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Abstract

A renewed interest on the use of tolls for funding motorways and regulating
their demands has been recovered in the last years. However, less attention has
been put to the road safety effects derived from this policy. Although toll
motorways show quality levels equal or above free motorways, charging users
for the use of better infrastructure shifts some traffic to their low quality
adjacent alternatives. In the present study we test whether charging for the use
of the better road might negatively affect road safety in the worst adjacent

road. The results confirm our hypothesis opening a new concern.
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1.0 Introduction.

A renewed interest on the use of tolls has been recovered over the last decade. In urban
environments, tolls are mainly used to fight congestion costs while in interurban routes,
particularly in the cases of motorways, bridges and tunnels, they play a double role in
funding the infrastructure and regulating its traffic.

Concerns on congestion, distributional effects and political acceptability are the main
aspects took into account by policy makers when they consider whether to use tolls or not
when regulating the entrance to big cities or city centres. Indeed, plenty of recent literature
reveal the benefits of congestion charges in practice (Santos, 2004; Santos and Gordon,
2006; De Palma et al., 2005; Leape, 2006; Glaister and Graham, 2006; Hensher and
Puckett, 2007); while others face the public problem of road pricing acceptance
(Brownstone et al., 2003; Raux and Souche, 2004; Fujii et al.; 2004; Jaensirisak et al. 2005;
Shade and Baum, 2007).

Regarding inter-urban roads, governments usually find in toll establishment a solution to
their budget constraint, especially when facing large investment needs in road
infrastructures. The implementation of tolls due to these reasons is usually associated with
the private sector involvement and the use of standard Build-Operate-and-Transfer
franchise contract schemes (Engel et al., 2004).

It is well known, since the seminal works by Pigou (1920), Knight (1924), Walters (1961)
and Vickrey (1969), that externalities should be internalized by charging road users in order
to seek for allocative efficient outcomes. This concern was mainly thought to fight
congestion costs and less attention was devoted to other externalities that have recently
gained increasing importance like environmental effects, noise and road accidents (Verhoef
et al., 1995). For the latter case, which is the core of our analysis, Edlind and Karaca-

Mandic (2006) provide estimates on the size (and the sign) of the aggregate accident



externality of driving in the US, finding substantial negative externalities even in states with
moderate traffic density.'

Some recent works also show how accidents increase with congestion cuts, emerging a
trade-off between both externalities (Shefer and Rietveld, 1997; Dickerson et al, 2000,
Martin, 2002; Noland and Quddus, 2005). However, toll setting in practice has been usually
decided to fight congestion and funding infrastructure without taking into account road
safety outcomes.

In fact, the use of tolls has never been opened to question in terms of road safety.
Nevertheless, using tolls in order to charge the best roads may shift those road users that
are not willing to pay for the use of the tolled road (the so-called ‘rat-running drivers), even
when its quality is usually higher than its alternative road. May and Milne (2000) assert that
road charging may encourage widespread diversion onto minor routes. This effect, that
according to Verhoef et al. (1996) may be positively related with the elasticity of demand
and negatively related with the quality of the adjacent road, shifts some vehicles to the
worst route.” Some of them would have used the best road if it had been free (or less
expensive) and consequently, this diversion may also produce more accidents and victims.

For instance, Rothengatter (2004) claims that after setting tolls for heavy vehicles in
Austria truck traffic was being diverted onto streets and roads, what is a clear example of
the “rat-running” effect aforementioned. Furthermore, the potential negative safety
implications of road pricing is recognised in the DfT Feasibility Study of Road Pricing in
the UK, that stresses that “the impact of re-routing, if it were to occur, could in certain
places and at certain times result in an increase in accident levels. This is due to the

increased number of vehicles using smaller roads, not built for a high level demand, which

1 In fact, Edlin and Karaca-Mandic (2000) estimate insurance externalities by using panel data on state-average insurance
premiums and loss costs, finding that the increase in traffic density from a typical additional driver increases total state-
wide insurance costs of other drivers by $1,725-$3,239 per year.

