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Abstract. The paper investigates the accidents and fatalities on the main road
network in the North-West Region of Romania over a period of 4 years (2015-
2018). The aim of the paper is to highlight some shortcomings and suggest
possible improvements of the road network in order to reduce the number of
accidents and fatalities. Detailed analyses, including statistical and spatial
statistical analyses, were conducted on the accidents involving goods and
public transport vehicles considering the scale of their impact. As a result, black
corridors and vulnerable municipalities were identified. They were found to be
related to the reduced main road density and high levels of freight traffic transit.
In conclusion, with one of the lowest motorization rates in the EU and given
the important efforts already made by the police, improving road network in
Romania becomes the key for reducing accident and fatality rates in the region.
In this regard, it is suggested that motorways and ring roads are needed in
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order to bypass the vulnerable municipalities. The results of this research may
enable planners and administrations to act strategically to improve road safety
in the critical areas, to prioritize actions for road network development and to
formulate better strategies to ensure road safety.

Keywords: Geographic Information System (GIS), goods vehicles, public
transport vehicles, road safety, vulnerable municipalities.

Introduction

Road safety is an essential component of a modern transportation
system. Efficiency of the system, including safety, implies a reliable
road network with a certain density of the dedicated infrastructure for
high-speed and goods vehicles. According to the European Commission
(2019), Romania ranks first in the European Union in terms of road
fatalities per million inhabitants in 2018, although the evolution over
the period of time between 2010 and 2018 presents the same trend as
the EU average. Improvements have been made in many areas by the
authorities, especially by the Romanian Police. Traffic Department of
the General Inspectorate of Romanian Police (TDGIRP) is also part of
the CARE project (European Commission, 2018a). However, reducing
fatalities on roads is a far more complex problem and road network
development is the key issue in this matter.

The National Strategy for Road Safety for the period 2015-2020 (n. d.)
specifies that there is no possibility to drastically reduce the number of
victims of traffic accidents given the increasing motorization rate and
mobility, while road network development is not being carried out at the
same rate. The strategy mentions the reduced state of development of
road network but none of the objectives addresses the need to increase
road network density. At the same time, the need to increase the safety
of goods and passenger transport, improving the norms regarding traffic
analysis, the regulation of mobility plans, including road safety in the
urban planning and spatial planning process are some of the important
objectives that are mentioned in the document. An important problem
which is highlighted in the strategy refers to urbanization along transit
roads - European, national, and county roads, namely, the existing linear
localities along them, but there is no recommendation to build ring roads
or bypasses.

Previous road safety research in Romania has generally documented
the connection between national roads and accident rates (Cadar, Boitor
& Dumitrescu, 2017), vehicle-to-vehicle car crashes (Cosciug, Ciobanu
& Benedek, 2017), spatial characteristics of road traffic accidents and
injuries (Ciobanu & Benedek, 2015), as well as the correlation at the
national level between the number of accidents and urbanization level



(Benedek & Kurké, 2012). Some analyses were conducted at the local
level. Hotspots were determined in Cluj-Napoca (Romania) and they
were used to clasify dangerous street segments (Benedek, Ciobanu,
& Man, 2016). Vulnerable areas within the city of Cluj-Napoca were
identified based on the correlation between low-light conditions and the
number of traffic accidents (Ivan, Haidu, Benedek & Ciobanu, 2015).

Goods vehicles (HGV and LGV) and public transport (PT) vehicles
transporting larger number of people run on these types of roads
and they represent the main focus in the research, because accidents
involving these types of vehicles tend to have a more severe impact and
higher costs (Lindberg, 2006). For instance, in Sweden, per kilometre
driven, HGV and busses killed five times as many car occupants as
passenger cars did (Bjornstig, Bjornstig & Eriksson, 2008). Furthermore,
road type is important in the analysis of commercial vehicle crashes
as these tend to occur on the main roads (59%) (Kofalvi & Vincze-Pap,
2001).

In view of these preliminary observations, the paper aims to
investigate the accidents and fatalities on the main road network in the
North-West Region of Romania in order to highlight some shortcomings
and suggest possible improvements to the road network in order to
reduce the number of accidents and fatalities. The research focuses
on LGV and HGV vehicles along with PT vehicles, highlighting that the
low level of road network development is the key factor in accidents
occurrence. Addressing the imperative need to improve the road
network, the paper argues that the focus should be made on building
appropriate infrastructure for high-speed and goods transport, such as
motorways, expressways, ring roads, bypasses, and collector streets.

