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From the Editor

Dear readers,

It is my pleasure to present the 16th printed and electronic edition of the journal Traffic and Transport Theory
and Practice - TTTP, featuring 10 peer-reviewed articles in the field of traffic and transport engineering. This time,
we have the opportunity to present a selection of the best papers presented at the Second International ,,Safe-Urban-
Mobile” Conference. Rigorous reviews by distinguished international and domestic experts have contributed to the
growing visibility of the journal and the scientific conference, resulting in a high level of quality in this issue.

Among other topics, we draw attention to a model for regulating traffic at two-lane roundabouts through legal
and technical regulatory measures. New criteria for determining damage resulting from traffic accidents are also
presented. This issue places particular focus on road safety, especially regarding the implementation of Directive
2008/96/EC. It also includes an article by authors from the medical profession addressing the harmful consequences
of traffic in urban environments. Sustainable urban mobility, quality of life in cities, and electronic micromobility are
among the thematic areas covered in this edition.

Editor-in-Chief
Prof Danislav Draskovic, PhD Eng.
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Abstract: Driver behavior under local conditions has a significant influence on the value of accepted
headways required for performing minor maneuvers. In operational analyses and the design of unsig-
nalized intersections, driver behavior is quantified through the value of the critical headway. It is as-
sumed that the critical headway represents the shortest headway that a driver is willing to accept. Since
it is not possible to measure the critical headway directly from field observations, measurement results
are processed using application software and mathematical tools. To determine the critical headway at
three priority intersections in the urban area of the city of Doboj, six different methods were applied:
Harders’, Logit, Lag, Raff’s, Wu’s, and the Maximum Likelihood method. In order to identify which of the
applied methods provides the best solution for the analyzed intersections, a comparative analysis was
conducted between the theoretically obtained capacity values and the actual measured capacity value.
The Lag method was the most suitable for intersection |, the Maximum Likelihood method was chosen
for intersection I, while the Raff method was selected for intersection I..

Keywords: critical headway estimation, unsignalized intersection

INTRODUCTION

Since the early stages of Traffic Flow Theory, many stud-
ies have aimed to define procedures for analyzing the
capacity of roads, streets, and intersections, as well as
identifying influencing factors. The first research efforts
in this field date back to the early 1930s, when capacity
studies of uninterrupted road segments were conducted
for the first time. The capacity of roads, intersections,
and other elements of the roadway and street network
continues to be a highly relevant topic that motivates
extensive scientific research. The findings of such stud-
ies are used to develop procedures and models for the
calculation of various components of the road and street
network. Although established procedures exist for the
capacity analysis of most of these elements, all models
and procedures are still being refined and improved
through new research and mathematical modeling ef-
forts. In engineering practice, capacity estimation for
unsignalized intersections is most commonly performed
using the procedures defined in the Highway Capacity
Manual (HCM). The HCM represents the most widely

cited manual for capacity analysis within the roadway
and street network.

When estimating the capacity of unsignalized in-
tersections, one of the traffic flow parameters that most
strongly influences both capacity and level of service is
the critical headway. The critical headway represents
the mathematically determined minimum headway in
the major stream that allows a vehicle from the minor
stream to complete its maneuver. In theory, it is assumed
that the critical headway is smaller than any accepted
headway and greater than any rejected headway. Since
drivers will accept all headways greater than their criti-
cal headway, this value cannot be measured directly at
the observed intersections [1]. Therefore, accepted and
rejected headways must be extracted and statistically
processed so that they can be used in the calculation of
intersection capacity and level of service.

The value of the critical headway depends on ob-
jective factors, such as the technical and operational
characteristics of vehicles and the geometric features of
intersections. However, in addition to objective factors,
the value of the critical headway equally depends on

5
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the driver’s subjective assessment and behavior in such
traffic situations. Specifically, drivers on the minor ap-
proaches of priority intersections assess the value of the
headways in the conflicting major streams and choose
the headway they perceive as suitable for performing
the minor maneuver. In the case of poor judgment, the
driver may impede vehicles in the major stream, and in
extreme situations this may lead to conflicts or traffic ac-
cidents.

Although the HCM provides recommended head-
way values that can be used under various conditions,
more accurate and precise values of the critical headway
can be obtained through field observations that account
for the specific local conditions of a given area [2]. In
this way, calibration is performed by adapting the input
parameters to real traffic conditions at the intersections,
ensuring that the theoretical models more accurately re-
flect actual traffic operations [3]. Due to the inability to
directly measure the critical headway at every intersec-
tion under analysis, numerous methods and procedures
have been developed for its estimation.

METHODOLOGY

For the purposes of this research, it was necessary to con-
duct measurements of the parameters used to determine
the capacity and level of service of unsignalized intersec-
tions under real traffic conditions. Such studies are very
rare in Bosnia and Herzegovina and the broader region,
even though the HCM methodology recommends local
measurements as the most reliable approach for defining
traffic flow parameter values. For this study, the obser-
vation of headways in the major stream was conducted
at three unsignalized intersections in Doboj, namely:

e The intersection of Sveti Sava Street, Milo§ Obili¢
Street, King Aleksandar Street, and Vidovdan-
ska Street (marked as L, in the paper);

* The intersection of Vasilije Ostroski Street and
King Aleksandar Street (I);

* The intersection of Vojvoda Stepa Street and
King Dragutin Street (L,).

For the estimation of the critical headway, six dif-

ferent methods were applied, namely: Harders’, Logit,
Lag, Raff’s, Wu's, and the Maximum Likelihood method.

Raff’s method

The earliest method for estimating the value of criti-
cal headway is based on the research conducted in [4].
Raff’s method involves the empirical distribution of the
functions of accepted gaps F (t) and rejected gaps F (1).
According to his conclusions, the critical headway (t) is
a function of ¢ at the points where the functions 1-F (t)
and F (t) intersect. When the sum of the cumulative prob-
abilities of accepted gaps and rejected gaps is equal to 1,
then the headway of t is equal to the critical headway ¢ .
This means that the number of rejected gaps greater than

the critical gap is equal to the number of accepted gaps
lower than the critical gap.

F()=1-F (t) 1)

Later, Miller [5] provided some mathematical ex-
planations of this method and stated that the results of
estimating the critical gap are directly related to flow
rate at approaches. This method was previously used in
many countries due to its ease of application, such as in
Germany [6].

Harders’ method

Harders [7] developed a method for estimating ¢,
which was often used in Germany. The largest number
of performed procedures for capacity calculation in Ger-
many is still based on his method of estimating the val-
ues of { and . In Harders’ procedure, lags are not used
in the sample observed. The time scale is divided into
intervals of equal length, e.g. At = 0.5 [s], and the center
of each interval i is denoted as t. For each vehicle in a
minor-stream queue, it is necessary to measure all the
gaps from the major stream available to the driver and
record the accepted gaps. Based on all the above, it is
necessary to calculate the following values:

- N, - the number of all measured gaps of i, which

are available to minor-stream drivers

- A, - the number of accepted gaps of i

- ai = A/]\] i

By plotting the value of 4, in the center of each in-
terval t, a curve is obtained that represents F (1), i.e. the
function of critical gaps. On the other hand, there is no
mathematical concept or further proof that a, = f(t) nor
that a real curve of critical gaps F (t) is thus obtained.

2.3 Maximum likelihood method
The maximum likelihood method for estimating the
critical headway was developed in the early 1970s by Mill-
er and Pretty [5, 8]. This method for estimating the critical
headway is most accurately explained in [9]. The maxi-
mum likelihood method is based on the fact that the value
of critical headway is between the largest rejected gap and
the accepted gap. The following parameters are used to
estimate the critical headway using this method [10]:
-y, - the logarithm of the gap accepted by the i
driver
- x,- the logarithm of the largest gap rejected by
the i driver, x =0 if no gap is rejected
-y - the logarithm distribution mean of individu-
al critical gaps of drivers
- 0’ - the logarithm distribution variance of indi-
vidual critical gaps of drivers
- f()-probability density function for normal dis-
tribution
- F () - cumulative distribution function for nor-
mal distribution

6
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The average value of critical headway t and the
variance s’ can be calculated as follows:

{ = y+0,502

.=e 2
s =12 1) 3)

Wu’s method

Wu [11] presented a new model for estimating criti-
cal headways at unsignalized intersections (Probability
equilibrium method). The theoretical background of the
model is the probability equilibrium between the accept-
ed and rejected gaps. The author states that in addition
to a good theoretical background, the new model has
other positive features such as robust results, indepen-
dence from any assumptions before applying the model,
the ability to use all relevant gaps. The advantage is also
the possibility of obtaining the empirical probability dis-
tribution function of critical headways directly, as well
as a simple calculation procedure without iteration. This
method is defined by the following mathematical expres-
sion:

1-F,(t)

RO E O

Logit method

The Logit method uses the negative logarithm of
likelihood function. Logit is basically a linear regression
model with a mathematical form as shown in the follow-
ing expression:

1

b= 1+ e_(BO+BlX) (5)
where P is the probability of gap acceptance, f, and 3, are
regression coefficients, and x is the length of the gap. The
critical headway can be estimated by solving the expres-
sion above for x by assigning a value from 0.5 to P, i.e.
the probability is 50% that the gap will be accepted. This
model is often used to check the influence of different
independent variables on the critical headway, such as
waiting time, average speed, etc.

The lag method

This method is based on the lag in the major stream,
that is, the time between the arrival of a vehicle in the
minor stream and the arrival of a vehicle in the major
stream. It assumes homogeneous drivers and indepen-
dence of minor-stream arrivals from traffic conditions in
the major stream [12]. The underlying premise is that the
probability of accepting a lag t is equal to the probability
that the driver’s critical headway is smaller than ¢, mean-
ing that the critical headway lies between the largest re-
jected and the accepted lag. Therefore, it can be stated
that:
Fz,lag = E(t) (6)

For this method, it is necessary to measure all inter-
vals, both accepted and rejected. A scale of W segments
of size At (e.g., At =1 s) is then formed, and for each seg-
ment i the following values are analyzed:

N, = the number of observed lags within the interval i
A, = the number of accepted lags within the interval i
ai = A/I\] i

If it is assumed that the value ¢, represents the cen-

ter of interval i, then:

Fc(ti) =4 7)

which represents an approximation of the cumulative
distribution function of the critical headways. The mean
critical headway in that case is:

w
I = Zti '[Fc(ti)_Fc(ti—l)] 8)
i=1
where W is the number of intervals of size At.

Comparative analysis of methods for critical headway

estimation

To determine which of the applied methods pro-
vides the most realistic estimate of the critical headway,
a comparison was made between the measured field
capacity values and the theoretical capacity values, i.e.,
the capacity values obtained based on critical headways
calculated using different methods. For the comparative
analysis of the mentioned capacity values, the method
developed and presented in [13, 14, 15] was applied,
which requires determining the values of the field capac-
ity and the conflicting flow rate. For the purpose of de-
fining these two parameters, only headways observed in
queues consisting of at least three vehicles were consid-
ered. The field capacity is obtained as the ratio between
the number of vehicles in the queue and the time elapsed
from the moment the first vehicle in the queue reaches
the stop line to the moment the last vehicle in the queue
reaches the stop line, during which all vehicles in the
queue use the same headway in the conflicting stream
[14]. During the same observation period, the conflicting
flow rate is calculated using Equation (9):

©)

Conflicting flow rate = n
tn 0
where:

* n is the number of vehicles in the conflicting
stream, including the vehicle that passed imme-
diately after the last vehicle from the queue on
the minor approach,

e t is the arrival time of the nth vehicle from
the conflicting stream in front of the minor ap-
proach,

* t,is the arrival time of the first vehicle from the
queue at the stop line.
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On the other hand, for the capacity calculation
based on the obtained critical headway values, the mod-
el defined in [16] was applied. Afterwards, a scatter plot
was created in MATLAB using the values of the field ca-
pacity and the conflicting flow rate.

RESEARCH RESULTS

Table 1 presents the calculated critical headway values
obtained using the previously mentioned methods.
Critical headway values equal to zero in the table
correspond to situations in which the applied method
did not produce results. Such cases occur due to an in-
sufficient number of collected observations, i.e., accept-
ed and rejected headways/lags. The primary reason for

this issue in the case of the right turn maneuver from
the minor approach is that this movement has the small-
est number of conflicting streams compared to all other
minor maneuvers. In addition, the traffic volume in the
conflicting streams for this maneuver was relatively low,
allowing most drivers to complete the right turn from the
minor approach unimpeded. Therefore, within this com-
parative analysis of methods, in such cases the critical
headway and follow-up headway values recommended
in [16] were adjusted to local conditions.

For comparison of the previously mentioned ca-
pacity values, it was necessary to determine the field
capacity and conflicting flow values based on the pro-
cedure described in the Methodology section. When it
comes to the observed minor roads at intersections I, and

Table 1. Calculated critical headway values at the three unsignalized intersections

Intersection
| 1 |
Method 1 2 3
Through traffic Right turn from Left turn from Right turn from Left turn from Right turn from Left turn from

on minor minor minor minor minor minor minor

Lag 7,20 0,00 8,17 0,00 9,00 6,83 10,66
Harders 6,84 0,00 7,75 6,64 7,23 0,00 7,56
Logit 6,24 0,00 6,83 5,93 7,13 0,00 7,08
Raff 6,22 0,00 7,50 6,15 6,65 6,00 6,85
Wu 6,40 0,00 7,07 6,19 6,01 6,49 6,97
MLM 5,58 4,71 7,12 5,85 6,33 4,27 6,46

Table 2. Adjusted recommended values of critical headway and follow-up headway in the HCM manual

. Through traffic on Right turn from the Left turn from the
Intersection Parameters . . q
the minor road minor road minor road
| Critical headway 6.53 6.21 7.10
! Follow-up headway 4.03 3.31 3.50
| Critical headway - 5.54 5.53
? Follow-up headway - 3.34 3.62
| Critical headway - 6.23 6.42
3 Follow-up headway - 3.33 3.52
Table 3. Descriptive statistics for the follow-up headway
Intersection Maneuver GG Stal?d?rd Variance Minimum Median Maximum
Mean Deviation
Through traffic on 3.55 0.90 0.82 2.02 3.34 5.53
the minor road
l, Right turn fromthe 5 )¢ 0.65 0.43 181 3.42 4.57
minor road
Left turn from the 4.18 0.69 0.47 3.69 418 4.66
minor road
Left turn from the 3.33 0.87 0.75 1.61 3.13 5.72
| minor road
) -
Right turn from the 3.71 0.69 0.47 2.46 3.61 5.48
minor road
Left turn from the 4.26 0.84 0.70 2.58 4.23 6.13
| minor road
3 -
Right turn from the 3.44 0.74 0.55 2.17 3.52 4.94

minor road

http://www.tttp-au.com/
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L, it was impossible to find a sufficient number of wait-
ing queues with at least three vehicles performing the
same minor maneuver for the calculation of field capac-
ity and conflicting flow. The main reason for this impos-
sibility is that all minor maneuvers share a single lane at
the analyzed minor roads at the intersections. Therefore,
for these two intersections, data were extracted for the
calculation of field capacity and conflicting flow in situ-
ations where at least three vehicles performed the same
or different maneuvers to enter the center of the inter-
section. On the other hand, intersection I, has separate
minor roads for left and right turns, so it was possible
to identify traffic situations where at least three vehicles
performed the same movement maneuver to enter the
center of the intersection.

For the purposes of calculating the theoretical ca-
pacity based on the HCM model, the values of conflicting
flows for each maneuver at the observed unsignalized
intersections were determined. Additionally, the values
of follow-up headways were calculated separately for
each maneuver, and are presented in Table 3.

Considering the previously described case at inter-
sections I, and 1,, which refers to data extraction when
at least three vehicles form a queue, the capacity of the
shared traffic lane was calculated for these two intersec-
tions and used in further analysis. On the other hand,
due to the physically separated minor roads at intersec-
tion L, the capacities for left and right turns from the mi-
nor road were calculated separately at this intersection.

Due to the specific geometric characteristics of in-
tersection I,, modifications were made to the original
equation for calculating the capacity of the left turn
movement from the minor approach, as defined in [16].
More precisely, the adjustment primarily concerns the
exclusion of the left turn flow from the major approach
(20,) from the equation used to calculate the conflict-
ing flow for the left turn from the minor approach. This
modification was introduced because vehicles turning

left from the major approach use a separate, physically
divided lane located in front of the lane used by vehicles
turning left from the minor approach. In addition, ve-
hicles turning left from the major approach decelerate
before executing the maneuver due to higher priority
vehicles approaching from the opposite direction. As a
result, vehicles turning left from the minor approach can
perform their maneuver unimpeded. The adjusted equa-
tion for calculating the capacity of the left turn from the
minor approach, adopted as a consequence of neglecting
the influence of the left turn from the major approach, is
givenasc, =c, (ie, the movement capacity is equal to
the potential capacity).

In MATLADB, a scatter plot was created with points
determined by the field capacity values (labeled as Field
Qin Figures 1, 2, 3, and 4) and conflicting flow values (la-
beled as CF in Figures 1, 2, 3, and 4). In some cases, there
were significant variations in the field capacity values,
which is quite common in field measurements [14]. For
this reason, a smoothing technique based on the mov-
ing average method was applied to reduce the variations
in the data. In this way, the exponential model was ad-
justed to the field data and compared with the theoreti-
cal capacity values. After applying the aforementioned
method, the field capacity values are labeled as Field
Qm, while the exponential curve, i.e., the model, is la-
beled as Fit in Figures 1, 2, 3, and 4.

The values on the x-axis represent the conflicting
flows determined for each maneuver at the analyzed
intersections, while the values on the y-axis represent
the capacities estimated based on the critical headways
obtained using different methods. The best method for
calculating the critical headway is the one that yields
the theoretical capacity value closest to the field capacity
value for the same conflicting flow value.

Based on Figure 1, it can be observed that the theo-
retical capacity value obtained using the Lag method is
the closest to the field capacity value at intersection I..

qi '.-|:.||'ir:. [||.'|1 !l]

Conflsctmg flow |velih)

+ Fmid O miCF |

|
Te |

i Mgt
oG

v

< Wg
TR
A

Figure 1. Comparative analysis of methods at intersection I,
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Figure 3. Comparative analysis of methods for left turn from the minor road at intersection |,

The Lag method showed the best results at intersection
I, as it is particularly effective in practice for urban four-
leg intersections with complex traffic patterns, lacking
dedicated turning lanes from the minor roads in the ob-
served case, and featuring high variability in driver be-
havior caused by a mix of driver types (novice, elderly,
professional, etc.).

Figure 2 shows that the theoretical capacity values
are quite distant from the exponential model at intersec-
tion L. The reason lies in the calculated follow-up head-
way, which is higher than the recommended value due
to the specific radius on the road designed for right turns.
Since the HCM model, on which the theoretical capacity
values are based, does not consider the radius to be one
of the influencing factors on capacity, these theoretical
capacity values are far from the actual capacity values.
Through a comparative analysis of theoretical capacity
values calculated in this way, it can be established that
the Maximum Likelihood method is the most suitable for
right turns from the minor road.

Figure 3 shows that for left turn from the minor road
at the same intersection I, the Maximum Likelihood
method provides the best results. The main reason for
this lies in the favorably channeled intersection geome-
try, the small number of conflicting traffic flows, and the
clearly defined movement directions, all of which con-
tribute to stable and consistent driver behavior. These
conditions align well with the fundamental assumptions
of the Maximum Likelihood method.

Figure 4 shows that the Raff method is the best solu-
tion for intersection I,. Geometric characteristics of this
intersection, such as limited visibility, lack of dedicated
lanes, and the presence of a “STOP” sign, collectively
contribute to high variability in driver behavior, un-
predictable decisions, and a greater number of rejected
headways. These conditions make the Raff method suit-
able for calculating the critical headway, as it does not
model driver logic but instead relies on actual observed
driver behavior.
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CONCLUSION calculating capacity and service levels, and also encour-

Practically all studies have shown that the capacity of
unsignalized intersections largely depends on the criti-
cal headway. The value of the critical headway is influ-
enced by vehicle characteristics, traffic conditions, and
geometric features of the intersection, but also to a great
extent by driver behavior. Driver behavior is shaped by
numerous factors influenced by local conditions, habits,
mentality, and similar influences. To properly analyze
performance indicators of unsignalized intersections,
it is essential to obtain reliable estimates of the critical
headway for each maneuver. Variations in driver behav-
ior therefore have a substantial impact on capacity, level
of service, and overall traffic safety. Inaccurately estimat-
ed critical headway values for unsignalized intersections
may lead to a misleading representation of traffic condi-
tions and the performance of the traffic network.

As a result of the aforementioned variations in
critical headway values, applying the same method can
lead to differences in the calculated capacity at unsignal-
ized intersections. Therefore, using recommended criti-
cal headway values derived for one country may lead
to incorrect decisions when applied in another. For this
reason, a comparative analysis of six different methods
for estimating the critical headway was conducted in
this study, with the aim of verifying the theoretically
obtained values. The Lag method was the most suitable
for intersection I,, the Maximum Likelihood method was
chosen for intersection I, while the Raff method was se-
lected for intersection I..

Comprehensive research findings indicate an un-
deniable need for conducting local measurements of key
parameters used in the capacity calculation of unsignal-
ized intersections, in order to ensure that the obtained
results are more relevant and applicable. It is expected
that the research results will, in subsequent steps, initi-
ate further research to be implemented in procedures for

age other researchers to conduct similar studies in other
local environments.
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Abstract: Road traffic injuries remain a major contributor to premature mortality, especially in low- and
middle-income countries. This study quantified the burden of premature mortality attributable to road
traffic injuries in the Republic of Srpska by calculating Years of Life Lost (YLL) and Potential Years of Life
Lost (PYLL), and assessed changes following the 2021 amendments to traffic safety legislation. A quasi-
experimental before—after design compared the periods 2011-2020 and 2021-2024. Mortality data
were sourced from official demographic statistics and analysed using descriptive and inferential statisti-
cal methods. The results indicate a substantial decline in premature mortality. The mean number of
road traffic deaths decreased by 27.9%, while YLL and PYLL were reduced by approximately 70%. Reduc-
tions occurred across all age groups, with the most pronounced decline among individuals aged 15-24
years and among vulnerable road users, particularly pedestrians and bicyclists. The Haddon matrix was
used as the primary analytical framework, organizing findings across pre-crash, crash, and post-crash
phases. The observed changes were primarily associated with system-level interventions in the pre-
crash phase, particularly legislative and enforcement measures. Improvements in crash and post-crash
determinants also likely contributed to reduced mortality. In conclusion, the reduction in premature
mortality observed after 2021 is temporally associated with legislative amendments and aligns with a
broader system-based road safety framework rather than isolated policy measures. Further research
is warranted to quantify the contribution of individual interventions and to assess long-term trends.

Keywords: Road traffic injuries; premature mortality; Years of Life Lost (YLL); Potential Years of Life Lost
(PYLL; Haddon matrix

INTRODUCTION

nantly occur among younger, economically active pop-

Road traffic injuries represent a leading cause of prema-
ture mortality and disability worldwide, posing a signifi-
cant challenge to public health and development. Accord-
ing to the World Health Organization, approximately
1.19 million individuals die each year as a result of road
traffic crashes. Additionally, tens of millions experience
non-fatal injuries that frequently result in long-term dis-
ability (WHO, 2023). These injuries disproportionately
affect low- and middle-income countries and predomi-

ulations, resulting in considerable social and economic
consequences (WHO, 2023; Murray et al., 2020). Beyond
immediate human suffering, road traffic crashes impose
a substantial burden on health systems, families, and na-
tional economies. Injuries frequently require extended
medical treatment and rehabilitation, leading to reduced
productivity and enduring social costs. As a result, traf-
fic injuries are increasingly analysed using population
health metrics that encompass both mortality counts and

13



Darijana Antonic, et al.

Impact of traffic safety law amendments on fatal road traffic injuries in the Republic of Srpska: a before-after analysis

TTTP (2026)11(1)13-19

the broader effects of premature mortality (GBD, 2019;
Collaborators, 2020).

Traditional mortality indicators quantify the num-
ber of deaths but fail to consider the age at death or the
potential years of life lost due to premature mortality.
To address this limitation, epidemiological research fre-
quently utilises measures such as Potential Years of
Life Lost (PYLL) and Years of Life Lost (YLL). PYLL
estimates premature mortality using a predefined age
threshold, such as 65 or 75 years. In contrast, YLL is cal-
culated using standard life expectancy, representing the
total number of years individuals would have lived had
they reached the expected lifespan (Gardner & Sanborn,
1990; Romeder & McWhinnie, 1977, WHO, 2010; Mur-
ray et al., 2012). The YLL indicator is a core component
of the Global Burden of Disease (GBD) framework and
the World Health Organization Global Health Estimates
methodology. In this approach, YLL is determined by
multiplying the number of deaths by the standard life
expectancy remaining at the age of death. This method
places greater emphasis on deaths at younger ages, pro-
viding a more comprehensive assessment of the soci-
etal burden of premature mortality (Murray et al., 2012;
WHO, 2023).

Road traffic deaths constitute a leading cause of
mortality worldwide, particularly in low- and middle-
income countries (LMICs), where more than 90% of
fatalities occur. The burden is especially pronounced
among vulnerable road users and young adults, notably
those aged 15-29 years (WHO, 2023; Karkee & Lee, 2016;
Konlan & Hayford, 2022). Given the disproportionate
impact on adolescents and young adults, the use of YLL
and PYLL indicators is highly pertinent in traffic safety
research. These measures facilitate the identification of
age groups most affected by premature mortality and in-
form the development of targeted prevention strategies
and policy interventions (Elvik & Vaa, 2004; GBD 2019
Injuries Collaborators, 2020; World Health Organization,
2023).

Although global road safety has improved, the bur-
den of road traffic injuries remains unevenly distributed
across regions. In Europe, road traffic mortality has de-
creased significantly in recent decades, attributable to
enhanced road infrastructure, vehicle safety standards,
and comprehensive prevention policies. Nevertheless,
countries in South-Eastern Europe and the Western Bal-
kans continue to report higher mortality rates than the
European Union average (European Commission, 2023;
World Health Organization, 2023; European Transport
Safety Council, 2022). Multiple studies have identified
persistent challenges in these regions, including dis-
parities in road safety policies, infrastructure quality, en-
forcement of traffic regulations, and emergency response
systems (World Health Organization, 2023; European
Transport Safety Council, 2022; European Commission,
2023).

In Bosnia and Herzegovina, particularly within
the Republic of Srpska, road traffic injuries continue to
be a significant cause of premature mortality and con-
stitute a major public health concern (World Health Or-
ganization, 2023). While official statistics consistently
report the number of traffic-related deaths and injuries,
comprehensive analyses of premature mortality, using
indicators such as PYLL and YLL, remain limited (Ro-
meder & McWhinnie, 1977, GBD, 2019; Injuries Col-
laborators, 2020). Employing these indicators enables a
more thorough understanding of the societal impact of
traffic-related deaths by quantifying the loss of potential
life years, especially among youth. Assessing premature
mortality through YLL and PYLL can provide valuable
insights for public health planning and road safety poli-
cy development in the Republic of Srpska, while also en-
hancing understanding of the burden of traffic injuries in
the Western Balkan region (World Health Organization,
2023; European Commission, 2023; European Transport
Safety Council, 2022; WHO Regional Office for Europe,
2019). This study aimed to evaluate the burden of prema-
ture mortality attributable to road traffic injuries in the
Republic of Srpska using PYLL and YLL indicators. and
YLL indicators.

Road traffic safety in Bosnia and Herzegovina is
governed by a multi-level legal framework. At the state
level, the Law on the Basics of Road Traffic Safety in Bos-
nia and Herzegovina establishes general rules for road
user behaviour and specifies key safety measures, in-
cluding seat belt use, helmet requirements, speed limits,
and alcohol restrictions (Parlamentarna skupstina Bosne
i Hercegovine).

At the entity level, the Law on Traffic Safety of the
Republic of Srpska regulates the implementation, en-
forcement, and organisation of the road safety system.
This includes defining institutional responsibilities,
monitoring mechanisms, and inspection procedures
(Narodna skupstina Republike Srpske, 2011, 2021).

The 2021 amendments to the entity-level law intro-
duced stricter enforcement measures, enhanced moni-
toring of safety indicators, and improved coordination of
road safety activities. These legislative changes establish
a critical policy context for evaluating subsequent chang-
es in road traffic mortality in the Republic of Srpska.

The analysis examines two distinct periods, 2011~
2020 and 2021-2024, to assess temporal trends. This divi-
sion corresponds to the 2021 amendments, which serve
as the primary intervention of interest. The pre-inter-
vention period reflects the regulatory framework estab-
lished by the original 2011 law, facilitating a contextual
interpretation of changes in mortality patterns (Narodna
skupstina Republike Srpske, 2011; Narodna skupstina
Republike Srpske, 2021). Accordingly, this study aims to
assess changes in road traffic mortality following the im-
plementation of legislative amendments, situating these
changes within a broader system-level context.
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METHODOLOGY

Study design and data sources

A retrospective, quasi-experimental (before-and-
after) epidemiological study design was employed to
assess changes in road traffic mortality and premature
mortality in the Republic of Srpska.

