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BEER TAXES, THE LEGAL DRI NKI NG AGE, AND
YOUTH MOTCR VEH CLE FATALI TI ES

Henry Saffer and M chael G ossnan*

. Introduction and Background

Since the mid 1970s, the Federal government of the United States and
various state and |ocal governnents have been involved in a canpaign to
reduce deaths from notor vehicle accidents by discouragi ng al cohol abuse.
One major elenment of this canpaign has been the upward trend in state m ni -
mum | egal ages for the purchase and consunption of al coholic beverages that
began with the increase in the legal drinking age in Mnnesota from 18 to
19 years of age in 1976. An additional 27 states had increased |egal
drinking ages by the tine of the Federal UniformDrinking Act of July 1984.
This legislation allows the Federal government, through its control of
Federal highway funds, to intercede in a legislative area traditionally
reserved for states. Five percent of a state's Federal highway construc-
tion fund allocation for the fiscal year 1987 will be withheld if the nini-
mum | egal drinking age is below 21 years on October 1, 1986, and 10 percent
will be withheld fromthe 1988 fiscal year allocation if its drinking age
is below 21 on Cctober 1, 1987. To date, 14 states have passed |aws
conplying with the act, and a total of 37 states now have a minimm
drinking age of 21. A second major elenent of the antidrinking canpaign
is reflected by nore severe penalties for conviction of drunken driving,
the allocation of additional resources to apprehend drunk drivers, and an

easing in the standards required for conviction.

One policy that has been virtually ignored by the Federal and state



governments in the antidrinking canmpaign is increased taxation of alcoholic
beverages which, by raising prices, would |ower alcoholic beverage consunp-
tion and notor vehicle nortality. Instead, the Federal excise tax rates on
liquor (distilled spirits), beer, and wine renained constant in nom na
ternms between Novenmber 1, 1951 and the end of fiscal 1985. During this
period the Federal government taxed liquor at the rate of $10.50 per proof
gallon (one gallon of 100 proof |iquor, which is the equivalent of 50 per-
cent al cohol by volume), beer at the rate of $.29 per gallon (approxinately
4.5 percent alcohol by volune), and wine at the rate of $.17 per gallon
(between 11.6 percent and 21 percent al cohol by volume).?

Partly as a result of the stability of the Federal excise taxes and the
nodest increases in state and |ocal excise taxes, the real price of alcoho-
lic beverages (the nominal price divided by the Consuner Price |Index) has
declined substantially over tinme. Between 1960 and 1980, the real price of
liquor fell by 48 percent; the real price of beer fell by 27 percent; and
the real price of wine fell by 20 percent (Cook 1981). \While 29 states
raised the legal drinking age from 1976 through 1984, real alcoholic
beverage prices continued to fall: 27 percent for liquor, 12 percent for
beer, and 19 percent for wi ne (Bureau of Labor Statistics various years).
Thus, as argued by Cook and Tauchen (1982), if alcohol abuse is sensitive
to price, a governnent policy of declining real excise tax levels actually
may be exacerbating this problem

A primary purpose of this paper is to investigate the responsiveness of
notor vehicle death rates of youths aged 15 through 24 to variations in the

cost of beer as reflected by differences in state excise tax rates on beer.



Thus, we provide evidence for this inportant age group on the extent to
whi ch declining real beer excise taxes have contributed to increases in
fatal nmotor vehicle crashes and on the extent to which increases in rea
beer taxes can serve as a potent instrunment in the antidrinking canpaign.
W also examine the effect of an increase in the |egal drinking age on
yout h nmotor vehicle deaths. Qur enpirical research is based on a tine
series of state cross sections for the period from 1975 through 1981.
Logit notor vehicle death rate regressions are obtained for three age
groups: youths aged 15-17, youths aged 18-20, and youths aged 21-24.
During the period at issue, 15 states raised their legal drinking age, and
21 states raised their nom nal excise tax rate on beer. Mreover there
were substantial differences in both variables at a monment in tine anong
st at es.

W focus on teenagers and young adults in the context of the
anti drinking canpaign because notor vehicle accident nortality is the
| eadi ng cause of death of persons under the age of 35, and the Nati onal
Hi ghway Traffic Safety Administration (1983) estinmates that alcohol is
i nvol ved in over half of these fatal accidents. In 1979 persons under the
age of 25 accounted for 22 percent of all licensed drivers but 38 percent
of all drivers involved in fatal accidents (National H ghway Traffic Safety
Admi nistration 1983). These figures are even nore dranmatic than they
appear because nenbers of the young driver group do not drive nearly as
much as ol der drivers (Voas and Moul den 1980). In 1980 the nmotor vehicle
accident nortality rate of persons between the ages of 15 and 24 was 45

deat hs per 100,000 population (National Center for Health Statistics



1984). This figure was approximately twice as large as either the crude
notor vehicle death rate or any other age-specific notor vehicle death
rate.

Research on the responsiveness of youth notor vehicle deaths to the
cost of beer is particularly tinely in light of proposals to correct the
erosion in the real value of the Federal excise tax rates on all fornms of
al coholic beverages since 1951 and to prevent future erosion by indexing
tax rates to the rate of inflation or by converting to an ad val orem al co-
holic beverage excise tax system (for exanple, More and Gerstein 1981;
Luks 1983; Cook 1984; Harris 1984; Becker 1985; Jacobson and Al bi on
1985).2 Mor eover, although beer is the drink of choice anmobng youths who
drink al coholic beverages (for exanple, Coate and G ossman 1986; G ossman,
Coate, and Arluck forthcom ng), the alcohol in liquor is taxed three tines
as heavily as the alcohol in beer. This has led to suggestions to equalize
the tax rates on the alcohol in all forns of alcoholic beverages by raising
the tax on beer (for exanple, Harris 1984; Jacobson and Al bion 1985).
Research on the sensitivity of youth al cohol use to legal drinking ages
is also valuable given the adverse reaction to Federal uniform drinking
legislation,® its scheduled expiration at the end of fiscal 1988, and vol a-
tility in state nminimumdrinking ages in the 1970s and 1980s

There have been no previous studies of the effects of beer taxes on
youth notor vehicle fatalities. GCook (1981), however, finds that states
that raised their excise tax rates on liquor between 1960 and 1974
experi enced bel ow average increases or above-average reductions in notor

vehicl e deaths of persons of all ages relative to states that did not



increase their tax rates. Gven the popularity of beer anong young people
and their poor driving records, it is crucial to obtain estinmates of the
i mpacts of beer excise taxes on youth nmotor vehicle death rates.

Statistically significant short-run increases in youth notor vehicle
deat hs have been reported in selected states that lowered their |egal
drinking age in the early 1970s, and significant short-run reductions in
fatalities have been reported in selected states that raised their |egal
drinking age in the late 1970s or early 1980s (for example, WIllians et al.
1975, 1983; Dougl ass 1980; Wagenaar 1983; Lillis, WIllianms and WIlliford
forthcomng). Wile this research is valuable, it is state-specific and
thus cannot be generalized to the population of all youths in the U S.
More definitive estimates are contained in studies by MCornac (1982) and
Cook and Tauchen (1984), both of which enploy tinme series of state cross
sections for the 48 contiguous states of the U S. Cook and Tauchen use
data for the period from 1970 through 1977, while MCornac uses data for
the period from 1970 through 1975. Both studies conclude that a uniform
m nimum drinking age of 21 in the md 1970s would have saved a substanti al
nunber of I|ives.

