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Abstract: Road safety has become an increasing concern in developed countries due to the
ggnificant amount of mortal victims and the economic losses derived. Only in 2005 these
losses rose to 200.000 million euros, a dgnificant amount — gpproximately the 2% of its
GDP- that eadly judtifies any public intervention. One tool used by governments to face this
chdlenge is the enactment of dricter policies and regulaions. Since drunk driving is one of
the most important concerns of public authorities on this fidd, severd European countries
decided to lower ther illegd Blood Alcohol Content leves to 0.5 mg/ml during the last
decade. This study evauates for the firg time the effectiveness of this trangtion usng EU15
panel-based data (CARE) for the period 1991-2003 using the Differences-in-Differences
method in a fixed effects edtimation that dlows for any pattern of corrdation (Cluster-
Robust). The results show the existence of poditive impacts on certain groups of road users
and for the whole population when the policy is accompanied by some enforcement
interventions. Moreover, a time lag of more than two years is found in that effectiveness.
Findly, | aso assart the importance of controlling for serid corrdation in the evauation of
thiskind of policies.
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1. Introduction.



In the programme to promote road safety in 1997 the European Commisson
estimated yearly losses related with road accidents in 45.000 million euros? This esimation
increased dfter the EU enlargement to 200.000 million - approximately the 2% of its GDP- in
2005.2 Two thirds of this quantity are spent in medicd care, police intervention and vehicle
repairing cods. The rest represents a waste of economic production caused by deaths and
injuries Thus, this edimation gives a strong argument to consder the reduction of road
accidents as an economic objective for governments and judifies the implementation of
costly measures.

It is dready proved and socidly accepted that acohol consumption has a dramétic
impact on driver’s ahbility to drive. The European Commisson consdered in 2003 that at
least 10.000 road users died every year in acohol-related accidents costing about 10.000
million euros in socid vadue. For that reason governments try to discourage drunk driving
using specific regulations worldwide.

One common policy implemented in developed countries has been setting or lowering
Blood Alcohol Content (BAC) illegd limits® Especidly in Europe, this policy has a long
tradition and recently has lived an imperfect process of homogenisation since 1994.* From
that year on, most former EU15 countries lowered ther illegd BAC limits, usudly set a the
level of 0.8 mg/ml, to the level dready established in other few countries. a BAC limit of 0.5
mg/ml. Since this process is dmost completed, it is time to evauate its results. Therefore, the
objective of this dudy is the evduation of the effectiveness of lowering illegd Blood Alcohol

Content limitsto 0.5 mg/ml as away to fight againgt road fatditiesin Europe.

1 COM (97) 131. Promotion of road safety in the European Union 1997-2001.

2 More than 41.000 lives were lost and 1.9 million were injured that year, some of them severely according to
the Directorate-general for Energy and Transport of the European Commission.

3 A BAC level isthe number of grams of ethanol per litre of blood.

* We call it imperfect process of homogenization because some countries never lowered that limit and still have
anillegal BAC limit of 0.8 mg/ml.



This study contributes to the literature in severa ways. Firdly, as far as | know, thisis
the fira evaduaion of BAC policies that uses international pand-based data for the former
EU15 countries. Secondly, this research aspire to fill another gap, since few dsudies evauae
the trandtion from higher BAC limits to the 0.5 mgiml leve.®> Fndly, the most recent and
technicdly accurate studies which used Differences-in-Differences in pand-based data to
evduate BAC changes — Dee (2001) and Eisenberg (2003) -, did not condder serid
correlation problems. This absence can generate a downward bias in standard errors that
could overestimate the effectiveness of lowering BAC levels. Therefore, the last contribution
comes from solving this problem by taking into account not only the heterogeneity caused by
deding with different countries, but also the existence of serid corrdation.

Our man results show how lowering illegd BAC limits to 0.5 mg/ml has been an
effective policy to save lives in particular road user groups in Europe. From these groups we
can emphasize the case of males, to whom it has been especidly effective in urban areass, and
the case of dl drivers between 20 and 49 years old. However, 0.5 mg/ml illegd BAC limits
ae not found datigicdly ggnificant for the whole population unless it is accompanied by
gpecific enforcement activities as random checks on the road. Moreover, | find an important
time laglonger than two years in the effectiveness of the policy.

This sudy is organised as follows. In section 2 | describe the evolution of the
legidative process that leaded to the homogenisation in BAC limits empheszing the role
taken by nationd and European ingtitutions. In section 3 | introduce the related literature that
has sudied the effectiveness of setting and lowering BAC levels focusing our atention on
the most recent and accurate studies that used pand-based data and Differences-in
Differences as a method of evauation. In sections 4 and 5 | explain the methods, data and

variables employed. In section 6 | provide the main results while in section 7 | assert the

® The literature was mainly focused in the American experience where several states lowered their illegal BAC
levelsto 0.8 mg/ml by the end of 1998. None of them established alower limit.



importance of controling by serid corrdation in the evauation of this policy. Findly, some
concluding remarks are reported in section 8.

2. European and national legislationson BAC limits.

In Europe, the illegd Blood Alcohol Content (BAC) leves have dways been
edtablished by nationd legidations. However, the European inditutions have not remaned
impassve and their concern pushed the European Commisson (EC) to propose a draft
Directive in 1988 in order to harmonise illegd BAC limits a the levd of 0.5 mgml in dl
member states® In that moment only Finland, Netherlands, Portugd and Sweden aready had
this limit in ther naiond legidations. The proposal did not succeed because severa member
states denied the competence of the European legidaion’ Although the Directive did not
prosper, many member states having higher BAC limits decided to accommodate them to the
levd recommended during the following decade as | show in Table 1. Despite of this,
thinking that their decison was only taken because of this frustrated Directive would be too
nave, especidly if we take into account that the first reforms were not undertaken until 1994.
However, it is far to consder the Commisson’'s proposad as the first important attempt to
dam for agenerd reduction of BAC limitsto the leve of 0.5 mg/ml across Europe.

