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ABSTRACT

Does Changing the Legal Drinking Age
Influence Youth Behaviour?

This paper examines the impact of a reduction in the legal drinking age in New Zealand from
20 to 18 on alcohol use, and alcohol-related hospitalisations and vehicular accidents among
teenagers. We use both a difference-in-differences approach and a regression discontinuity
design (RDD) to examine the impact of the law change. Our main findings are that lowering
the legal drinking age did not appear to have led to, on average, an increase in alcohol
consumption or binge drinking among 15-17 or 18-19 year-olds. However, there is evidence
that the law change led to a significant increase in alcohol-related hospital admission rates
for 18-19 year-olds, as well as for 15-17 year-olds. While these increases are large in relative
magnitude, they are small in the absolute number of affected teenagers. Finally, we find no
evidence for an increase in alcohol-related vehicular accidents at the time of the law change
for any teenagers. In an important methodological contribution, we show that one approach
commonly used to estimate the impact of changing the legal drinking age on outcomes, an
RDD that compares individuals just younger than the drinking age to those just older, has the
potential to give misleading results. Overall, our results support the argument that the legal
drinking age can be lowered without leading to large increases in detrimental outcomes for
youth.
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1. Introduction

This paper examines the impact of a reduction enlégal drinking age in New Zealand
from 20 to 18 on alcohol use, alcohol-related hadigations and alcohol-related vehicular
accidents among teenagers. We focus on both thevioem of individuals directly affected
by the change and those who were unaffected buseviaacess to alcohol might have
changed (e.g., slightly younger individuals). Theasj-experimental nature of the change
allows us to identify the causal impact of legat agstrictions on alcohol consumption on a
number of youth behaviours. We use two complimgnéanpirical approaches, difference-
in-differences with individuals aged 22-23 usedtses control group against which effects
on 15-17 and 18-19 year-olds are measured andressegn discontinuity design (RDD), to
examine the impact of the law change.

There has been a recent push among policymakdieitUS, especially higher education
officials, for the federal government to considewéring the minimum legal drinking age
(MLDA) from its current level of 21. In a recent eview paper, Carpenter and Dobkin
(2011) argue that “a large and compelling body rapeical evidence [...] shows that [...]
setting the minimum legal drinking age at 21 [ire tluS] clearly reduces alcohol
consumption and its major harms (p.134).” Evidefmethis statement generally comes

from one of two empirical approaches, both extezigiveviewed in Carpenter and Dobkin.

The first approach uses state-level time-seriea datvarious outcomes, such as vehicular
accidents, alcohol consumption and cause-specticatity rates, to examine the impact of
changes in the MLDA. These studies typically usdiféerence-in-differences (D-in-D)
framework and exploit the fact that, in responsthtoNational Minimum Drinking Age Act
of 1984, different US states increased their MLA21 in different years (and some never
had a MLDA below 21). This approach has two serimesiknesses. First, these changes
occurred at a time of comparatively high and insieg alcohol consumption in the US
(WHO 2013) and hence it is unclear that one shexfikect the impact of an increase in the
MLDA that occurred under these conditions to beoadgpredictor of what would happen
now in the US if the MLDA was lowered (i.e., forege estimates to have external validity).
Second, as with all D-in-D approaches, one musturassthat the law change being
examined (here, increases in the MLDA) are exogenouyrior outcomes at the state level.
In a situation where alcohol consumption was ingireg one can imagine that states with
the largest increases in problems perceived telaged to alcohol consumption might have



been the first to increase their MLDA as well asrtake other more subtle and difficult to
measure changes aimed at reducing these perceigbtems. If this was the case, then D-

in-D estimates of the impact of increasing the MLIAuld likely be biased upwards.

Because of these known shortcomings, a second agprto measuring the impact of
MLDAs has become increasingly popular (for examg@larpenter and Dobkin 2009; Yorik
and Yoruk 2011). This approach uses a regressisrouiinuity design (RDD) where the
running variable is age and the discontinuity oscair exactly the MLDA (i.e., the day a
person turns 21 in the case of the US). In otherdsjadentification of the impact of the
MLDA is achieved by comparing outcomes for peopighsly younger than the MLDA to
those slightly older. If nothing other than legtdtas changes discretely at the MLDA, then
a discrete change in any outcome at that age eaisiply be attributed to the drinking age.

However, there are two serious threats to the wwlidf this approach, one a threat to
internal validity and a second to external validifyhe first issue is that this approach
assumes by definition that any excessive drinkiglatrafter becoming legal represents what
younger people would do if they were legal. Thikesuout that individuals enter a ‘party
mode’ after becoming legal before their behavi@iums to a steady-state that is potentially
the same as before becoming legal. Papers usis@piproach typically recognise this issue
and parametrically allow for some amount of a pgrtyiod (for example, one month in
Carpenter and Dobkin). Unfortunately, there is reoywo know what the right amount of
adjustment time is and, as one allows for moresadjant time, the main assumption of the
RDD approach, that nothing else differs betweenplgequst before and just after the

discontinuity, becomes more tenuous.

The second issue is more subtle. RDD under staragauimptions only provides an estimate
of the local average treatment effect (LATE), whichthis case is the change in the
examined outcome for 21-year-olds whose behavibanges because of the MLDA (Lee
and Lemieux 2010). Hence, given the high prevaleotelrinking among individuals
younger than 21 in the US, it is quite likely tthe RDD approach only identifies the
impact of the MLDA on outcomes for very inexperiedarinkers. This suggests that these
estimates may have little external validity for ging the overall impact that reducing the
MLDA would have on outcomes. A major contributioh this paper, discussed further

below, is that the combination of the policy chamgeexamine and the high quality data on

! A recent paper by Miron and Tetelbaum (2009) ptesievidence for precisely this type of bias.



vehicular accidents we have access to allows evatuate whether this approach is likely

to provide policy relevant evidence on the avelaggact of changing a MLDA.

Our paper makes three major contributions to theeat literature on the impact of
MLDAs. First, by examining a fairly recent polichange in a country, New Zealand, that
has remarkably similar drinking habits to the U$ctading to WHO 2013, total adult
alcohol consumption per capita is 9.44 litres ofepalcoholin the US and 9.62 in New
Zealand) and a similar MLDA prior to the law char{@® as opposed to 21), we are able to
provide arguable the best evidence so far on whghtnbe the impact of lowering the
MLDA in the US on a number of outcomes for yoti®econd, we highlight the importance
of examining multiple outcomes and carefully intetpng relative changes when baseline
rates are low. While, as in Conovera and Scrimgéait3), we find large relative impacts
of the reduction of the MLDA in New Zealand on dlotrelated hospitalisations, these
results are in contrast to our findings for alcobmhsumption and alcohol-related vehicular
accidents, and they translate to a fairly small bemof additional hospitalisations in
absolute terms. Third, by comparing results froRR2D which uses time before/after the
policy change as the running variable and the dathe policy change as the discontinuity
to results using the approach discussed above agéhas the running variable and the
MLDA birthday as the discontinuity, we are ablejiolge whether the second approach,
which is commonly used, is likely to give policyleeant estimates of the impact of
changing the MLDA

Our main findings are that lowering the legal dimmgkage did not appear to have led to, on
average, an increase in alcohol consumption orebdrgnking among 15-17 or 18-19 year-
olds. However, there is evidence that the law chded to a significant increase in alcohol-
related hospital admission rates for 18-19 yeas;oéd well as for 15-17 year-olds. While
these increases are large in relative magnituds; #me small in the absolute number of

affected teenagers. Consistent with our findings dtcohol consumption, we find no

*Two prior papers, Conovera and Scrimgeour (2018) Kypri et al. (2006) also examine the impact af th
change in the MLDA in New Zealand on alcohol-redalb®spitalisations and vehicular accidents, respelgt
Our results for hospitalisations are qualitativsipilar to Conovera and Scrimgeour but, becausexaeine
multiple outcomes that show very different impaittan those for hospitalisations, our contributismmiuch
broader. We also argue that one needs to be camahterpreting the results for hospitalisationgs baseline
rates are very low. Our results for alcohol-relatedhicular accidents differ significantly from Kypet al.
which we show is because the methodology they wms dhot allow for different underlying trends in
outcomes for different age-groups.

