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The Minimum Legal Drinking Age and
Public Health

Christopher Carpenter and Carlos Dobkin

n summer 2008, more than 100 college presidents and other higher education
I officials signed the Amethyst Initiative, which calls for a reexamination of the

minimum legal drinking age in the United States. The current age-21 limit in
the United States is higher than in Canada (18 or 19, depending on the province),
Mexico (18), and most western European countries (typically 16 or 18). A central
argument of the Amethyst Initiative is that the U.S. minimum legal drinking age
policy results in more dangerous drinking than would occur if the legal drinking
age were lower. A companion organization called Choose Responsibility—led in
part by Amethyst Initiative founder John McCardell, former Middlebury College
president—explicitly proposes “a series of changes that will allow 18-20 year-olds
to purchase, possess and consume alcoholic beverages” (see (http://www.choose
responsibility.org/proposal/)).

Fueled in part by the high-profile national media attention garnered by the
Amethyst Initiative and Choose Responsibility, activists and policymakers in several
states, including Kentucky, Wisconsin, South Carolina, Missouri, South Dakota,
Minnesota, and Vermont, have put forth various legislative proposals to lower their
state’s drinking age from 21 to 18, though no state has adopted a lower minimum
legal drinking age yet.

Does the age-21 drinking limit in the United States reduce alcohol consump-
tion by young adults and its harms, or as the signatories of the Amethyst Initiative
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contend, is it “not working”? Alcohol consumption and its harms are extremely
common among young adults. According to results from the 2006-2007 National
Health Interview Survey, adults age 18-25 report that on average they drank on
36 days in the previous year and typically consumed 5.1 drinks on the days they
drank. If consumed at a single sitting, five drinks meets the clinical definition of
“binge” or “heavy episodic” drinking. This consumption contributes to a substantial
public health problem: five drinks for a 160-pound man with a limited time between
drinks leads to a blood alcohol concentration of about 0.12 percent and results in
moderate to severe impairments in coordination, concentration, reflexes, reaction
time, depth perception, and peripheral vision. For comparison, the legal limit for
driving in the United States is generally 0.08 percent blood alcohol content. Not
surprisingly, motor vehicle accidents (the leading cause of death and injury in this
age group), homicides, suicides, falls, and other accidents are all strongly associ-
ated with alcohol consumption (Bonnie and O’Connell, 2004). Because around
80 percent of deaths among young adults are due to these “external” causes (as
opposed to cancer, infectious disease, or other “internal” causes), policies that
change the ways in and extent to which young people consume alcohol have the
potential to affect the mortality rate of this population substantially.

In this paper, we summarize a large and compelling body of empirical
evidence which shows that one of the central claims of the signatories of the
Amethyst Initiative is incorrect: setting the minimum legal drinking age at 21
clearly reduces alcohol consumption and its major harms. However, this finding
alone is not a sufficient justification for the current minimum legal drinking age,
in part because it does not take into account the benefits of alcohol consumption.
To putit another way, it is likely that restricting the alcohol consumption of people
in their late 20s (or even older) would also reduce alcohol-related harms at least
modestly. However, given the much lower rate at which adults in this age group
experience alcohol-related harms, their utility from drinking likely outweighs the
associated costs. Thus, when considering at what age to set the minimum legal
drinking age, we need to determine if the reduction in alcohol-related harms justi-
fies the reduction in consumer surplus that results from preventing people from
consuming alcohol.

We begin this paper by examining the case for government intervention
targeting the alcohol consumption of young adults. We develop an analytic frame-
work to identify the parameters that are required to compare candidate ages at
which to set the minimum legal drinking age. Next, we discuss the challenges
inherent in estimating the effects of the minimum legal drinking age and describe
what we believe are the two most compelling approaches to address these chal-
lenges: a panel fixed-effects approach and a regression discontinuity approach. We
present estimates of the effect of the minimum legal drinking age on mortality from
these two designs, and we also discuss what is known about the relationship between
the minimum legal drinking age and other adverse outcomes such as nonfatal
injury and crime. We then document the effect of the minimum legal drinking age
on alcohol consumption, which lets us estimate the costs of adverse alcohol-related
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events on a per-drink basis. Finally we return to the analytic framework and use it
to determine what the empirical evidence suggests is the correct age at which to set
the minimum legal drinking age.

Economic Considerations for Determining the Optimal Minimum
Legal Drinking Age

Alcohol consumption by young adults results in numerous harms including
deaths, injuries, commission of crime, criminal victimization, risky sexual behavior,
and reduced workforce productivity. A substantial portion of these harms are either
directly imposed on other individuals (as is the case with crime) or largely trans-
ferred to society as a whole through insurance markets as is the case with injuries
(Phelps, 1988). In addition, there is the theoretical possibility (supported by labora-
tory evidence) that youths may discount future utility too heavily, underestimate the
future harm of their current behavior, and/or mispredict how they will feel about
their choices in the future (O’Donoghue and Rabin, 2001). If this is the case, even
risks that are borne directly by the drinker are not being fully taken into account
when an individual is deciding how much alcohol to consume. Given that young
adults are imposing costs on others and probably not fully taking into account
their own cost of alcohol consumption, there is a case for government intervention
targeting their alcohol consumption. The minimum legal drinking age represents
one approach to reducing drinking by young adults.!

Determining the optimal age at which to set the minimum legal drinking
age requires estimates of the loss in consumer surplus that results from reducing
peoples’ alcohol consumption. It also requires estimating the benefits to the
drinker and to others from reducing alcohol-related harms. Unfortunately, it is
not possible to obtain credible estimates of these key parameters at every point in
the age distribution. First, there are no credible estimates of the effects of drinking
ages lower than 18 or higher than 21 because the minimum legal drinking age has
not been set outside this range in a significant portion of the United States since
the 1930s, and the countries with current drinking ages outside this range look
very different from the United States. In fact, as we describe in detail in the next

! Other possible interventions have received attention in the economics literature. For example, age-
targeted drunk driving laws and graduated licensing programs set very low legal blood alcohol content
limits for young adult drivers and have been shown to reduce youth drinking and related harms (for
example, Carpenter, 2004a; Voas, Tippetts, and Fell, 2003). Increases in sanctions and/or enforcement
of age-targeted drunk driving laws might further reduce youth alcohol consumption and its related
harms (Kenkel, 1993a). Kenkel (1993b) explores the theoretical possibility of a “teen tax” that could
be levied only on young adults, though there is no consensus on the effectiveness of state beer excise
taxes on youth drinking and related harms (for example, Dee, 1999; Cook and Moore, 2001). Finally,
public health education about the risks of alcohol use has been widely mentioned as an alternative
strategy to reduce alcohol-related harms among youths, although we are not aware of economic evalu-
ations of such policies. We focus here on the minimum legal drinking age due to recent high-profile
attention garnered by the Amethyst Initiative and related organizations such as Choose Responsibility.
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section, even estimating the effects on adverse outcomes of a drinking age in the
18 to 21 range is challenging. Second, we lack good ways to estimate the consumer
surplus loss that results from restricting drinking, a problem that has characterized
the entire literature on optimal alcohol control and taxation (see Gruber, 2001, for
a general discussion).

Thus, rather than try to estimate the optimal age at which to set the minimum
legal drinking age, we focus on an analysis that is more feasible and useful from a
policy perspective. The drinking age in the United States is currently 21, and there
is no push to raise it. If it is lowered, there are many reasons to believe it will most
likely be lowered to 18. First, the primary effort by activists for a lower drinking age
is to lower the age to 18, either on its own or in conjunction with other alcohol-
control initiatives such as education programs. In fact, 18 was the most commonly
chosen age among the states that adopted lower minimum legal drinking ages in the
1970s. Second, 18 is the age of majority for other important activities such as voting,
military service, and serving on juries, thus making it a natural focal point (though
notably many states set different minimum ages for a variety of other activities such as
driving, consenting to sexual activity, gambling, and purchasing handguns). Finally,
many other countries have set their minimum legal drinking age at 18.