Mortality data were obtained from official demo-
graphic statistics published by the Statistical Office of the
Republic of Srpska for the period 2011-2024. Road traf-
fic deaths were classified according to the Internation-
al Classification of Diseases, Tenth Revision (ICD-10),
within the transport accidents category (codes V00-V99).
The study period was divided into two intervals: a pre-
intervention period (2011-2020) and a post-intervention
period (2021-2024), corresponding to the implementa-
tion of traffic safety policy measures. Mortality data
were analysed by age group. Population data required
to calculate mortality rates were also obtained from of-
ficial demographic sources. This design enabled both a
descriptive analysis of mortality trends over time and
a comparative assessment of changes between the pre-
and post-intervention periods.

Age-specific analysis

Mortality data were stratified into the following
age groups: 0-4, 5-14, 15-24, 25-34, 35-44, and 45 years
and older. Age-specific mortality rates were calculated
per 100,000 population based on available demographic
data. For grouped data, midpoint values were applied to
estimate the average age at death within each category.

Potential Years of Life Lost (PYLL)

Potential Years of Life Lost (PYLL) were calculated
using a fixed cut-off age of 75 years. For each age group,
the midpoint of the interval was used to approximate the
average age at death because individual-level data were
unavailable. The total PYLL was determined as follows:

PYLL= TP (L —a ) -d; (1)

where L represents the cut-off age (75 years), a, is the
midpoint of the age group, and d, is the number of
deaths in each age group. For the open-ended age group
(45+ years), a midpoint of 65 years was assumed to ap-
proximate the average age at death. This approach was
adopted to ensure consistent estimation of PYLL given
the lack of more detailed age-specific data.

Years of Life Lost (YLL)

Years of Life Lost (YLL) were calculated according
to the Global Burden of Disease (GBD) methodology,
applying a standard life expectancy of 86.02 years. The
midpoint of each age group served to estimate the aver-
age age at death. The total YLL was determined as fol-
lows:

VLL = ¥ ,(LE —a; ) - d; 2)

where LE represents the standard life expectancy (86.02
years), a, is the midpoint of the age group, and d, is the
number of deaths in each age group. For the open-ended
age group (45+ years), a midpoint of 65 years was as-
sumed to approximate the average age at death.

Haddon matrix

The Haddon matrix served as a conceptual frame-
work for interpreting injury prevention across temporal
phases and system components. The matrix integrates
the epidemiological triad of host, agent, and environ-
ment with the temporal sequence of pre-event, event,
and post-event phases, thereby enabling a structured
analysis of risk factors and intervention points (Som-
mers, 2006; Bonilla-Escobar & Gutiérrez, 2014; Hosking
et al., 2011). The framework enables the classification of
preventive strategies into primary, secondary, and ter-
tiary levels and has been widely adopted in public health
due to its systematic and adaptable approach to injury
prevention (Sommers, 2006; Cabral et al., 2021). In this
study, the Haddon matrix was used to interpret changes
in road traffic mortality and premature mortality bur-
den, as measured by years of life lost (YLL) and potential
years of life lost (PYLL), by classifying findings into pre-
crash, crash, and post-crash phases.

Data analysis

Data analysis was performed using Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA). Descrip-
tive statistics, mortality rate calculations, and the esti-
mation of potential years of life lost (PYLL) and years of
life lost (YLL) indicators were conducted using standard
spreadsheet functions. A linear trend for the 2011-2019
period was estimated using the FORECAST.LINEAR
function in Excel to generate expected values, which
were compared with observed mortality data for the pe-
riod 2020-2024. Deviations from the projected trend were
used to assess changes in mortality patterns over time.
Differences between study periods were assessed using
independent samples t-tests. Statistical significance was
defined as p < 0.05, with p < 0.001 indicating a high level
of statistical significance. Effect size was evaluated using
Cohen’s d, with values of 0.2, 0.5, and 0.8 interpreted as
small, medium, and large, respectively.

Ethical considerations

This study was based on aggregated, publicly avail-
able data and did not involve individual-level informa-
tion. Therefore, ethical approval was not required.

RESULTS

The mean number of road traffic deaths declined from
103.6 (SD = 15.0) in 2011-2020 to 74.8 (SD = 4.1) in 2021~
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2024, representing a reduction of approximately 27.9%.
This difference was statistically significant (t = 5.57, p
< 0.001), indicating a very large effect size (Cohen’s d =
2.18) (Table 1).

Table 1. Road traffic deaths across the study period

Period Mean number of deaths SD
2011-2020 103.6 15.0
2021-2024 74.8 4.1

Note: t =5.57, p <0.001; Cohen’sd =2.18

Figure 1 presents the trend in road traffic deaths
from 2021 to 2024, compared with the expected linear
trend derived from the 2011-2020 period. Observed
mortality closely aligned with the expected trend prior
to 2020; however, a marked divergence became evident
thereafter. From 2020 onward, the number of deaths con-
sistently remained below projected values, indicating a
substantial reduction in mortality beyond the expected
trend. The most pronounced decline occurred between
2020 and 2022, followed by stabilisation at a lower level
through 2024.

From 2011 to 2020, individuals aged 15-24 years
had the highest age-specific mortality rate (15.2 per
100,000 population). Mortality rates among individuals
aged 225 years remained relatively stable, ranging from
8.9 to 9.7 per 100,000. The overall mortality rate during
this period was 8.9 per 100,000, while rates in younger

. o

48, 1%

15-24 2534

ARE EroLp

age groups consistently remained below 2 per 100,000.
Between 2021 and 2024, the highest mortality rate was
observed in the 25-34 age group, at approximately 10 per
100,000. Mortality rates in other age groups ranged from
6 to 8 per 100,000, with an overall rate of approximately
7 per 100,000. No road deaths were recorded among in-
dividuals aged 0-4 years.

Figure 2. Shows that mortality rates declined across
all age groups between the two periods. The largest re-
ductions were observed in the 15-24 age group (approxi-
mately 50%) and the 35-44 age group (approximately
30%). Moderate decreases of around 20% were observed
in the 5-14 and 45+ age groups, as well as in the total
population. The 25-34 age group experienced the small-
est change, with a reduction of approximately 2%.

Road traffic deaths declined across all categories
of road users, as indicated by mean values over the
study period. The most substantial relative decreases
occurred among bicyclists (-54.5%) and pedestrians
(—48.4%). Passengers experienced moderate reductions
(-24.4%), whereas drivers (-17.2%) and motorcyclists
(-12.8%) saw smaller decreases. However, drivers con-
tinue to represent the largest group affected in absolute
numbers.

Figure 3 presents the distribution of potential years
of life lost (PYLL) across age groups for the periods 2011-
2020 and 2021-2024. PYLL decreased substantially in all
age groups. Individuals aged 15-24 years consistently
experienced the highest burden of premature mortality,

o
B = W .
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Figure 1. Percentage change in mortality rate by age group (2011-2020 vs 2021-2024)

Figure 2. Trend in road traffic deaths and expected linear trend based on the 2011-2019 baseline

16

http://www.tttp-au.com/



TTTP (2026)11(1)13-19

Darijana Antonic, et al.

Impact of trafic safety law amendments on fatal road traffic injuries in the Republic of Srpska: a before-after analysis

Table 2. Change in the mean number of road traffic

deaths by road user categories across the study period

Period
Road users % Change
2021-2024 2011-2020
Drivers 333 40.2 -17.2
Passengers 15.5 20.5 -24.4
Bicyclists 3.0 6.6 -54.5
Motorcyclists and moped drivers 7.5 8.6 -12.8
Pedestrians 11.3 21.9 -48.4
Others 4.0 5.8 -31.0
Sl 13007
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Figure 3. PYLL by age group in two periods (2011-2020 vs 2021-2024)
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Figure 4. YLL by age group in two

followed by those aged 25-34 years and individuals aged
45 years and older.

Despite the overall decline, younger populations
continued to account for a disproportionate share of
total PYLL. The 15-24 age group experienced the most
pronounced reduction, indicating a significant decrease
in early deaths. Nevertheless, this group remained the
largest contributor to premature mortality in both peri-
ods. Figure 4 illustrates the distribution of years of life
lost (YLL) across age groups for the periods 2011-2020
and 2021-2024. In the more recent period, YLL decreased
markedly across all age groups. The greatest burden of
premature mortality was consistently observed among
individuals aged 15-24 years, followed by the 25-34 and
45+ age groups.

Although older age groups experienced the high-
est number of deaths, younger populations contributed
more substantially to total YLL because each death re-

p Lo P

ARE proup

L4 0 Trt

ri

periods (2011-2020 vs 2021-2024)

sulted in more years lost. The most pronounced decline
in YLL occurred in the 15-24 age group, reflecting a sig-
nificant reduction in early mortality. Nevertheless, this
group continues to represent the largest contributor to
the overall burden of premature mortality. These find-
ings, based on PYLL, are consistent with the YLL analy-
sis, which further confirms the substantial burden of pre-
mature mortality among younger populations.

DISCUSSION

The results of this study offer significant insights into the
mechanisms responsible for the reduction in road traffic
mortality in the Republic of Srpska. Road traffic injuries
are recognised as preventable events arising from the in-
terplay of human, vehicle, environmental, and system-
level factors (WHO, 2023). Following the 2021 amend-
ments to traffic safety legislation, a substantial reduction
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Table 3. Haddon matrix of road traffic injury determinants across pre-crash, crash, and post-crash phases

Phase Human (host) Vehicle / Equipment (Agent) Physical Environment System / Social Environment
Vehicle roadworthiness, L Amendments to the 2021 law; mandatory
) . Black spots, lighting, I L X
. brakes, tyres, lights, high- " monitoring of safety indicators; reporting
Speeding, alcohol/drug use, R ; road surface conditions, K .
. . . > visibility equipment (e.g., - . to the Government; annual road inspection
Pre-crash fatigue, distraction, risky . traffic signage, pedestrian X . .
. ; reflective vests), and . " ) plans; road safety audits and inspections; local
pedestrian behaviour . crossings, “Zone 307, . .
regulation of e-scooters and . road safety councils; police enforcement and
L . hazardous road locations ;
similar vehicles sanctions
Guardrails, crash barriers
Use of seat belts/helmets, o . ! .
o X . . . forgiving roadsides, road Safe System approach, design standards, crash
body positioning, driver and Passive vehicle safety, vehicle . R . . . i .
Crash ; ) ;o geometry, intersection investigation and identification of corrective
passenger behaviour at the structure, airbags, fire risk K K .
. design features influencing measures
moment of impact . .
impact severity
Police, fire services, and emergency medical
. o . services; “golden hour” concept; the 2025—
Vehicle extrication Access to the crash site, i 8 . Py
o _ - ) . . 2034 strategy notes that helicopter emergency
Age distribution of victims, conditions, risk of fuel distance to the hospital, . . .
Post-crash medical service is not yet established as a

post-trauma survival leakage or fire, accessibility

for rescue teams

response time, and rural

regular service; planned strengthening of
accessibility s P gt g

emergency response capacity (Vlada Republike
Srpske, 2023)

in both road traffic mortality and premature mortality
burden was observed. The mean number of deaths de-
clined by 27.9%, and both years of life lost (YLL) and
potential years of life lost (PYLL) decreased by approxi-
mately 70%, demonstrating a notable reduction in pre-
mature mortality.

Within the Haddon matrix framework, the most
pronounced effects were identified in the pre-crash
phase, particularly within the system and social environ-
ment domains. The 2021 legislative amendments result-
ed in strengthened enforcement, enhanced monitoring,
and improved institutional coordination.

The largest reductions were observed among in-
dividuals aged 15-24 years, a demographic typically
associated with higher risk behaviours. These findings
indicate that system-level interventions, such as stricter
enforcement and regulatory measures, may have influ-
enced road user behaviour and contributed to a reduc-
tion in the number of crashes. This interpretation aligns
with previous evidence demonstrating that legislative
and enforcement strategies are among the most effective
approaches to reducing traffic injuries (WHO, 2023; Goel
etal., 2024).

Improvements in crash-phase determinants may
have contributed to a reduction in injury severity. The
substantial decline in YLL observed in this study indi-
cates improved survivability. These findings suggest that
factors such as increased use of protective equipment, ad-
vancements in vehicle safety, and improvements in road
infrastructure may have reduced the severity of injuries.
Although these variables were not directly measured,
the magnitude of YLL reduction supports the interpreta-
tion that crash outcomes became less fatal over time. In
the post-crash phase, survival outcomes depend on the
responsiveness of emergency medical services, access to
trauma care, and the overall capacity of the healthcare
system.

The continued decline and stabilisation of mortality
in the later period suggest that improvements in emer-

gency response and trauma care may have contributed
to increased survival following road traffic injuries. The
concept of the “golden hour” further underscores the
importance of timely medical intervention in reducing
fatal outcomes (WHO, 2023). The observed reduction in
premature mortality is most appropriately interpreted as
the result of coordinated improvements across all phases
of the Haddon matrix (Table 3).

These findings indicate that the 2021 legislative
amendments may have catalysed broader system-level
changes, particularly in the pre-crash phase, while fur-
ther improvements in crash- and post-crash determi-
nants contributed to the overall decline in mortality.
From a systems perspective, these results are consistent
with the Safe System approach, which emphasises that
road safety outcomes result from interactions among
multiple components, including legislation, enforce-
ment, infrastructure, vehicle safety, and post-crash care.

Official mortality statistics may underestimate the
true burden of road traffic injuries. Previous research has
demonstrated that reliance on a single data source can
lead to underreporting, underscoring the importance of
integrated and triangulated data systems (Mitra et al.,
2021; Gutierrez et al., 2022). Additionally, this study re-
lied on aggregated data, which limited the assessment
of individual-level risk factors and causal relationships.
The Haddon matrix was used as a conceptual framework
for interpretation and does not establish causality. Over-
all, the findings support a comprehensive, system-based
approach to road safety, in which coordinated interven-
tions across multiple domains are essential for achiev-
ing sustained reductions in mortality. These results have
significant implications for policy development, particu-
larly in middle-income settings, where strengthening
legislative frameworks and enforcement mechanisms
may yield substantial public health benefits.
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CONCLUSION

This study demonstrates a substantial reduction in road
traffic mortality and premature mortality burden in the
Republic of Srpska following the 2021 amendments to
traffic safety legislation. Significant declines in years
of life lost (YLL) and potential years of life lost (PYLL)
across all age groups indicate that these improvements
reflect broader system-level changes rather than effects
limited to specific populations. The findings support
a multifactorial interpretation of road safety, consis-
tent with a system-based approach in which legislative
measures, enforcement, infrastructure improvements,
and post-crash care collectively contribute to reducing
mortality. The application of the Haddon matrix further
emphasises the importance of coordinated interventions
across the pre-crash, crash, and post-crash phases.

Overall, the observed reduction in premature mor-
tality is epidemiologically consistent with a comprehen-
sive road safety framework rather than isolated policy
measures, highlighting the importance of sustained,
system-wide interventions. However, as the Haddon
matrix was applied as a conceptual framework, causal
relationships cannot be established. Future research us-
ing more robust analytical designs is needed to quantify
the contribution of specific interventions and to assess
long-term trends in road traffic mortality.
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INTRODUCTION

ture provides insufficient insight into the effects of road

The subject of this research is the impact of road trans-
port—with a particular emphasis on transport costs, the
efficiency and effectiveness of logistics processes, and the
economic factors that shape the capacity of the transport
services market—on the formation of macroeconomic
prices through supply and demand mechanisms. The
main research problem concerns how changes in trans-
port costs are associated with price formation at the mac-
roeconomic level. There is an inseparable link between
fluctuations in fuel prices, the costs of transport services
and logistics, and their impact on total production and
distribution costs. When firms are unable to reduce oth-
er categories of expenses, increases in the prices of in-
put components may be transmitted into higher prices
of final goods or services. However, the existing litera-

transport on macroeconomic prices in economies such as
Bosnia and Herzegovina, particularly through the trans-
mission of fuel-related costs.

This paper examines the effects of road transport on
market prices of goods and services, with the influence
of transport costs being particularly pronounced in in-
ternational trade, where logistics and cross-border goods
flows directly affect competitiveness and price formation
on the global market. Additionally, modern logistics sys-
tems are characterized by increasing demands for faster
delivery, route optimization, greater reliability, and the
reduction of operational delays. These factors, together
with regulatory frameworks and administrative border
barriers, affect the overall efficiency of the transport sec-
tor and can lead to fluctuations in supply, which in turn
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influence inflationary pressures and price stability. Al-
though numerous international studies analyse the im-
pact of fuel prices on inflation, very few examine this
relationship in the context of transport costs in Bosnia
and Herzegovina. Although global supply and demand
mechanisms shape prices, in small open economies such
as Bosnia and Herzegovina the effects of transport costs
are more pronounced due to greater import dependence.
The literature contains almost no empirical research ex-
amining the transmission of road transport costs to mac-
roeconomic prices in Bosnia and Herzegovina.

In the context of globally integrated markets, any
disruption in the supply chain has the potential to spill
over into macroeconomic developments, particularly in
smaller and open economies. One of the key objectives of
this paper is to determine how transport, logistics, and
road freight influence price movements at the macroeco-
nomic level and contribute to inflationary processes. In
this context, the paper has a multidisciplinary character
as it integrates transport sciences, logistics management,
and macroeconomics. Their mutual synergy shapes eco-
nomic developments not only within a single national
economy but also at the global level, where transport
costs represent a key factor of competitiveness and price
stability.

The following sections of the paper present the pre-
vious research, methodology, results, discussion, and
concluding considerations.

PREVIOUS RESEARCH

The literature review is structured into two thematic seg-
ments: (1) logistics- and cost-related mechanisms, and (2)
the impact of transport inputs on international trade and
prices.

Forecasting demand and price movements has al-
ways played an important role in business operations.
By taking all relevant factors into account, predictive ac-
counting enables the anticipation of financial trends and
market dynamics (M. Aleksi¢, 2015). These foundations
form the basis for the application of predictive methods
in economic analysis, as timely assessment of changes in
demand and costs reduces risk and enhances strategic de-
cision-making. Forecasting models serve as a framework
for anticipating the dynamics of economic cycles (M. Lan-
dika, 2022). Such models are often integrated into predic-
tive accounting, enabling the formulation of hypotheses
about cost transmission along the supply chain and the
quantification of their impact on price formation.

The frequency of delivery, just like delivery speed,
can serve as a source of competitive advantage (A. Y.
Ha, 2003). Increasing the frequency and reliability of
deliveries improves the level of service and reduces in-
ventory costs along the supply chain, which directly af-
fects prices and profitability. Faster and more frequent
deliveries reduce the inventory held by the buyer (A.Y.

Ha, 2003). In this context, transport prices become a key
managerial lever: transport costs affect the price, sales
volume, and profit of participants in the supply chain (V.
Mamonov and V. Poluektov, 2020). Therefore, transport
cost management policies are directly linked to a com-
pany’s financial outcomes, as the management of trans-
port expenses determines profitability within the supply
chain (V. Mamonov and V. Poluektov, 2020). In parallel
with this, customer requirements reshape the design of
logistics systems: customers demand fast and reliable
delivery, which directly influences logistics systems. Un-
der such conditions, logistics becomes a crucial factor for
both financial and operational efficiency (E. Demir A. S,,
2022). Additionally, fuel price volatility and rising trans-
port costs affect international trade, trade flows, and im-
port/export prices, highlighting the need to view trans-
port inputs as determinants of macroeconomic price
movements and competitiveness.

Overall, the reviewed studies provide theoretical
and empirical background for formulating hypotheses
Hla-Hlc on cost transmission, delivery performance,
and demand-driven transport pricing; however, the
expected sign and magnitude of these relationships re-
main an empirical question in the context of Bosnia and
Herzegovina. The broader literature also shows that
road freight and logistics costs cannot be reduced to fuel
prices alone, because total cost structures additionally
depend on transport prices charged to shippers, deliv-
ery reliability, the value of time, and cross-border delays,
which justifies the inclusion of indicators such as trans-
port price per kilometre, waiting times, and service reli-
ability where such data are available.

Numerous studies in the field of international eco-
nomics indicate that volatility in fuel prices and transport
costs affects international trade, trade flows, and import/
export prices. Researchers Hummels and Schaur, in their
2013 study “Time as a Trade Barrier”, examine the effect
of fuel prices on international trade and export prices.
They demonstrate in detail that higher levels of trans-
port costs (including fuel costs) increase export prices
and reduce the volume of international trade. Transport
costs — particularly fuel price fluctuations — significantly
affect international trade flows and export competitive-
ness, especially in open economies (Hummels & Schaur,
2013). The relationship between fuel prices and interna-
tional trade has also been examined by numerous schol-
ars, among whom Behar and Venables stand out. In their
study entitled “Transport Costs and International Trade”,
they argue that increases and fluctuations in transport
costs reshape the structure of international trade and in-
fluence the geographic distribution of trade flows. Fuel
price volatility is transmitted through transport costs di-
rectly into import and export prices, shaping global trade
patterns (Behar & Venables, 2011).

Despite the extensive international literature on the
impact of fuel prices on inflation, there are no studies
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that simultaneously examine logistics costs, demand for
transport services, and macroeconomic prices in the con-
text of Bosnia and Herzegovina. This paper partially fills
that gap. At the same time, the international literature
generally points to a positive transmission mechanism,
whereby higher transport and fuel costs increase trade
costs, producer prices, and, eventually, consumer prices.
In contrast, the present short-sample result for Bosnia
and Herzegovina indicates a statistically significant but
negative diesel-CPI relationship, suggesting that the do-
mestic finding should be interpreted as context-specific
and short-horizon rather than as a direct contradiction of
the broader international evidence.

THE MARKET RELATIONSHIP BETWEEN
SUPPLY AND DEMAND

Macroeconomic supply and demand mechanisms oper-
ate in a very straightforward manner. The greater the
supply in the market, the lower the prices, and vice ver-
sa. The same applies from the perspective of demand:
when demand for a product increases, its price rises, and
when demand decreases, the price falls. When demand
exceeds supply, prices increase until equilibrium is
reached (N. Lipovec, 2013). Macroeconomic equilibrium
occurs at the point where supply and demand “meet,”
that is, where consumers are willing to pay a certain
price for a product and producers are willing to supply
the required quantity of goods at that same price. When
discussing prices, it is important to note that the prices of
individual markets and products are not as simple as the
basic supply-and-demand relationship suggests, as they
depend on additional factors such as product or service
quality, brand, consumer utility, and the availability of
substitutes. The supply of a product depends on price,
production costs, and the organization of the market (N.
Lipovec, 2013). In addition to demand as the primary
factor determining market prices, prices are also influ-
enced by operating and production costs, as well as by
the prices of all input and output components.

The influence of supplier bargaining power is par-
ticularly pronounced in the process of forming the prices
of final products. Suppliers with stronger market posi-
tions have the ability to drive increases in input prices,
given that, as stated by Alpha Capitalis, supplier pow-
er is determined by the strength of suppliers and their
ability to raise the prices of products or services ( Alpha
Capitalis, 2017).

If supplier prices begin to fluctuate—such as in
the case of transport and logistics—we can expect cor-
responding fluctuations in the prices of other final goods
and services, especially those that depend on transport
and logistics. From the perspective of international busi-
ness and international trade, increases in fuel prices
negatively affect export volumes and international trade
activity.

The structure of the market influences competitive-
ness and shapes price dynamics (M. Tomi¢, 2022). De-
pending on the number of competitors, the extent of their
market share, and the possibilities for product differenti-
ation, different patterns of firm behaviour emerge, which
directly affect final prices. In highly competitive markets,
companies are forced to maintain lower prices in order to
retain consumers, whereas in sectors with fewer suppli-
ers, their bargaining power increases, raising their ability
to elevate the prices of products or services.

LOGISTICS IN TRANSPORT AS A FACTOR OF
LOW-PRICE COMPETITIVENESS STRATEGY

The optimization of logistics processes reduces overall
costs. By optimizing routes and logistics operations, fuel
consumption, transport time, and total costs are signifi-
cantly reduced, which directly increases the efficiency
and competitiveness of logistics systems (Prasetyo,
2023). The stability and speed of delivery increase mar-
ket competitiveness. In the article “The Role of Logistics in
Economic Growth and Global Competitiveness,” the authors
emphasize that logistics performance —including deliv-
ery reliability and speed —enhances the competitiveness
of economies and improves market efficiency, as higher
logistics sub-indices contribute to better goods flow and
more stable supply (Bugarci¢, 2023).

In modern international markets and business en-
vironments, transport logistics is no longer merely an
operational function but has evolved into a key strate-
gic instrument that enables companies to remain com-
petitive through low-price strategies. With efficient man-
agement of transport processes, it is possible to reduce
overall operating costs, accelerate the flow of goods and
delivery times, thereby strengthening a company’s mar-
ket position — particularly in markets where price plays
a crucial competitive role. The analysis of logistics strat-
egy thus becomes a central component in understand-
ing how companies can achieve stable and competitive
prices in both domestic and international markets.

Fuel costs, which represent a key component of lo-
gistics expenses, influence the formation of final prices.
Transport prices fluctuate the most in relation to fuel
prices. If transport prices increase due to higher trans-
port costs, final product prices will also rise—unless
market participants find alternative ways, such as reduc-
ing production or labour costs, to remain competitive
through low-price strategies.

Logistics infrastructure and transport capacity af-
fect the efficiency of market flows. The quality of logistics
infrastructure directly influences national competitive-
ness. Logistics infrastructure, delivery speed, and stable
fuel prices are directly linked to low prices and interna-
tional competitiveness. Conversely, inefficient transport
and logistics systems, as well as administrative and bu-
reaucratic barriers, significantly increase transport costs
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and thus directly affect competitiveness.The integration
of logistics and market strategy strengthens the ability of
companies to offer lower prices.

RESEARCH METHODOLOGY

The study employed statistical methods that enabled a
clearer understanding of the relationship between trans-
port variables and macroeconomic price movements.
First, basic descriptive statistics were conducted to pro-
vide an overview of the data—average values, ranges,
deviations, and similar indicators. This helped us ob-
serve the behaviour of the variables and identify any po-
tential irregularities.

Next, a correlation analysis was conducted with the
aim of determining the extent of the relationship between
fuel prices and total transport costs, as well as between
changes in transport and the movements of the CPI and
PPI indices. This analysis served as a solid foundation
for the subsequent models.

The main analytical method used in this research
was simple linear regression, through which the re-
lationship between fuel prices and movements in the
CPI index was examined. In the present model, diesel
prices were used as a proxy for transport costs because
they were the only frequency-consistent indicator avail-
able for the observed period. However, diesel captures
only one component of the total logistics cost structure
and does not fully reflect operational efficiency, service
prices, delivery reliability, or border-related delays. The
short time series (n = 22) limits the stability of the regres-
sion estimates, particularly the sign and magnitude of the
coefficient BI1. Multiple regression could not be applied
due to the lack of longer time series, inconsistent data
frequencies, and the absence of key logistics variables
(such as transport price per kilometre, border-crossing
waiting times, and delivery reliability indicators). Be-
cause of the different frequency levels (monthly CPI and
fuel prices versus quarterly logistics series), it was not
possible to construct a unified regression specification,
as this would compromise the validity of the estimates.
For these reasons, descriptive statistics, correlation anal-
ysis, and the simple regression model were used as the
primary methodological framework for assessing the
empirical association between transport-related costs
and price movements. Future research should extend the
observation period beyond 2024-2025 and incorporate
additional logistics indicators in order to improve model
specification, reduce omitted-variable bias, and provide
a more comprehensive assessment of the transmission
mechanism from transport and logistics to consumer
prices.

This methodological approach enabled a clearer as-
sessment of the actual contribution of road transport to
changes in prices at the macroeconomic level. By includ-
ing data from international institutions (IRU, Eurostat),

a broader insight into the dynamics of transport costs in
the international environment was obtained.

RESEARCH OBJECTIVES AND HYPOTHESES

The aim of this research is to identify the key trans-
port-related factors that have a direct or indirect influ-
ence on the formation of final product or service prices at
the macroeconomic level. One of the ultimate objectives
is to determine the actual contribution of road transport
to the dynamics of supply, demand, and inflationary
movements. In this context, the paper seeks to answer
the following questions:

1. Inwhat way do transport costs influence the for-
mation of producer prices?

2. Do changes in logistics —specifically those re-
lated to transport time, delivery reliability, and
capacity —affect the market supply of products
(which, according to macroeconomic principles,
consequently influences product prices)?

3. To what extent do fuel prices and depreciation
influence the price of transport services?

4. Does the increase in demand for transport ser-
vices influence inflation?

In accordance with the previously stated research
questions, one main hypothesis and four auxiliary hy-
potheses are proposed:

Main hypothesis:

H1: Road transport costs have a statistically sig-
nificant contribution to the formation of macroeconomic
prices through supply and demand mechanisms. In this
study, fuel (diesel) prices are used as a proxy for trans-
port costs due to data limitations.

Auxiliary hypotheses:

Hla: An increase in fuel prices raises total transport
costs, which ultimately leads to higher prices of final
products at the macroeconomic level.

H1b: Shorter delivery times and greater delivery
reliability have a positive effect on reducing the prices
of final products and services through macroeconomic
mechanisms that increase market supply.

Hlc: The increase in demand for transport services
has a direct impact on the rise in transport prices, which
in turn negatively affects the prices of final goods or ser-
vices, implying their growth.

For the purposes of this research, secondary data
were used, including: the volume of road transport, ki-
lometres driven by freight vehicles, fuel prices, transport
costs, the share of fuel in total operating costs, indicators
of changes in transport volume, and infrastructure load.
The data were collected from the following institutions/
web locations: BHAS - Transport 2024 (BiH) (Agency for
Statistics of Bosnia and Herzegovina (BHAS), 2025), RZS
RS- Road Transport (Q2 2024) (Statistical Office of the
Republic of Srpska, 2024), IRU - Foreign Trade Chamber
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of Bosnia and Herzegovina (Foreign Trade Chamber of
Bosnia and Herzegovina, 2026), BIHAMK - Fuel prices
in BiH (BIHAMK, 2026), Costs of road transport- EU
vs. BiH (2025) (Logistika.ba, 2025), Eurostat - Transport
overview (Eurostat, 2026).