The main road network considered in the study consists of
motorways, national and county roads. The black corridors spotted
on these roads are seen as input data in analysing road safety issues in
the region; they could be considered in the early stages of developing a
planning strategy for improving road safety. The scope of the analysis
conducted in this paper, namely, analysis at the regional level, provides
new insight into road safety issues (Wachnicka, Kustra, Jamoroz &
Budzynski, 2016). As a result, vulnerable municipalities or areas in
the region are detected based on the spatial distribution, densities
and hotspots of accidents and fatalities. Depending on the statistical
relevance of the hotspots, three levels of vulnarability are used to
classify the municipalities in the N-W Region of Romania. Therefore,
efficent planning strategies can be implemented to improve road
safety as long as interventions are prioritised based on the level of
vulnerability. Prior actions should be taken by authorities in the
deadliest municipalities or wider areas. This methodology was applied
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in the first case study of N-W Region of Romania. It can be considered
a simple but innovative and adequate solution for road safety analysis
and identification of the critical areas. GIS (Geographic Information
System) visualization tools can provide quick and sound information;
it appeared useful for assessment of road safety issues. The results
may enable administrations to prioritize the actions for road network
development and planners and policy makers - to develop better road
safety strategies.

The paper comprises the following sections: Introduction, Data and
methods, Case study, Results and findings, and finally, Discussion and
conclusions.

1. Data and methods

The data used in this research are taken from five main sources:
Romania National Institute of Statistics, Eurostat, Traffic Department of
the General Inspectorate of Romanian Police, OpenStreetMap, Romanian
INSPIRE Geoportal.

Datasets from the Romania National Institute for Statistics (2018,
2019) and Eurostat (2017, 2019) were employed for the general overview
of the transport system and socio-demographics in the N-W Region. The
counties in the N-W Region were analysed based on the NIS data. They
present specific details referring to population, areas, municipalities,
motorization rate, road motor vehicle rate and aspects of the road
network, which are extensively presented in the case study. The road
network aspects, namely, the length and density, are presented in line
with the aim of the research separately for motorways and express
roads, national roads, regional roads and bypasses.

New data sets regarding road accidents in the North-West Region
of Romania are available. These present specific details referring to
locations, participants and vehicles involved in the accidents. Data
collection is conducted by the Traffic Department of the General
Inspectorate of Romanian Police, who provided the data for the period
between 2015 and 2018 for this research in three different datasets
regarding incident location, participants and vehicles. A total number of
14 244 accidents was recorded, out of which 2020 involved LGV, HGV or
PT vehicles. The analysis focuses on the accidents involving goods and
public transport vehicles.

Data analyses were performed using Excel. Statistical analyses were
conducted using filters, selections and pivot tables in Excel on all three
datasets regarding incident location, participants and vehicles. Firstly,
vehicles were classified according to the purpose of this research into



heavy goods vehicles, light goods vehicles and public transport vehicles
(busses, mini-busses, coaches, trolleybuses and trams) and others.
Goods vehicles and passenger transport vehicles are all considered in
the selection due to their load and respective scale of accidents. Vehicles
were classified into these categories using such details as brand, model
and intended use of the vehicle. If it was not clear whether the vehicle
is specifically HGV, LGV or PT, it was not considered. Trailers were not
considered either. The most important step in the research was to classify
the vehicles according to the Romanian traffic norms, an aspect which
was not considered in the data collection process at the time of accident
registration. Therefore, the initial database of the accidents was not edited
but some new fields were added for the purpose of this research. The most
important statistical indicators of this research are accident rate (AR)
and fatality rate (FR). AR was calculated as a percentage of the number
of accidents that occurred in each county in the total number of accidents
(Ciobanu & Benedek, 2015). AR was also obtained for specific conditions
such as HGV, LGV or PT vehicles, location in or outside locality and by type
of road. FR was calculated as a percentage of the number of deaths that
occurred in each county in the total number of accidents (Pirotti, Guarnieri
& Vettori, 2011). These indicators can be further used for comparison with
the previuos studies, which documented the data on the same areas.

