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ABSTRACT
Background: The increase in traffic accidents 

depends on multiple factors; it generates an econo-
mic and public health problem that must be analyzed 
jointly by agents involved in road safety. The aim of 
the work was to quantify the effect of various factors 
in the cost savings due to traffic accidents on interur-
ban roads in Spain.

Methods: It was analyzed, through a lineal re-
gression with panel data model and in the period 
2000-2017, how different factors affected cost sa-
vings due to the risk of mortality or injury avoided 
on Spanish interurban roads.

Results: A 1% increase in traffic volume led to 
a reduction in costs per MVKT (million vehicle-
kilometres travelled) of €162.46 referring to the 
risk of mortality, €115.32 for serious injuries and 
€10.10 for mild injuries. This increase in unemplo-
yment caused a cost reduction of €31.43, €10.76 
and €0.98, respectively. The same increase in the 
investment in replacement implied a reduction of 
these costs of €11 for any risk. A 1% increase in the 
ageing index led to an increase in costs of €276.83 
in terms of mortality risk and €257.49 in terms of 
injury. Foreign tourism generated a higher cost of 
€40 for any risk. A 1% increase in Gross Domestic 
Product (GDP) per capita led to an increase in costs 
of €155.50, €138.09 and €8.21 for aforementioned 
risks. The points driving license led to an increase 
in costs of €785.50 per MVKR when referring to 
mortality risks.

Conclusions: Determining factors for cost 
savings: motorization rate, unemployment rate 
and investment in replacement interurban roads. 
Determining factors that increased costs: expiry 
of the effect of the penalty - points driving license, 
ageing index of the population, increase in GDP or 
proportion of foreign travelers.

Key words: Cost savings, Public health, Traffic 
accidents, Wounds and injuries, Linear models.

RESUMEN
Análisis de los factores determinantes  

del ahorro de costes en accidentes de tráfico 
en la red de carreteras de España

Fundamentos: El incremento de los acciden-
tes de tráfico depende de múltiples factores, gene-
rando un problema económico y de salud pública 
que debe ser analizado conjuntamente por los agen-
tes intervinientes en la seguridad vial. El objetivo 
del trabajo fue cuantificar el efecto de diversos fac-
tores determinantes en el ahorro de costes por ac-
cidentes de tráfico en vías interurbanas en España.

Métodos: Se analizó, a través de un análisis de 
regresión mediante datos de panel referidos al perío-
do 2000-2017, cómo afectaban diferentes factores al 
ahorro de costes por cada riesgo de mortalidad o le-
sividad evitado en las vías interurbanas españolas.

Resultados: El aumento del 1% del volumen de 
tráfico conllevó una reducción de costes por MVKR 
(millón de vehículos-kilómetros recorridos) de 
162,46€ refiriéndonos al riesgo de mortalidad, 115,32€ 
para lesividad grave y 10,10€ para leve. El aumento 
en el desempleo supuso una reducción de costes de 
31,43€, 10,76€ y 0,98€, respectivamente. Idéntico in-
cremento de la inversión en la reposición implicó una 
reducción de estos costes de 11€ para cualquier riesgo. 
El aumento del 1% del índice de envejecimiento com-
portó un aumento de costes de 276,83€ hablando del 
riesgo de mortalidad y de 257,49€ si hablamos de lesi-
vidad. El turismo extranjero generó un coste superior 
a los 40€ para cualquier riesgo. El aumento del 1% 
del Producto Interior Bruto (PIB) per cápita conlle-
vó un aumento de costes de 155,50€, 138,09€ y 8,21€ 
para los riesgos anteriormente definidos. El permiso 
de conducción por puntos condujo a un incremento de 
costes de 785,50€ por MVKR al referirnos a los ries-
gos de mortalidad.

Conclusiones: Los factores condicionantes del 
ahorro de costes son el volumen de tráfico, la tasa de 
paro y la inversión en reposición. Los factores condi-
cionantes del incremento de costes son la caducidad 
del efecto del permiso de conducción por puntos, el 
índice de envejecimiento, el incremento del PIB y la 
proporción de conductores extranjeros.