Based on the review of sources and the collected
data, the research employed the following dependent
and independent variables:

* Dependent variables - CPI - Consumer Price In-

dex (BiH), PPI - Producer Prices

* Independent variables - diesel and gasoline

prices (IRU/BIHAMK), ZTransportCost (Lo-
gistika.ba), Fightwork (RZS RS/BHAS), Km-
Driven - kilometres driven by freight vehicles
(RZS RS), InfrastructureIndex - number of ve-
hicles (BHAS/Eurostat), AdminBarriers - bor-
der-crossing waiting times (Logistika.ba)

Although logistics variables (t-km, km-driven,
administrative barriers) were included in the research
framework, limitations in the duration and frequency of
the time series did not allow their use in the regression
model.

RESULTS OF THE RESEARCH

Table 1. provides a monthly overview of the CPI and die-
sel prices, allowing us to describe their movements over
the observed period. Several phases can be observed
in which diesel prices change ahead of, or alongside,
changes in the CPI; however, given the short sample and
potential lag effects, this descriptive pattern should not
be interpreted as a stable transmission mechanism. In pe-
riods of stable or declining diesel prices, CPI still shows
an upward trend, suggesting that other inflation drivers
were present during 2024-2025.

Seasonal oscillations are also possible (e.g., higher
fuel demand in certain months), but the overall picture
remains the same: changes in diesel prices generally
move in line with changes in the CPI, at least partially.
This overview served as a motivation to further quantify
the relationship through correlation and regression anal-
ysis, in order to determine how much of the CPI move-
ment can be explained by transport-related variables.
However, the subsequent correlation and regression
results for 2024-2025 indicate a negative association be-
tween diesel prices and the CPI in this short sample, sug-
gesting that descriptive co-movement patterns should be
interpreted with caution.

In short, Table 1 provides a descriptive snapshot
that confirms there is a foundation for deeper analysis.

Table 1. Monthly Data: CPIl and Diesel Prices

Period CPI (index) Diesel (EUR/L, proxy)
2024-01 132.198 1.28
2024-02 132.859 1.28
2024-03 133.258 1.39
2024-04 133.391 1.36
2024-05 133.124 143
2024-06 132.459 1.36
2024-07 132.459 1.34
2024-08 133.121 1.34
2024-09 133.254 1.30
2024-10 133.521 1.26
2024-11 134.055 1.20
2024-12 134.591 1.24
2025-01 136.475 1.26
2025-02 137.431 1.29
2025-03 137.431 1.28
2025-04 137.843 1.22
2025-05 138.119 1.15
2025-06 138.533 1.14
2025-07 138.810 1.21
2025-08 138.532 1.21
2025-09 138.809 1.19
2025-10 139.365 1.19

Source: authors
Note: The CPl index is presented on the base 2015 = 100’ (according
to BHAS methodology).

Table 2. presents the basic descriptive indicators for
the observed monthly CPI and diesel price data. This sta-
tistics overview provides insight into the average values,
variability, and range of the data over the period. Based
on the displayed values, it can be seen that the CPI shows
relatively stable movement, without major fluctuations,
while diesel prices exhibit somewhat more pronounced
variability, which is expected given the volatility of the
fuel market.

The standard deviation shows that fluctuations in
diesel prices are greater compared to the CPI, confirm-
ing that fuel is far more sensitive to short-term changes.
The minimum and maximum values further indicate the
range within which both variables moved. This descrip-
tive analysis served as an important first step, as it pro-
vides an overview of the basic structure of the data and
helps facilitate the interpretation of later analyses, such
as correlation and regression.

Table 2. Descriptive Statistics (Monthly)

Variable Count Mean Std. dev. Min 25% 50% 75% Max
CPI 22.000 135.438 2.627 132.198 133.156 134.323 138.050 139.365
Diesel (EUR/L) 22.000 1.269 0.078 1.140 1.210 1.270 1.330 1.430

Source: authors

24

http://www.tttp-au.com/



TTTP (2026)11(1)20-28

Nina Uremovi¢, et al.
Transport costs in road transport as a determinant of macroeconomic price trends

Table 3. presents the results of the correlation analy-
sis between the CPl index and diesel prices. The obtained
correlation coefficient indicates a strong and statistical-
ly significant relationship between the CPI and diesel
prices; however, the negative sign (r = —0.746) suggests
that, in the observed sample, higher diesel prices are as-
sociated with lower CPI values. This inverse association
should not be interpreted as evidence that fuel costs re-
duce inflation. Rather, it most likely reflects the specific
short-run structure of the sample, in which diesel prices
broadly normalized after earlier energy-market distur-
bances while the CPI continued to increase under the in-
fluence of other price components, including food prices,
regulated prices, and imported cost pressures. In addi-
tion, CPI adjustment is typically slower than fuel-price
adjustment, so contemporaneous monthly data may
capture different phases of the transmission process. For
these reasons, the negative sign is better interpreted as
a short-horizon empirical pattern than as a stable struc-
tural relationship. Although this relationship is not per-
fect, the value of the coefficient suggests that there is a
statistically significant connection, confirming that die-
sel, as a key input component in transport, plays a role in
shaping the broader price structure. This analysis served
as a basis for further examination within the regression
model.

Table 3. Correlation Between CPl and Diesel Prices

Pair Correlation (r)

CPI vs Diesel (proxy) -0.746

Source: authors

The correlation is statistically significant at the level
of p <0.01.

Table 4. presents the results of the simple regres-
sion model in which the CPI is the dependent variable,
while the diesel price is used as the independent vari-
able. The coefficient estimates show that diesel prices are
statistically associated with CPI movements, confirming
the existence of a linear relationship between these two
variables in the observed sample. The R? value indicates
that part of the variability in the CPI can be explained by
changes in diesel prices. However, because the estimated
slope is negative and the model is intentionally parsimo-
nious (short sample, no controls), the results should be
interpreted as evidence of association rather than a de-
finitive cost-push transmission mechanism.

The coefficient P is statistically significant at the p
< 0.01 level, and the 95% confidence interval does not
include zero, which confirms the existence of a linear re-
lationship.

The negative coefficient should not be interpreted
as evidence that higher diesel prices lower consumer
prices. A more plausible interpretation is that the result
reflects the short time series, the period of diesel-price
normalization in 2024-2025, and the omission of other
inflation drivers that continued to push the CPI upward
even as fuel prices softened. These include food prices,
administered or regulated price components, exchange-
rate pass-through, and broader imported inflation pres-
sures. In addition, the CPI is a composite index that usu-
ally adjusts with a lag relative to energy prices, which
means that a contemporaneous regression may identify
an inverse short-run co-movement rather than the full
cost-push transmission mechanism. For these reasons,
the estimated coefficient should be interpreted with cau-
tion and as a context-specific short-run result.

Table 5. presents the quarterly indicators of road
transport volume in the Republic of Srpska. It is evident
that in both observed quarters the index values are be-
low the base level, indicating a reduced volume of trans-
port activities compared to the previous year. Despite
slight oscillations, the data show that infrastructure load
remains stable. These indicators are important because
a decrease in transport volume may signal a decline in
economic activity or changes in market structure, which
may subsequently be reflected in macroeconomic devel-
opments.

Table 5. Quarterly Indicators of Road Transport (RS)

Freight t-km (index KmDriven (index

Quarter

2023=100) 2023=100)
2024Q2 83.0 98.6
2024Q3 75.5 99.4

Source: authors

These data additionally limit the possibility of test-
ing H1b and Hlc, as only two quarters do not allow for
the construction of a valid regression model.

Table 4. Regression Results, CPI= B0+ B1*Diesel

Parameter Estimate (B) SE(B) t Note
BO (Intercept) 167.358 6.390 26.19
B1 (Diesel, EUR/L) -25.152 5.026 -5.00
R? 0.556 n=22

Source: authors
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RESULTS DISCUSSION

During the writing of this paper, one main hypoth-
esis and three auxiliary hypotheses were formu-
lated. The following section presents a discussion of
the results in relation to the proposed hypotheses.
H1: Road transport costs have a statistically significant
contribution to the formation of macroeconomic prices
through supply and demand mechanisms.

H1: In the model CPI = o + P: Diesel, our coeffi-
cient 31 shows how the CPI moves in relation to changes
in diesel prices. In the sample of 22 observations, R? =
0.556 means that the model explains a substantial part of
CPI movements. If P: is statistically significant, we can
conclude that changes in diesel prices, as one of the main
components of road transport costs, influence consumer
prices.

Hla is not supported in the observed sample: al-
though the relationship between diesel prices and CPl is
statistically significant, the estimated coefficient is nega-
tive (1 < 0), which is opposite to the expected cost-push
effect; therefore, Hla is not confirmed for 2024-2025 and
should be interpreted with caution given the short time
series and potential lag/omitted-variable effects.

Hla: We would expect a positive coefficient sign
(a cost-push effect), but in our sample P: is negative.
This finding differs from the dominant pattern in inter-
national studies, where higher fuel and transport costs
are usually associated with rising trade costs, higher
producer prices, and inflationary pressure. A deeper in-
terpretation suggests that the negative coefficient is not
economically counterintuitive once the structure of the
observed period is taken into account. First, diesel prices
in 2024-2025 partly reflected a normalization phase after
earlier energy-market disruptions, whereas the CPI con-
tinued to rise due to broader inflationary pressures that
are not fully captured by fuel prices alone. Second, CPI is
a composite indicator and often reacts more slowly than
fuel prices, so monthly contemporaneous estimates may
capture asynchronous adjustment rather than the true
direction of medium-run transmission. Third, diesel is
only a proxy for transport costs and does not fully reflect
service pricing, logistics bottlenecks, border delays, or
the pricing behaviour of firms. Finally, the model does
not include other relevant inflation determinants such
as food prices, regulated prices, or exchange-rate effects,
which may dominate CPI dynamics in a short sample.
Therefore, the negative sign should be interpreted as a
short-run, context-specific, and partially incomplete es-
timate rather than as evidence against the broader cost-
transmission mechanism. To obtain stronger confirma-
tion of Hla, the time period should be extended and
additional variables included, such as food prices, regu-
lated prices, and the exchange rate.

The H1b and Hlc hypotheses could not be quan-
titatively tested due to the lack of longer and frequen-

cy-aligned logistics time series (€ / km, waiting times,
t-km).

H1b: Shorter delivery times and greater delivery re-
liability would theoretically be expected to have a posi-
tive effect on reducing prices through increased market
supply. The quarterly t-km indicators in the Republic of
Srpska are lower in Q2 and Q3 2024, indicating a lower
volume of transport and reduced pressure on supply.
Over a longer period, the expected relationship would be
the opposite, as higher t-km values signal more efficient
logistics flows and potentially lower prices. For a formal
test of H1b, longer and consistent quarterly time series
are required (e.g., CPI/PPI ~ diesel + t-km + km-driven).

Hlc: Theoretically, an increase in the demand for
transport services raises transport prices, which nega-
tively affects the final prices of goods and services. How-
ever, Hlc could not be quantitatively tested because time
series data for transport price per kilometre (€ / km), bor-
der-crossing waiting times, and delivery reliability are
not available in a sufficiently long and frequency-aligned
form. Including these variables would expand the model
beyond fuel costs alone and would likely explain a larger
portion of the variance in the CPI, because logistics per-
formance depends not only on energy inputs but also
on time, reliability, and service pricing. Their omission
should therefore be treated as an important limitation of
the current specification and a key avenue for future re-
search.

The obtained findings have implications not only
for the domestic economy but also for international
trade flows, given that transport costs represent a key
element of export competitiveness. Overall, the results
confirm the existence of a partial transmission mecha-
nism through which fuel costs affect macroeconomic
prices, while logistics-related factors remain unassessed
due to limitations in data availability. From a policy per-
spective, these findings suggest three priorities. First,
economic authorities and statistical institutions should
improve the regular collection of transport and logistics
indicators —especially transport prices per kilometre,
border-crossing waiting times, and delivery reliabil-
ity—in order to support evidence-based inflation and
competitiveness analysis. Second, transport and trade
policy should focus on reducing administrative and
border-related delays, since time losses in logistics can
raise effective transport costs even when fuel prices are
stable or declining. Third, firms and sectoral regulators
should treat transport cost management as part of wid-
er price-stability policy, because better route planning,
more reliable delivery systems, and lower operational
bottlenecks can reduce cost pressures transmitted to fi-
nal prices.
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SCIENTIFIC CONTRIBUTION AND
RECOMMENDATIONS FOR FURTHER
RESEARCH

Within the conducted research, one main hypothesis and
a set of auxiliary hypotheses were defined, guiding the
analytical approach and the methodological framework
of the study. The obtained results provide additional in-
sight into the degree and direction of the influence of road
transport, logistics, and fuel costs on macroeconomic price
movements and international trade, highlighting the in-
terconnectedness of logistics and transport with final
prices in both the international and domestic economy.
This paper represents one of the rare empirical attempts
to quantify the relationship between fuel costs and the CPI
in Bosnia and Herzegovina using official monthly data.

For this reason, the paper highlights the scientific
contribution of the conducted analyses and identifies ar-
eas that open the door to new research studies and proj-
ects aimed at fully understanding the mechanisms un-
derlying the proposed hypotheses. The paper fills a gap
in the literature identified in previous research, as it is the
first to integrate transport variables, logistics constraints,
and CPI movements for Bosnia and Herzegovina.

The obtained results confirm that logistics and
transport costs have a direct and dynamic influence on
the formation of macroeconomic prices, which makes
this paper an important contribution to understanding
their interaction with market supply-and-demand mech-
anisms. Although some of the hypotheses were only par-
tially confirmed, the analyses also indicated the presence
of factors whose effects are more subtle or time-lagged,
which further highlights the complexity of the relation-
ship between logistics variables and price movements.
The key contribution of the paper is the empirical con-
firmation of transport costs as a determinant of macro-
economic prices in Bosnia and Herzegovina. In practi-
cal terms, this means that policy aimed at price stability
should not be limited to traditional macroeconomic in-
struments alone, but should also include measures that
improve transport efficiency, lower border frictions, and
strengthen logistics performance. More efficient trans-
port systems can support both domestic price stability
and external trade competitiveness.

CONCLUSION

The aim of this research is to examine the impact of road
transport—with particular emphasis on transport and
logistics costs in terms of efficiency —on the formation of
macroeconomic prices and prices on international mar-
kets through supply and demand mechanisms. In inter-
national economics, where supply chains are longer and
more complex, changes in transport costs exert an even
stronger inflationary effect, which further confirms the
relevance of this research.

The research confirms that road transport costs
make a statistically significant contribution to macro-
economic price formation through supply-and-demand
mechanisms. However, in the observed sample the ex-
pected cost-push channel from higher fuel prices to high-
er consumer prices (H1a) is not supported, because the
estimated relationship between diesel prices and the CPI
is statistically significant but negative. To verify hypoth-
esis H1b — which states that “shorter delivery times and
greater delivery reliability have a positive effect on reducing
the prices of final products and services through macroeconom-
ic mechanisms that increase market supply” — longer and
frequency-aligned time series are required; therefore,
this hypothesis remains untested.

Hypothesis Hlc referred to the impact of increas-
ing demand for transport services on the rise in trans-
port prices and, consequently, on macroeconomic prices
of final products. However, its full empirical verifica-
tion could not be carried out. The reasons for this lie in
the lack of time series for key variables (time series for
transport prices per kilometre and border-crossing wait-
ing times), and the variables reflecting transport demand
were not available in sufficient scope (they covered only
a short period —two quarters). For this reason, it was not
possible to construct a regression model that would val-
idly estimate the effect of rising demand on increases in
transport and final prices.

Status of hypotheses

* HI: confirmed (statistically significant associa-

tion between diesel prices and CPI)

* Hla: not supported (estimated coefficient is neg-

ative, opposite to the expected cost-push effect)

e Hi1b: not tested (insufficient time series / fre-

quency mismatch)

* Hilc: not tested (no time series for transport price

per km and border-crossing waiting times)

Overall, the results confirm that fuel costs represent
a key transmission channel through which road trans-
port affects macroeconomic prices in Bosnia and Herze-
govina. However, unlike the dominant pattern reported
in international studies, the short-sample result for Bos-
nia and Herzegovina indicates a negative diesel-CPI
association. This inverse relationship should not be in-
terpreted as evidence that higher diesel prices reduce in-
flation; rather, it is more plausibly explained by the short
observation period, lagged CPI adjustment, post-crisis
diesel-price normalization, and the omission of other
inflation drivers that remained active during 2024-2025.
The result should therefore be interpreted cautiously as a
short-run and context-dependent outcome rather than as
evidence against the broader positive cost-transmission
mechanism documented in the literature.

In future research, it would be useful to expand
the available data, particularly those related to transport
prices and border-crossing delays, so that the hypotheses
can be fully tested. It would also be valuable to include
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longer time series and additional logistics indicators, as
this would provide a clearer picture of how transport
and logistics influence price movements. In particular,
future work should incorporate indicators such as trans-
port price per kilometre (€ / km), freight volume (t-km),
kilometres driven, border-crossing waiting times, and
delivery reliability wherever such data become avail-
able in frequency-aligned form. These variables would
allow logistics to be measured more comprehensively
than through diesel prices alone and would improve the
explanatory power and economic interpretation of the
model. These steps would contribute to more reliable
analyses and a deeper understanding of the relation-
ships that were only partially confirmed in this study.
Future research should focus on extending the obser-
vation period beyond 2024-2025 and collecting longer,
frequency-aligned logistics time series (€ / km, t-km,
waiting times), which would enable the construction
of multiple regression models, more robust testing of
lagged effects, and the full verification of the auxiliary
hypotheses. From a policy standpoint, the findings also
indicate that improving logistics statistics, reducing bor-
der and administrative delays, and promoting more ef-
ficient transport operations could support both inflation
monitoring and competitiveness policy in Bosnia and
Herzegovina.
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ical analysis encompassing quantitative models (econometric, statistical, and engineering approaches),
qualitative models (expert assessments, legal standards, and normative frameworks), and hybrid mod-
els integrating numerical and descriptive parameters.
Particular attention is devoted to identifying key variables influencing the final assessment outcome,
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The results indicate that implementing unified criteria significantly improves legal certainty, procedural
efficiency, and cross-sector compatibility of assessments. It is concluded that methodological standard-
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and digitalized economies. The paper also provides recommendations for institutional implementation
of the proposed model through regulatory standards, professional protocols, and specialized training
of assessors.

Keywords: damage assessment, standardization of criteria, evaluation methodology, interdisciplinary
model, legal certainty, loss quantification.

29



Nenad J. Kapor, et al.

Unified Criteria for Damage Assessment — Theoretical Models, Methodological Framework and Application in Contemporary Practice

TTTP (2026)11(1)29-38

INTRODUCTION

Damage assessment represents one of the fundamental
elements of contemporary legal, economic, technical,
and insurance systems, as its accuracy directly influenc-
es decision-making processes in judicial, administrative,
and commercial proceedings. In modern societies char-
acterized by rapid technological development, globaliza-
tion of markets, increasing interdependence of economic
activities, and the digital transformation of business
processes, the need for reliable and standardized dam-
age assessment methodologies has become increasingly
important. Previous studies in the fields of economics,
law, valuation theory, and risk management have em-
phasized the necessity of objective and transparent as-
sessment procedures capable of producing consistent
and reproducible results [1], [3], [5], [16].

Despite significant advancements in assessment
methodologies, contemporary practice remains charac-
terized by considerable fragmentation of approaches.
Different sectors—including insurance, transportation,
industry, construction, environmental protection, and
digital security —have developed their own assessment
frameworks based on specific disciplinary perspectives
and evaluation criteria. Consequently, similar damage
events may produce substantially different assessment
outcomes depending on the methodology applied, re-
sulting in inconsistencies, legal disputes, increased trans-
action costs, and reduced legal certainty [1].

Traditional damage assessment models primarily
focus on direct financial losses and material consequenc-
es. Although such approaches are suitable for evaluating
immediate economic impacts, they frequently neglect
broader dimensions of damage, including temporal ef-
fects, uncertainty factors, escalation risks, reputational
consequences, social impacts, and other intangible losses.
Modern risk management theory emphasizes that harm-
ful events should be analyzed not only through their im-
mediate consequences but also through their long-term
effects and potential future implications [3], [4], [5].

The increasing complexity of socio-economic sys-
tems further highlights the limitations of conventional
assessment models. Industrial accidents, environmen-
tal disasters, cyberattacks, transportation disruptions,
and large-scale infrastructure failures often generate
interconnected consequences that extend beyond direct
material damage. Such events produce cascading effects
across multiple sectors, requiring comprehensive assess-
ment methodologies capable of integrating economic,
legal, technical, and social dimensions into a single ana-
lytical framework [11], [12], [17].

Another important challenge concerns the assess-
ment of intangible damage. While direct material losses
can generally be quantified using established financial
methods, intangible effects such as reputational harm,
psychological consequences, loss of public confidence,
and diminished market position remain difficult to

evaluate objectively. Existing approaches often rely on
expert judgment and qualitative evaluations, introduc-
ing significant levels of subjectivity into the assessment
process [8], [14], [21].

The lack of universally accepted standards also
presents a significant obstacle to the comparability of as-
sessment results. International organizations and profes-
sional bodies have increasingly advocated the adoption
of standardized procedures and harmonized assessment
criteria. Frameworks such as ISO 31000, ISO/IEC 31010,
and International Valuation Standards provide valuable
guidance for risk assessment and valuation activities;
however, they do not offer a fully integrated methodol-
ogy capable of encompassing all relevant dimensions of
damage assessment [3], [16], [22].

In response to these challenges, this paper aims to:

* systematize existing theoretical and method-
ological approaches to damage assessment;

* identify the principal limitations of contempo-
rary assessment models;

e develop a unified interdisciplinary framework
for damage assessment;

* propose a multiparametric model integrating
quantitative, qualitative, temporal, and stochas-
tic components;

* establish methodological foundations for the
standardization of assessment procedures
across different sectors.

The central hypothesis of this research is that it
is possible to develop a universal damage assessment
model capable of standardizing evaluation procedures
without compromising the specific characteristics of in-
dividual cases. Such a model should integrate direct and
indirect losses, risk factors, temporal dynamics, and in-
tangible consequences into a coherent analytical frame-
work applicable across diverse domains.

The scientific contribution of this study lies in the
integration of economic, legal, engineering, and risk-
management perspectives into a unified assessment
methodology. Furthermore, the proposed model intro-
duces temporal and stochastic dimensions into the eval-
uation process and develops a structured framework for
incorporating intangible losses, thereby addressing sev-
eral limitations of existing approaches [5], [9], [11].

The remainder of the paper is organized as follows.
Section 2 reviews previous research and existing damage
assessment models. Section 3 presents the research meth-
odology and analytical framework. Section 4 introduces
the proposed unified damage assessment model and
demonstrates its practical application through an illus-
trative example. Finally, Section 5 discusses the principal
findings and presents conclusions and recommendations
for future research and institutional implementation.
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REVIEW OF PREVIOUS RESEARCH AND
DAMAGE ASSESSMENT MODELS

Economic Models of Damage Assessment

Within economic theory, damage assessment has
traditionally been based on the principles of financial
compensation, value maximization, and efficient re-
source allocation. Classical economic approaches evalu-
ate damage through direct financial losses and mea-
surable economic consequences. Widely used methods
include Cost-Benefit Analysis (CBA), Net Present Value
(NPV), Discounted Cash Flow (DCF) analysis, and op-
portunity-cost assessment. These methods enable the
quantification of direct and indirect losses and provide a
structured framework for economic decision-making [2],
[10], [13].

Modern economic studies emphasize the impor-
tance of incorporating future cash flows, uncertainty fac-
tors, and long-term economic consequences into damage
assessment models. Disaster economics and risk-based
valuation methodologies have further expanded tradi-
tional approaches by considering the broader economic
impacts of catastrophic events and systemic disruptions
[6], [171.

Despite their practical usefulness, economic models
exhibit significant limitations. Their primary weakness
lies in the tendency to focus predominantly on monetary
indicators while neglecting social, environmental, repu-
tational, and psychological consequences. Consequently,
purely economic approaches often underestimate the to-
tal impact of harmful events and fail to capture the full
spectrum of damage experienced by affected stakehold-
ers [8], [13].

Legal and Normative Approaches

Legal systems traditionally assess damage through
the principles of compensation, causation, proportional-
ity, and fairness. In most jurisdictions, damage is classi-
fied into actual loss and loss of profit, with compensa-
tion determined according to the specific circumstances
of each case. Courts frequently rely on expert opinions
and professional evaluations to establish the extent and
monetary value of damage [1], [16].

Legal scholars have long emphasized that the pur-
pose of damage compensation is not only to restore fi-
nancial equilibrium but also to preserve legal certainty
and public confidence in the justice system. However,
substantial differences often exist among jurisdictions
regarding assessment criteria, compensation limits, evi-
dentiary standards, and methods for evaluating non-
material losses.

One of the principal shortcomings of legal ap-
proaches is their dependence on expert judgment. Since
experts may apply different methodologies, assump-
tions, and evaluation criteria, similar cases can result
in significantly different compensation outcomes. This

variability introduces subjectivity into the assessment
process and may lead to inconsistent judicial decisions,
particularly in complex commercial, environmental, and
technological disputes [1], [16].

Engineering and Technical Approaches

Engineering damage assessment methodologies fo-
cus primarily on the physical consequences of harmful
events. These approaches are widely applied in trans-
portation systems, civil engineering, industrial facilities,
energy infrastructure, and manufacturing processes. As-
sessment techniques typically involve reliability analy-
sis, life-cycle analysis, structural integrity evaluation,
failure analysis, and maintenance-cost estimation [7],
[15], [18].

Reliability engineering provides a rigorous frame-
work for quantifying technical losses by analyzing sys-
tem performance, failure probabilities, and recovery
costs. Such approaches are particularly valuable in in-
dustries where operational continuity and safety are
critical. Engineering models often achieve a high level of
precision because they rely on measurable technical pa-
rameters and objective performance indicators [15].

Nevertheless, technical approaches are generally
limited to the engineering domain and rarely incorpo-
rate broader economic, legal, social, or reputational con-
sequences. As a result, while they provide accurate es-
timates of physical damage and restoration costs, they
may significantly underestimate the total impact of
harmful events on organizations and society [9], [15].

Risk-Based Assessment Models

Recent developments in risk management theory
have introduced probabilistic and stochastic dimensions
into damage assessment. Risk-based models consider
damage as a function of both the probability of occur-
rence and the severity of consequences. This perspective
allows decision-makers to evaluate not only realized
losses but also potential future impacts and escalation
scenarios [4], [5], [11].

International standards such as ISO 31000 and ISO/
IEC 31010 have significantly contributed to the develop-
ment of systematic risk assessment methodologies. These
frameworks emphasize the identification, analysis, eval-
uation, and treatment of risks across organizational and
societal contexts [3], [22].

Risk-based approaches offer several advantages, in-
cluding the incorporation of uncertainty, dynamic mod-
eling of harmful events, and support for preventive de-
cision-making. However, many existing risk assessment
frameworks do not provide detailed methodologies for
converting risk indicators into comprehensive damage
estimates. Consequently, there remains a gap between
risk analysis and practical damage quantification [4],
[11], [12].
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Hybrid and Interdisciplinary Models

Recognizing the limitations of single-discipline ap-
proaches, recent research has increasingly focused on
hybrid and interdisciplinary assessment frameworks.
These models combine quantitative and qualitative
methods in order to provide a more comprehensive eval-
uation of harmful events [8], [11].

Multi-Criteria Decision Analysis (MCDA), the Ana-
lytic Hierarchy Process (AHP), fuzzy logic systems, and
integrated risk-assessment frameworks have become
widely used tools for incorporating subjective factors
into formal analytical models. Such methods enable
decision-makers to evaluate multiple dimensions simul-
taneously and to assign relative importance to different
assessment criteria [8], [14], [19], [20].

Hybrid models are particularly valuable in situ-
ations involving uncertainty, incomplete information,
and conflicting stakeholder interests. They provide
greater flexibility than traditional methods and facilitate
the integration of economic, legal, technical, and social
perspectives into a single evaluation framework.

Despite considerable progress, no universally ac-
cepted model currently exists that integrates all relevant
dimensions of damage assessment while maintaining
methodological consistency, transparency, and practical
applicability across different sectors. This limitation con-
tinues to represent one of the most significant challenges
in the field [11], [14].

Identification of the Research Gap

The review of existing literature reveals several per-
sistent shortcomings in contemporary damage assess-
ment methodologies:

* fragmentation of assessment approaches across

sectors and disciplines;

* insufficient integration of quantitative and qual-

itative variables;

* inadequate consideration of temporal dynamics

and long-term effects;

* limited incorporation of uncertainty and escala-

tion risks;

e absence of standardized weighting coefficients

and evaluation matrices;

* difficulties in quantifying intangible and repu-

tational losses;

* lack of a universally applicable interdisciplinary

assessment framework.

These limitations demonstrate the need for the de-
velopment of a unified methodology capable of integrat-
ing economic, legal, engineering, and risk-management
perspectives into a coherent and standardized assess-
ment system. Addressing this research gap constitutes
the primary motivation for the development of the uni-
fied damage assessment model proposed in this paper.