2 Among other factors, the first effect is also dependent from the second. The rationale is the lower is the quality of the
adjacent road, the more inelastic becomes the demand for the tolled motorway due to the minimization of the generalized
travel costs, which include time but also expected accidents, carried out by the road user.



could lead to higher accident rates” (Department for Transport, 2004; p.143). Following
the same rationale, Broughton and Gower (1998) estimated that a 10 percent diversion of
motorway traffic from the motorways in Kent (UK) would increase the number of injury
accidents in its entire county by about 3 %2 per cent.’

In the present paper we try to contribute to the answer on this hypothesis, which is
whether charging users in tolled motorways, and therefore in the best quality road, damages
road safety in untolled adjacent alternatives. Indeed, results seem to support the existence
of this negative externality providing a new concern for policy makers, since it arises some
policy implications of great relevance. One of these consequences is that we should take
into account road safety effects before deciding whether to use or not tolls to fund or/and
regulate motorways. Furthermore, the decision on public investments must also consider
these factors when deciding the resources devoted to the maintenance of these adjacent
roads or the level of tolls established.

The present study attempts to contribute to both the road safety and transportation
literatures, providing a new concern that needs to be further treated because of its
importance. For instance, in terms of road safety, it is important to remember that the
number of fatalities makes of road accidents one of the main causes of death in the world
and the economic losses derived from crashes may be as high as the 2 per cent of GDP in
western economies. Therefore, improving our understanding of its determinants is of great
relevance, particularly if the factors treated were mistreated by the past literature.

This study is organized in the following form. First, we briefly introduce the related
literature that might help us in our attempt to test the main hypothesis. In the third section,

we describe the empirical strategy followed across the study and introduce the data and a

3 A previous study by Gower et al. (1998) suggested that a toll of 2.5p per mile (at 1994 prices) would produce a 10%
diversion level. Linked to this, Broughton and Gower (1998) estimated that this increase in the traffic flow would increase
the number of injury accidents in the entire county by about 3.5 per cent taking into account traffic flows and alternative
road capacities.



first descriptive analysis. The fifth section is devoted to parametric estimation and its
results. Finally, some concluding remarks are stated in the last section.
2.0 Related literature.

The relationship between tolls and road safety (in their adjacent roads) has not been a
major topic in the transportation literature yet. However, we can collect useful results from
studies that treated similar concerns regarding road safety to understand and attempt to test
the main hypothesis. Several groups of studies can be identified in the road safety literature.

First, we can mention the works inspired by the seminal work of Peltzman (1975) that try
to find the main determinants of road accidents by using different levels of sophisticated
techniques. This literature is closely related with the literature on insurance, risk and
economic behaviour. The so-called “offsetting behaviour”, for instance, has been of extreme
relevance in these fields." Loeb (1987) for determinants and Hoffer et al. (1995) and Sen
(2001) regarding the “offsetting behavionr effect” are some relevant examples.

Others, devoted their work to evaluate the effectiveness of regulatory and technical
changes and enforcement interventions in order to fight road fatalities. Some of them
treated the cases of changes in speed limits (Lave, 1985; Dee and Sela, 2003), in illegal
blood alcohol content levels (Dee, 2001; Albalate, 2008), in mandatory seat belt devices
(Garbacz, 1992; Loeb, 2001; and Cohen and Einav, 2003), in regulatiory enforcement
efforts (Welky and Zlatoper, 2007) and many other laws and public interventions.’

More related to our work, two other groups can be mentioned and more deeply
discussed. Those studies that focuse the attention on understanding which infrastructure
characteristics and environmental factors influence road safety outcomes. From this group
of studies we can mention Milton and Mannering (1998) and Falhaut (2004). The former

isolate the effects of various highway geometric and traffic characteristics. The number of

4 The offsetting behaviour describes the situation in which a driver that enjoys better safety devices or is well self-insured,
tends to drive more aggressively or take more risks as a result.
5See, for example, Loeb (1990) and Leigh (1994) for studies on vehicle safety inspections.



lanes, its length, the posted speed, or the share of heavy vehicles are found as relevant
factors having an influence on the crash risk. Besides, Flahaut (2004) finds that 2-lane
configuration is by far the most frequent type promoting road unsafety. The 2+2 lane
configuration (two in each direction), is associated to safer outcomes. However, Martin
(2002) stresses that in light traffic, the number of crashes is higher on 3-lane than on 2-lane
motorways and higher at weekends, what implies that traffic flows and consequently speed,
seem to play a more important role than infrastructure quality. In the same direction,
Noland and Oh (2004) and Milton and Mannering (1998) find that increases in the number
of lanes appear to be associated with increased fatalities and accidents.

