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Abstract

The objective of this paper is to investigate the effect of tourism on road accidents in Greece. For this
reason, a data analysis for injury road accidents in Greece was conducted for the period 2011-2015. It
was observed that road accidents and related casualties are increasing during touristic periods and the
highest percentages of road accident casualties in touristic regions concern young people and Power
Two Wheelers. Moreover, the accident fault risk per driver nationality and region was calculated by the
use of the induced exposure method. It was found that foreign tourists have higher accident fault risk
than Greeks and immigrants, and foreign tourists’ driver fault risk is much higher in non-touristic
regions. The results of the analysis allow for an overall assessment of the road safety level in touristic
and non-touristic regions in Greece, while some recommendations for enhancing safe tourism are also
proposed.
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Iepidnyn

210%0¢ NG Tapovoag epyociag €ivar M OlEpElvNON TOV EMATOCEDY TOV TOVPIGUOD OTO OOIKE
atvynpota oty EAAGSa. Mo tov Adyo avtd, £ytve avaivon 0e00UEVOV Yio 00K GTUYNLLOTO GTV
EAMGSa v mepiodo 2011-2015. Tapotnpidnke Tl 10 001KE OTLYLLOTA KO Ol GYETIKOL TPOVLOTIGHLOT
av&AvovTal KaTd TNV TOLPIOTIKN TEPIOO0 Kot TO LYNAOTEPO TOGO0TA Havatov amd 0d1kd aTVYALAT
OTIC TOLPIOTIKEG TEPLOYEC OVTIGTOLOVY GTOVG VEOLG Kol ot dikvkha. EmumAéov, n mboavotnta
TPOKANONG ATUYNUATOS ava €BVIKOTNTO KOl TEPLOYN LTOAOYIOTNKE WUE TN YPNON T™E uebodov g
e€ayopevng €kbeonc oe kivouvo. Alamotodnke 6tL ot EEvol Tovpioteg Egovv vyMAOTEPN THAVOTNTA
TPOKANONG ATVYNHOTOG G€ oYéom Ue Tovg EAANveg kot Toug petavaotes, Kabmg kot 6Tt 1 Thovotnta
TPOKANONG ATLYNUATOS Y10, TOVG EEVOLC 001 Y0VC givart TOAD LVYNAGTEPN OTIC LT TOVPIOTIKEG TEPLOYEG.
Ta anoteAéopoTo TNG OVAALONG EMTPENTOVY pio GLVOAIKT AELOAGYTON TOL EMTESOV OSIKNG OGPAAELOG
OTLG TOVPIOTIKEG KOl U TOVPLOTIKEG TEPLOYES TG EAAGOaG. Téhog, mpoteivovTol oplopéves GLUGTAGELG
Y0 TNV EVIGYLGT TOL 00QOAODS TOVPIGUOD.

Aée1g Kle1did: 001Ka. aTvYRUATO, 001K 0GPAAELR, TOVPLOUOG, eCayouevy Ekbean o€ Kivovvo, KIVODVOS OTUYHIATOG.

1. Introduction

Despite considerable efforts and relevant progress, road safety remains a major issue
worldwide. Road traffic injuries are the eighth leading cause of death for people of all ages. In
2016, it is estimated that about 1.35 million people lost their lives as a result of road traffic
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accidents (WHO, 2018). According to European Commission, around 25,100 road fatalities
were reported by the 28 EU Member States in 2018. Road fatalities have decreased by 28% in
comparison with 2010. The highest decrease in the number of road fatalities was recorded in
Greece (45%). However, despite the impressive reduction in the number of road fatalities, the
fatality rate in Greece still remains very high and Greece is among the worst performing
countries in Europe in terms of road safety. There were 64 road fatalities per million population
during 2018, while the average rate across the EU is 49. (European Commission, 2019).

Greece has a long tradition of hospitality and it is a popular tourist destination due to its natural
beauty, extensive coastline, numerous islands, history and culture. Tourism is a common cause
of trip generation, which leads to the coexistence of drivers of different nationalities on the
same road network. Many studies have been conducted in order to investigate the interactions
between local and non-local drivers in terms of road safety.