The following section presents the methodological
framework employed in developing the proposed model

and explains the procedures used for identifying vari-
ables, constructing the analytical structure, and validat-
ing the conceptual framework.

RESEARCH METHODOLOGY

Research Design

This study employs an interdisciplinary and inte-
grative research approach designed to develop a unified
framework for damage assessment. The methodological
concept combines qualitative and quantitative analytical
techniques with the objective of identifying the essential
dimensions of damage assessment and integrating them
into a comprehensive evaluation model.

The research design is based on five sequential
phases:

1. Systematic review and classification of existing

damage assessment models;

2. Identification of key variables influencing dam-

age evaluation;

3. Development of a conceptual and mathematical

assessment framework;

4. Construction of a multiparametric evaluation

model;

5. Theoretical and illustrative validation of the

proposed framework.

This approach enables the combination of deduc-
tive reasoning, derived from established theoretical prin-
ciples, and inductive reasoning, based on the compara-
tive analysis of existing methodologies. The integration
of these approaches provides a robust foundation for
developing a model that can be applied across different
professional and institutional contexts.

Data Sources

The study is primarily based on secondary data
sources obtained from scientific literature, professional
publications, international standards, and institutional
guidelines. The analyzed sources include:

* scientific articles in economics, law, engineering,
and risk management;

* international standards and regulatory frame-
works (ISO 31000, ISO/IEC 31010, International
Valuation Standards);

e OECD and European Commission methodolog-
ical guidelines;

* expert reports and professional valuation proce-
dures;

* case studies from transportation, insurance, indus-
trial, environmental, and digital-security sectors;

* publications addressing risk analysis, multicri-
teria decision-making, and damage quantifica-
tion methodologies.

The use of secondary sources is appropriate because

the objective of the research is conceptual model devel-
opment rather than empirical testing. Existing scientific
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knowledge provides sufficient theoretical foundations
for identifying common principles and methodological
gaps in contemporary damage assessment practices.

Research Methods

Several complementary research methods were ap-
plied throughout the study.

Comparative Analysis

Comparative analysis was used to evaluate similar-
ities and differences among existing assessment models.
Particular attention was devoted to identifying:

* assessment criteria;

* evaluation procedures;

* treatment of uncertainty;

* incorporation of qualitative factors;

* applicability across different sectors.

The comparative approach enabled the identifica-
tion of methodological strengths and weaknesses associ-
ated with each model category.

Descriptive Analysis

Descriptive analysis was employed to classify and
characterize the principal components of damage assess-
ment systems. This method facilitated the systematic
organization of concepts, variables, and methodological
approaches found in the literature.

Synthesis Method

The synthesis method was applied to integrate
findings from different scientific disciplines into a coher-
ent analytical framework. Through synthesis, economic,
legal, engineering, and risk-management perspectives
were combined to establish the foundation of the pro-
posed unified model.

Modeling Method

Modeling represents the central methodological
component of the study. Based on identified variables
and relationships, a multiparametric assessment model
was developed that incorporates quantitative, qualita-
tive, temporal, and stochastic dimensions of damage.

Identification and Classification of Variables

A critical stage in the research process involved
identifying variables that significantly influence damage
assessment outcomes.

The analysis revealed four primary categories of
variables:

Quantitative Variables

Quantitative variables represent directly measur-
able economic consequences and include:

* direct financial losses;

* repair and restoration costs;

¢ indirect economic losses;

* loss of profit;

* operational interruption costs.

These variables can generally be expressed in mon-
etary terms and constitute the traditional basis of dam-
age assessment.

Temporal Variables

Temporal variables capture the dynamic nature of
harmful events and include:

* duration of damage consequences;

* recovery period;

* delay-related impacts;

* escalation over time.

The inclusion of temporal factors enables the as-
sessment of long-term consequences rather than limiting
evaluation to immediate losses.

Risk Variables

Risk variables reflect uncertainty and future devel-
opments associated with harmful events. These variables
include:

* probability of escalation;

* uncertainty of outcomes;

* vulnerability of affected systems;

* exposure to additional losses.

The incorporation of risk variables allows the mod-
el to account for potential future consequences and sup-
ports proactive decision-making.

Qualitative Variables

Qualitative variables encompass effects that cannot
be directly measured through conventional financial in-
dicators. These include:

* reputational damage;

* psychological consequences;

* social impacts;

* institutional credibility losses;

* public trust deterioration.

Although more difficult to quantify, such variables
often represent a significant portion of the overall impact
of harmful events.

Development of the Unified Assessment Model

Following the identification and classification of
variables, a unified assessment model was developed
based on a multiparametric structure.

The model integrates four fundamental dimen-
sions:

* economic dimension;

* temporal dimension;

¢ risk dimension;

e qualitative dimension.

Unlike traditional approaches that focus exclu-
sively on direct financial losses, the proposed framework
considers damage as a dynamic phenomenon influenced
by multiple interacting factors.

The model is based on weighted aggregation,
where each component contributes proportionally to the
final assessment outcome. Weighting coefficients may
be determined through expert judgment, multicriteria
decision-making methods, statistical calibration, or insti-
tutional standards.

This structure provides:

* methodological flexibility;
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* sectoral adaptability;
* transparency of evaluation procedures;
* comparability of assessment outcomes.

Validation Procedure

Because the study focuses on conceptual model de-
velopment, validation was conducted through two com-
plementary approaches.

Theoretical Validation

Theoretical validation involved examining;:

* consistency with established scientific theories;

* compatibility with international standards;

* methodological coherence;

e completeness of included variables.

The proposed framework was compared with exist-
ing economic, legal, engineering, and risk-based models
to ensure that all relevant dimensions of damage assess-
ment were adequately represented.

Illustrative Validation

[lustrative validation was performed through hy-
pothetical scenarios designed to demonstrate the opera-
tional logic of the model.

The simulation-based approach enabled:

* testing of variable interactions;

* examination of weighting effects;

* assessment of model behavior under different

conditions;

* preliminary verification of practical applicabil-

ity.

Although illustrative validation does not replace
empirical testing, it provides an important initial evalua-
tion of model functionality.

Research Limitations

Several limitations should be acknowledged.

First, the research relies predominantly on second-
ary data and theoretical sources. Second, the proposed
model has not yet been empirically tested using a large
sample of real-world cases. Third, weighting coefficients
have not been statistically calibrated and therefore re-
main subject to future refinement. Finally, qualitative
variables continue to require expert judgment, which
may introduce a degree of subjectivity into the assess-
ment process.

These limitations should be viewed as opportuni-
ties for further development rather than weaknesses of
the conceptual framework itself.

Future Research Directions

Future research should focus on:

* empirical validation using real assessment cases;

* statistical calibration of weighting coefficients;

* development of software tools supporting auto-
mated assessment procedures;

* application of artificial intelligence and machine-
learning techniques for model optimization;

* integration of the framework into regulatory

and institutional assessment systems;

e development of international standards for uni-

fied damage assessment.

The completion of these research activities would
significantly contribute to the practical implementation
and broader acceptance of the proposed methodology.

The following section presents the Unified Damage
Assessment Model, including its conceptual structure,
mathematical formulation, evaluation matrix, and illus-
trative application.

UNIFIED DAMAGE ASSESSMENT MODEL

Conceptual Framework of the Model

The proposed Unified Damage Assessment Model
is based on the integration of deterministic and stochas-
tic components of damage evaluation. Unlike traditional
approaches that treat damage as a simple function of di-
rect costs, the proposed framework considers damage as
a dynamic phenomenon influenced by multiple interde-
pendent variables.

The model integrates four principal dimensions:

¢ Economic dimension;

* Temporal dimension;

e Risk dimension;

* Intangible impact dimension.

This approach enables a comprehensive assessment
of harmful events by simultaneously considering direct
and indirect consequences, future uncertainties, and
non-material effects.

The conceptual structure of the model is founded
on three assessment levels:

Level I - Basic Assessment

This level quantifies direct and immediately mea-
surable damage.

It includes:

* direct financial losses;

* repair and replacement costs;

* operational interruption expenses.

The objective of this level is to establish the mini-
mum measurable value of damage.

Level II - Extended Assessment

This level incorporates secondary consequences re-
sulting from the harmful event.

These include:

* indirect economic losses;

* loss of profit;

* business interruption effects;

* supply-chain disruptions.

The purpose of this level is to evaluate the broader
economic implications of damage.

Level III - Strategic Assessment

The strategic level focuses on long-term and sys-
temic consequences.

It includes:
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e escalation risks;

* future uncertainty;

* reputational damage;

* social and institutional impacts.

This level provides decision-makers with informa-
tion regarding long-term sustainability and strategic
consequences.

The integration of these three levels allows a com-
prehensive and multidimensional evaluation process.

Mathematical Formulation of the Model
Based on the identified variables, the following
general damage assessment function is proposed:

" mr
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where:

D - represents the total assessed damage,

X, - denotes direct and indirect damage components,
w, - represents weighting coefficients,

R; - denotes risk-related factors,

a, - represents risk influence coefficients,

T - is the temporal factor,

p - is the temporal coefficient,

I - is the intangible damage index, and

y - is the coefficient of intangible impact.

The first term represents measurable economic
losses, the second term incorporates risk-related effects,
while the final two terms introduce temporal and intan-
gible dimensions into the assessment process.

The proposed formulation enables flexible adapta-
tion to different sectors while preserving methodological
consistency.

Incorporating the Temporal Dimension

One of the most significant limitations of conven-
tional assessment approaches is the treatment of damage
as a static quantity.

In reality, many harmful events produce conse-
quences that evolve over time.

To address this limitation, damage growth is mod-
eled using an exponential function:

D()=Dpe" @)
where:

D(t) - represents the value of damage at time ¢,

D,- is the initial damage value,

r - is the escalation rate, and

t - denotes elapsed time.

This formulation is particularly relevant in:

* judicial proceedings involving delayed compen-
sation;

* industrial accidents;

* infrastructure failures;

e environmental incidents;

* prolonged business interruptions.

The temporal component enables the assessment
of cumulative effects and future losses that may emerge
long after the initial harmful event.

Intangible Damage Index

The quantification of intangible losses remains one
of the most challenging issues in contemporary assess-
ment practice.

Examples include:

* reputational damage;

* psychological consequences;

* loss of public confidence;

* deterioration of institutional credibility;

* market-position losses.

To address this issue, an Intangible Damage Index
(IDI) is proposed:

P
= Zik M
=1

where:
I - represents the intangible damage index,
Vk - denotes qualitative indicators, and
A, - weighting coefficients determined through expert
evaluation or multicriteria analysis.

©)

The index transforms qualitative effects into mea-
surable assessment parameters while preserving analyti-
cal transparency.

Weighting coefficients may be established through:

* Analytic Hierarchy Process (AHP);

* Delphi expert methods;

* multicriteria decision analysis;

* institutional assessment standards.
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Equation (4) represents the expanded form of the
Unified Damage Assessment Model. In this formulation,
total damage is expressed as a function of direct and
indirect economic losses, risk-related factors, temporal
effects, and intangible consequences. The integration
of the Intangible Damage Index into the model enables
the inclusion of qualitative impacts that are traditionally
difficult to quantify, thereby providing a more compre-
hensive and realistic assessment of harmful events. The
model is sufficiently flexible to be adapted to different
sectors, including legal, insurance, transportation, indus-
trial, and public administration applications.
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Equation (5) presents the dynamic version of the
Unified Damage Assessment Model by incorporating
the temporal escalation factor. This formulation assumes
that the consequences of a harmful event may increase
over time due to delayed recovery, operational disrup-
tions, legal disputes, market reactions, or other cumula-
tive effects. The exponential term enables the simulation
of damage growth and provides a framework for evalu-
ating long-term consequences and future risks. Conse-
quently, the model supports not only retrospective as-
sessment of realized losses but also prospective analysis
of potential damage development under different sce-
narios.

The transition from Equation (4) to Equation (5)
transforms the model from a static assessment frame-
work into a dynamic decision-support tool, enabling
both current damage evaluation and future impact fore-
casting. This represents one of the principal methodolog-
ical contributions of the proposed unified assessment ap-
proach.

The mathematical framework combines concepts
from risk analysis, multicriteria decision-making, and
integrated assessment methodologies reported in con-
temporary scientific literature [3], [5], [8], [9], [14].

Unified Damage Assessment Matrix
To facilitate practical implementation, a standard-

ized evaluation matrix is proposed.

Table 1. Unified Damage Assessment Matrix

stantial proportion of total damage, highlighting the
importance of adopting a multidimensional assessment
framework.

Component Relative impact (%)

I

Direct Damage

Indirect Losses

Loss of Profi

Time Factor _ 1% 5.k
Escalation Risk - 10 B8
Intangible Damage B .08

0% 10%  20%  30%  40% 50%

Figure 1. Distribution of weighted components in the Unified
Damage Assessment Model

lllustrative Application of the Model

To demonstrate the practical application of the pro-
posed framework, consider a transportation accident
involving the following parameters: Direct damage:
€10,000; Indirect losses: €5,000; Loss of profit: €3,000;
Time factor: 1.2; Escalation risk: 0.3; Intangible damage:
€2,000.
Assuming the following weights: w1 = 0.40; w2 = 0.20;
ws = 0.15; p = 0.10; a = 0.10; y = 0.05 the assessment
becomes:
D = 0.4(10000) + 0.2(5000) + 0.15(3000) + 0.1(1.2) +
0.1(0.3) + 0.05(2000) = 5550.15

The example demonstrates how the model inte-
grates multiple dimensions into a single transparent and
reproducible assessment outcome.

Quantitative . Total
Weigh I
Component Value eight Contribution
Direct Damage X; Wi Wi Comparative Analysis of Existing and Proposed Models
Indirect Losses X Wa WaXo Table 2. Comparative Analysis of Damage Assessment Models
Loss of Profit X3 w3 W3Xs Model Advantages Limitations
Time Factor T B BT Classical Financial Simple and widely Ignore intangible
I ) Models applicable effects
Escalation Risk R a aR .
Legal Assessment Normatively grounded Subjective and
Intangible Damage | \ vl Models Ve inconsistent

The matrix provides a transparent framework for
evaluating the contribution of each component to the to-
tal damage value and facilitates standardization across
different sectors.

Distribution of Weighted Components

Figure 1 illustrates the relative influence of individ-
ual assessment components within the proposed model.

The distribution demonstrates that direct material
damage remains the dominant assessment component.
However, indirect losses, temporal effects, risk factors,
and intangible impacts collectively account for a sub-

Limited to technical

Engineering Models
systems

Highly precise

Difficult to quantify

Risk-Based Models total damage

Include uncertainty

o . Requires
P fi | fl |
roposed Unified .ntegrgte.d,. exible, standardization and
Model interdisciplinary . .
calibration

The comparison indicates that the proposed
framework overcomes several limitations of existing
approaches by integrating economic, legal, technical,
temporal, and risk-related dimensions within a single
methodological structure.
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CONCLUSION

Damage assessment represents one of the most im-
portant components of contemporary legal, economic,
technical, and insurance systems. The quality and ac-
curacy of assessment procedures directly influence
decision-making processes, legal certainty, financial
compensation, resource allocation, and the overall ef-
fectiveness of judicial, administrative, and commercial
proceedings. As modern societies become increasingly
interconnected and technologically complex, the need
for objective, transparent, and standardized damage as-
sessment methodologies becomes progressively more
significant.

The review of existing literature and assessment
practices demonstrates that contemporary damage eval-
uation remains characterized by substantial methodolog-
ical fragmentation. Economic, legal, engineering, and
risk-management disciplines have developed indepen-
dent approaches tailored to their specific objectives and
professional requirements. Although these approaches
provide valuable analytical tools within their respective
domains, they frequently fail to capture the multidimen-
sional nature of damage and often produce inconsistent
assessment outcomes. Similar harmful events may there-
fore receive substantially different evaluations depend-
ing on the methodology applied, resulting in reduced
comparability, increased uncertainty, and potential legal
disputes.

The findings of this study indicate that traditional
assessment models exhibit several important limitations.
Most existing methodologies focus primarily on direct fi-
nancial losses while paying insufficient attention to indi-
rect consequences, temporal dynamics, escalation risks,
and intangible impacts. Furthermore, many assessment
procedures continue to rely heavily on expert judgment
without providing standardized mechanisms for inte-
grating qualitative and quantitative factors into a uni-
fied analytical framework. These shortcomings reduce
transparency and may introduce a significant degree of
subjectivity into the evaluation process.

To address these limitations, this paper proposed
a Unified Damage Assessment Model that integrates
economic, legal, technical, and risk-management per-
spectives into a single methodological framework. The
proposed model combines measurable economic losses,
probabilistic risk factors, temporal effects, and intangible
consequences through a multiparametric mathematical
structure. Unlike conventional approaches, the model rec-
ognizes damage as a dynamic phenomenon whose overall
impact extends beyond immediate material losses.

The principal scientific contributions of this re-
search can be summarized as follows:

e development of a comprehensive multiparamet-

ric damage assessment model;

* integration of quantitative, qualitative, tempo-

ral, and stochastic variables into a unified frame-
work;

* introduction of a dynamic temporal component
capable of modeling damage escalation over
time;

e development of an Intangible Damage Index for
the evaluation of non-material consequences;

* establishment of a standardized assessment ma-
trix suitable for application across different sec-
tors;

* creation of methodological foundations for fu-
ture standardization of assessment procedures.

The proposed framework offers several practi-
cal advantages. First, it improves transparency by ex-
plicitly defining assessment variables and weighting
mechanisms. Second, it enhances objectivity through the
systematic incorporation of measurable and qualitative
indicators. Third, it increases reproducibility by provid-
ing a structured methodology that can be consistently
applied by different assessors. Finally, it facilitates cross-
sector comparability by integrating multiple dimensions
of damage into a common evaluation structure.

From an institutional perspective, the implemen-
tation of unified assessment criteria could significantly
contribute to improving legal certainty, reducing incon-
sistencies in expert evaluations, enhancing the quality of
judicial and administrative decision-making, and sup-
porting the harmonization of professional assessment
practices. Such benefits are particularly important in the
context of increasingly complex economic activities, dig-
ital transformation, environmental risks, and globalized
business operations.

Despite its contributions, the study is subject to
certain limitations. The proposed model has been de-
veloped primarily on the basis of theoretical analysis
and secondary data sources and has not yet undergone
large-scale empirical validation. In addition, weight-
ing coefficients and qualitative indicators require fur-
ther calibration through statistical analysis and expert
consensus-building processes. Consequently, the model
should be regarded as a conceptual and methodological
foundation rather than a finalized operational standard.

Future research should therefore focus on empiri-
cal testing of the model using real-world damage assess-
ment cases from different sectors. Additional studies
may explore the application of machine-learning algo-
rithms and artificial intelligence techniques for optimiz-
ing weighting coefficients, improving predictive accu-
racy, and supporting automated assessment procedures.
Further development may also include the creation of
specialized software platforms and decision-support
systems based on the proposed framework.

In conclusion, the results of this research suggest
that the standardization of damage assessment method-
ologies represents a necessary step toward establishing
a transparent, objective, and internationally harmonized
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system for evaluating harmful events. The proposed Uni-
fied Damage Assessment Model provides a scientifically
grounded foundation for achieving this objective and of-
fers a promising direction for future academic research,
professional practice, and institutional implementation
in the field of damage assessment.
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Abstract: This paper analyzes the level of knowledge of international transport documentation among
professional drivers and dispatchers in Serbia, with a focus on the CMR, CEMT, EUR.1, and TIR docu-
ments. The research was conducted on a sample of 177 respondents through an online survey, and
the collected data were processed using descriptive statistics and one-way ANOVA analysis. The results
show that professional drivers are significantly more familiar with documentation used in operational
transport, while dispatchers possess better knowledge of administrative and customs-related docu-
mentation. Statistically significant differences were recorded based on job position, gender, age, level
of education, and driver’s license category. The findings indicate the need for targeted training and
harmonization of knowledge among employees in international road transport to reduce the likelihood
of administrative errors and improve the efficiency and compliance of transport processes.
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INTRODUCTION

Numerous international and non-governmental organiza-
tions in Europe play a key role in regulating and standard-
izing international transport. Among them are the Interna-
tional Chamber of Commerce (ICC), the International Air
Transport Association (IATA), the International Union of
Railways (UIC), the International Road Transport Union
(IRU), the World Customs Organization (WCO), the
World Trade Organization (WTO), and many others.
These organizations not only define standards and proce-
dures for the international transport of goods but also de-
velop and distribute forms and documents used globally.
Such documentation enables the proper, safe, and lawful
transport of goods across national borders, facilitating the
work of drivers, freight forwarders, and other participants
in the transport chain [1].

Knowledge and proper use of international trans-
port documents are essential for every professional
driver and dispatcher. Drivers must always have com-
plete documentation with them to avoid potential issues
during the trip, especially during customs checks and
inspections. In addition, it is necessary to be informed

beforehand about the laws, rules, and procedures of the
countries through which the transport route passes, in
order to ensure compliance with local and international
regulations and avoid possible penalties [1].

Particular attention is required when transporting
certain types of shipments, such as dangerous goods,
whose transport is governed by strict legal regulations
and specialized documentation. Unlike domestic road
transport, international transport requires specific pro-
cedures and forms, which further highlights the need for
detailed knowledge and practical preparedness of driv-
ers and dispatchers [1], [22].

Given the complexity of international transport and
the variety of required documentation, the aim of this
research was to examine the level of knowledge profes-
sional drivers and dispatchers possess regarding key
documents and procedures in international transport.
The results of such research can highlight potential gaps
in employee preparedness and serve as a foundation for
developing targeted training programs.

International road transport represents the most
logistically sensitive segment of the supply chain, and
proper and accurate handling of documentation directly
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affects transport duration, regulatory compliance, avoid-
ance of fines, and prevention of administrative delays.
A lack of knowledge among drivers and dispatchers can
lead to increased operational costs, delivery delays, and
safety risks, which underscores the importance of sys-
tematically examining their level of awareness.

The main objective of the research is to quantita-
tively determine the level of knowledge of international
transport documentation among professional drivers and
dispatchers, as well as to identify key factors (gender, age,
education, work experience, driver’s license category) that
influence the degree of knowledge. A specific objective is
to identify the areas in which the greatest deficiencies oc-
cur, in order to define recommendations for improving
training and practices in international transport.

LITERATURE REVIEW

International road transport represents a complex logis-
tical system in which documentation plays a key role in
ensuring regulatory compliance and the smooth trans-
port of goods across borders. Previous research em-
phasizes that effective management of documentation
directly impacts transport efficiency, reducing delays,
costs, and administrative risks [2,3]. Research papers in
the field of international freight forwarding and trans-
port law indicate that properly completed and applied
documentation, such as CMR, TIR, or EUR.1, forms the
basis for the lawful and safe execution of transport op-
erations [4,5,6]

A significant portion of the literature focuses on the
impact of the human factor on the accuracy and preci-
sion of administrative processes in transport. Studies in-
dicate that levels of knowledge among employees vary
depending on experience, education, professional role,
and frequency of handling documentation [7,8]. It is
particularly emphasized that professional drivers often
possess better practical knowledge of the documents ac-
companying goods during transport, while dispatchers
have more developed administrative knowledge. This
highlights the need for integrated training models to re-
duce disparities in understanding procedures [9,10].

The literature also points to the rapid evolution of
documentation toward digitalization, such as e-CMR
and electronic customs procedures, which further in-
creases the need for continuous employee training and
development [11]. Numerous studies confirm that digi-
tal systems reduce administrative errors, accelerate the
flow of information, and improve shipment tracking, but
they require a high level of technical and procedural pro-
ficiency [12].

The literature review shows that knowledge gaps
between drivers and dispatchers represent a global chal-
lenge and can be overcome through the implementation
of standardized training programs that cover both the
operational and administrative aspects of international

transport. These findings underscore the importance of
research focused on assessing employee knowledge, as
well as the need for systematic improvement of educa-
tional content in the road transport sector [13,14,15].

RESEARCH METHODOLOGY

For the purposes of this research, a survey was created to
examine the level of knowledge of professional drivers
and dispatchers regarding international transport docu-
mentation. The study was conducted in the Republic of
Serbia and involved a total of 177 respondents. The sur-
vey was created using the Google Forms platform and
sent to the official email addresses of companies engaged
in international transport. Participants received all rele-
vant information about the study in the email, including
a link to the online survey, and participation was volun-
tary and randomly selected [16,17,18,19].

The survey consisted of nine closed-ended ques-
tions covering the respondents’ demographic charac-
teristics, including gender, age, occupation, and work
experience, as well as possession of a driver’s license. A
specific section of the questionnaire focused on assess-
ing the respondents” level of knowledge regarding key
documents and procedures in international transport.

The collected data were processed in Microsoft Ex-
cel, where initial data handling, verification, and valida-
tion were performed [20,21]. Subsequently, statistical
analysis was conducted using IBM SPSS Statistics ver-
sion 22, which enabled precise determination of the level
of knowledge and potential differences between profes-
sional drivers and dispatchers.

The validity of the instrument was verified through
internal consistency (Cronbach’s a), while descriptive
statistics and one-way ANOVA were applied in the sta-
tistical analysis to compare groups, with post hoc test-
ing (Tukey HSD) used to identify specific differences be-
tween categories. This approach allows for more reliable
conclusions regarding the impact of individual factors
on the level of knowledge.

RESULTS

The study included 102 respondents, of which 57.6%
were professional drivers and 42.4% were dispatchers.
All professional drivers (100%) were male, while 72%
of dispatchers were female and only 28% male. Regard-
ing age, the largest proportion of professional drivers
(41.2%) were between 36 and 45 years old, while the
majority of dispatchers (64%) were up to 25 years old.
Among professional drivers, 88.2% had completed high
school as their highest level of education, whereas the
majority of dispatchers (76%) had completed either un-
dergraduate academic or vocational studies. In terms
of driving license categories, 82.4% of drivers held a li-
cense for heavy vehicles, while 96% of dispatchers held
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a license for passenger vehicles. Regarding work experi-
ence, the largest proportion of drivers (38.2%) had been
working as professional drivers for 21 to 30 years, 32.4%
for less than 10 years, and 29.4% for 11 to 20 years. The
majority of dispatchers (76%) had been in their position
for up to 10 years.

Analysis of Professional Drivers’ and Dispatchers’

Knowledge of Transport Documentation

In response to the question “What is CMR?”, the
largest proportion of professional drivers, 85.29%, an-
swered correctly, indicating that CMR is the internation-
al consignment note for road transport of goods between
signatory countries, while only 60% of dispatchers an-
swered this question correctly. Dispatchers responded in
a significantly higher percentage that they did not know
the correct answer to the question (Fig. 1).

In response to the question “What is CEMT?”, the
largest proportion of professional drivers, 79.4%, as well

as the largest proportion of dispatchers, 68%, answered
correctly, stating that CEMT is a multilateral permit that
authorizes a carrier from one member state to perform
international road transport of goods between two (or
more) member states, in compliance with specific techni-
cal and safety standards (Fig. 2).

In response to the question “What is EUR.1?”, the
largest proportion of dispatchers (72%) as well as the
largest proportion of drivers (55.9%) answered correctly,
stating that EUR.1 is a document indicating and certify-
ing the preferential origin of goods (Fig. 3).

In response to the question “What is a TIR carnet?”,
the largest proportion of dispatchers (56%) and drivers
(76.5%) answered that the carnet is used for the trans-
port of goods, primarily by road, between two contract-
ing parties of the TIR Convention or between two points
within a participating country, as long as the goods pass
through a third country during transport (Fig. 4).
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Figure 1. Response to the question “What is a CMR permit?”
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Figure 2. Response to the question “What is a CEMT permit?”
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Figure 4. Response to the question ,What is a TIR carnet?”

Impact of Respondents’ Job Positions on Knowledge of

Transport Documentation

A one-way analysis of variance (One-way ANOVA)
was used to examine whether there is a statistically sig-
nificant difference in the level of knowledge between
the two groups of respondents—professional drivers
and dispatchers. The results show that knowledge dif-
fers significantly between these groups with regard to
the CMR, EUR.1, and TIR documents. Specifically, the
One-way ANOVA results indicate a significant statisti-
cal difference between the two groups in knowledge of
CMR (F=16.670; p<0.005), EUR.1 (F=4.156; p=0.043), and
TIR (F=7.023; p=0.009) documents. These results may re-
flect the different nature of each profession’s work and
specific job tasks—drivers more frequently encounter
certain documents in practice, while dispatchers have
a broader administrative role that requires knowledge
of other aspects of international transport. Overall, the
analysis confirms that professional role significantly
shapes the level of knowledge, highlighting the need for

precisely targeted training to enhance the knowledge of
both groups and contribute to more efficient and compli-
ant transport operations.

Impact of Respondents’ Gender on Knowledge of

Transport Documentation

A one-way analysis of variance (One-way ANOVA)
was applied to determine whether there are statistically
significant differences in the level of knowledge between
two groups of respondents, based on gender. The results
show that gender has a statistically significant impact on
knowledge of the CMR document (F=7.132; p=0.008),
indicating that the level of knowledge differs between
the two groups. This finding may point to differences in
work experience, frequency of document use, or the rep-
resentation of genders in certain segments of the trans-
port industry. Although the analysis does not reveal the
cause of the differences, it highlights that gender can be a
factor influencing acquired knowledge of the CMR docu-
ment. Accordingly, the results suggest the need for edu-
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cational programs and training to be evenly adapted for
all groups to ensure uniform awareness and competence,
regardless of respondents” gender.

