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Abstract — This study analyzes the temporal and regional patterns of road traffic accidents in Albania during
the period 2019-2025 using descriptive statistical methods and a composite regional Risk Index. The
research examines accident frequency, fatality rates, injury severity, and seasonal variation across Albanian
regions to identify spatial disparities in road safety conditions. Monthly and annual trends reveal that road
accidents remain a persistent public safety concern, with noticeable fluctuations across time and regions.
The findings indicate that several regions experience disproportionately higher accident and fatality risks
relative to their population size, while other regions display lower overall severity despite higher traffic
density. To provide a more comprehensive assessment of regional road safety, the study develops a
composite Risk Index combining accident rates, fatality rates, and severity indicators. Based on this index,
regions were classified into low-, medium-, and high-risk categories. The results demonstrate significant
regional inequalities in road traffic risk and highlight the importance of targeted road safety interventions
and region-specific policy measures. Although the study is limited by the lack of detailed geospatial, traffic,
and behavioral data, the proposed approach provides a useful framework for comparative regional road
safety assessment in Albania.

Keywords — Road traffic accidents, regional risk index, accident severity, fatalities, seasonal trends, spatial analysis.

I. INTRODUCTION

Road traffic accidents represent one of the most significant public health and socioeconomic challenges
worldwide [1,2]. According to international evidence, traffic accidents contribute substantially to mortality,
injuries, disability, and economic losses, particularly in developing and transition economies where road
infrastructure, enforcement mechanisms, and traffic management systems often remain unevenly developed
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[1,3,4]. Beyond their direct human cost, road traffic accidents generate long-term social and economic
consequences through healthcare expenditures, productivity losses, and reduced quality of life [2,5,6].

In recent years, Albania has experienced important demographic, economic, and infrastructural
transformations accompanied by increasing motorization and mobility [7,8]. These changes have increased
traffic intensity across the country and have consequently intensified concerns regarding road safety [8,9].
Despite continuous efforts to improve road infrastructure and strengthen traffic regulations, road traffic
accidents continue to constitute a persistent national problem [9,10]. However, accident risk is not
distributed uniformly across Albanian regions. Differences in population density, road conditions,
geographic characteristics, traffic exposure, and emergency response capacity contribute to regional
disparities in accident occurrence and accident severity [10,11]. Existing studies on road safety have
increasingly emphasized the importance of spatial and temporal analysis in understanding accident
dynamics [12—-14]. While many investigations focus primarily on national-level accident totals, fewer
studies examine regional inequalities and the multidimensional nature of road traffic risk [13,15]. In
particular, relying solely on accident frequency may underestimate the true level of risk in regions where
accidents are less frequent but more severe [14,16]. Therefore, integrating accident rates, fatality indicators,
and severity measures into a composite framework can provide a more comprehensive understanding of
regional road safety conditions [15,17].

The present study aims to analyze the temporal and regional patterns of road traffic accidents in Albania
during the period 2019-2025. Specifically, the study examines accident trends, seasonal variation, regional
accident rates, fatality indicators, and accident severity across Albanian regions. Furthermore, a composite
regional Risk Index is developed in order to classify regions according to their overall road traffic accident
risk.

By identifying high-risk and low-risk regions, the study seeks to contribute to the existing literature on
road safety in Albania and provide evidence that may support policymakers, transport authorities, and
public institutions in designing more targeted and region-specific road safety interventions. The findings
are expected to offer a broader perspective on the spatial distribution and severity of road traffic accidents
and to highlight the importance of differentiated approaches to road safety management across regions.

II. MATERIALS AND METHOD
A. Data and Variables

This study is based on secondary data published by the Albanian Institute of Statistics (INSTAT)
regarding road traffic accidents in Albania [18]. The dataset includes monthly and annual statistics on road
traffic accidents across the administrative regions of the country during the period 2019-2025. The analysis
uses regions (qarqge) as the spatial units of analysis and months/years as the temporal units.

The dataset contains the following core variables:

e Accidents — total number of reported road traffic accidents;

o Fatalities — number of deaths resulting from road traffic accidents;
e Injuries — number of injured individuals involved in accidents;

e Region — administrative region where the accident occurred;

e Month — month of accident occurrence;

e Year — year of accident occurrence.

To improve statistical interpretation and enhance comparability across regions, several additional
indicators were constructed based on the existing variables. These indicators allow for a more
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comprehensive assessment of regional road traffic risk by accounting for population size and accident
severity [15,19].

Accident Rate

The Accident Rate measures the relative level of accidents in relation to the regional population size. This
indicator was used to normalize accident frequency across regions and avoid overestimating highly
populated regions such as Tirana.
Accident Rate=Accidents / Population
Higher values indicate a greater concentration of road traffic accidents relative to population size.

Severity Index

The Severity Index measures the seriousness of accidents based on their human consequences, combining
fatalities and injuries relative to the number of accidents [14,15].

Severity Index=Fatalities+Injuries / Accidents
Higher index values indicate accidents associated with more severe human outcomes.
Fatality Rate

The Fatality Rate evaluates the fatal risk associated with road traffic accidents by measuring the
proportion of fatalities relative to total accidents [14].

Fatality Rate=Fatalities/Accidents
Higher values suggest a greater probability that accidents result in fatalities.
B. Time-Series and Regional Comparative Analysis

To examine the dynamics of road traffic accidents in Albania, the study employed both time-series
analysis and regional comparative analysis. These approaches were used to identify temporal patterns,
seasonal fluctuations, long-term accident trends, and regional disparities in road safety indicators. Previous
studies have emphasized that combining temporal and spatial perspectives provides a more comprehensive
understanding of accident risk and contributes to more effective road safety assessment and policymaking
[20-22].

