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ABSTRACT: Evaluation of road safety is the core of 
road safety management, and to prevent traffic acci-
dents, an understanding of the factors that cause them 
is essential. Currently, road safety experts show great 
interest in finding one fair approach to evaluate and 
compare road safety situations in different territories. 
Previously, the assessment of the situation and compari-
sons were based on the size of the consequences in traf-
fic accidents but recently, the road safety experts turned 
to observing and comparing safety indicators as a more 
humane approach, given that in this way critical aspects 
can be seen at an early stage and before accidents occur. 
Over time, an approach of describing the road safety 
situation with a composite index has been developed in 
which a large number of indicators have been aggregat-
ed. The composite traffic safety index is a useful tool in 
assessing the safety situation that provides comparison, 
monitoring and communication between different terri-
tories and defines the elements of the system that need 
to be improved. The methodological development of the 
index construction continues today. The main steps of 
the mentioned process are the selection of the relevant 
set of indicators and determining the influence of each 
of them. In this paper, a set of ten hierarchical road safe-
ty indicators in terms of final outcomes, the road users’ 
behavior and basic territory information are weighted 
with grey relational analysis and aggregated in order 
to calculate one composite index score of 21 municipali-
ties of Montenegro. Grey relational analysis can meas-
ure the relative importance among indicators, implying 
that those with higher grey weight values are more sig-
nificant than those with lower grey weights. However, 
it cannot be claimed that indicator with the highest 
weight has the greatest impact on accidents occurrence, 
but it certainly indicates a field where strategies can be 
adopted to improve level of road safety. 
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1. INTRODUCTION

Traffic safety is a global problem and the high num-
ber of loss lives and high economic damage require 
a serious approach in order to reduce the number of 
accidents and their consequences. At the national 
level, accidents result in high financial costs which 
particularly affect developing countries. According 
to two of the leading causes of death by injury in the 
world are road deaths and traffic injuries. In addition, 
many countries have launched actions and strategies 
in order to achieve the goal of a 50% reduction of both 
accidents and injuries. As WHO (2018) reported, 
132 countries have launched funded strategies at the 
national level, and the reduction of road deaths has 
been set as a  national goal by 109 countries. Mon-
tenegro is one of developing non-European Union 
(EU) countries in the Western Balkans that attempts 
to fulfil the regulations of the EU and the United Na-
tions (UN). In addition, the National Coordination 
Board of Montenegro has adopted the Strategy for 
Improvement of Road Traffic Safety 2010–2019, with 
the main goal of reducing traffic injuries and fatali-
ties by 30% and 50%, respectively, by 2019 compared 
to the 2007 figures. However, at present, this goal 
does not seem to have been achieved yet. The total 
number of 25,100 traffic fatalities in 2018 in the EU 
(EC, 2010) represents a 21% decrease in the number 
of road deaths compared to the 31,500 road deaths 
in 2010 (WHO, 2011). Data from Montenegro show 
a decrease of 50% in road deaths in 2018 compared 
to 2010, and a decrease of approximately 20% when 
compared to 2011 (all Montenegro data are collect-
ed from the Ministry of Interior). When comparing 
these figures to the European average number of 
fatalities per million inhabitants (i.e., 49), Monte-
negro’s rate in 2018 was 77, which is comparable to 
the worst-performing EU countries, namely, Roma-
nia (i.e., 98), Bulgaria (i.e., 88), Latvia (i.e., 78), and 
neighboring Croatia (i.e., 77), (WHO, 2018).
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For adequate and authoritative measures that 
will improve traffic safety, it is necessary to primarily 
perform an analysis of the current, existing situation. 
Great efforts are being made to reduce the number 
and consequences of traffic accidents to a minimum 
with the aim of adopting better and more precise 
strategies, comparison between territories, regions, 
countries, etc. Theoretically, countries can be com-
pared on each risk domain or indicator separately. 
Previously, the assessment of the situation and com-
parisons were based on the size of the consequences 
in traffic accidents, such as the comparison of the 
number of fatalities presented in relation to the num-
ber of inhabitants or the number of accidents pre-
sented in relation to the number of motor vehicles, 
etc. One of the main disadvantages of crash related 
variables is that although they indicate the relative 
position of a  country they cannot offer suggestions 
on how to reduce the number of crashes and casual-
ties. To this respect, The European Transport Safety 
Council advised the European Union in 2001 to for-
mulate and specify a  set of relevant safety perfor-
mance indicators that can be used on the European 
and national level as a means to determine trends in 
the level of road safety and the success of casualty 
reduction programs (Bao, 2010). In recent years, an 
approach that represents the state of safety using the 
road safety composite index (CI) has become popu-
lar. CI is an assessment of the state of traffic safety 
in which all selected indicators are implemented and 
will in a  simple and adequate way show the size of 
the problem in a  certain territory enabling its com-
parison with others. Using a  composite index, as-
pects and domains that need special treatment can 
be determined in order to improve traffic safety. To 
integrate a  large number of safety factors into one 
value, the three mandatory steps are defined in the 
literature (OECD & EC, 2008): selection and quan-
tification of relevant traffic safety indicators, weight 
assignment to selected indicators and aggregation of 
selected indicators in the final assessment of traffic 
safety. No universal approach exists between coun-
tries, which consequently results in a large number of 
methods for index development and benchmarking 
of road safety. An additional problem is the different 
types of data collected by different countries, espe-
cially undeveloped countries such as Montenegro, 
which do not have the same laws and do not yield to 
the same regulations as developed countries. In spite 
of the thorough effort to provide the data, it should be 
realized that it is difficult to obtain quantitative and 