Impact of Respondents’ Age on Knowledge of Trans-

port Documentation

A one-way ANOVA was used to determine
whether respondents” knowledge differs depending on
their age. The analysis showed that age significantly af-
fects knowledge of the CMR (F=6.640; p=0.000), CEMT
(F=3.333; p=0.021), and TIR (F=29.002; p=0.000) docu-
ments, indicating that older and younger age groups dif-
fer statistically in their knowledge of these documents.
These results suggest that age can be an important factor
in acquiring and developing knowledge in the field of
international transport. Older respondents have longer
work experience and richer practical knowledge, which
contributes to a better understanding of complex trans-
port documentation. In contrast, younger respondents
are in the early stages of their professional development
and therefore possess less experience and a narrower
scope of knowledge.

Impact of Respondents’ Education on Knowledge of

Transport Documentation

A one-way analysis of variance (One-way ANOVA)
was applied to determine whether there are statistical-
ly significant differences in the level of knowledge be-
tween respondent groups based on their education level.
The results indicate that education significantly affects
knowledge of CMR (F=11.912; p=0.000), CEMT (F=3.716;
p=0.013), EUR.1 (F=5.064; p=0.002), and TIR (F=9.836;
p=0.000) documents. These findings clearly show that a
higher level of education contributes to a better under-
standing of key international transport documentation.
In other words, education is an important factor influ-
encing respondents’ ability to correctly know and use
relevant documents in international transport, which can
have a direct impact on the efficiency and accuracy of
performing professional tasks in this field.

Impact of Driver’s License Category on Knowledge of

Transport Documentation

The results of the one-way analysis of variance
(One-way ANOVA) show that the category of driver’s
license held by respondents has a statistically significant
impact on their level of knowledge of certain internation-
al transport documents. It was found that knowledge
of the CMR document differs depending on the license
category (F=12.567; p=0.000), indicating that drivers
with higher or more specialized license categories have
a more informed understanding of this documentation.
Significant differences were also observed in knowledge
of CEMT permits (F=3.240; p=0.042) and TIR documents
(F=12.642; p=0.000). These results suggest that the level
of qualification and experience associated with specific

driver’s license categories can contribute to better knowl-
edge of key documents in international transport.

DISCUSSION

In the conducted research, which included 177 respon-
dents, clear differences were observed between profes-
sional drivers and dispatchers in terms of gender, age,
education, and experience. Professional drivers, who
make up 57.6% of the sample, are exclusively male and
mostly belong to the 36-45 age group, indicating a more
mature and experienced workforce. In contrast, dis-
patchers, accounting for 42.4% of respondents, are pre-
dominantly female (72%) and mostly under 25 years of
age, suggesting that this profession is more attractive to
younger individuals and often represents the early stages
of a career. These differences are also reflected in the edu-
cational structure —while the majority of drivers (88.2%)
have completed high school, the majority of dispatchers
(76%) possess higher education, either undergraduate
academic or vocational studies, indicating higher formal
educational requirements for the dispatcher role.

Analysis of work experience further highlights the
differences between these two groups. Professional driv-
ers have significantly longer work experience, with the
largest proportion (38.2%) having worked between 21
and 30 years, while the remainder have 11-20 years or
less than 10 years of experience. In contrast, dispatchers
are mostly at the beginning of their professional careers,
with 76% having up to 10 years of experience. This pro-
file suggests that the profession of a professional driv-
er is stable and long-term, whereas the dispatcher role
is more dynamic and open to entry by younger, more
educated personnel. Overall, the results clearly indicate
structured differences in career paths, job requirements,
and demographic characteristics between these two
workforce groups.

The research results reveal clear differences in the
level of knowledge of key documents and procedures in
international transport between professional drivers and
dispatchers. In response to the question “What is CMR?”,
as many as 85.29% of professional drivers answered cor-
rectly, while only 60% of dispatchers demonstrated the
same knowledge, with a significantly higher number of
dispatchers indicating that they did not know the an-
swer. This suggests that professional drivers, likely due
to their direct experience in international transport, are
more familiar with documentation related to the practi-
cal operational execution of transport. On the other hand,
dispatchers, although administratively involved in orga-
nizing transport, show insufficient knowledge of certain
fundamental documents, such as the CMR. A similar
trend is observed for questions related to CEMT permits:
79.4% of drivers and 68% of dispatchers answered cor-
rectly, indicating relatively good knowledge in this area,
but still with a slight advantage in favor of drivers.
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For the remaining questions, the differences are less
pronounced, or the advantage shifts to dispatchers. Re-
garding the EUR.1 document, which certifies the prefer-
ential origin of goods, 72% of dispatchers and 55.9% of
drivers answered correctly, indicating that dispatchers
have better knowledge in this area, likely due to their
direct role in preparing export and import documenta-
tion. For the TIR carnet, drivers again demonstrated a
higher level of knowledge (76.5%), while 56% of dis-
patchers answered correctly, which is expected, as the
TIR procedure often involves the practical cross-border
movement of goods that drivers handle on a daily basis.
Overall, the pattern of results suggests that profession-
al drivers are more familiar with documents related to
the on-the-ground execution of international transport,
whereas dispatchers show better knowledge of docu-
ments that are part of administrative and customs proce-
dures, which logically aligns with the nature of their job
responsibilities.

The research results indicate that various respon-
dent characteristics, including job position, gender, age,
education level, and driver’s license category, have a
significant impact on the level of knowledge of inter-
national transport documentation. A clear pattern was
observed, showing that professional and sociodemo-
graphic differences shape the scope and quality of ac-
quired knowledge. This is particularly important in the
context of international road transport, where proper use
of documentation directly affects the efficiency, safety,
and legality of transport operations.

The greatest differences in the level of knowledge
are observed between professional drivers and dispatch-
ers. Respondents from these two groups differ signifi-
cantly in their knowledge of CMR, EUR.1, and TIR docu-
mentation, which is expected given the specific nature
of their job responsibilities. Drivers more frequently en-
counter documents related to the transport of goods in
practice, while dispatchers take on a broader organiza-
tional and administrative role. This finding confirms that
professional role critically shapes the type of knowledge
acquired in everyday work.

Respondents” gender also proved to be a factor in-
fluencing the level of knowledge of the CMR document,
which may reflect differences in gender representation
in the transport sector, as well as differences in work
experience and frequency of handling documentation.
Although the analysis cannot determine the causes of
these differences, the results suggest that educational
programs and training should be designed to be equally
accessible and adapted for all employees, regardless of
gender.

Age represents another important parameter af-
fecting knowledge of international documents. Older re-
spondents, who possess greater professional experience,
demonstrate a higher level of knowledge of CMR, CEMT,
and TIR documentation compared to their younger col-

leagues. This finding indicates that a significant portion
of knowledge in this sector is acquired through prac-
tice and long-term professional engagement, highlight-
ing the importance of mentor-structured training and
knowledge transfer to younger employees.

The impact of education further confirms that for-
mally acquired knowledge plays an important role in
understanding complex international procedures. Re-
spondents with higher levels of education achieve bet-
ter results in knowledge of CMR, CEMT, EUR.1, and TIR
documentation, supporting the need to integrate content
on international transport into formal educational pro-
grams and professional courses.

Finally, the category of driver’s license was also
identified as a factor influencing the level of knowledge.
Respondents with higher or more specialized license cat-
egories demonstrate better awareness of key documents,
which can be explained by the higher likelihood of these
drivers being involved in international transport op-
erations. This confirms that professional qualifications,
together with experience, directly contribute to a better
understanding and proper use of international docu-
mentation.

Overall, the findings clearly indicate that knowl-
edge of international transport documentation is multi-
layered and influenced by a combination of experiential,
educational, and professional factors. The identified dif-
ferences highlight the need for systematic, targeted train-
ing programs that would raise the level of knowledge
across all employee groups, thereby improving efficien-
¢y, accuracy, and professionalism in performing tasks
within the international transport sector.

The differences between drivers and dispatchers
can be explained by the distinct types of operational
work: drivers handle documentation related to the trans-
port of goods on a daily basis, while dispatchers primar-
ily work in administrative settings, where documents
are prepared but not applied directly in the field. This
division of labor affects the selectivity of knowledge and
highlights the need for integrated training programs in
which both profiles become familiar with both the practi-
cal and administrative aspects of documentation.

CONCLUSIONS

The study included 102 respondents, of whom 57.6%
were professional drivers and 42.4% were dispatchers.
All drivers were male, while 72% of dispatchers were
female. Professional drivers were most commonly aged
36-45, whereas dispatchers were mostly under 25. The
majority of drivers (88.2%) had completed high school,
while 76% of dispatchers held undergraduate academic
or vocational degrees. Regarding driver’s licenses, 82.4%
of drivers had a license for heavy vehicles, and 96% of
dispatchers had a license for passenger vehicles. The
largest proportion of drivers (38.2%) had been in their
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position for 21-30 years, while the majority of dispatch-
ers (76%) had up to 10 years of experience.

In response to the question “What is CMR?”, 85.3%
of drivers and 60% of dispatchers answered correctly,
while dispatchers more frequently indicated that they
did not know. For “What is CEMT?”, 79.4% of driv-
ers and 68% of dispatchers answered correctly, and for
“What is EUR.1?”, 55.9% of drivers and 72% of dispatch-
ers responded correctly. Regarding the TIR carnet, 76.5%
of drivers and 56% of dispatchers answered correctly.

The professional role of respondents significantly
affects the level of knowledge of international transport
documents. The results show that professional driv-
ers and dispatchers differ in their knowledge of CMR
(F=16.670; p<0.005), EUR.1 (F=4.156; p=0.043), and TIR
(F=7.023; p=0.009) documents. Drivers demonstrate bet-
ter knowledge of documents used in everyday transport
operations, while dispatchers have an advantage in ad-
ministrative documentation, reflecting the different na-
ture of the work and tasks of each group.

Respondents’” gender shows a statistically sig-
nificant impact on knowledge of the CMR document
(F=7.132; p=0.008). This finding suggests that differences
in experience, frequency of handling documentation, or
gender representation in the transport sector may shape
acquired knowledge. Although the analysis does not
reveal the causes of these differences, it emphasizes the
need for educational programs that are equally adapted
for all genders.

Age significantly affects knowledge of the CMR
(F=6.640; p=0.000), CEMT (F=3.333; p=0.021), and TIR
(F=29.002; p=0.000) documents. Older and more experi-
enced respondents demonstrate a higher level of knowl-
edge, highlighting the importance of long-term practical
experience in acquiring competencies in international
transport. Younger respondents, who are at the begin-
ning of their professional careers, have narrower knowl-
edge and require additional training.

Education significantly affects knowledge of the
CMR (F=11.912; p=0.000), CEMT (F=3.716; p=0.013),
EUR.1 (F=5.064; p=0.002), and TIR (F=9.836; p=0.000)
documents. A higher level of education enables better
understanding of complex procedures and directly con-
tributes to more efficient and accurate performance of
professional tasks in international transport.

Finally, the category of the driver’s license influ-
ences the level of knowledge of key documents. Signifi-
cant differences were observed in knowledge of CMR
(F=12.567; p=0.000), CEMT (F=3.240; p=0.042), and TIR
(F=12.642; p=0.000) documents, with drivers holding
higher or more specific license categories demonstrat-
ing better awareness and practical readiness in handling
documentation.

The results indicate that companies in the interna-
tional road transport sector should implement periodic
training for drivers and dispatchers, particularly in areas

where the greatest gaps were identified —knowledge of
CMR, TIR, and CEMT documents. It is recommended to
develop short e-learning modules, as well as practical
workshops in which both employee profiles work with
real examples of documentation. This approach would
reduce the risk of administrative errors and increase the
efficiency of the transport process.

A limitation of this research is that the sample was
collected within companies operating in Serbia, so the
results may not be fully generalizable to other countries.
Additionally, the data are based on self-assessment by
the respondents, which may lead to subjective devia-
tions.

Future research could include comparisons be-
tween different countries in the region, analysis of un-
derstanding of specific procedures (e.g., insurance, cus-
toms control, phytosanitary documentation), as well as
examining the effects of targeted training before and af-
ter the courses.
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Abstract: The title of the paper reflects the traffic-related issues associated with two-lane roundabouts,
from the perspective of the level of service and traffic safety. Particular focus is placed on establishing
traffic rules in two-lane roundabouts and eliminating ambiguities regarding the right of way of vehicles

when exiting the circulatory roadway.The research results enable a higher level of quality in the training
of new drivers, as well as in the work of police and judicial-prosecutorial authorities, which will contrib-
ute to improving traffic safety in roundabouts. In addition to proposing amendments and supplements
to the legal framework, the research findings also provide guidelines for the technical regulation of

traffic in two-lane roundabouts.
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INTRODUCTION

In order to resolve ambiguities regarding the rules of ve-
hicle entry, circulation, and exit within two-lane round-
abouts, it is necessary to clearly prescribe or amend the
existing regulations and, crucially, to establish the tech-
nical elements of traffic control to eliminate current di-
lemmas [1], [5],[6], [10], [11].

Roundabouts are designed and constructed for two
fundamental reasons:

* Traffic calming in urban areas / safety aspect,

* Improving the intersection level of service (LOS)

/ increasing vehicle throughput.

From a traffic safety perspective, single-lane round-
abouts —featuring a single traffic lane both within the
circulatory roadway and at the approaches and exits —
are the safest configuration. Specifically, the number of
potential conflict points at these intersections is equal to
the number of approaches, which is minimal compared
to all other types of at-grade intersections.

However, there is an increasing number of two-
lane roundabouts where traffic flows are not governed
or regulated by clear legal, and in most cases, techni-
cal standards. Consequently, these issues directly affect

driving schools during candidate training, police officers
managing traffic control, insurance companies during
the claims liquidation process, as well as court experts
and judiciaries in identifying the root causes of traffic ac-
cidents. Therefore, it is essential to clearly define traffic
rules in two-lane/multi-lane roundabouts based on ro-
bust legal and technical regulations [8], [9].

METHODOLOGY

The research methodology is based on a comparative
analysis of traffic flows within the orthogonal projection
of a conventional four-leg (crossroad) intersection and its
subsequent transformation into a two-lane roundabout.
A specific aspect of analyzing vehicle flows focuses on
achieving a strategic objective: increasing the intersection
level of service (LOS) compared to its previous configura-
tion—either a three-leg or a four-leg intersection. Given
that several distinct descriptive analyses of this problem
exist, a specialized approach is required to integrate them
into a cohesive whole, followed by a discussion that will
ultimately utilize the scientific method of synthesis to es-
tablish traffic regulation rules for two-lane roundabouts.
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The strategically set objectives relate to the speed
of the traffic flow in the inner lane, which must not ap-
proach a breakdown flow state (stop-and-go regime).
Since the highest concentration of vehicles is located in
this lane, facilitating its continuous discharge is directly
aimed at improving the level of service. In the context
of the previous orthogonal projection of the intersection,
traffic within the inner circulatory lane corresponds to
“through” and “left-turning” vehicle flows, whereas
traffic in the outer circulatory lane corresponds to “right-
turning” and “through” vehicle flows.

ROUNDABOUTS

The assumption of proper vehicle maneuvering within a
two-lane roundabout is based on the principle that both
lanes can be utilized for through-movements, whereas
the right lane is strictly used for right turns, and the left
lane for left turns or U-turns. In this regard, three cat-
egories of conflict exist within a roundabout: merging,
diverging, and crossing. If the right traffic lane were
restricted exclusively to right turns, the safety aspect
would be satisfactory; however, the intersection level of
service would be significantly reduced [2], [3], [4], [7].

Conventional roundabouts are categorized as
shown in Table 1.

Table 1. Types of Conventional Roundabouts

Outer
Intersection Type Diameter  Function/Objective
(m)
Mini roundabout 12-24 Traffic calming
Compact roundabouts 24-30 Traffic calming
Standard single-lane . .
roundabouts 30-45 Increasing vehicle throughput
Standard two-lane 45-55 Increasing vehicle throughput

roundabouts

The focus of our research is on the standard two-
lane roundabout, with an outer diameter ranging from
45 to 55 meters. Unlike a single-lane roundabout, this
configuration generates a conflict within the right/outer
circulatory lane in the exit zone, specifically when a ve-
hicle is exiting from the left/inner circulatory lane while
another vehicle in the right/outer circulatory lane con-
tinues its permitted and ongoing circulating movement.

Increasing the number of traffic lanes within round-
abouts reduces traffic safety, primarily due to the emer-
gence of conflicts at the roundabout exit lanes.

well as in the region, are vague and very often conflict
with the actual traffic control devices installed at the in-
tersection.

Article 50, Paragraph 3 of the Law on Basics of Road
Traffic Safety of Bosnia and Herzegovina (ZoOBSBiH)
imperatively obliges the driver of a vehicle:

(3) Before entering an intersection, a driver shall posi-
tion the vehicle at a sufficient distance within the traffic lane
through which they must pass the intersection.

From the aforementioned paragraph, it follows that
the central dividing line within the circulatory roadway
cannot be broken, and that this provision rules out the
possibility of changing lanes within the circulation zone
(which is also partially emphasized in Figure 1 - Traffic
rules for vehicles within a two-lane roundabout).

Figure 1. Traffic rules within a two-lane roundabout
Source: WSDOT2 , 2015

A specific safety issue arises when two vehicles si-
multaneously enter the roundabout from the same ap-
proach roadway (using both the left and right traffic
lanes), as illustrated in detail in Figures 2A and 2B, and
subsequently circulate within the circulation zone where
the traffic lanes are divided by a broken longitudinal
marking.

TRAFFIC RULES WITHIN A ROUNDABOUT

Traffic rules within a roundabout are established by le-
gal regulations, as well as by vertical (traffic signs) and
horizontal (road markings) traffic control devices. The
described regulations in Bosnia and Herzegovina, as

Figures 2. A and 2B. Conflicts caused by prohibited vehicle
maneuvers within a roundabout

Source: Bastos Silva et al., 2014
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In Figure 2A, the vehicle from the left approach lane
properly enters the left/inner circulatory traffic lane and,
intending to make a permitted exit at the second outlet,
does so via the right exit lane, which is designated for
traffic coming from the right/outer lane. In the second
scenario on the same figure (Figure 2A), the vehicle from
the right/outer lane performs a prohibited lane change
into the left/inner traffic lane.

Figure 2B also illustrates two scenarios. In the first
scenario, the vehicle from the left approach lane prop-
erly enters the left/inner traffic lane but makes a pro-
hibited exit at the first outlet. In the second scenario, ve-
hicles properly enter the circulatory roadway from the
same approach, after which the vehicle in the right lane
unlawfully continues its circulating movement past the
second exit location. These specific conflict cases within
the roundabout occur despite the proper initial entry of
the vehicles from the same approach and direction into
the circulatory roadway. However, once the described
conflict situations arise, it becomes difficult to determine
the previous direction of travel for both vehicles, which
subsequently complicates proving the root cause of the
traffic accident.

Article 50, Paragraph 4 of the ZoBSBiH clearly and
unambiguously regulates the right-of-way priorities
between vehicles entering the roundabout and vehicles
that are already within the roundabout:

(4) When regulating traffic within a roundabout, traffic
shall be requlated in such a manner that vehicles within the
roundabout have the right-of-way.

The aforementioned provision eliminates any pos-
sible type of conflict between a vehicle from the left/in-
ner traffic lane and a vehicle moving along the far-right
traffic lane, provided that the latter vehicle had previ-
ously properly entered the roundabout (in compliance
with the II-2 “Yield” sign), given that the conflict point
between these vehicles is located within a very short dis-
tance traveled by the vehicle in the right/outer traffic
lane (11/2 radians). In the event that these vehicles meet
at the described conflict point within the right/outer
traffic lane at the first exit—observed from the entry di-
rection of the vehicle moving along the right/outer traf-
fic lane —it can be characterized as a failure of the driver
in the right/outer traffic lane to yield the right-of-way
previously. This necessitates a specific method of traffic
regulation.

Article 42, Paragraph 3 of the Law on Road Traffic
Safety of Republika Srpska (ZoBSRS) additionally regu-
lates the traffic of vehicles within a roundabout:

(3) A driver entering a multi-lane roundabout with
a vehicle shall use the far-right lane to exit at the first
and second outlets, unless otherwise regulated by a traf-
fic sign.

Bearing in mind that a vehicle entering the round-
about from the right approach lane into the right/outer
circulatory lane must exit the roundabout at the second

outlet at the latest, it follows that a conflict with a vehicle
from the left/inner lane can only occur at the first exit, at
a distance of ©/2 of the lane arc length. In the event that
this vehicle continues its permitted circulating move-
ment toward the second outlet and a conflict occurs with
a vehicle from the left/inner lane during its exit phase
from the roundabout, such a scenario can then be charac-
terized as a failure of the driver in the right/outer traffic
lane due to non-compliance with the obligation imposed
by the II-2 regulatory sign at the intersection entry.

In order to enhance traffic safety within round-
abouts, it is necessary to eliminate ambiguities through
additional standardization, as well as legal and technical
regulatory measures.

In practice, various and often conflicting expert
opinions exist, such as:

1. According to the general traffic rules, specifical-
ly the right-hand rule, a vehicle from the left/in-
ner lane changes its direction of travel and there-
by “takes” the right-of-way from a vehicle in the
right/outer circulatory lane that is not changing
its direction of travel.

This standpoint “mandates” stopping the traffic

flow in the left/inner lane in order to “yield” the

right-of-way to the vehicle in the right/ outer cir-
culatory lane, which subsequently:

- Derogates the positions established by the de-
signer when deciding on the construction of the
roundabout, as it forces a halt on the permitted
traffic flow in the left lane along its entire length,
thereby degrading the intersection’s level of ser-
vice. The length of the inner traffic lane (2 © ra-
dians), with a radius of 10 meters, where the traf-
fic flow is halted, amounts to:

L,=2-314 -10,00 = 62,8 m (1)

2. In addition to the obligations arising from the mean-
ing of the II-2 traffic sign, a vehicle from the right/
outer circulatory lane is obliged to yield the right-of-
way for the exiting vehicle from the left/inner circu-
latory lane. This is intended to facilitate the intensive
clearing of the inner lane and to increase the inter-
section’s level of service, which will result in a sig-
nificantly smaller impact in terms of occupying the
surface of the right/outer lane along a roadway length
of (m /2 radians), namely:

L, ,=3.14/2-12,50=19,62 m 2)

Bearing in mind the ratio between the calculated
and saturated traffic lane lengths, it explicitly follows
that it is more expedient to halt traffic in the right/outer
lane and allow the left/inner lane to clear along its entire
length.
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CONCLUDING REMARKS

In order to eliminate the thoroughly described ambigui-
ties, it is considered expedient to standardize and amend
Article 42 of the ZoBSBiH by adding Paragraph (4).

Article 42, Paragraph (4) of the Law on Road Traffic
Safety of Republika Srpska (ZoBSRS) additionally regu-
lates the traffic of vehicles within a roundabout:

(4) A driver who has entered the roundabout into the
outer/right lane and intends to exit at the second outlet shall
yield the right-of~way at the first exit to vehicles from the inner
traffic lane that have commenced or intend to execute an exit
at the first outlet.

In this regard, there is a need for horizontal traffic
markings within the roundabout to prevent lane chang-
ing or vehicle sorting inside the circulatory intersection,
and to regulate the priorities previously elaborated.

Namely, it is necessary to design the central divid-
ing line as a double line, specifically at the locations of
permitted “merging’ or ‘entry” into the roadway surface
that has priority over other flows, as shown in more de-
tail in Figure 3.

Figure 3. Proposed horizontal road markings at roundabouts in
accordance with the suggested amendments to traffic rules within
the circulatory zone
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INTRODUCTION

Occupational health and safety (OHS) remains a major
global challenge, posing significant human, social, and
economic costs. These burdens are most acute in devel-
oping economies, where weak regulatory capacity, low
productivity, and poor working conditions amplify oc-
cupational risks (Chen et al., 2020). In contrast, the Eu-
ropean Union has progressively institutionalized OHS
as a core element of social policy since the 1950s, evolv-
ing from early debates on the “humanisation of work”
to binding frameworks such as Directive 89/391/EEC.
Today, EU OHS policy emphasizes mental health, sus-
tainability, and decent work in response to green, digital,
and demographic transitions, underpinned by tripartite
governance involving governments, employers, and
trade unions and framed as a social right within the Eu-

ropean Pillar of Social Rights (Dorflinger & Tisch, 2023).

Safe and healthy work is increasingly recognized
as a cornerstone of sustainable development and effec-
tive public governance in a rapidly changing world of
work. OHS, and wellbeing underpin not only worker
protection but also organizational performance, eco-
nomic resilience, and social cohesion, requiring gover-
nance approaches that extend beyond compliance-based
regulation toward integrated, multi-actor collaboration
(Jain et al., 2024). Comparative evidence from developed
countries including the United States, Japan, the United
Kingdom, Germany, and Australia demonstrates that
mature OHS systems combining strong enforcement
with stakeholder participation have substantially re-
duced workplace accident mortality. These experiences
highlight a persistent governance gap with developing
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economies and have informed proposals for govern-
ment-led, multi-subject collaborative governance models
tailored to national institutional contexts, such as China,
to improve regulatory effectiveness and OHS outcomes
(Chen et al., 2020).

At the same time, labour market transformations
associated with globalization, outsourcing, privatiza-
tion, and non-standard employment have fragmented
employment relationships and shifted health and safety
risks from employers and states onto workers. Tem-
porary, subcontracted, platform-based, informal, and
migrant work arrangements are consistently linked to
higher injury rates, poorer physical and mental health
outcomes, and limited access to social protection, par-
ticularly in mobile and urban labour markets (Quin-
lan, 2025; Lippel et al., 2017). These dynamics weaken
regulatory oversight and complicate enforcement across
multilevel governance structures, where responsibilities
are dispersed across public and private actors and along
global supply chains (Dorflinger & Tisch, 2023).

The COVID-19 pandemic starkly exposed these
vulnerabilities, demonstrating how weak OHS enforce-
ment especially in essential, informal, and mobile sectors
can accelerate disease transmission and overwhelm pub-
lic health systems. In response, the literature increasing-
ly conceptualizes OHS governance as an integral com-
ponent of public health and environmental protection
rather than a stand-alone regulatory function (Atima
& Anioke, 2020). Integrated, risk-based, and outcome-
oriented enforcement models that align labour regula-
tion with public health surveillance are seen as critical
for early detection of hazards, prevention of communi-
ty-level spillovers, and reduction of health inequalities,
consistent with the “healthy workplaces-healthy com-
munities” perspective.

Informal, migrant, and other high-risk worker
populations remain central challenges for urban OHS
governance, as traditional enforcement mechanisms of-
ten fail in decentralized, mobile, and low-trust contexts.
Scholars therefore emphasize adaptive strategies such as
community-based monitoring, mobile inspections, trust-
building measures, simplified reporting, and integrated
data systems to extend protection to excluded workers
(Atima & Anioke, 2020). The “cycle of neglect” identified
by Jilcha and Kitaw (2016) illustrates how weak regula-
tion, poor enforcement, low compliance, and underre-
porting mutually reinforce unsafe conditions, particu-
larly in developing countries, underscoring the need for
accountable and adaptive enforcement systems.

Recent evidence from the public sector further con-
firms these governance gaps. Studies from highly urban-
ized contexts, such as the Philippines, show that even
where formal OHS legislation exists, implementation
remains uneven due to limited institutional capacity, in-
sufficient training, and weak accountability across gov-
ernance levels (Abad, 2025). More broadly, the literature

highlights that effective OHS governance depends not
only on regulation but also on complementary strategies,
including voluntary standards, corporate social respon-
sibility and environmental, social, and governance initia-
tives, and rights-based approaches, while maintaining a
strong role for the state in enforcement and coordination
(Jain et al., 2024). Overall, the literature converges on the
need for coordinated, multilevel OHS governance that
integrates labour, public health, environmental, and ur-
ban policy objectives. Strengthening institutional capac-
ity, aligning enforcement across governance levels, and
addressing the needs of mobile and vulnerable workers
are essential for ensuring safe and healthy work as a
foundation of sustainable, inclusive, and resilient urban
development.

EVIDENCE ON THE HEALTH EFFECTS OF
NON-STANDARD / INFORMAL WORK

The literature indicates that non-standard and insecure
work substantially heightens OHS risks by concentrating
vulnerable groups, particularly migrants, women, young
and older workers in low-paid, weakly regulated jobs
marked by insecurity, irregular hours, and fragmented
work organization. These risks are intensified by declin-
ing union representation, regulatory exclusions, and
complex subcontracting and global supply chains that
diffuse responsibility and strain enforcement. Employ-
ment insecurity increasingly affects both non-standard
and permanent jobs, with overlapping work arrange-
ments and demographic changes further amplifying
risks and extending harm beyond workers to clients and
the public. Despite extensive evidence, policy responses
remain uneven, highlighting the need for stronger, bet-
ter-resourced, and more inclusive multilevel OHS gover-
nance that integrates supply-chain accountability, social
protection, and worker representation in mobile urban
labour markets (Quinlan, 2025).