Finally, a last group of studies treated the relationship between congestion (traffic-flows)
and accidents. Newberry (1988) and Vitalino and Held (1991) find nearly proportional
patterns, while Shefer and Rietveld (1997) and Martin (2002) show parabolic functional
relationships. Dickerson et al. (2000) also confirmed a non-linear pattern, revealing that the
neatly-proportional relationship may be erroneous since it may result from the aggregation
of heterogeneous accident-flow relationships which do not exhibit proportionality. In
particular, the magnitude of accident externality varies between road classifications and
geographical areas. For the latter, Noland and Quddus (2005) asserts that the positive
effect of congestion on safety outcomes may not be occurring in urban zones but may still
be present on motorways and high speed roads.

Furthermore, Shefer and Rietveld (1997) stresses that traffic composition plays a role too,
in the sense that more heavy vehicles in traffic adversely affect road safety, jointly to speed
factors (average and variance).’

Since congestion is identified as a negative externality, this increase in the number of
vehicles in the road offers positive externalities in terms of road safety that must also be

considered and somehow can offset part of the negative effects that arise from waste of

¢ Rienstra and Rietveld (1996) find that speed variation is higher in motorways and roads with higher speed limits.



time and pollution. In fact, as it is explained in Peirson et al. (1998), although more cars in a
road may increase crash risk, higher levels of traffic promotes a slow down in the average
speed that makes driving a safer activity by lowering probabilities of fatal accidents. Indeed,
road accidents may still continue to increase but the severity of these accidents will result in
injuries or physical damage to motor vehicles (Shefer and Rietveld, 1997). This is what
leads Noland and Quddus (2004) to claim that increasing speeds by fighting congestion
may have adverse safety consequences.

The present study takes advantage of these results in order to attempt a different
concern, which is the relationship between setting tolls in the best quality road (toll
motorways) and the accident externalities suffered for this reason in the worst quality
adjacent roads. In the next section we describe the data used and the empirical strategy
pursued.

3.0 Empirical strategy and data.

To test our main hypothesis we take advantage of the particular and exceptional situation
given in Spain. This is a country which presents tolled and untolled routes in its motorway
network.” This mixed and rare model, offers two different types of regimes that allow us to
compare the adjacent conventional freeways, which show lower quality and are quite
homogeneous in the whole country. These roads are called “National Roads” and belong
to the primary network of the state (high speed conventional roads). For all these reasons,
comparing those national roads that compete with tolled motorways, with those adjacent to
the untolled, gives us the opportunity to test whether their safety outcomes are affected by
the regime established in the high capacity infrastructure.

After describing in this section the Spanish database used and the variables employed to
test the main hypothesis, a first overview on the problem analyzed is given by using

descriptive statistics and a case study description (in the next section). This stage is thought

7 See Bel and Fageda (2005) to find the origin of this exception in the Eutopean context.



as a complement to the parametric analysis carried out later and to provide the functional
relationships that exist between safety outcomes and the rest of variables.

Multivariate analysis is presented in the fifth section. Least squares estimates are applied
to estimate the effect of being the alternative to a tolled motorway in terms of road safety,
while other factors are also considered to avoid confounding effects.

3.1 Data and variables:

Data on accidents is collected from the “Traffic Map” of the Spanish General Traffic
Directorate, which is database containing information on accidents involving victims per
km, average speeds and traffic composition from national roads and free motorways.” Since
we are only interested in those sections that compete with motorways (tolled and untolled),
we only use the data collected by the control stations established there, avoiding the use of
data related to other not adjacent sections.

This study uses the information regarding the year 2002 when 123 control stations were
placed in national roads adjacent to motorways.” These 123 stations belong to the
permanent, primary and secondary station types, which are the ones that report the
aforementioned information. Third level stations are not considered since no consistent
and robust information is available there.