unbiased estimates on the actual implementation of 
road safety policies and programs. Related to previ-
ously mentioned, in this paper, part of uncertainty 
theory, namely grey relational analysis was used to 
construct composite indicator.  

2. LITERATURE REVIEW

One of the most important indicator related research 
studies was the SafetyNet project (Hakkert, Gitel-
man & Vis, 2007b) within which the theoretical as-
sumption for road safety indicators was presented, 
although it did not combine the indicators into one 
composite value. This project served as a  base for 
further research in this field and was a  component 
of the SUNflower project (Wegman, Commandeur, 
Doveh & Eksler, 2008) in which the authors pro-
posed grouping of territories according to their safety 
level and assignment of weight to each of them us-
ing principal component and factor analysis to create 
an overall safety index. In 2008, the European Com-
mission and OECD (2008) published a handbook for 
constructing road safety composite indicators and 
proposed the following weighting methods: weights 
based on principal component analysis, data envel-
opment analysis, analytic hierarchy process, benefit 
of the doubt approach, budget allocation process, un-
observed components model, conjoint analysis and 
public opinion; and aggregation methods: additive 
(weighted sum approach), geometric aggregation 
and non-compensatory multi-criteria aggregation. 
Hermans, Van den Bossche & Wets (2008b) com-
bined the indicators in one performance indicator 
by assigning weights to each and used five weight-
ing methods that were applied to the road safety data 
from various countries and Gitelman, Doveh & Hak-
kert (2010) proposed composition of a road safety in-
dex by combining the basic indicators using weights 
based on statistical models. Composition of one road 
safety indicator is currently receiving increased at-
tention in the literature as well as the use of various 
methodologies for that purpose. Therefore, it is sur-
prising that few studies in the literature use grey rela-
tional analysis in this effort.