GIS analyses were performed using ArcGIS platform. The database
provided by TDGIRP was georeferenced. A total number of 13 995
georeferenced points were obtained. The accidents located outside the N-W
Region were excluded. Furthermore, 2019 accidents involving HGV, LGV or
PT vehicles were found in the N-W Region but only 1983 of these points had
valid information to support the application of Join tool for connecting the
accidents dataset with the vehicles dataset. Three types of analyses with
specific tools were used: spatial distribution of the road network, accidents
and victims, spatial density of accidents and fatalities, including kernel
density of accidents and fatalities, and spatial statistics - average nearest
neighbour, Global Moran I and hotspot analysis (Getis-Ord Gi*). Each type
of analysis represents one step of the methodology developed in this paper.
The proposed methodology has been applied in the first case study of N-W
Region of Romania for both accidents and fatalities datasets. The accidents
dataset is considered initially to provide some insights into the location
of the incidents. Firstly, the spatial distribution of the accidents is used.
The simple method helps visualize the accidents by location in order to
establish black corridors and to summarize accidents in the municipalities
and counties. Secondly, spatial densities are obtained. Heat maps are
created, since they are a simple but effective visual tool. Moreover, kernel
density interpolation is used. Euclidian kernel density was established
based on the results of the Average Nearest Neighbour analysis, which is a
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spatial statistics tool used in this research. An observed mean distance was
1154 m, and experience from the previous research called for using two
search radiuses of 1000 m and 6000 m (Thakali, Kwon & Fu, 2015). Obvious
differences were established for the two values of the search radius in
terms of density, but they confirmed the initial results obtained in the heat
maps. Furthermore, they helped formulate the alternative hypothesis that
accidents do form spatial clusters in the region for the spatial statistical
analysis. Thirdly, the pattern was validated with Global Moran I and Hot
Spot analysis (Getis-Ord Gi*). The results of the Global Moran analysis
indicated a strong spatial autocorrelation of the accidents. This allowed
conducting a more complex pattern analysis within the hotspot analysis.
Accident hotspots were identified. They provide a statistically relevant
result concerning the critical areas in the region where accident clusters
occur. The same three-step methodology was applied to the study of
fatalities. Spatial distribution and densities, as well as spatial statistics,
were used to identify the vulnerable municipalities or wider areas in the
region where more fatal accidents occur.

OpenStreetMap (n. d.) and Romanian INSPIRE Geoportal (n. d.)
provided the layers for the GIS representation, the road network and
administrative limits in the N-W Region, respectively.

2. Case study

Romania is a large country with four first-level NUTS regions
(Macroregions, Figure 1a) including eight second-level NUTS regions
(Regions, Figure 1b). The study focuses on the North-West Region of
Romania (N-W Region), which includes 6 counties: Bihor (BH), Bistrita-
Nasaud (BN), Clyj (C]), Maramures (MM), Satu Mare (SM) and Salaj (S])
(Figure 1c).
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Figure 1. The North-West Region of Romania: a) Macroregion 1; b) regions;
c) counties of the region
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2.1. Aspects of the road transportation system Investigating
Accidents

. . the Main Road
All three components of the road transportation system in the Ezthrkom o

region are documented - people or users, vehicles and road network  intheNorth-West
- for all six counties: BH, BN, CJ, MM, SM and S]. The N-W Region  Regionof Remania
has a total population of 2 556 639 inhabitants and a total area of
34 160 km?* as described in Table 1 (Romania National Institute for
Statistics, 2019). There are 1911 municipalities in the region, out of
which 15 are cities, 28 towns, and 403 communes. C] has the largest
population among the counties of this region, it also has the highest
density of population of 106 inh/km®. BH comes second after CJ in
terms of number of residents. The population density in BH is similar
to that in SM, MM and the average value in the region. BH and C] have
a larger number of municipalities compared to the other counties. The
motorization rate in CJ is 357 cars per 1000 inhabitants, which is not
very high compared to BH, which comes second with a motorization
rate of 341 cars per 1000 inhabitants. The motorization rate in the
N-W Region with 333 cars per 1000 inhabitants is almost equal to
the national rate (Romania National Institute for Statistics, 2019). In
this respect, Romania comes last in the EU (Eurostat, 2017). When
considering road motor vehicles per 1000 inhabitants, the N-W Region
demonstrates a slightly higher rate than the national one. While