Palabras clave: Ahorro de costo, Salud públi-
ca, Accidentes de tráfico, Heridas y traumatismos, 
Modelos lineales.

mailto:Angel.Tejada@uclm.es


María Pilar Sánchez González et al

2 Rev Esp Salud Pública. 2019;93: November 15th e201911111

INTRODUCTION

Economic, social and cultural changes that 
have occurred in all countries have led to an 
increase in motorization that has resulted in an 
escalation of the accident rate worldwide in the 
last 20 years. In this context, in 2017 there were 
102,233 traffic accidents with victims in Spain, 
resulting in 1,830 deaths, 9,546 people clas-
sified as seriously injured or hospitalized and 
129,616 as slightly injured or non-hospitalized. 
While Spanish interurban roads accounted for 
the largest proportion of deaths and serious in-
juries (72% and 50% of the total for each type 
respectively), urban roads accounted for 60% of 
the minor injuries in traffic accidents(1). These 
figures confirm that they continue to represent 
a real “public health” problem for Spain, whose 
burden on its national economy has been esti-
mated at between 5,837 and 10,693 million eu-
ros in 2017(2). 

The great repercussion of the consequences 
of traffic accidents causes Spanish society to 
demand road safety from the State, based on 
an improvement in interurban roads and grea-
ter attention to the high risk faced by the most 
vulnerable users (pedestrians, cyclists and mo-
torcyclists) on urban and interurban roads. In 
recent years there has been a change in the 
consideration of traffic accidents: they are no 
longer fortuitous events, the product of chan-
ce and luck, but are controllable, avoidable and 
preventable public health problems, not only 
because of the injuries they cause, but also be-
cause they directly affect the overall health of 
individuals and societies. 

This change in conception is due, in part, to 
the continuous effort made by scientific resear-
chers, whose dedication over the last 20 years 
has focused on improving the knowledge asso-
ciated with traffic accidents. A part of that lite-
rature has been focused on finding out the cau-
ses of traffic accidents, the conditioning factors 

of traffic accidents, concluding that traffic acci-
dents are affected by factors such as the level of 
exposure(3,4), road policies aimed at controlling 
human behaviour(5,6), the economic environ-
ment(7,8), the level of economic development(9), 
sociodemographic factors(10), variables linked 
to road infrastructure(4) or the conditions of the 
vehicle fleet(11), among many others. Another 
part of the research has dealt with the econo-
mic assessment of the consequences of traffic 
accidents for society and national economies, 
quantifying through different methodologies 
the so-called “value of a statistical life”, the 
main reference for calculating the cost of traffic 
accidents and evaluating road safety policies 
through cost-benefit analysis(12,13,14,15,16).

These lines of research linked to traffic ac-
cidents add an important volume of knowled-
ge to the scientific literature, offering a set of 
information with great capacity to improve the 
road safety policy of all countries. Although it 
is essential to know the variables that affect the 
risk of death or injury in traffic accidents, it is 
also important to consider that the factors that 
affect a health problem need not be the same 
as those that affect the variation in its frequen-
cy(17). Therefore, in economic terms and on the 
basis of this statement, it is likely that the deter-
minants of the cost of traffic accidents caused 
in a given population may not be the same as 
those that cause victims to be saved or not, and 
therefore cost savings. 

As we have pointed out, the determining fac-
tors of traffic accidents generate a socio-econo-
mic impact that causes a public health problem 
to which all countries devote a great economic 
effort with the implementation of different road 
safety plans. 

In this sense, the quantification of the cost 
of traffic accidents on Spanish interurban roads 
makes it possible not only to determine their 
importance, but also to evaluate and quantify 
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economically any measure or public policy ai-
med at eradicating them, managing to compare 
the cost of the policy with the economic saving 
achieved by the number of victims avoided.

In addition to this quantification, it is impor-
tant to analyze which factors determine a cost 
saving linked to the risks of fatality, serious in-
jury or slight injury caused by traffic accidents 
on Spanish roads, as this help us define where 
efforts to implement new road safety policies 
should be focused.

The quantification of costs and the identifi-
cation of determining factors provides informa-
tion for carrying out a cost-benefit analysis that 
must accompany any project or public action 
before taking a decision that compromises the 
scarce resources available to the Spanish Public 
Administration.