Belgium and France were the firs two countries that decided to reduce ther BAC
limits to 05 mg/ml in 1994 and 1995, respectively. Later, in April 1997, the EC launched a
new programme to promote road safety which included the revival of the 1988 draft® Again,
the programme clamed for a reduction in illegd BAC limits but the responghility was left to
the nationd legidation This programme was more successful than the 1988 draft because

five countries (Audtria, Denmark, Germany, Spain and Greece) decided to join to the 0.5

6 COM (88) 707. The Commission explains that this level was chosen after some studies and investigations and
took into account the public acceptance that the new limit would have and the effectiveness of the reduction.

’ This proposal was rejected by the Council of Transport Ministers in 1989 where the member states that were
against the proposal (United Kingdom, Netherlands and Germany) claimed that there was no Community
competence to act and no soundly justification.

8 Promotion of road safety in the European Union 1997-2001. COM(97)131.



mg/ml group during the firs two active years of the programme, making clear an important
convergence towards a common prohibited BAC leve.

Table 1. Changes Adopted in the lllegal BAC Limits. EU15 (1991-2003).

Country Changesin illegal BAC limits | BAC limit (mg/ml) in 2006
during 1991-2003

Audria January 1998 0.5
Bdgium December 1994 0.5
Denmark March 1998 0.5
France July 1994 / August 1995 0.5
Fnland - 0.5
Germany April 1998 0.5
Greece March 1999 0.5
Luxembourg - 0.8
Irdand April 1994 0.8
Italy July 2002 0.5
Netherlands - 0.5
Portugal - 0.5
Span May 1999 0.5
Sweden - 0.2
United Kingdom - 0.8

The last effort arrived in 2001 when, dill in the lagt year of the same programme, the
EC published a Recommendation that pursued the same objectives and included the
reduction of illegd BAC limits as one of the most important measures to promote road
safety. In that Recommendation the EC edablished the recommended BAC limit for the
European Union in 05 mgm.°® The EC asked to the countries that dready had the
recommended level to continue the tendency reducing this limit as low as possble. On the
other hand, the Commisson invited the rest of members to join a least to the group of 0.5
mg/ml. As a consequence, Itay was the only remaining member that reduced its illegd BAC
limt after the Commisson's Recommendation while Irdand, Luxemburg and United

Kingdom preferred to keep the 0.8 mg/ml BAC limit.*°

® European Comission’s Recommendation 2001. Official diary L 43 de 14.2.2001.

109'|_ooking at Table 1, the reader can notice a change occurred in Ireland twelve years ago. Ireland had a higher
illegad BAC level before 1994 and decided to lower it to the level of 0.8 mg/ml. Although there is some
discussion in the country about the convenience of lowering it again, no decision has been undertaken yet.



As a result of the process above, 12 member dates of the former EU15 have a
permitted BAC level equa or lower than 0.5 mgiml a the moment.!* Three countries aready
fulfilled this condition before 1991 and 8 changed their nationd legdation between that year
and 2003 to enjoy the same Situation.

Fndly, it is worth noting that besdes of the European Commisson’s activity and the
national objectives, a regiond peer expanson of policy enactment seems to have occurred if
we condder the chronology reported in Table 1. Belgium and France lowered ther limits
between 1994 and 1996 to 0.5 mg/ml while Netherlands dready had this limit. On the other
hand, Audria, Germany and Denmark aso homogenised their limits during the same year.
Fndly, the Mediterranean countries - Greece, Spain and Itay - have been the last group to
reduce and set the common BAC limit since 1999.'? United Kingdom and Irdland never
reduced their limits to the recommended one, while on the contrary, Sweden and Finland
have kept a drict policy with low BAC limitsfor along time before 1991.

In concluson, we have seen how the European countries have individualy decided to
harmonise ther illegd BAC limit to 0.5 mg/ml usng thar nationd legidation but ingoired by
the European Commisson's activity. A peer effect based on regions seems to have been
redlevant as well. This process, which gdarted in the middle of the last decade, is amost
finished and only three countries remain out of it.

3. Related literature.

The economic literature has been interested in road accidents for a long time. Recent
sudies usudly atempt to evauate the effectiveness of public policies and regulations aganst

road fadities Mandatory seat bet devices, vehicle safety ingpections or speed limits are

1 The unique country that established a lower BAC limit is Sweden who having aready 0.5 mg/ml since 1957,
decided that was time to decrease it again to 0.2 mg/ml in 1990. Portugal also passed a reduction in 2001 to
force zero consumption but after one year they returned to the 0.5 mg/ml. level because of economic pressures
and no significant effectiveness.

12 gpain and Greece also lowered their illegal BAC limit within the same year 1999 to 0.5 mg/ml. Portugal and
France already had thislimit.



some recurrent examples. However, we are interested in those policies and regulations amed
for reducing acohol-related road fatalities.

It is socidly accepted that dcohol consumption is one of the main determinants of
road crashes. Economic and medicd literatures also support this idea. Levitt and Porter
(1999), Moskowitz and Forentino (2000), Zador et al. (2000), Compton et a (2002) and
Kedl et a. (2004) are just some recent examples of scientific sudies and medica reviews
that prove the negative effects of dcohol consumption on driver's skills. As a consequence,
policies that were designed to fight againgt drunk driving have been of great rdevance in the
last two decades, becoming a favourite target for policy evaluators.

Some researchers have recently andysed severd acohol-rdated laws and facts.
Baughman et d. (2001) and McCarthy (2003), for example, devoted their works to the
importance of acohol avalability and acohol access laws on road safety outputs. On the
other hand, Saffer (1997) sudied the role of adcohol advertisng as a contributing factor of
road fadities while taxes, prices and other drinking laws were explored by Ruhm (1996),
Benson et d. (1999) and Y oung and Likens (2000).

Apat from the mentioned above, the Minimum Legd Drinking Age (MLDA) laws
and the illegd BAC limits have been the two mogt treated regulations by the literature. The
concern caused by the huge amount of acohol-related accidents suffered by young drivers
and recent regulatory changes undertaken in USA could explain the particular reevance that
these regulations enjoy.*®

Table2. Previous Literature on 0.8 BAC Limits Evaluation.
Sudy L ocation Results

NHTSA (1991) State of California(USA) 12% decline in alcohol related fatalities

13 Cook and Tauchen (1984), Asch and Levy (1990), DuMouchell et a. (1987), Saffer and Grossman (1987),
Wagenaar (1993) are just some interesting studies and reviews of the evaluation of changesin MLDA in USA.