Table 1. Characteristics of the counties in the N-W Region
of Romania (source: author*, 2018)
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BH 562 750 7544 75 458 10 91 341 447
BN 279 500 5355 52 249 4 58 302 396
cJ 705 914 6674 106 434 6 75 357 456
MM 462 012 6304 73 247 13 63 307 396
SM 333627 4418 76 234 6 59 330 427
SJ 212 836 3864 55 289 4 57 329 427
Total
2 556 639 34160 75 1911 43 403
(N-W Region) 333 430

Note: * based on the NIS data; ** usually resident population as of July 1st, 2018 (provisional data).



THE BALTIC JOURNAL

OF ROAD
AND BRIDGE
ENGINEERING
2021/16(1)
Table 2. Road network in the N-W Region of Romania (source: author*, 2018)
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MM 0 371 785 653 7.6 o] 28.7 012
SM 0 303 838 570 10.5 0 38.7 0.24
SJ 0 286 632 873 13.2 o] 46.3 0.34
Total (N-W
. 68 2369 5222 5147 109 0.2 37.3 0.32
Region)

Note: * values reported by the NIS.
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Figure 2. The motorways and bypasses in the N-W Region of Romania, 2019

motorization rate in the N-W Region has increased over the study
period, from 261 to 333 cars per 1000 inhabitants, road network
density did not vary significantly, increasing by 59 km in the total
length (Romania National Institute for Statistics, 2019).



Table 2 presents the data on the road network summarized by the
Romania National Institute for Statistics (2018). The road network
includes all roads in the N-W Region: motorways and express roads,
national roads, regional or county roads, and other urban and rural or
local roads. According to the Romanian norms, streets are considered
differently from roads. The length of the national roads in C] is 566 km,
followed closely by BH with 528 km. C] is the only county that has an
operational motorway with a length of 68 km. There are no express
roads in the region. According to Government Decision No. 782 (The
Government of Romania, 2014), not a single city or town in the N-W
Region has a ring road. However, Cluj-Napoca (C]), Gherla (C]J) and
Oradea (BH) have some bypasses that run outside the localities and
Bistrita (BN) and Stei (BH) have some links, which are named bypasses
but they run throughout the localities passing by the central area. In
total, 9 out of 43 cities and towns in the N-W Region have bypasses,
with a total length of 109 km. The motorways and bypasses in the N-W
Region in 2019 are illustrated in Figure 2. According to Knoema (n. d.),
road density is the ratio of the length of the country’s total road network
to the country’s land area. Road density in the N-W Region is very close
to the national value of 36 km per 100 km®. Although the road network
density and motorway density in the N-W region is slightly above the
national value, they are still very low.

2.2. Road accident-related aspects

During the 4-year period, between 2015 and 2018, TDGIRP
recorded 14 244 accidents in the N-W Region. It resulted in
5.6 accidents per 1000 people. In total, 21702 vehicles and
19 172 people were involved in all accidents, resulting in 964 fatalities.
Table 3 presents an overview of the initial statistical analysis. It
provides insights into the type and number of vehicles involved in
the accidents, incidence of events by locality and type of road, and
the number of fatalities. Table 4 presents accident and fatality rates
for each county of the region. It shows that 34% of the accidents were
registered in CJ. This percentage is four times higher than that of the
county with the lowest number of accidents, namely, SM. Accidents
involving HGV, LGV and PT vehicles were considered for a more
detailed analysis. 13% of the accidents in the region involved at least
one HGV, LGV or PT vehicle, 45% of the accidents occurred on the
main road network, 81% of the accidents occurred inside a locality.
CJ] is the county with the highest AR. Some general observations on
the material losses in accidents are related to the number of vehicles
involved. A total of 3705 HGV, LGV, and PT vehicles were involved in