The research reported here differs from that by Cook and Tauchen and by
McCornac in two inportant respects. First, MCornac and Cook and Tauchen
deal with a period during which there was a downward trend in the |egal
drinking age. In particular, between 1970 and 1975, 29 states |owered
their drinking age to conformwi th a Federal shift in the voting age from
21 to 18 in 1970. On the other hand, as noted previously we deal with a
period in which 15 states raised their drinking age. Second, we consider

the effects of beer taxes on youth notor vehicle fatalities.



IT. Analytical Framework

The basic model employed in this paper consists of two equations. One
is a technical relationship or a production function in which the probabi-
lity that a youth will experience a fatal motor vehicle accident (m} is
positively related to his consumption of alcohol (y)5 and also depends on a
vector of additional variables (z):

= n(y,z). (1
Examples of members of the z vector include highway density in the state in
which the youth resides and the general quality and state of repair of the
motor vehilcle that he drives. The second equation is a behavioral rela-
tionship or a demand function for alcohol:

y = y(p,x). (2)
In this equation p 1s the price of alcohol, and x is a vector whose members
include the youth's command of real resources, the prices of substitute
goods, and tastes or preferences.

Substitution of equations (2) into equation (1) yields a reduced form
probability of death equation:

T o= nw(p,%x,2z). (3)
Equation (3) is termed a reduced form equation because aleochol consumption,
an endogenous right-hand side variable in equation (1}, has been replaced by
its exogenous determinants. Of course, the demand function for alcohol
also 1s a reduced form equation.

Our empirical aim in this paper 1s to estimate equation (3) using data
for states of the U.S. This aim is facilitated by aggregating the equation

over the nj youths in the jth state and by interpreting the resulting pro-



bability of death as the observed notor vehicle nortality rate. The prin-
ci pal hypothesis tested is that youth al cohol consunption is negatively
related to its price, and therefore the youth notor vehicle accident nor-
tality rate is negatively related to the price of alcohol. In testing this
hypot hesis, we define price broadly as the sumof the direct cost of alco-
hol and the indirect cost that nust be incurred to obtain it. In par-
ticular, the indirect cost of obtaining alcohol for a person under the age
of 21 should be lower in states where the legal drinking age is 18 as
opposed to 21. Thus, subject to certain nodifications in Section IIl, the
noney price of alcohol and the legal drinking age play symetrical roles in

the reduced form nmotor vehicle nortality equation.

I11. Enpirical Inplenentation

The data set enployed here is a tinme series of state cross sections and
consists of the 48 contiguous states of the U S. for the years 1975 through
1981. Hence there are 336 observations in each regression estimated in
Section IV. Alaska and Hawaii were onitted from the data set because
several inmportant variables were missing for these two states. The
District of Colunbia was onmtted because it is a nuch snmaller physical area
than any of the 48 states, and it is likely that many of its notor vehicle
accidents involve nonresidents. Table 1 contains definitions, neans, and
standard deviations of the variables in the data set. A detailed descrip-
tion of the variables and their sources appears in the Appendix to this
paper (available upon request). The Appendix al so includes a discussion of

the theoretical roles of variables other than the real beer tax, the beer
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Table 1

Definitions, Means, and Standard Deviations of variables®

Variable

Definition, Mean, anrd Standard Deviation

Motor vehicle death rate

Real beer tax

Beer legal drinking age

Bor der age

Real incone

Vehicle mles traveled

Young drivers

I nspection of notor vehicles

Mor non

Sout hern Bapti st

Catholic

Pr ot est ant

Resi dents of "wet" counties

Deaths due to notor vehicle accidents per
100, 000 popul ation for the follow ng three
age groups:

Ages 15-17, nean=31.581, s.d.=8.794

Ages 18-20, nean-51.468, s.d.=12.934

Ages 21-24, nmean=41.921, s.d.=11.401

Sum of Federal and state excise taxes on a

case of 24-twelve ounce cans of beer divided
by Consurer Price |Index, 1967=1, nean=.518,

s.d. = 240

M nimum legal age in years for the purchase
and consunption of beer, alcoholic content
more than 3.2 percent, nean=19. 404,
s.d.=1.391

Suns of differences between own-state |egal
drinking age and bordering states' |egal
drinking ages (if positive) nultiplied by
fractions of population living in border
counties. nean=.208, s.d.= 389

Money per capita personal incone divided
by Consurer Price Index, 1967=1, expressed
in thousands of dollars, mean=3.830,

s.d.=. 447

Vehicle mles traveled in nillions of mles
per licensed driver, mean=.0H, s.d. =.001

Nunber of licensed drivers aged 24 or |less
as a fraction of the popul ation aged 15-24,
mean=. 726, s.d.=.090

Di chotonous variable that equals one if
i nspection of motor vehicles is required
every year, nean=.548, s.d.=.498

Fraction of popul ation who are Mornons,
mean=. 012, s.d.=.059

Fraction of popul ation who are Southern
Baptists, mean=.074, s.d.=.098

Fraction of population who are Catholics,
mean=. 210, s.d.=. 127

Fraction of population who are Protestants
(excl udes Southern Baptists and Mornmons),
mean=. 199, s.d.=.080

Fraction of the population who reside in
fully or partially "wet" counties (counties
that permt the sale of alcoholic beverages),
mean = .967, s.d. = .084

dData pertain to the 48 contiguous states of the U.S. for the years
1975 chrough 198]. Means and standard deviations, denated s.d., of the
death rates are weighted by the age-specific number of persons Iin the cate-

gory at issue by state and year.

Means and standard deviatlons of all

other variables are weighted by the number of persons aged 15-24 by state

and year.



| egal drinking age, and the "drinking sentinent" neasures in the estimated
nortality equations. In addition it Includes comments on prelimnary
results obtained with several variables that are not listed in Table 1.

Separate notor vehicle accident nortality regressions are obtained for
three age groups: youths aged 15-17, youths aged 18-20, and youths aged
21-24.7 This is because the legal drinking age ranges from 18 through 21.
Consequently, 15, 16, and 17 year olds are illegal drinkers in all states,
while 21, 22, 23. and 24 year olds are legal drinkers in all states. It
follows that youths between the ages of 18 and 20 should be nost affected
by differences in the drinking age. Fornally, we rejected the hypothesis
that slope coefficients but not intercepts are the same for the three age
groups.

Yout hs between the ages of 15 and 17 and between the ages of 21 and 24
are not excluded entirely from the analysis because they have higher notor
death rates than any other age group except for 18 to 20 year olds. Thus,
it is of interest to assess the inpacts on these death rates of differences
in the cost of alcohol. A second consideration is that persons aged 21
through 24 or aged 15 through 17 may be passengers in cars driven by youths
aged 18 through 20 and nmay die in crashes caused by these drivers