NHTSA (1994) Five States (USA) Significant reductionsin a cohol involvement
Johnson and Five States (USA) Significant reductionsin alcohol-related
Fell (1995) fatal crashesin 4 states
Rogers (1995) State of California (USA) Mixed Results
OTS (1995) State of California (USA) Mixed results

Hingson et a. (1996)

Five States (USA)

Reduction in alcohol involvement

Fosset a. (1998)

State of North Caroline

No clear effects

(USA)
Apder et al. (1999) 11 States (USA) Significant reduction in alcohol
involvement only in two states
Hingson et a. (2000) Six States (USA) 6% declinein alcohol-related fatal crashes

Columbia (USA)

Voaset a. (2000) 50 States and District of Decrease in the alcohol involvement
Columbia (USA)
Shults et a. (2001) 50 States (USA) 7% reduction in measures of al cohol-related
Dee (2001) 48 States (USA) 7.2% declinein thetotal fatality rate
Eisenberg (2003) 50 States and District of 3.1% reduction in fatal crash rate

Source: Table adapted from Fell and Voas (2003). NHTS: Nationa Highway Traffic Safety Administration

(USA).

The literature on the effectiveness of BAC changes has shown mixed results. As
Eisenberg (2003) points out, this is not surprisng because of the limitations and vaying
levels of accuracy carried out in those studies’* Table 2 shows some of these interesting
previous studies. Mogt of them based their andyses on weak research design, smal samples,
comparison problems and limited data, making impossble to get solid conclusons. Others

present too short post-policy periods or do not control for smultaneous policies that can

14 See Fell and Voas (2003) for aliterature review on the evidence of lowering BAC laws.




confound the rea effectiveness of lowering illegd BAC leves. In addition, few dudies tried
to control for unobserved characteridtics that can vary from one dtate to another by usng a
wide st of explanatory varigbles. However, it is not possble to capture dl the heterogeneity
by adding a large number of covariates. Therefore, none of them achieves a robust evauation
due to at least one of these briefly exposed problems.

On the contrary, Dee (2001) and Eisenberg (2003) do not suffer the drawbacks above
mentioned and represent, as far as | know, the most technically rigorous and accurate studies
published so far. They use a large pand of anud date-level data covering the period 1982-
2000 for USA federa doates and introduce fixed effects to capture the unobserved
heterogeneity.’® Moreover, severad concurrent policies (Minimum legd drinking age, seatbelt
laws, adminidrative license revocation, etc.) are introduced in the anayses to avoid
confounding factors that could bias the estimates Other time varying covariates like
unemployment and vehicle-miles driven are dso used. In both studies results seem to support
the effectiveness of lowering illegd BAC levels to 0.8 mgml in USA.'® Dee (2001), for
ingance, finds a reduction in the totd fataity rate of 7.2% associaed with the new illegd
BAC levd, while Eisenberg (2003) finds a reduction rate of 3.1% in the fatad crash rate. In
paticular, the policy seems to be egpecidly effective in the reduction of young fadities, on
weekends and during the night time. The last contribution offered by Eisenberg (2003) was
the timing effects evauation. He found an important dday of 6 years in achieving tha
effectiveness that do not drictly contradict the main result but introduces some doubts about
how the policy works.

Despite of being the most rdevant dudies published, Dee (2001) and Eisenberg

(2003) did not take into account the possble serid corrdation that can aise using

15 Cook and Tauschen (1984) and Evans and Graham (1988), as far as we know, are probably the first studies
that introduced fixed effects in the road safety literature. Ruhm (1996), for example, shows the goodness of this
methology in the evaluation of road safety measures.

1 They also find statistically effective the implementation of 1.0 BAC limits in places where no BAC
legislation existed before. Eisenberg (2003) finds a higher effect associated with the 0.8 BAC level.



Differences-in-Differences methods with a large pand and a highly time corrdaed
dependent variable. For that reason, their estimates could be downwards biased, as it is
explained in Bertrand et d. (2004), overestimating the effectiveness of the palicy.

All studies described above are focused on the reduction of illegd BAC limits to the
levd of 0.8 mg/ml. This study attempts to evduate the next step: the trangtion to 0.5 mg/ml.
Unfortunatdly, the literature on 0.5 BAC limits is much more scarcer. Bascdly, a mgor part
of these works are just national or regiond reports that support the reduction of illegd BAC
limits by comparing pre-post datisticd daa Other scientific studies just present the same
technical limitations mentioned before in the description of the 0.8 literature. From this group
of 0.5 BAC dudies | can mention Hendridge et a. (1997) for Audrdia, Bartl and Esberger
(2000) for Audria, Bernhoft (2003) for Denmark, Mercier-Guyon (1998) in the case of
France, and findly Noordzij (1994) for Netherlands. None of these works uses an
internationa  European pand to dudy this trangtion, meaning that the current research can
fill arelevant gpace in the evauation of such an interesting policy.

To conclude this section, | want to highlight the man contributions of this study to
the literature, which is twofold: first, this research is the firs one to estimate the effect of
lowering illegd BAC limits in Europe udng pand-based data from former EU15 countries
and fixed effects and second, it is the firs one that takes into account serial corrdation in
edimating the effect of changes in illegd BAC limits avoiding the usud overestimation
suffered by previous works.!’