Rodica Dorina Cadar,
Rozalia Melania
Boitor,

Mara Dumitrescu,
Petru Daniel M&ran

Investigating
Accidents

on the Main Road
Network

in the North-West
Region of Romania



THE BALTIC JOURNAL

OF ROAD
AND BRIDGE
ENGINEERING
2021/16(1)
Table 3. Accidents database overview (source: author* 2019)
Accn.:len?: Accident location
location in on the road network
the locality
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BH 2118 | 171 131 481 1625 493 0 598| 378| 174| 33| 935| 168 3261
BN 2238 | 125| 157 53| 1853 385 0 Q67| 420 172 32 647 | 156| 3286
CcJ 4908 | 215| 269 | 240| 4176 732| 23| 1223| 405| 116| 238| 2903 | 236| 7843
MM 2405| 111 116| 54| 2024 381 O 603| 465 76| 63| 1198| 161| 3600
SM 1232| 67 93 21| 1002 230 O 316| 183 17 3| 713| 139| 1805
SJ 1343 | 95 22 32| 934 409| O| 488| 283| 143| 10| 419| 104| 1907
Total
N-W | 14244 | 784 | 788 | 448 | 11614 | 2630 | 23| 4195| 2134 | 698 | 379 | 6815 | 964|21702
Region

Note: * based on the data.

Table 4. Accident rate and fatality rate by county (source: author* 2019)

AR by
location in AR by road type
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BN 16% | 1% | 1% | 0% | 2%| 13%| 3% | 0% | 7%| 3%| 10%| 1% | 0%| 5%| 1%
CcJ 34% | 2% | 2% | 2% | 5% | 29%| 5% | 0% | 9% | 3% | 12%| 1% | 2% |20%| 2%
MM 7% | 1%| 1% | 0% | 2%| 14%| 3%| 0% | 4% | 3%| 7%| 1%| 0%| 8% | 1%
SM 9% | 0% | 1% | 0% | 1% 7% | 2% | 0% | 2% | 1%| 4% | 0% | 0%| 5% | 1%
SJ 9% | 1% | 0% | 0% | 1% 7% | 3% | 0% | 3%| 2%| 5%| 1%| 0%| 3% | 1%
Total
N-W | 100% | 6% | 6% | 2% | 13% | 81%| 19% | 0% | 29% | 15% | 45% | 5% | 2% | 48% | 7%
Region

Note: * based on the TDGIRP data.
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3. Results and findings

A total number of 14 244 accidents were recorded in the North-West
Region over the study period, between 2015 and 2018, out of which
2020 involved LGV, HGV or PT vehicles. The outcome of the accidents
and fatality rates of the accidents involving HGV, LGV and PT vehicles
by county presented in Table 5 show that 36% of the accidents involving
HGV, LGV and PT vehicles were registered in CJ, 17% in BN, 17% in BH,
14% in MM, 6% in SM and 10% in S]. The fatality rates follow a similar
trend in the counties, namely, 3% in C]J and BH, 2% in BN, respectively,
1% in MM, SM and §J. The statistical analysis of the accidents involving
LGV, HGV and PT shows that these accidents mainly occurred

Table 5. Accident and fatality rates of accidents involving
HGV, LGV and PT vehicles by county (source: author?* 2019)

Total accidents including Inside the built-u
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Note: * based on the TDGIRP data.
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Figure 3. Accidents involving HGV, LGV and PT vehicles in the N-W Region
between 2015 and 2018: a) incidence by type of road; b) incidence in or
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12



within built-up areas of localities and along the main road network
(Figures 3a, 3b; Table 5). The highest fatality rate was recorded in C] and
BH.

A total number of 13 995 points were georeferenced, out of which
2019 points were accidents involving HGV, LGV or PT. Only 1983 of these
points had valid information to support the Join tool for connecting the
accidents dataset with the vehicles dataset. The methodology, which
was developed and applied for the case study, involved conducting three
types of GIS analysis, namely spatial distributions, spatial densities and
spatial statistics, for both accidents and fatalities datasets. GIS analyses
were performed using spatial distribution of the road network, accidents
and victims, spatial density of accidents and fatalities, including kernel
density of accidents and fatalities and spatial statistics - average nearest
neighbour, Global Moran I and hotspot analysis (Getis-Ord Gi*).

Firstly, the spatial distribution of the accidents helps to visualize
the accidents by location and to establish the black corridors in the N-W
Region.

The map presented in Figure 4a shows the location of accidents
involving HGV, LGV and PT vehicles, validates the numerical data
presented previously in the charts and tables, and provides a perspective
on the black corridors in the N-W Region.

Secondly, spatial densities are obtained using the heat map and
kernel density interpolation tools.