A third reason for not limting the analysis to youths aged 18 through
20 is that differences in the legal drinking age can affect notor vehicle
fatalities of young teenagers and ol der youths. Since peers are a commopn
source of alcohol (for exanple, Blane and Hewitt 1977), the indirect cost
of obtaining al cohol for persons younger than 18 is lower in states where

the legal drinking age is 18 as opposed to 19, 20, or 21. To the extent



that age at onset of alcohol consunption and current al cohol use are nega-
tively related [see Rachal et al. (1975) for evidence that this is in fact
the case], an increase in the legal drinking age can |ower the notor
vehicle death rate of 21-24 year olds (the "consunption" effect). As

poi nted out by Males (1986), a factor that goes in the opposite direction
is that persons beyond the age of 20 in states with low legal drinking ages

may have nmore know edge of the amount of alcohol they can safely consune

shortly before driving (the "experience" effect).?®

Studies of the inpact of changes in legal drinking ages in individua
states or in a small nunber of states by Wllianms et al. (1975, 1983),
Dougl ass (1980), and \Wagenaar (1983) enploy one or nore of the follow ng
out conme measures: (1) nighttine fatal accidents involving yout hful
drivers; (2) nighttine single-vehicle fatal accidents involving yout hful
drivers; and (3) nighttinme single-vehicle fatal accidents involving youth-
ful male drivers. On the other hand, our outcone neasure, |ike the one
used by Cook and Tauchen (1984), is nore conprehensive. W adopt it for
reasons given by Cook and Tauchen. They point out (1984, pp. 174-175):
"In evaluating alternative ninimumdrinking age legislation, it is
desirable to have as conprehensive a neasure of the associated social costs
as possible. For exanple, fromthe evaluation viewpoint, it is nmore useful
to know the effect of M.DA [mnimum | egal drinking age] change on tota
fatalities than nighttinme fatal crashes....The Dougl ass-\Wagenaar 'three fac-
tor surrogate' —nighttine single vehicle crashes involving male drivers—s
only renotely related to any natural indicator of social costs." Thus, we

have chosen not to enploy single-vehicle nighttine fatal accidents as an



out cone neasure because the policy variables at issue may affect single-
vehicle daytime fatal crashes and nulti-vehicle fatal crashes at all tinmes
of the day or night.

Qur outcone neasure, like Cook and Tauchen's, is inconplete in that it
omits auto fatalities of persons under age 15 or greater than age 24 caused
by youthful drivers. Cook and Tauchen sunmmarize data that indicate
however, that nost of the victinms of fatal crashes involving youthful dri-
vers are the drivers thenselves or youthful passengers in their vehicles.
Mot or vehicle deaths by age were provided to us by the National H ghway
Traffic Safety Administration (NHTSA) and cone from unpublished data in
NHTSA' s Fatal Accident Reporting System ? Deaths pertain to state of
occurrence rather than to state of residence.

The key independent variables in the nodel are the legal drinking age
and the price of alcohol. Both pertain to beer because of its popularity
among youths. Mreover, Coate and Grossman (1986) and Grossman, Coate and
Arluck (forthcom ng) report that the consunption of beer by youths is
inversely related to the price of beer and to the m ninumlegal age for its
purchase and consunption. They also report that the nmagnitudes of these
effects are substantial. On the other hand, the consunption of I|iquor or
wine by youths is much less sensitive to the relevant beverage-specific
price or legal drinking age, and there is no evidence that youths substi -
tute liquor or wine for beer when the price of beer rises.

Youths who reside in a state with a high legal drinking age may be able
to purchase and consunme alcohol in a border state with a |ower |ega

dri nki ng age. In turn they may be killed in notor vehicle accidents that



occur when they are returning from the border state, To deal with the
border phenomenon (out-of-state purchases), we note that more youthful
residents of the jth state are affected by 1t the greater is the difference
between the legal drinking age in that state (aj) and the legal drinking
age in the border state (ak, k#j), provided this differénce is positive.
In addition, the border effect is larger the larger is the fraction of the
population of state j that live 1in counties that border on state k (fj).
Hence we define the border age variable (bj) as

bj = fj(aj—ak), if aj > ay

bj = 0 if ay < ay (4)
and include it as a regressor. With the resident-state legal drinking age
held constant, an increase in the border variable reflects a reduction in
a, or an increase in fj’ both of which should cause the motor wvehicle

fatality rate to r:l.se.10

If motor vehicle deaths pertain to the state of residence, the measure
of bj given above captures all elements of the border phenomenoun. In our
data, however, deaths are tabulated by state of occurence. Nevertheless,
bj still is a perfect indicator of the border phenomenon provided youths
who travel from state j to state k to drink are killed in accidents that
occur within the boundary of state j. To the extent that some residents of
state j die in state k, certain modifications of the border variable may be
desirable. We do not pursue such modifications In this paper, but we indi-

cate how the results are affected when the horder variable is omitted from

the regressions in Section IV.Il

The cost of beer 1s given by the sum of the Federal and state excise



tax rates on a case of 24-twelve ounce cans of beer divided by the annua
Consuner Price Index (CPlI, 1967=1) for the U S. as a whole. Deflation by
the CPlI is required to take account of trends in the prices of other goods
bet ween 1975 and 1981. Al regressions include dichotonous variables for
each year except 1981. Therefore, the neasure of the real or relative
price of beer just defined is an accurate indicator of the true relative
price provided the relative price of beer exclusive of tax does not vary
fromstate to state. This follows because the time variables account for

any trend in the real price of beer exclusive of tax.

It should be stressed that the state excise tax is a preferable
regressor to the price of beer if the price exclusive of tax varies anbng
states because the supply curve of beer slopes upward. The reason is that
an outward shift in the denand function for beer sinultaneously raises the
price of beer, the quantity of beer consuned, and the notor vehicle nor-
tality rate. Consequently, the coefficient of the price of beer in the
nortality equation is understated in absolute value if the equation is
estimated by ordinary |east squares because price is positively correl ated
with the disturbance term In our context, the tax also is superior to the
price because the policy sinulations perfornmed in Section IV require
reduced form as opposed to structural paraneter estimates.12

To take account of the potential role of "drinking sentinent" in the
endogenous determ nation of beer excise tax rates, legal drinking ages, and
al cohol consunption, the fractions of the popul ation who are Mornons,

Sout hern Baptists, Catholics, and Protestants (excluding Southern Baptists

and Mormons); and the fraction of the population who reside in "wet" coun—



ties (counties that permt the sale of alcoholic beverages) are included in
one specification of the motor fatality equations. Drinking sentinent
refers to cultural and taste variables that may either encourage or

di scourage al cohol consunption. For exanple, antidrinking sentiment should
be relatively wi despread in states in which religious groups that oppose
the use of alcohol, such as Mornons and Southern Baptists, are prevalent.
Antidrinking sentinment also should be an inportant force in states in which
a hi gher-than-average fraction of the population reside in "dry" counties
(counties that prohibit the sale of alcoholic beverages). These states nay
enact high al coholic beverage excise tax rates as part of the politica
process. In this situation, the tax coefficients that enmerge from
regressions that omt drinking sentiment overstate in absolute value the
true parameters. On the other hand, states in which prodrinking sentimnment
is prevalent (antidrinking sentinent is weak) and al cohol consunption is

| arge may enact high excise tax rates because the taxation of alcoholic
beverages is an attractive source of revenue. |In this case, the tax

effects are understated if drinking sentiment is excluded from the

regressions. Sinmilar comments can be made with respect to drinking age

effects that do not control for drinking sentirrent.13

The role of drinking sentinent is considered in detail by Coate and
Grossman (1986) in the context of a formal econonetric nodel. They enpha-
size the point nmade above: nanely, tax and |egal drinking age effects are
not necessarily overstated in absolute value when drinking sentinent is
omitted fromthe regression nodel. This is particularly true if omitted

proxies for drinking sentinent are correlated with those included. Qur



strategy here 1s to fit a set of regressions that excludes the religion
variables and the fraction of the population who reside in wet counties and
a second set of regressions that includes these variables.

An alternative estimation strategy to control for hard-to-measure
variables, such as drinking sentiment, 1s to employ dichotomous variables
for 47 of the 48 states. This is the strategy adopted by Cook and Tauchen
(1984) in their study of youth motor vehicle fatalities described in
Section I. 1In fact, the only other independent variables in their model
are the legal drinking age and dichotomous wvariables for 7 of the 8 years
of their time series. Our approach, on the other hand, is to work with a
more fully specified model of the determinants of youth motor vehicle acei-
dent mortality rates. This is because a model with state dummies has the
potential of creating severe problems of nulticollinearity. Nevertheless,
we view a model with state dummy variables as a reasonable alternative to
the one that we stress and present one regression for each of the three age
groups that includes dichotomous variables for 47 of the 48 states., Since
this specification is viewed as an alternative way to control for drinking
sentiment, the religion variables and the fraction of the population
residing in wet counties are omitted from it.