The objective of this work was to quantify, 
for the period 2000-2017, the effect of various 
determining factors on the cost saving from 
interurban traffic accidents in Spain caused by 
the risk of fatality or injury, serious or slight 
since we considered that accounting for econo-
mic effects of different public policies was key 
to directing and evaluating different road safety 
plans implemented. 

MATERIAL & METHODS

Our objective was achieved using data from 
Spanish provinces for the period 1999-2017. 
For this purpose, the database constructed by 
Sánchez et al(18) was used, which describes a 
collection of data on various factors affecting 
interurban traffic accidents and which is used 
to analyze the risk of deaths and injuries 
resulting from such accidents on interurban 
roads in Spanish provinces since 1999. In this 
context, when referring to interurban roads, we 
include all those that are state-owned as well as 
those owned by different regions or provincial 

councils, that is, we add the kilometers of the 
entire State road system and the secondary road 
system of Spain.

The referenced database was extended with 
information until 2017 for all the variables 
contained therein. In addition, the following 
factors were incorporated for all provinces and 
years of the delimited period: degree of hotel 
occupancy, number of travelers by country 
of residence(19), ageing index(20) and Gross 
Domestic Product (GDP)(21). The unavailability 
of information on this variable at provincial 
level for 2017 is supplemented by taking the 
growth rate of GDP per capita of the Region to 
which each province belongs. 

Table 1 presents the definition of the variables 
used in the analysis(4). All independent variables 
are expressed in terms of growth rates for each 
Spanish province. 

The dependent variables, calculated equally 
for each province, being aware that the economic 
allocation to the human cost is not simple, were 
defined using the description of “victim avoided” 
delimited by Sánchez et al(22), applied to the 
variables “fatality risk”, “serious injury risk” 
and “slight injury risk”. We tried, with these 
dependent variables, to quantify the cost saving 
for each province and year of the period linked to 
these risks, obtained by means of the following 
expressions (in € per MVKT. In this sense, given 
that we are considering as interurban roads the 
entire road network of Spain, both the State 
and the secondary network, in the MVKT we 
aggregate all the kilometers of Spanish interurban 
roads, regardless of their ownership):

Cost saving linked to avoided fatality risk = 
(Fatality riskt - Fatality riskt+1)  

x Dead costt+1

Cost saving linked to the risk  
of serious injury avoided = 
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Table 1
Variables used in the analysis.

Variables Description

Cost saving associated 
with fatality risk.

Cost saving in € per MVKT linked to the number 
of deaths avoided by MVKT.

Cost saving associated with 
the risk of serious injury.

Cost saving in € per MVKT linked to the number 
of serious injuries avoided by MVKT.

Cost saving associated with 
the risk of slight injury.

Cost saving in € per MVKT linked to the number 
of minor injuries avoided by MVKT.

Penalty - points 
driving license.

Variable dummy with a value of 1 in those periods in which 
the penalty - points driving licence has been introduced.

Traffic volume. Growth rate of the number of vehicles travelling 
annually on interurban roads in each province.

Motorization rate. Growth rate of the number of registered vehicles 
per 1,000 inhabitants.

Population density. Growth rate of the number of inhabitants per square kilometer.

Unemployment rate. Growth rate of the percentage of unemployed 
in relation to the working population.

GDP per capita. Growth rate of economic output per inhabitant.

Precipitation. Growth rate of total rainfall volume in millimeters.

Proportion of 
high-capacity roads.

Growth rate of the percentage of high-capacity roads in relation 
to the total number of kilometers of interurban roads.

Investment in replacement 
per kilometer of roads.

Growth rate of replacement investment in interurban roads 
per kilometer of roads.

Investment in construction 
per kilometer of roads.

Growth rate of construction investment in interurban roads 
per kilometer of roads.

Degree of hotel occupancy. Growth rate of the proportion of the number of rooms occupied 
with respect to the total available in hotel establishments.

Proportion of 
foreign travelers.

Growth rate of the number of foreign travelers in relation 
to the total number of registered travelers in hotel establishments.

Ageing index 
of the population.

Growth rate of the proportion of the population over 64 years 
of age in relation to the population under 16 years of age.