% Conovera and Scrimgeour (2013) also do this iir thaper but, unlike us, argue that the two appteaare
complimentary. Crucially, because they are onlyneixéng hospitalisations and find positive impacsing the
‘correct’ approach, they are not able to easilygpidny inherent bias in the typically used approach



evidence for an increase in alcohol-related vehrcatcidents at the time of the law change
for any teenagers. Finally, we show that, in ountegt, using a RDD design to compare
individuals just younger than the drinking age hose just older, gives very misleading
results on the impact of a change in the MLDA ocohbl-related vehicular accidents.
Overall, our results support the argument thatielgal drinking age can be lowered without

leading to large increases in detrimental outcoimegouth.

Our paper proceeds as follows: in the next sectiwwa, provide background on the
institutional situation in New Zealand and the ret¢hn in the MLDA that occurred in 1999.
In section 3, we discuss the survey data we useetsure alcohol consumption and present
the results for a number of outcomes in this dom#insection 4, we then discuss the
administrative data used to measure alcohol-rellavsgitalisations and vehicular accidents,
and discuss the results for these outcomes. Inose&, we present the results from
estimating the impact of the MLDA on alcohol-rethteehicular accidents using the age-

based RDD and compare these to the results irosettiWe then conclude.

2. Background

In 1999, the New Zealand Parliament voted by aomamajority to lower the minimum
legal drinking age from 20, where it had stood sih©69, to 18.The impetuous for this law
change was the desire to bring the MLDA in linehwtihe general law of majority in New
Zealand. This was voted on as a members bill mgathiat all MPs were free to vote based
on their own conscience and that there were noiamsnby political parties on how they
should vote. Hence, there was more or less a naxperiment which changed the legal
status of 18 and 19 year-olds in regards to alcobosumption and potentially had spillover

effects on individuals just below the new drinkienge (e.g. 16 and 17 year-olds).

This change was made as a component of the Salagabr Amendment Act 1999
(SLAA1999) which liberalised alcohol policy in Ne&ealand along a number of other
dimensions. In particular, the SLAA1999 allowed eumparkets to start selling beer, and

liquor stores and other retail establishments,ugicly supermarkets, to sell alcohol on

* Technically, the same as in the US, the law alstuastricts the purchase and public possessiaicohol to

those over the threshold age, not consumption biviguals. In the case of New Zealand, it evenvadlo
underage individuals to consume alcohol publiclgufchased by their parents. However, to remairsistent

with common usage and the international literatueewill continue to call this the ‘drinking age’ MLDA.



Sundays. While our RDD estimates will be contaminated bgsth additional changes and
will measure the impact of the full set of changesught about by the SLAA1999, our D-
in-D estimates will identify the causal impact bétchange in MLDA on its own conditional
on the assumption that the impact of these othangds is similar for teenagers as for the
22-23 year-olds that serve as our control groGpeen our overall finding of little impact of
reducing the MLDA on youth outcomes, we do not dadi this to be a particularly
important issue in the interpretation of our ressihce, if anything, one could imagine these
other policy changes also leading to more consumgbr young people with supermarkets

and liquor stores almost always the cheapest sutdetpurchasing alcohol.

As part of the change, it was agreed that the poWiauld be reviewed over a period of time.
By 2006, there was some discussion in both parlinaed the national media that the
change had led to more drinking among teenagersamde was undertaken on a bill that
would have returned the drinking age to 20. Thitevfailed and thus serves as a potential
test of our identification strategy discussed beldhere was a second review in 2013 where
the idea of a split drinking age of 18 for restaisaand bars (i.e., places with on-site liquor
licenses) and 20 for other purchases was propoBed. vote narrowly failed as well.
However, other changes were made at this pointdaae access to alcohol but without a

particular focus on youth drinking.

3. Impacts on Alcohol Consumption
3.1 Data

The New Zealand Health Survey (NZHS) was fielded986/97, 2002/03 and 2006/07 and
provides the most comprehensive information onradtoonsumption over time available in

New Zealand (Ministry of Health 1999; 2004; 2008jhe NZHS collects representative

cross-sectional data on the health status of thidewrtial New Zealand population, and the
prevalence of risk and protective factors assodiati¢h these health conditions. Each of the
surveys involves face-to-face interviews with indivals aged 15 years and older and
collected a variety of information on alcohol comgiion, as well as data on a number of
background characteristics (e.g., gender, ethnigsidence and material resources).

> See http://www.justice.govt.nz/publications/ pubtions-archived/1999/amendments-to-the-1989-dale-o
liquor-act/publication for a summary of the majbanges of the SLAA 1999.

® In fact, we can even slightly relax this assump#md allow for age-specific price effects, bupiactice this
had a very limited effect on our results.

" The NZHS was also fielded in 1992/93 but this wdigenot collect data on alcohol consumption.



In particular, the following questions (followed Hye possible responses) were asked about
alcohol consumption consistently in all three wagkshe survey: i) Have you had a drink
containing alcohol in the last year? — yes / noHow often do you have a drink containing
alcohol? — Monthly or less / Up to 4 times a mahtlp to 3 times a week / 4 or more times
a week; iii) How many drinks containing alcohol ylmu have on a typical day when you are
drinking? —1or2/3or4/5o0r6/7to9/d0more; iv) How often do you have six or
more drinks on one occasion? — Never / Less thamthiho/ Monthly / Weekly / Daily or
almost daily; and v) Have you or someone else Iogared as a result of your drinking? No

/ Yes, but not in the last year / Yes, during et lyear.

We use these variables to define continuous messofre) the frequency of alcohol
consumption and ii) the amount of alcohol consumed typical day when drinking using
the midpoint of each range and the bottom of tingegi.e. 4 times per week and 10 drinks
per day) for the highest valuggVe then multiple these two figures to get an estinfor the
number of drinks consumed in a usual month. We alsaimine the following discrete
outcomes; i) whether someone has had a drink idasteyear, ii) whether they typically
have six or more drinks at least once per weekellkedh binge drinking), and iii) whether

they have been injured or injured someone elseavdrihking in the last year.

3.2 Descriptive Evidence

Table 1 shows basic descriptive statistics for3/¥83 individuals aged 15-23 in the NZHS
data. We report means and standard errors for alewetcomes and key explanatory
variables for each survey year. Sample weightauseel in all calculations from the NZHS
because the survey over-samples minority groupspaiticular individuals with Maori
ethnicity. Table 1 indicates that more than 80 perof the youths in the age group 15-23
had at least one drink in the previous year. Thimlper is consistent with other data
sources, e.g., Ministry of Health (2009) which &séd on a survey solely on alcohol and
drug use. Total consumption dropped by about 3kdrper month, on average, comparing
the 96/97 and the 02/03 waves (from about 19.%t8)1and then remained constant in the
06/07 wave. The reduction can be explained by aetofrequency of drinking, as the
number of drinks per occasion lightly increasedthis time period. About 20 percent of 15-

23s are binge drinkers and around 10 percent mgbaat their drinking lead to someone

8 We also estimated ordered D-in-D models for theseomes and discrete choice D-in-D models for the
other outcomes with no qualitative impact on theuhes.



getting injured. In general, drinking behaviour egrs fairly stable over the period being

examined none-withstanding the law change.

Regarding the background variables, the sample slawut an equal share of age-groups
and gender. The largest ethnic group in New ZealaRékeha/European (about two thirds),
followed by Maori (about 15 percent), Pacific andiax (each about 6-10 percent). Only
about 10 percent of the youths live in a rural emwvinent. The average real household
income remained constant at about 43’000 NZ doller2006 dollars), whereas the mean
NZDEP Index of Deprivation (a measure of the somo®mic status of one’s
neighbourhood), measured in deciles with 1 beiregl¢last deprived and 10 being the most,
increased from the 96/97 to the 02/03 wave and shightly dropped in 06/07.