The actual motor vehicle mortality rate ("ijt) -~ defined as deaths
per person rather than per 100,000 persons in the ith age group in the

jth state in year t -- ranges hetween zero and one. Therefore, a logistic

equation for the death rate is specified:

)]

-1
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where xjtk is the value of the kth independent variable in the jth state in
year t and uijt is the disturbance term. By solving for the logarithm of
the odds of death from a motor vehicle aceident relative to survival or
death from other causes [Wijt/(l*ﬁijt)]’ one transforms the logistic func-
tion Into a linear equation:

[34]

In [my g /C=my g ) = o 121 Biie ®qekt Y50 (6)
which is called the logit function. The logit coefficient ﬁik is the
percentage change in the odds of motor vehicle mortality for a one unit
change in thk‘

Maddala (1983) shows that a regression estimate of equation (6) should

12,

employ weighted least squares, The weights are given by [nijtﬂijt(l-"ijt

where n is the number of youths in the ith age group in the jth state in

ijt
year t. This weighted least squares regression method is employed in

Section IV.

V. Results

Wei ghted |east squares regression estimates of logit notor vehicle
nortality equations for youths aged 15 through 17, 18 through 20, and 21
through 24 are contained in Panels A B, and C, respectively, of Table 2.
Three regressions are shown in each panel. The first omts the religion
variables and the fraction of the population who reside in wet counties,
while the second includes these neasures of drinking sentinment. The third
regression excludes the five drinking sentinment variables but includes

di chot onobus variables for 47 of the 48 states. The logit coefficients of



Table 2

Weighted Least Squares Estimates of Logitaﬂotor Vehicle
Accident Nortality Equations