Source: Own elaboration from database of Sánchez et al (2018a).
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(Risk of serious injuryt - risk of serious  
injuryt+1) x Cost of serious injuryt+1

Cost saving linked to the risk  
of slight injury avoided = 

(Slight injury riskt - Slight injury riskt+1)  
x Slight injury costt+1

The choice of calculating this difference bet-
een consecutive years rather than obtaining it 

or a base year was intended to avoid an over-
stimation of cost savings. In addition, this de-
nition could take into account the measures 
nd actions carried out in road safety annually 
n each of Spanish provinces in defined periods.

The assessment of cost savings for each risk 
as based on the quantification of the cost of 
reventing a death or non-fatal victim (serious 
njury or slight injury). The costs were obtai-
ed from the studies carried out by Abellán et 
l(12,13), mainly because they are the official va-
ues used by the “Dirección General de Tráfico” 
o calculate the cost of traffic accidents and the 
ethodology used to do so, the approach of wi-

lingness to pay. To some extent, we believe 
hat this method reflects how much society is 
illing to pay from its taxes for the implemen-

ation of road safety policies. 

With this concept we are collecting human 
osts plus productivity loss plus medical costs. 
edical costs reflect the cost of ambulance and 

mergency services and, where appropriate, hos-
italization cost. Medical costs are considered on 
he basis of the cost of restitution method(23). This 

ethod consists of estimating the cost of restora-
ion to a situation similar to that existing before 
he accident, through the application of market 
rices or administrative tariffs to the set of facts 
erived from the accident that can be valued. The 
egree of homogeneity with which these costs are 
alculated in the different countries is very high. 
he method used to estimate the value of these 
ross losses is the human capital method(23). This 
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methodology assumes that the present and futu-
re income of the victims is equivalent to the ave-
rage of the population of the same age and sex. 
Thus, once the average income of each age group 
and sex is estimated, it is projected into the future 
taking into account variables such as the activity 
rates of each group, their life expectancy and the 
general growth of the economy.

At the beginning, these costs were quantified 
at €1,400,000 for the value of preventing a de-
ceased, €219,000  for a non-fatal (serious) injury 
and €6,100 for a non-fatal (slight) injury, basing 
their valuation on the value of a statistical life 
through the method of willingness to pay, net 
output losses (gross for the injured) and medi-
cal costs. These figures are used for two reasons: 
first, because they are the official figures handled 
by DGT(24) and second, because the method used 
to obtain them, the method of willingness to pay, 
is the most used to value the cost of accidents 
in countries(14, 25). Mishan(26) suggested that this 
method is the most suitable for the economic va-
luation of traffic accidents, since the individuals 
are who establish how much money they would 
be willing to pay to reduce the risk of suffering 
a traffic accident. In the present research, given 
that the last update of costs made by DGT was 
in 2011, in order to achieve more homogeneous 
and comparable costs, these costs are expressed 
in euros in 2017 by means of the Consumer Price 
Index (CPI)(27) and with the growth rate of real 
GDP per capita in Spain(28,29) they are updated for 
each year, achieving the intended homogeneity 
and comparability, changing slightly each year 
due to the variation in real income. 

With all the information indicated a database 
was constructed that has a panel data structure, 
so three panel data models are developed linked 
to each of the cost saving that we have defined 
linked to different risks with the following ex-
pression for province i during the t period: 

yit = β0 + β1X1it + β2X2it+…+βK Xkit + μi+εit 
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Where yit is the cost saving linked to the risk 
of fatality or injury avoided for the province i in 
the year t, Xkit represent the independent varia-
bles, μi are the specific intercepts of each pro-
vince and finally εit is the term of the error.  

The fulfillment of Gauss-Markov’s assump-
tions was checked to know if the Ordinary 
Least Squares is the best estimator. Therefore, 
in the first place, the Davidson-MacKinnon 
exogeneity test was applied in all models for 
each variable, instrumented by delay of order 
1. This indicates that there were no endogeneity 
problems for the fatality risk and slight injury 
models. However, there were problems in the 
risk of serious injury model with respect to po-
pulation density, unemployment rate and moto-
rization rate. Harder to address this, these dela-
yed variables were included for a period only 
in that model. 