Instead of variation over time, Table 2 shows sumnsatistics of the outcomes by age
group. We classify youth into 18-19 year-olds (thakirectly affected by the policy), the
slightly younger 15-17 year-olds (who still canhegally purchase alcohol, but who might
have a better access to it through their olderg)eand the slightly older 20-21 and 22-23
year-olds. Initially, we pooled 20-21 and 22-23ryelals to give us a larger control group,
but our RDD estimates for hospitalisations suggestat there might be spillovers on to 20-

21 year-olds from legalising alcohol for 18-19 ye#ds.

As one would expect, the incidence and frequencgrioiking, the number of drinks and
total consumption are significantly lower among tt&®17 year-olds (about 13 drinks in
total per month on average) compared to their g@ers (more than 20 drinks in total per
month on average). Looking at the decompositiotot#l consumption, it should be noted
that the frequency of drinking is higher among #®23 year-olds than among the 18-19
year-olds, whereas the number of drinks is higmeoray the 18-19 year-olds, suggesting
substantial differences in drinking behavior acrage groups. Binge drinking is also most
common among 18-19 year-olds and someone beingethjbecause of one’s drinking

generally declines with age.

3.3 Difference-in-Differences Estimates

We now turn to estimating the impact of the chaingelLDA from 20 to 18 in 1999 on the
drinking behaviours of 15-17, 18-19 and 20-21 yads relative to changes over this time
for 22-23 year-olds. We do this be estimating &ed#énce-in-differences (D-in-D) model for

each outcome allowing i) different alcohol consuimptfor different aged individuals; ii)



different time trends in alcohol consumption far E$-23s (for example, reflecting general
trends towards healthier drinking habits); and dijanges over time in alcohol use for
different age-group$.Individuals aged 22-23 are used as the contralm@gainst which

effects on 15-17, 18-19 and 20-21 year-olds aresared. The key assumption of this D-in-
D approach is that changes in outcomes between 4889he later years for 22-23 year-
olds are what would have occurred for teenagersyandger adults if the drinking age had

not been lowered.

More formally, the model we estimate can be writien

y = a + fage + ytime + Jage-group* time + X0+ ¢ Q)

wherey is one of six outcomesgeis a full set of age dummiesime includes two
indicators for waves 02/03 and 06/Gge-groupincludes three indicators for the 15-17
year-olds, the 18-19 year-olds and the 20-21 yé&tsroespectivelyX is a vector of control
variables (in some models), ants an idiosyncratic error. Equation (1) is a stddD-in-D
model where the parametess 5, and y measure the age- and time-specific trends in the
outcome, and measureshe impact of lowering the MLDA from 20 to 18 oretthree age

groups 15-17, 18-19, 20-21 using the 22-23 yeas-akithe reference group.

Table 3 shows the results obtained from estimamgation (1) by OLS for all six outcomes
discussed above. The regression is weighted asrilse$cbefore and we calculate
heteroskedasticity robust standard errors whiobmafior arbitrary correlation in the error
term within age-groups as recommend by Bertrandl.e2004). We report two sets of
results for each outcome, the raw effect in thedogsecification without controls (panel A),
and the effect obtained after adding controls fmdgr, ethnicity, log of household income,
urban residence and the deprivation index (panelfBg¢se controls account for changes in

sample composition over time that are potentiadiyelated with drinking behaviours.

While we do not find any evidence of a significanpact of the reduction in the MLDA on

outcomes for 18-19 year-olds, standard errors onestimated impacts, especially for
frequency of drinking, number of drinks per occasamd (log) total consumption, are quite
large meaning that it is difficult to rule out ptdse positive impacts on alcohol consumption

(i.e., the reduction in MLDA led to increased diimdk for teenagers). On the other hand, we

° Because we only have survey data for these outsoneare not able to also estimate RDD modelseagov
for alcohol-related hospitalisations and vehicalecidents.



find fairly strong evidence that the reduction e tMLDA led to less alcohol consumption
and better drinking behaviours among 15-17 yeas;ohMhich perhaps occurred because the

reduction in the drinking age led to increased mr@ment (we discuss this further below).

One important shortcoming of this analysis is tbatause we only have one pre-period
observation, we are unable to test for or contool dge-specific prior trends in alcohol
consumption, which could conceivably be importdrdr this reason, we now turn to our
analysis of the impact of the MLDA on alcohol-reldt hospitalisations and vehicular
accidents. In both cases, we have administratite da the universe of events over more
than a decade. Hence, not only are our estimatpddts quite precise, but we can control

for age-specific trends in these outcomes flexibly.

4. Impacts on Alcohol-Related Hospital Admissions and Vehicular Accidents
4.1 New Zealand Hospital Admission Data

In addition to the NZHS, we have access to a datasepiled by the Ministry of Health on
all discharges, including day patients, from pullicspitals in New Zealand with an
admission date between 1 January 1996 and 31 Dece2ib7 where the age at admission
is 15 years or over. Almost all hospitalisation®Niew Zealand are in public hospitals (Kypri
et al.,, 2006). Our dataset includes an extensiveuamof information about medical
diagnoses (primary and secondary diagnoses basdbeomternational Classification of
Disease (ICD) codes) and symptoms, as well as $iamted sociodemographic information
about the patient, including their gender, age, ethdicity (see Ministry of Health 2003a

and Conovera and Scrimgeour 2013 for more infownati

The diagnostic codes allow us to identify admissitimat are directly related to alcohol
consumption, such as alcohol misuse and alcohokramce related admissions. We
differentiate between the following types of adnuas defined via the primary and
secondary diagnoses codes listed in brackets angotd the ICD-9 (National Coding
Centre 1996): i) Alcohol use disorder (3050), otim@ary outcome; ii) Alcohol intoxication
(3030, 2914); and iii) Alcohol dependence (30391®8, 2915, 2918-9, 3575, 4255, 5353,
5710-3). The first outcome refers to all casesmagd with an excessive use of alcoholic
beverages, e.g., after celebrations, with no irgicaof a dependence syndrome. This
includes, for example, hospitalisations relateditme drinking events. The second and third

outcomes relate to dependence syndromes in terrtesngiorary mental disturbances (in ii)



or serious impairments (in iii). These codes wenesen based on our discussions with
public health researchers working on the area oblall-related hospitalisations. We
combine this data with population estimates fromtiStics New Zealand to calculate

admission rates per 10,000 population for eachgagep.

The key advantage of this data, apart from beingimidtrative with little measurement
error especially in the key variable of age, id tha know the exact date of each admission.
This allows us to examine age-specific time-tremdslcohol and related admissions in
much greater detail than with the NZHS. On the dade, we only observe hospital
admissions, which are obviously the consequendeafy misuse and hence do not tell us

about the behavior of the average teenager asredgby the NZHS.

4.2 Regression Discontinuity Design Estimates fospitalisations

The MLDA was reduced from 20 to 18 on Decemberdb9land the law change took effect
immediately. As a consequence, a comparison ofitabsaimissions for a particular age-
group shortly before the policy change to justrafieould reveal the causal impact of the
MLDA (along with the other changes brought about 3lyAA1999). Of course, simply
taking a single month before and after the poliegrge would likely overestimate the true
policy effect because of heavy drinking of the BBykar-olds “celebrating” their new legal
drinking status. Moreover, hospital admissions temdhe seasonal and December in New
Zealand is the end of the university year, thetsthrsummer and the time for many
Christmas parties.

A sensible before/after comparison would therefemeooth alcohol-related admissions
before and after the policy change, and then inéérgny shift in the locally smoothed

average at December 1, 1999 as the causal effdot oéduction in the MLDA on outcomes

for the age-group being examined. This is precisehat is done in a sharp regression
discontinuity design (RDD). The key identificati@ssumption with this approach is that
any discontinuity in an outcome at the time of k& change is not caused by something
else changing at exactly that same time. We knomoddther policy change that occurred at
the same time so believe that this assumption dhaalt.