Figure 4b presents the results of the kernel analysis, it validates
the presence of black corridors in the first map. The analysis was
conducted using a round value of 1000 m for the search radius, which
is very close to the observed mean distance of 1154 m that resulted
from the Average Nearest Neighbour analysis. A maximum density of
1.14 accidents per cell was obtained.

Summing up the accidents in municipalities shows the vulnerable
municipalities with higher accident incidence. This helps identify
the critical areas in the N-W Region. Figures 5a and 5b present the
two sides of the same coin, namely, a sum of the accidents involving
HGV, LGV and PT vehicles within municipalities against their heat
map. Kernel analysis was conducted using a search radius of 6000 m,
namely, six times the closest round value of the observed mean
distance. The outcome of a maximum density of 4.35 accidents per cell
is presented in Figure 5c.

Thirdly, the pattern was validated with spatial statistics indicators,
such as Global Moran I and Hot Spot analysis (Getis-Ord Gi*). The
Global Moran analysis of the accidents reported a value of 0.0591 for
Global Moran’s Index, a Z-score of 4.606 and a p-value of 0.000004.
The results indicate that there is a strong spatial autocorrelation of
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Figure 4. Accidents involving HGV, LGV and PT vehicles in the North-West
Region of Romania: a) location on the main road network; b) kernel density

the accidents. This facilitated the hotspot analysis. Accident hotspots
were identified (Figure 5d). Hotspot analysis was conducted to
provide a statistically relevant result concerning the critical areas in
the region where accident clusters occur. The accident hotspots are
clustered in the metropolitan area of Cluj-Napoca (red cells in Figure
5d). The regional urban centre of Cluj-Napoca is the most vulnerable
city and the hotspots clustered around the city are the most
vulnerable municipalities in the region.
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Figure 5. GIS analyses of the accidents involving HGV, LGV and PT vehicles in
the North-West Region of Romania over the period between 2015 and 2018:
a) sum in municipalities; b) accidents heat map; c) accidents kernel density;
d) accident hotspots

Every accident has a negative impact, particularly in terms of
the lost lives. In total, 238 lives were lost between 2015 and 2018 in
the N-W Region in the accidents involving HGV, LGV and PT vehicles,
which represented 25% of the total fatalities in the region. The
percentage is higher than the 16-18% of fatalities resulting from
accidents involving HGV busses and coaches registered within the EU
in the period between 2007 and 2016 (European Commission, 2018b).
Although the number of fatalities (238 people) is lower than that of
severely injured (787 people) and slightly injured (1750 people), still
those lives are lost.
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The impact of accidents involving LGV, HGV and TP on traffic
conditions remains an important factor, especially since accident
localities are concentrated in the urban areas and along the national
roads, given the extremely high density of linear municipalities along
these roads (Figure 6a). This aspect may be considered in more detail
when comparing the results of the summarization per municipality
to those of the summarization per county (Figure 6b). Moreover, the
descending trend of the lives lost in these accidents, namely, 62 in 2015,
59 in 2016 and 52 in 2017 changed to 65 deaths in 2018. The fatalities
heat map in Figure 6¢ shows a similar picture to the accidents heat map.
The kernel density of the fatalities is presented in Figure 6d. A maximum
density of 5.45 accidents per cell was obtained using a search radius of
6000 m. The pattern was validated with spatial statistics indicators,
such as Global Moran [ and Hot Spot analysis. The Global Moran analysis
of the fatalities reported a value of 0.082586 for Global Moran’s Index,
a Z-score of 4.086 and a p-value of 0.000044. The results indicated a
strong spatial autocorrelation of the fatalities. This allowed conducting
a more complex pattern analysis within the hotspot analysis. Fatalities
hotspots were obtained (Figure 6e€) to provide a statistically relevant
result concerning the critical areas and to identify the vulnerable
municipalities or wider areas in the region where more fatalities are
registered. Fatalities hotspots show that critical areas are found in
important urban municipalities and wider areas clustered around
them. It is the case of the metropolitan area of Oradea located near the
border, the regional pole of Cluj-Napoca and some linear municipalities
situated on the main road network in BN. However, some municipalities
demonstrate a totally different situation, an opposite trend highlighted
by the cold spots, which present a desirable goal - statistically relevant
safe areas.