Hausman’s test does not reject the random 
effects estimator as a suitable estimator, so the 
latter estimator was used because it is more 
efficient than the fixed effects estimator. There 
are no multicollinearity problems, with a com-
bined IFV (inflation factor of the variance) of 
1.37 and IFV much lower than 10 for all in-
dependent variables. Wooldridge test indica-
tes the presence of autocorrelation only for 
the model linked to fatality risk; Levene and 
Forsythe-Browne tests indicate the presence 
of heterocedasticity in the most severe models 
(fatality and severe lesivity); both the varia-
bles individually and the models as a whole 
are cross-dependent. Pesaran and Fisher unit 
root tests were applied, showing that all varia-
bles used are stationary. 

Non-compliance with the different assump-
tions leads to estimating the models using Panel 
Corrected Standard Errors (PCSE). Thus, the 
results are also presented applying the dynamic 
estimator (GMM) proposed by Arellano-Bond. 

RESULTS

Figures presented in this section refer mainly 
to the estimates of the models obtained with 
PCSE, as it is the model that best fits the objec-
tive of the study.  

Firstly, estimates of the cost saving associa-
ted with the fatality risk avoided on interurban 
roads revealed that, ceteris paribus, an increase 
of 1%  in the motorization rate generates a cost 
saving of €359.15 per MVKT (table 2). The 
impact of a 1% increase in traffic volume or 
unemployment rate resulted in a cost saving for 
Spanish provinces of €162.46 and €31.43 per 
MVKT respectively. However, the introduction 
and validity of the penalty - points driving li-
cense led to an increase in costs of €785.50 per 
MVKT and the 1% increase in the ageing index 
of the population, or GDP per capita generated 
an increase in costs of €276.83 or €155.50 per 
MVKT respectively. 

Arellano-Bond dynamic model warns that, 
although €1 increase in a cost saving from 
the previous year generated a higher cost of 
€0.23 per MVKT and the proportion of fo-
reign travelers caused a cost of €49.54 per 
MVKT, the one-percentage point increase in 
investment in replacement per kilometer led 
to savings of €11.58 per MVKT in relation to 
avoided fatality risk. 

With regard to cost savings in the risk of se-
rious injury in traffic accidents on the Spanish 
roads, 1% increase in traffic volume, investment 
in replacement per kilometer or unemployment 
rate resulted in cost savings of €115.32, €11.69 
or €10.76 per MVKT respectively (table 3). The 
effect of a change of one percentage unit on the 
ageing index of the population in Spanish pro-
vinces caused a cost of € 257.49 per MVKT. 
In addition, the level of economic develop-
ment expressed by GDP per capita and foreign  
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tourism (proportion of foreign travelers) gene-
rated a cost of €138.09 and €42 per MVKT. 

Estimates using a dynamic panel data 
model (Arellano-Bond) show that an increase 
in fatality risk cost savings from the previous 
year by €1 had an effect of €0.27 in cost. In 
addition, the one percentage point growth in the 

proportion of high capacity roads was related to 
a higher cost of €29.30 per MVKT. 

The direction of the impact of the selected 
factors on the cost saving of the risk of slight 
injury is similar to the two risks described abo-
ve (table 4). The 1% increase in the motori-
zation rate or traffic volume enabled Spanish 

Table 2
Estimates of the cost saving associated with fatality risk.

Estimates Panel data model 
with PCSE1(1)

Arellano-Bond  
Estimate

Cost saving from the risk of delayed fatality. - -0.2289608 (0.0001)

Penalty - points driving license. -785.502 (0.006) -427.9441 (0.646)

Traffic volume. 162.4604 (0.0001) 142.1936 (0.0001)

Motorization rate. 359.1456 (0.002) 702.1039 (0.0001)

Population density. 28.97465 (0.858) -228.4098 (0.443)

Unemployment rate. 31.42831 (0.0001) 19.90173 (0.019)

GDP per capita. -155.501 (0.002) -278.6521 (0.0001)

Precipitation. -4.521505 (0.263) -5.293393 (0.273)

Proportion of high-capacity roads. 20.38312 (0.420) -7.903359 (0.791)