More formally, the model we estimate can be writien

y = o + 5t + g*(time) + ¢ (time) + & 2)

10



wherey is any of the three outcomes (hospitalisation tdualcohol use disorder, alcohol
intoxication or alcohol dependencel}, is an indicator for after December 1, 1999, gnhd
and g” are flexible functions ofime, with time being normalized to zero at the policy
change. The parametgrgives the causal effect of the reduction in the MLBecause of
the quasi-experimental nature of the policy. Weneste this model separately for the four
age-groups used in the D-in-D analysis; 15-17, 982D-21 and 22-23 year-olds. There
exist several approaches to estimate (2), one lemmi-) parametric with thg functions
specified as polynomial functions, the other banogparametric wittg flexibly estimated
from the data, for example through local smoothimgthods. We use both approaches and
present the results from several specificationsweln particular, we will specifyg as a
linear function with different slopes before andeafthe policy change, and contrast these

parametric results with a local linear smooth befand after the change.

Figure 1 provides a graphical illustration of thenparametric approach for the number of
admissions coded as alcohol use disorder (ICD-® Qftb0) aggregated on the monthly
level per 10’000 people in the relevant populatibor the ease of presentation, we plot
quarterly averages (marked by the grey dots), aghoall estimates are based on the
monthly data. Data are smoothed using the ruldwafrib bandwidth (Imbens and
Kalyanaraman 2012)We observe a significant shift in the number ofohtd related
admissions in December 1999 for the affected grdi$p19 year-olds), but also for the
slightly younger (15-17 year-olds) and slightly @lchge-groups (20-21 year-olds). There is
no significant shift for the 22-23 year-olds shogvthat their alcohol related admissions did
not change in December 1999. These results suggesihe reduction of the MLDA led to
an increase in alcohol-related hospitalisationsl##19 year-olds as well as for 15-17 year-
olds and 20-21 year-olds likely due to spillovexei the 18-19 year-olds to their younger

and older peers.

Table 4 shows the point estimates (and bootstrapfzediard errors) of the shift, using the
bandwidth in Figure 1, which range from about @®#4 additional admissions per 10,000
population for the 15-19 year-olds (significant e 1% level) and 0.2 additional
admissions per 10,000 population for the 20-21-péds (significant at the 5% level). If we
relate the changes for the 15-19 year-olds to teanmmumber of admissions prior to the
new policy, the effects are considerable, almostbting the average number of alcohol

related admissions.

11



We checked the sensitivity of the local linear sthow approach using two-thirds and 1.5
times the rule-of-thumb bandwidth and find littlariation in our results. Furthermore, we
estimated parametric models using linear functmigme both before and after the policy.

These estimates are also almost identical to tta lonear regressions for the 15-19 year-
olds even after including a set of control variagbier gender, ethnicity, month of the year,
day of the week and location. For the 20-21 yeds,othe estimated shift becomes 0.27
additional admissions per 10,000 population andiognt at the 1% level in the linear

specification without controls. However, the linegoecifications tend to overestimate the
shift in December 1999 due to the highly non-lindavelopment of hospital admissions

over time (see Figure 1).

Overall, our results imply that the reduction oé tiILDA from 20 to 18 led to a 75-91%

increase in alcohol-related hospital admissionsréte 18-19 year-olds, as well as a 43-69%
increase for 15-17 year-olds and a 49-73% incréas@0-21 year-olds. Our results are
gualitatively similar to Conovera and Scrimgeouf)2) who use the same data and
identification strategy, but generally our effeizes are larger and more significant. This
likely occurs because we use a much narrower defnof alcohol-related admissions that
intentionally excludes more chronic conditions, ethive show below are unresponsive to
the reduction in the MLDA. Conovera and Scrimgemyincluding these chronic conditions

in their main measure will naturally find smalliesated effects.

Notwithstanding how large these impacts are intikedaterms, they imply fairly small
increases in absolute terms because of the lowssimi rates at baseline for these age-
groups. Translating the relative impacts using jatpmn figures from 1999 implies that the
reduction in the MLDA from 20 to 18 led to approxtaly an additional 2.2-3.4 admissions
per month for alcohol use disorder for 15-17 ydds02.1-2.6 per month for 18-19 year-
olds and 1.0-1.5 per month for 20-21 year-oldshe immediate aftermath of the law
change. Another way to judge the scale of the itgp&c to compare them to seasonal
changes in admissions rates for common conditiatislarge seasonality. For example, the
mean admission rate for 15-23 year-olds in our éatahe flu varies from 0.08 per 10,000
population in January to 1.44 per 10,000 populaitioduly and that for asthma varies from
5.04 per 10,000 population in January to 13.121000 population in June. Hence, the
seasonal variation in these two conditions is 3 20dimes larger, respectively, than the
change in admissions for alcohol use disorderbaited to the reduced MLDA.
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4.3 New Zealand Vehicular Accident Data

We next examine the impact of the reduction in kieDA on vehicular accidents, in
particular those judged by the police to be alcobtdted. In New Zealand, vehicular
accidents account for more than half of total faés and are the second most common
cause of hospitalisation, after pregnancy, for agens (Kypri et al. 2002a; 2000b). Figures
for the United States are quite similar (Langley &meijers 1997) and in both countries
alcohol is the most common contributor to serioosdents for this age-group (Connor et
al. 2004). During the time period examined in théper, New Zealanders at age 15 years 6
months could, by passing a driving test, get aricdst license allowing them to drive
during the day alone or with passengers who héldl icense. A full license could then be
obtained after having the restricted license fariaimum of 12 months and passing a more
comprehensive driving test. This regime was quneilar to that in many less urban US

states.

We were able to obtain from the Ministry of Trangptata on every vehicular accident (i.e.
cars, trucks and motorcycles) in New Zealand frodatuary 1996 to 31 December 2007
that resulted in an injury (and hence would beketi to suffer from underreporting since
New Zealand has a fully subsidised public healtesy). Detailed information is available
on the location, time, date and circumstances efatcident, e.g. was it raining, was the
driver speeding, etc. Furthermore, we know theadisvgender and exact date of birth and
whether the police believed that the accident weshal-related. Alcohol involvement can
be identified using a 3-digit code that indicataspected alcohol use and whether a person
was given a breathalyzer or blood test to detexthall. We code accidents as being alcohol
related if the alcohol test results were positivettee police suspected that alcohol was
involved and a negative alcohol test was not ressbréd\gain, we combine this data with
population estimates from Statistics New Zealanddlzulate admission rates per 10,000

population for each age-group.

4.4 Regression Discontinuity Design Estimates fenidular Accidents

We use the exact same RDD approach as for alcelaikd hospitalisations to estimate the
impact of the reduction in the MLDA on alcohol-rteld vehicular accident$ As in Figure

1, Figure 2 shows the development of alcohol-relatecidents over time from January 1996

19 We also investigated looking at the impact on welir fatalities involving alcohol, but these arecls
uncommon events for youth that our estimates werg ¥nprecise.
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to December 2007. Again, for the ease of presematve aggregate the number of traffic
accidents to quarterly averages for each age-giaqi7, 18-19, 20-21, and 22-23 year-olds
marked by the grey dots. We also calculated a liiwabhr smooth based on the monthly
averages using a rule-of-thumb bandwidth beforeadi®a the drinking age reduction.

The results suggest that there are no immediafes shitraffic accidents due to the policy
change. All graphs are almost smooth in Decemb88.1%he only exception is the slight
upward trend in accidents for the 18-19 year-olighe few months prior to the policy
change. Table 5 displays the coefficient assocmaiddthis graph shift, which indicates that
the reduction in the MLDA led to a 0.28 reductionalcohol-related accidents per 10,000
people which is weakly significant at the 10% lewébwever, changing the bandwidth has a
substantial impact on this estimate (from a sigaiift coefficient of -0.34 to an insignificant
-0.16) such that we conclude that this is not alstaffect. Overall, Table 5 indicates that
the reduction in the MLDA had no immediate impagtadcohol-related accidents for any of
the four age-groups. This holds for the local Imeegression, as well as for parametric
linear models that control for the driver’'s gendig type of vehicle, month of the year, day
of the week, time of the day and location.