Because a change in the drinking age is likely to involve lowering it from 21 to
18, we focus on estimating the effect of lowering the drinking age by this amount on
alcohol consumption, costs borne by the drinker, and costs borne by other people.
Alcohol consumption can result in harms through many different channels. The
effects of age-based drinking restrictions on long-term harms are very hard to
estimate so we focus on the major acute harms that result from alcohol consump-
tion including: deaths, nonfatal injuries, and crime. We pay particular attention
to the effect of the drinking age on mortality because mortality is well-measured,
has been the outcome focused on by much of the previous research on this topic,
and is arguably the most costly of alcohol-related harms. To avoid the difficulty
of trying to estimate the increase in consumer surplus that results from allowing
people to drink, we estimate how much drinking is likely to increase if the drinking
age is lowered from 21 to 18 and compare this to the likely increase in harms to
the drinker and to other people. This allows us to characterize the harms in terms
of dollars per drink. Since we are missing some of the acute harms and all of the
long-term harms of alcohol consumption, the estimates we present in this paper are
lower bounds of the costs associated with each drink.

Adding how much the drinker paid for the drink to the cost per drink borne
by the drinker yields a lower bound on how much a person would have to value
the drink for its consumption to be the result of a fully informed and rational
choice. The per-drink cost borne by people other than the drinker provides a
lower bound on the externality cost. If the externality cost is large or if the total
cost of a drink (costs imposed on others plus costs the drinker bears privately plus
the price of the drink itself) is larger than what we believe the value of the drink
is to the person consuming it, then this would suggest that the higher drinking
age is justified.
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The Evaluation Problem in the Context of the Minimum Legal
Drinking Age

Determining how the minimum legal drinking age affects alcohol consumption
and its adverse consequences is challenging. An extensive public health literature
documents the strong correlation between alcohol consumption and adverse events,
but estimates from these studies are of limited value for determining whether the
minimum legal drinking age should be set at 18, 21, or some other age. Their main
limitation is that the correlation between alcohol consumption and adverse events
is probably due in part to factors other than alcohol consumption, such as variation
across individuals in their tolerance for risk. People with a high tolerance for risk
may be more likely both to drink heavily and to put themselves in danger in other
ways, such as driving recklessly, even when they are sober. If this is the case, then
predictions based on these correlations of how much public policy might reduce
the harms of alcohol consumption will be biased upwards. Moreover, estimates of
the average relationship between alcohol consumption and harms in the popula-
tion may not be informative about the effects of the minimum legal drinking age,
which probably disproportionately reduces drinking among the most law-abiding
members of the population. This suggests that direct estimates of the effect of the
drinking age on alcohol consumption and alcohol-related harms are needed if we
are to compare the effects of different drinking ages.

Estimating the effects of the minimum legal drinking age requires comparing
the alcohol consumption patterns and adverse event rates of young adults subject to
the law with a similar group of young adults not subject to it. Since all young adults
under age 21 in the United States are subject to the minimum legal drinking age,
it is difficult to find a reasonable comparison group for this population. Because of
cultural differences and different legal regimes, young adults in countries where the
drinking age is lower than 21 are unlikely to constitute a good comparison group.

However, researchers working on this issue have identified two plausible
comparison groups for 18 to 21 year-olds subject to the minimum legal drinking
age. The first is composed of young people who were born just a few years earlier in
the same state (and who thus grew up in very similar circumstances) but who faced a
lower legal drinking age due to changes in state drinking age policies. In the 1970s,
39 states lowered their minimum legal drinking age to 18, 19, or 20. These drinking
age reductions were followed by increases in motor vehicle fatalities, which were
documented by numerous researchers at the time (for a review, see Wagenaar and
Toomey, 2002). This evidence led states to reconsider their decisions and encour-
aged Congress to adopt the National Minimum Drinking Age Act of 1984, which
required states to adopt a minimum drinking age of 21 or risk losing 10 percent of
their federal highway funds. By 1990, every state had responded to the federal law
by increasing its drinking age to 21. Thus, within the same state some youths were
allowed to drink legally when they turned 18, while those born just a short time later
had to wait until they turned 21. We use a fixed-effects panel approach to compare
the alcohol consumption and adverse event rates of these two groups.
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The second approach for identifying a credible comparison group is to consider
a period when the minimum legal drinking age is 21 and compare people just under
21 who are still subject to the minimum legal drinking age with those just over 21
who can drink legally. These two groups of people are likely to be very similar, except
that the slightly older group is not subject to the minimum legal drinking age. This
approach is called a regression discontinuity design (Thistlewaite and Campbell,
1960; Hahn, Todd, and Van der Klaauw, 2001). In the next two sections, we describe
these two research designs in detail and how we use them to estimate the effects of
the minimum legal drinking age on mortality.

Panel Estimates of the Effect of the Drinking Age on Mortality

The panel approach to estimating the effects of the minimum legal drinking
age focuses on the changes in the drinking age that occurred in most states in
the 1970s and 1980s. We begin by presenting graphical evidence in on
the relationship between the drinking age and the incidence of fatal motor vehicle
accidents. The data underlying the series in come from the Fatality Analysis
Reporting System for 1975-1993 for the 39 states that lowered their drinking age
during the 1970s and 1980s. In the figure, we present the time series of deaths due
to motor vehicle accidents among: 18-20 year-olds during nighttime (solid circles);
18-20 year-olds during daytime (dotted line with hollow squares); and 25-29 year-
olds during nighttime (stars). The time series in the figure are centered on the
month in which a state took its largest step towards raising its drinking age back to
21. The daytime/nighttime distinction is standard in the literature (for example,
Ruhm, 1996; Dee, 1999) and is useful for understanding the effects of young adult
alcohol consumption because the majority (67 percent) of fatal motor vehicle
accidents occurring in the evening hours (defined here as between 8:00 p.m. and
5:59 a.m.) involve alcohol, while only about a quarter of fatal motor vehicle acci-
dents occurring in the daytime hours involve alcohol.

We also plot the percent of 18-20 year-olds that can drink legally in the 39 states
that experimented with a lower minimum legal drinking age. This line does not
drop instantly from 100 to 0 percent because some states increased their drinking
age from 18 to 19 and then from 19 to 21 a few years later, and other states allowed
people who could drink legally when the drinking age was increased to continue
drinking legally.

reveals that, in the seven years after the increase in the drinking age,
there is a substantial reduction in deaths among 18-20 year-olds due to nighttime
motor vehicle accidents and much smaller reductions in deaths of 18-20 year-olds
due to daytime accidents and of 25-29 year-olds due to nighttime accidents. That the
largest reduction in death rates occurs for the type of accident most likely to drop in
response to an increase in the drinking age is consistent with the possibility that the
increase in the drinking age reduced the motor vehicle fatality rates of 18-20 year-
olds. However, the graphical evidence in favor of the hypothesis that increasing the
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Figure 1
Deaths due to Motor Vehicle Accidents Recentered around the Time Period in
which the Minimum Legal Drinking Age Was Raised back to 21
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Notes: This figure is estimated from the 39 states that lowered their drinking age to below 21 at some
point in the 1970s or 1980s. A nighttime accident is one occurring between 8:00 p.m. and 5:59 a.m.;
67 percent of these accidents involved alcohol and 26 percent of daytime accidents involved alcohol.
The figure is centered on the year a state took its largest step towards raising its drinking age back to 21.

drinking age reduced deaths is not fully compelling. First, the decline in deaths due
to nighttime motor vehicle accidents among 18-20 year-olds is not as abrupt as the
decline in the percent of this population that can drink legally. Second, as can be
seen in the figure, the number of 18-20 year-olds that die in nighttime accidents was
already declining before the drinking age was raised in most states. For this reason
we turn to a state-level panel data approach that allows us to adjust for trends and
time-invariant differences across states and estimate the effect of the minimum legal
drinking on mortality rates.