Investment in replacement per kilometer of roads. 6.682285 (0.104) 11.57876 (0.001)

Investment in construction per kilometer of roads. -0.0010565 (0.549) -0.0000405 (0.960)

Degree of hotel occupancy. -4.159972 (0.883) -17.06973 (0.572)

Proportion of foreign travelers. -19.24098 (0.489) -49.54497 (0.0042)

Ageing index of the population. -276.8274 (0.005) -474.7179 (0.006)

Constant. 1,600.513 (0.001) -

R2. 0.1867 -

Joint significance test. 177.22(*) 6,659.39(*)

Number of observations. 772 715

(1) Panel Corrected Standard Errors; p-value in parentheses; (*) Significant at 5%;  
(**) Significant at 10%.
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provinces to save €10.33 or €10.10 per MVKT 
respectively. While the effect of an increase in 
the unemployment rate or investment in repla-
cement per kilometer was lower (€0.98-€0.53 
per MVKT), a 1% growth in GDP per capita 
led to Spanish provinces at a cost of €8.21 per 
MVKT. 

Finally, the incorporation of a cost saving 
from the previous year (Arellano-Bond) pro-
vided some different results: cost saving of 
€31.15 per MVKT generated by an increase 
in population density was offset by a cost of 
€70.52 caused by the entry into force and vali-
dity of the penalty - points driving license. 

Table 3
Estimates of the cost saving associated with the risk of serious injury.

Estimates Panel data model 
with PCSE1(1)

Arellano-Bond  
Estimate

Cost saving from the risk of delayed fatality. - -0.2727965 (0.000)

Penalty - points driving license. -64.00849 (0.888) 26.55733 (0.937)

Traffic volume. 115.3251 (0.0001) 93.11195 (0.0001)

Motorization rate. 153.1258 (0.103) 93.15558 (0.210)

Population density. -118.751 (0.421) 184.3097 (0.161)

Unemployment rate. 10.76333 (0.092) 16.85616 (0.008)

GDP per capita. -138.0957 (0.004) -100.1753 (0.011)

Precipitation. -2.491138 (0.447) -2.98573 (0.222)

Proportion of high-capacity roads. 2.071826 (0.911) -29.29693 (0.059)

Investment in replacement per kilometer of roads. 11.69146 (0.0001) 9.283676 (0.002)

Investment in construction per kilometer of roads. -0.0037991 (0.014) -0.0025616 (0.290)

Degree of hotel occupancy. -15.5729 (0.537) -7.046622 (0.742)

Proportion of foreign travelers. -41.99033 (0.032) -45.31087 (0.001)

Ageing index of the population. -257.4858 (0.010) -361.1614 (0.0001)

Constant. 1,019.981 (0.028) 1,362.887 (0.0001)

R2. 0.1534 -

Joint significance test. 132.53(*) 219.77(*)

Number of observations. 724 715

(1) Panel Corrected Standard Errors; p-value in parentheses; (*) Significant at 5%;  
(**) Significant at 10%.
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Table 4
Estimates of the cost saving model associated with the risk of slight injury.

Estimates Panel data model 
with PCSE1(1)

Arellano-Bond  
Estimate

Cost saving from the risk of delayed fatality. - -0.0249705 (0.488)

Penalty - points driving license. -34.06392 (0.152) -70.5215 (0.078)

Traffic volume. 10.10276 (0.0001) 10.52063 (0.001)

Motorization rate. 10.32928 (0.057) 3.094709 (0.723)

Population density. -8.285363 (0.294) 31.15107 (0.029)

Unemployment rate. 0.9806741 (0.039) 1.553031 (0.008)

GDP per capita. -8.212474 (0.011) -7.142107 (0.098)

Precipitation. -0.2578542 (0.211) -0.4547016 (0.001)

Proportion of high-capacity roads. -0.1854173 (0.874) 1.883943 (0.349)

Investment in replacement per kilometer of roads. 0.5260233 (0.033) 0.1742361 (0.115)

Investment in construction per kilometer of roads. -0.0003079 (0.130) -0.0002432 (0.0001)

Degree of hotel occupancy. -0.4399131 (0.782) 0.4686531 (0.896)

Proportion of foreign travelers. -0.5395821 (0.631) -1.721385 (0.545)

Ageing index of the population. -3.375334 (0.537) 7.435437 (0.552)

Constant. 39.81733 (0.108) -

R2. 0.1160 -

Joint significance test. 101.30(*) 192.66(*)

Number of observations. 772 715

(1) Panel Corrected Standard Errors; p-value in parentheses; (*) Significant at 5%;  
(**) Significant at 10%.

