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Abstract
Cigarette Smuggling: An Empirical Analysis

Daniel A. Sumner

Large differences in state excise taxes imply incentives
for interstate cigarette smuggling. A simple framework for
estimation of parameters of the demand for consumption and the

net demand for smuggling is developed and applied to cross-section

time series data.
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I. Introduction

There is some evidence and much speculation that transporting cigareptes
across‘state Tines 1in order to reduce payment of taxes‘ﬁas become a large
i1legal industry in the U. S. Since there are no direct measures of the
quantities involved, it has been hard to calculate the magnitude of the
problem or the effect§ of proposals to reduce the flow. Several states have
become aware of potential tax revenues lost and have been vocal proponents
of federal and state anti-smuggling legislation. A federal Taw that became
effective this year supplements the effort of states on the receiving end
who have attempted to enforce their tax laws to avoid losing state revenue.
Federal laws have also been proposed which would force equality in state
and local cigarette excise taxes. The most prominent plan would raise the
tax rate in Tow tax states to near the Tevel in high tax states.

The basic issues are that, given widely different cigarette taxes,
there exist large incentives to buy cigarettes in low price states for con-
sumption by residents of high price states. Data on quantity of cigarettes
sold in each state come from taxing authorities so it is the quantity legally
sold and taxed in a stéte that are recorded as the quantity for that state.
The result is that per capita taxed sales are high in states from which
cigarettes are smuggled and per capita taxed sales are low in states to
which cigarettes are smugg1ed; No dire@t information is available on the
per capita quantities of cigarettes actually consumed by the residents of

any state.

-

A simple graph illustrates the situation. In Figure 1 quantity of

cigarettes is on the horizontal axis, the prices of cigarettes is on




.
the vertical axis and the gnits of observation are states. The flattest
curve labeled TT' represents the demand to buy cigarettes legally in a

state.
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This demand is the sum of the two distinct demands facing sellers in that
state. The first is the demand to consume cigarettes by thg residents of

a state labeled CC'. The second is the %emand to smuggle cigérettes out of
a state Tabeled SS'. Note that the smuggle demand will be negative for
nigh priced states and that the .sum of all smuggling is zero. The problem
in estimating these elasticities of demand and thus the effect of tax pro-
posals and other issues is that only the quantities on TT' are observable.

Neither consumption nor smuggling are directly measured.
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The purpose of this paper is to propose a method of estimating all
three demand curves and further to present some empirical estimates of these
elasticities of demand and of other shifters of the demand curves from cros§~
section time-series data. Also some predictions of the quantitities of
smuggled cigarettes are possible using the demand equation as are predictions
of some of the effect of éhanges in tax legislation. The methodology of
this paper is an extension of Pugh's ideca to use aggregate time series
estimates of the price elasticities of demand to adjust naive projections

of smuggling. (Schoehberg, Pugh, Maier, Manchester, Wiseman)

Model
Let QT be the observed quantity of cigarcttes purchased in a state:
his is the quantity taxed by state authorities. Let QC be the quantity
of cigarettes actually purchased by residents of the state and let QS be
the net quantity of cig@rettes smuggled out of the state. So,
o' = b+ QP

and

wnere QTS is the quantity taxed in the state but consumed by residents of
other states and QCS is the quantity consumed in the state but not taxed
there. Finally, defining QTC as the'quantity taxed and consumed in the

same state,

and so,

NN

In this section the demand to consume cigarettes will be modeled

first and then the demand for net out-smuggling.




The Demand to Consume

Let the demand for consumption of cigarettes for year t in state i

[

_ AC '
Uy = Oy L 24, &) (5)

where Pit is the price of cigarettes, 1}t is income, Zit is a set of
- i

t

observable variables shifting the demand curve--mainly demographic char-
acteristics of the state-- and Egt is a set of unobservable variables
affecting demand.