Informal work accounts for a large share of global
employment around 61% of the workforce and is marked
by the absence of formal contracts, OSH protections, and
social security, particularly in developing and emerging
economies. Informal workers face heightened exposure
to physical, chemical, biological, and psychosocial haz-
ards, compounded by unsafe workplaces, long hours,
limited training, and restricted access to healthcare. In-
formal outsourcing by formal industries further shifts
risks into unregulated settings, often extending harm
to families and communities. The COVID-19 pandemic
intensified these vulnerabilities, expanding informal-
ity and exposing its public health implications. Overall,
the literature underscores the need for integrated oc-
cupational, public health, and social policies, alongside
improved data and targeted interventions, to reduce
risks and support safer, more sustainable informal work
(Schulte et al., 2022).
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Triangular/temporary agency work

Temporary and agency work consistently lead to
elevated OHS risks, characterized by higher injury rates,
greater exposure to physical and psychosocial hazards,
and poorer mental health outcomes compared to perma-
nent employment. According to Quinlan (2025), these
risks are manifested through increased experiences of
bullying, depression, and delayed return to work. These
vulnerabilities are particularly acute for migrant, female,
and inexperienced workers, who often face language
barriers and economic pressures that make hazardous
tasks seem like “risks worth taking” despite the inherent
dangers (Hopkins, 2017; Cajander et al., 2023).

The Pressures-Disorganization-Regulatory failure
(PDR) model explains how these risks are structurally
embedded in triangular employment relationships. Eco-
nomic instability creates pressures that discourage the
reporting of hazards, while disorganization arises from
mismatched placements, unfamiliarity with host work-
sites, and fragmented communication regarding training
and supervision (Spillett et al., 2005; Underhill & Quin-
lan, 2011). This fragmentation is common in sectors like
construction and hospitality, where the blurred lines of
authority between staffing agencies and host firms often
result in inadequate safety cultures and limited access
to protective equipment (Gogelescu et al., 2021; Strauss-
Raats & Adascalitei, 2025).

Regulatory and governance gaps further exacerbate
these dangers, as traditional OHS frameworks are often
ill-equipped to handle multi-employer arrangements.
Shared legal responsibility is frequently poorly defined
or weakly enforced, leading to a “regulatory gap” where
agencies and host employers shift blame rather than
coordinating prevention (Strauss-Raats, 2019; Howard,
2016). For example, comparative studies of Ontario and
Quebec reveal that while some systems offer better in-
come replacement or shared liability, both struggle with
underreporting and fragmented accountability (Lippel
et al., 2011). Ultimately, addressing these vulnerabilities
in modern urban labor markets requires stronger mul-
tilevel governance and clearer allocation of responsibil-
ity across all parties in the employment chain (Quinlan,
2025; Xu et al., 2025).

Home-based work

Home-based work (HBW) is a diverse and expand-
ing component of urban labour markets, encompassing
informal home production, formal telework, homecare,
and platform-based gig work, each with distinct OHS
and governance challenges. In low-income and informal
settings, HBW is often invisible and unregulated, expos-
ing workers and households to physical, chemical, and
ergonomic hazards. In higher-income contexts, formal
telework raises ergonomic and psychosocial risks, while
platform-mediated home-based gig work is character-
ized by low pay, surveillance, weak dispute resolution,

and limited OHS protection (Dong et al., 2025; Nilsson et
al.,, 2021; Wagemann et al., 2024).

Access to HBW is highly unequal. The capacity to
work from home is concentrated among higher-paid,
better-educated urban workers in wealthier countries,
while limited internet access, housing conditions, and
job task requirements exclude many workers in low-
income contexts. During crises such as COVID-19, these
disparities amplified labour market and health inequali-
ties, disproportionately harming young, poorly educat-
ed, temporary, and informal workers in countries with
weaker social protection systems (Hall et al., 2023; San-
chez et al., 2020). HBW is frequently organized through
subcontracting and temporary arrangements that frag-
ment responsibility for OHS and shift risks into private
homes. Cost-driven outsourcing, dispersed worksites,
and weak enforcement contribute to poorer OHS out-
comes across both high- and low-income settings, mak-
ing HBW a critical governance challenge in sustainable
and mobile urban economies (Quinlan, 2025).

Overall, the literature highlights the need for mul-
tilevel OHS and urban governance that recognizes the
scale and diversity of HBW, extends labour and health
protections into homes and digital platforms, addresses
gendered care burdens, and better integrates housing,
labour, and digital policies to ensure that home-based
work supports both livelihoods and health.

Part-time work

Part-time work is often promoted as a means of im-
proving work-life balance and supporting labour market
participation, particularly for women. Evidence shows
that voluntarily chosen part-time work can enhance
work-life balance and job satisfaction, especially in gen-
der-egalitarian contexts and when hours are substantially
reduced, without necessarily increasing sickness absence
at the organizational level (Beham et al., 2019; Jacobsen et
al., 2023). In such settings, part-time employment can pro-
vide a stable and acceptable arrangement for combining
paid work with care or study. However, the benefits of
part-time work are unevenly distributed. Low-paid, mar-
ginal, or involuntary part-time jobs are associated with
lower income, weaker job security, limited career progres-
sion, and long-term risks such as unemployment and dis-
ability retirement. Part-time work is strongly feminized
and often reinforces gender inequalities by concentrating
women in lower-status roles with reduced access to train-
ing, promotion, and pensions, while also sustaining tradi-
tional divisions of unpaid care (Booth & van Ours, 2010;
Lyonette, 2015; Jacobsen et al., 2023).

From an OHS perspective, part-time work presents
mixed outcomes. While reduced hours may lower some
physical risks, part-time workers particularly in low-
quality jobs are more exposed to unpredictable schedules,
psychosocial stress, harassment, and economic insecu-
rity. These patterns mirror broader challenges associated
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with non-standard employment and point to the need for
context-sensitive OHS and labour governance (Quinlan,
2025).Part-time work can be a sustainable and equitable
employment form only when it is voluntary, adequately
protected, and embedded in supportive welfare, gender,
and employment regimes. Strengthening rights, job qual-
ity, and career opportunities for part-time workers is es-
sential to prevent the reproduction of inequality and to
realize the promised benefits of flexibility.

Dependent self-employment and subcontracting

Dependent self-employment occupies a regulatory
“grey zone” between standard employment and genuine
entrepreneurship and has become increasingly preva-
lent through outsourcing, subcontracting, and platform-
based work. Workers are formally classified as self-em-
ployed but remain economically and organizationally
dependent on one or a small number of clients, with lim-
ited autonomy over pricing, workload, or strategic deci-
sions. This status raises significant concerns for job qual-
ity, social protection, and OHS governance, particularly
in complex and mobile urban labor markets. Across the
EU28, dependent self-employment is closely linked to
worker misclassification, especially in the gig economy,
where individuals lack multiple clients, hiring authority,
or decision-making power. Williams and Lapeyre (2017)
argue that addressing this gap requires reclassification
mechanisms or hybrid protections, strengthened collec-
tive bargaining, and expanded social protection to en-
sure decent work. Evidence from the Netherlands shows
that while dependency alone does not necessarily predict
poor outcomes, involuntary entry into self-employment
is associated with higher risks of dissatisfaction, low in-
come, and financial insecurity (Kosters & Smits, 2021).

Firms increasingly rely on dependent self-employ-
ment to gain labor flexibility, shift risks, and evade em-
ployment protections, social contributions, and training
obligations (Kautonen et al., 2021). Stricter employment
protection legislation has been shown to increase tran-
sitions into dependent, rather than genuinely indepen-
dent, self-employment (Roman et al.,, 2011). High-risk
sectors such as construction, logistics, care, finance, and
platform delivery illustrate how subcontracting chains
intensify precarity and unpaid work (Boheim & Muehl-
berger, 2006, Moore & Newsome, 2018). This fragmen-
tation weakens regulatory oversight and elevates injury
risks, making dependent self-employment a central chal-
lenge for multilevel OHS governance and accountability
(Quinlan, 2025).

Bogus/undeclared work and the informal sector

Bogus self-employment, undeclared work, and in-
formality represent a critical challenge for global OHS.
These work forms frequently exist in a “gray zone” be-
tween formal and informal sectors, making them diffi-
cult to regulate in mobile urban environments. Research

indicates that while these arrangements can serve as sur-
vival strategies for vulnerable populations, they are sys-
tematically associated with poorer physical and mental
health, long hours, and low pay (Davidescu et al., 2024;
Van Den Berg & Baum, 2024). The risks of informal-
ity are particularly concentrated in dispersed or home-
based sectors such as construction, hospitality, retail,
and platform courier work. In these areas, the formal/
informal dichotomy often obscures deeper exploitation;
for instance, digital platform couriers may face “super-
exploitation” regardless of whether they are labeled as
independent contractors or employees (Novianto, 2025).
This precariousness is exacerbated by the lack of work-
ers’ compensation, tax evasion such as envelope wages,
and a total absence of regulatory oversight, which is a
widespread issue in both developing economies and
high-income countries (Tairova, 2023; Quinlan, 2025).

Addressing these OHS vulnerabilities requires a
move away from purely repressive or punitive measures
toward “high-road” strategies. Effective governance
must focus on formalization incentives, such as simpli-
fying business registration and building trust in public
institutions, rather than relying solely on labor inspec-
tions (Stasyuk et al., 2023). Furthermore, because depen-
dent self-employment is often used to externalize costs
along subcontracting chains, urban governance must
look beyond traditional employer-employee contracts to
address the blurred legal categories that leave workers
unprotected. Ultimately, achieving sustainable devel-
opment and decent work requires a nuanced policy ap-
proach. This involves balancing risk-based enforcement
with enabling measures that make formal work acces-
sible and attractive, ensuring that the most hazardous
forms of non-standard employment do not continue to
undermine unions, collective bargaining, and universal
OHS standards (Quinlan, 2025).

MULTILEVEL PUBLIC ADMINISTRATION
AND OHS GOVERNANCE IN MOBILE,
SUSTAINABLE CITIES

Urban environments are becoming more digital, mobile,
and sustainability-driven, which complicates how OHS
is governed and enforced. Research links effective OHS
to multi-level public administration, sustainable mobil-
ity planning, and smart-city agendas, but also shows
persistent coordination and implementation gaps.

Multilevel Governance and OHS

Modern urban OHS governance is undergoing a
transformative shift toward multilevel and polycentric
arrangements. In dense, digitalized cities, OHS is no lon-
ger a standalone workplace issue but a core component
of sustainable development and public health. Research
indicates that while local governments are the primary
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implementation hubs, they often face a under-cooper-
ating on safety when acting independently. Centralized
regulation and health-footprint models are essential to
resolve this coordination failure and ensure stable inter-
governmental cooperation (Li et al., 2020; Cevheribucak,
2024).

The current gold standard in advanced economies
is a “multiple and differentiated” governance model.
This approach features strong state leadership balanced
by active collaboration between employers, unions, and
social partners (Chen et al., 2020). Governance is effec-
tively distributed across three distinct tiers:

* National Level: Establishing legal frameworks,
standards, and alignment with Sustainable De-
velopment Goals (SDGs).

* Regional/City Level: Integrating safety into Sus-
tainable Urban Mobility Plans (SUMPs) and co-
ordinating context-specific enforcement (Mapar
etal., 2017).

* Organizational Level: Managing internal safety
systems, digital risk tools, and worker participa-
tion (Baghdadi, 2024).

A critical frontier in urban safety is the integration
of OHS into broader infrastructure and mobility plan-
ning. Achieving Vision Zero requires cities to move
beyond basic accident prevention to include “health se-
curity”, addressing risk perception and contagion risks
within mobility systems (Spadaro & Pirlone, 2021). By
using systems-based frameworks like the Hierarchy of
Hazard Controls(See Figure 1), urban planners can align
transport safety with environmental and public health
goals (McLeod & Curtis, 2020).

Hierarchy of Controls

Figure 1. From OSH 4.0 to OSH 5.0: Bridging the Implementation Gap
in Digital and Smart City Governance

OSH governance in the digital era is increasingly
shaped by the interaction between traditional regula-
tory systems and rapid technological transformation.
Effective OSH governance operates across international,

regional, and national levels and depends on a comple-
mentary mix of hard law such as legislation, treaties, and
ILO conventions and soft law, including voluntary stan-
dards, guidelines, and stakeholder agreements. While
hard law provides legitimacy and enforceability, it often
struggles to keep pace with digitalization and emerging
psychosocial risks. Soft law, by contrast, enables flex-
ibility and faster adaptation but lacks binding authority
(Schulte et al., 2022).

The transition to Industry 4.0 has accelerated the
emergence of OSH 4.0, where digital tools and data-
driven systems can substantially improve safety perfor-
mance and reduce accidents. However, digitalization
also generates new risks, notably around data privacy
and cybersecurity, blurred roles and accountability,
and psychosocial hazards associated with intensified,
platform-based, and algorithmically managed work
(Akyildiz, 2023; Schulte et al., 2022). Despite these ad-
vances, a persistent implementation gap remains within
Smart City and Industry 4.0 frameworks, where worker
safety is often subordinated to efficiency, innovation,
and productivity goals.

To address this gap, OSH 5.0- a human-centered,
digitally enabled approach embedded in socio-technical
systems and aligned with sustainable development is
advocated. OSH 5.0 emphasizes quadruple-helix gover-
nance, bringing together public authorities, businesses,
researchers, and citizens to ensure that technological
innovation enhances, rather than undermines, worker
health and safety. Within this framework, OSH innova-
tion is positioned as a driver of all six pillars of sustain-
able development: economic, social, environmental, cul-
tural, political, and technological rather than a narrow
compliance function (Jilcha & Kitaw, 2017; Avila-Gutiér-
rez et al., 2022).

Overall, the convergence of digital tools with coop-
erative, multilevel governance is critical for protecting
an increasingly mobile, diverse, and digitally managed
workforce. Adaptive OSH governance. Combining ro-
bust regulation, flexible voluntary instruments, and par-
ticipatory governance models is essential for ensuring
that smart cities and digital economies remain not only
efficient, but also safe, inclusive, and sustainable.

OHS Governance: Standards, Participation, and Digital

Transformation

A large-scale review of studies in the construc-
tion sector shows that research has focused primarily
on occupational health and safety management systems
(OHSMSs) implementation and management, while
evidence on measurable benefits, performance, aware-
ness, and barriers remains limited. Persistent challenges
such as poor communication, inadequate training, weak
safety culture, low PPE use, psychosocial strain, and in-
sufficient legal compliance are compounded by a lack of
reliable incident and organizational data, constraining
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robust evaluation of OHSMS effectiveness. Neverthe-
less, international standards and management systems
provide an important governance framework linking
workplace risk control with sustainability, particularly
in construction and infrastructure contexts (Kineber et
al., 2023).

Public sector evidence underscores the importance
of multilevel governance and localized implementation.
Studies of urban government offices show generally
high levels of OSH standards implementation, but with
significant variation across governance levels and func-
tional domains. City governments often translate stan-
dards into practice more effectively than national bodies,
particularly in emergency preparedness and workplace
safety, while gaps persist in OSH programs and support
facilities at higher and intermediate levels. These find-
ings emphasize the value of intergovernmental coordi-
nation and context-sensitive enforcement (Cagbalefio &
Palic, 2025).

Digital transformation further reshapes OSH gov-
ernance in public administration. Research from Swed-
ish local governments demonstrates that digitalization
can either strengthen or marginalize occupational health
and safety, depending on managerial approach. Where
Plan-Do-Check-Act (PDCA) cycles, risk assessment,
and employee participation are embedded in digital
change processes, OHS is reinforced; where technologi-
cal determinism prevails, safety considerations are side-
lined. This highlights leadership and adaptive manage-
ment as critical determinants of safe digitalization (Asp
et al., 2026).

Across governance levels, participatory approaches
emerge as a key enabling factor. Multilevel, participa-
tory interventions in municipalities improve psychoso-
cial safety climate, leadership empowerment, and risk
awareness, although effects on individual stress are
limited and implementation is complex (Dalgaard et al.,
2025). Broader public administration research similarly
shows that stakeholder participation promotes preven-
tive safety cultures and shifts governance from reactive
to proactive risk management (Afiyah, 2023).

Finally, strong OSH governance in the public sector
has clear economic and public health implications. Evi-
dence from local administrations links weak OSH imple-
mentation to inefficient public spending, while improved
safety culture reduces accidents, losses, and resource
waste (Mohamed et al., 2022). In public health services,
crises such as COVID-19 have exposed the consequences
of inadequate OSH management, reinforcing the need
to integrate occupational safety into public health policy
and organizational resilience strategies (Adamopoulos
et al., 2022). Collectively, there is a need of more holistic,
data-informed, participatory, and digitally aware OSH
governance models that align workplace safety with
public health objectives and sustainable public adminis-
tration (Akyildiz, 2023; Schulte, 2020).

A ROADMAP FOR MULTILEVEL OHS
GOVERNANCE IN TURKEY’S RESILIENT CITIES

The governance of OHS in Turkey is at a transformative
crossroads, driven by the pressures of rapid urbaniza-
tion, post-pandemic recovery, and the digital shift to-
ward Industry 4.0/5.0. While Turkey possesses a sophis-
ticated legal framework (Law No. 6331) and advanced
digital monitoring tools like ISG-KATIP, a significant
implementation gap remains due to administrative frag-
mentation and a large informal economy

The Current Landscape: A Structural Paradox

Turkey’s OHS environment is characterized by
world-class digital architecture contrasted against chronic
enforcement challenges in highly mobile urban settings.

* Legal Strength: As of January 1, 2026, OHS man-
dates cover all formal workplaces, regardless
of size or risk level. Platforms like e-Nabiz and
ISG-KATIP offer potential for real-time tracking
of occupational diseases (Calis & Buyukakinci,
2019; Cabuk, 2025).

* The “Invisible” Workforce: including millions
of refugees and migrants operates informally,
remaining outside the reach of safety standards.
Current enforcement relies heavily on punitive
fines, which often drive these businesses further
into the shadows (Yildirim et al., 2022).

* Sectoral Failures: The construction industry, in
particular, remains plagued by high accident
rates and an immature inspection system that
lacks the coordination necessary for meaningful
reform (Yildirim et al., 2022).

Integrated Urban Resilience & Mobility

Post-pandemic research in Istanbul highlights that
sustainable city planning and public health are mutually
reinforcing.

* Healthy Urbanism: Future resilience depends
on “de-densifying” indoor spaces and integrat-
ing green infrastructure to mitigate contagion
risks (Agboola, 2025). Successful responses re-
quire a balance of centralized decision-making
and active local implementation (Ahsan, 2020).

* Sustainable Urban Mobility Plans (SUMPs):
Transitioning from chronic congestion to sus-
tainable mobility requires embedding health se-
curity indicators such as risk perception, crowd-
ing, and infection risk into transport planning
(Spadaro & Pirlone, 2021).

e Policy Translation: Benchmarking successful
models (like London’s Mayor’s Transport Strat-
egy) requires “translating” international stan-
dards into Turkey’s specific local institutional
structure to overcome fragmented governance
(Canitez, 2020).
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Strategic Roadmap for Turkey (2026—-2033)

The proposed roadmap(See Table 1) advocates for a
transition from a punitive culture to a protective, preven-
tive one through a phased approach.

Table 1. The proposed roadmap for Turkey

Phase Focus Key Actions
Update regulations to integrate OHS
(Srf;i:v':se)rm Alignment 5.0 and SDGs; mandate health security
indicators in all SUMPs .
Establish a National-Metropolitan
Medium Term . Coordination Platform; standardize OHS
Scaling . . .
(3-7 Yrs) KPIs in all Public-Private Partnership
(PPP) contracts (Canitez, 2020).
Fully operationalize a digital OHS
Long Term Consolidation information system; use “health
(7+ Yrs) footprint” metrics to evaluate municipal

performance .

Key Recommendations for Reform

* The “Legal Firewall”: Establish a barrier pre-
venting OHS data from being shared with mi-
gration authorities, ensuring that informal and
migrant workers can report hazards without
fear (Yildirim et al., 2022).

e Incentivized Compliance: Shift to a “Guidance
First” model for SMEs, offering financial incen-
tives such as Social Security (SGK) premium
discounts for workplaces with verified safety
records.

* Quadruple-Helix Collaboration: Build alliances
between public authorities, researchers, busi-
nesses, and citizens to increase the legitimacy of
OHS measures (Agboola, 2025; Yildirim et al,,
2022).

* Educational Mainstreaming: Embed OHS and
health security modules into university curricu-
la (SDG 4) to support a preventive culture and
future workforce skills (Kavouras et al., 2022).

DISCUSSION

The literature emphasizes that integrating OHS gover-
nance with public health is critical for sustainable, mobile
urban environments, especially where informal, precari-
ous, and non-standard work is prevalent. Fear of sanc-
tions and job loss often suppresses reporting of unsafe
conditions, allowing occupational hazards to spill over
into wider public health risks such as disease outbreaks,
environmental contamination, and gaps in surveillance.
Shifting from purely punitive enforcement toward grad-
uated, incentive-based compliance, supported by tools
like amnesties, mobile training, and community safety
champions can improve trust, extend regulatory reach,
and enable incremental safety improvements without
undermining livelihoods.

Contemporary OHS governance is increasingly
multilevel and network-based, moving beyond com-

mand-and-control regulation toward orchestrated gov-
ernance that combines legal rules with social dialogue,
coordinated inspections, incentives, and information-
based instruments. Evidence from Europe shows that
strong vertical and horizontal coordination across EU,
national, sectoral, and workplace levels is essential.
Binding regulation provides the most durable impact,
but its effectiveness depends on institutional capacity,
while softer tools often struggle to translate into sus-
tained workplace practice.

Broader transformations: digitalization, global-
ization, climate change, and the expansion of informal
and platform work have fragmented labor markets and
created new physical, psychosocial, and environmental
risks, disproportionately affecting urban and climate-
exposed workers. In response, scholars call for adaptive
OHS frameworks aligned with the Decent Work agenda
that integrate top-down regulation with bottom-up par-
ticipation, link OHS data with public health surveillance,
protect vulnerable and informal workers, and incorpo-
rate environmental and community health impacts into
enforcement.

The provided text outlines a fundamental shift in
OHS governance, moving from isolated “command-and-
control” enforcement toward an orchestrated, multilevel
model that integrates workplace safety with broader
public health and urban sustainability. In modern, mo-
bile urban environments, OHS is no longer just about
preventing site-specific accidents; it is a critical compo-
nent of community resilience. The literature highlights
that when OHS is disconnected from public health, occu-
pational hazards such as disease outbreaks or chemical
leaks, remaining hidden due to workers’” fear of report-
ing, thereby undermining national health surveillance
(Schulte et al., 2022). To address this, a “four-pillar”
strategy is proposed, emphasizing Institutional Capac-
ity, Integrated Data, Enforcement Toolkits, and Inclusive
Adaptability (Weber et al., 2023; Hasle et al., 2017).

A major barrier to effective OHS in urban contexts
is the scale of the informal economy, where platform-
based and migrant workers often avoid engaging with
OHS systems out of fear that inspections may trigger
immigration enforcement, rendering occupational risks
largely invisible. To overcome this, the literature empha-
sizes the need for legal firewalls that explicitly separate
OHS enforcement from immigration authorities, ensuring
that all workers can report hazards and access protections
without fear of retaliation or deportation (NIOH, 2022).
In parallel, a shift from purely punitive regulation toward
graduated compliance is recommended, whereby “guid-
ance-first” approaches, temporary amnesty periods, and
supportive inspections enable informal and small busi-
nesses to improve safety practices incrementally while
preserving livelihoods, trust, and regulatory legitimacy.

The transition from traditional regulation to orches-
trated governance represents a move toward “network-
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based” regulation. Success depends on horizontal and
vertical coordination from international frameworks
(EU/ILO) to local municipal enforcement (Weber et al.,
2023). In Turkey’s context, this is reflected in the tran-
sition toward “OSH 5.0,” which aligns safety standards
with the UN Sustainable Development Goals (SDGs) and
human-centered Industry 5.0 principles. The integration
of OHS data with public health databases (such as Tur-
key’s e-Nabiz or ISG-KATIP) allows for the early detec-
tion of emerging threats. By sharing real-time metrics on
workplace illness clusters, cities can trigger public health
investigations before a localized hazard becomes a com-
munity-wide crisis.

While digitalization in Industry 4.0/5.0 reduces
some physical risks, it introduces new psychosocial haz-
ards, such as increased surveillance stress and cognitive
workload. Furthermore, climate change acts as a “risk
multiplier,” where extreme heat and pollution dispro-
portionately affect outdoor urban workers. A resilient
governance framework must therefore be adaptive, in-
tegrating environmental health standards into OHS li-
censing and emergency preparedness. OHS in sustain-
able, mobile cities is most effective when it functions as a
preventive public health strategy. By moving from “pun-
ishment to protection,” and fostering “quadruple-helix”
collaborations (government, business, researchers, and
citizens), cities can build a safety culture that promotes
social equity and long-term economic productivity
(Hasle et al., 2017; Agboola, 2025; Schulte et al., 2022).

Overall, sustainable OHS outcomes in urban set-
tings depend on strong institutional capacity, integrated
data systems, inclusive enforcement strategies, and coor-
dinated multilevel governance. When aligned with pub-
lic health, OHS functions as a preventive policy tool that
reduces community health risks, promotes social equity,
and strengthens urban resilience.

CONCLUSION

The evolution of OHS from a narrow regulatory function
to a pillar of sustainable urban governance is essential
for protecting the modern, mobile workforce. As digita-
lization and informality fragment labor markets, tradi-
tional “command-and-control” models must be replaced
by multilevel, orchestrated approaches that integrate
workplace safety with public health, environmental
standards, and urban mobility planning. The risks iden-
tified in the platform economy and “triangular” employ-
ment underscore the need for inclusive, adaptive strat-
egies. In Turkey, bridging the “implementation gap”
requires transitioning from punishment to protection by
establishing legal firewalls for vulnerable workers and
adopting “OSH 5.0” frameworks. Strengthening insti-
tutional capacity ensures that safety remains a driver of
community wellbeing rather than a bureaucratic burden.
Ultimately, the convergence of digital innovation and

participatory governance is vital to ensuring that urban
sustainability is never achieved at the expense of human
dignity.

Taken together, the literature demonstrates that OHS
in sustainable, mobile urban environments can no longer
be treated as a discrete workplace issue. Effective pro-
tection depends on integrated, multilevel governance in
which national frameworks aligned with the Sustainable
Development Goals set clear standards, city and regional
authorities are empowered to coordinate and implement
them, and organizations embed robust OHS management
systems into everyday practice. When inspections, data
sharing, and corrective actions are coordinated across
governance levels, OHS functions as a core element of
preventive public health, ensuring that protecting work-
ers simultaneously protects communities.

At the same time, significant implementation gaps
persist. Smart city, digitalization, and mobility policies
increasingly acknowledge safety, health, and epidemic
risk as design criteria, yet worker-focused “smart OHS”
and coherent intergovernmental coordination remain
underdeveloped. These gaps are most visible in mobile,
multi-employer urban labor markets, where temporary
and agency workers face systematically higher risks due
to economic pressures, fragmented responsibilities, and
regulatory misfit between public rules and workplace re-
alities. Addressing these challenges requires governance
frameworks that explicitly account for labor mobility
and non-standard employment. Clear allocation of du-
ties between agencies, host employers, and regulators;
stronger coordination across administrative levels; and
meaningful participation and voice for temporary work-
ers are essential. Combined with education, digital in-
novation, and inclusive enforcement strategies, such ap-
proaches enable OHS to support not only safer work but
also broader goals of urban sustainability, equity, and
resilience.
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creasingly present in many cities since 2008, primarily in
China, India, Europe, North and South America.

INTRODUCTION

The transport sector takes an important place in meeting
the needs of society in the transport of goods and pas-
sengers, but at the same time it is also a source of emis-
sions of harmful gases and carbon dioxide as a result of
the burning of fossil fuels. The use of fossil fuels is di-
rectly proportional to the industrial and economic devel-
opment of a country, region or city [1]. In 2023, carbon
dioxide (CO2) emissions originating from the transport
sector amounted to 25% [2], as a result of the burning of
fossil fuels, primarily oil derivatives, which is a share of
about 57% of total oil consumption at the global level [3].

According to UITP data, in 2018 the share of diesel-
powered buses in sales was around 80% [4], and in 2025
their share would be 15.6 % [5]. The system of public
urban passenger transport is one of the most important
functions of any city. Buses powered by diesel fuel are
still the most represented drive system in most cities of
the world, including in Belgrade, but with a constant
trend of decreasing representation.

The use of fully electric buses for public urban
transport should further reduce the level of emissions
of harmful gases in cities, increase energy efficiency and
contribute to the strategy of using zero-emission vehicles
in cities, which is planned after 2050 [6,7]. The rapid de-
velopment of battery technology and charging systems
has contributed to the concept of electric buses being in-

It can be considered that the concept of electric drive
today has the greatest perspective for use in buses used
in the public transport system, given that the perfor-
mance of electric buses in terms of operational require-
ments (autonomy, transport capacity, charging time) has
reached such a level that they can be a successful replace-
ment for conventionally driven buses [8].

EU POSITION ON ELECTRIC MOBILITY IN

PUBLIC TRANSPORT

In 2019, the European Union adopted Directive 2019/1161
(EU Directive 2019/1161) on clean vehicles (English: Clean
Vehicle Directive), which in the sector of commercial ve-
hicles (categories N2, N3, and M3) defines [9]:

- Zero-emission vehicles, which do not have inter-
nal combustion engines and whose CO2 emis-
sion does not exceed 1 g/kWh according to the
criteria of EU Regulation 595/2009, ie., 1 g/
km according to the criteria of EU Regulation
715/2007. These vehicles include electric buses
(with battery or supercapacitor), fuel cell buses,
and trolleybuses when they work in autono-
mous mode and use electricity from the battery.

- Low-emission vehicles that use one of the alter-
native fuels defined by Directive 94/2014/EC.
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These vehicles include hybrid-powered buses
(Plug-in), standard hybrids, and CNG (com-
pressed natural gas) buses.