Kypri et al. (2006) used similar data from the pdrof December 1, 1995 to November 30,
2003 to examine the same question. They used adesibyn-D estimator that compares
changes before and after December 1999 for 15-d8718r19 year-olds to those for 20-24
year-olds and found significant increases in altoélated crashes for both age-groups.
However, their estimates did not control for eitbhanges in demographic composition or
accident type over time, or for differential trendsalcohol-related accidents for different
age-groups. We show in Table 7 below that, if warege a similar simple D-in-D model

we also get similar results, but once controlsiierdriver’s age, gender, the type of vehicle,
month of the year, day of the week, time of the,daryd location are added and, in
particular, we allow for age-specific time-trends alcohol-related crashes, the D-in-D

results are now consistent with our RDD findings.

4.5 Sensitivity Checks and Impact Heterogeneity

Apart from varying the bandwidth and comparing salvepecifications, we conducted a
series of additional checks regarding the validifythe RD identification that are all
available by request from the authors if not presgnFirst, we extended our calculations to
the next older age group, the 24-25 year-olds, fardl no evidence for a shift in either
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alcohol-related hospitalisations or vehicular aenid. Second, the New Zealand parliament
approved the change in the legal drinking age igust 1999, four months prior to the
effective change. One might suspect that youthsséeljl their behavior in anticipation of the
new law and that hence any estimated shift in Déeerh999 underestimates the true policy
effect. However, allowing for behaviour to changéh& end of August 1999 and dummying
out the announcement period yields qualitativehilgir results (see Tables 4 and 5, row
with announcement period). Third, we use the failett in November 2006 on a bill that
would have returned the drinking age to 20, disedss more detail in the background
section, as a placebo test and find no evidence sifift in hospital admissions or traffic

accidents at that date.

Fourth, we tested for the possibility that we arekipg up some other trends in alcohol
consumption that are not actually related to thenge in the MLDA. One way to
distinguish this is to compare alcohol use disomg¢ated admissions, as in Figure 1 and
Table 4, with other alcohol-related hospitalisasiathat should be unrelated to the law
change. Specifically, we looked at admissions eelabd alcoholic intoxications and alcohol
dependence. The former is an acute measure thlatd@sc intoxications with ethanol,
methanol, 2-propanol and other alcohols. Since #reygenerally consumed by addicts and
other heavy drinkers we would not expect changeshmn MLDA to impact these
hospitalisations. Nor should we find a change fleolaol dependence which is a chronic
condition. We also examine the impact on non-altoélated vehicular accidents. Table 6
presents the results from this exercise. While tseove a shift in intoxication admissions,
this is only for the 20-21 year-olds, which is Ifksome artefact of the data. We do not find
any shifts in the dependence measure or in norialgelated accidents, as one would
expect if our identification strategy is correct.

We also examined separate impacts by gender anttiggtfor these two outcomes, as well
as for overall alcohol consumption. While most omtes vary a good deal across this
groups, in general, relative impacts were a sinsizae and no important heterogeneity in the
impact of the changes in the drinking age were doun

4 .6 Difference-in-Differences Estimates

As discussed in the background section, since thieypchange also increased access to
alcohol along with reducing the MLDA, our RDD estites are estimating the impact of the
whole SLAA1999 package. However, if the impacthd dbther policy components is similar
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for youth as well as for 22-23 year-olds, then aniD estimator will identify just the impact
of the MLDA. Of course, the trade-off with this appch is that the further one gets away
from the policy change, the more likely that otrege-group specific changes might

contaminate the results.

In Table 7, we present the results from estimabrg-D models similar to equation (1) for
alcohol-related hospitalisations and vehicular @egis. We include a full set of age and
time dummies, and interact the age-group idensifier the 15-17, 18-19, and 20-21 year-
olds with indicators for one year prior, one yeastp 2-3 years post and three years or more
post the policy change. This allows us to investigahether the shifts in alcohol related
admissions are persistent, and whether trafficdeodts increased more over time in the
affected age group than in the reference group2e22 year-olds, which looks the case in
Figure 2. Moreover, by including the interaction éme year prior to the law change, we can
evaluate whether we are picking up some genera thends unrelated to the policy and

thus check the validity of our identification stgy.

Columns 1-3 show the results for alcohol-relatedpital admissions and columns 4-6 for
traffic accidents. In each block, we build up theedfication from the basic D-in-D

framework described above, to including a set oitrads as before, and finally to allow for
age-specific time trends. Overall, none of the gaar prior interactions are significant,
suggesting that we are identifying the impact oé tpolicy change and that the
announcement period does not matter for these maso

We find strong and persistent effects in the hagpitimissions for the 18-19 year-olds. For
the 15-17 year-olds, the effect vanishes aftera@8syd-or the 20-21 year-olds, the effects are
strongest 2-3 years after the policy. A possiblplaxation for this pattern could be peer
group effects and changing group compositionst,Rinere might be immediate spillovers

to peers explaining the significant effects for tie17 year-olds, and the weakly positive
effects for the 20-21 year-olds in the year afer drinking age had been lowered. In the 2-3
years after period, individuals have become olé&tive to their age at the policy change,
affecting the behavior of their new age-group. Heritis not surprising that we find the

largest effects for the 18-19 year-olds in the qubihree years after the policy when the
composition of that group has changed such thafdimer 15-17 years-old from the late

1999 period are included (and possibly other effdtan the law change play a role).
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For the traffic accidents, our results suggestpbssibility of long-term effects for 15-17
and 18-19 year-olds. However, in both cases, thmated effects are insignificant once we
control for age-specific time-trends. Combined vihik lack of short-run effects, the results
here are consistent with other factors influencatcphol-related vehicular accidents for
teenagers relative to 22-23 year-olds besides hHamge in the MLDA. They are also
consistent with the effects of the MLDA taking l@mgo materialise, which unfortunately is

something that is difficult to identify using thepirical strategies considered in this paper.

5. Does An Age-Based Regression Discontinuity Design Work?

In this section, we estimate the impact of the MLIDANew Zealand using the approach
taken in a number of recent papers, including Gagseand Dobkin (2009) and Yorik and
Yoruk (2011), namely RDD where the running variailsleage and the discontinuity occurs
at exactly the MLDA. We do this for both the preadapost-reform periods with the
discontinuity at an individual’s 20th birthday inet pre-reform period and 18th birthday in

the post-reform period. The regression model eséichbere can be written as:
y = o + f*dMLDA + g-(age) + g+(age) +¢ 3)

wherey indicates a vehicular accident with alcohol ineshent, dMLDA is an indicator for
age above the MLDA, ang/ and g° are flexible functions ofage, with age being
normalized to zero at the MLDA. If nothing otheathlegal status changes discretely at the
MLDA, then the parametef gives the causal effect of changing the MLDA. Whole the
same estimation approaches as above in the esimmatti(2), i.e., a parametric approach
with the g functions specified linear, and the other beingparametric withg flexibly

estimated from the data using local linear regogssihe results are reported below.

Figure 3 shows that before the policy change treefittle evidence for a shift in vehicular
accidents at the MLDA, which is confirmed by th¢ireates reported in Table 8. However,
when looking at the after policy change period 22007, we observe an upward shift of
about 0.08 alcohol-related accidents per 10'00Quiatipn at the MLDA threshold of age
18! These results are very similar across local limegressions and the parametric linear

models (which also includes controls for gendgoetpf vehicle, month of the year, day of

1 Yearly (1996-2007) age-based RDD regressions geovery similar results compared to the pooled age-
based RDDs, with slightly less precision due tograller number of cases. We therefore confineatugs to
the pooled results, the results of the yearly regjoms are available from the authors upon request.
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the week, time of the day, and location, plus maithirthday). Moreover, allowing for a 6
months adjustment period after becoming legal ¢fuihg e.g. Carpenter and Dobkin 2009)
has little impact on our estimates. Taken at faalee; these results indicate that having the
MLDA at 18 increases alcohol-related vehicular dents by around 25%.