DISCUSSION

The results found with respect to the estima-
tes of the determinants of cost saving due to tra-
ffic accidents in Spain represent a novelty for the 
scientific literature, not only because of the sig-
nificance of the factors considered for the scien-
tific community and political decision-makers, 

but also because of the definition of the risk of 
fatality or injury based on avoided victim emplo-
yed by Sánchez et al (in press).

The positive coefficients of the motoriza-
tion rate reveal the importance of this factor to 
achieve cost savings in the risks of fatality and 
slight injury, in line with the relationship found 
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by other scientific research(10,30). This finding in-
dicates that the effect of higher level of develop-
ment of the provinces predominates: higher rates 
of motorization are associated with better infras-
tructure, vehicles and social attitudes of road sa-
fety.  

The cost saving related to the three avoided 
risks defined are favoured by the increase in 
traffic volume or the worsening economic en-
vironment. Firstly, the statistically significant 
positive coefficient of traffic volume shows a 
positive effect on road safety caused by increa-
sed congestion, leading to lower speeds, redu-
cing the risk of death or injury in traffic acci-
dents and, therefore, cost saving(31,32). Secondly, 
an unfavourable economic situation leads to a 
lower risk of fatality and injury in Spanish pro-
vinces, in line with the results of research by 
Elvik(14) and Sánchez et al(4). In times of eco-
nomic recession, the number of kilometers tra-
velled by heavy traffic, lower speeds and more 
moderate driving due to higher fuel prices or 
a lower proportion of less risky driving beha-
viour may be reduced(33). 

The increase in investment effort materia-
lized through investment in replacement per 
kilometer has repercussions on the country’s 
economic growth: the statistically significant 
positive coefficient in injury and fatality mo-
dels (the latter only in the Arellano-Bond mo-
del) shows that the growth in investment in im-
proving and maintaining interurban roads in 
Spain results in a cost saving due to the risk of 
dying or suffering some type of injury on them, 
a result in line with that found by Albalate et 
al(34) and Sánchez et al(4) in their work. 

The estimate of some of the selected deter-
mining factors reveal their negative impact on 
the capacity to reduce the risk of accidents and, 
therefore, the cost saving due to traffic acci-
dents on interurban roads in Spanish provinces. 
The statistically significant negative coefficient 

of GDP per capita in the three estimated mo-
dels warns of the negative effect of economic 
growth, causing a cost of the risk of fatality or 
injury higher than expected(35,36).

The statistically significant positive coeffi-
cient of the “ proportion of foreign travelers 
“ factor reveals the effect that tourism has on 
traffic accidents(37), generating an increase in 
costs linked to the risk of serious injury. The 
lack of knowledge of the environment of these 
foreign drivers and the difficulty of cross-bor-
der exchange of information in the field of road 
safety in relation to sanctions against foreign 
offenders could justify this finding, acquiring a 
certain relevance for the scientific community 
and political decision-makers. However, in re-
ference to the difficulty of exchanging informa-
tion, although it is true that Directive 2015/413 
of the European Parliament and of the Council 
of 11 March 2015 facilitating the cross-border 
exchange of information on traffic offences in 
the field of road safety, and which has its natio-
nal transposition in Royal Legislative Decree 
6/2015 of 30 October, which approves the re-
vised text of the Law on Traffic, Motor Vehicle 
Circulation and Road Safety, its application 
only affects two years of our period of study.

The changes in the structure of the popula-
tion of the provinces measured by the ageing 
index of the population have a negative impact 
on the economy of Spanish provinces, with a 
higher cost for fatality and injury risks, which 
is in line with other studies(10,38) whose results 
demonstrate the higher accident risk of the el-
derly population. 

