Taxing Tar and Nicotine

By JEFFREY E. HARRIS*

Consumer misperception of health con-
sequences is often invoked to justify govern-
ment intervention in cigarette smoking.
Rather than debating this issue here, I
address a more practical problem. Suppose
that government intervention is warranted
by such misperceptions. What then is the
most appropriate corrective action?

In particular, I analyze one form of cor-
rective action—the taxation of cigarettes
according to their tar and nicotine contents.
I set up a benefit-cost framework in which
smokers fail to perceive the health costs of
cigarette use. Within this framework, I focus
on the administratively simple case where
different uniform tax rates apply to cigarette
brands whose tar and nicotine contents ex-
ceed or fall below a specified cutoff value.
The main regulatory design question is:
What should determine our choice of these
two tax rates and the cutoff value of tar
and nicotine? The empirical answer below
strikingly illustrates how biological and
economic facts interrelate in the formula-
tion of a discriminating public policy
toward cigarette smoking.

I. Assumptions

The population contains a large number
of cigarette smokers, who may differ in their
cigarette preferences. In making their con-
sumption decisions, these smokers fail to
take account of the health damage produced
by smoking. The purpose of the govern-
ment’s tax policy is to correct for these
failures. The magnitude of this health
damage depends upon the number and type
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of cigarettes smoked, but it is otherwise
independent of tastes and incomes.

Social welfare is defined to be the sum of
smokers’ willingness to pay for cigarettes
minus health damages, plus cigarette pro-
ducers’ profits and plus government tax rev-
enues. This benefit-cost criterion is not
sensitive to the distribution of benefits
among consumers, government, and ciga-
rette producers. It is also insensitive to
the distribution of health damages across
smokers.

I shall index smokers’ cigarette tastes by
the continuous scalar parameter n, which
has probability density f(n). Each smoker’s
consumption is characterized by x, the
number of cigarettes smoked; and «, an
index of the tar and nicotine (7N) delivery
of the particular brand smoked. Smokers’
tastes are ordered so that in equilibrium «
increases with n. That is, a,20, where
subscripts stand for partial derivatives.
Cigarette brands, I assume, are available
over a continuum of values of a.

Let H(x,a) denote the individual health
damage, in dollars, from smoking x
cigarettes with TN content «, where H, >0
and H,>0. Let ¢ be the marginal cost of
cigarettes, which is assumed to be constant
and independent of a. Let Y and y be a
smoker’s gross income and his income avail-
able for all other goods, respectively. Let the
utility function of a smoker with preferences
of type n take the form

(1)

where U(x,a,n) is concave in x and a.
Given (1), a smoker’s demand for cigarettes
does not depend on his gross income or on
the demands for other goods. Moreover, I
assume that for all n, U, (x,a,n)=0 for
some values of x and «. That is, smokers
can be satiated with respect to the 7N de-
livery of cigarettes. For purely notational
convenience, and without loss of generality,

V(x,a,y,n)= U(x,a,n)+y
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all smokers are assumed to have the same
gross income Y.

II. Uniform Price Case

First consider the case where the after-tax
unit price p of cigarettes is independent of
a. This case closely approximates current
cigarette pricing and taxation.

Each smoker, failing to perceive the cost
H, chooses (x,a,y) to maximize V subject to
the budget constraint px+y =Y. From (1),
this is equivalent to choosing (x,«) to maxi-
mize U(x,a,n)—px+ Y. A smoker’s con-
tribution to government tax revenues and
cigarette producers’ profits is (p —c)x. So-
cial welfare is therefore

(2 w= fR[V(x,a,y,n)+(p~C)x
—H(x,a)]f(n)dn

=f[U(x,a,n)+ Y —cx— H(x,a)] f(n)dn
R

where the domain of integration is the real
line R, and where x, a, and y depend upon p
and n.