Panel A: Ages 15-17 Panel B: Ages 18-20 Panel C: Ages 21-24
Regression Humber Regreesion Number Regression Number
Independent Variable (2-41) (2-A2) (2-43) (2-B1) (2-B23 (2-B3) (2-C1) (2-C2) (2-C3
Real beer tax -.1449 -, 177 ~.261 -.296 -.327 -.31%8 -.246 -.326 -.470Q
{-3.05) {=3.49) {(-1.54) (-5.94} (-6.16> {(-2.09) {-4.41) (-5.8% (=3.07}
Beer legal drinking age 008 .003 -, 046 ~.037 ~.045 -.069 -.Q01 -.016 -.064
(1.13) (.33} (~2.39) {-4.,56) {(-5.12) {(-3.96} (~.09) (—-1.822 (-3.72)
Border age -.015 .019 .0le 025 .063 L .033 .120 .142
(-.55) (.65) (.258) (.88} (2,223 (2.08} (1.06) £3.87) (2.51)
Real income -.198 -.268 .081 -.121 -.204 . 372 -.135% -. 264 L 232
(-7.43) (-7.82) {.B7) (-4.47) {=5.585} (3.56) (-4.52) {=7.47) (2.2
Vehicle miles traveled 84.807 91.234 47.613 82,153 89.388 34.196 83.522 89.74% 54,497
(12.52) (11.54) {2.78) {12.04? (11,26} (2.28) {10.99) {10.78) {3.64)
Young drivers 1.436 1.302 542 1.330 1.226 .683 1.418 1.317 775
(14.01) (11.65) (1.72) {(12.7%) (10,83 (2.43> (12.19 {11.22 (2.71)
Inspection of moter vehicles ~-.022 -.050 .079 -.024 -.066 .036 -.032 -.085 Q72
{(-1.0% (-2.32) (1.183 (-1.65) {(-3.007 (.58} (-1.37 {~=3.78}) {1.16}
#ormon. ewenee -.377 =444 sem—em e =767 e
'''''' (=2.19) ———— —————— (~2.48) - —————— (-4.26) ————
Southern Baptist  semeaa =068  e==-mmn e =120 ~eemem e =-.050 e
------ (=-.33 ————— ————— (-.57 - (—.237 ——————
Protestant ~ m=———— =-.300  —=—wm= mme—ee -,449  —-==e- e -.851  ----—-
~~~~~~ {(-2.28> —————— ————— (+3.37) -- (~6.87) ——————
Catholic e =226 mmmmwme mmmee -.224  mmmmem e 431 memmee
—————— {-1.84) ————— ————— (=1.80) ————— ————m- (=3.38) —————
Residents of wet countjes = smemmee 572 memmm— mmmme 577 mmmmem mmeees 901 e
—————— (4.14) - ———--- (3.91) ————- e (5.86) -———-
R2 .690 .71k .838 .605 .634 .845 L5584 .6565 .B65
F 55.21 43.38 23.68 37.93 30.54 249,93 34.78 34.93 29.49%9

aLogxt coefficients and t-ratios in parentheses are shown., The critical t-ratios at the 5 percent level are 1.64 for a one-tailed test and
1.96 for a two tailed test. The F-ratio associated with each eguation is significant at the 1 percent level. Each eguation includes an inter-
cept and dichotomous variables for the yearz 1975 through 1980. Regressions (2-A3), (2-B3), and (2-C3) include dichotomous variables for 47 of
the 48 atates.



the state variables are not presented. Each of the three regressions con-
tains an intercept and di chotonous variables for the years 1975 through
1980. The intercepts and the coefficients of the tine variables are
omtted from the tables.

Focusing on the first two regressions in each panel, one sees that al
logit coefficients of the real beer tax are negative and statistically
significant at the 5 percent level of significance or better.14 At the
poi nt of means, the elasticity of the death rate with respect to the rea
beer tax is -.09 for the youngest age group and -.17 for the other two age
groups. ™ Data contained in Coate and Grossman (1986) indicate that the sum
of the Federal and state excise tax on a case of beer accounted for 13 per-
cent of the retail price of beer inclusive of tax on average in the period
from 1975 through 1981. Suppose that the beer industry is conpetitive and
has an infinitely elastic supply curve, so that a tax increase is fully
passed on to consuners. Then the elasticity of the notor vehicle death
rate with respect to the real price of beer would equal -.7 for 15
through 17 year olds and -1.3 for 18 through 20 year olds and 21 through
24 year ol ds.

How reasonable are elasticities that range from-.7 to -1.3? Cook
(1981) estimates an elasticity of the motor vehicle death rate of persons
of all ages with respect to the price of liquor of -.7. Thus our elastici-
ties appear to be quite reasonable. This is particularly true because
Coate and Grossnman (1986) present argunents that suggest that youth price
elasticities of demand for al coholic beverages may be larger in absolute

val ue than the corresponding adult price elasticities.



Based on the first two regressions in Panels A through C, the only
negative and statistically significant legal drinking age coefficients per-
tain to youths aged 18 through 20. These are extrenely plausible results
because 18 through 20 year olds should be nbst affected by differences in
the drinking age, which ranges from 18 to 21. The border age coefficients
have the appropriate positive signs for the mddle age group in regressions
(2-B1) and (3-B2). In the latter nodel the coefficient is significant.

The above conclusions are not altered when the border age is onmitted
fromthe regressions. As shown by the first two regression specifications
in Table 3, the legal drinking age coefficients remain significant for
yout hs aged 18 through 20. But the coefficients are not significant for
the two other groups.'® The drinking age coefficient in regression (3-2)
is alnobst 30 percent snaller in absolute value than the correspondi ng coef-
ficient in regression (2-B2), indicating that the nmagnitude of the estimated
effect is somewhat sensitive to the inclusion or exclusion of the border
age. The paraneter estimates of the other regressors (not shown in Table 3)
are very simlar to the corresponding estimates in Panels A through C of
Tabl e 2.

The incone and highway variables prove to be inportant determ nants of
youth notor vehicle death rates. The incone effect is negative, suggesting
that higher-incone persons or their offspring are safer drivers and operate
notor vehicles that are in better physical condition than |ower-income per-
sons. These factors dominate the presuned positive relationship between
i ncome and the denmand for al cohol. Based on the second regression in each

panel, the incone elasticities are simlar in nmagnitude to the price
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Table 3

Logit Coefficients of Beer Legal Drinking Age,
Border Age Onmitted?

Regr essi on Nunber

(3-1) (3-2) (3-3)

Ages 15-17 .007 .006 -.044
(.99) (.92)  (-2.49)

Ages 18- 20 -.033 -.033 -.055
(-4.91) (-4.75) (-3.41)

Ages 21-14 .004 .005 -.048
(.57) (.62)  (-2.95)

& -ratios in parentheses. First equation excludes religion and resi-
dents of wet counties. Second equation includes these variables. Third
equation onmits religion and residents of wet counties, but includes dicho-
tonous variables for 47 of the 48 states.



el asticities: —2.0 for the youngest age group, -.8 for the nmddl e age
group, and -1.0 for the ol dest age group.

An increase in the nunmber of vehicle mles traveled per licensed driver
or in the fraction of youths aged 15 through 24 who are licensed drivers
rai ses each of the three age-specific death rates. The elasticity of the
death rate with respect to the number of vehicle niles traveled per
licensed driver is unity for each age group. A simlar conrent applies to
the magnitude of the elasticity of the death rate with respect to the frac-
tion of youths aged 15 through 24 who are licensed drivers. These results
underscore the plausibility of our enpirical specification because they
inmply that deaths per nmiles traveled by licensed drivers do not depend on
mles traveled per licensed driver or on the fraction of |icensed
drivers. '’ States that require conpul sory inspection of motor vehicles
every year have lower death rates than other states. Except for the mddle
age group, this effect is significant only when the drinking sentinent
nmeasures are held constant.

Conparing the first and second regressions in each panel of Table 2,
one sees that the signs, significance levels, and magnitudes of the tax and
legal drinking age effects are not in general affected by the inclusion of
the drinking sentinent proxies. If anything, the significant coefficients
becone larger in absolute value when the religion variables and the frac-
tion of the population residing in wet counties are added to the set of
regressors. This is an inportant finding because it nmeans that the tax and
drinking age effects enphasized here are not artifacts of the endogeneity

of state laws and deci sionmaking. The estinmated income and hi ghway coef -



ficients also are not sensitive to the inclusion of the sentiment
variables, with the exception of the inspection coefficient noted above

Wth regard to the drinking sentiment neasures thenselves, the coef-
ficient of the fraction of persons who reside in wet counties always is
positive and significant. The results for the religion variables are |ess
clearcut. Death rates are lower in states where Mirnons and Southern
Baptists are prevalent, although the latter effect never is significant.
But death rates also fall as the fraction of the population who are
Protestants or Catholics rises. This result is puzzling because Coate and
Grossman (1986) find that the frequency of beer consunption by youths is
positively related to the preval ence of Protestants and Catholics in their
area of residence. W offer no explanation of the finding. W not e,
however, that our conclusions with respect to the tax and |egal drinking
age effects are not altered when the religion variables or the fraction of
the popul ation who reside in wet counties are onmtted from the drinking
sentinent vector.

The third regression in Panels A through C of Table 2 includes dicho-
tonous variables for 47 of the 48 states. This specification exhibits a
nunber of peculiarities. Al three incone effects beconme positive, and two
of the positive coefficients are significant. The coefficients pertaining
to vehicle niles traveled per driver and to the fraction of youths who have
drivers' licenses are greatly reduced. The sign of the inspection coef-
ficient switches from negative to positive. The drinking age effects for
18 through 20 year olds, which were negative and significant in the second

regression model, rises by slightly nore than 50 percent in absolute val ue.



The drinking age coefficients for 15 through 17 year olds switches signs
from positive to negative and becones significant. For the ol dest age