Grey relational analysis (GRA) is multidiscipli-
nary tool and it is successfully used in various fields 
such as economics, management, decision-making, 
medicine, prediction, modelling, and data process-
ing, among others. With respect to road safety, Lu 
& Wevers (2007) used the grey relational method-
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ology for evaluation of road safety in urban roads 
in Netherland and used GRA to rate the scenarios 
of infrastructure, advanced driver assistance sys-
tems and their combinations, which are expected to 
be implemented to improve road safety. Ma, Shao, 
Ma & Ye (2011) used a combination of the grey and 
fuzzy theory to create three different sets of compos-
ite road safety indicators by considering judgment 
attitudes: one related to regional roads, one related 
to urban roads and one related to highways. René, 
Becker & Manz (2016) applied the grey system with 
time series to predict the expected number of acci-
dents and relayed results to target improvement that 
should be performed and measures that should be 
conducted. Liu, Huang, Duan & Zhang (2017) used 
grey relational analysis to calculate weights for the 
purpose of constructing a  fuzzy road safety indica-
tor. The authors used nine indicators related to the 
frequency, severity and trend of traffic accidents and 
applied a  fuzzy comprehensive method to obtain 
the final score. According to above mentioned Road 
Safety studies, where GRA was successfully imple-
mented, for computing of the composite indicator 
and evaluating road safety of territory, related to this 
particular research, novel methodology integrating 
grey relational analysis (GRA) is proposed. In addi-
tion to previous studies, the authors applied a hier-
archical structure of indicators and used GRA to cal-
culate indicator weights at each level. Furthermore, 
additive aggregation is performed to construct one 
overall composite indicator.

3. BASIC CONCEPT  
OF PROPOSED METHODOLOGY

Grey theory, first proposed by Deng (1989) oper-
ates with discrete data that are classified as black 
(unknown data), grey (incomplete data) or white 
(accurate data). In other words, it can be said that 
grey models predict the values of time series based 
only on the set of the most recent data and can be 
understood as curve fitting. Grey relational analysis 
address uncertainty of systems and since road safety 
indicators data are not entirely reliable regarding the 
collection methodology, GRA is proposed to process 
it. The mathematical calculations in GRA are derived 
as follows:   

When data are collected, they are placed in K cat-
egories and L layers. Each category of indicators 
(k=1,…, K) form matrix where indicators represent 

alternatives (i=1,…, mk) and territories represent at-
tributes (j=1,…, n). The decision matrix can be pre-
sented as follows:

(1) Xi = xi(1), xi (2), …, xi (j), …, xi (n)

In this paper, authors used normalization in order 
that larger assigned weight represents greater signifi-
cance of indicator:

(2) 

In addition, normalized matrix is derived as G:

(3)

Then, the referent data set for normalized matrix 
is constructed. The referent set represent the virtual 
ideal set and is formed from the ideal values of attrib-
utes, maximum or minimum, depending on the re-
search goal. In a matter in which higher weight repre-
sents a larger influence in a road safety situation, the 
reference set in this particular research is constructed 
from maximum values.

When the referent set is formed, the grey relation-
al coefficient is calculated by measuring the distance 
of each indicator value from the referent set as shown 
in equation (4). 

(4) 

where:

where ρ represents the distinguishing coefficient 
[0,1] and usually takes on a  value of 0.5 implying 
a moderate distinguishing effect. 

When mk is the number of indicators in each of K 
categories and n is the number of territories (coun-
tries, regions, municipalities, etc.), the significance 
of each indicator in each category can be calculated 
via the following equation:

(5)
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which refers to grey relational degree. If the weights 
w(j) for the attributes are known, then the grey rela-
tional degree can be calculated as follows:

(6)

where the sum of the attributes weights must be 
equal to 1. Moreover, the computed relational degree 
is normalized with (7) because it represents the input 
weight for further analysis. 

(7)

The calculated and normalized, grey relational 
degree wgrey(i) represents the input grey weight  
of the given indicator i into the observed category k. 
When the grey weights are derived within all catego-
ries, scores for each category and each municipality 

 are obtained as weighted sum of grey weights 
and corresponding indicator:

In addition, for any observed territory, if  is 
a set of input factors (normalized values of road safe-
ty indicators and corresponding grey weights) of the 
kth category in the lth layer, the aggregated grey com-
posite indicator is noted as in (9).