4. Empirical strategy.

This dudy uses severd fatdity raes for the former EU15 countries for the period

1991-2003 to evauate the impact of the reduction of illegd BAC limits that some countries

" However, this is not the first study that controls for serial correlation in the road safety literature. Dee and
Sela (2003) was, as far as we know, the first study that started this estimation strategy in evaluating speed limit
changesin USA.



undertook during that time intevd. The mehod chosen is a dight extenson of the
Differences-in-Differences estimation procedure specified as a two way fixed effects mode
that takes the following form:

Yst:XstB+ng+Ws+Vt+es[ (1)

where Yq is the chosen dependent variable (Fatdity rate), X« contains the vector of time-
varying control covariates and Zg is the policy dummy vaiable tha | am evduating. As
usud, ws and v are state-specific and year-specific fixed effects and ey is a meanzero
random eror. State fixed effects control for time-invariant date-specific omitted variables
and year dummies control for nationd trends. The key dement of this Difference-in
Difference modd is the parameter d which measures the difference between the average
change in the fadity rates of the treatment group (countries that have a BAC leved of 0.5
mg/ml or lower a some point during the period sudied) and the average change in the

fatadity rates of the control group (those countries that kept a higher BAC levd).

Spedificaly,

d=[E(Ya/G=1)-EYs/G=1)]-[E(Ya/G=0-EYs/G=0)] (2

where Yg and Ya denote the road fatdity rate before and after the reformand G =1and G =0
denote treestment and control group observations, respectively.

One of the most basc assumptions of Differences-in-Differences modes is that the
tempord effect in the two groups of dates is the same in the absence of intervention. This is
cdled the fundamental identifying assumption and it is described as the equality between
average changes in the two groups in the absence of intervention. As Gdiani, Gertler and
Schargrosdky (2005), | test for the equality between average changes in the two groups in the

pre-treetment period to assess the plaushility of the fundamenta identifying assumption.

10



This kind of tests are as important as forgotten in the Differences-in-Differences applied
literature.

The drategy condsts on consdering only the pre-treatment years from each treated
country, excluding observations from treated years. In addition, | add the observations from
each control country for the whole period.!® Once | have the observations of interest |
edimate equation (1) but now with two important changes. Fird, | use separate time
dummies for trestment and control countries because it alows us to check whether the time
trends in the pre-trestment period were the same; and second, | drop out the policy dummy
vaiable.

The reaults of the test tel us that we cannot daidicdly rgect the hypothesis of
having the same time trends in the pre-treatment period for control and treatment groups, and
according to Heckman and Hotz (1989), this vdidates the man Differences-in-Differences
identifying assumption. °

Another concern in udng Differences-in-Differences to evauae the impact of any
policy across heterogeneous individuas is to make sure that | do not have endogeneity
problems that biases the policy effects. Bertrand et d. (2004) points out that Differences-in
Differences models can avoid many of these endogeneity problems but they can ill be one
important limitation. As Bedey and Case (2000) dates, policy change is purposeful action
and can rady be treated as experimental data Therefore, further research is needed to
understand what drives policy makersin each case of study.

In our case | cannot test a policy equation but | can try to find whether any pattern on
the evolution of fadity rates and the decison of lowering BAC leves exists. One could
reasonably think that those countries who undertook the policy might have observed a bad

shock in fatditiesin their recent past.

18 We can use the whole period for the control countries because some countries that still keep high BAC limits
(United Kingdom, Ireland and L uxembourg) never changed the law during the period considered.
19 Results from this test can be obtained upon request due to space limitation.

11



Table 3. Ratesof Change in the Fatality Rate Beforethe 0.5 BAC Limit Enactment
(Treated Countries).

Change Last ChangelLast Two Annual Average
Country Year! Years? Change since 19913
Audria 7% -9% -6%
Bdgium -1% -12% -6%
Denmark -5% -17% -4%
Germany -3% -10% -5%
Greece 3% 1% 0%
Span 6% 8% -5%
France -2% -10% -5%
Italy 0% 5% -2%

1. Change in the fatality rate suffered in the last year before setting the 0.5 BAC limit.
2. Change in the fatality rate observed in the last two years before setting the 0.5 BAC limit.
3. Averagerate of variation in the fatality rate since 1991 until the enactment year.

The rates of variation consgtructed taking into account the last pre-treatment years for
each treated country and reported in Table 3, reved that we camot clearly identify this
pattern. Actudly, only few countries passed new illegd BAC levds after suffering postive
rates of varidion in the last pre-trestment years. However, it is true that the rate of change
observed for the last pre-treetment year is dightly lower than the annua average change
gnce 1991 for most of the countries. In spite of this, al countries except Spain and Greece,
show good reaults for the lagt two years, making unlikely that governments consdered what
happened in the latest period an important trend change. Moreover, only Audria and Spain
suffered a redly important growth in the fatality rate in the last pre-trestment year. For these
reasons seems too grict to believe that BAC limits were lowered generdly because of bad
shocks in the short past.

Other two possble explanations are the peer effect expanson and the role of the
European Union in its fight agangt road fadities The detaled description of the legd
chronology exposed in the previous section show how regions seem to have rdevance in the
enactment process of illegd BAC limits. At the same tme, we camot forget the implication
of the European Commisson and the programme launched to promote road safety in 1997,

which recommended the 05 BAC Ilimit and was followed by severd countries. Both

12



explanations did not represent any endogeneity problem and cannot promote mideading
conclusons.

In the last effort to overcome the endogeneity concern, | follow the drategy of
Eisenberg (2003) and check the time pattern of policy effects with respect to the date of
adoption. Our god is to address unobserved factors like attitude shifts that can be partly
responsible for the enactment of dricter policies. This test condsts on the same basic modd
(1) introduced earlier but now usng binary varigbles related to the time distance respect to
the adoption year indead of the policy dummy. Results of the test tel us that no sgnificant
time patterns are found before the enactment.?°

Findly, Betrand et d. (2004) find that most papers that employ Differences-in
Differences edimation ignore serid corrdation problems even when they use many years of
data and dependent variables likely to be seridly corrdated?® We cannot forget that the
edimated effect of the policy is the common OLS edtimate. This generates standard errors
that severdly understate the standard deviation of Differences-in-Differences estimator in the
presence of serid correaion In order to correct this bias Bertrand et a. (2004) propose
different solutions that gpply depending on sample characterigics. Given the number of
states | have in this study the method that performs better according with their Montecarlo
smulations is dlowing for an abitrary vaiance-covariance marix.??> For that reason, the
results exposed below take into account not only heteroskedasticity but dso serial corrdation
within dates, and this represents one important difference between this study and the most
advanced literature focused in the evauaion of BAC laws?® As it is wel known, this
method is based on the edstimation of the variance-covariance matrix alowing for al arbitrary

of correlation. The estimator used takes the following form:

20 Results can be obtained upon requestion due to space limitations.

2L Three causing factors are found in Bertrand et al. (2004): Long time series, serial correlated dependent
variables and a treatment variable that changesitself very little within a state over time.