group, the negative drinking age coefficient rises by a factor of four and
beconmes significant.

The above results suggest that a nodel with state dunmies is over-
determ ned and plagued by multicollinearity. The inplausible nature of the
estimates that emerge fromthis specification provides a justification for
not enphasizing it. The tax effects rise in absolute value when the state
dummi es are held constant, except for the middl e age group where the coef-
ficient is virtually unchanged. Thus, the negative tax effects that we
report are quite robust. In particular, they cannot be attributed to
unneasured state-specific variabl es.

To evaluate the potential impacts of the Federal excise tax and legal
drinking age policy inittatives discussed in Section I, we simulate their
effects on youth motor vehicle accident mortality rates. Specifically,

first we compute the “actual”™ mortality rate for a given age group by

h

predicting the mortality probability for the jt state in year t(%ijt)

based on the logit coefficients and the actual values of the independent
variables (xjtk) for that observation [see equation (5)]. Then we obtain
the actual death rate as a weighted average of the 336 computed probabili-
ties (48 states times 7 years) multiplied by 100,000. The weight is the
fraction of the total peopulation of all youths in the ith age group in
the period from 1975 through 1981 who reside in the jth state in year t.18

Next we vary one or more of the independent wvariables by a certain amount,

recompute each n and average to obtain to the "new” mortality rate,

1it?



The sinulations are restricted to 18 through 20 year olds because public
policy with respect to the legal drinking age focuses on this age group

Si mul ati ons based on the second regression nmodel in Table 2 are enphasized
but sinulations based on the third regression nodel also are presented for
compar ati ve purposes.

The legal drinking age policy pertains to a uniformmni nrum age of 21
for the purchase of beer in all states. This policy is sinulated by
setting the legal drinking age equal to 21 for each of the 336 observations
in the regression and by setting the border age variable equal to zero
The resulting nortality rate is the one that would have been observed if
the legal drinking age had been 21 in all states throughout the period from
1975 through 1981.

Three Federal excise tax policies are considered. The first indexes
the Federal excise tax rate on a case of beer, which has been fixed at $.64
in nominal terms since 1951, to the rate of inflation since 1951. It is
termed the inflation tax policy. Under it, the real beer tax in the

jth state in year t (qjt) becomes

q = [rjt + (5'64)(‘3!:’51)]/((:1:’67)9 (?)

jt
where rjt is the state exclse tax rate in nominal terms, ct,Sl is the CPI
in year t relative to 1951, and ¢, 67 is the CPI in year t relative to
1967. The second tax policy raises the excise tax on a case of beer from
$.64 to $2.09 to equalize the rates at which the alcohel in beer and ligquer
are taxed (see note 3). It is termed the alcohol tax equalization policy.

In this simulation the real beer tax is given by



qgt = (rjt + 32'09)/(°t,67)' (8)

The third tax policy combines the first two and 1s termed the

combined tax policy. The real beer tax becomes

q}t = [rjt + ($2.09)(ct,51)]/(ct,67). (9)

The resulting sinulation shows the nortality rate that would have prevail ed
if the excise tax rate on beer had been fixed in real as opposed to nom na
terns during the 1975-1981 period and if the alcohol in beer had been taxed
as heavily as the alcohol in |iquor.

Note that substantial tax hikes are involved in the last three sinula-
tions. Indexation of the nom nal Federal excise tax on beer to the rate of
inflation produces a tax on a case of beer in 1978 (the nmid year of the
sanple period) that is 2.5 times larger than the actual tax. Equalization
of the tax on the alcohol on beer with that on the alcohol in liquor produ-
ces a beer tax that is 3.3 tines as large as the actual tax. Both policies
conmbi ned anmount to an approxinmately eight fold increase in the Federal beer
tax in 1978, which would have raised the nomnal price of beer by roughly

19 Note also that the inflation tax policy would

60 percent in that year.
have caused the nominal price of beer to rise by approximtely 12 percent
in 1978. This percentage increase in price is alnmost the same as the per-
centage increase in the legal drinking age that results when it is raised
fromits sanple nmean of 19 to 21

Table 4 contains the results of the simulations. The figures in Pane

A are obtained from the regression nmodel with the religion variables and

the residents of wet counties. Those in Panel B are obtained fromthe
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Table 4

Predicted Effects of Inmposition of UniformLegal Drinking Age of 21 or
Increase in Federal Excise Tax on Beer on Motor Vehicle
Accident Mortality Rate of 18-20 Year Ol ds?

Drinking Inflation Alcohol Tax Combi ned
Age Tax Equal i zation Tax

Act ual Policy Policy Policy Policy

Panel A: Model with Religion Variables and Residents

of Wet Counties [Regression (2-B2)]

Death rate 52=04 47.76 44.16 41.16 24.06
Absol ute change — 4.28 7.88 10. 88 27.98
Percentage change — 8. 22 15. 14 20.91 53.77

Panel B: Model with State Dumm es [Regression (2-B3)]

Death rate 51.72 45, 32 44.06 41.12 24. 34
Absol ute change — 6. 40 7.66 10. 60 27. 38
Percentage change 12. 37 14.81 20. 49 52.94

®Death rate and absolute change are expressed in terms of deaths per
100,000 population. Absolute change equals the actual death rate mnus the
death rate predicted by one of the four policies at issue. Percentage
change equals the absolute change divided by the actual death rate and
mul tiplied by 100.



regression nmodel with the state dummy vari abl es.

Based on Panel A a uniformlegal drinking age of 21 throughout the
peri od would have reduced the death rate of youths ages 18 though 20 (52
deat hs per 100,000 popul ation based on the actual values of all indepen-
dent variables) by 4 deaths per 100,000 population. This represents an 8
percent decline in the nunber of youths who woul d have died in notor
vehi cl e crashes. The corresponding reduction in Panel B is 12 percent.

More dramatic declines are produced by the excise tax tax policies.
Since these results are not sensitive to the regression nodel used, we
focus on the results in Panel A The nunber of deaths falls by 9 per
100, 000 population if the Federal excise tax rises at the rate of infla-
tion, which represents a 15 percent decline in the nunber of lives lost in
fatal crashes. The policy that taxes the alcohol in beer and liquor at the
same rates has a slightly bigger effect. It saves 11 lives per 100,000
popul ati on, which represents a 21 percent reduction in the nunber of I|ives
| ost. The conbination of both tax policies causes the nortality rate to
fall by 28 deaths per 100,000 popul ation, which represents a whopping 54
percent reduction.

It is notable that a 12 percent increase in the price of beer which
acconpanies the inflation tax policy appears to have a larger inpact than a
10 percent increase in the legal drinking age even when the 12 percent
drinking age effect from Panel B is used in the conparison. In part this
conclusion is reached because many states had |egal drinking ages of 21 in
one or nore years of the period. Therefore, we have sinulated the death

rates of 18 through 20 year olds under the assunption of a uniform | ega



drinking age of 18. Based on the regression nodel with the antidrinking
sentinment nmeasures, the nortality rate in the latter sinulation exceeds the
one in the simulation with a drinking age of 21 by 7 deaths per 100, 000
popul ati on. The corresponding differential in the regression with the
state dunmmies is 10 deaths per 100,000 population. The fornmer differentia
but not the latter is snmaller than the 8-deaths-per-100, 000-popul ation
reducti on produced by the policy to adjust the beer tax for inflation.

Qur preferred regression nodel indicates that 8 percent fewer youths
woul d have died in nmotor vehicle crashes if the drinking age had been 21 in
all states during the period from 1975 through 1981. On the other hand
Cook and Tauchen's (1984) results suggest that the drinking age policy
woul d have lowered the death rate by approxinmately 4 percent during the
period from 1970 through 1977.20 In part our estimate is larger than their
estimate because they do not control for the border age. | ndeed, we pre-
dict a reduction of 5 percent when the border age is onmtted fromthe
regression. CQur figure also nay exceed Cook and Tauchen's because the mean
drinki ng age nmay have been higher in their sanple period than in ours.

To summarize the qualitative results of the logit equations, negative
and statistically significant real beer tax effects are obtained for youths
aged 15 through 17, 18 through 20, and 21 through 24. Negative and sta-
tistically significant legal drinking age effects are obtained for youths
aged 18 through 20. These results cannot be attributed to the onission of
drinking sentinment from the estimating equation because we control for this
phenomenon by including religion nmeasures and the fraction of the popul a-

tion who reside in counties that permt the sale of alcohol as regressors.



Quantitatively, the enactnent of a uniformdrinking age of 21 in al
states would have reduced the number of 18 through 20 year olds killed in
not or vehicle crashes by 8 percent in the period from 1975 through 1981. A
policy that fixed the Federal beer tax in real terras since 1951 would have
reduced the nunber of lives lost in fatal crashes by 15 percent, while a
policy that taxed the al cohol in beer at the sane rate as the alcohol in
liquor would have |owered the nunber of lives lost by 21 percent. A com
bi nation of the two tax policies would have caused a 54 percent decline in
the nunber of youths killed.