However, given that the results in the previougisec which identify the impact of the
MLDA using the policy change itself, show no impaftmoving the MLDA to 18, we
believe the results here provide strong evidene¢ @n age-based RDD is likely to give
misleading evidence on the average impact of cingngi MLDA, which is the policy
relevant question. As discussed in the introductisa suspect the main reason that this
occurs is because RDD is a LATE estimator and haece only identifies the impact of the
MLDA on outcomes for individuals whose behaviour thanged by being just
younger/older than the MLDA. In this context, thes#l only be rather inexperienced
drinkers who are the most likely to be negativehpacted by their newly found access to
alcohol. A second, more technical reason, why déiselts from the two RDD methods might
deviate is that the age profile of the number dfieglar accidents with alcohol involvement
in Figure 3 is inverse u-shaped with a peak arages 18-20. Thus, when comparing local
smooths just below and above the MLDA, an RDD agginolikely picks up this non-
linearity which may have little to do with the trimpact of the MLDA.

It is interesting that we do not find any eviderfoe a discontinuity in alcohol-related
vehicular accidents at age-20 in the pre-reformogeWe suspect that this also relates to
the LATE interpretation. Anecdotal evidence suggebkat the age-20 MLDA was weakly
enforced, hence a RDD focusing on that MLDA ideasifchanges in behaviour for a small
subset of people who live in areas where thisss teue, which in New Zealand is likely
urban areas. If these individuals are also morporesible drinkers or more experienced or
less frequent drivers then we would expect to seallsr or zero effects of the MLDA.
Alternatively, perhaps there are no differencesehbecause by age 20 even very

inexperienced drinkers in New Zealand are sensibteit drinking and driving.

6. Conclusion

In 1999, the New Zealand Parliament voted by aomamajority to lower the minimum
legal drinking age from 20, where it had stood si®69, to 18. This paper examines the
impact of this reduction on alcohol use, alcohddted hospitalisations and alcohol-related
vehicular accidents among teenagers. We focus timtbe behaviour of individuals directly
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affected by the change and those who were unaffdaieé whose access to alcohol might
have changed (e.g., slightly younger individualBhe quasi-experimental nature of the
change allows us to identify the causal impact efal age restrictions on alcohol
consumption on a number of youth behaviours. We tuse complimentary empirical
approaches, difference-in-differences with indidlduaged 22-23 used as the control group
against which effects on 15-17 and 18-19 year-@dds measured and a regression

discontinuity design (RDD) to examine the impactha law change.

Our paper makes three major contributions to theeat literature on the impact of
MLDAs. First, by examining a fairly recent policha@nge in a country, New Zealand, that
has similar drinking habits to the US and a simNWdtDA prior to the law change we are
able to provide arguable the best evidence sorfavlmat might be the impact of lowering
the MLDA in the US on a number of outcomes for youBecond, we highlight the
importance of examining multiple outcomes and adhgfinterpreting relative changes
when baseline rates are low. Third, by comparirgulte from a RDD which uses time
before/after the policy change as the running Wéiand the date of the policy change as
the discontinuity to results using the approactcudised above with age as the running
variable and the MLDA birthday as the discontinuiye are able to judge whether the
second approach, which is commonly used, is likelgive policy relevant estimates of the

impact of changing the MLDA.

Our main findings are that lowering the legal dintgkage did not appear to have led to, on
average, an increase in alcohol consumption orebdrgnking among 15-17 or 18-19 year-
olds. However, there is evidence that the law chded to a significant increase in alcohol-
related hospital admission rates for 18-19 yeas;oéd well as for 15-17 year-olds. While
these increases are large in relative magnitudsy, #ne small in the absolute number of
affected teenagers. We also find no evidence fomarease in alcohol-related vehicular
accidents at the time of the law change for anyagers. Finally, we show that using a
RDD design to compare individuals just younger th@n drinking age to those just older,
has the potential to give very misleading resufish® impact of changing a MLDA.

Overall, our results support the argument beingartadgroups like Amethyst Initiative and
Choose Responsibility (see http://www.choose resibdity.org/proposal/) that the legal
drinking age can be lowered without leading to éamgcreases in detrimental outcomes for
youth. The current age limit of 21 in the US ishag than in Canada, Mexico and most
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western European countries. The arguments agamaring the drinking age typically
include the idea that even, if a new steady-statd & lower drinking age might be
beneficial, the transition to that new steady-statght be very costly. The evidence in our
paper from a country with drinking habits very danito the US suggests that this does not

have to be the case.

However, it is important to emphasise that our ltesior New Zealand are specific to the
policy change that occurred there. Our resultseatisn 5 suggest that the previous 20-year-
old drinking age might not have been particuladijent for 18-19 year-old New Zealanders
and there is strong anecdotal evidence that it Mgsly enforced (Casswell and Zhang
1997). In fact, a large component of the SLAA19%swhat, while access to alcohol was to
be made less restrictive, legal restrictions werebé enforced more thoroughly. For
example, the new law changed the rules relatinigtmr licences and bar management,
allowing bars to be fined for promoting excessiwamsumption and increasing fines for
selling to minors or people already intoxicatedeTaw also introduced an ‘evidence-of-

age’ regime that incentivises sellers to requestgdraphic identification for proof-of-age.

In a situation like this, it is quite likely that éhange in the MLDA from 20 to 18 only

impacted a small subset of very law abiding ancpeeenced drinkers. This is consistent
with our findings of a lack of impact on alcoholnsmmption for the average drinker and
alcohol-related vehicular accidents, but an inaeaslcohol-related hospitalisations. Given
that many/most US college students have the aliditpurchase alcohol (Wechsler et al.
2002), it is quite possible that a reduction in keDA in the US to 18 or 19 would have a

similar impact as what occurred in New Zealandhwliétrimental outcomes only increasing
for a small subset of very law abiding and inexgreeed drinkers. This would be consistent
with the results from the current research using d&ige-based RDD design, which, as
discussed above, under standard assumptions anhidps an estimate of the LATE, which

in this case is the change in the examined outctone2l-year-olds whose behaviour

changes because of the MLDA. Finding large diffeemnin outcomes for this group of

likely very inexperienced drinkers is entirely cmtent with our findings for New Zealand.
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Figures and Tables

Figure 1: Hospital admissions related to alcohol use disorder
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Source: NZ hospital admission data, own calculations. Notes: Vertical axes: number of admissions per month
per 10,000 in age group population. Admissions related to alcohol use disorder according to ICD V9 diagnoses
codes 3050. Reading example: 0.8 in upper left diagram means 8 admissions per 100,000 in age group 15-17yrs
in a given month. Reduction in legal drinking age from 20 to 18 in 12/1999 (solid vertical line). Dots mark

quarterly averages. Smoothed line based on local linear regression with rule-of-thumb bandwidth.



Figure 2: Vehicular accidents with alcohol involvement

15/17yrs 18/19yrs

0 | 0
o gl o &l
8w A S
s S
» 0 | a9 |
E- A
() ()
5 3| -\/\J/_/
(8] [$]
(5] o
@ @
w“— L0 w— 0 4
SIS 5 '
** *

o - o4

T T I T T T T T T T T T T
01/96 12/97 12/99 12/01 12/03 12/05 12/07 01/96 12/97 12/99 12/01 12/03 12/05 12/07
Months Months
20/21yrs 22/23yrs

0 | o]
o S o s
S+ S+
s” S
B0 | 39 |
- T
(] (]
3 =d \\,I_____’——-—/’_ o \/J-
[$] [$]
[$] [$]
@ @
w— 0 w— 0
i 59
** *

o o

T T T T T T T T T T T T
01/96 12/97 12/99 12/01 12/03 12/05 12/07 01/96 12/97 12/99 12/01 12/03 12/05 12/07
Months Months

Source: NZ vehicular accidents data, own calculations. Notes: Vertical axes: number of vehicular accidents per
month per 10,000 people in age group population. Reading example: 1.5 in the upper right diagram means 15
vehicular accidents with alcohol involvement per 100,000 people in the age group 18-19yrs in a given month.
Reduction in legal drinking age from 20 to 18 in 12/1999 (solid vertical line). Dots mark quarterly averages.