22 See Bertrand et al. (2004) to check asummary of their Montecarlo simulations for different number of states.
2 The same strategy is used by Dee and Sela (2003) in the evaluation of changes in speed limits.
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V=Xt (A W) (Cx)? ®

i=1
o
U=a 6&tXt
t=1
where V represents the variance-covariance estimator, X the matrix of independent variables
and N the number of groups (states). On the other hand, e; is the State-year specific resdud
24,25

and x;; the vector of independent variables.

5. Dataand variables employed.

This research is based on the European database CARE (Community database on
Accidents on the Roads in Europe), which started collecting data in 1993 and provides
information on annual road casudlties reported by the countries that form the EU25.%° The
Council created this Community database on road safety outputs (Fatdity Rates, Totd
Fadities, Totd Injuries, etc) in order to make possble to identify and quantify road safety
problems in the continent.?” Thus, CARE contains state-level data since 1991 until 2004 for
the EU25. However, we are interested in the homogenisation in illegd BAC limits occurred
during the last decade, just before the EU enlargement. For that reason | use only data related
to the former EU15 countries. In addition, | only use data up to 2003 because the rest of
variables are not dways avalable for that last year. As a consequence, | have a sample based
on 15 countries during 13 years for the Totd Fatdity Rates (195 observations).

The best characterigtic of this database is that CARE dlows explaiting its high leve
of disaggregation, making possble the use of different fatdity rates depending on severd

victim groups. The available groups are divided by gender, age, zone and kind of road user.

24 |n fact, this is known as the White-like formula to compute standard errors (White, 1984). Also see Arellano
51987) for adeeper understanding.

® Since this method is only valid assimptotcally, we apply the finite sample adjustment used by STATA: N-
V(N-k) * M/(M-1), where N is the number of observations, k the number of regressors including the constant
and M the number of clusters.
26 This database can be consulted on-line http://ec.europa.eu/transport/roadsafety .
27 Council Decision 93/704/EC.
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Unfortunately, for some reason CARE does not contain disaggregated data for Germany.
Therefore, | use 14 countries in the andyss of disaggregated dependent variables (182
observations).

The rest of variables are found in internationa databases like Eurostat, WHO Europe,
World Bank Deveopment Indicators and the World Road Statistics. The policy variables
used are found in nationa and European reports. In Table 4 | show the explanatory varigbles
used in this research and their descriptive atigtics for the whole sample.

Severa dependent variables are used depending on the age group and gender of the
victims, and on the areas where they were killed. These dependent variables are just the
fatality rates per 100.000 inhabitants of each population group or the fatdity rate per 100.000
Km driven.?® Unfortunately, CARE does not contain the later. To cover this lack and
compare both rates, at least for the aggregated rates, | use data avalable in the WHO
database for Europe.?®

Table 4. Explanatory Variables. Definitions and Descriptive Statistics

Explgnatory Description M ean S.D.
variables
U”G“FE";Z' nent Unemployment Ratein %. 8748 | 4.296
0,
Growth Rate Raed Chf:')?:?%( fgroggif el GDP, 2.750 2.617

Motorization Number of passenger cars per 1000 inhabitants. 418.536 | 93.768
Annua number passenger cars-Km expressed

Vd;'r?\z,] Km in 2000 million km and weighted by the netiond 9146 | 2.452
population.
Upper secondary % Population between 16-64 years-old
Education with upper secondary education. 55911 | 18.270
—
Motorways Proportion in % of Motorways (km) over the 1312 0.935

tota road network.

28 A ccording to Eisenberg (2003), the literature traditionally uses as output measures these fatality rates because
of their accuracy and relevance for policy makers.
29 World Health Organization Regional Office for Europe (HFA -DB Database).
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Proportion in % of National Roads (km) over the

National Roads total road network 8.942 5.105
. Binary varidble: 1 for purpose and non-purpose

Minimum Legd - .
Drinking Age minimum legd arinking age for al beverages. 0.592 0.491

0 Otherwise.

Binary variable: 1 for countries with driving
Points License license that depends on a system based on points. 0.174 0.377
0 Otherwise.

Binary variable: 1 for countries that alow the
Random Checks | redization of random breath or Blood tests on the 0.779 0.416

road. 0 Otherwise.
Binary variable: 1 Countrieswith anillegd BAC
BACO05 limit of 0.5 mg/ml or lower. O for higher illegd 0.504 0.495
BAC limits
BACOS + Binary variable: 1 for coqntri&that alow random
Randorm Checks checks and keep anillegd BAC levd of 0.496 0.497

0.5 mg/ml. 0 Otherwise.

Before describing the control variables it is worth noting that including a large list of
socioeconomic covariates avoids confounding factors that can bias the impact of the policy
by keeping them congtant and can dso give us a better understanding of which factors may
influence road fatditiesin Europe.

In Ruhm (1996) we saw that macroeconomic variables can hep us to improve our
esimation because road fatdities and acohol consumption are usualy prociclyca.*® For that
reason | include unemployment and economic growth rates to account for economic cycle.

Besdes of macroeconomic varigbles, | aso add some covariates more related with
trangportation and the use of vehicles. These variables are Motorization and Vehide-Km. |
dso include infragructure varigdbles to catch the possble effect that quaity and road
characterigtics can have on driving. These variables are Motorways and National Roads (%
of the tota network) and are not usudly consdered by the literature. The educationd
background of the population between 15 and 64 years old is aso taken into account as an

additional socioeconomic covariate.