To obtain an estimate of the decline in mortality attributable to the drinking
age, we implement a panel regression analysis of the following form:

Yst = aMLDAst + 93 + oy + ’l;[}st + Eist »

where (Y, is the number of motor vehicle fatalities per 100,000 person-years for
one of four age groups: 15-17 year-olds, 18-20 year-olds (the group directly affected
by changes in the drinking age), 21-24 year-olds, and 25-29 year-olds in state (s)
in time period (¢). For each age group, we separate daytime and nighttime motor
vehicle fatality rates. As noted above, any effects of the minimum legal drinking age
on motor vehicle fatalities should be primarily on evening accidents because they
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are much more likely to involve alcohol. The regressions include a dummy variable
for each state () to remove time-invariant differences between states and dummy
variables for each year (,) to absorb any atypical year-to-year variation.? In addi-
tion, the regression includes state-specific linear time trends (7). The inclusion
of state-specific dummies in combination with the state-specific time trends mean
that the regression will return estimates of how raising the drinking age changes
the level of motor vehicle mortality in a typical state, while adjusting for any state-
specific trends in outcomes that preceded the change in the drinking age. This
approach lets us compare people born in the same state just a few years apart who
became eligible to drink legally at different ages. The variable MLDA (an acronym
derived from Minimum Legal Drinking Age) is the proportion of 18 to 20 year-olds
that can legally drink beer in state s in time ¢, and the coefficient on this variable
is our best estimate of the impact on mortality rates of lowering the drinking age
from 21 to 185 The regressions are weighted by the age-specific state-year popula-
tion, and the standard errors clustered on state are presented in brackets below the
parameter estimates (Bertrand, Duflo, and Mullainathan, 2004).

The estimates of the effect of the minimum legal drinking age on mortality for
the subgroups described above are presented in and are consistent with a large
body of previous research showing that the minimum legal drinking age has economi-
cally significant effects on the motor vehicle mortality rates of young adults (for
example, Dee, 1999; Lovenheim and Slemrod, 2010; Wagenaar and Toomey, 2002).
Specifically, we find that going from a regime in which no 18-20 year-olds are legally
allowed to drink to one in which all 18-20 year-olds are allowed to drink results in 4.74
more fatal motor vehicle accidents in the evening per 100,000 18-20 year-olds annu-
ally. Relative to the base death rate for this age and time of day, thisisa 17 percent effect
(4.74/28.1 = 0.17), and it is statistically significant. The associated point estimate for
daytime fatalities (the majority of which do not involve alcohol) among 18-20 year-
olds is much smaller, both in absolute terms and as a proportion of the daytime fatality
rate, and it is not statistically significant. In addition, the changes in evening fatalities
among 15-17 year-olds and 25-29 year-olds (whose behaviors should not be directly
affected by the drinking age changes) are not statistically significant, though the
95 percent confidence intervals around the point estimates for these groups cannot
rule out meaningfully large proportional effects relative to the low average death rates
for individuals in these age groups. Overall, these patterns are consistent with a causal
effect of easier alcohol access on motor vehicle fatalities among the 18-20 year-old

2 This fixed effects panel approach was introduced to this literature by Cook and Tauchen (1982), who
examined the effects of alcohol taxes on death rates from liver cirrhosis; it has now become standard
in evaluations of this type. Note that this model cannot support inclusion of a full set of state-by-time
fixed effects, because these would also absorb almost all of the variation in the minimum legal drinking
age variable.

% Our parameterization of the minimum legal drinking age variable—that is, the proportion of
18-20 year-olds in the state who are legal to drink beer—is slightly different from most previous work on
this topic, which often includes separate controls for age-18, age-19, and age-20 state drinking ages. This
choice has no substantive effect on the results and is only done to facilitate a more natural comparison
with the regression discontinuity approach we describe below.
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Table 1
Panel Estimates of the Effect of the Minimum Legal Drinking Age on Motor
Vehicle Fatalities

(deaths per 100,000)
Age 15-17 Age 18-20 Age 21-24 Age 25-29
Evening  Day Evening  Day Evening  Day Evening  Day

Effect of proportion  1.22 1.07 4.74%%% 0.78 2.61%%*% (.95 1.51 0.19
of 18-20 year-olds ~ [0.77]  [0.66] [1.33] [1.02] [0.98]  [0.86] [0.95] [0.55]
allowed to drink

Average mortality 15.4 12.9 28.1 16.5 23.2 13.8 15.6 10.9
rate

Source: The mortality rates are estimated using data from the Fatal Accident Reporting System 1975-1993.
Notes: For the regression results presented in this table, the top number is the point estimate and its
standard erroris directly below in brackets. All the regressions include year fixed effects, state fixed effects,
and state-specific time trends. The regressions are weighted by the age-specific state-year population. The
dependent variable in each regression is the motor vehicle fatality rate per 100,000 person years for a
particular age group and time of day. A nighttime accident is one occurring between 8:00 p.m. and 5:59
a.m.; 67 percent of these accidents involve alcohol and 26 percent of daytime accidents involve alcohol.
The independent variable in each regression is the proportion of 18-20 year-olds who can drink legally.
The “Average mortality rate” is that from motor vehicle accidents for each particular age group and time
of day.

* *% and **#* represent statistical significance at the 10, 5, and 1 percent levels, respectively.

young adults whose drinking behaviors were directly targeted by the laws. However,
the rate of motor vehicle fatalities in the evening for 21-24 year-olds also changes
when the minimum legal drinking age changes. While the proportional effect size
for 21-24 year-olds (2.61/23.2 = 0.1125, or about 11 percent) is substantially smaller
than for 18-20 year-olds (17 percent), this approach does not have sufficient statistical
power to reject that the two estimates are equal. The apparent effect of the minimum
legal drinking age on fatalities among 21-24 year-olds could reflect the effects of
other unobserved anti-drunk driving campaigns that were correlated with drinking-
age changes and targeted at young adults, or it may reflect spillovers, as members of
these two groups are likely to socialize.

In we present estimates of the effects of the minimum legal drinking age
on a more comprehensive set of causes of death. The mortality rates for this part of
the analysis are estimated from the National Vital Statistics death certificate records.
Since these records are a census of deaths and include substantial detail on the cause
of death, it is possible to examine causes of death other than motor vehicle accidents.
We present estimates of the effects of the minimum legal drinking age on all-cause
mortality in using the same fixed-effects specification as in Specifi-
cally, the dependent variable in each regression in the bold row of is the death
rate of 18-20 year-olds per 100,000 person-years estimated from the death certificate
records. All models in include state fixed effects, year fixed eftects, and linear
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Table 2
Panel Estimates of the Effect of the Minimum Legal Drinking Age on Mortality
Rates

(deaths per 100,000)
Deaths due to external causes
Deaths Motor
due to all  Internal vehicle Other
causes causes Suicide accident  Homicide — Alcohol  external
Effect of proportion of 2.33 0.65 0.37 1.35% 0.28 -0.03 -0.29
18-20 year-olds legal to [1.61] [0.56] [0.35] [0.76] [0.62] [0.06] [0.44]

drink on mortality rates
of 15-17 year-olds

Average mortality rate 42.7 11.0 4.0 16.0 4.4 0.1 7.2
15-17 year-olds

Effect of proportion of 7.76 1.64%* 1.29%%%  4.15%%  _0.75 -0.03 1.46%*
18-20 year-olds legal to ~ [4.92] [0.97] [0.47] [2.07] [2.31] [0.07] [0.83]
drink on mortality rates
of 18-20 year-olds

Average mortality rate 112.6 22.5 12.8 45.5 16.3 0.3 16.2
18-20 year-olds

Effect of proportion of 491 0.78 0.44 3.10%*%*%  —0.93 0.01 1.51%%
18-20 year-olds legal to  [3.02] [1.27] [0.55] [1.10] [1.37] [0.08] [0.68]
drink on mortality rates
of 21-24 year-olds

Average mortality rate 89.2 20.1 12.0 29.4 14.2 0.4 13.0
21-24 year-olds

Effect of proportion of -0.85 -2.09 0.00 0.98 -0.27 -0.21 0.74
18-20 year-olds legal to  [2.77] [1.86] [0.53] [1.04] [1.00] [0.21] [0.48]
drink on mortality rates
of 25-29 year-olds

Average mortality rate 97.8 32.6 12.8 22.4 14.5 1.2 14.3
25-29 year-olds

Notes: Each of the estimates presented above is from a separate regression, and its standard error is
presented directly below it in brackets. The dependent variable in each regression is the mortality rate
per 100,000 person years for a particular age group and cause of death. The independent variable of
interest is the proportion of 18-20 year-olds that can drink legally. The regressions are weighted by the
age-specific state-year population. All regressions have year fixed effects, state fixed effects, and state-
specific time trends. The mortality rates are estimated from death certificate records for the 1975-1993
period. Deaths are categorized according to the primary cause of death on the death certificate.