Table 1 displays the variables used in the next sections, their definition and finally, their
descriptive statistics. Also, in the appendix (Al), we report their correlations.

<< Insert Table 1 about here >>

8 The Database does not offer information on toll motorways since in Spain those infrastructures are franchised to the
private sector. Furthermore, the database does not contain data on the provinces that belong to the regions of the Basque
country and Navarra.

9 The same database is available for the year 2004 but several provinces of special interest (having national roads close to
motorways) do not provide information on accidents per km, though they give the rest of information. Since these losses
are not randomly distributed in the territory and due to the downfall in the total number of observations, we decided to
carry out the study with the 2002 database. However, similar results are found using 2004 data on the variable of interest,
which is whether tolls have an impact on road unsafety. Other variables do not show the same consistency using that
database and the power of explanation of the model of estimation used is lower. These results are available upon request.



The variable used to identify road safety outcomes is the number of accidents involving
victims per km, which is the variable reported by the “Traffic Map” database." Fortunately,
since road characteristics are quite homogeneous across national roads in Spain, we do not
need to suffer from not having infrastructure characteristics in that database. In fact, we
only distinguish conventional roads and free motorways (or dual carriageways), both
competing with another tolled or untolled motorway. This binary variable which receives
value 1 when the control station is placed in a motorway and 0 when is placed in a
conventional road, is thought to capture the infrastructure quality factor that may affect
road safety. In both cases they are alternatives to a tolled or untolled motorway.

Therefore, the variable of interest in the current study is the use a binary variable to
identify, using 1 in such a case, those roads adjacent to tolled motorways, and 0 those close
to a free motorway. Information on average daily traffic (ADT) and average speeds are also
taken into account. Moreover, the database provides information on traffic composition,
displaying the data sorted by type of vehicle (light, heavy and motorbikes) and the number
of foreigners using that road.

The number of vehicles in the province where the control station is placed and the
distance from this station to the nearest big city are both also considered in the present
study.

Finally, in order to know whether being a link between two countries may make a
difference, we also introduce the variable border, which identifies those sections close to
international borders.

3.2 Descriptive analysis.

Table 2 shows some descriptive statistics for the 123 control stations chosen, first for
the total sample and afterwards sorted by type of alternative (alternative to tolled motorway

or alternative to free motorway).

10 Control stations collects data on sections of different lengths. This is the reason why the variable reflects the number of
accidents involving victims (fatalities and injuties) per km and not the absolute number.



<<Insert Table 2 about here >>

As it is shown, those national roads competing with a tolled motorway present higher
average daily traffic (ADT) - the double for light vehicles and more than three times for
heavy vehicles- and slower average speeds. More importantly, they suffer more accidents
involving victims per km than those that compete with untolled motorways. Again, their
composition also shows bigger percentages of heavy vehicles.

This information seem to point out that something different is happening in routes
which are adjacent to tolled motorways. After examining this information, one could
conclude that those routes with tolled motorways shift traffic to the untolled alternative,
which is a lower quality infrastructure and thus, more accidents happen. Since more
vehicles — particularly heavy vehicles - are placed in national roads, congestion levels and
therefore, average speed levels are also affected. This could explain why drivers usually
drive fast in those national roads adjacent to untolled motorways.

Toll motorways are usually set in those corridors accounting for higher levels of traffic
and this could explain the high number of accidents. In fact, since private franchisers
operate those infrastructures, enough traffic is needed to recover the investment and
achieve a significant financial benefit from their operation. Therefore, toll motorways are
not randomly established in the territory. This could also explain why they are usually (not
always) established in places with high economic activity and high number of vehicles in
the province, and why their average speeds respond to it. In addition, since the literature
finds that congestion helps road safety outcomes, descriptive results would suggest that
congestion may offset the effects of high traffic, but not enough to provide a decreasing
relationship.

Table 3 displays more descriptive statistics allowing for some interactions that may help
to clarify some relationships between variables. This table 3 will be of a very important

help in the interpretation of results reported by the parametric analysis in section 5.



Descriptive analysis from table 3 also suggests that those routes placed close to urban
agglomerations suffer more accidents due to high ADT, even when they report slower
speeds. The same can be added when taking into account the number of vehicles that are
driven in the province where the control station is established.