30 See Evans and Graham (1988) and Ruhm (1995) for a deeper discussion on these relationships.

16



The regulatory binary variables form the last group of covariates. Ruhm (1996), Dee
(2001) and Eisenberg (2003) show that it is important to introduce different laws related with
road fadities to avoid confounding effects that may aise in the evduaion of a particular
policy if other legd reforms were undertaken smultaneoudy. For that resson the Minimum
Legd Drinking Age (MLDA) and the Points License ae introduced as potentidly
smultaneous policies. The first one takes value 1 for daes in years when they have a clear
Minimum Lega Drinking Age for purpose and non-purpose drinking and for dl acoholic
beverages, and O otherwise. The second one takes vaue one in date-years in which this
system of driving license based on points is in effect and 0 otherwise! Although | could use
other potentidly rdevant policies, it is important to preserve degrees of freedom. The choice
of these two policies is arbitrary but follows the criteria of being comparable across dates,
managesble given the differences across nationd legidations, and the presence of within
group variation in some countries for the period studied. Additiondly, | avoid those policies
that the literature agreed to have no impact on road fatalities or present mixed results.

Findly, the expected key policy variadble that serves to evduate the effectiveness of
lowering Blood Alcohol Content legd limits is named BACO.5. This variable takes vadue 1 in
daes and years when a country has an illegd BAC limit of 0.5 mg/ml or lower, and O when
this limit is higher®® A fractiond correction is applied for cases in which the policy was
implemented a some point during the year. Moreover, Dee (2001) explains thet it is not only
important to control by the policy of evaduation, but dso by the level of enforcement that
exigs. For this purpose | use the variable Random Checks to control for the enforcement of

this policy. Random Checks identifies countries that authorise and undertake random breath

31 The use of Points License as a concurrent policy variable is especially interesting because it is mainly an
European policy that has been recently undertaken in some countries and has not been deeply studied so far.

321t is important to point out that Sweden, for example, has a 0.2 mg/ml BAC limit for the whole time series

and Portugal presented the same BAC limit in 2001. These facts justifies why we control for BAC levels of 0.5
mg/ml or [ower .
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tests on the road. In addition, | aso create a new explanatory binary varidble that is formed
by the interaction between lowered BAC limits and random checks to capture whether there
is a different impact when the policy is accompanied or not by this reasonable enforcement
activity.

6. Main results.

The edimation results for the tota fatdity rates ae reported in Table 5.
Specifications (1) and (2) show that the coefficients associated with the 0.5 mg/ml BAC limit
are not dgnificant nather for the tota fatality rate per population nor for the totd fatdity rete
per Km driven. On the contrary, when | use as a key policy variable the interaction between
BAC limits and Random Checks in models (3) and (4) | find an important negetive impact
even & the 5% levd of ggnificance in the latter modd. This result suggests that lowering
BAC leves does not have a globd impact unless this regulation is enforced in practice by
random checks on the road. Thus, when these two regulatory measures go together both
fatdity rates seem to decline subgantidly. The fatdity rate on population declines a 4.3%
while the fatdity rate on km driven fdls a 6.1%.

Macroeconomic variables do not seem to have a strong role on road fatdities in
Europe. Only growth rates seem to have an impact on fatdity rates on specifications (1) and
(3). Thus | cannot rgect the procyclica effect of road fatdities but it seems to be weaker
than expected.

On the other hand, the coefficient associated with the country motorization is highly
ggnificant in dl spedifications. It is worth noting that the negative sgn it shows can be
explaned by the levd of trangport deveopment achieved by the country. There is an

important negative correation between development and accidents, since more developed

33 Alcohol consumption is not included even knowing its strong impact on road fatalities, because it is directly
affected by the regulation | am evaluating.
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countries usudly enjoy better infrastructures, safer cars, more organised regulations and
more police interventions. Thus, the number of cars per 1000 inhabitants may be considered
as aproxy for the achieved transport devel opment.

Interesting results are obtained regarding the road infrastructure variables. The
coefficient associated with Motorways, the best type of road and therefore the safedt, is
dways drongly dgnificant across gpecifications and presents negative sgn. Moreover,
Nationd Roads, that are roads of a lower quaity than motorways but where users drive 4ill
fad, presents pogtive dgn and dgnificant coefficdent in modds (2) and (4). This result
suggests that road system’s qudity and characterigtics play arelevant role as well.

Hndly, the upper secondary education variable is dgnificat in dl modds except in
gpecification (1) and has postive impact. One possble explanation is that more educated
people usudly travel more often and enjoy more leisure. This would act as a proxy of
income, varidble that the literature usudly finds postive related with accidents because of the
podtive correlation that exists between income and both acohol consumption and vehicle
use.

Recent works on road fatdities as Eisenberg (2003), Dee and Sda (2003) and
Grabowsky and Morrisey (2004), have studied the impact of road safety measures on
different victim groups. | aso follow this drategy dividing fatdities into age and gender
groups. In addition CARE aso dlows to include the difference between urban and non-urban
fatdities to check where the policy has been more effective. Table 6 shows the results of
aoplying specifications (1) and (3) to each age group. Lowering BAC limits seems to be
effective for people between 20 and 49 years old. A reduction around 10.5% is found in
victims between 20-40 years old and a decline of 8% for the 40-50 age group. Older groups

do not seem to be affected by the change in the policy.
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In Table 7 | show the results for gender groups and zones** Males seerrs to be the
gender group affected by the policy causng a decrease of 5.7% in their fataity rate. On the
contrary, the policy seems to have no impact on femde fataities, may be because therr law
fulfilment was dreedy higher.

Once we introduce the area where the accident happened | do not find any difference
until 1 put together gender and zone. Once they joined | observe only one affected group by
the policy: Mades in urban areas. The reduction estimated is 9.5 or 10.9%, depending on the
BAC varidble usad as it is shown in Table 7. However, no impact is found in non-urban
zones. This result could be explained by the fact that nonturban fatdities can be caused by
other problems more related with speed, deepery and road characteristics. These factors are
more likely to be the mogt rdlevant in non-urban than in urban driving where the speed is not
usualy so high and the characteristics of roads are more homogeneous.

Findly, | tried a new combination joining age groups and zone. Nevertheless, no
dable results are found with the exception of young groups in urban zones where | find an
important effect of the policy. In Table 8 | report results for the young group by zone.