According to the EU-Directive on clean vehicles
2019/1161, zero-emission vehicles represent an imple-
mentation strategy, so that from 2033, zero-emission bus-
es (E-bus, fuel cells) should have absolute primacy in use
in the public urban transport system of cities. According
to the aforementioned Directive, all EU member states
must, when procuring new buses, have a representation
of buses with low and zero emissions according to the
prescribed quota. For the period until 31.12.2025. year,
the most developed EU countries (Germany, the Neth-
erlands, Sweden...) had an obligation to purchase new
buses with low and zero emissions, 44% of which 22%
must be buses with zero emissions. EU member states
that are less economically developed (Bulgaria, Roma-
nia, Croatia) had a set quota for the participation of buses
with low and zero emissions between 28% and 32%.

As of January 1, 2026, the mentioned quotas have
been increased by an average of 30% [9]. It is also im-
portant to mention the EU Directive 2014/94 [10], which
refers to the use of alternative fuels in the transport sec-
tor, namely: Electricity, natural gas, biomethane, biofu-
els, hydrogen, synthetic diesel, liquefied petroleum gas,
which should reduce the use of fossil fuels (diesel, gaso-
line) in the transport sector.

Tendencies of increasing use of zero-emission bus-
es, which include electrically powered buses, trolley-
buses and buses powered by fuel cells (fuel cells) and
low emissions of harmful exhaust gases, which include
CNG-powered buses, can be seen through the trend of
the increase in the number of newly registered buses for
public city transport for the EU 27 countries, i.e. for Nor-
way, Iceland and Switzerland in 2023 and 2024. In 2023,
the following were recorded: 6354 electric-powered bus-
es, 4022 hybrid (diesel-electric) buses, 2883 CNG-pow-
ered buses, and 181 hydrogen-powered (fuel cell) buses,
while the number of newly registered electric-powered
buses in 2024 was 7779, which is an increase of 22.4%
compared to 2023.

The growth trend of newly registered electric buses
continued in 2025. Of the total of 12,165 newly registered
E-buses, 11,605 were battery-powered, and 558 were fuel
cell-powered. Compared to 2024, there was an increase
of 56 % [5,11].

EXPERIENCES AND EFFECTS OF USING
E-BUSES ON THE EKO 2 LINE IN BELGRADE

The public urban transport system in Belgrade has a total
of 1481 rolling stock, of which the bus subsystem par-
ticipates with 1289 vehicles in operation (about 87% of
the total number of vehicles). Respectively, from the total
number of buses that are in daily use, 516 buses belong
to JKP GSP “Belgrade” and 773 buses belong to associa-

tions of private carriers [12]. Diesel-powered buses are
the most prevalent and, as such, are one of the causes of
urban pollution and exhaust gas emissions in Belgrade.

The main harmful emissions of IC engines using
conventional fuel are: carbon monoxide (CO), nitrogen
oxides (NOx), hydrocarbons (CxHy), micro particles
(PM10), smoke, and carbon dioxide (CO2) emissions.
Starting from the fact that the buses of the city operator
JKP GSP “Beograd” consumed about 14.1 million liters
of Euro diesel and about 9.2 million kilograms of CNG
(compressed natural gas) to achieve annual transport
work in 2025 [13], leads to the conclusion that the effects
of air pollution reduction in Belgrade can be significantly
achieved by efficient energy and technical-technological
management, as well as by successive renewal of the
fleet with ecological vehicles with “zero” and low emis-
sion of exhaust gases in the bus subsystem of public city
transport. In the area of Southeast Europe, the City of
Belgrade is the leader in the implementation of the elec-
tric bus concept. A total of 15 E-buses from the Chinese
manufacturer Higer are in operation on two city lines.

The first line, EKO 1 (Wolf Monument- Bellvil), on
which only electric buses operate, was put into operation
on September 1, 2016. year, while the second line EKO
2 (Dorcol / Sports center M.G. Muskatirovi¢ - Belgrade
Waterfront) was put into traffic on January 24, 2022.
year. The basic technical characteristics of E-bus (Figure
1) operating on the EKO 2 line are shown in Table 1.

Table 1. Technical characteristics

E-bus Higer

« ' Dimensions: length, width, height:
. 12.000x2.550x3.680 mm

Mass of empty vehicle: 12.120 kg

Number of places for sitting/

standing: 28/62

- Number of doors: 3

Maximum speed: 70 km/h

| Drive electric motor: Siemens

1DB2016 6NBO6

permanent magnet, central position

Max. power of the driving electric

motor: 160/230 kW

Maximum torque: 2500 Nm

Drive controller: Siemens ELFA 3

Ultracapacitor: AOWEI

Capacity: 40 kWh

Charging time: 2-5 min

Figure 1. E-bus Higer
KLQ6125GEV3

Line EKO 2 is a typical city line. The
average length of the line is 7.1 km,
and the average transport speed is
13.8 km/h. The line connects the
most attractive areas of the city:
Belgrade on the water, Trg Slavija,
Trg Republike, Kalemegdan, and
Dorcol. 8 vehicles are operating

on the line with an average arrival
interval of 10 minutes [14].

Figure 2. Route of the EKO2 line

The infrastructure (chargers) for fast charging of E-
buses is installed at the terminus of the lines. The char-
gers are connected to the AC distribution network via
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substations located in the immediate vicinity of the char-
gers. The high power of the charger enables the superca-
pacitor with a capacity of 40 kWh, which is built into the
E-bus Higer, to be charged in just 2+5 minutes. A view of
the fast charger at the Dorcol terminus (Sports Center) is
given in Figure 3. The basic characteristics of the charger
are shown in Table 2.

Tabela 2. Technical characteristics
of the charger

Input voltage
. MaX.POWer .......ccccovverrerrnn.

Max.output voltage........... 750V DC
Charging efficiency .....cccccceeueee 97%
Charger contact height ....4.5-4.6 m

Figure 3. Fast charger /Dorcol
terminus/

The introduction of E-buses into regular operation
on the EKO 1 and EKO 2 lines in Belgrade is interesting
for the analysis of the environmental effects compared
to buses with other propulsion systems (diesel, KPG).
In this sense, aspects of the impact on the environment
of the immediate environment, where the vehicles are
in operation (local level) can be analysed, which in the
literature is called “Tank to Wheel-TTW” and the envi-
ronmental impact on the wider environment, i.e. the re-
gion or the country, which is known as the analysis Well
to Wheel-WTW. In the case of the TTW analysis, the
propulsion system of electrically powered buses has no
emissions: CO, NOx, CxHy, PM10, which makes them
environmentally most suitable for working primarily on
central city lines and traffic roads with the highest ve-
hicle frequencies, thus contributing in the best way to
reducing the impact of harmful exhaust gas emissions.

The environmental impact at the local level is mini-
mal, considering that the only negative impact on the
environment comes from the formation of micropar-
ticles and dust due to the contact of tires and the road,
from the friction of brake linings, and the evaporation of
working fluids (transmission lubricating oil, antifreeze,
etc.), which can be ignored. The way electricity is pro-
duced and transmitted is essential when analyzing the
environmental performance impacts of electric buses on
a regional or national level, i.e., WTW analysis.

The analysis of WTW carbon dioxide emissions is
important to understand and compare the level of emis-
sions emitted by buses with different propulsion sys-
tems, including purely electric buses. The aspect of car-
bon dioxide emission that occurs during the electricity
production phase is particularly important here, given
that electricity is obtained from different sources [8,15].

The analysis WTW of CO2 emissions from electric
buses is based on the fact that the production of elec-
tricity in the Republic of Serbia is predominantly from
thermal power plants, with a representation of around

70%. The rest of the production comes from hydroelec-
tric power plants, about 27%, and solar panels and wind
generators, 3%. Given that the share of electricity pro-
duction from thermal power plants is 70%, the standard
CO2 emission factor (g/kWh) in electricity production is
774 g/kWh [8].

The results of measuring the average energy con-
sumption for buses with different drive systems on the
EKO 2 line are shown in Table 3.

Table 3. Energy consumption on the EKO2 line for buses with
different drive system

Emissions
CO2 (Wtw)
(g/km)

Average Average Average
consumption consumption consumption
(L/100 km) (kWh/km) (kg/100km)

Drive
system

E-bus
12m, Higer
KLQ6125
GEV3
Diesel bus
12m, Higer
KLQ6129
GQ2 (Euro
6)

CNG bus
12m (Euro
6)

952.4

46.1 4.6 1394

47.0 1399

In the case of E- buses, the average consumption
of electricity is 1.15 kWh/km [16], the CO2 emission
(WTW), including transmission losses in the network, is
952.4 g/km [8,17]. Under the same operating conditions
on the EKO2 line, the diesel-powered bus has a consump-
tion of 46.11/100 km [18] and a CO2 emission (WTW) of
1394 g/km. A bus on CNG with an expected consump-
tion of 47 kg/100 km [18] would achieve a CO2 emis-
sion (WTW) of 1399 g/km [17]. From this calculation, it
can be concluded that the level of CO2 emission (WTW)
is about 31.6% lower for an electric bus compared to a
diesel bus, or 31.9% lower compared to a CNG bus. The
“Tank to Wheel” (TTW) analysis of electric buses can be
seen in the context of the environmental effect achieved
by replacing buses using diesel fuel by quantifying the
amount of pollutants that will not be emitted into the
atmosphere as a result of vehicle substitution. In a spe-
cific example, one diesel-powered bus on the EKO2 line
would have annual emissions of: 164.2 kg CO, 14.2 kg
CxHy, 43.8 kg NOx, 1.09 kg PM10 [17].

Based on the data on power consumption on
the EKO 2 line, it follows that the E-bus “Higer KLQ-
6125GEV3” has more than 4 times higher energy ef-
ficiency than the diesel and CNG-powered buses. The
high energy efficiency of electric-powered buses is a
consequence of the greater degree of beneficial effect of
the drive system inverter-electric motor (0.92+0.95) com-
pared to IC motors in buses with conventional drive, as
well as the possibility of recuperating electrical energy
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during the braking and deceleration phase. The effect of
recuperation on the EKO2 line reaches up to 40% of the
total energy consumed [16]. Electric buses have a signifi-
cantly lower level of emitted noise. Compared to diesel-
powered buses at a speed of 30 km/h, the emitted noise
level of the E-bus is 8 dB lower. Compared to the KPG
bus, the emitted noise level is lower by about 6 dB [8].

DIRECTIONS FOR FURTHER DEVELOPMENT
OF E-MOBILITY IN THE PUBLIC TRANSPORT
OF BELGRADE

An intense trend of increasing the number of electric
buses in the public transport system of Belgrade is ex-
pected in 2027. As is known, the Republic of Serbia,
i.e,, the City of Belgrade, will host the World Exhibition
EXPO 27. During the event, which will last from May 15
to August 15, 2027. Eight (8) lines will be established that
will transport visitors from different parts of the city. It
is planned that electric buses will operate on the lines.
Table 4 shows the lines on which the E-bus will operate
during the EXPO27 event [19].

Electric buses will be equipped with batteries with
a large capacity of 420+-500 kWh and will be charged at

Figure 4. Two-articulated E-bus, 25m

the depot during the night with chargers with a power
of 120+150 kW. In addition to battery buses, buses with
supercapacitors will be used as an electrical energy stor-
age system, which will be charged at the terminus using
400 kW fast chargers. After the EXPO 2027 event, electric
buses will be implemented in the existing bus subsys-
tem of Belgrade. It is planned to replace diesel-powered
buses with electric buses that will operate on central city
lines such as lines 26, 27E, 35,... It is planned to establish
new circular lines through New Belgrade, on which 25m
long electric buses (Figure 4) will operate, with a capac-
ity of 210 passengers, as well as new lines that will con-
nect Block 20 with the EXPO exhibition complex.

The introduction of 90 new electric-powered buses
into operation will result in a significant improvement in
the environmental performance of the public transport
system, which contributes to the sustainable develop-
ment of the city’s transport system as a whole.

CONCLUSION

The introduction of electric buses into the public trans-
port system in Belgrade represents a significant qualita-
tive shift from a technological and, especially, environ-
mental point of view. JKP GSP “Beograd” represents a

Tabela 5. Technical characteristics of 25m E-bus

- vehicle length: 25.0 m

- vehicle width: 2.55 m

- radius: max. 25 m

- powertrain: electric, synchronous motors, 2x160 kW
- passenger capacity: 210 passengers

- seats: 50

- places to stand: 160

- storage system: Ultracapacitor, 144 kWh

- charging strategy: fast, 400-600 kW

BRI |

Tabela 4. Planned lines during EXPO 2027

Name of Line Number E-bus in

Type of E-bus

E-bus Technology/Charging type

operation

EXPO 1, Aerodrom N.Tesla-EXPO 6 12m Battery/ slow at depot

EXPO 2, Beograd na vodi-EXPO 13 12m Ultracapacitor/ fast at terminal
EXPO 3, Boréa-EXPO 24 12m Battery/ slow at depot

EXPO 4, Vukov spomenik-EXPO 15 12m Ultracapacitor/ fast at terminal
EXPO 5, Ustanicka-EXPO 14 12m Battery/ slow at depot

EXPO 6, Blok 20-EXPO 10 12m Ultracapacitor/ fast at terminal
EXPO 7, Blok 45-EXPO 6 24m Ultracapacitor/ fast at terminal
Fider 1, EXPO Zel.stanica-EXPO 2 24m Ultracapacitor/ fast at terminal
Total 90
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good example of practice in the region when it comes
to the promotion and application of electric buses. Mea-
sures to improve the bus fleet from the aspect of environ-
mental requirements include the planned renewal of the
fleet with vehicles that meet the highest environmental
standards, primarily vehicles with zero and low emis-
sions of harmful gases, and the withdrawal of diesel-
powered vehicles from use.

The greater presence of electric buses is imposed as
a realistic option in the medium term for significantly re-
ducing harmful gas emissions on the streets of Belgrade,
which will contribute to improving the quality of the
environment and reducing the costs that the local com-
munity allocates for eliminating the consequences of its
damage. The environmental benefits of the operation of
electric buses in Belgrade are the best argument and sup-
port for the further development of this concept in Bel-
grade. The long-term strategy involves the exclusive use
of electric vehicles in accordance with EU directives and
good practices of public urban transport companies from
Europe and the world.
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Abstract: Railway level crossings represent critical points in the road traffic safety system, where serious
incidents with severe consequences occur despite the presence of prescribed signaling. From 2021 to
2025, the Republic of Serbian implemented a multi-sector preventive initiative entitled “Cautious Driv-
ers Watch for Level Crossings”, aimed at raising awareness among road users and reducing the number
of extraordinary events at railway crossings. This paper analyzes the effects of the campaign through
statistical data on the number of fatalities and injuries, as well as through the results of monitoring
driver and pedestrian behaviour at crossings with different levels of protection. Special emphasis is
placed on the role of local communities and cooperation with institutions in identifying high-risk loca-
tions, eliminating unsafe railway crossings, and educating the public. The presented results highlight
the importance of continuous communication, systemic cooperation, and consistent enforcement as

prerequisites for improving safety at railway level crossings.

Keywords: railway level crossings, road traffic safety, local communities, preventive campaigns

INTRODUCTION

Rail crossings are critical points in the traffic safety sys-
tem, where despite the prescribed signage and technical
infrastructure, serious traffic accidents with serious or
fatal consequences occur. The European Union is 2022.
more than 600 fatalities were recorded at road cross-
ings over the year, with over 95% of these events being
caused by human factors, most often by non-compliance
with traffic regulations by road vehicle drivers (Cheng et
al., 2023). Similar trends have also been observed in the
Western Balkans region, where rail crossings represent
a weak point of the security system, both due to insuffi-
cient technical equipment and due to insufficient aware-
ness of traffic participants.

In Serbia, for example, in the period from 2018. by
2022. more than 200 accidents on railway crossings were
recorded, with 33 fatalities — which confirms that in the

region such locations have a disproportionately high se-
curity risk (ABS, 2023).

In order to improve security at these sites, targeted
preventive activities are being carried out across Europe
and the world. In the United States, the “Operation Life-
saver” program reduced the number of fatal outcomes
by more than 40% during the first decade of application.
According to data FRA, U past years recorded is more
from 2.000 incidents annual on produzni crossings, what
confirms need for continuous merama promotions secu-
rity (Federal Railroad Administration, 2022). In Canada,
Rudin-Brown et al (2014) analyzed traffic accidents at
uncontrolled, rural rail crossings in 2003-2012, and iden-
tified nine dominant human factors as the cause - from
reduced visibility to distraction and driver fatigue.

Within the framework of the European SAFER-LC
project (2017-2020), which included 17 partners, 48 mea-
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sures were developed to improve security at provided
crossings, including technological solutions, video sur-
veillance, anti-trespass panels and psychological inter-
ventions aimed at changing behavior. Research from the
SAFER-LC project has also shown that a combination of
technological solutions(e.g. video surveillance, sensors,
DSRC communication) and behavioral interventions (vi-
sual alerts, training) are the most effective approach to risk
reduction (SAFER-LC, 2020). According to the European
railway agency (ERA), 224 people died in the EU at cross-
ings in 2023. 71% of all incidents occurred at uncontrolled
or light-controlled crossings without bumpers (MDPI,
2023). Selcat studies from 2008. they found that no-bum-
per crossings were still the most risky, with human factor
accounting for 29% of direct causes. Modeling based on
Poisson and negative binomial approaches is increasingly
used as a reliable basis for identifying and prioritizing
measures. In addition, the application of statistical models
such as Poisson and negative binomial it demonstrated high
reliability in predicting the frequency of accidents and in
determining priority crossovers for intervention (Sacco-
manno et al., 2006; Elias and Bell, 2007).

In Studios from Lithuania (Gailiené and SAR., 2013)
Al-Baqgarah Su data American and European statistics, ac-
cording to Kojima is the United States period 2006-2010
annual bilo over 2000 nezgoda on produzni crossings the
EU more from 400 mortal cases, PRI what is human factor
cause in over 90% cases. In Croatia, a study by the Za-
greb FPZ (Starcevi¢, Bari¢ and Pilko, 2023), involving 185
experts, showed that combinations of technical and edu-
cational measures-especially those aimed at the youngest
- are among the most effective in reducing risk.

In the Netherlands and Belgium, the application of
anti-Trespas panels resulted in a 30-90% reduction in il-
legal track crossings in the initial period and up to 78%
in three months, with long-term effects maintained at a
level of 2% re-behaviour (Rosehill Rail, 2023).

According to a study published in the journal Safety
The European Union is 2023. a year recorded 224 deaths
and 176 serious injuries at rail crossings, with as many
as 71% of incidents occurring at uncontrolled or light-
controlled crossings without physical barriers (Cheng et
al., 2023).

In the Republic of Srpska, as a response to frequent
extraordinary events at rail crossings, 2021. a year ago,
a campaign was launched called”Beware of rail cross-
ings”. The campaign was implemented by the Minis-
try of transport and communications of the Republic of
Srpska, the Ministry of internal affairs of the Republic
of Srpska, the Transport Security Agency of the Repub-
lic of Srpska, the Republic administration for inspection
Affairs-Inspectorate of the Republic of Srpska, Railways
of the Republic of Srpska, PE “roads of the Republic of
Srpska”, Auto-Moto Federation of the Republic of Srp-
ska, and local self-government units, with the aim of
reducing the number of traffic accidents and raising the

level of awareness of participants in traffic. Activities
included field tours of critical crossings, meetings with
representatives of local self-government units through
whose territory the railway infrastructure passes, distri-
bution of educational material, counting the behavior of
drivers and pedestrians at railway crossings with differ-
ent levels of insurance, and a media campaign in local
communities.

Data collected during the implementation of the
campaign from 2021. by 2024. the years indicate certain
positive developments, but also the need for further insti-
tutional strengthening, technical investments and formal-
ization of cooperation between all actors. A special role
in this process belongs to local communities, which have
data on risk sites, manage a significant part of the infra-
structure and directly participate in informing citizens.

The aim of this paper is to analyze the effects of the
campaign “careful attention to rail crossings”, show the
role of local communities in its implementation, compare
the results with similar initiatives in Europe, and offer
recommendations for improving security at rail cross-
ings in the Republic of Srpska in the coming period.

METHODOLOGY

The work relies on data and documentation collected
within the preventive campaign “careful attention to
rail crossings”, which were in the period 2021-2024. the
relevant actors in the field of traffic safety in the Repub-
lic of Srpska have implemented for years. Primary data
sources include:

* internal reports of the Transport Security Agen-

cy,

* statistics on extraordinary events of Railways of

the Republic of Srpska,

* results of field activities (counting the behavior

of participants at crossings),

* media and educational reports on the imple-

mentation of the campaign.

For the sake of note, the data for emergency events
include only those cases of a train running into a road
vehicle or other participant in traffic.

This paper will present the results of the analysis
of traffic counts and monitoring of the behavior of par-
ticipants in traffic in 2024. years. The analysis includes
34 cross-border crossings in 10 local communities, divid-
ed by type of insurance (higher or lower level of insur-
ance). In total, almost 14,000 observations of the behav-
ior of drivers and pedestrians were made, with a record
of whether they complied with the prescribed signage.
Additional data on emergency events and incidents at
crossings in the period 2020-2024 were analyzed. years.

The data were analyzed using a descriptive and
comparative method, with particular reference to:

* frequency of non-compliance with rules by type

of transition,
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* the effects of time continuity of the campaign,
* and the role of the local community in organiz-
ing and adapting activities.

RESEARCH RESULTS

Field count results from 2024. years at 34 railway cross-
ings in the Republic of Srpska show marked differences
in driver behavior depending on the level of insurance.
At rail crossings with a higher level of insurance —
i.e. those equipped with light-sound signaling and half

— guards-extremely low non-compliance was observed:
a total of 16 recorded violations on more than 8,594 sam-
ples, which represents only 0.18% of violations, and it is
visible on Figure 1.

On the other hand, in Figure 2. crossings provid-
ed exclusively by traffic signs and the visibility triangle
(lower level of insurance) were shown, where a total of
1,488 violations were recorded on 5,270 passes, meaning
that every fourth to fifth driver (28.23%), did not pay at-
tention to traffic signage. These data clearly indicate the
necessity of additional technical interventions at critical
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sites and confirm that the human factor, in conditions of
poor infrastructure support, significantly increases the
risk of accidents.

As for emergency events, in the period from 2020.
by 2024. in 2020, the number of traffic accidents on rail-
way crossings was reduced from 11 to 4, with the num-
ber of deaths reduced from 4 (2020) to 1 (2024), and the
number of seriously injured from 7 to 2. Although these
are relatively small absolute numbers, the downward
trend indicates a potential positive effect of a preventive
campaign.

On Figure 3. the structure of extraordinary events
in the observed five-year period is presented, according
to the categories of consequences: killed persons (POG),
severely injured persons (TTP) and lightly injured per-
sons (LTP). The number of dead and seriously injured is
the highest in 2021. years, followed by a significant de-
cline. By 2024. for the first time, no deaths were recorded,
and the number of minor injuries was reduced to zero.

The results indicate that the greatest effects were
achieved in local communities that demonstrated the
highest level of cooperation, supported field activities
and integrated the campaign into their educational pro-
grams.

DISCUSSION OF RESULTS

The behavior of road users varies significantly de-
pending on the location of the crossing and the level of
technical security. Figures 1 and 2 show the number of
drivers who obeyed (yes) or failed to comply with (no)
regulations when crossing the railway at different cross-
ings.

When it comes to crossings with a higher level of in-
surance (equipped with light-sound signaling and half-
guards), the highest number of violations were recorded
at The Incel rail crossing and in Zalugani, which indi-
cates that the presence of equipment does not exclude
risky behavior, especially in zones with high exposure
and vehicle flow. In contrast, in most other transitions
of this type (e.g. No violations of the rules have been re-
corded.

At transitions with lower levels of insurance (in-
sured by signs and a visibility triangle), violations were
significantly more common. Kruskovsko Polje stands
out in particular, where as many as 278 of the 292 drivers
ignored regulations, as well as Orlovaca and Brezicani
station. Data obtained from field observation and Acci-
dent Analysis indicate that the activities of the campaign
“careful attention to rail crossings” had a measurable
impact on reducing the risk at rail crossings in the Re-
public of Srpska. The reduction in the number of dead
and injured, as well as the high percentage of correct be-
havior in most locations, indicate that the campaign has
not only remained at a symbolic level, but has managed
to reach citizens.

These results are consistent with the findings of
the SAFER-LC project, which highlights the importance
of combining technical and behavioral measures to im-
prove safety at crossings. Comparable data from Poland,
Croatia and Lithuania also suggest that multisectoral
campaigns, when well targeted and consistent, can lead
to concrete results. In particular, in Poland, the program
“Bezpieczny Przejazd” has become a long-term part of
the education and media system, which has significantly
reduced the number of incidents at rail crossings (PKP
Polskie Linie Kolejowe S. A., 2024).

Differences in behavior at individual crossings in
the Republic of Srpska indicate the importance of adapt-
ing activities to the specificities of the place. At rail cross-
ings where high levels of proper behavior were record-
ed, it is assumed that campaigns were better coordinated
with local structures, media or schools. In contrast, high
levels of rule-breaking indicate the need for a more in-
tensive and targeted approach.

In addition, the results confirm the findings of FPZ
research in Croatia (Starcevic¢ and associates, 2023) which
recommend combining education, technical equipment
and sanctions as the most effective model of action. It is
shown that not only physical infrastructure is sufficient,
but that a key role is also played by continuous commu-
nication with participants in traffic, tailored to the place
and target group.

Although progress is visible, it is necessary to insti-
tutionalize cooperation between the Ministry of Interior,
Railways, municipalities and educational institutions,
and to develop a single action plan for risk crossings,
based on risk assessment models such as those applied
within SAFER-LC or in Lithuania. In this way, it is pos-
sible to maintain the achieved results and improve them
in the long term.

CONCLUSION

Campaign “careful attention to rail crossings”, im-
plemented in the Republic of Srpska in the period 2021-
2024. the year, is an example of an integrated preventive
activity that included fieldwork, education, media pro-
motion and technical interventions. The results of the
analysis indicate significant positive effects: the number
of traffic accidents decreased, the number of dead per-
sons decreased, and the behavior of road users, especial-
ly in local communities that actively participated in the
campaign, significantly improved.

These results support the conclusions of previous
research conducted within projects such as SAFER-LC,
where it was confirmed that multimodal interventions -
technical, behavioural and institutional - have the great-
est potential for Risk Reduction at cross-border cross-
ings. The comparison with experiences from Croatia,
Poland, Lithuania and the United States further confirms
that the results are not accidental, but can be interpreted
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as a product of a well-planned and directed preventive
policy.

It is particularly significant that the positive ef-
fects are most pronounced in communities where the
campaign has had the support of local institutions, the
media, schools and the civil sector. This indicates the im-
portance of adapting activities to a specific local context,
which is in line with modern principles of Traffic Safety
Management. Differences in behavior at different cross-
overs show that a uniform approach is not sufficient, but
that interventions must be based on risk analysis and ac-
tual data on participants * behavior.

Also, this campaign highlighted the potential of
Field counting, behavioral observation and engagement
of the local community as useful tools not only for di-
agnosing problems but also for changing the culture of
behavior. The experience of the Republic of Srpska can
serve as a model for other countries in the region, but at
the same time indicates the need for further institution-
alization of cooperation between security subjects - from
the railway sector, through the police and municipalities,
to educational and media subjects.

Based on the conclusions drawn, it is necessary to
continue and expand the existing activities and improve
them by establishing systemic mechanisms for monitor-
ing, analysis and risk management at the provided cross-
ings. Only through such an approach is it possible to en-
sure permanent improvement of safety and improve the
culture of behavior of all participants in traffic.
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Abstract: Road traffic safety represents one of the major challenges of modern society due to the sig-
nificant negative consequences that traffic accidents have on human life, health and material property.
The analysis of safety on specific road sections enables an objective assessment of safety conditions,
identification of dominant accident causes, and recognition of hazardous locations, which provides a
basis for improving road traffic safety. This paper analyses traffic safety on the main road M-1-101, spe-
cifically the Laktasi-Klasnice 1 road section, which is located on the territory of the City of Laktasi. The
analysis covers the period from 2020 to 2022 and is based on statistical processing of traffic accident
data, including their structure, consequences, and causes. The research analyzes the total number and
structure of traffic accidents, the consequences per person (road users), the time distribution of acci-
dents, as well as accident causes. In addition, traffic accidents were mapped and dangerous spots were
identified, along with an assessment of public and traffic risk on the observed road section. The results
indicate the presence of critical sections with an increased level of risk. The results obtained can serve
as a basis for planning and implementing measures to improve traffic safety and reduce the number of
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traffic accidents and their consequences.