Discussion and conclusions

The paper investigates the accidents and fatalities on the main road
network in the North-West Region of Romania over the period of 4 years
(2015-2018). Since 964 people died on the roads of the N-W Region of
Romania between 2015 and 2018, there is an urgent need to act to
improve road safety in order to reduce the social costs of accidents.

The transport system in the region is extensively documented
in terms of people, vehicles and road network for all six counties:
BH, BN, CJ, MM, SM and S]. The N-W Region has a total population of
2 556 639 inhabitants and a total area of 34 160 km®. Population is the
largest and demonstrates the highest density in C]. BH comes second
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after CJ in terms of the number of residents. The population density in
BH is similar to that in SM, MM and the average value in the region. BH
and C] have a larger number of municipalities compared to the other
counties. The motorization rate is comparable among the counties. With
333 cars per 1000 inhabitants in the N-W Region, the motorization rate
is almost equal to the national rate, it is one of the lowest in the EU.
The length of the main road network in the region is reduced, the only
operational motorway has a length of 68 km, there are no express roads
and not a single city or town has a ring road.

These data were analysed along with the road accidents database
provided by TDGIRP consisting of three datasets regarding incident
location, participants and vehicles. The complex accidents database,
which provides foundation for this research, was provided by TDGIRP,
which has already made many improvements to increase road safety.

Accident and fatality rates were calculated and explicitly presented.
Detailed analyses, including statistical and spatial statistical analyses,
were conducted on the accidents involving goods and public transport
vehicles due to the scale of their impact.

As a result, the highest number of accidents as well as that of
fatalities was mostly found along the main roads and in the built-up
areas of municipalities. Practically, this is related to the reduced
road density and high levels of freight traffic transit in the populated
areas. One solution to this problem would be to increase road density
by building motorways or ring roads that bypass the localities.
Furthermore, limiting the expansion of the urban areas along the
existing roads by imposing restrictions in the urban planning
documents may also be part of the solution. Without these measures
and in the absence of an urban development strategy, there is a
risk that by expanding linear municipalities, an even greater share
of national roads will become mixed-function links, offering both
mobility and local accessibility and thus reduced road safety because of
traffic conflicts and low average speeds.

In conclusion, given one of the lowest motorization rates in the EU
and the important efforts already made by the police, improvement of
the road network in Romania becomes the key to reducing accidents
and fatalities in the region.

Spatial distribution concepts, such as location of points on the map,
summarization and other aggregation tools, heat maps, kernel density
are useful for the administrations, although experts might see them
as simple, subjective and perceptive models. This could be the case of
simple heat maps, which are merely simple spatial distribution maps,
which nevertheless help non-experts to easily spot critical areas.
Simple spatial distribution tools are an elementary but powerful tool



for any party involved in the planning process. Considering the size
of the region’s area, it was observed that kernel analysis using a search
radius of 6000 m, six times the value of the observed mean distance,
resulted in an outcome which was more relevant for highlighting
clustering trends. For further kernel density analyses, an even greater
value of the cell size should be used, a more representative value of the
observed mean distance multiplier in relationship with the length of
the network and size of the area under study.

As a result, black corridors and vulnerable municipalities were
identified.

The results of the Global Moran analysis indicated a strong
spatial autocorrelation of the accidents and fatalities. This allowed
conducting a more complex pattern analysis within the hotspot
analysis. Hotspots were identified for both accidents and fatalities.
They provide a statistically relevant result concerning the critical
areas in the region where accident clusters and fatality clusters occur.
The regional urban centre of Cluj-Napoca is the most vulnerable city,
according to the results of the accidents hotspot analysis. The accidents
hotspots are clustered around the city, including the municipalities in
the metropolitan area of Cluj-Napoca. These critical areas with many
accidents involving HGV, LGV and PT vehicles need reconfiguration of
the road network. Local, regional and national administrations should
focus on these areas. The shortcomings of the road network include low
density, lack of motorways, express roads and bypasses that ultimately
result in accidents with enormous social and material costs. A clear
example in this respect is the number of victims involved in road
accidents, and especially the number of fatalities. More critical areas
are identified based on the results of the fatalities hotspot analysis.
The fatalities hotspots are more numerous compared to the accidents
hot spots, the results of their analysis open two different perspectives.
On the one hand, the level vulnerability appears to be more gradual
among municipalities, as different levels of confidence hotspots are
revealed by the analysis. Fatalities hotspots show that critical areas
are found in important urban municipalities and wider areas clustered
around them. It is the case of the metropolitan area of Oradea located
near the border, the regional pole of Cluj-Napoca and some linear
municipalities situated on the main road network in BN. On the other
hand, some municipalities demonstrate a totally different situation, an
opposite trend highlighted by the cold spots, which present a desirable
goal - statistically relevant safe areas.