One relevant study examined the combined effect of driver nationality and several road
characteristics on accident fault risk in Greece (Yannis et al., 2007). Results showed that foreign
drivers in Greece were at increased risk of involvement in road accidents. Moreover, it was
found that foreign permanent residents from Albania appear to be at lower fault risk compared
to foreign tourists and visitors. An older study in the Greek island of Crete (Petridou et al.,
1997) showed that the odds ratio of road accidents for tourists was close to 1:3, underlying the
importance of road accidents as the major health hazard during pleasure travelling. It was also
estimated that that drivers from countries where driving is performed on the left side of the road
were at an increased risk for road accident when they drove a rented rather than an owned
vehicle. Additionally, alcohol abuse was reported as a primary cause of accident in 22% of
accidents involving foreign drivers. A similar study was also conducted in the Greek island of
Corfu (Petridou et al., 1999). This study examined whether traffic injuries among foreign
tourists are more common and severe. It was estimated that only 15% of all accidents consisted
of road accidents of residents and Greek tourists, whereas they accounted for 40% of foreign
tourists. One of the most recent studies in Greece (Bellos et al., 2019) concluded that tourists
are more often involved in road accidents and more specifically, it was observed that the
touristic season and tourism as the purpose of traveling led to an increase in road accidents.

Another study revealed that Russian drivers in south-eastern Finland have a higher accident
risk compared to Finnish drivers (Levidkangs 1998). A study on driving behaviour in Kuwait
(Koushki et al., 1998) related seat belt use with factors such as nationality, age range, gender,
roadway type, vehicle type, trip time and trip distance and concluded that foreign drivers have
higher seat belt use rates and lower traffic violations rates. Another study in the United States
indicated that more international drivers lack understanding of traffic signs, markings, and
traffic signal indications than domestic persons (Dissanayake 2001). In another study in
Singapore it was found that foreign drivers have a higher probability of severe injury in
motorcyclist accidents (Quddus et al., 2002). A study in the Balearic Islands of Spain has been
conducted (Rossello & Saenz-de-Miera, 2011) and it was found that population growth due to
the presence of tourists leads to an increase in road accidents. More recently, a study in the
United States (Wang et al., 2016) showed that several accident risk factors such as geometry
and traffic intensity affected local and tourist drivers in different ways. Finally, a study using
data from Norway (Intini et al., 2017) showed that familiar drivers were found to be in most
cases drivers involved in vehicle collisions at the rear while nonfamiliar drivers were found to
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be in many cases those who lost control or who invaded the opposite lane. Familiarity of drivers
with the place of the accident was defined by considering a distance measure from their
permanent residence.

2. Objectives and methodology

The objective of this study is to investigate the effect of tourism on road accidents in Greece.
For this reason, a data analysis for injury road accidents in Greece was conducted for the period
2011-2015. The analysis is based on road accident data collected from the Police and codified
into the National Road Accident Database by the Hellenic Statistical Authority (ELSTAT). This
national database consists of disaggregated data for all road injury accidents in Greece. It is
underlined that the examined accidents do not include damage-only accidents, as accidents
without at least one injured person are not recorded.

The analysis was conducted in two stages. The first one is based on the type of region, while
the second one is based on the nationality of injured or killed persons in road accidents. On that
purpose, Greek regions were classified to touristic and non-touristic, while three groups of
injured persons in road accidents were considered according to their nationality; i.e. Greeks,
foreign tourists and immigrants. Moreover, the accident fault risk per driver nationality and
region was calculated by the use of the induced exposure method. The analysis revealed several
interesting findings concerning the relationship between tourism and road accidents in Greece.

3. Results

3.1 Accident frequency

The distribution of road accident casualties (killed or injured persons) by month in touristic and
non-touristic regions is shown in Figure 1.
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Figure 1: Distribution of road accident casualties by month in touristic and non-touristic regions in
Greece, 2011-2015 (Source: ELSTAT)




9™ INTERNATIONAL CONGRESS on
TRANSPORTATION RESEARCH

TRANSPORT 4.0: The Smart Evolution

9° AIEONEZ ZYNEAPIO yia Tnv
EPEYNA ZTIZ META®OPEZ

META®OPEZ 4.0: H Evpunic EE£MiEn

It is noted that in all regions, the proportion of the killed or injured persons is higher during the
summer months, with the highest rates corresponding to the touristic regions. More specifically,
road accident casualties in touristic regions in August are two times higher than the average in
these regions. Indicatively, the distribution of casualties in two touristic and two non-touristic
regions is presented in Figure 2 and Figure 3.
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Figure 2: Distribution of road accident casualties by month in two touristic regions in Greece, 2011-
2015 (Source: ELSTAT)
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Figure 3: Distribution of road accident casualties by month in two non-touristic regions in Greece,
2011-2015 (Source: ELSTAT)

In most touristic regions, the number of casualties in road accidents increases during the spring,
peaks in August and then decreases in September. On the contrary, a similar pattern is not
observed in non-touristic regions, where the seasonal distribution of road accident casualties
presents a quite smoother fluctuation.