For each cigarette smoker of type n, the
necessary first-order conditions for utility
maximization include

(3 U,(x,a,n)=p
U, (x,a,n)=0

Denote the utility-maximizing choices solv-
ing (3) by x(p,n) and a(p,n). Although
x,(p,n)= 0, all p,n, the sign of a,(p,n) may
be positive or negative. When a, <O,
cigarette TN and smoking frequency are
complements, and when a,>0, they are
substitutes. Differentiate W with respect to
p and substitute (3)

@ % =(p=0)f xfdn

- fR H,x,fdn— fR H,a,fdn

where I have omitted the arguments of f(n),
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x(p,n), a(p,n). The first term on the right-
hand side measures the conventional dead-
weight loss resulting from an increase in
price. Since xpi 0, the second term neces-
sarily represents an offsetting decrease in
health damage. The sign of the third term is
in general indeterminate. But when ap>0,
all n, the favorable health effect of a price-
induced decrease in smoking frequency is
counterbalanced by a compensating in-
crease in TN. As we will see in Section 1V,
this is the important and realistic case.

From (4), the first-order condition for a
maximum of W is

fRHxxpfdn . LHaapfdn

prfdn

This condition reveals two problems in im-
plementing a uniform corrective tax. First,
we have only one policy instrument (i.e., p)
to influence two different dimensions of
cigarette consumption (i.e., x and a), both
of which may affect health. By taxing the
quantity of cigarettes consumed, we may
indirectly and adversely affect individuals’
TN choices (see Jerry Green and Eytan
Sheshinski). Second, the variability of
smokers’ cigarette tastes limits the dis-
criminatory power of a uniform tax. Indi-
viduals who smoke different quantities of
cigarettes with different TN contents will in
general have different marginal health
damages H, and H,. We cannot therefore
set the markup p — ¢ equal to the marginal
health damage for each smoker. Given this
limitation, the price derivatives X, and a,
tell us which smokers’ marginal health
damages should get the most weight (see
Peter Diamond).
Now define

(5) p—c=
fxpfdn
R

(6) w(a,p,n)= max {U(x,a,n)—px+ 7Y}

The indirect utility function p represents the
maximum utility achieved at a uniform
price p when «a is constrained at a particular
value. Let x(p,a,n) be the maximizing
choice of x in (6). We have x,(a,p,n)<0,



302 THE AMERICAN ECONOMIC REVIEW

and when x and a are substitutes, x,(a,p,n)
is negative. Define

™ o(p,n)= max u(a,p,n)

The indirect utility function v represents the
maximum utility achieved at a uniform
price p when both x and « are uncon-
strained. The utility-maximizing choices in
(7) are necessarily x(p,n) and a(p,n).

II1. Step-Function Price Schedule

Now consider the case where different
uniform tax rates apply to cigarette brands
whose TN contents exceed or fall below a
specified cutoff value. Brands with TN con-
tent not exceeding the cutoff value a* have
after-tax price p. Brands with TN contént
exceeding o* have after-tax price q. The
graph of such a unit price schedule, in the
typical case where g >p, is the step function
of Figure 1. The more general case of multi-
ple cutoffs is considered in Section VI.

The representative points denoted by D,
E, F in Figure 1 illustrate the three kinds of
responses of individual smokers. Individuals
at D smoke cigarettes with TN content less
than «*. Those at E, by contrast, would
smoke higher TN cigarettes if a* were in-
creased. But their desires for higher TN are
not so great that they are willing to pay the
higher price g. Finally, those at F are willing
to pay the higher price ¢ for higher TN.
Hereafter, D, E, and F refer interchange-
ably to subsets of points in the (a,p) plane
and to subsets of smokers.

In Figure 2, indifference curves for u for a
particular smoker are superimposed upon
Figure 1. The direction of increasing utility
is downward. For any uniform price sched-
ule, this smoker’s choice of a is determined
by the point of tangency of his indifference
curve to the horizontal price line. The ex-
pansion path corresponding to these tan-
gency points is aa’. In the presence of a
step-function price schedule, however, this
particular smoker’s utility u is maximized at
the corner solution E. Note that p'= v(g,n),
V'Z= “(a*’p9n)9 and l"3 = U(p’n)'

