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\. AN ECONOMETRIC MODEL OF CIGARETTE
Vo SMUGGLING DETERRENCE i Planning Board. All investigators try also to reduce liquor smuggling;
‘ however,. only the effect of cilgarette smuggling deterrence will be exam-
by ) : ined in this paper. Over the first project year, a goal of raising liq-
-, uor and cigarette tax revenues by $500,000 has been set. For this paper, e
Marjorie C. Gritzke!l an optimistic increase in cigarette tax revenues alone by $500,000 has
----- been assumed as the project goal. This revenue increase is expected to
. occur as the activities of the investigators force a decrease in untaxed
g liquor and cigarettes thereby forcing more purchasers into the legitimate
(taxed) market for such products. The model that follows describes the
components of the market for cigarettes.

£ooa

s |
ey
Lo
4 3

o

Ve

!

| eaee

MINNESOTA CRIME CONTROL PLANNING BOARD
444 Lafayette Road
St. Paul, Minnesota 55101

II. THE SUPPLY AND DEMAND FOR CIGARETTES

-

ABSTRACT

=

According to economic theory, the interaction of the supply and de-
mand for cigarettes in the legitimate market determines cigarette sales.
Cigarette supply (Vg) depends on production cost (COST) and cigarette
price net of taxes (PRICE) while cigarette demand (Vd) is determined by
r cigarette price net of taxes (FRICE), consumer income (INC), the ciga-
rette tax rate (T4X), personal tastes (TASTE), and population (POP).
These relationships1 are described below.

i

e

This paper examines four full-time investigators' impact ik 3
on cigarette smuggling deterrence in Minnesota by estimation
of an economic market model over the preinvestigator period.
The simultaneous equation model estimated by two—stage least
squares technique is composed of a supply equation and a de-
mand equation where the levels of cigarette supply and demand
are measured by cigarette taxes collected. It is found that (1)
clgarette prices have a significant effect on cigarette supply ) ’ (2) v
but not upon cigarette demand. Neither the personal iucome ’ d
level, populaticn level, nor legislative attempts to alter
smoking habits have had a significant effect on cigarette
taxes collected prior to July, 1976. Using this model, cig-
arette tax revenues are projected beyond July, 1976, and are ;
compared to actual tax revenues collected over the same pe- ﬂ _ .
riod. Unfortunately, the statistical error found around the A
predicted revenue levels is too large to gauge whether or not .
the investigators have met their goal of ralslng c1garette . ok
tax revenues by $500,000 per year. 4

=

F(PRICE, COST)
g(PRICE, INC, TAX, TASTE, POP)
(3) Vg = Vg
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Ty Equation (1) describes the cigarette volume supplied; equation (2) de-

scribes the cigarette volume demanded; and equation (3) denotes the condi- —
tion for market clearance; namely, that the amount of the product supplied

is equal to the quantity of the product purchased by consumers.

e

In the demand equation, the incidence of the cigarette tax is ex-
pected to fall solely on consumers given that the cigarette tax industry
has been found by others to be a constant cost industry with the ability
to pass such taxes along to consumers [2] [3]. ‘A binary variable (TASTES
8 1s used to denote implementation of the Minng¢sota Clean Air Act which re-
L. stricts smoking in public areas. The population variable is used to cap-
I ture growth in the number of smokers over time.

]

I. INTRODUCTION

Minnesota loses an estimated $12.2 million per year in foregone cig-

. 1o
arette taxes [1]% due to the activities of cigarette smugglers. For this g% 4 gr Th . h - K (4 = , .
reason, the Minnesota Department of Revenue hired two full-time investi- ; g h € icznowlc t :ory EI martgts‘prov1.e§lsome ;ﬁ'o?mazlo?aio?girnlgg
gators who began their antismuggling operations in July, 1976, and who - -€ expected signs OL each equation s variable coelficients - o
were subsequently joined in July, 1977, by another two Eull—time inves- Q : i the supply equation, economic theory predicts that the price coefficient
3 - should be positive (a higher price encourages suppliers to produce more

tigators funded by an LEAA grant awarded by the Minnesota Crime Control -
goods) while the cost coefficient should be negative (higher producticn

g costs reduce production efficiency and cause suppliers to produce less

I'his research was supported by LEAA grant #77 AF AX 0027 awarded at gach price level).' In the~§sgimated demand equat?on, egonomic §heory
to the Evaluation Unit by the Minnesota Crime Control Planning Board. indicates that the price covefficient should be negat%Ye (higher prices
Points of view and opinions stated are those of the author and do not { cause consumers to buy less) and that the income coefficient should be

necessarily represent the official positions or policies of the Minne-~
sota Crime Contrel Planning Board.