After identifying the affected groups, | am interested in the evduaion of timing
effects Eisenberg (2003) introduced this andyss in this literature and found an important lag
of a leest 6 years. In our case | replicate the drategy using binary time variables ingtead of
the 0.5 BAC policy. These new dummies are congdructed as time intervas that account for
the time after the new legidation was adopted. Because of data condtraints | construct 2
intervals. The fird one, that takes vadue one in date-years from O to 2 years after the
enactment and zero otherwise, is thought to identify short time effects. The second, that takes

vadue one from the third year of gpplication and zero otherwise, captures long term effects.

34 Models (1) and (3) are also applied here but Motorways and national roads are dropped out when we study
urban fatalities.
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Thus, | goply it only to the models where the 0.5 BAC policy was €ffective in the previous
estimations.

Reaults reported in Table 9 seem to suggest that lowering BAC levels is not generdly
effective in the short-run. What | find is that it is necessary to wait more than two years to
observe some impact. Only for maes in urban areas a short time effect is found, but the
coeffident in the long term interva is dgnificantly higher as wdl. Although | find a
ggnificant delay, our result seem to be less surprisng than the 6 years delay obtained by
Eisenberg (2003). However, | must honestly point out that this result only implies that the
effectiveness of the policy could dart in the third year but nothing can make sure that the

effects do not gart later dueto thetime intervas | have used.

Table5. Least-squar es Estimates for Semi-logs Models. Total Fatality Rates.

TFR TFR TFR TFR
I ndependent per 100.000 per 100.000 per 100.000 per 100.000
variables Population Km driven Population Km driven
©0) ) (©) (4)
BACO0.5 -0.0339 -0.0429
(0.0271) (0.0338)
Random Checks -0.0040 0.0861
(0.0758) (0.0731)
BACO0.5 + - - -0.0426* -0.0612**
Random Checks (0.0228) (0.0220)
Points License 0.00556 -0.0618 0.0072 -0.0612
(0.0411) (0.0533) (0.0402) (0.0503)
MLDA -0.0121 0.0059 -0.0102 0.0064
(0.0215) (0.0235) (0.0197) (0.0197)
Unemployment rate -0.0032 0.0009 -0.0032 0.0009
(0.0030) (0.0039) (0.0032) (0.0044)
Growth rate 0.0091* 0.0064 0.0093* 0.0057
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(0.0049) (0.0059) (0.0046) (0.0054)
Motorization -0.0019** -0.0040%**  -0.0019%**  -0.0041***
(0.0006) (0.0003) (0.0006) (0.0003)
Vehide-Km 0.0381 - 0.0381 -
(0.0436) (0.0433)
Upper Sec. 0.0046 0.0065* 0.0045* 0.0072**
Education (0.0030) (0.0036) (0.0024) (0.0032)
Motorway's -0.0478*** -0.0464***  -0.0455%**  -0,0372***
(0.0103) (0.0124) (0.0099) (0.0109)
National Roads 0.0033 0.0040* 0.0032 0.0032*
(0.0023) (0.0021) (0.0022) (0.0017)
R-5q 0.81 0.93 0.80 0.93

Standard errors are reported in parenthesis allowing for clustering by country. Each model also includestime
and state fixed effectsand aconstant term.* Statistically significant at the 10% level; ** at 5% level and *** at
1% level.

Table 6. L east-squar es Estimates for Semi-logs Models. Age Group Fatality Rates.
(Selected Results)
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Age Group Age Group Age Group Age Group
I ndependent 20-29 30-39 40-49 50-59
variables (5) (6) (7) (8)
BACO0.5 -0.1050* -0.1043** -0.0819* -0.0965
(0.0515) (0.0400) (0.0422) (0.0656)
BACO.5 + -0.0992* -0.1077** -0.0823* -0.0862
Random Checks (0.052) (0.0396) (0.0417) (0.0620)
Age Group Age Group Age Group Age Group
I ndependent 60-69 70-79 +70 + 80
variables (9) (10) (12) (12)
BACO0.5 0.0153 0.0378 -0.0767 -0.0068
(0.0638) (0.035) (0.0968) (0.0842)




BACO.5 + 0.0170 0.0424 -0.0680 0.0075
Random Checks (0.0651) (0.0332) (0.0829) (0.0877)

Each model include the rest of explanatory variables, time and state dummy variables and a constant term.
Standard errors allowing for clustering by country are reported in parenthesis.

Table 7. Least-squar es Estimates for Semi-logs M odels.
Gender and Zone Fatality Rates. (Selected results)
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Male Female Non-Urban Urban
I ndependent Total Fatalities Total Fatalities Total Fatalities Total Fatalities
Variables (13) (14) (15) (16)
BACO0.5 -0.0573* -0.0250 -0.0362 -0.0470
(0.0317) (0.0407) (0.0573) (0.0413)
BACO.5 + -.0574* -0.0232 -0.0310 -0.0678
Random Checks (0.0313) (0.0399) (0.0425) (0.0405)
Male Male Female Female
I ndependent Non-Urban Urban Non-Urban Urban
variables Fatalities Fatalities Fatalities Fatalities
(17) (18) (19) (20)
BACO0.5 -0.0470 -.0959** -0.0362 -0.0205
(0.0361) (0.0419) (0.0573) (0.0603)
BACO.5 + -0.0351 -0.1094** -0.0240 -0.0240
Random Checks (0.0402) (0.0463) (0.0601) (0.0601)

Each model include the rest of explanatory variables, time and state dummy variables and a constant term.
Standard errors allowing for clustering by country are reported in parenthesis. The variable Motorways is
excluded in the modelsthat treat  urban road fatalities.

Table 8. L east-squares Estimates for Semi-logs M odels.
Age 20-29 Group and Zone Fatality Rates. (Selected results)

Non-Urban Urban
I ndependent Age 20-29 Age 20-29
Variables (25) (21)
BACO0.5 -0.0341 -0.2830**
(0.0561) (0.0972)
BACO0.5 + -0.0341 -0.2947**
Random Checks (0.0561) (0.1031)

Two-way fixed effects estimation. The model includes a constant term and the
rest of covariates used in previous specifications with the exception of infrastructure
variablesin the case of urban fatality rate. Cluster-robust standard errorsin parenthesis.