The price of cigarettes«;;;;;ﬁégmgy residehf;vofma state wil]lténd to
vary across time and space and by the characteristics of the individual.
It is often assumed that this variation may be ignored for aggregate analysis
and this paper follows suit. An added dimension here is that consumers in
state i may buy either legally taxed cigarettes, or they may buy cigarettes
untaxed in this state. Competifion in the market will tend to force the
prices for smuggled and unsmuggled cigarettes to be equal. This equality
is between the full cost per unit on the margin. The costs of transaction
in i1legally sold or transported cigarettes may be higher than for illegal
cigarettes. The "full" price includes this transaction cost but it is not
a part of the price data. Given heterogeneity in the cost of transacting,
some buyers may face a lower total price for legal cigarettes whereas others
may face a lower price for smuggled cigarettes. The average reported market
price will not be the actual price for either buyer. Individual buyers may
also face a price that varies over the year period. The assumption in
this paper is that the aggregate price on which we have data adequately
represents the marginal purchase price relevant to buying decisions. No
attempt is made to model individual hetérogeneity in the costs of buying or

heterogeneity in price over the year.




The Demand to Smuggle

Total smuggling in a state is the sum of purchases taxed in other

states, "in-smuggling," Q?S

, and taxed sales consumed by residents of other

states, "out-smuggling," QIS. The gains from smuggling from state i to
state j, is the difference in the tax rates in the two states.' Although
price net of taxes has some variation, this is mainly ré1ated to cost of
distribdtion and sales and so may be considered an equilibrium differential
that does not leave gains for arbitrage.

The costs of smuggling are related to the enforcement and severity of
tax payment laws and transportation expenses. If costs of smuggling were
very small, all cigarettes would be bought in the area with the lowest tax
rates and the tax system would be unstable. Obviously this has not occurred,
implying that costs are not trivial. As an approximation to modeling these
costs in detail, I include the incentives for smuggling between nearby
states and for long distance smuggling between states with very low and
very high tax rates. Small tax differences that might not equal the costs
per pack of smuggling over long distances for distribution might still
encourage persons to buy in nearby states when passing through. Therefore,
the tax differences between geographically close states affect the demand
to buy in a state. The assumption is that the costs of smuggling are smaller
between neighboring states. If costs are expected to growth with distance
{or with the number of state borders that are to be crossed) then long dis-
tance smuggling would require é somewhat larger tax differential to be
profitable. Costs of smuggling are alsG expected to be an increasing func-
tion of per capita illegal sales.to residents of a state. Therefore,
smuggling is expected to occur between more than just the lowest tax and

highest tax states.
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The net out-smuggling equation is written as,

S _ &S

vhere the R variables represent tax rates in various states. The variables

, S
\it and €3 represent observed and unobserved factors that affect the net

-

smuagling. The first argument in. the QS function is a vector of tax rate

differences between state i and its nearby states, i'. These variables

regresent thémgéins from local smuggling.

fo. . . n . ..
RZ is the maximum state tax rate in year t and R_t is the minimum state

tax rate in year t. The arguments in (6) that include these variables
renresent the gains from long-distance smuggling out of or into state i

in vear t. Legal barriers to smuggling are represented by the variables
Yit or, more realistically, by Eii . Finally, note that since Q?t repre-
sents net smuggling from state i, the coefficients on each of the tax
difference variables should be négative. The areater the tax in i relative

to other states, the fewer cigarettes bought in i for consumption elsewhere

and the more bought elsewhere for consumption in i.

The Observed Demand

Combining (5) and (6) allows rewriting equation (1) in more detail.

That is,

T _nC .S _ AT c S
Qg = O + Q5 = O (Pyps Lo Zigs €7ps DRy Yips €54 5 (7)

where the notation is familiar except that DR.. now represents all the

it
tax difference arguments in (6). Since neither QC nor QS are observed

separately, equation (7), rather than (5) or (6), represents the basis

for an empirical specification. The structurém{h (75“§Mb1%eé fhat the
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parameters in (5) é;d (6) may bér%g;erred frdm estimatiné (7). Further,
estimated parameters in (7) can yield predictions not only of Q$t but

also of Q%t and Q?t separately. These results follow from the facts that
variables in (5) do not appear in (6) and variables in (6) are not in (5).
For example, 3QT/3P from (7) s equal to BQC/BP in (5). Note that tax

rate differences are correlated with the price in each state so BQTZBP from
an equation without including these variables would not measure price
responsiveness in consumption.

It should be explicitly recognized here that the separability of con-
sumption demand from net smuggling demand is not axiomatic. This assump-
tion is an empirical approximation that seems necessary to proceed with
the estimation suggested. The value of this approach depends on the degree

to which this maintained hypothesis is satisfied.