Free motorways, which are at the same time substitutes from another motorway (tolled
or untolled), are obviously showing higher speeds due to its physical characteristics, higher
ADT and therefore, more accidents per km, than the rest of national roads. Moreover, they
are placed in areas with a high motorization level, justifying the need for larger
infrastructures. The same share of heavy vehicles is found between free motorways
(adjacent to another motorway) and national roads, what means that given the high ADT
suffered by these roads, many more trucks travel using free motorways when they are
available.

In sections close to international borders average speeds are lower, the presence of heavy
vehicles bigger, and accidents per km are less than the sample mean. In fact, average daily
traffic for light vehicles is quite low in comparison with the sample mean. On the contrary,
the number of trucks is closer to its mean.

Finally, descriptive analysis suggests that those corridors where more foreigners drive
(they enjoy a bigger share), worse safety records are found, even though they are obviously
more present in sections close to borders.

<< Insert Table 3 about here >>
4.0 Paramétric estimation and results.

The lack of theoretical background on the question studied in the current research
prevents from having a common model to be improved or modified and tested. However,
we can take advantage of previous literature on road safety to determine the relationships
that may exist between accidents involving victims per km and different regressors. Useful

information may also be obtained from univariate analysis stated above.



A common semilog model is considered in this section to examine the role tolls play in
the safety outcomes found in national roads. Equation 1 presents that model, where Y,
denotes the number of accidents involving victims per km reported by the 7/th control

station, X is the vector of regressors described in table 1, and ¢, ~ iid N(O,oz) denotes the

random erroft.

InY, = o + BX, + ¢ M

Least Squares estimates for semilog models correcting by heteroskedasticity and taking
into account all control variables are applied. Results may be checked in table 4."

<< Insert table 4 about here >>

As we can see, the coefficient associated to the variable identifying a national road being
alternative to a tolled motorway appears statistically significant and showing positive sign.
Therefore, from OLS estimation, we find that having tolls may lead to more accidents per
km in their alternative conventional and untolled road, even when controlling by several
factors including ADT and number of vehicles in the province.

Regarding the rest of variables, though this study is not focused in how and why
accidents are produced beyond the variable of interest, it is interesting to see how they
influence road safety in terms of our dependent variable. ADT, as expected, is one of the
strongest factors explaining accidents involving victims per km.

Traffic composition is also analized and reports opposite results. The share of
motorbikes is associated with worse safety outcomes, while the share of heavy vehicles
does not seem to play a significant role, at least in terms of the dependent variable used to
denote that road safety. In fact, past research found mixed results on the role played by
heavy vehicles. Some studies support the idea that trucks are associated to unsafety while

others just find the opposite result. Milton and Mannering (1998), for instance, found

11 'The Breusch Pagan / Cook-Weisberg test confirms the need for cotrecting by heteroskedasticity.



negative relationships between them and crashes but linked this result to the low ADT
enjoyed by those routes where trucks present high shares. Particularly, they explain that
“where ADT is low, truck percentages rapidly increase with only a few additional trucks.
Hence, where ADT is low, accident frequencies may decrease because of a lack of
conflicts, not because of increased truck traffic”.

Going back to table 3, when we sort the sample by the share of heavy vehicles, we do
realize that their concern is consistent with the descriptive statistics of our sample. If we
consider the absolute number of heavy vehicles and the distance to big cities, we realize
that this type of vehicle enjoys bigger shares in national roads with low ADT which are far
from urban agglomerations. Therefore, since fewer accidents are suffered in provinces with
low numbers of vehicles and low ADT, trucks appear to be related with safer results. In
both cases, the share of trucks and the number of accidents are just consequences of low
ADT. This also explains why the share of heavy vehicles is positively related to speed,
something which may seem contra-intuitive.

The fact of considering the vehicles in the province and the distance to a big city may
partially explain why in our results we do not find a negative but statistical significant
relationship between percentages of heavy vehicles and accidents, as was suggested by the
univariate analysis in previous sections.