* *% and *** represent statistical significance at the 10, 5, and 1 percent levels, respectively.

state-specific time trends. To increase the precision of the estimates, the regressions
are weighted by the size of the relevant population in that state and time period.
The first estimate for all-cause mortalityin suggests thatwhen all 18-20 year-
olds are allowed to drink, there are 7.8 more deaths of 18-20 year-olds per 100,000
person-years (on a base of 113 deaths) than when no 18-20 year-olds are allowed to
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drink. This estimate is not statistically significant at conventional levels. Though the table
reveals no evidence of a statistically significant increase in deaths due to internal causes
(like cancer), it does reveal statistically significant increases in deaths due to motor
vehicle accidents (4.15 more deaths on a base of 45.5 deaths, or a 4.15/45.5 = 0.091,
ora 9.1 percent effect). This does not exactly match the estimate from because
the Vital Statistics records do not include the time of day when the accident occurred,
so we are unable to split the rates based on the time of the accident as we did with the
carlier data also shows that increasing the share of young adults legal to drink
leads to a statistically significant 10 percent increase in suicides (1.29/12.8 = 0.10),
which is consistent with work by Birckmayer and Hemenway (1999) and Carpenter
(2004b). There is no evidence of statistically significant effects on the other causes of
death for 18-20 year-olds. The lack of a discernable impact on deaths directly due to
alcohol is surprising, though in this period deaths due to alcohol overdoses appear to
have been significantly undercounted (Hanzlick, 1988).

In the remainder of’ we present estimates of the relationship between the
proportion of 18-20 year-olds that can drink legally and the mortality rates of three
age groups: 15-17, 21-24, and 25-29 year-olds. Since the proportion of 18-20 year-
olds that can drink should not directly affect these groups (except possibly through
spillovers), these groups should experience at most modest increases in mortality
rates. As can be seen in the table, with the exception of 21-24 year-olds there is no
evidence of statistically significant changes in the mortality rates of the three age
groups surrounding 18-20 year-olds. This suggests that the changes in mortality
rates of 18-20 year-olds are probably not being driven by safety initiatives that may
have been implemented at the same time the drinking age was increased as these
would have affected the other age groups also. Overall, the patterns in
and [2|suggest that easing access to alcohol increases the overall death rate of 18-20
year-olds due to increases in two of the leading causes of death for this age group:
motor vehicle accidents and suicides.

Regression Discontinuity Estimates of the Effect of the Drinking Age
on Mortality

Our other main strategy for identifying a plausible comparison group for
people subject to the minimum legal drinking age is to take advantage of the fact
that the drinking age “turns off” suddenly when a person turns 21. People slightly
younger than 21 are subject to the drinking age law while those slightly older than
21 are not, but otherwise the two groups have very similar characteristics. If nothing

*We assign deaths in the Vital Statistics data to the state of residence of the decedent. In the Fatality
Analysis Reporting System analyses we assigned deaths to the state of occurrence because of incomplete
information on state of residence. We also calculated Vital Statistics panel estimates by state of occurrence,
and these models returned larger effects of the minimum legal drinking age. This is consistent with the
idea that different drinking ages across states created “blood borders” (Lovenheim and Slemrod, 2010).
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Figure 2
Age Profiles for Death Rates in the United States
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Notes: The death rates are estimated by combining the National Vital Statistics records with population
estimates from the U.S. Census.

other than the legal regime changes discretely at age 21, then a discrete increase in
mortality rates at age 21 can plausibly be attributed to the drinking age.

Again, we begin with the graphical approach by presenting the age profile of
mortality rates for 19-22 year-olds in This figure is estimated using Vital
Statistics mortality records from 1997-2003. The age profiles are death rates per
100,000 person-years for motor vehicle accidents (dark circles), suicides (cross
hatches), and deaths due to internal causes (open squares), by month of age. A
best-fit line for ages 19-20 shows a decreasing trend in motor vehicle fatalities.
Similarly a best-fit line from age 21 to 22 shows a decreasing trend. However,
the two trends show clear evidence of a discontinuity at age 21, when drinking
alcohol becomes legal. The visual evidence of an effect of the minimum legal
drinking age in the regression discontinuity setting in for motor vehicle
accidents is notably stronger than the associated evidence from the annual time-
series trends in There is also evidence of an increase in deaths due to
suicide at age 21. In contrast, as can be seen in there is little evidence
of a discontinuous change in deaths due to internal causes at the minimum legal
drinking age of 21.

To estimate the size of the discrete jumps in the outcomes we observe in
we estimate the following regression:

y = By + BiMLDA + BoBirthday + f(age) + ¢,
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Table 3
Regression Discontinuity Estimates of the Effect of the Minimum Legal Drinking
Age on Mortality Rates
(deaths per 100,000)
Deaths due to external causes
Deaths Motor
due to Internal vehicle Other
all causes causes Suicide accident  Homicide — Alcohol external

Increase at age 21 8.06%#* 0.66 2.3k 3.65%x% (.10 0.41%* 1.837%

[2.17] [1.01] [0.76] [1.25] [0.58] [0.21] [0.77]
Mortality rate 93.07 20.07 11.70 29.81 17.60 0.99 13.40

Notes: In the table above, we present estimates of the discrete increase in mortality rates that occurs at
age 21 with the associated standard error directly below in brackets. The regression estimates are from
a second-order polynomial in age fully interacted with an indicator variable for being over age 21. All
models also include an indicator variable for the month the 21* birthday falls in. Since the age variable has
been recentered at 21, the estimate of the parameter on the indicator variable for being over 21, which we
present in the table, is a measure of the discrete increase in mortality rates that occurs after people turn 21
and can drink legally. The mortality rates are estimated from death certificates and are per 100,000 person-
years. The fitted values from this regression are superimposed over the means in The mortality
rates presented below the standard errors are the rates for people just under 21. Deaths are catgorized
slightly differently than for Whereas focused on the primary cause of death listed on
the death certificate, considers all factors mentioned on the death certificate and imposes the
following precedence order: homicide, suicide, motor vehicle accident, alcohol, other external, internal.
*, *% and *¥* represent statistical significance at the 10, 5, and 1 percent levels, respectively.

where y is the age-specific mortality rate. MLDA is a dummy variable that takes on a
value of 1 for observations 21 and older, and 0 otherwise. The regressions include
a quadratic polynomial in age, f(age), fully interacted with the MLDA dummy. This
serves to adjust for age-related changes in outcomes and, as seen in is suffi-
ciently flexible to fit the age profile of death rates. The Birthday variable is a dummy
variable for the month in which the decedent’s 21* birthday falls and is intended to
absorb the pronounced effect of birthday celebrations on mortality rates. We have
recentered the age variable to take the value zero at age 21. As a result the parameter
of interest in this model is (3, which measures the size of the discrete increase in
mortality that occurs when people turn 21 and are no longer subject to the minimum
legal drinking age. The parameter 3; has the same interpretation as the parameter
o from the panel models: it is the effect of going from no one in a population being
allowed to drink legally to everyone in a population being allowed to drink legally.
We present regression estimates of the parameter 3, in The regres-
sions are estimated using mortality rates for the 48 months between ages 19 and
22. As with the state-year panel evidence in [Table 2, we estimate the effect of the
minimum legal drinking age on the overall death rate as well as deaths due to various
causes. The results in are consistent with the graphical evidence and reveal a
statistically significant 8.7 percent increase in overall mortality when people turn 21
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(8.06 additional deaths per 100,000 person-years from a base of 93.07 deaths corre-
sponds to 8.06/93.07 = 0.087, or an 8.7 percent increase).! The increase in overall
mortality at age 21 is almost entirely attributable to external causes of mortality. We
estimate that deaths due to internal causes increase by just 3.3 percent at age 21
(0.66/20.07 = 0.033), and this estimate is not statistically significant. Among the
various external causes of death, deaths due to suicide increase discretely by a statis-
tically significant 20.3 percent at age 21 (2.37/11.7 = 0.203), and motor vehicle
mortality rates increase by 12.2 percent (3.65/29.81 = 0.122). We find no statistically
significant change in homicide deaths at age 21. Deaths coded as due to alcohol
(including some non-vehicular accidents where alcohol is mentioned on the death
certificate) increase by about 0.41 deaths at age 21 (a very large effect given the
average death rate from alcohol overdose of just 0.99 per 100,000). Overall, the visual
evidence in and the corresponding regression estimates in provide
persuasive evidence that the minimum legal drinking age has a significant effect on
mortality from suicides, motor vehicle accidents, and alcohol overdoses at age 21.