The preceding figures suggest that, if reductions in youth notor
vehi cl e accident deaths are desired, both a uniformdrinking age of 21 and
an increase in the Federal excise tax rate on beer are effective policies

1 They al so suggest that the tax policy nay be

to acconplish this goal.2
nore potent than the drinking age policy. I ndeed, according to our com
putations, the lives of 1,022 youths aged 18 through 20 woul d have been
saved by the inflation excise tax policy in a typical year during the
period from 1975 through 1981, while the lives of 555 youths would have
been saved by the drinking age policy.

It does not follow that we have provided enough evidence to justify
the approximately eight fold (thirteen fold based on the 1984 CPl) increase
in the Federal excise tax on beer that is inplicit in the nost conprehen-
sive tax policy. Excise tax hikes inmpose welfare costs on all segnments of
the population, while a drinking age policy is targeted at the group in the
popul ati on that accounts for a disproportionate share of motor vehicle

acci dents and deat hs. On the other hand, the enforcenent and adm nistra-



tive costs associated with a uniform m nimum drinking age of 21 may exceed
those associated with the tax policy. Mreover, our results indicate that
an excise tax increase lowers death rates of youths between the ages of 15
and 17 and between the ages of 21 and 24. These benefits do not acconpany
a rise in the drinking age. In addition, the tax policy may reduce fata
crashes involving adults.

Finally, Becker (1968) has shown that the optimal way for a society to
deter offenses is via a system of nonetary fines. O course, youthful
drunken drivers nmay respond to an increase in the fine for this offense
only if the probabilities of apprehension and conviction are nontrivi al
If substantial resources nust be allocated to raising these probabilities,
the excise tax policy nay be preferable to or conplementary with a system
of large fines. In conclusion nore research is required to formulate the
best m x of policies to deal with youth notor vehicle accident nortality.

Qur study represents a useful step in this process.
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1The Federal excise tax rate on distilled spirits was raised from
$10.50 per proof gallon to $12.50 effective Cctober 1, 1985, as part of the
Deficit Reduction Act of 1984.

2Under an ad val orem al coholic beverage excise tax system the tax rate
woul d be set at a fixed proportion of whol esal e price.

3Under the Federal excise tax on liquor of $10.50 per gallon of Iiquor
(50 percent alcohol by volune) in effect prior to October 1, 1985, one
gal lon of alcohol in liquor was taxed at a rate of $21. Since the Federa
excise tax on beer is $.29 per gallon and since one gallon of beer contains
4.5 percent alcohol by volunme, the tax rate on one gallon of alcohol in
beer is $6.44. The alcohol in liquor is taxed fifteen times as heavily as

the alcohol in wine, and the proposals nentioned above also contain provi-



sions to correct this distortion.

4At least two states — Texas and Kansas — have adopted laws that will
revoke the 21 drinking age as soon as the legislation expires (lnsurance

Institute for H ghway Safety 1985).

5f a youth never drives while under the influence of alcohol, an
i ncrease in alcohol consunption would not increase his probability of dying
in a notor vehicle crash. W believe, however, that it is reasonable to
suppose that the nunber of tines that a youth drives while under the
i nfluence of alcohol or is driven by a friend in this state is positively

related to his consunption of alcohol, at least for the average youth.

6The demand function for alcohol results fromthe naxim zation of the
youth's utility function subject to his incone constraint and his probabi-

ity of death equation.

7The mal e death rate is approximately three tines as large as the
femal e death rate for the cohort of persons aged 15 through 24. Sex-
specific regressions are not presented because we tested and accepted the
hypot hesis that slope coefficients but not intercepts are the sane for
mal es and fermales. Since there is alnost no variation in the fraction of
15 through 24 year olds who are females across states, this variable is not
included as a regressor.

8The existence of an experience effect suggests that the legal drinking
age could have a positive regression coefficient in the nmotor vehicle acci-
dent nortality equation for the older youths. This is not the case for the
younger youths because they are both inexperienced drinkers and because an

increase in the drinking age raises their indirect cost of obtaining



al cohol

9The Fatal Accident Reporting System is described in detail in NHTSA
(1983). Mdtor vehicle deaths were not taken from the National Center for
Health Statistics (NCHS) because NHTSA data are available on a nuch nore
timely fashion. In particular, NCHS figures for the years 1979, 1980, and
1981 were not avail able when this project was begun. Note that NCHS
reports motor vehicle deaths by state of residence. Note also that NHTSA
tabul ates al cohol -related motor vehicle fatalities. W did not use these
dat a because the identification of alcohol-related crashes is nade by the

police based on nethods that nmay vary from state to state.

YSuppose that there are mborder states, each of which has a |ower

drioking age than state j. Then bj becomes
m
bj = kElfjk(aj- ak).

l11f residents of state j who drink in state k are as likely to die in
that state as in state j, bk could be set equal to bj rather than to zero,.
G ven nore than one border state and little information about the precise
| ocation of accidents involving youths who |eave their state of residence

to drink, the construction of an appropriate border variable becones

somewhat arbitrary.

2000k and Tauchen (1982) present a similar argument in the context of
the estimation of demand functions for liquor. The transactions price of a
single leading brand of nedium priced, nationally sold beer is available
for two unidentified major markets in each state for the years 1976, 1977

and 1978 (see Ornstein and Hanssens 1985 and Coate and G ossnman 1986). In



addition to the reasons given above, this price is not used here because it
woul d have to be predicted for the years 1975, 1979, 1980, and 1981 from a
regression that includes dichotonbus variables for 47 of the 48 contiguous
states. This would create severe problens of nulticollinearity in the
notor vehicle nortality regression nodel specified below that includes

di chot omous variables for the states. Note that state excise tax rates on
wine and liquor are poor proxies for the prices of wine and liquor in
control (nonopoly) states because such states derive nost of their revenue
fromthe sale of wine and liquor fromthe price markups rather than from
the excise taxes. This conmment does not apply to state excise tax rates on

beer because beer is sold privately in nonopoly states.

BAlthough it might appear as if the drinking age effect is overstated
this need not be the case. For exanple, adult voters in a state with a
vocal minority who opposes al cohol consunption may enact a high |ega
drinking age to prevent the minority from canpaigning to raise alcoho
excise tax rates. To cite another illustration, the high nortality rate in
a state where prodrinking sentiment is w despread nay result in the enact-
ment of a high legal drinking age

Ystatenents concerning statistical significance in the text are based
on one-tailed tests except when the direction of the effect is unclear on a
priori grounds or when the estimated effect has the "wong sign." In the
latter cases two-tailed tests are used. Wen no significance level is

indicated, it is assunmed to be 5 percent.

15These elasticities are based on the second regression in each panel.

The formula for the elasticity (ei) is



€ = B (T )% 00

where thk is the real beer tax and Bik is its logit coefficient. We eva-

at the weighted sample means of w,.

luate ¢ it and xjtk (see Table 1). HNote

i
that the mean death rates in Table | must be divided by 100,000 before the

elasticities are computed.

®The negative legal drinking age coefficient for the 21 through 24
years olds in regression (2-C2) is not significant at the 5 percent |eve
for a two-tailed test. This is the appropriate test because the experience
factor suggests a positive effect, while the consunption factor suggests a
negative effect (see Section Il11). Since the age coefficient is negative,
our results, like those of Cook and Tauchen (1984), do not support the

experience hypothesis proposed by Males (1986).

Ystrictly speaking, the above proposition holds for the follow ng

| ogarithm c regression nodel:

/fm,.) = a, + B,x

13/™44 1 ¥ Byxye
Here dij is the number of deaths in the iR age group in the jth state,

1n(d

mij is the number of miles traveled by licensed drivers in this age group,

xj is the vector of exogenous variables, and time supscripts are

suppressed. As an identity,

P13 7 M3¥iTig
where ny is the number of persons in the ith age group, Wij is the

fraction who are licensed drivers, and m,, is the number of miles driven

ij

per licensed driver. Therefore,

In 7 = ln(dij/n

1j )Y = ai+ Bixj+ Inw, ,+ lnm,,.

ij ij ij

The last steps in the derivation are to assume that



mij = simj

¥i3 T Vi¥%15245°
where m, denotes the number of miles driven by licensed drivers of all

ages divided by the number of licensed drivers of all ages in the jth

state, W1524j is the fraction of licensed drivers ages 15 through 24,

and the factors of proportionality (si and vi) do not vary among states.

18That is, the actual death rate (ni) is given by

_ 7 48
o= 100,000&1 jzl fijtﬁijt’
where
7 48
Fije = nijt/(tzl jgl Nyge)

As shown by Table 4, Ei differs from the corresponding mean in Table 1.

This is because the logit regression does not necessarily pass through the
point of weighted arithmetic nmeans. But the difference is very snall; in