Similar concerns may apply in the case of average speed. As is shown in previous
sections, where ADT levels are low and therefore fewer accidents happen, drivers usually
drive fast. The fact of not finding many other vehicles and therefore avoiding conflicts in
the road may prevent of having a positive effect on accidents involving victims. Besides, we
should take into account that the variable capturing speed is an average, while some studies
like Shefer and Rietveld (1997) provide more interesting concerns on its variance (speed

differences).



In the same direction, being a motorway (or a dual carriageway) is associated to fewer
accidents involving victims per km. The quality of the road in this case in terms of number
of lanes, two carriageways and better pavement justifies this result. Therefore, having a
good substitute benefits road safety when a toll motorway is established.

In table 3, we observe that higher speeds are found in free motorways competing against
other motorways (tolled or untolled) than in conventional national roads. At the same time,
these are better infrastructures that receive high ADT and are usually established close to
big cities in provinces with high levels of motorization. For sure, good outcomes are
expected from its better quality. However, univariate analysis was unable to distinguish this
quality from other elements leading to confounding effects. Multivarite analysis provides
the expected relationship.

Moreover, this result cannot be compared with the works of Martin (2002), Noland and
Quddus (2005) or Milton and Mannering (1998), who specifically found a positive
statistically significance from considering more lanes in the same road. On the contrary, it
is consistent with results reported by Flahaut (2004).

The number of vehicles in the province is negatively correlated with accidents. Probably
congestion in such areas — slower speeds apply in these provinces as shown in table 3 —
may partially explain this result. In any case, this is consistent with Albalate (2008) where
motorization is found negatively related with the rate of road fatalities in Europe.
Furthermore, ADT in these places could be so high that reach the point we asserted in the
non-parametric estimation which is also confirmed by recent studies treated in section 2,
where after a certain ADT level, more vehicles just reduce the number of accidents with
victims. In fact, in table 3 we found that those routes placed in provinces with high
number of vehicles presented the highest ADT levels.

Regarding borders and the presence of foreigners, we find that only the second one is

statistically significant. The coefficient associated to the dummy denoting those sections



close to an international border, does not appear statistically significant and positively
correlated with road safety, as it was suggested in previous sections. Multivariate analysis
clarify this effect by taking into account the low ADT and slow speeds that apply in these
sections. On the contrary, the presence of foreigners, which is showing statistically
significant effects, provides bad impacts on road safety. Both results are especially
interesting since the presence of foreigners in international borders is very high.

As a result, high Average Daily Traffic, particularly light vehicles and foreigners, and
being the alternative to a tolled motorway, have a negative impact on road safety, described
as the number of accidents involving victims per km. On the contrary, better
infrastructures (being a motorway instead of a conventional road) and being placed close to
urban agglomerations, in provinces presenting high levels of motorization, and absence of
congestion captured by higher average speeds in interurban roads are positively related with
road safety.

Variance inflation factors (VIF) are also tested in order to check possible multicollinearity
problems. As is shown, regressors show very low VIF values, far from the common
thrshold of 10, which is the rule of thumb associated with potential collinearity. This test is
more powerful than correlation analysis since it captures associations between more than
two independent variables."

To summurize, setting tolls in motorways seem to affect road safety in the adjacent roads
by shifting traffic, eben when we control by several factos that may play a role in the
production of road accidents involving victims. Some other relationships of interest are

also reported thanks to multivariate analysis.

12 VIF wvalues are given by (1-Ri?)!, where R2 is the R? from regressing the ith independent variable on all the other
independent variables. “It is a measure of the amount by which the variance of the ith coefficient estimate is increased
(relative to no collinearity) due to its linear association with the other explanatory variables” (Kennedy, 2003; pag. 213).



5.0 Concluding Remarks

The use of tolls is being widespread around the world due to its ability to regulate traffic
demands and fund infrastructure projects. Researchers and practitioners put their efforts in
developing the double function of tolls, applying optimal pricing schemes to fight
congestion, particularly in urban and metropolitan areas, and solving budget constraints in
interurban routes. However, its road safety effects are not usually evaluated and, as it is
shown in the present study, may be substantially large and negative.

Indeed, setting tolls in the best infrastructure seems to shift road unsafety to their
adjacent and lower quality alternatives. After controlling by several factors, we find that
those roads competing with tolled motorways presented more accidents involving victims
than those roads competing against untolled motorways.