Effects of the Drinking Age on Nonfatal Injury and Crime

In addition to premature death, alcohol use has been implicated in other
adverse events such as nonfatal injury and crime.! Surprisingly, however, there is
very little research directly linking the minimum legal drinking age to nonfatal
injury. This is due, in part, to the lack of precise age-specific measures of injury rates
during the 1970s and 1980s, which makes it impossible to estimate the effects of the
minimum legal drinking age with precision using the panel approach. In ongoing
work, however, we have used the regression discontinuity approach to estimate the
effects of the minimum legal drinking age on nonfatal injury rates using administra-
tive data on emergency department visits and inpatient hospital stays (Carpenter

® For consistency with the panel regression evidence presented above, we estimate the regression discon-
tinuity models of the effect of the minimum legal drinking age on mortality rates as opposed to mortality
counts, though the latter are preferred as the population estimates used to create the rates reduces the
precision of the estimates. This is the cause of the slight difference in the magnitude of the estimates
from our previously published work (Carpenter and Dobkin, 2009).

% Some research has examined the relationship between the minimum legal drinking age and risky
sexual behavior, though we are not aware of any that uses the regression discontinuity approach. Note
that the pharmacological effects of alcohol on sociability and disinhibition could lead drinkers to engage
in unplanned sexual behavior or riskier sex than they would have had in the absence of alcohol. Dee
(2001) estimates panel regressions of teen childbearing for youths in the age groups affected by the
changes in the minimum legal drinking age. He finds that the drinking age is related to childbearing
rates among black teens, suggesting a causal effect of alcohol use on sexual activity leading to childbirth.
Fertig and Watson (2009) also study state drinking-age policies and fertility outcomes in a fixed-effects
framework, using data from the National Longitudinal Survey of Youths and Vital Statistics birth records.
They find that exposure to more permissive drinking ages increased poor birth outcomes for young
women, especially black mothers, and they find suggestive evidence that this is due to an increase in
unplanned pregnancies. Finally, Carpenter (2005b) uses a similar panel approach to examine an alterna-
tive risky sexual outcome: rates of sexually transmitted infections. He finds suggestive evidence that a
higher drinking age reduced gonorrhea rates for whites, but not for blacks.
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and Dobkin, 2010a). Although injuries have lower costs per adverse event than
deaths, accidents resulting in a nonfatal injury are much more common than fatal
accidents. We find that rates of emergency department visits and inpatient hospital
stays increase significantly at age 21, by 408 and 77 per 100,000 person-years, respec-
tively. These increases in nonfatal injuries are substantially larger than the increase
in death rates of 8 per 100,000 person-years documented in However,
estimating the discrete increase in adverse events at age 21 in percentage terms
reveals that emergency department visits are increasing by 1 percent, hospital stays
by 3 percent, and deaths by 9 percent. This pattern holds even when we restrict the
analysis to motor vehicle-related injuries and fatalities, which suggests that alcohol
plays a disproportionate role in more serious injuries.

Another costly adverse outcome commonly linked to alcohol is crime,
including nuisance, property, and violent crime: we provide a review in Carpenter
and Dobkin (forthcoming). Since the pharmacological profile of alcohol includes
both disinhibition and increased aggression, a causal effect of minimum legal
drinking ages on crime rates is plausible. Three studies have examined the effects
of drinking ages on crime. Two have used the state-year panel approach described
above to test whether more permissive drinking ages increased arrests for youths
age 18-20. Using data from the Uniform Crime Reports, Joksch and Jones (1993)
show that states that raised their minimum drinking age reduced nuisance crimes,
such as vandalism and disorderly conduct, significantly over the period 1980-1987;
these results are confirmed and replicated in fixed-effects models estimated in
Carpenter (2005a). More recently, we have applied the regression discontinuity
design to evaluate the relationship between alcohol access and crime (Carpenter
and Dobkin, 2010b). Using data encompassing the universe of arrests in California
from 2000-2006, we found an 11 percent increase in arrest rates exactly at age 21.
These effects were concentrated among nuisance crimes and violent crimes. Of
the crimes for which we find a statistically significant effect, the two with the most
substantial social costs are assault and robbery (larceny with force or threat of
force) which increase by 63 and 8 arrests per 100,000 person-years, respectively.

Much of the literature on the minimum legal drinking age and the social
costs of alcohol has focused on mortality. The evidence on other adverse outcomes
suggests that an exclusive focus on mortality will lead one to substantially under-
estimate the protective value of the minimum legal drinking age.

Effect of the Drinking Age on Alcohol Consumption

Estimating how a lower minimum legal drinking age would affect alcohol
consumption is difficult. In addition to all of the challenges confronting researchers
trying to estimate the effect of the drinking age on adverse event rates, there is an
additional problem of data quality. While most adverse events are well-measured,
alcohol consumption is not. Specifically, surveys of drinking do not generally
include objective biological markers of alcohol consumption (such as blood alcohol
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concentration). Self-reported measures of drinking participation and intensity
are subject to underreporting on the order of 40-60 percent (Rehm, 1998). An
additional issue is that, despite the usual confidentiality assurances given by survey
administrators, 18-20 year-olds probably underreport alcohol consumption even
more than the typical survey respondent because it is illegal for them to drink?

Recognizing these concerns, we nonetheless present estimates of the effect of
the minimum legal drinking age on alcohol consumption from both the panel fixed-
effects approach and the regression discontinuity approach. For the fixed-effects
approach, we focus on alcohol consumption reported by high school seniors age
18 and over who were surveyed in the Monitoring the Future study between 1976
and 1993. We use the same panel fixed-effects approach used to examine mortality
rates with added controls for individual demographic characteristics such as race
and gender. We examine three measures of alcohol consumption: whether the
person drank at all in the past month, whether the person drank heavily in the past
two weeks (defined as five or more drinks consumed at a single sitting), and the
number of times the person drank in the last month. The effect of the minimum
legal drinking age on these measures of alcohol consumption as estimated using
a panel fixed-effects approach are presented in the first three columns of
The relevant independent variable in each of the first three columns is the propor-
tion of 18-20 year-olds legal to drink in the state. The results indicate that allowing
18-20 year-olds to drink increases drinking participation by 6.1 percentage points,
heavy episodic drinking by 3.4 percentage points, and instances of past month
drinking by 17.4 percent (0.94/5.4 = 0.174). These results are similar to previous
estimates of the effect of the minimum legal drinking age that used these same data
and a similar approach (Dee, 1999; Carpenter, Kloska, O’Malley, and Johnston, 2007;
Miron and Tetelbaum, 2009).

We also estimated the effect of the minimum legal drinking age on alcohol
consumption using the regression discontinuity design. Since this approach required
detailed information on alcohol consumption for people very close to age 21, we used
the National Health Interview Survey which includes questions on drinking participa-
tion, heavy episodic drinking, and the number of days in the last month on which the
person consumed alcohol. We estimated the effect of the minimum legal drinking
age on these measures of alcohol consumption using a version of the regression
discontinuity design used earlier enriched with controls for individual demographic
characteristics such as gender, race, region, and employment status. The estimates of
(1 are reported in the last three columns of Given that the regression model
includes a polynomial in age fully interacted with a dummy variable for being over
21 and that the age variable has been recentered at 21, these are estimates of the
discrete change in drinking that occurs at exactly age 21. We find that the probability
an individual reports having consumed 12 or more drinks in the past year increases

“In Carpenter and Dobkin (2009), we examine the possibility that there is a discrete change in the
probability of underreporting alcohol consumption at age 21, and we do not find much evidence that
this change is large in magnitude.
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Table 4
The Effect of the Minimum Legal Drinking Age on Alcohol Consumption

Panel estimates Regression discontinuity estimates

% who drank % who drank  Times drank % with 12 or % with any  Days drank

n past heavily in n past more drinks heavy drinking in last
30 days  past two weeks 30 days in one year  in last year 30 days
1) 2 &) “) 0) (6)
Effect of 6.10%** 3.4]%%* 0.94+* 6.11%* 4.92% 0.55%*
proportion of [1.35] [1.30] [0.27] [3.01] [2.91] [0.28]
18-20 year-olds
that can drink
legally
Average 64.8 38.4 5.4 58.7 32.9 2.8