The effectiveness of the penalty - points dri-
ving license in improving road safety on inter-
urban roads in Spain is questioned by the re-
sults obtained in models linked to the risk of 
fatality and slight injury (Arellano-Bond). The 
statistically significant coefficient in these mo-
dels indicates that their validity generates a 
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higher cost than expected, which reinforces the 
idea of exhaustion of their capacity to improve 
road safety(39,40). 

This finding represents a novelty for the 
scientific literature for its evidence of the im-
pact on road safety in Spain contrary to that 
expected and found by other research whose 
methodology and period of study are similar to 
those used in this research(4). In addition, it is 
important to highlight the relevance of this re-
sult for the definition of road safety policy in 
the near future, and a reconfiguration of this 
legislative measure is necessary to prevent its 
effect on road safety from becoming a brake on 
the country’s economic growth.

Finally, results of the delayed dependent va-
riable in the models associated with the risk of 
fatality and serious injury indicate a slight nega-
tive impact on the economic growth of Spanish 
provinces due to the higher cost, which is not 
supported by the reviewed scientific research. 

Talking about conclusions, this paper analy-
ses how different conditioning factors associa-
ted with traffic accidents affect the cost saving 
due to the risk of fatality or injury avoided on 
interurban roads in Spain during the period 
2000-2017. Our findings found in the different 
regressions through panel data models consti-
tute a novelty for the scientific community and 
the political community in charge of planning 
road safety policy in Spain.

 The level of development of Spanish 
provinces, as measured by the motorization 
rate, is an important conditioning factor for 
reducing the economic impact of the most 
direct consequences of traffic accidents. 
Linking motorization rates to better transport 
systems, vehicles or social attitudes confirms 
the importance for road safety of allocating 
resources to research for better transport systems, 
safer vehicles and a population educated in the 

value of road safety. In addition, investment in 
the replacement and improvement of interurban 
roads should support these improvements to the 
transport system in order to achieve the best 
results in reducing the risk of death or injury in 
traffic accidents in Spain.

 More congested roads slow down the as-
sumed speeds, which represents a lower risk 
of accident. For this reason, factors of attrac-
tion of population and, therefore, of trips of the 
Spanish cities and provinces suppose a deter-
minant of the road safety. This, together with 
differences in the economic situation of each 
province, can act as an agent characterizing the 
economic growth of Spanish provinces consi-
dering its effect on a cost saving due to the risk 
of fatality or injury avoided.

Those responsible for designing road safe-
ty policy must consider, on the one hand, the 
effect that economic growth has on traffic ac-
cidents and, on the other hand, the future fo-
recasts of the increasingly ageing population 
structure, in order to achieve an optimal con-
figuration with available resources. It is preci-
sely those responsible who are obliged to carry 
out a review and reconfiguration of the penal-
ty - points driving license, the effectiveness of 
which has been called into question in recent 
years. 

The work done is not without limitations, 
among which we can highlight:

–– The use of the statistical life values provided 
by Abellán et al(12,13) implies presupposing that 
citizens’ preferences regarding road safety have 
not changed during the period analyzed, which 
is a restrictive assumption with respect to re-
ality. Even so, the effect this may have on the 
valuation of the three dependent variables can 
be assumed. Secondly, the presence of cross-
sectional dependence in independent variables 
induces us to take with caution the results of 
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Arellano - Bond dynamic model, whose esti-
mates of cross-sectional dependency are not as 
efficient as those obtained under the assump-
tion of cross-sectional independence. 

–– Although the analysis is carried out using in-
formation disaggregated by provinces and consi-
dering the MVKT, the effects on the cost saving 
have been quantified on an aggregate basis for 
the entire national territory. It would be interes-
ting to know what the specific effects are on each 
type of road, depending on whether it is owned 
by the State, regions or provincial councils, a 
fact that is not disaggregated in this work.

–– We can also consider as a limitation the lack 
of consideration of the impact of both emergen-
cy and out-of-hospital health care conditions 
and, in general, the possible ecological fallacy 
present in the work. 

–– We cannot forget that there is an interrela-
tionship between the defined dependent varia-
bles and different variables associated or linked 
to urban, local or regional factors that are not 
incorporated in our models.
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