In fact, we have seen how having a free motorway competing against another motorway
produce fewer accidents involving victims than simple conventional roads competing
against them. Therefore, investments in quality or making roads (tolled motorways and
conventional roads) more substitutes may have a positive impact in terms of road crashes.

For sure, further research is needed to understand the reasons behind this effect. For
instance, more information on infrastructure characteristics, investments in construction
and maintenance, behavioural attitudes and environmental factors should be introduced in
the analysis to make sure the robustness of this relationship. Moreover, case studies and
spatial autocorrelation estimation models may also be some of the future improvements to
the estimation strategies carried out in this direction. Other improvements in the limited
data available should also be guaranteed.

In spite of these limitations and possible improvements, our results also arise some
interesting public policy implications too. First, one question we need to answer is whether
or not optimal pricing schemes should also take into account and introduce the unsafety

externality imposed to the alternative roads. In this direction, if high tolls provide more



“rat-running’ etfect and shifts unsafety to the untolled alternative, we may have reasons to
reduce such a price level in order to internalize that externality and minimize road unsafety.
Perhaps, not only congestion should be captured by first best pricing but also accident
externalities, and furthermore, not only in the same road (second best pricing).

Otherwise, if optimal pricing does not include the unsafety shift to other roads,
governments should take into account them and provide the enough investment to make
sure that those routes are as safe as those that compete with untolled motorways.

Besides, governments should also consider these safety outcomes in the analysis that lead
them to establish tolls in their high capacity roads, particularly when this network already

exists.
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TABLES AND FIGURES

Table 1. Definitions of Variables and Descriptive Statistics.

Variables Definition Obs. | Mean SD
Acc/km Number of Accidents Involving Victims/Km. 123 1.2 1.1
(Victims include fatalities and injuries)
Alternative to National Road competing against a Tolled Motorway 123 0.6 0.5
Tolled Motorway (Binary Variable)
ADT Average Daily Traffic 123 16,800 1,734
% Moto Share of Mototbikes on Total ADT 123 0.86 0.07
% Heavy Share of heavy Vehicles on Total ADT 123 18.7 14.3
% Foreigners Share of Foreigners on Total ADT 123 4.20 0.92
Av. Speed Average Speed Collected in Control Stations (Km/h) 111 86.5 19.1
Motorway Free Motorway competing against a Tolled or Untolled 123 0.1 0.3
Motorway (Binary Variable)
Vehicles in Number of Road Vehicles in the Province. 123 671,506 | 808,593
Province
Border Control Station placed close to International Border 123 0.1 0.3
(Binary Variable)
Distance Distance (Km) to the nearest big city having more than 123 79.7 49.9
200.000 inhabitants

Note: The total number of control stations of interest is 123. However, some of them do not provide information on
average speeds. This is the reason of not having 123 obsetvations in that case.

Table 2. Comparing types of alternatives.

% %
Stations Acc/Km | Heavy | Foreigners | Average | Vehicles
vehicles Speed in
Province
Sample Average 1.21 18.7 4.20 86.5 671,506
Alternatives to Toll 1.49 213 4.61 82.1 849,751
Alternatives to Free 0.84 14.9 3.60 94.1 402,320




Table 3. Descriptive statistics sorted by groups.

Stations ACV/KM ADT % % % Av. Vehicles | Distance
Motorbikes Heavy | Foreigners Speed in
Province