Grav, rh.D., (¥valuation Unit, Minnesota Crime Control Planning Board).

T

L P
l ) IThis model is based upon a preliminary model developed by Charles M.
ZNumbers in brackets denote references listed at the end of the paper. T
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positive (higher income levels increase product purchases).

These equations, estimated using preprogram data, will be used to
forecast cigarette volume. If the program under consideration is the
only major influence absent in the model, then the predicted volume is
that volume which would be expected in the absence of an antismuggling
program. Actual cigarette sales volumes will be compared to predicted
sales volumes. Program success is gauged by the difference between ac-—
tual and predicted sales after taking into account the statistical error
bound around the predicted values. The technique used to estimate these
equations follows. '

IIT. ECONOMETRIC TECHNIQUE

To estimate equations (1) and (2) over the preprogram period, these
equations are expressed in linear form as follows:

) (4) VS = ag + alPRICE + aZCOST
(5) Vd = bo + bIPRICE + b2INC + b3TAX + bL‘_TASTES + bsPOP

where Vg = Vg = V.

These equations form a simultaneous equation model because of the jointly
determined (or endogenous) variables, V and PRICE. To estimate the coef-
ficients for each equation's variables using ordinary least squares tech-
niques would lead to inconsistent estimators for the coefficients since
such estimators would be correlated with the residuals of the estimated
equations. Thus, since not all variables on the right-hand side of each
equation are independent, an alternative estimation tec¢hnique must be
used to solve this equation system.

The technique used to avoid the above identification problem is two-
stage least squares [6]. This statistical method first estimates a price
vector as a function of all independent variables and then estimates
equations (4) and (5) using this price vector. In this manner, consist-
ent estimates for all coefficients are derived.

Using these estimated equations, predicted values for cigarette sales
over the program period can be calculated by inserting the observed values
for the right—hand side variables during the program period into the esti-

mated equations.

JV. STATISTICAL RESULTS

FEquations (&) and (5)-were-cstimated using quarterly data over the
period, first quarter, 1968 to second quarter, 1976, In particular, the
following quarterly data were used:

1. V--Minnesota cigarette tax revenue in thousands of
dollars (7], .
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2. PRICE--Minimum retail pyice for one carton of regular cig-
arettes [8],

3. (0ST--Quarterly interpolations of hourly wages in whole-
sale and retall trade [9] [10] [11] [12],

4. INC--Minnesota total personal income [13],

5. TAX--Minnesota cigarette tax rate [14],

6. TASTES--Binary variable for implementation of the Minnesota
Clean Air Act:

TASTES 0 before 3rd quarter, 1975 .
TASTES 1 after 3rd quarter, 1975, and

7. POP--Estimates ¢f Minnesota population (aged 16 and over)
derived from applying national duarterly trends in popula-
tion to Minnesota's adjusted annual population figures.
Annual Minnesota population data were available for the age
groups 15+ and 15-19 years. These figures were adjusted by
examining each year's 15-year-old age cohort's impact on
past census figures. In each year, the 15-year-old age
group is found by assuming it is the same proportion of the
15-19 year—old group as the proportion formed by these two
age groups' cohorts in the past census, and it is then sub-
tracted from the group aged 15+ to form the group aged 16+
(see [15] [16] [17] [18] and [19]).

The personal income variable was available only in seasonally adjusted
form: All other figures were not seasonally adjusted (see [20] for the
reason).

During initial estimation of the demand function, the TASTES and POP

variables had positive cocefficients but were not statistically signifi-
cant. It was found that by dropping these two variables, the explanatory
value of the subsequently estimated equation as measured by the coeffi-
cient of determination corrected for degrees of freedom (®#2) was vir-
tually unaffected. Hence, the revised demand equation for which results
are presented is:

(6) V= cgy + e INC + coPRICE + c3TAX.

The results for the estimated supply and demand equations follow. Gross
tax revenue as the dependent variable resulted in a higher R? than using
clgarette packs taxed. Hence, gross tax revenue is used as the dependent
variable.