Writing (7) in linear form yields,

T . . T
Qi = opPyg *oaplyy * Zyge, + DRyyBp * Vil + ey (8)

where the a5 coefficients are attached to consumption demand variables and

the Bj coefficients are attached to smuggling variables. Other functional

forms are feasible, linearity is assumed for illustration.

Wﬁ{iémit is equation (S)fhat is of“a;fn interest a reduced form priée
equation should be specified to complete the model and account for simultan-
eity. This is,

Pie = YRRie T Xy ol oG | (9)

o )
+ Y, + ek
where the Y5 are reduced form price equation coefficients, X., is a vector

of variables affecting costs of production of cigarettes and the other vari-
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ables are in (8) Equations (8) and (9) may be estimated as a éystem using
simultaneous equations techniques. It is explicitly assumed that right side
variables in (9) are exogenous to the model. |
A total demand for cigarettes, not separating smugging from consump-
tion, may be written as,
T

Qg =op Pyp top Ly # 2y el # E1t* (10)

where the "*" indicates that no smuggling variables are in the equation.
Comparing (9) and (10) suggest some tests on the specification. In (10)
a change in the price in state i affects both local consumption and, if it

results from a tax rate change, affects the net amount of smuggling out of

state i. Thus ]a;i > |ap| is expected along with the usual oy < 0 restric-

tion.
Prediction of quantities smuggled or consumed may be generated through

the estimates of equation (9). Define,

A

Cc
At

~ ~

a P
p

Qig = DRyg Bp ¥ ViR

it Porlie YL ey,

These prediction equations may be used to simulate the effects on consumption
or smuggling of changes in the explanatory variable. And also the amount of

tax revenue redistribution due to smuggling of cigarettes.

NData

The information used in this study is a time series of observations
for each state in the United States (including the Dist%ict of Columbia).
Variables used include average retail prices of cigarettes, tax rates, per
capita retail sales, peysona] incomes, a price index of states by years

and a series of demographic variables. For most of these demographic vari-
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ables (including percent black, percent male, percent metropolitan, and an
age distribution) complete information for each year for each state is not
available. However, it is also true that very little chénge has occurred
over short periods of time in the levels of these.variab]es in each state.
Most of this demographic variation is across state observations. For this
study, I chose to impute the missing observations for some years for some |
states by taking linear regressions based on the data for that variable
for the years available for the state. A few other imputations of missing
values were made for occasional imissing observations on a particular vari-

able for these background variables.

Because of the secondary importancé of the variables for which missing

values were imputed and because of the very slight variations in these vari-
ables over time for each state, no adjustments are made in estimation of
coefficients or the variance-covariance matrices or in tests of hypotheses.
I proceed in the body of thé paper as though a complete set éf observations

were available for each variable.

Data Analysis

An appendix contains the definitions and descriptive statistics for
the variables used in the regressions in the table.. A1l monetary variables
have been deflated by a national ‘consumer priceAindex.

In the models of Table 1 LOG(PRICE) was considered an endogenous
variable. In addition to a11-the exogenous variables listed in the tables

the instruments for predicting.the price of cigarettes included:




-10-
the retail wage rate across states and yéars, the wage of tobacco workers,
the import and export prices of flue-cured tobacco, the flue-cured tobacco
allotment, the support price for flue-cured tobacco, the yield of the flue-
cured tobacco and the average weight of cigarettes.

The ffréf co]umh E%HTab]e i_gﬁanbthe total demand for cigaréttes.
The price elasticity measures aQT/aP (in 1og form) without holding constant
incentives to smuggle. Thus, -1.138 measures tne effect of a change in
price on the total legal sales of cigarettes including the net effect of
smuggling. The next two columns add exp]anaéory variables which hold constant

the incentive to smuggle cigarettes. In the second column the tax rate on

cigarettes is an explanatory variable. If the incentive to smuggle is the

di%%grencein state tax rates, changes in the price holding tax rate constantw
will not affect the quantity smuggled. Therefore -0.545 is a measure of the
price elasticity of demand to consume. This intefprefation alsc holds for
the price elasticity -0.624 reported in column 3.