ACV/Km < 1.2 - 9,828 0.71 20.4 3.66 90.5 555,867 90.5
ACV/Km 2>1.2 - 28,885 1.11 15.9 5.15 79.1 871,947 60.8
ADT < 16,800 0.89 - 0.84 21.5 5.35 88.3 375,278 96.1
ADT = 16,800 1.93 - 1.99 13.3 2.08 82.8 1,263,963 46.7
% Motorbikes < 0.86 1.16 14,387 - 22.1 4.21 88.8 493,594 85.2
% Motorbikes = 0.86 1.40 21,998 - 11.4 4.18 80.3 1,054,699 67.7
% Heavy < 18.7 1.42 19,084 1.24 - 2.54 84.3 802,778 69.7
% Heavy = 18.7 0.87 12,233 0.81 - 7.52 90.9 408,960 99.6
% Foreigners < 4.20 1.20 17,221 0.82 16.2 - 87.1 718,507 73.2
% Foreigners 2 4.20 1.35 15,496 0.97 26.5 - 84.7 525,800 99.5
Average Speed < 86.5 1.42 17,159 0.92 14.4 4.15 - 786,999 70.3
Average Speed 2 86.5 1.06 16,470 0.81 22.8 4.25 - 565,035 88.3
Motorway =1 213 54,166 0.81 18.5 2.15 105.6 1,288,125 474
Motorway = 0 1.12 11,610 0.87 18.8 4.49 84.4 585,864 84.1
Vehicles in Province < 671,506 0.97 10,602 0.69 21.1 4.80 21.1 - 93.5
Vehicles in Province = 671,506 2.00 34,427 1.36 12.1 2.51 12.1 - 40.4
Border =1 0.80 10,955 0.98 25.0 24.07 77.2 366,539 114.9
Border =0 1.27 17,262 0.85 18.2 2.63 87.3 695582 76.9

Distance < 79.7 1.54 23,406 1.05 14.6 2.44 82.0 1,035,192 -

Distance 2 79.7 0.90 9,398 0.65 23.3 6.18 91.5 263.926 -




Figure 1. Kernel Regressions for Accidents involving victims. [k(6), np(100)]

A. Kernel Regression for Acv/km B. Kernel Regression for Acv/km C. Kernel Regtression for Acv/km
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Figure 2. Kernel Regressions for Accidents involving victims. [k(6), np(100)]
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Table 4. Parametric Estimation Results. Least Squares Estimates for semilog models.
(N= 111). Dependent Variable: In Accidents involving victims per km."

Explanatory OLS VIF
Variables

Alternative to 0.57200%* 2.08
Tolled Motorways (0.23480)

Average Daily Traffic | 0.03808*** 2.97
(Thousands) (0.00710)

% Motorbikes | 0.14817+* 1.39
(0.06781)

% Heavy Vehicles -0.00982 2.03
(0.00665)

% Foreigners | 0.02139% 1.49
(0.00782)

Av. Speed | -0.00047 1.98
(0.00488)

Vehicles in Province -0.00017 * 1.56
(thousands) (0.00009)

Motorway | -0.71462%** 2.67

(0.22909)
Border -0.49821 1.37
(0.34676)
Distance -0.00218 1.39
(0.00167)
R-squared 0.51 -

F (10, 100) 17.75 *** -

Note 1: Heteroskedastic-consistent standard errors are reported in
parenthesis. * Statistically significant at the 10% level; ** at 5% level and
Rk at 1% level.

Note 2: The number of observations dropped from 123 to 111 due to the
lack of information for at least one of the variables used in the
specification.

13 Since several observations lay between 0 and 1 we re-scaled the dependent variable in order to avoid
problems in using logs.



Appendix

Al. Correlations between variables employed in the analysis.

Acc/Km | Alternative ADT %Motorbikes % Heavy % Foreigners | Av.Speed | Motorway | Vehicles Border Distance
to Tolled
Acc/Km 1
Alternative to Tolled 0.2794 1
ADT 0.6580 0.3034 1
% Motorbikes 0.1924 -0.1170 0.1107 1
% Heavy | -0.2264 0.3700 -0.1374 -0.3762 1
% Foreigners 0.0557 0.2043 -0.0416 0.0597 0.1408 1
Av. Speed | -0.2227 -0.3055 -0.0358 -0.2203 0.3389 -0.1813 1
Motorway 0.3422 0.1289 0.6957 -0.0839 0.0754 -0.0429 0.3332 1
Vehicles 0.1897 0.2288 0.4006 0.3775 -0.2466 -0.0565 -0.1827 0.1617 1
Border | -0.1014 -0.0033 -0.0626 0.1097 -0.0509 0.4817 -0.1363 -0.0924 -0.0893 1
Distance | -0.3019 -0.1095 -0.3726 -0.2046 0.2353 0.2230 0.1781 -0.1469 -0.3721 0.1912 1

A2. Spline Regressions for Accidents involving victims.
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