Notes: The independent variable of interest for the regression results presented in the first three columns
is the proportion of 18-20 year-olds who can drink legally. These regressions are estimated using responses
of high school seniors age 18 and older at the time they completed the Monitoring the Future survey.
The regressions include state fixed effects, year fixed effects, state-specific time trends, and dummies
for male, Hispanic, black, or other race. The regressions are estimated using a sample of 121,279 high
school students from 1976-2003. The estimates in the last three columns are regression discontinuity
estimates of the discrete increase in each drinking behavior that occurs after people turn 21. These are
estimated using responses of 16,107 19-22 year-olds in the 1997-2005 National Health Interview Survey.
These regressions include a quadratic polynomial in age interacted with a dummy for being over 21 at
the time of the interview and the following covariates: indicator variables for census region, race, gender,
health insurance, employment status, 21* birthday, 21* birthday + 1 day, and looking for work. People
can report their drinking for the last week, month, or year, and 71 percent reported on their drinking
in the past week or month. All the regressions include population weights. Standard errors for the panel
fixed-effects analysis are clustered on state and reported in brackets below the point estimates in the first
three columns. Robust standard errors for the regression discontinuity analysis are reported in brackets
below the point estimates in the last three columns.

* *% and *** represent statistical significance at the 10, 5, and 1 percent levels, respectively.

at age 21 by about 6.1 percentage points, and the estimate is statistically significant.
We find a 4.9 percentage point increase in the probability an individual reports heavy
drinking (five or more drinks on a single day at least once in the previous year),
and we estimate that the number of drinking days in the previous month increase by
19.6 percent (0.55/2.8 = 0.196) at age 21, though only the second of these estimates
is statisically significant at the conventional level. These estimates are quite similar
to the estimates from the panel approach and have also been replicated using other
datasets including the California Health Interview Surveys (Carpenter and Dobkin,
2010b) and the National Surveys on Drug Use and Health (SAMHSA/OAS, 2009).
Below, we require an estimate of the number of additional drinks consumed
if the drinking age were lowered from 21 to 18, in order to appropriately scale the
cost estimates on a per-drink basis. In Column 3 of [Table 4] with the panel design,
we estimated that moving from a situation in which no 18-20 year-olds can drink
legally to one in which all 18-20 year-olds can drink would increase the number
of times a youth reported drinking in the past month by about 0.94 instances.
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In Column 6 of using the regression discontinuity design, we estimated
that the minimum legal drinking age increases the number of days the individual
drank in the past 30 by about 0.55 days. Assuming instances are similar to days,
the average of these two estimates implies that the minimum legal drinking age
reduces alcohol consumption by about 0.745 drinking days per month. To put this
on the same scale as the adverse event estimates (which are per 100,000 person-
years), we calculate 0.745 x 12(months) x 100,000 (persons) = 894,000 drinking
days averted per 100,000 person-years. Young adults consume about 5.1 drinks
on average each time they drink, so 894,000 drinking days corresponds to about
4.56 million drinks.

How Credible are the Estimates of the Effects of the Minimum Legal
Drinking Age?

We have presented estimates of the effects of the minimum legal drinking
age on alcohol consumption, mortality, and a variety of other adverse events from
panel fixed-effects models and regression discontinuity models. Before using
these estimates to compare drinking age regimes, it is important to examine how
credible the evidence from each of these research designs is. The two approaches
have different strengths and limitations, which can be roughly grouped into two
categories: “internal validity” and “external validity.” In the context of this paper,
internal validity refers to how well a research design estimates the effects of the
minimum legal drinking age on a particular population in a particular place and
time. External validity refers to how well estimates from a research design are
likely to predict the effect of the policy under consideration. External validity is a
function of both the internal validity of the estimates and how similar the regime
(population, policy, and environment) in which each of the research designs was
estimated is to the regime in which the policy is being proposed.

We examine internal validity first, because the internal validity of an estima-
tion strategy directly affects its external validity. The panel approach is subject to
the concern that some states raised the drinking age at the same time that they
implemented other policies targeting both alcohol consumption and its adverse
consequences. If this were the case, estimates from the panel approach would likely
overstate the true effect of the minimum legal drinking age because the estimates
would reflect the benefits of both the minimum legal drinking age and the other
policies.” By contrast, estimates from the regression discontinuity design are less
likely to be biased by policy changes, because to cause bias the policies would
have to go into effect at exactly age 21. Another possible problem with the panel
approach is that enforcement of the higher drinking age was plausibly less strin-
gent in states that were compelled to raise their drinking age by the 1984 federal

8 Miron and Tetelbaum (2009) make this type of argument by showing that there is heterogeneity in the
effects of the minimum legal drinking age according to when states raised their drinking age. Specifically,
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National Minimum Drinking Age Act, which could impart downward bias to our
panel estimates. Here again the regression discontinuity approach is unlikely to
suffer from this bias because the age-21 drinking limit was a long-standing policy by
the late 1990s, which is the period on which the regression discontinuity analysis is
focused. A threat to the internal validity of both designs is that part of the increase
in adverse events that occurs when people are first allowed to drink is probably
due to people having to learn to drink responsibly. As a result, there may be an
increase in mortality in the first few months after people are first allowed to drink
whether the drinking age is set at 18, 21, or higher. As a result, computations that
treat the reduction in deaths due to learning effects as saved lives would overstate
the effect of the minimum legal drinking age. However, andreveal that
the panel and the regression discontinuity estimates of the impact of the minimum
legal drinking age are quite similar, which would not be the case if learning effects
were substantial, because learning effects would result in much more bias to the
regression discontinuity estimates than to the panel estimates.

Yet another threat to the internal validity of the panel design is that there is
likely slippage in the assignment of the treatment regime for young adults in a given
state and year. These errors may arise due to border effects, as neighboring states
sometimes had different drinking ages (as discussed in Lovenheim and Slemrod,
2010). Errors could also arise from grandfathering policies, in which some states
allowed youths who could drink legally before the minimum legal drinking age was
raised to continue drinking after the new drinking age was instituted, even if they
were younger than the new legal age. This will result in imperfect assignment of
treatment status due to the fact that exact age is not available in the datasets used
in the panel analyses. These kinds of measurement errors would generally bias the
estimated effects of the minimum legal drinking age downward.

Regarding external validity, the major advantage of the state-year panel approach
is that it directly examines the effect of allowing 18-20 year-olds to buy and consume
alcohol legally, which is the type of policy change that is being debated. Its primary
disadvantage is that it examines changes in drinking ages that occurred 30 years ago,
and many things have changed since then. For example, the minimum legal drinking
age is probably more rigorously enforced now than it was in the 1970s. Public senti-
ment and legal sanctions against drunk driving have both increased greatly since
the 1970s and 1980s. There have been numerous improvements in medicine and
automobile safety in the last 30 years, including trauma centers and air bags. These

they document that earlier adopters saw larger reductions in youth fatalities than late adopters and argue
that factors other than the drinking age were responsible for the reductions in youth fatalities when
drinking ages increased back to 21. These types of biases are not likely to affect regression discontinuity
estimates of the minimum legal drinking age, which (as we show above) provided estimates very similar
to the panel fixed-effects design, which in turn suggests that other unobserved policies and preferences
are unlikely to account for the robust relationship between drinking ages and youth fatalities repeatedly
documented in the fixed-effects approach (including in Miron and Tetelbaum, 2009). Of course, other
types of heterogeneity may be important, such as variation across states in enforcement of the minimum
legal drinking age. This is an important area for future research.
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changes would bias the results from the panel studies in opposing directions. The
main issue with the external validity of estimates from the regression discontinuity
approach is that the estimates are valid for people very near their 21* birthday, and
the proposed policy change would be to move the drinking age of 21 to 18. This is
a problem for the external validity of the regression discontinuity estimates if the
effects of the minimum legal drinking age on an 18 or 19 year-old are substantially
different than the effects on a 21 year-old.

It is not possible to assess the effect of each of the threats to the internal and
external validity on our estimates. However, we have some evidence that despite
these concerns the estimates still may be of substantial use for predicting the likely
effect of a policy change. A comparison of and reveal that the two research
designs give very similar estimates of the effects of the minimum legal drinking age
on all-cause and cause-specific mortality.E An examination of reveals that
the two designs generate fairly similar estimates of the impact of the minimum legal
drinking age on alcohol consumption. Most of the sources of bias described above
affect the two research designs to different degrees so they should be moving the
estimates from the two designs away from each other. We interpret the similarity in
the estimated effects as suggesting that the various biases are either not very large
or that they are at least partially canceling out.