Keywords: traffic safety, traffic accidents, risk analysis, dangerous spots

INTRODUCTION

Road transport plays a dominant role in the overall
transportation system, but it is also associated with sig-
nificant safety challenges, among which traffic accidents
represent the most serious issue. Traffic accidents con-
stitute a major social problem due to their severe human
and economic consequences. According to reports by the
World Health Organization, approximately 1.3 million
people die annually in road traffic accidents worldwide,
while between 20 and 50 million people sustain non-fatal
injuries. Road safety is influenced by multiple factors,
including road infrastructure characteristics, road user
behavior, vehicle condition, and traffic flow organiza-
tion. The analysis of road safety on specific road sections
is particularly important, as it enables the identification
of hazardous locations, the recognition of dominant ac-
cident causes, and the assessment of accident structure
and consequences. Based on such analyses, targeted and

effective measures for improving road safety can be de-
fined. This paper analyzes road safety on the section of
the main road M-1-101 (Banja Luka - Gradiska), specifi-
cally the Laktasi - Klasnice 1 section, located within the
territory of the City of Laktasi. The section has strategic
importance due to its role in connecting major urban cen-
ters and is characterized by high traffic volumes and in-
creased safety risk. The aim of this study is to assess the
state of road safety on the observed section for the period
2020-2022, identify key risk factors, and determine haz-
ardous locations. The analysis is based on statistical pro-
cessing of traffic accident data, including their structure,
consequences, temporal distribution, and causes, as well
as the assessment of public and traffic risk. The obtained
results provide a basis for proposing measures aimed at
improving road safety on the analyzed section.
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LITERATURE REVIEW

Traffic safety analysis and the identification of hazard-
ous locations represent an important area of research
aimed at improving road safety and reducing the num-
ber of traffic accidents. In this context, hazardous loca-
tions, commonly referred to as “black spots”, are defined
as road sections with a significantly higher concentration
of traffic accidents compared to other parts of the road
network. Modern approaches to traffic safety analysis
emphasize that accident occurrence is not the result of a
single factor, but rather a combination of infrastructural
characteristics, traffic flow conditions, and road user be-
havior. Therefore, the identification of hazardous loca-
tions requires a comprehensive analysis that includes
both spatial distribution of accidents and the character-
istics of the road environment ,[18]. Particular attention
in the literature is given to the impact of road infrastruc-
ture on accident occurrence. Road sections with a high
density of direct access points, intensive linear develop-
ment, and mixed traffic conditions are often identified as
high-risk areas due to the increased number of conflict
points. Frequent vehicle entry and exit maneuvers, com-
bined with insufficient traffic organization, significantly
increase the probability of accidents . In addition to in-
frastructure, the presence of vulnerable road users, such
as pedestrians, further increases the complexity of traffic
conditions. Locations with pedestrian crossings, public
transport stops, and direct access to residential and com-
mercial facilities are especially sensitive, as they involve
frequent interactions between vehicles and pedestrians.
Research conducted in the Western Balkan region high-
lights that road design and infrastructure management
play a key role in traffic safety. Inadequate infrastructure
and insufficient control of access points are recognized
as significant contributors to accident occurrence . Fur-
thermore, studies focusing on traffic safety in the Repub-
lic of Srpska indicate that there has been no significant
decrease in the number of traffic accidents, injured, and
fatalities in recent years, emphasizing the need for de-
tailed analysis of specific locations and the identification
of key risk factors. Based on these findings, this study
focuses on the spatial analysis of traffic accidents and the
identification of hazardous locations, with particular em-
phasis on the influence of infrastructural characteristics
and traffic conditions on accident occurrence.

Previous research indicates that hazardous locations
should not be identified solely based on accident frequen-
cy, but rather in relation to the expected safety level of
similar road sections . Advanced spatial analysis methods,
such as kernel density estimation, are increasingly used
for identifying accident clusters, as they provide more ac-
curate spatial representation of risk . In addition, recent
studies have emphasized the importance of incorporating
traffic exposure indicators, such as traffic volume (AADT),
in order to achieve a more accurate assessment of accident

risk and to avoid bias related to raw accident frequency.
Modern approaches to traffic safety analysis also empha-
size the importance of combining infrastructural, behav-
ioral, and traffic flow factors in order to achieve a compre-
hensive assessment of road safety conditions.

REGULATORY AND INSTITUTIONAL

FRAMEWORK

Road safety in Republic of Srpska and Bosnia and Her-
zegovina is regulated by national legislation and inter-
national documents that define risk management, the
identification of hazardous locations, and the implemen-
tation of preventive measures. At the level of Republic of
Srpska, the field of road safety is governed by the Law
on Road Traffic Safety of Republic of Srpska , which
prescribes traffic rules, institutional responsibilities, and
safety management. Procedures for the identification
and remediation of hazardous locations on the road net-
work are further elaborated through by-laws, primarily
the Rulebook on the Identification of Hazardous Loca-
tions, Methods and Criteria for Determining Priorities
for Their Elimination, and Methods of Hazardous Lo-
cation Treatment , adopted pursuant to the aforemen-
tioned law. At the state level, the Law on the Basics of
Road Traffic Safety in Bosnia and Herzegovina defines
the fundamental rules of conduct for road users, the re-
quirements that drivers and vehicles must meet, as well
as a unified system for recording traffic accident data,
thereby ensuring comparability and systematization of
data across the entire territory of the country.

The international framework is defined by Directive
2008/96/EC on road infrastructure safety management,
which emphasizes the importance of a systematic and pre-
ventive approach to road safety management through the
identification of accident concentration locations (black
spot analysis), risk assessment, and continuous improve-
ment of infrastructure throughout the entire road life-
cycle. In accordance with this Directive, European Union
Member States are required to introduce procedures that
include road safety impact assessments in the early plan-
ning stages, safety audits during the design phase, man-
agement of hazardous locations on the existing network,
as well as regular road safety inspections. Particular em-
phasis is placed on problem definition and analysis of the
existing situation, consideration of the “do-nothing” sce-
nario, the establishment of measurable road safety objec-
tives, and the comparative analysis of proposed alterna-
tives, including the assessment of their effectiveness and
justification. The Directive also provides for the system-
atic consideration of key elements affecting safety, such
as severe consequences (fatalities and serious injuries), the
presence of vulnerable road users (pedestrians, cyclists,
motorcyclists), traffic volume and structure, impacts on
the existing road network (intersections, access points),
seasonal and climatic conditions, as well as road geome-
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try and roadside equipment characteristics. Furthermore,
criteria are defined for application during the conceptual
and detailed design phases, as well as prior to commis-
sioning and during the initial period of operation, with
the possibility of subsequent review based on actual user
behavior. The fundamental principles of this Directive are
also recognized in national legislation, particularly in the
segments related to hazardous location management and
road safety audits. The presented regulatory framework
provides the methodological basis for the analysis con-
ducted in this paper, particularly in the segment related
to the identification of hazardous locations and the assess-
ment of public and traffic risk on the observed section of
the main road M-1-101.

METHODOLOGY

The road safety analysis was conducted on the section
of the main road M-1-101 Laktasi - Klasnice 1 for the pe-
riod from 01 January 2020 to 31 December 2022. During
the observed period, the official database of traffic acci-
dents of the Ministry of Interior of the Republic of Srp-
ska was used, and the collected data were analyzed using
descriptive statistical methods. Data on the population of
the City of Laktasi were obtained from the results of the
2013 Population , while data on the number of registered
vehicles were taken from official statistical publications .
The methodological framework and part of the analyzed
data are based on the author’s previously completed un-
dergraduate thesis . The analysis included the structure
of accidents according to consequences, causes, age and
gender structure of participants, temporal distribution (by
year, day of the week, and hour), as well as the spatial con-
centration of accidents. The identification of hazardous lo-
cations was carried out in accordance with the applicable
regulatory framework . Based on the obtained results, an
assessment of public and traffic risk was performed. The
spatial analysis of traffic accidents was conducted using
GIS-based tools, specifically Google Earth, which enabled
precise geolocation and visualization of accident locations
along the observed road section. In addition to accident
mapping, an assessment of access density was conducted.
The number of intersections with local roads and direct
access points from residential and commercial properties
was determined through visual inspection and counting
using GIS tools along the observed road section. Based on
these data, access density was calculated as the number of
access points per kilometer. Each accident was positioned
according to available coordinate data, allowing for the
identification of spatial clusters and the analysis of acci-
dent distribution patterns.

ROAD SAFETY ANALYSIS ON THE LAKTASI -
KLASNICE 1 ROAD SECTION

The analysis of traffic accidents represents a key part of

this paper, as it enables an assessment of the actual state
of road safety on the observed road section. This chap-
ter presents the results of the analysis of traffic accidents
that occurred on the Laktasi - Klasnice 1 road section
in the period from 2020 to 2022. The analysis was con-
ducted according to multiple criteria in order to obtain
a comprehensive overview of the scope, structure, and
causes of traffic accidents.

Statistical Overview of Traffic Accidents (2020-2022)

During the observed period, a total of 169 traffic ac-
cidents were recorded on the road section. By year, 42
accidents were recorded in 2020, 54 in 2021, and 73 in
2022. The total increase in the number of accidents in
2022 compared to 2020 amounts to 73.8%, indicating a
continuous growth of safety risk on the observed section.
This is presented in Figure 1.
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Figure 1. Graphical presentation of the total number of traffic
accidents in the period 2020-2022

Consequences of Traffic Accidents for Persons

During the observed period, out of a total of 169
traffic accidents, 141 accidents (83.4%) resulted in mate-
rial damage, while 28 accidents (16.6%) involved injured
persons. No fatal traffic accidents were recorded. Within
the structure of accidents involving injured persons, 7 ac-
cidents with seriously injured persons and 21 accidents
with slightly injured persons were recorded. The in-
crease in the number of accidents involving injured per-
sons was particularly pronounced in 2022, indicating a
rise in the severity of consequences during the observed
period, as shown in Figure 2.

e 11

Fluribar 2t Eraffic
w Lol weilh ey
Tk ] S WA

&

-

Fluryaar of Eraffic
wousder] n wilh e el
3 T

hasrrdaar ol batic
il b i I Heghllly
P i o e
m Waar Jihd

m ear HiKE Faar BOLY

Figure 2. Graphical presentation of the number of t/a with
consequences for persons in the period 2020-2022
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Table 1. Categories of seriously injured persons in the period 2020-2022

Category of seriously injured persons 2020. GENDER 2021. GENDER 2022. GENDER
. . M: 2 M: 1
Number of seriously injured persons 3 M: 3 3 —_— 2
F:1 F:1
Driver of a passenger vehicle 2 M: 2 1 M:1 0 -
Front-seat passenger in a passenger vehicle 0 - 1 M: 1 0 -
M:1
Pedestrian 0 - 1 F:1 2
F:1
Pedestrian — child 1 M: 1 0 - 0 -
Table 2. Categories of slightly injured persons in the period 2020-2022
Category of slightly injured persons 2020. GENDER 2021. GENDER 2022. GENDER
X . M: 1 M:1 M: 6
Number of slightly injured persons 3 — 9 —_— 19
F:2 F:8 F: 13
i . M: 1 M: 1 M: 3
Driver of a passenger vehicle 2 —_— 2 9
F:1 F:1 F:6
. . M: 1
Front-seat passenger in a passenger vehicle 1 F: 1 1 M: 1 5 Fa
Passenger 0 - 3 F:3 2 F:2
Driver of a goods vehicle 0 - 1 F: 1 0 -
Motorcycle rider 0 - 0 - 2 M: 2
Pedestrian 0 - 1 F:1 0 -
Pedestrian — child 0 - 1 F:1 1 F:1

In the continuation of the text, Tables 1 and 2 pres-
ent the structure of injured persons by category and gen-
der. Table 1 shows the distribution of seriously injured
persons, indicating that drivers and pedestrians are the
most affected categories. Table 2 presents slightly injured
persons, where a significantly higher number of cases is
observed, with a noticeable increase in 2022, especially
among drivers and passengers of passenger vehicles.

DISTRIBUTION OF TRAFFIC ACCIDENTS IN
TIME AND SPACE

In order to assess the dynamics and spatial characteris-
tics of traffic accidents on the observed road section, an
analysis of their distribution in time and space was con-
ducted for the period 2020-2022.

Description of the Observed Road Section

The observed section covers a part of the main road
M-1-101 (Banja Luka - Gradiska), specifically the Laktasi
- Klasnice 1 section, with a total length of approximately
4 km (around 4000 m). The section is located within the
territory of the City of Laktasi and passes through the
settlements of Jakupovci and Laktasi. In Jakupovci, the
section runs along Omladinska Street, while in Laktasi
it continues along Karadjordjeva Street. On the observed
section, mixed traffic takes place, with pronounced linear
development and a large number of direct access points
from residential and commercial buildings to the main
road. The observed road section is characterized by a
very high access density. A total of 35 intersections with

local roads and 95 direct access points from residential
and commercial properties were identified along a sec-
tion of approximately 4 km, resulting in an overall access
density of about 32.5 access points per kilometer. Such a
high density of access points significantly increases the
number of conflict points and represents a major contrib-
uting factor to the occurrence of traffic accidents on the
analyzed section. In Jakupovci, Svetosavska Street (Gla-
mocani settlement) connects to the section, while in Lak-
tasi the section is linked with other segments of the main
road M-1-101, including the direction towards Aleksan-
drovac and the connection to the motorway. The charac-
teristics of the section, such as high traffic volume, nu-
merous intersections with local roads, and direct access
to properties, significantly affect the level of road safety
and represent the reason for selecting this section as the
subject of analysis. The analysis of temporal distribution
shows that the highest concentration of traffic accidents
was recorded in the period from 10:00 to 18:00, with a
pronounced peak interval from 14:00 to 16:00. This pat-
tern is consistent across all three observed years, with the
highest number of accidents in 2022 recorded precisely
within this period. The increased frequency of accidents
in this time interval can be associated with the afternoon
traffic peak, intensive daily activities of the population,
and transit flows on the main road, as shown in Figures
3 and 4.
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Figure 4. Graphical presentation of the hourly distribution of traffic accidents during the day

Spatial Analysis

The spatial analysis was conducted using the meth-
od of mapping traffic accident locations and identifying
sections with an increased concentration of accidents
(black spot analysis). A hazardous location was identi-
fied as a zone with a statistically significant frequency
of accidents compared to the rest of the section. The spa-
tial distribution of accidents was further examined using
GIS-based visualization.

Identification of Hazardous Locations

The spatial analysis of traffic accidents was carried
out by mapping the locations of accidents that occurred
in the period 2020-2022. Based on the geographical dis-
tribution, sections of the road with an increased concen-
tration of traffic accidents were identified.

The spatial analysis of a total of 169 traffic accidents
recorded in the period 2020-2022 determined that the
distribution of accidents along the observed section is
not uniform. The highest concentration of accidents was
observed in sections with intensive linear development
along the main road, where there is a large number of
direct access points from residential and commercial
buildings. The absence of collector roads and an orga-
nized access system results in frequent vehicle entry and
exit maneuvers, which increases the number of conflict
points and the risk of traffic accidents. A lower concen-
tration of accidents was observed in sections with fewer
access points, indicating that the structure of access to
the main road is a significant factor in the spatial distri-
bution of accidents. The spatial distribution of accidents
is shown in Figure 5. The identified hazardous location
is situated in the settlement of Laktasi, on Karadjordje-
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Ruadan

Figure 5. Mapping of traffic accidents with consequences for persons

va Street, within the zone of a public road in a built-up
area. During the observed period (2020-2022), a total of
six traffic accidents with consequences for persons were
recorded at this location, including two with seriously
injured persons and four with slightly injured persons.
At the identified hazardous location, with a length of ap-
proximately 138 m, significant infrastructural and traffic-
related factors influencing the increased risk of traffic ac-
cidents are present. Observed in the direction Banja Luka
- Gradiska, this section is characterized by multiple di-
rect access points to the main road, including access from
individual residential buildings, access for collective
housing users, as well as a bus stop area used for vehicle
entry into the traffic flow. It is particularly important to
note that within this zone there is a road widening of
approximately 50 m in length, which, in addition to serv-
ing public transport purposes, is also used for vehicle
stopping (e.g., by users of nearby commercial facilities).
This leads to additional conflict situations during vehicle
entry and merging into the traffic stream. Furthermore,
two pedestrian crossings are located within this section,
which significantly increases the number of interactions
between vehicles and pedestrians. Traffic at the observed
location is characterized by high intensity, as it repre-
sents a main road with significant transit function and the
presence of heavy vehicles. Traffic is conducted in both
directions, with one traffic lane per direction and with-
out physical separation of flows, while the speed limit is
50 km/h. Although sidewalks are present on both sides
of the road, the presence of pedestrian crossings and di-
rect access points contributes to increased complexity of
traffic conditions. The combination of a high number of
direct access points, intensive traffic flow, the presence
of pedestrians, and additional maneuvering activities
in the bus stop zone leads to an increased number of

conflict points and a higher level of infrastructural risk.
Such conditions result in a higher probability of traffic
accident occurrence, which is confirmed by their spatial
concentration at the identified location. The analysis of
the structure of traffic accidents at the identified location
further confirms the increased level of risk. Out of a total
of 6 traffic accidents with consequences for persons, pe-
destrians were involved in 3 cases, including 2 accidents
with slightly injured persons and 1 accident with a se-
riously injured person. This structure of accidents indi-
cates a pronounced risk for vulnerable road users, which
is directly related to the presence of pedestrian crossings,
the bus stop, and intensive interactions between vehicles
and pedestrians at the observed location. According to
the Rulebook on the Identification of Hazardous Loca-
tions, Methods and Criteria for Determining Priorities
for Their Elimination, and Methods of Hazardous Loca-
tion Treatment , a hazardous location in a built-up area
is defined as a road section up to 100 meters in length
where at least six traffic accidents with consequences for
persons have occurred over a period of three consecutive
years. Since the required number of accidents within the
three-year period has been recorded at the observed lo-
cation, the normative condition for identifying a hazard-
ous location has been fulfilled. The spatial concentration
of accidents covers a section approximately 138 meters in
length. The measurement of this section was performed
by determining the distance between the outermost acci-
dent locations, i.e., between the first and the last recorded
accident. In order to define a single hazardous zone, an
analysis of the distances between consecutive accident
locations was conducted. The results showed that all re-
corded accidents are located in close spatial proximity,
without significant gaps in their distribution along the
observed road section. The criterion for grouping acci-
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Figure 6. Identification of Hazardous Locations

dent locations into a single hazardous zone was based on
spatial continuity. Accident locations were considered
part of the same zone if they formed a continuous spa-
tial sequence without pronounced gaps that would indi-
cate the existence of separate and independent locations.
Based on this approach, a continuous spatial cluster of
accidents was identified, representing a functionally
connected zone in which accidents occur under similar
infrastructural and traffic conditions. Although the Rule-
book prescribes a maximum length of 100 m, previous
research indicates that hazardous locations should not
be defined strictly by fixed geometric limits, but rather
by spatial clustering and functional homogeneity of ac-
cidents . Therefore, the analyzed section was defined as
a single hazardous location, as it represents a continuous
and unified risk zone. The location is shown in Figure 6.

Public risk

In order to more precisely assess the severity and
intensity of traffic accidents on the observed section, rel-
ative indicators of public and traffic risk were calculated
for the period 2020-2022.

The analysis of relative indicators of public and traf-
fic risk indicates an upward trend in safety indicators
during the observed period. The increase in public risk of
participation and public risk of casualties per 10,000 in-
habitants, as well as the growth of traffic risk in relation
to the number of registered vehicles, indicate a deteriora-
tion of the safety situation on the observed section. For the
purpose of assessing the severity and intensity of traffic
accidents on the observed section, relative indicators of
public and traffic risk were defined for this research.

Public risk (PR) is defined as the ratio of the number
of traffic accidents (by structure) and the number of ca-

sualties (by structure) per 10,000 inhabitants of the City
of Laktasi, i.e., it represents the risk for each resident to
be involved in a traffic accident or to suffer consequenc-
es from a traffic accident per 10,000 inhabitants (period
2020-2022).

Public risk of participation in traffic accidents:

PR, = number of accidents x 10,000 / population = 56
% 10,000 / 34,210 = 16 accidents (per 10,000 inhabitants)
Total public risk of casualties or probability of injury for
residents of Laktasi per 10,000 inhabitants:

PR = number of casualties x 10,000 / population = 28 x
10,000 / 34,210 = 8 casualties (per 10,000 inhabitants)
Public risk by consequence structure:

PRs; = (22 x 10,000) / 34,210 = 6 persons (per 10,000 in-
habitants)

PR = (6 x 10,000) / 34,210 = 2 persons (per 10,000 inhab-
itants)

During the observed period, no fatal outcomes were re-
corded; therefore, the public risk of fatality is equal to
Zero.

R, (2020) = (42 x 10,000) / 34,210 = 12 persons
R (2020) = (5 x 10,000) / 34,210 =1 person
PR, (2021) = (54 x 10,000) / 34,210 = 16 persons
PR, (2021) = (8 x 10,000) / 34,210 = 2 persons
R (2022) = (73 x 10,000) / 34,210 = 21 persons

R (2022) = (15 % 10,000) / 34,210 = 4 persons

The obtained results indicate that, in the observed
three-year period, the public risk of participation in traf-
fic accidents amounted to 16 accidents per 10,000 inhab-
itants, while the public risk of casualties amounted to 8
persons per 10,000 inhabitants.

Observed by year, a continuous increase in the pub-
lic risk of participation is evident, from 12 in 2020 to 21
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in 2022. A similar trend is observed for the public risk of
casualties, which increased from 1 in 2020 to 4 in 2022.

The structure of consequences shows that slight in-
juries dominate (6 per 10,000 inhabitants), while serious
injuries are significantly less represented (2 per 10,000
inhabitants). No fatal outcomes were recorded during
the observed period, which positively affects the overall
safety assessment of the section.

Traffic risk (TR) is defined as the ratio between the
number of traffic accidents and the number of registered
vehicles per 1,000 registered vehicles, i.e., it represents
the risk of vehicle involvement in traffic accidents in rela-
tion to the level of motorization.

The formula is:

TR = (Number of accidents x 1,000) / Number of regis-
tered vehicles

Total traffic risk (2020-2022)

Total number of registered vehicles (sum):

17,442 + 18,410 + 19,194 = 55,046

TR, = (169 x 1,000) / 55,046 = 3 accidents (per 1,000 reg-
istered vehicles)

TR, = (28 x 1,000) / 55,046 = 1 casualty (per 1,000 regis-
tered vehicles)

TR, (2020) = (42 x 1,000) / 17,442 = 2 accidents (per 1,000
registered vehicles)

TR (2020) = (5 x 1,000) / 17,442 = O casualties (per 1,000
registered vehicles)

TR, (2021) = (54 x 1,000) / 18,410 = 3 accidents (per 1,000
registered vehicles)

TR (2021) = (8 % 1,000) / 18,410 = 0 casualties (per 1,000
registered vehicles)

TR, (2022) = (73 x 1,000) / 19,194 = 4 accidents (per 1,000
registered vehicles)

TR; (2022) = (15 x 1,000) / 19,194 =1 casualty (per 1,000
registered vehicles)

The obtained results indicate a gradual increase in
the traffic risk of vehicle involvement in traffic accidents
during the observed period 2020-2022. The traffic risk of
participation increased from 2 accidents per 1,000 regis-
tered vehicles in 2020 to 4 accidents in 2022, indicating a
deterioration of safety indicators in relation to the level
of motorization. Although the number of registered ve-
hicles increased year by year, the growth in the number
of traffic accidents was more pronounced, which led to
an increase in relative risk.

The traffic risk of casualties, observed in relation to
the number of registered vehicles, remains relatively low
in all three years of analysis. In 2020 and 2021, the values
were below one casualty per 1,000 registered vehicles,
while a slight increase was recorded in 2022. However,
the absence of fatal outcomes during the observed pe-
riod indicates that, although the frequency of accidents
increased, the severity of consequences did not reach a
critical level.

Overall, the traffic risk on the Laktasi - Klasnice
1 road section can be assessed as moderate, but with a
clearly noticeable upward trend, indicating the need for
timely implementation of preventive and infrastructural
measures in order to stabilize and reduce the risk in the
coming period.

DISCUSSION OF RESULTS

The results of the analysis indicate a continuous increase
in the number of traffic accidents on the observed road
section during the period 2020-2022, with the most sig-
nificant increase recorded in 2022. Although no fatal traf-
fic accidents were recorded, the increase in the number
of accidents involving injured persons indicates a dete-
rioration in safety indicators. It should be noted that the
year 2020 included a period of restricted movement due
to the COVID-19 pandemic, which may have influenced
reduced traffic volume and a lower number of recorded
accidents. However, the increase observed in 2022 can-
not be explained solely by the normalization of traffic
flows. When relative indicators are considered, the pub-
lic risk of participation increased from 12 to 21 accidents
per 10,000 inhabitants, while the public risk of casual-
ties increased from 1 to 4 persons per 10,000 inhabitants.
These indicators suggest an increased exposure of the lo-
cal population to traffic risk. Traffic risk, observed in re-
lation to the number of registered vehicles, also shows an
upward trend, indicating that the increase in the number
of accidents is not exclusively a consequence of motor-
ization growth, but also of the structural characteristics
of the road section. Spatial analysis confirms that acci-
dents are not evenly distributed, but rather concentrated
in the urban segment of the section, where infrastruc-
tural complexity and traffic interactions are most pro-
nounced. Similar findings have been reported in previ-
ous studies, which indicate that human factors represent
the dominant cause of traffic accidents, accounting for
the majority of crash occurrences ,. However, numerous
studies also emphasize the significant role of infrastruc-
tural characteristics, particularly in urban environments
with a high density of access points and mixed traffic
conditions . The analyzed section exhibits these char-
acteristics, including multiple direct access points, the
presence of pedestrian crossings, a bus stop zone, and
high traffic intensity, which together increase the num-
ber of conflict points and the likelihood of accidents. This
is further supported by the calculated access density of
approximately 32.5 access points per kilometer, which
can be considered very high for a road with a dominant
transit function, as also indicated in previous research on
access management. The identified hazardous location
accounts for a significant share of the total number of
accidents involving injured persons, indicating the need
for targeted infrastructural and organizational interven-
tions. The observed upward trend in public and traffic
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risk indicates that the safety problem on the observed sec-
tion has a continuous character rather than representing
isolated incidents. The combination of increased popula-
tion exposure to risk, the rise in the number of accidents
relative to the level of motorization, and the spatial con-
centration in the urban sector points to structural deficien-
cies in traffic organization and the access system to the
main road. The obtained results are consistent with previ-
ous research, which emphasizes the significant influence
of infrastructural characteristics on traffic accident occur-
rence, . Research conducted in the Western Balkan region
indicates that road sections with intensive linear develop-
ment, a high density of direct access points, and mixed
traffic conditions represent locations with an increased
safety risk due to the higher number of conflict points .
The analyzed location in this study exhibits these charac-
teristics, including multiple direct access points, the pres-
ence of a bus stop, pedestrian crossings, and high traffic
intensity. Such conditions lead to frequent interactions be-
tween vehicles and vulnerable road users, which increas-
es the probability of traffic accidents. A limitation of the
study is the absence of traffic volume data (AADT), which
restricts the possibility of calculating exposure-based risk
indicators and performing a more precise risk assess-
ment. This limitation is consistent with previous studies
which emphasize the importance of traffic exposure data
. In addition, the accuracy of spatial analysis depends on
the precision of the geolocation data of traffic accidents.
Although more advanced spatial analysis methods, such
as kernel density estimation, can provide more precise
identification of accident clusters, the applied GIS-based
approach is considered sufficient for the scope and objec-
tives of this research. Overall, the results indicate that the
increase in traffic risk is not caused by a single factor, but
rather by the combined influence of infrastructural char-
acteristics, traffic flow conditions, and road user behavior,
which confirms the need for a comprehensive approach to
road safety improvement.

PROPOSED MEASURES FOR IMPROVING
ROAD SAFETY

Based on the results of the analysis, the spatial concen-
tration of accidents, and the identified hazardous loca-
tion, the following road safety improvement measures
can be defined:

Short-term measures - measures that can be imple-
mented without significant financial investments, in-
cluding: installation of shock absorbers (protective bar-
riers) or relocation of public lighting poles further from
the edge of the carriageway; rehabilitation and proper
design of the beginnings and ends of guardrails; renewal
of horizontal road markings (pedestrian crossings, edge
lines); replacement of worn-out vertical signage and
alignment with the current road classification; installa-
tion of traffic signage on access roads.

Medium-term measures - regulation or removal
of unsignalized access roads; development of collector
roads to reduce direct access to the main road; improve-
ment of traffic organization in the zone of the identified
hazardous location.

Long-term measures - permanent removal of road-
side obstacles; construction of sidewalks along the urban
section of the road; construction of bicycle lanes to pro-
tect vulnerable road users.

CONCLUSION

The conducted road safety analysis on the Laktasi - Klas-
nice 1 section of the main road indicates a clear trend of
deterioration in safety parameters during the observed
period. Although no fatal outcomes were recorded, the
increase in the number of accidents and the growth of rel-
ative risk indicators point to increased exposure of road
users and greater severity of consequences on this sec-
tion. Relative indicators of public and traffic risk confirm
that the increase in the number of accidents is not solely a
result of increased motorization, but is also related to the
structural characteristics of the section. In particular, the
urban segment of the road, characterized by the presence
of access points, pedestrian crossings and mixed traffic
conditions, creates increased interaction between traffic
streams and consequently a higher number of conflict
situations. The spatial analysis enabled the identifica-
tion of a hazardous location that meets the regulatory
criteria and represents a priority for intervention. The re-
sults indicate that the identified safety problems are not
isolated, but reflect typical patterns observed on urban-
ized road sections with combined transit and local access
functions, which is consistent with findings reported in
previous studies , . Furthermore, the application of spa-
tial analysis methods proved to be an effective tool for
identifying accident concentration zones, as confirmed
in recent research , . The obtained results indicate that
the safety problem has a systemic nature and requires
a coordinated approach that includes infrastructural, or-
ganizational, and preventive measures. This paper pro-
vides a professional basis for planning further activities
aimed at stabilizing and reducing risk on the observed
road section, as well as a contribution to understanding
similar safety issues in comparable traffic environments.
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