(9)

where:

4. SELECTION OF INDICATORS

The complexity and multidisciplinary context of traffic 
safety in a given territory, using a composite index, can 
be represented by a single quantitative measure, which 
is an advantage over the use of individual indicators 
(Gitelman et al., 2010). This is achieved by applying 
appropriate methodologies to aggregate all selected 
indicators into a single comprehensive assessment of 
the road safety situation. In order for this assessment 
to be reliable and relevant, the choice of indicators as 
a  first step is a  very important and demanding task 
because the final assessment largely depends on that 

choice (Hermans, Van den Bossche &  Wets, 2009). 
For the selection of relevant indicators, it is first nec-
essary to set a description of the phenomenon and its 
subcategories, the so-called road safety domains with-
in which the relevant indicators will be selected. The 
first step of this process is to define the list of indica-
tors that will potentially enter the final set used for the 
construction of the composite index, while the second 
step defines the criteria and methodology on the basis 
of which the selection will be made. Hermans (2009) 
presented the so-called an indicator card which pro-
vides an overview of the characteristics of each indica-
tor individually. The card contains ten aspects accord-
ing to which indicators are described and which help 
in decision-making, and in order to enter the selection, 
indicators must be relevant, measurable, understand-
able, data available, reliable, comparable, specific and 
sensitive. However, if a large number of performance 
indicators are available, some summarization is es-
sential for the analysis (Bird et al., 2005). In contrast, 
as the unavailability of reliable and comparable road 
safety data limits the use of the best required indica-
tors, many authors use the best-available indicators 
from each road safety domain.

LTSA (2000) presented the pyramidal structure 
of elements that affect traffic safety in a given terri-
tory, which consists of the structure and culture of the 
population, strategies and action plans to improve 
traffic safety, measures and programs to improve 
traffic safety, traffic safety indicators, final outcomes 
(traffic accidents) and total social costs. When ana-
lyzing the scientific literature, a great effort of experts 
is noticed to define one set of safety indicators that 
will best describe the road situation in a certain ter-
ritory. The traditional approach to indicators (ETSC, 
2001) presents three domains that affect the occur-
rence and consequences of traffic accidents, namely: 
traffic participants, vehicles and road infrastructure 
(environment), and the WHO (2011) states that 
every traffic accident is a direct consequence of a lack 
of functioning of one or more of the mentioned do-
mains. Thus Hakkert et al. (2007b) within the Safe-
tyNET project presented the methodological basis 
for defining indicators (indicator development be-
gins with defining problems). 

In the literature dealing with the creation of 
a composite index, the choice of indicators that will 
create the final safety score varies from author to au-
thor. Some authors use direct safety indicators such 
as the number of accidents or fatalities per capita, 
passenger kilometers or motor vehicles (Shen, Her-
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mans, Brijs, Wets & Vanhoolf, 2012, Shen, Her-
mans, Bao, Brijs & Wets, 2013, Bastos, 2014, Bastos 
et al., 2015, 2016); some use indirect indicators such 
as driver behavior, vehicles, and road infrastructure 
(Vis, 2005; Hermans et al., 2008b, Hermans, Brijs 
& Geert 2008a, Hermans, Ruan, Brijs, Wets & Van-
hoolf, 2010, Hakkert & Gitelman, 2007a; Hakkert et 
al., 2007b, Shen et al., 2011) and some authors use 
a combination of all of the above (Al-Haji, 2005, 2007, 
Wegman et al., 2008, Wegman & Oppe, 2010, Gitel-
man et al., 2010, Chen, Wu, Chen, Wang &  Wang 
2016) Summarizing, the most commonly used indi-
cators for creating a composite index classified by EC 
domains are given as follows:

•	 Behavior:  driving under the influence of 
alcohol, speeding, use of protective systems 
(seat belt, helmet, daytime running lights ...), 
use of telephone,

•	 Vehicles: fleet composition, fleet age
•	 Road (environment): length of the road 

network, quality of road infrastructure, health 
care, time until the arrival of assistance in the 
event of a traffic accident

In Montenegro, crash data are collected by the 
police, which is the main source of information for 
road fatalities and injuries. The 2012 Law prescribes 
that Ministry has to have electronic database of de-
tailed information about the accidents, vehicles 
and persons that were involved in the accidents. Al-
though, Ministry has database, it is not fully accurate 
as reports about accidents are filled in paper forms 
and only later are inputted in the electronic database. 