a given regression nodel it is always less than 1 death per 100,000 popul a-

tion.

%Since the excise tax and legal drinking age increases are non narginal
and the logit functions are nonlinear, the sinulations are enployed to eva-
luate their effects. This is preferable to conputing nmarginal price or
legal drinking age effects at the point of means or for each observation

and then multiplying by the change in the policy variable at issue.
20we conputed the 4 percent figure based on Table 5 (p. 186) in Cook
and Tauchen (1984).

2lsome  caution should be exercised in applying the results of the



drinking age simulation to the Federal Uniform Drinking Age Act of 1984
because the nean legal drinking age in that year was sonewhat higher than
in the period of our sanple. On the other hand, as pointed out in Section
I, a long-term prohibition of purchases of alcoholic beverages by persons

bel ow the age of 21 is not a fait acconpli because the penalties inposed

on states that do not raise their drinking age to 21 by the Federal Uniform

Drinking Age Act expire at the end of fiscal 1988. Therefore, the figure

gi ven above probably is reasonable to use in a |long—term evaluation of the

drinki ng age policy.
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APPENDI X

Mot or Vehicle deaths by age were provided to us by the National Hi ghway
Traffic Safety Adm nistration (NHTSA) and come from unpublished data in
NHTSA' s Fatal Accident Reporting System Deaths pertain to state of
occurrence rather than to state of residence. Population deflators by
single years of age for 1980 were taken from the 1980 Census of Popul ation
(Bureau of the Census 1983). Population figures for the age groups 15
through 19 and 20 through 24 for 1975 were obtained fromthe Area Resource
File (Applied Managenent Sciences 1980) and pertain to estinmates prepared
for the National Cancer Institute. Figures for years other than 1975 and
1980 were derived by logarithmc interpolation and extrapol ation.

Popul ation estimtes for years other than 1980 were adjusted so that the
age-specific sum for any year coincided with the U S. figure reported by
the Bureau of the Census (1982). Population data by single years of age
for years other than 1980 were computed by assumi ng, for exanple, that the
state-specific ratio of youths aged 18 to youths aged 15 through 19 in 1975
was the same as in 1980.

The mninmum | egal age for the purchase of beer (alcoholic content nore
than 3.2 percent by weight) was taken from Wagenaar's (1981/82) painstaking
and definitive conmpilation of this age for every state for the years 1970
through 1981. A few states have two |egal drinking ages for beer. One age
is for beer that contains 3.2 percent or |ess alcohol by weight, and the
second and higher age is for beer that contains nore than 3.2 percent al co-
hol by weight. W use the latter variable, but it is very highly corre-

lated with the fornmer variable and with the legal drinking ages for |iquor



and wi ne.

If a state raised its legal drinking age during the year rather than on
January 1, the legal drinking age is given as a weighted average of the two
ages, where the weights are the fraction of nonths each age was in effect.
For exanple, suppose a state raised its legal age for the purchase of beer
from18 to 21 on April 1, 1980. Its legal drinking age for that year is

(3/12)(18.00) + (9/12X21.00) = 20.25.
This is the procedure enployed by Cook and Tauchen (1984).

The cost of beer is given by the sum of the Federal and state excise
tax rates on a case of 24-twelve ounce cans of beer divided by the annua
Consumer Price Index (CPl, 1967=1) for the U.S. as a whole. The Federa
excise tax on a case of beer was fixed in nomnal terns at $.64 throughout
the period. State excise tax rates were obtained fromthe U S Brewers
Association (1984). |If a state raised its tax during the year rather than
on January 1, its tax for that year is given as a weighted average of the
two rates, where the weights are the fraction of nonths each rate was in
effect. As long as the tinme variables are held constant, it makes no dif-
ference whether the real Federal excise tax is included in or excluded from
the tax measure. Inclusion of the Federal tax facilitates the sinulations
in Section |V

Real per capita personal income should be positively related to the
demand for al cohol, positively related to the quality and condition of
not or vehicle, and positively related to safe-driving practices. The [ast
rel ati onship emerges because incone and schooling levels are positively

rel at ed. In turn, nore educated persons and their offspring are likely to



be safer drivers. Attenpts to test this proposition were not possible
because of a high correlation between incone and nedi an years of fornal
school i ng conpl et ed. It follows that the predicted effect of incone on the
death rate is anbiguous. The incone variable was taken from the Bureau of
Econom ¢ Anal ysis (various years).

Three highway nmeasures are included in the regressions: the nunber of
vehicle mles traveled in nillions of nmles per licensed driver, the nunber
of licensed drivers aged 24 years or less as a fraction of the popul ation
aged 15 through 24, and a dichotonous variable that identifies states that
requi re conpul sory inspection of notor vehicles every year. Simlar
variabl es have been used in interstate studies of the determ nants of notor
vehicle death rates of all age groups by Fuchs and Leveson (1967) and
Peltzman (1975). The nunber of vehicle mles traveled per driver obviously
reflects notor vehicle use and is expected to have a positive regression
coefficient. In addition highway driving density probably rises as the
nunber of miles traveled per driver rises. Hi ghway driving density (the
ratio of vehicle mles traveled to highway m | es) has an anbi guous i npact
on nortality on a priori grounds. On the one hand, increased density is
expected to increase the probability of an accident at a given speed and
therefore the risk of death. On the other hand, increased density may
force the average speed limt to be lower and can result in fewer deaths.
In prelimnary regressions a density neasure was not statistically signifi-
cant, and its inclusion had alnost no effect on the coefficients of the

ot her vari abl es.

In general young drivers are nore accident prone than older drivers,



possi bly because the former group has a higher demand for risky driving
(Peltzman 1975). Thus, an increase in the per capita nunber of young dri-
vers should cause the death rate to expand. Nonwhite youths have nuch

| ower notor vehicle death rates than white youths (National Center for
Health Statistics 1984). |In prelimnary regressions the fraction of the
popul ati on aged 15 through 24 who are nonwhite was not a significant pre-
dictor of the death rate because of a large negative correlation between it
and the fraction of the population aged 15 through 24 with drivers' |icen-
ses. Note that death rates by race are not available fromNHTSA  States
with conpul sory notor vehicle inspection prograns are expected to have

| ower death rates than other states because these prograns should result in
saf er vehicles being operated by the driving public. The nunber of

licensed drivers of all ages, the nunber of I|icensed drivers aged 24 or

| ess, and the nunmber of vehicle nmles traveled were taken from the Federa
Hi ghway Administration (various years). The nunber of Ilicensed drivers for
the years 1976, 1978, and 1980 was obtained by linear interpolation. That
is, the nunber of drivers in 1976 in a given state was conputed as a sinple
average of the nunmber in 1975 and the nunber in 1977. The Federal Hi ghway
Adm nistration estinmates vehicle mles of travel fromdata on gasoline con-
sunption and notor vehicle registration by state. The conpul sory inspec-

tion variable was obtained from the Council of State Governnents (various
years).
The neasure of residents of wet counties was obtained fromthe

Distilled Spirits Council of the United States (various years). Religion

variabl es for the years 1971 and 1980 were taken from surveys conducted by



the National Council of the Churches of Christ and the dennary Research
Center (see Johnson, Picard, and Quin 1974; Quinn et al. 1982). Estimates
for other years were conputed by logarithm s interpolation and extrapol a-
tion. Jews are included with non-church nenbers in the onmtted category
because the size of the Jewi sh popul ation was not reported in the 1971 sur-
vey and was significantly underestimated in the 1980 survey.

In prelimnary research we experinmented with variables pertaining to
the availability and regul ation of alcohol including the per capita nunber
of establishments that are licensed to sell alcoholic beverages, a dichoto-
nous variable that indicates whether off-prem se alcoholic beverage stores
are state owned and operated, a dichotonpous variable that indicates whether
drug and grocery stores can sell alcoholic beverages, and a di chotonous
variabl e that indicates whether billboard advertising of alcoholic bevera-
ges is allowed. These variables contributed little to an understandi ng of
the determi nants of notor vehicle fatalities, and their inclusion had
little inmpact on the coefficients of the basic regressors. These results
are consistent with Arluck's (in progress) findings that youth al cohol use
is not sensitive to the neasures just defined. W also experinmented with
vari ables pertaining to the probability of apprehension and conviction for
drunken driving and to the penalties for this offense. Qur conclusions
with respect to these variables were simlar to those with respect to the
availability and regulatory vari abl es. In part this may reflect reverse
causality. In particular, states with high death rates may allocate a

substantial anmount of resources to the apprehension and puni shnent of drunk

drivers.
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