The subsets D, E, and F correspond to a
partitioning of the domain of n into three

price
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FIGURE 1. STEP-FUNCTION PRICE SCHEDULE
intervals. The boundary points between

these intervals, which I denote by n’ and n”,
are defined as follows: n’ is the root of

)] a(p,n)=a*
and n” is the root, for all n= n’, of
(9) ,u,(a*,p,n)= U(q’n)

Individuals in subset D, for whom n<n’,
smoke x(p,n) cigarettes with TN delivery
a(p,n)<a* and have utility v(p,n). Those
in subset E, for whom n’<n<n”, smoke
x(a*,p,n) cigarettes with TN content a*
and have utility u(a*,p,n). Those in subset
F, for whom n>n", smoke x(q,n) cigarettes
with TN content a(gq,n) and have utility
v(g,n). Smokers of type n’ have an indif-
ference curve tangent to the horizontal price
line for p exactly at point E. Smokers of
type n” have an indifference curve that
passes through point £ and is tangent to the
horizontal price line for q.

Can this step-function price schedule
solve the two conceptual problems posed by
the implementation of a uniform corrective
tax? For smokers in subset E, we now have
as many policy instruments (that is, p and
a*) as dimensions of cigarette consump-
tion (i.e., x and a). In fact, we can locate an
individual anywhere to the left of his aa’
curve in Figure 2 by appropriately choosing
a* and p<q to form a corner E at that
point. (To the right of aa’, we would need
q<p, a case which will not be important
below.) Because smokers’ cigarette tastes are
heterogeneous, however, we cannot neces-
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FIGURE 2. INDIFFERENCE CURVES FOR THE

INDIRECT UTILITY FUNCTION

sarily get all smokers simultaneously to their
individual optima at E. In that case, it may
be preferable to bunch only some smokers
at the corner E, permitting the remaining
smokers in D and F to face two different
uniform prices. Our regulatory design ques-
tion becomes: Which cigarette smokers
should end up in which subsets?

The social welfare function is

(10) W= [ [o(p.m)+(p~c)x(p,n)
— H(x(p,n),a(p,n))] f(n)dn
+ [ [ ua.p.m)+(p=)x(a*pn)
~ H(x(a*,p,n),a*)] f(n)dn
+ [ [o(am)+(a=)x(q.n)

= H(x(q,n),a(q,n))] f(n)dn
with partial derivatives
(11)
W,=(p— dn— H d
p=(r c)fDUExpf " '[DUE <Xp)n
—fHaapfdn—(.l’—J”)nlj’
D
(12) Wq=(q—c)fpxqfdn—fFHqufdn
—-fFHaaqfdn——(J’—J”)nl;’

HARRIS: TAXING TAR AND NICOTINE 303

(13)
Wa,=fE(Ua+(p—c)xa)fdn—fEHafdn

- f H x fdn—(J' =J")n
E

where
(14)  J'=[H(x(a*p,n"),a*)
— H(x(gq,n"),a(q,n"))] f(n")

(15) J7=[(p—c)x(a*.p.n"

—(g—¢)x(g,n") ] f(n")

As in (4), changes in the policy parameters
P, ¢, and a* reflect the balancing of
deadweight loss and health damage effects
among the affected subsets of smokers. In
contrast to (4), marginal changes in these
parameters also produce discrete responses
among those smokers of type n” who jump
between higher-priced higher TN brands in
F and the lower-priced lower TN alternative
at E. These additional welfare effects in-
volve health damages (/'), and tax revenues
and profits (J”), but not utilities. These
discrete jumps cannot be dismissed as sec-
ond-order magnitudes. In fact, they can
dominate the other terms in the welfare
gradient. Since the magnitudes of these
jump effects depend on the number of
smokers on the boundary between £ and F
(equations (14) and (15)), the welfare
gradient may thus be sensitive to the under-
lying distribution of tastes f(n). As we will
see below, if f(n) has many modes, then W
may actually have many local optima.

The necessary first-order conditions for a
welfare maximum are

f H x, fdn
DUE
x, fdn

DUE

fHafdn

(16) p—c=

__J//)ni;/

fDUExpfdn fDUExpfdn