The distribution of road accident casualties by age group in touristic and non-touristic regions
is shown in Figure 4.
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Figure 4: Distribution of road accident casualties by age group in touristic and non-touristic regions

in Greece, 2011-2015 (Source: ELSTAT)

Regarding the age of killed or injured persons according to the previous figure, in the touristic
regions more Killed or injured road users at the age of 15-24 and 25-44 are observed, compared
to the non-touristic regions. On the contrary, in the non-touristic regions killed or injured road
users at the age of 45-64 and 65+ are more than the respective figures in touristic regions. This
may be due to the increased traffic of younger people in touristic periods and regions.

The following figure shows the distribution of road accident casualties by transport mode in
touristic and non-touristic regions.
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Figure 5: Distribution of road accident casualties by transport mode in touristic and non-touristic

regions in Greece, 2011-2015 (Source: ELSTAT)

It is observed that in touristic regions, the highest rates of injuries concern Power Two Wheelers
(PTW) (52%), while in non-touristic regions, the highest percentages of road accident injuries
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are recorded for passenger cars (54%). This may be due to the quite higher use of PTWs in
touristic regions.

The following figure shows the distribution of killed or injured persons by purpose of journey
in touristic and non-touristic regions.
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Figure 6: Distribution of road accident casualties by purpose of journey in touristic and non-touristic
regions in Greece, 2011-2015 (Source: ELSTAT)

No substantial difference is observed between the two types of regions. For both touristic and
non-touristic regions, work related reasons are the purpose of journey with the highest
percentage, as these trips are well present all year long.

In Figure 7, the distribution of casualties by nationality and gender for the period 2011-2015 is
presented.
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Figure 7: Distribution of road accident casualties by nationality and gender in Greece, 2011-2015
(Source: ELSTAT)
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Among the Greek killed or injured road users, males are over-represented, while among foreign
tourists the percentages of male and female casualties are almost equal. The residents higher
percentages for male casualties observed might be explained by the higher percentage of traffic
kilometers driven by male drivers.

Figure 8 shows the distribution of road accident casualties by nationality and road user type in

d

Greece.
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Figure 8: Distribution of road accident casualties by nationality and road user type in Greece, 2011-
2015 (Source: ELSTAT)

Regarding the type of road user, it is noted that for all nationalities the highest percentage of
killed or injured persons concerns drivers. However, for the foreign tourists, the difference
between killed or injured drivers and passengers is not that important compared to Greeks and
immigrants residents, as shown in the following diagram. Perhaps it could be explained by the
fact that in touristic regions the occupancy of vehicles is higher than that of vehicles in non-
touristic regions.

The following tables show the distribution of road fatalities and road accident injuries by
nationality and period in touristic and in non-touristic regions.
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Table 1: Percentage of road fatalities in touristic and in non-touristic regions by nationality and
period in Greece, 2011-2015 (Source: ELSTAT)

Touristic Regions Non-Touristic Regions
Touristic Non- Total Touristic Non- Total
Period Touristic Period Touristic
Period Period
Greeks 79% 83% 81% 88% 88% 88%
Foreign 11% 6% 8% 2% 1% 2%
Tourists

Immigrants 10% 11% 10% 10% 11% 10%
Total 100% 100% 100% 100% 100% 100%

Table 2: Percentage of road accidents in touristic and in non-touristic regions by injured persons’
nationality and period in Greece, 2011-2015 (Source: ELSTAT)

Touristic Regions Non-Touristic Regions
Touristic Non- Total Touristic Non- Total
Period Touristic Period Touristic
Period Period
Greeks 74% 85% 79% 90% 91% 91%
Foreign 18% 6% 12% 3% 1% 2%
Tourists

Immigrants 9% 9% 9% 7% 7% 7%

Total 100% 100% 100% 100% 100% 100%

Two main conclusions extracted from Tables 1 and 2:
e Foreign tourists' road fatalities in touristic period are two times higher than foreign
tourists' road fatalities in non-touristic period.
e Foreign tourists' road injuries in touristic period are three times higher than foreign
tourists' road injuries in non-touristic period.

3.2 Accident Risk

Tables 3 and 4 present the accident fault risk distribution as calculated by the use of the induced
exposure method. The induced exposure method is based on the assumption that in every road
accident in which two vehicles are involved there is one driver responsible for the accident and
one innocent driver involved randomly from the total population of drivers. Consequently, the
innocent driver can be considered as a sample of the total population of the drivers and reflects
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the exposure of any specific driver population defined on the basis of certain characteristics
(Yannis et al., 2007).

The basic requirement for the use of this method is the identification of the driver who provoked
the accident. Accidents in which more than one drivers are responsible are not taken into
consideration. Accident risk indices are the ratio of the “guilty” drivers percentage with a
certain characteristic (i.e. driver's nationality) divided by the percentage of “innocent” drivers
of the same characteristic group. The relative risk, which is the ratio of the two relative accident
indices, is representative of the tendency of the driver groups to provoke an accident. Ratios
higher than 1 show that the relative driver group with the accident index as the nominator
provokes more accidents than the other group. This method has been tested in several occasions
and its statistical validity has been verified.