Smoothed line based on local linear regression with rule-of-thumb bandwidth.



Figure 3: Vehicular accidents with alcohol involvement by age
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Source: NZ vehicular accidents data, own calculations. Notes: Vertical axes: number of vehicular accidents
per month per 10,000 people for a given age. Legal drinking age 20 (before policy change, left graph) or
18 (after policy change, right graph) indicated by dashed vertical line. Dots mark averages over pre-policy
period (left) or post-policy period (right) for a given age (age in quarters). Smoothed line based on local

linear regression with rule-of-thumb bandwidth.



Table 1: New Zealand Health Survey Ages 15-23

Year 96/97 Year 02/03 Year 06/07
mean  se mean  se mean  se
A. Drinking and related outcomes
Drinking alcohol (yes/no) 0.805 (0.013) 0.857 (0.010) 0.834 (0.010)
Frequency of drinking 3.243  (0.127) 3.081 (0.104) 3.136  (0.107)
Number of drinks 4093 (0.117) 4262 (0.093)  3.978  (0.087)
Total alcohol consumption 19.95  (1.080) 16.84  (0.696) 16.92  (0.738)
Binge drinking (yes/no) 0.193  (0.013) 0.185  (0.011) 0.193  (0.010)
Injury after drinking (yes/no) 0.102 (0.010) 0.098 (0.008) 0.094 (0.008)
B. Population structure
Age group 15-17yrs 0.364 (0.016) 0269 (0.012)  0.392 (0.013)
Age group 18-19yrs 0.175 (0.012) 0240 (0.012)  0.178 (0.010)
Age group 20-21yrs 0231 (0.014) 0239 (0.012)  0.216 (0.011)
Age group 22-23yrs 0230 (0.014) 0253 (0.012) 0213 (0.011)
Female 0.495 (0.016)  0.499 (0.014)  0.502 (0.013)
C. Ethnicity
Pakeha/European 0.701  (0.015)  0.667 (0.013)  0.595 (0.013)
Maori 0.141 (0.011)  0.165 (0.010)  0.176 (0.010)
Pacific 0.081 (0.009)  0.068 (0.007)  0.078 (0.007)
Asian 0.071  (0.008)  0.092 (0.008)  0.124  (0.009)
Other 0.006 (0.003)  0.008 (0.002)  0.026 (0.004)
D. Further background
Log(household income) 10.68  (0.021) 10.43  (0.024) 10.68  (0.027)
Urban (as opposed to rural) 0.909 (0.009) 0.876  (0.009) 0.896  (0.008)
Index of deprivation deciles 5.556  (0.100) 5.967 (0.077) 5.788  (0.075)
Number of observations 937 1351 1495

Source: NZHS, own calculations. Notes: Frequency of drinking measured by number of times having at least
one drink per month. Number of drinks on a typical day when drinking, zero else. Total alcohol consumption
is the product of frequency and number. Binge drinking indicates having 6 or more drinks per occasion at

least once per week. Reported numbers are sampling weighted means. Standard errors in parentheses.



Table 2: Outcomes by age group

Age groups

15-17yrs  18-19yrs 20-21yrs 22-23yrs
Drinking alcohol (yes/no) 0.702 0.851 0.871 0.865

(0.026)  (0.026)  (0.024)  (0.023)
Frequency of drinking 1.935 3.388 4.267 4.150

(0.170)  (0.255)  (0.308)  (0.283)
Number of drinks 3.224 4.936 4.444 4.404

(0.194)  (0.268)  (0.252)  (0.228)
Total alcohol consumption 12.91 21.86 25.40 23.63

(1.681)  (2.016) (2.583)  (2.353)
Binge drinking (yes/no) 0.133 0.261 0.216 0.212

(0.019)  (0.032)  (0.029)  (0.027)

Injury after drinking (yes/no) 0.127 0.111 0.073 0.084
(0.019)  (0.023)  (0.018)  (0.019)

Number of observations 1230 776 849 928

Source: NZHS, own calculations. Notes: See Table 1 for a description of variables.

Sample means in 1996/97, standard errors (in parentheses).



Table 3: Difference-in-differences results NZHS

Drinking Freq. of = Number Log total Binge Injury aft.
alcohol drinking of drinks  consump. drinking  drinking
(1) (2) (3) (4) (5) (6)
A. Without controls
Age 15-17 x Year 02/03 0.040 0.066 -0.413 -0.021 -0.086* -0.101%**
(0.041) (0.429) (0.376) (0.148) (0.043) (0.033)
x Year 06/07 -0.003 -0.417 -0.498 -0.193 -0.111*%*  -0.079**
(0.038) (0.397) (0.349) (0.137) (0.040) (0.031)
Age 18-19 x Year 02/03 -0.008 0.805 -0.442 0.100 -0.006 -0.014
(0.045) (0.469) (0.410) (0.162) (0.048) (0.036)
x Year 06/07 0.012 -0.029 -0.305 -0.070 -0.057 -0.026
(0.045) (0.472) (0.412) (0.162) (0.048) (0.037)
Age 20-21 x Year 02/03 -0.049 -1.063**  0.042 -0.185 -0.032 0.009
(0.043) (0.453) (0.395) (0.156) (0.046) (0.035)
x Year 06/07 -0.024 -0.168 -0.149 -0.063 -0.011 -0.015

(0.042) (0.444) (0.387) (0.153) (0.045) (0.034)
B. With controls

Age 15-17 x Year 02/03 0.013 -0.241 -0.759%*  -0.174 -0.109%*  -0.110%**
(0.038) (0.409) (0.352) (0.135) (0.042) (0.033)
x Year 06/07 -0.052 -0.807**  -1.097*FF  -0.4209%FF  _0.147FFF  -0.092%F*
(0.035) (0.379) (0.327) (0.126) (0.039) (0.031)
Age 18-19 x Year 02/03 -0.030 0.554 -0.603 0.005 -0.020 -0.020
(0.041) (0.447) (0.383) (0.147) (0.046) (0.036)
x Year 06/07 -0.025 -0.301 -0.579 -0.205 -0.074 -0.035
(0.041) (0.449) (0.385) (0.148) (0.047) (0.036)
Age 20-21 x Year 02/03 -0.058 -1.185%*  -0.072 -0.242 -0.040 0.004
(0.040) (0.432) (0.370) (0.142) (0.045) (0.035)
x Year 06/07 -0.081**  -0.593 -0.685* -0.298**  -0.042 -0.030
(0.039) (0.423) (0.363) (0.139) (0.044) (0.034)
Number of observations 3768 3764 3752 3750 3765 3766

Source: NZHS, own calculations. Notes: For a description of variables see Table 1. Column 4 uses the
log of total consumption plus 1. Each model includes a full set of single age and survey year dummies.
Control variables: female, priority stated ethnicity, log of household income, urban, deprivation index.
Heteroscedasticity-robust and age-group cluster-adjusted standard errors in parentheses.

¥ p <0.01 **p<0.05 *p<0.1



Table 4: Shift in hospital admissions in month of legal age reduction

Age groups
15-17yrs  18-19yrs  20-21yrs  22-23yrs
Mean number of admissions before change 0.588 0.514 0.398 0.366
Local linear regression
Rule-of-thumb bandwidth 0.305%#*  0.427***  (0.218%*  0.070
(0.105) (0.095) (0.085) (0.109)
2/3 x rule-of-thumb bandwidth 0.270%*  0.442%%*  (0.237**  -0.082
(0.120) (0.108) (0.103) (0.126)
3/2 x rule-of-thumb bandwidth 0.253%F*%  0.439%**  (0.241**  0.083
(0.120) (0.108) (0.103) (0.126)
with announcement period 0.406***  0.470%F*  0.288*** (.184*

(0.108)  (0.135)  (0.109)  (0.106)

Linear model w/o controls 0.334***  0.398%**  (0.270*** 0.127
(0.086)  (0.087)  (0.099)  (0.078)
Linear model w/ controls 0.338***  0.383*** (0.197* 0.186*

(0.090)  (0.091)  (0.096)  (0.089)

Source: NZ hospital admission data, own calculations. Notes: Local linear regression as in Figure 1.
With announcement period calculates shift from August to December 1999. Linear model includes a
trend before/after the policy, and and indicator for after the policy (reported number). Control variables
include gender, ethnicity, month of the year, day of the week, and location. Robust/bootstrapped
standard errors in parentheses. ***p <0.01 **p <0.05 * p<O0.1.