Such data are not fully reliable and the robustness the 
composite index is based on the data from which it is 
constructed and its quality should improve in parallel 
with the improvement of the quality of the collected 
data and the development of the indicators used. 

With respect to the literature and availability of 
data, in this research three types of indicators proposed 
by Al-Haji (2005, 2007) and Gitelman et al. (2010) are 
used, modified and classified into groups as presented 
in figure 1. In addition to basic data on a territory, and 
in order to make an objective comparison between 
larger and smaller territories, it is necessary to use the 
degree of exposure. Exposure is a key element in the 
occurrence of an accident, so an adequate risk assess-
ment is as important as the availability of reliable data 
on the number of road fatalities (Bastos, 2014). In the 
literature related to traffic safety, exposure is defined 
as the amount of movement within the traffic system 
(Hermans, 2008a). The most commonly used expo-
sure measures are population, number of vehicles, kil-
ometers traveled and number of passenger kilometers. 
Rates, the relationship between a certain type of con-
sequences and the measure of exposure (such as the 
number of deaths in relation to the number of vehicles) 
is the most common way to measure and compare the 
security situation in a territory (e.g. PIN reports) but 
is also used as an indicator for composite index con-
struction. All mentioned is the verification of selection 
of indicators from Safer product group.

It should be noted that indicators reflecting be-
havior from Safer people group should be the rates of 
people wearing seatbelts, rates of driving under the 
influence of alcohol, etc., but in Montenegro, such 
data are unavailable. Therefore, to address those be-

Figure 1. Selected road safety evaluation indicators.
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haviors, the number of violations recorded by the po-
lice (data are collected from the Ministry of interior) 
is considered. To describe the municipality more cor-
rectly, the number of violations is given as the rate per 
thousand inhabitants.

5. RESULTS 

According to the proposed methodology for con-
structing one overall composite indicator, scores and 
ranking of territory can be obtained, as well as weights 
of the indicators included in the calculation (Table 1). 

Also, road safety of territory can be monitored 
annually and with analyzing assigned weights the 
effects of implemented measures can be observed. 
Using a set of ten hierarchical road safety indicators 
in terms of final outcomes, the road users’ behavior 
and basic territory information, 21 municipalities of 
Montenegro are evaluated via one composite index 
score. The relative weights for all of the three men-
tioned groups of indicators and the weights of each 
indicator in each group are obtained in terms of the 
grey relational degree. These weights can be used by 
policy makers for planning future measures.

The results show that in the overall safety score of 
Montenegro, the most influential group of indicators 
are those reflecting behavior because they received 
the highest grey weight score of 0.3713. Taking into 
account that the data are not true rates but numbers 
of violations, the conclusion can be made that non-
wearing a seatbelt represents one of the riskiest be-
haviors, with a  grey weight of 0.2971. In summary, 

Table 1. Weights calculated using grey relational analysis.

Indicator group Weights Indicators Weights

Safer people 0.6920 0.3713 Speed 0.5764 0.2422

Alcohol/drug 0.6864 0.2876

Seatbelt 0.7072 0.2971

Mobile phone 0.4121 0.1731

Safer product 0.5650 0.3031 Public fatality rate 0.5952 0.2435

Traffic fatality rate 0.7883 0.3225

Public accident rate 0.3813 0.1560

Traffic accident rate 0.6799 0.2781

Safer system 0.6068 0.3256 Road density 0.6349 0.5000

Motorization rate 0.6349 0.5000

Table 2. Composite index of municipalities.