Several of the other parameter estimates may be noted. The estimated
income elasticity for cigarettes, approximately 1.0, is higher than most
past estimates. However, note that several of tie demographic variables
that are usually left out would affect the size of the income effect. For
example education is positively correlated with income and itself nas a
strong negative effect on cigarette demand. Two variables of particular
interest are MILITARYPC and TOURISTPC. The first measures the number of
military personnel in a state relative to state population. Cigarettes
bought on military bases are not subject to state taxes so the more military

the lower the per capita sales of cigarettes that pay tne state tax.
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TOURISTPC is a proxy variab]e.fo% the number of days out-of-state tourists

spend in the state relative to the states' population. The more tourists
the greater the sales of cigarettes per capita. For Tow tax states part of
fhis effect is due to tourists buying cigarettes for consumption at home.
The variables indicating the incentive to smuggle are differences

between a states tax rate and those of selected other states. All these
coefficients are negative as expected and the neighboring states effects
are large relative to their standard errors. However, the long distance
smuggling variables do not perform well and this suggests some refiﬁement

1s in order in this specification.
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Table 1. Estimates of the demand for cigarettes on cross-section time-
series data. Two stage least square 459 observations.

Coefficient Coafficient Coefficient
Variable (Standard error) (Standard error) (Standard error)

INTERCEPT 0.413 1.982 3.845
(0.789) (1.259) (1.464)

LOG(PRICE) -1.138 -0.545 -0.624
(0.069) (0.380) .193)

LOG( INCOME) 0.983 0.946 .040
(0.079) (0.082) .080)

POPPC18 -0.005 -0.150 .013
(0.076) (0.119) .080)

POPPC65 ' 0.861 a1 853
(0.514) 1532) 545)
METROPC -0.150 .149 167
(0.041) .041) .040)

BLACKPC 0.042 .017 .024
(0.075) .083) .075)

MILITARYPC .232 .560 .448
.724) .745) .714)

EDUCATTON : 331 .323 .297
.036) .036) ~(0.036)
LOG(TOURISTPC) 101 101 .093
.012) .012) .011)

MALEPC ' . 357 . 713 317
.413) .417) .4871)

LOG( TAXRATE) : .323)
.204

TAXDIF1 102.326
(27.801)

TAXDIF2 ‘ ~41.673
(29.140)

TAXDIFMAX » ~11.583
, (64.853)

TAXDIFMIN -76.178
(118.785)

The means for the log values are LOG(QUANTITYPC) - 4.856, LOG(PRICE) = -5.823,
LOG(INCOME) = 3,520, LOG(TOURISTPC) = 5.993, LOG(TAXRATE) = -6.608.
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Appendix: Means and standard deviations of variables used in the empirical
analysis

Mean (standard
Variable name Brief definition R deviation) -

QUANTITYPC Per capita sales of cigarettes
(derived from tax receipts and tax 132.0
rate) (40.0)

PRICE* Average price of cigarettes inclusive - 0.298
of taxes, cents per pack , (0.036)

INCOMEPC* Per capital, personal income (thousands) 3,378.4
(1,688.2)

POPPC18 Percent of the population over 18 .409
, .107)

POPPC65 : Percent of the population over 65 101
.021)

METROPC Percent of the population in metropolitan .592
areas .266)

BLACKPC Percent Black .101
.126)

MILITARYPC Percent military population 011
o .014)

EDUCATION Average years of schooling completed | 12.3
(0.33)

TOURISTPC* Receipts of the hotel-motel industry 654.75
per capita (1480.42)

MALESPC Percent male ‘ .489
(0.009)

TAXRATE* Tax rate on cigarettes including federal, .139
state, city and sates taxes (cents/pack) .032)

TAXDIF1* TAXRATEit - TAXRATE,E.t where i' is the
neighboring state for which |TAXDIF| .005
largest : .043)

TAXDIF2* TAXRATEit - TAXRATEi”t where i" is the

neighboring state for which |TAXDIF| is .0003
second Targest .037)




Appendix: con't.

, Mean (standard
Variable name Brief definition deviation)

TAXDIFMAX* fAXRATEit - TAXRATEjt where j is the ~0.054
state with the highest tax in year t (0.028)

TAXDIFMXN* T'AXRATEi ¢ = TAXRATE,

state with the Towest taxrate in year t 0.065
(North Carolina) (0.028)

where k is the

*These variables have been deflated by the National Consumer Price
Index with 1967 = 100.