Table 5: Shift in vehicular accidents in month of legal age reduction

Age groups
15-17yrs  18-19yrs 20-21yrs 22-23yrs
Mean number of accidents before change 0.501 1.168 1.096 0.986
Local linear regression
Rule-of-thumb bandwidth -0.027 -0.277*  -0.030 -0.112
(0.084) (0.165) (0.145) (0.126)
2/3 x rule-of-thumb bandwidth -0.004 -0.338**  -0.134 -0.169
(0.077) (0.159) (0.141) (0.121)
3/2 x rule-of-thumb bandwidth 0.003 -0.160 -0.036 -0.181**
(0.062) (0.114) (0.094) (0.073)
with announcement period -0.121 -0.120 0.127 0.033

(0.088)  (0.127)  (0.134)  (0.124)

Linear model w/o controls -0.008 -0.169 0.013 -0.069
(0.083) (0.108) (0.106)  (0.103)
Linear model w/ controls -0.104 -0.227 -0.039 -0.019

(0.080)  (0.125)  (0.116)  (0.132)

Source: NZ vehicular accidents data, own calculations. Notes: Local linear regression as in Figure 2.
With announcement period calculates shift from August to December 1999. Linear models include a
trend before/after the policy, and an indicator for after the policy (reported number). Control variables
include gender, type of vehicle, month of the year, day of the week, time of the day, and location.

Robust/bootstrapped standard errors in parentheses. *** p < 0.01 **p < 0.05 * p <O0.1.



Table 6: Shift in alternative outcomes in month of legal age reduction

Age groups
15-17yrs  18-19yrs 20-21yrs 22-23yrs

A. Alcohol intozication

Mean number of admissions before change 0.142 0.125 0.126 0.137
Local linear regression 0.023 0.008 0.064**  -0.024
(0.022)  (0.031)  (0.028)  (0.035)
Linear model w/o controls -0.019 0.030 0.065* -0.007
(0.019) (0.035) (0.036) (0.046)
Linear model w/ controls -0.014 0.040 0.087**  -0.010

(0.021) (0.042) (0.041) (0.051)
B. Alcohol dependence

Mean number of admissions before change 0.040 0.103 0.117 0.145
Local linear regression -0.008 0.010 0.038 0.039
(0.058) (0.070) (0.063) (0.069)
Linear model w/o controls -0.006 0.007 0.032 0.027
(0.054) (0.069) (0.059) (0.065)
Linear model w/ controls -0.010 -0.004 -0.044 0.045

(0.062)  (0.083)  (0.073)  (0.066)

C. Non-alcohol related vehicular accidents

Mean number of accidents before change 4.386 7.094 6.396 5.357
Local linear regression -0.389 0.244 -0.191 0.076
(0.211) (0.372) (0.317) (0.307)
Linear model w/o controls -0.315 0.376 0.070 0.351
(0.445) (0.310) (0.322) (0.268)
Linear model w/ controls -0.336 0.353 -0.095 0.007

(0.273)  (0.390)  (0.418)  (0.387)

Source: NZ hospital admission and vehicular accidents data, own calculations. Notes: Alcohol intoxication
includes all admissions with V9 diagnoses codes 2914, 3030; alcohol dependence includes all admissions
with V9 diagnoses codes 3039, 2910-3, 2915, 2918-9, 3575, 4255, 5353, 5710-3. Local linear regression with
rule-of-thumb bandwidth. Linear models include a trend before and after the policy, and an indicator
for after the policy (reported number). Control variables as in Tables 4 and 8. Robust/bootstrapped
standard errors in parentheses. *** p < 0.01 ** p <0.05 * p <0.1.

10



Table 7: Difference-in-differences results for hospital admissions and vehicular accidents

Hospital admissions

Vehicular accidents

(1) (2) 3) (4) ®) (6)
Age 15-17 x lyr pre 0.078 0.043 -0.016 0.144 0.101 0.076
(0.098) (0.098) (0.084) (0.099) (0.102) (0.105)
x lyr post 0.282**  0.260**  (0.244** 0.231**  0.113 0.067
(0.124) (0.125) (0.109) (0.114) (0.112) (0.122)
X 2-3yrs post 0.252%**  0.226**  (.238** 0.214**  0.126 0.055
(0.087) (0.092) (0.112) (0.089) (0.086) (0.122)
x 3yrs+ post 0.023 0.038 -0.136 0.221%%%  0.137* 0.011
(0.070) (0.084) (0.163) (0.072) (0.071) (0.165)
Age 18-19 x lyr pre 0.056 0.020 0.019 0.047 -0.010 -0.024
(0.094) (0.099) (0.091) (0.134) (0.130) (0.130)
x lyr post 0.361***  0.344%*%*  (.421%** 0.053 -0.036 -0.064
(0.127) (0.127) (0.113) (0.141) (0.131) (0.133)
X 2-3yrs post 0.265%**  0.221%*  (0.371%** 0.125 0.079 0.037
(0.094) (0.099) (0.126) (0.112) (0.108) (0.119)
X 3yrs+ post 0.431%F%  0.423%**  (.496*** 0.342%*%*  0.253*%**  (.176
(0.070) (0.081) (0.188) (0.087) (0.083) (0.120)
Age 20-21 x lyr pre 0.104 0.089 0.016 -0.060 -0.113 -0.116
(0.107) (0.106) (0.096) (0.131) (0.122) (0.122)
x lyr post 0.215 0.195 0.160 0.063 -0.055 -0.068
(0.132) (0.123) (0.110) (0.135) (0.133) (0.133)
X 2-3yrs post 0.255%%%  0.216**  0.205 -0.030 -0.111 -0.132
(0.096) (0.096) (0.126) (0.111) (0.107) (0.109)
x 3yrs+ post 0.148%%  0.145* -0.063 0.015 -0.046 -0.085
(0.072) (0.075) (0.174) (0.090) (0.086) (0.095)
Controls no yes yes no yes yes
Age specific time trends no no yes no no yes

Source: NZ hospital admission and vehicular accidents data, own calculations. Notes: See Tables 4 and 8.

Heteroscedasticity-robust and age-group cluster-adjusted standard errors in parentheses.
¥R p <0.01 *Fp<05 *p<0.1.
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Table 8: Shift in vehicular accidents at legal drinking age

Before policy change After policy change

(1996-1999) (2000-2007)
Mean number of accidents just below MLDA 0.287 0.239
Local linear regression
Rule-of-thumb bandwidth -0.018 0.076%**
(0.019) (0.017)
2/3 x rule-of-thumb bandwidth -0.009 0.065%**
(0.027) (0.022)
3/2 x rule-of-thumb bandwidth -0.022 0.076%**
(0.018) (0.014)
with adjustment period -0.014 0.085%**
(0.021) (0.020)
Linear model w/o controls -0.025 0.099***
(0.024) (0.014)
Linear model w/ controls -0.020 0.090%**
(0.022) (0.013)

Source: NZ vehicular accidents data, own calculations. Notes: Mean number of accidents reported for age
just below MLDA as reference. Local linear regression as in Figure 3. Linear models include a linear-in-
age function for below and above the legal drinking age, and an indicator for above the legal drinking age
(reported number). Control variables include gender, month of birth, type of vehicle, month of the year,
day of the week, time of the day, and location. Adjustment period excludes ages MLDA plus 6 months to
account for ‘party mode’ after becoming legal. Robust/bootstrapped standard errors in parentheses.

X p<0.01 **p<0.06 *p<0.1.
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