Municipality GCI score* GCI*100 Rank

AN 0,8733 87,33 4

BR 0,6537 65,37 19

BA 0,8577 85,77 5

BP 0,8282 82,82 8

BD 0,7312 73,12 16

CT 0,8385 83,85 7

DG 0,8987 89,87 3

HN 0,8115 81,15 12

KL 0,6894 68,94 17

KO 0,7595 75,95 13

MK 0,9094 90,94 2

NK 0,748 74,80 14

PL 0,9234 92,34 1

PV 0,8461 84,61 6

PŽ 0,8199 81,99 10

PG 0,2677 26,77 21

RO 0,8234 82,34 9

ŠA 0,6178 61,78 20

TV 0,6779 67,79 18

UL 0,746 74,60 15

ŽB 0,8185 81,85 11
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grey relational analysis can measure the relative im-
portance among indicators, implying that those with 
higher grey weight values are more significant than 
those with lower grey weights. By analyzing the as-
signed weights, the strategies can be made which can 
be adopted either by the government authorities or 
individually on a  local basis. When calculated, the 
grey weights are further combined with the munici-
pality performances to obtain one composite indi-
cator. In addition, based on the results the rank of 
the territories can be established. The proposed ap-
proach provides a more reasonable and encompass-
ing measure of performance, based on which the 
overall ranking position of municipalities is obtained. 
Ranking is conducted in such a manner that the mu-
nicipality with a higher safety level occupies a higher 
place. For Montenegro, PL is ranked first, followed 
by MK, DG and AN, as shown in Table 2. This result 
is not a surprise given that those municipalities are all 
small ones with low motorization levels and no main 
roads in their territories.

6. DISCUSSION AND CONCLUSION 

It is very important to adequately address issues of 
road accidents and traffic injuries, as they remain 
great problems for the public health system. Aggrega-
tion of different variables into one road safety perfor-
mance index is a popular concept in evaluating road 
safety and comparing the performance of territories. 
This paper presents the development of a novel and 
innovative weighting methodology using grey rela-
tional analysis. Based on the proposed model, ten 
hierarchical road safety indicators were selected in 
terms of a  two-layered model with three categories 
related to behavior, safety and system. Grey weights 
are assigned to categorized indicators in each layer, 
and the grey road safety composite indicator for each 
of 21 selected municipalities in Montenegro is calcu-
lated. With relatively high assigned weights, the riski-
est domain is targeted. The highest weight assigned 
to the indicator concerning the not wearing the seat-
belt shows that it represents the most obscure nega-
tive behavior in Montenegro. However, it cannot be 
claimed that not wearing a seat belt has the greatest 
impact on the safety situation, but it certainly shows 
a field that should be improved with concrete actions 
and preventive measures. In this way, the experts were 
given the opportunity of practical application when 
adopting future preventive measures with the aim of 

improving the security situation. If a  larger number 
of safety indicators are considered in the analysis, the 
results may be more comprehensive. Moreover, to 
create more precise and organic conclusions, there 
is a need to implement indicators related to percep-
tion and attitudes of both, public and experts. There-
fore, in the future researches, effort should be gained 
to conduct such surveys and provide answers to the 
questions raised. There is no unique number of layers 
and categories, which is an advantage and a deficien-
cy because absolute freedom is given to the researcher 
in choosing best available data for a particular subject 
of research. Therefore, sensitive analysis should be 
implemented, and the need exists to define standard-
ized categories of indicators as well as the indicators 
themselves that can best describe the level of road 
safety of territories and are also applicable to under-
developed countries with a lack of data. Also, periodic 
analyzes can be performed and changes in influenc-
ing factors can be determined over time. Given that 
the GRA is normalization-based methodology, the 
calculated results might vary based on type of nor-
malization, which is the largest shortcoming of this 
method and further research should investigate the 
normalization method that best fits the data repre-
senting road safety.
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