Discussion

When considering whether it makes sense to lower the drinking age from 21
to 18 the critical issue is determining whether the increase in consumer surplus
that results from allowing 18-20 year-olds to drink is large enough to justify the
increase in alcohol-related harms. The most direct way to make this comparison is
to estimate the change in consumer surplus and compare it to the increase in harms
as measured in dollars. However, it is very challenging to credibly estimate the
consumer surplus associated with the additional drinks that 18-20 year-olds would
consume if the drinking age were lowered to 18. For this reason we implement an
alternative approach of estimating the harm per drink to the person consuming the
drink and the harm per drink imposed on other people.

The greatest immediate cost to the individual of an additional drink is that it
increases their risk of dying. The estimates in suggest that if the drinking
age were lowered to 18, there would be an additional 8 deaths per 100,000 person-
years for the 18-20 age group. A common estimate of the value of a statistical life is
$8.72 million (Viscusi and Aldi, 2003, converted to 2009 U.S. dollars). This suggests

?The panel analysis finds a very low rate of death due to alcohol overdose and no evidence of an increase;
the regression discontinuity design, however, finds a much higher rate of alcohol overdoses and a large
increase. Given that the alcohol consumption among 18-20 year-olds has dropped rather than increased
in the last 30 years, these difference are probably due to coding changes for International Classification
of Diseases and for death certificates, as well as a slight difference in our own coding of the information
on death certificates between and[3](see notes under these tables).
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that for every 100,000 young adults allowed to drink legally for a year, the cost in
terms of increased mortality is about $70 million (8 x $8.72 million). Given that
we estimate an increase of 4.56 million drinks for every 100,000 person-years, this
suggests that the hidden cost of each drink due to the increased mortality risk is
over $15 (70/4.56). Given that each drink potentially has other adverse impacts
on the individual, such as injuries, reduced productivity, and reduced health, this
estimate is a lower bound.

The costs of the reduction in the minimum legal drinking age borne by people
other than those consuming the drink come from many sources: we focus on three
of the major ones. The first external cost includes the risk that an individual will be
killed by a drinker in a motor vehicle accident. Our best estimate is that the typical
young adult killed while driving drunk kills another person 21 percent of the time
(Carpenter and Dobkin, 2009). This suggests that lowering the drinking age will kill
at least an additional 0.77 people (3.65 drivers killed in motor vehicle accidents from
x 0.21) annually for every 100,000 18-20 year-olds allowed to drink. Using the
value of a statistical life from above, this is a cost of $6.7 million (8.72 x 0.77 = 6.7)
for every 100,000 people allowed to drink after the drinking age is lowered. This esti-
mate is a lower bound, because it does not include the people killed where the drunk
driver survives. The second external cost is due to the increased risk that a drinker
will commit robbery or assault. The best available estimate suggests that lowering the
drinking age will result in 63 additional arrests for assault and 8 additional arrests
for robbery annually for every 100,000 newly legal drinkers (Carpenter and Dobkin,
2010b). Given that not every crime results in an arrest, these two estimates need to
be rescaled by the proportion of reported assaults and robberies that are cleared
by an arrest, which are 54 and 25 percent, respectively (U.S. Department of Justice,
2007). At an estimated cost of $20,500 per assault and $17,800 per robbery (Miller,
Cohen, and Wiersema, 1996, converted to 2009 U.S. dollars), the crime cost imposed
on others is $2,400,000 ($20,500 x 63/0.54 ~ $2,400,000) for assaults and $656,000
($17,800 x 8/0.25 ~ $570,000) for robberies. A third external cost is that the drinker
will injure themselves and require medical treatment. If the medical care is covered
by insurance or if the costs are absorbed by the hospital, these costs are effectively
borne by people other than the drinker. The 408 additional emergency department
visits and 77 additional hospital stays per 100,000 person-years that would likely occur
if the drinking age were lowered (estimated in Carpenter and Dobkin 2010a) impose
a substantial cost: the average cost of an alcohol-related emergency department visit

!9 There is, of course, a plausible range of estimates if one were to use different figures for the value of
a statistical life, and indeed recent studies have returned lower estimates (see, for example, Ashenfelter
and Greenstone, 2004). Viscusi and Aldi’s (2003) study reports that most credible studies return esti-
mates for the value of a statistical life of between 3.8 and 9 million in 2000 U.S. dollars (or 4.73 to
11.2 million in 2009 U.S. dollars), and the 8.72 million figure we report above is the median reported
across 32 studies. Using 4.73 million as the value of a statistical life, for example, reduces the per-drink
estimate to $8.30 ($4.73 million * 8 deaths / 4.56 million drinks). If self-reported alcohol consumption is
underreported by 50 percent on average (i.e., within the range as suggested by Rehm, 1998) then we are
overestimating the cost per drink by a factor of two (i.e., the correct per-drink estimate is closer to $7.65
(8.72 million * 8 deaths / 9.12 million drinks).
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is $3,387, and the average cost of an alcohol-related inpatient hospital stay is $12,562
for a total cost per 100,000 person-years of $2.35 million [ (3,387 x 408) + (12,562 x
77)1. Summing these externality costs gives a total cost of about $12.02 million per
100,000 person-years (that is, $6.7 million + $2.4 million + $0.57 million + $2.35
million = $12.02 million). Dividing this estimate by the change in the number of
drinks yields an externality cost of $2.63 ($12.02/4.56) per drink. Given that there are
numerous alcohol-related harms not included in this calculation, this is a downward-
biased estimate of the cost that the drinker imposes on others.

The estimates above suggest that the total cost of a drink to the person drinking
it is at least $15 plus what the person paid for the drink. It is unlikely that the
average drinker values a drink this highly. This finding suggests that the drinker is
not fully aware of the personal costs of their behavior and there is a role for govern-
ment intervention. Moreover, with each drink there are costs imposed on others of
at least $2.63, which again suggests a role for government intervention to deal with
this externality. These estimates clearly suggest that lowering the drinking age will
lead to an increase in harms that is very likely larger than the value that people put
on the additional drinking.

Our focus here has been on predicting the effects of lowering the minimum
drinking age, but of course, a lower drinking age might be combined with other
policies like mandatory alcohol licensing (similar to driver licensing) and relevant,
reality-based alcohol education, both of which are advocated by the Choose Respon-
sibility group. Although the research summarized here convinces us that an earlier
drinking age alone would increase alcohol-related harms, we do not think there
is enough evidence to evaluate the effectiveness of alcohol education and alcohol
licensing, either in isolation or in combination with a lower minimum drinking age.
While we are certainly not opposed to experimentation with alternative policies
for encouraging responsible alcohol consumption, the evidence strongly suggests
that setting the minimum legal drinking age at 21 is better from a cost and benefit
perspective than setting it at 18 and that any proposal to reduce the drinking age
should face a very high burden of proof.

"I The list charges for a hospital admission by a 21 year-old with a mention of alcohol on the medical
record are $33,059, and the list charges for an emergency department visit with a mention of alcohol on
the medical record are $8,912 (both measured in 2009 U.S. dollars). Given that hospitals are typically
only paid 38 percent of list charges, the costs passed on to consumers are $12,562 and $3,387 for hospital
admissions and emergency department visits, respectively (Reinhardt, 2006).



Christopher Carpenter and Carlos Dobkin 155

m We thank David Autor, Chad Jones, John List, Justin Marion, and Timothy Taylor for
very useful comments and suggestions. We gratefully acknowledge grant funding from NIH-

NIAAA ROI AA017302-01.

References

Ashenfelter, Orley, and Michael Greenstone.

»2004. “Using Mandated Speed Limits to Measure

the Value of a Statistical Life.” Journal of Political
Economy, 112(1): S226-S267.

» Bertrand, Marianne, Esther Duflo, and Sendhil
Mullainathan. 2004. “How Much Should We Trust
Difference-in-Differences  Estimates?”  Quarterly
Journal of Economics, 119(1): 249-75.

Birckmayer, Johanna D., and David Hemenway.

