation, March 1981,

U.S. Department of Health, Education and Welfare. The Health

Consequences of Smoking, annual.

. Smokling and Health: A Report to the Surgeon General,

1979.

. Adult Use of Tobacco, 1975.

. Smoking and Health: Report of The Advisory Committee to the

Surgeon General, 1964,

Viscusi, W.K., "Labor Market Valuations of Life and Limb: Empirical

Evidence and Policy Implications,”" Public Pollcy 26 (Summer 1978),

359-386.
Warner, K.E., "The Effects of the Anti-Smoking Campaign on Cigarette

Consumption," Amerlican Journal of Public Health 67 (July 1977),

645-650.

"Possible Increases in the Underreporting of

Cigarette Consumption," Journal of the American Statistical

Assoclation 73 (June 1979), 314-317.