Table IV.1 presents results of the model's statistical estimation.
Even though a majority of the coefficients (except the coefficient for
TAX) have the correct sign according to economic theory, only two coeffi-
cients in the supply equation (for PRICE and the constant) and only one
coefficient in the demand equation (for TAX) are statistically signifi-
cant. When all coefficients in each equation are examined together under
an F test, it is found that the test statistics are siguificant at tlie
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1 percent level. Thus. the separate contribution of each variable to ex-
plaining variation in tax revenue may be weak but their joint contribu-
tion is quite strong. The Durbin-Watson statistic indicates the absence
of autoregression in the disturbance term of each equation {211, i.e.,
there appears to be no unexplained influences acting upon the dependent
variable. The total contribution of each equation's variables toward
explaining variation in the tax collected is found by examining the R2.

In the demand equation, R2 is 0.91 while in the supply equation, it is
0.88. Hence, the demand equation does a better job in explaining varia-
tions in the dependent variable than the supply equation. The Standard
Error of Estimate (S.E.E.) indicates the statistical error inherent in
each estimated equation. Cigarette tax forecasts based upon the estimated
demand equation are presented since this equation has a higher R? and a
lower S.E.E. than the estimated supply equation.

»

TABLE IV.1

b
STATISTICAL RESULTS OF THE SUPPLY-DE-AND MODEL®?

A. ESTIMATED SUPPLY EQUATION
V. = -1276337 COST + 7466440 PRICE - 9257188

(~0.886) (5.906)¢ (~5.247)¢
RZ = 0.88
F =121

Durbin-Watson statistic = 1.87
S.E.E. = 1,569,657

B. ESTIMATED (revised) DEMAND EQUATIONd
= 380 INC - 296910 PRICE + 84937371 TAX ~ 2431900

v
d (1.566)  (-0.096) (2.348)° (~0.681)
R2 = 0.91

F = 117

Durbin-Watson statistic = 2.06
S.E.E. = 1,330,109

8Fach equation was estimated using quarterly data over
the period 1/68-2/76. The numbers in parentheses are

t statistics.

bThe levels of cigarette supply and demand volumes (Vs’
V4) are measured by cigarette taxes coliected. Hence,
the dependent variable is cigarette taxes.

cSignificant at the 5 percent level using a 2-tailed ¢
test.

dThe TASTES and POP variables were dropped from the de—
mand equaticn due to their estimated coefficignts' low
+ statistics and their minor contribution to 2.

The predicted tax revenue figures in Table IV.2 result when values
far the variables JNC, FRICE, and 74X are inserted into the estimated
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demand equation for each quarter of program operation.

TABLE 1V.2

ACTUAL CIGARETTE TAX COLLECTIONS, DEMAND EQUATION CIGARETTE
TAX PREDICTIONS, AND TAX PREDICTION FRROR TERMS
(millions of dollars)

ACTUAL CIGARETEE PREDICTED CICARETTE
QUARTER/YEAR TAX REVENUES TAX_REVENUES® PREDICTION ERROR

3rd/7¢ 22.153 20.762 1.468
4th/76 20.435 20.920 1.563
1st/77 19.823 21.22% 1.542
20d/77 21.273 21.498 1.677
3xd/77 22.595 21.635 1.658
4eh/77 20.965 22.045 1.705

8pirect comparisons should not be made between actual and
projected cigarette revenues due to the absence of a sea~
sonal adjustment to the dependent variable in the estimated
equation (see text).

Since any estimated equation has some statistical error associated
with it and such errors become larger as one projects the dependent vari-
able farther into the future, a prediction error term [22] was calculated
for each quarter over which cigarette tax revenues were projected. Con-
clusions drawn by comparing actual and predicted tax revenues together
with the prediction error size are presented in the next section.

V. CONCLUSIONS

The following conclusions may be drawn from Table IV.1l:

1. The model tends to underpredict revenues in the third quar-
ter and overpredict revenues in all other quarters. Hence,
the decision not to correct the dependent variable (cigar-
ette tax revenues) for seasonal changes was unwise. Such
seasonal variation in the dependent variable also causes
problems with the prediction error term calculations. Such
error terms should become larger the farther the prediction
period from the period over which the equation was esti-
mated. This is not true in Table IV.2.

2. Even though the 32 for the demand equation is quite high
(0.91), the sheer magnitude of the quarterly prediction
error terms (between $1 million and $2 million), while at
most only 8 percent of predicted tax revenuss, is large
compared to the project's goal of raising cigarette tax
revenue by $500,000 per year. Assuming the project raises
cigarette tax revenues by $125,000 per quarter, thig
amounts te only 0.5 percent of quarterly cigarette tax
revenue.  Henao, the model estimated would have to possess
a statistical error térm much lower than 0.5 percent of ,
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