»1999. “Minimum Age Drinking Laws and Youth
Suicide 1970-1990.” American Jowrnal of Public
Health, 89(9): 1365-68.

Bonnie, Richard J., and Mary E. O’Connell,
eds. 2004. Reducing Underage Drinking: A Collective
Responsibility. Washington, DC: National Acad-
emies Press.

» Carpenter, Christopher S. 2004a. “How Do
Zero Tolerance Drunk Driving Laws Work?” Journal
of Health Economics, 23(1): 61-83.

P Carpenter, Christopher S. 2004b. “Heavy
Alcohol Use and Youth Suicide: Evidence from
Tougher Drunk Driving Laws.” Journal of Policy
Analysis and Management, 23(4): 831-42.

» Carpenter, Christopher S. 2005a. “Heavy
Alcohol Use and the Commission of Nuisance
Crime: Evidence from Underage Drunk Driving
Laws.” American Economic Review, 95(2): 267-72.

Carpenter, Christopher S. 2005b. “Youth
Alcohol Use and Risky Sexual Behavior: Evidence
from Underage Drunk Driving Laws.” Journal of
Health Economics, 23(4): 831-42.

Carpenter, Christopher S., and Carlos Dobkin.

»2009. “The Effect of Alcohol Consumption on
Mortality: Regression Discontinuity Evidence from
the Minimum Drinking Age.” American Economic
Journal: Applied Economics, 1(1): 164-82.

Carpenter, Christopher S., and Carlos Dobkin.
2010a. “Alcohol and Morbidity: Regression
Discontinuity Evidence from the Minimum Legal
Drinking Age.” Working paper available at the
authors’ websites.

Carpenter, Christopher S., and Carlos Dobkin.

2010b. “The Drinking Age, Alcohol Consump-
tion, and Crime.” Working paper available at the
authors’ websites.

Carpenter, Christopher S., and Carlos Dobkin.
Forthcoming. “Alcohol Regulation and Crime.”
In Controlling Crime: Strategies and Tradeoffs, ed. P.
Cook, J. Ludwig, and J. McCrary. Chicago: Univer-
sity of Chicago Press.

Carpenter, Christopher S., Deborah D.
Kloska, Patrick O’Malley, and Lloyd Johnston.
2007. “Alcohol Control Policies and Youth
Alcohol Consumption: Evidence from 28 Years of
Monitoring the Future.” B. E. Journal of Economic
Analysis and Policy, 7(1, Topics): Article 25.

Choose Responsibility. 2011. Webpage. http://
www.chooseresponsibility.org/proposal /.

Cook, Philip J., and Michael J. Moore. 2001.
“Environment and Persistence in  Youthful
Drinking Patterns.” Chap. 8 in Risky Behavior
among Youths: An Economic Analysis, ed, J. Gruber.
Chicago: University of Chicago Press.

Cook, Philip J., and George Tauchen. 1982.
“The Effect of Liquor Taxes on Heavy Drinking.”
Rand_Jowrnal of Economics,13(2): 379-90.

’Dee, Thomas S. 1999. “State Alcohol Policies,
Teen Drinking and Traffic Fatalities.” Journal of
Public Economics, 72(2): 289-315.

» Dee, Thomas S. 2001. “The Effects of Minimum
Legal Drinking Ages on Teen Childbearing.”
Journal of Human Resources, 36(4): 823-38.

P Fertig, Angela, and Tara Watson. 2009.
“Minimum Drinking Age Laws and Infant Health
Outcomes.” Journal of Health Economics, 28(3):
737-47.

Gruber, Jonathan. 2001. “Introduction.” In Risk
Behaviors among Youths: An Economic Analysis, ed. J.
Gruber. Chicago: University of Chicago Press.

» Hahn, Jinyong, Petra Todd, and Wilbert Van der
Klaauw. 2001. “Identification and Estimation of
Treatment Effects with a Regression-Discontinuity
Design.” Econometrica, 69(1): 201-209.

» Hanzlick, Randy. 1988 “Death Certificates,



156 Journal of Economic Perspectives

Natural Death, and Alcohol: The Problem of
Underreporting.”  American  Jowrnal of Forensic
Medicine Pathology, 9(2): 149-50.

»Joksch, Hans C., and Ralph K. Jones. 1993.
“Changes in the Drinking Age and Crime.” Journal
of Criminal Justice, 21(3): 209-221.

>Kenkel, Donald. 1993a. “Drinking, Driving, and
Deterrence: The Effectiveness and Social Costs of
Alternative Policies.” Journal of Law and Economics,
36(2): 877-913.

» Kenkel, Donald. 1993b. “Prohibition versus
Taxation: Reconsidering the Legal Drinking Age.”
Contemporary Policy Issues, 11(3): 48-57.

» Lovenheim, Michael, and Joel Slemrod. 2010.
“The Fatal Toll of Driving to Drink: The Effect of
Minimum Legal Drinking Age Evasion on Traffic
Fatalities.” Journal of Health Economics, 29(1): 62-77.

Miller, Ted, Mark Cohen, and Brian Wiersema.
1996. “Victim Costs and Consequences: A New
Look.” National Institute of Justice Research
Report prepared for the U.S. Department of
Justice, Office of Justice Programs.

» Miron, Jeffrey, and Elina Tetelbaum. 2009.
“Does the Minimum Legal Drinking Age Save
Lives?” Economic Inquary, 47(2): 317-36.

O’Donoghue, Ted, and Matthew Rabin. 2001.
“Risky Behavior among Youths: Some Issues from
Behavioral Economics.” In Risky Behavior Among
Youths: An Economic Analysis, ed. Jonathan Gruber.
Chicago: University of Chicago Press.

» Phelps, Charles E. 1988. “Death and Taxes: An
Opportunity for Substitution.” jJournal of Health
Economics, 7(1): 1-24.

Rehm, Jurgen. 1998. “Measuring Quantity,
Frequency, and Volume of Drinking.” Alcoholism

Clinical & Experimental Research, 22(S2): 4s—14s.

P Reinhardt, Uwe. 2006. “The Pricing of U.S.
Hospital Services: Chaos behind a Veil of Secrecy.”
Health Affairs, 25(1): 57-69.

»Ruhm, Christopher. 1996. “Alcohol Policies
and Highway Vehicle Fatalities.” Journal of Health
Economics, 15(4): 435-454.

Substance Abuse and Mental Health Services
Administration, Office of Applied Studies
(SAMHSA/OAS). 2009. “The NSDUH Report:
Alcohol Use Before and After the 21st Birthday.”
Rockville, MD. http://www.oas.samhsa.gov/2k9
/138 /138alcbefore21stbday.htm.

» Thistlewaite, Donald L., and Donald T. Camp-
bell. 1960. “Regression-Discontinuity Analysis:
An Alternative to the Ex Post Facto Experiment.”
Journal of Educational Psychology, 51(6): 309-317.

United States Department of Justice, Federal
Bureau of Investigation. 2007. Crime in the Uniled
States, 2006. http://www2.tbi.gov/ucr/cius2006
/index.html.

P Viscusi, W. Kip, and Joseph E. Aldy. 2003. “The
Value of a Statistical Life: A Critical Review of
Market Estimates throughout the World.” Journal
of Risk and Uncertainty, 27(1): 5-76.

Voas, Robert, A. Scott Tippetts, and James Fell.

»2003. “Assessing the Effectiveness of Minimum
Legal Drinking Age and Zero Tolerance Laws in
the United States.” Accident Analysis & Prevention;
35(4): 579-87.

Wagenaar, Alexander C., and Traci L. Toomey.
2002. “Effects of Minimum Drinking Age Laws:
Review and Analyses of the Literature from 1960
to 2000.” Journal of Studies on Alcohol, Supplement
14, pp. 206-225.



	The Minimum Legal Drinking Age and Public Health
	Economic Considerations for Determining the Optimal Minimum Drinking Age
	The Evaluation Problem in the Context of the Minimum Legal Drinking Age
	Panel Estimates of the Effect of the Drinking Age on Mortality
	Regression Discontinuity Estimates of the Effect of the Drinking Age on Mortality
	Effects of the Drinking Age on Nonfatal Injury and Crime
	Effect of the Drinking Age on Alcohol Consumption
	How Credible are the Estimates of the Effects of the Minimum Legal Drinking Age?
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 72
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