To sum up, we have seen tha lowering illegd BAC limits has been an effective
policy for the whole population when it is accompanied by random checks on the road.

Moreover, in disaggregated cases, we have checked that males and young road users,
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especidly in urban zones, are clearly affected by the policy. The rest of drivers from 30 to 49
yeas old dso receve the podtive impact of lowering BAC levels. However, the
effectiveness of the policy do not usudly apply in the short run. The rest of victim groups do
not seem to receive any benefit from the policy.

Table 9. Timing in the Effectiveness of Lowering Illegal BAC Levels. (Selected results)

Malesin Urban
I ndependent Total Fatalities Males Areas
variables
(21) (22) (23)
After 0-2 years 0.0059 -0.0141 -0.0730**
(0.0234) (0.0287) (0.0327)
After +3 years -0.0455* -0.0683** -0.1013*
(0.0256) (0.0299) (0.0485)
I ndependent Age Group Age Group Age Group
variables 20-29 30-39 40-49
(24) (25 (26)
After 0-2 years -0.0543 -0.0288 -0.0149
(0.0469) (0.0250) (0.0506)
After +3 years -0.1322** -0.1568*** -0.0923**
(0.0505) (0.0515) (0.0413)

The same previous models are applied substituting the BAC policy variables by time interval dummies.
Cluster-Robust standard errors are shown in parenthesis. * Statistically significant at the 10% level; ** at the
5% level and *** at the 1% level.

7. Serial correlation treatment.

In section 5 | argued that scorning serid corrdation can lead sometimes to too
optimisic esimates on the effectiveness of the policy udng Differences-inDifferences
methods. For that reason in this section | provide some evidence of this by finding the results
| would have obtained forgetting serid corrdation and basng our egtimation only on
heteroskedastic-condstent standard errors like previous sudies.

Table 10 presents the results of this estimation that serves to compare with Table 5.

Now, BAC reductions would have appeared effective even in countries without random
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checks on the road while we have seen tha only when the policy is accompanied by random
checks it is actudly effective. In addition, te coefficient associated with the low BAC policy
becomes more dgnificat, adso in those edimaions that use the interacted varigble that
identifies policy and enforcement a the same time (BACO5+Random Checks). The rest of

variables do not change very sharply.

Table 10. L east-squar es Estimates for Semi-logs Modelsfor Total Fatality Rates.
White-Robust Estimation. (Selected results)

TFR TFR TFR TFR
I ndependent per 100.000 per 100.000 per 100.000 per 100.000
variables Population ~ Km driven Population Km driven
(27) (29) (29) (30)
BACO0.5 -0.0339* -0.0429*
(0.0271) (0.0338)
Random Checks -0.0040 0.0861
(0.0758) (0.0731)
BACO0.5 + - - -0.0426** -0.0612***
Random Checks (0.0228) (0.0220)
R-sg 0.81 0.93 0.81 0.93

Heteroskedastic-consistent standard errors are reported in parenthesis. Each model also includes
time and state fixed effects, the rest of covariates and the constant term.

When the same drategy is applied to the rest of fatdity rates, the ones that appeared
affected in section 6 show now even more datisicay sgnificant coefficients associated to
the BAC policy. However, only urban fataities changes from not being impacted to being
impacted, while | have shown that only mades receive the benefits of the policy in these
zones. The rest of rates of fatdity does not change and provide the same interpretations found
in section 6.

These examples make clear the importance of controlling for serid corrdation to

avoid mideading interpretations in the evaduaion of public polices under Differences-in-
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Differences in large panels. In our case of study, few mistakes would be ingpired by scorning
serid correlation but enough to confound some effects.

8. Concluding remarks.

Lowering illegd BAC levds to 05 mg/ml has been an effective policy in Europe.
However, | cannot leave this concluson without further discusson. As | have shown, the
policy is not found effective for dl road users unless some enforcement is present in the
country, dressng its importance in any policy or regulatory change. Moreover, the
effectiveness of the policy is heterogeneous depending on the age, gender and zone of the
victim group. Therefore, this can give some advice to policy-makers to understand which
groups are more likely to be affected by this and other policies reated with drunk driving.
However, we have seen that it is usudly necessary to wait more than two years in order to
obtain the pogtive influence of the policy, ruling out a short-run effect. Therefore, further
research is needed to undergtand thistime lag.

It is dso important to point out that dthough | find postive effects in the enactment
of the policy, a cost-benefit andyss is absolutely necessary to conclude whether this policy
can be recommended from an economic point of view. We can not forget that changing the
behaviour of people in this case can generate a negative impact on severa sectors (@cohalic
beverages industry, bars and restaurants, discotheques, etc.).>® Thus, we should make sure
that predicted costs do not exceed the economic benefits obtained by the policy before
recommending this tool to the countries that gill keep higher illegd BAC limits in Europe.
Thisandyssisleft for future research.

We have seen the importance of dlowing for any pattern of corrdation in this kind of
edimation to avoid possble mideading interpretations that could affect the degree of

effectiveness derived from the andyss. For that reason, | give strong arguments and some

% This negative impact can be translated in a lower alcohol consumption and therefore in lower income and
probable employment | osses.
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evidence to come under review the edimaes found by the previous literature on BAC
policies. Overcoming this problem adds another interesting contribution to the literature.

Findly, | condder that a preiminay debate on the pathways used by the policy
agang drunk driving needs to be launched. The common bdief is that lowering BAC levels
could reduce drunk driving through discouraging dcohol consumption. However, this might
not be the only possble pathway covered by the policy againgt drunk driving. Another
reasonable consequence could imply the reduction of Km travelled. This pathway could arise
through an increase of public trangport use or by changing leisure habits (less journeys, more
home meetings, waking disances, ec.). A preiminar tes not presented in the current
document seems to support that people reduce therr alcohol consumption when this policy
comes into force. However, these preiminary results are not conclusve and consequently

more robust anayses are needed to achieve a confirmation.
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