Based on the results of the fatalities hotspot analysis, a
municipality could be classified according to the road’s potential level
of danger considering the reliability level of the pattern. Therefore,
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the most relevant hotspots (99%) define the most critical areas,
named extremely dangerous municipalities. This is the case of the
metropolitan area of Oradea and Cluj-Napoca with the municipalities
clustered around it (red cells in Figure 6e). Relevant hotspots (95%)
define very critical areas, named very dangerous municipalities. This is
the case of municipalities located in the proximity of the metropolitan
area of Oradea and of Cluj-Napoca and some of them are linear
municipalities, especially in BH, C] and BN county, located on the main
road network (orange cells in Figure 6e). Critical areas are defined
by hotspots (90%) and named dangerous municipalities. These are
some linear municipalities located on the main road network (yellow
cells in Figure 6e). Therefore, the urgency for intervention has been
highlighted along setting priorities for improvements of the road
transport network to reduce the number of lives lost every year. These
envision construction of new motorways, expressways, ring roads,
bypasses, and collector streets in the municipalities, especially cities
and linear municipalities.

Furthermore, the results of this research may enable the planners
and administrations to act strategically for improving road safety
in the critical areas, to prioritize the actions for road network
development and to formulate better strategies in road safety.

Based on the results of the research, the future version of The
National Strategy for Road Safety should include a specific objective in
order to state the need for an improved road network. In this respect,
improving the transportation system in the region should be carried
out through the development of a reliable road network, which implies
higher road density and dedicated infrastructure for high-speed
and goods vehicles. In addition to road network improvements, the
document should also consider the need for appropriate facilities for
goods and passenger road transport, which are also very important
factors for the drivers and could help increase the safety of goods and
passenger transport.

According to the findings presented in the paper, another specific
objective in the strategic plan should also refer to reviewing the
planning and urban development norms, as well as including details
referring to urbanization along the main transit roads - European,
national, county - to limit the linear development of the existing
municipalities along these. In this respect, it is necessary to restrict
construction in the areas adjacent to the transit and bypass arteries.
Care should be taken to avoid situations where bypasses and ring roads
become local and access roads through the development of adjacent
urban areas. Therefore, improving the road network by building
appropriate infrastructure for high-speed and goods transport should



improve road safety and result in the reduction of both social and
material costs in a holistic way, in an integrated planning process.

The paper has presented the first attempt to develop a methodology
to study road safety at the regional level in Romania. It presented
the statistical analyses and GIS analyses conducted within the case
study. The complex accidents database, which provided the basis
for this research, could be improved to include such variable as
vehicle category according to the Romanian traffic norms in the
characteristics recorded in the data collection process conducted at
accident sites.

As a further step of this research, it is important to establish a
specific correlation between traffic volume and accidents or fatalities.
A different administrative level should also be considered in the future
analysis with the focus on municipalities in order to establish the
relationship between such variables as road network density, accident
rate, fatality rate, traffic volumes, etc.
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NOTATIONS
Abbreviations

EU - the European Union;

N-W Region - North-West Region of Romania;

BH - Bihor County;

BN - Bistrita-Nasaud County;

CJ - Cluj Cunty;

MM - Maramures County;

SM - Satu Mare County;

SJ - Salaj County;

OSM - OpenStreetMap;

NIS - the National Institute for Statistics - ROMANIA;
TDGIR - Traffic Department of the General Inspectorate of Romanian Police;
HGV - Heavy Goods Vehicles, Heavy Gross Vehicles;
LGV - Light Goods Vehicles;

PT - Public Transport vehicles or passenger vehicles transporting a larger
number of people;

AR - Accident Rate;
FR - Fatality Rate;
GIS - Geographic Information System.
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