Consequently, the induced exposure method can be valuable in road safety analyses when
relative traffic data are not available. However, it should be noted that this method concerns
only drivers and not all road users, has as a prerequisite the knowledge of the “guilty” and
“innocent” drivers and does not take into account all types of accidents (i.e. single-vehicle
accidents).

The following tables show the results of the induced exposure method applied by taken into
account driver's nationality and type of region.

Table 3: Accident fault risk distribution per driver nationality in Greece, 2011-2015 (Source:

ELSTAT)

Greeks Foreign Tourists  Immigrants Total

At-fault 8,157 439 734 9,330
87% 5% 8%

Not at-fault 8,167 352 702 9,221
89% 4% 8%
Accident risk 0.99 1.23 1.03
Relative risk 1.00 1.25 1.05

As shown in Table 3, Greek drivers have lower fault risk than foreign tourists and immigrants;
a 0.99 ratio is calculated, suggesting that in the examined category they cause fewer accidents
than the ones they get caught up in. Among the three categories of drivers, foreign tourists
drivers appear to have higher accident risk than the others.
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Table 4: Accident fault risk distribution per driver nationality and region in Greece, 2011-2015
(Source: ELSTAT)

Greeks Foreign Tourists  Immigrants Total
At-fault
Touristic Regions 2,258 305 241 2,804
81% 11% 9%
Non-Touristic 5,899 134 493 6,526
Regions
90% 2% 8%
Not at-fault
Touristic Regions 2,259 260 239 2,758
82% 9% 9%
Non-Touristic 5,908 92 463 6,463
Regions
91% 1% 7%
Accident risk
Touristic Regions 0.98 1.15 0.99
Non-Touristic 0.99 1.44 1.05
Regions
Relative risk
Touristic Regions 1.00 1.17 1.01
Non-Touristic 1.00 1.46 1.07
Regions

Table 4 shows that accident fault risk for Greek drivers remains lower both in touristic and non-
touristic regions compared to the other nationality categories. It is interesting to note that there
is no significant difference between Greeks and immigrants mainly in touristic regions. On the
contrary, a significance difference in driver fault risk between touristic and non-touristic regions
can be identified for foreign tourists.

4. Conclusions

The results of the previous analyses led to several useful observations regarding the effect of
tourism on road accidents. During touristic periods, an increase in road accidents and related
casualties is observed, with the highest increase being observed in touristic regions. This fact
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demonstrates clearly the important impact of tourism on road safety in Greece. Moreover, in
touristic regions, the highest percentages of road accident casualties concern PTWSs, which
might be explained by the higher PTW traffic observed in touristic regions. Another observation
that emerges is that in the touristic regions there are more killed or injured persons at the age
of 15-24 and 25-44 compared to the non-touristic regions, demonstrating also the increased
traffic of younger people in touristic periods and regions. Among foreign tourists, the
percentages of male and female casualties are almost equal, whereas for the residents, higher
percentages are observed for male casualties, possibly due to more traffic kilometers driven by
male drivers. Regarding the accident fault risk foreign tourists have the highest accident fault
risk (25%) than Greeks and immigrants. In addition, foreign tourists’ driver fault risk is much
higher in non-touristic regions.

Consequently, it is recommended that targeted measures should be taken in order to both
enhance safe tourism and achieve reduction of road casualties. For instance, stricter random
breath tests and overall more systematic signage and awareness raising for the Greek road
network should be conducted. Furthermore, the Greek government could develop a national
road safety tourism strategy and support scientific studies for the analysis of road safety in
relation to tourism. The local governments (prefectures and municipalities) could develop local
tourist road safety strategies, particularly targeting high risk areas which could be identified
with the corporation of Police. Additionally, vehicle rental companies should ensure that all
motor vehicles meet applicable minimum regulations for occupant and other user protection,
with seat belts, air bags and standard active safety systems. They should also check the validity
of customers’ driving licenses for the desired vehicle according to the road traffic rules of the
destination country and they could also supply customers with information on local road traffic
rules and information on how to ensure their own safety. Moreover, NGOs could work with the
Police and local authorities to assist in the development of road safety campaigns. Last but not
least, travelers themselves should take responsibility of their own safety and obey the local road
traffic rules.

Concluding, the results of the present research allow for an overall assessment of the road safety
level in touristic and non-touristic regions in Greece, providing, thus, useful support to decision
makers working for the improvement of road safety, who should take into account the
particularities of these regions and the different behavior patterns of road users.
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