Time-Series Trend Analysis

Time-series analysis was conducted using monthly and annual accident data covering the period 2019—
2025. The purpose of this analysis was to identify:

e seasonal variations in accident occurrence,
e long-term temporal trends,
e and periods associated with elevated road traffic risk.

The monthly analysis allowed the study to evaluate whether road traffic accidents followed recurring
seasonal patterns related to tourism activity, weather conditions, traffic intensity, and mobility fluctuations.
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Seasonal analysis has been widely used in road safety research to detect periods characterized by
systematically higher accident frequency and accident severity [21,23].

In addition, annual trends were examined to assess the evolution of road traffic accidents over time and
to identify possible structural changes in accident dynamics during the study period. Time-series
approaches are particularly important in road safety analysis because they allow researchers to distinguish
between short-term fluctuations and persistent long-term trends [20,24].

The analysis relied primarily on descriptive statistical techniques and graphical trend visualization,
including monthly seasonality plots and annual trend charts. These methods have been extensively applied
in transportation safety studies due to their effectiveness in identifying temporal risk patterns and supporting
evidence-based transport policy decisions [22,24].

Regional Comparative Analysis

To evaluate regional disparities in road safety conditions, a comparative analysis was conducted across
all administrative regions of Albania. The regions were compared according to several key indicators,
including:

o total number of accidents,
o fatality levels,

e Severity Index,

e and Accident Rate.

Regional comparative analysis enables the identification of geographical inequalities in road traffic risk
and highlights regions characterized by higher accident exposure or more severe accident outcomes [25].
While absolute accident numbers provide useful information regarding accident concentration, normalized
indicators such as Accident Rate and Fatality Rate offer a more accurate assessment of relative regional
risk by accounting for differences in population size and accident severity [23,26].

Furthermore, the Severity Index was used to evaluate the human consequences of accidents across
regions. Previous literature suggests that severity-based indicators are essential for understanding the real
burden of road traffic accidents, particularly in regions where accident frequency may be lower but accident
outcomes are more serious [24,25].

By integrating temporal and regional perspectives, the study provides a multidimensional assessment of
road traffic accidents in Albania and contributes to the identification of high-risk regions and periods
requiring targeted road safety interventions.

C. Regional Risk Classification and Composite Risk Index

To evaluate regional road traffic accident risk patterns across Albania, a composite Risk Index was
constructed for each region using three key indicators: Accident Rate (AR), Fatality Rate (FR), and Severity
Index (SI). Composite indicators are widely used in road safety research because they allow multiple
dimensions of accident risk to be integrated into a single analytical framework, facilitating regional
comparison and policy evaluation [27,28].

Since the selected indicators were measured on different numerical scales, direct aggregation could lead
to biased results, with larger-scale variables exerting disproportionate influence on the final index. To
ensure comparability among indicators and improve statistical consistency, all variables were standardized
using Z-score normalization [29].
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The Z-score transformation was calculated as follows:

where:

o x represents the observed value,
e pudenotes the mean,
e o represents the standard deviation.

Standardization procedures are commonly applied in composite risk modeling to eliminate scale-related
distortions and ensure that each variable contributes proportionally to the final index [27,30].

Following normalization, the composite Risk Index was calculated as:
Risk Index= 7 Z(AR)+ 3 Z(FR)+ ; Z(SI)

Equal weights were assigned to all three components in order to avoid subjective prioritization and
maintain methodological transparency. This approach assumes that accident frequency, fatality occurrence,
and accident severity contribute equally to overall regional traffic risk. Equal-weight composite indices are
frequently recommended in exploratory regional risk assessments when strong theoretical or empirical
justification for differential weighting is limited [28,31].

After calculating the composite index, Albanian regions were classified into three categories:

e low-risk,
e medium-risk,
e high-risk regions.

The classification procedure was based on tercile grouping, which divided regions into three
approximately equal groups according to their Risk Index values. Tercile classification is commonly
applied in regional risk studies because it allows clearer interpretation of spatial disparities and facilitates
comparative policy analysis [30].

To assess the robustness and stability of the proposed composite indicator, a sensitivity analysis was
additionally conducted using alternative weighting schemes. The following alternative specifications were
examined:

Risk Index (1)=0.40Z(AR)+0.40Z(FR)+0.20Z(ST)
and
Risk Index (2)=0.25Z(AR)+0.50Z(FR)+0.25Z(ST)

The sensitivity analysis evaluated whether regional rankings and risk classifications remained stable
under different weighting assumptions. Such robustness checks are considered important in composite
index construction because they help determine whether results are sensitive to methodological choices or
weighting structures [29,31].

Finally, spatial visualization of the Risk Index was performed through regional choropleth mapping, while
temporal variations during the period 2019-2025 were examined using yearly heatmap analysis. Spatial
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visualization techniques are increasingly applied in road safety research to identify regional clusters,
geographic inequalities, and high-risk areas requiring targeted intervention measures [27,32].

I1I. RESULTS
A. Descriptive Trends and Seasonality of Road Accidents in Albania (2019-2025)

During the period 2019-2025, road accidents in Albania remained a persistent public safety concern.
Descriptive statistics show that a total of 9,599 road accidents and 1,336 fatalities were recorded over the
study period. On average, approximately 114 accidents and 16 fatalities occurred per month.

The data reveal substantial month-to-month fluctuations in accident frequency. The standard deviation
for accidents was 23.69, indicating relatively high variability across months, whereas fatalities showed a
lower standard deviation of 5.03, suggesting more moderate variation in the number of deaths. The
minimum number of accidents recorded in a single month was 51, while the maximum reached 173 cases.
In terms of fatalities, the monthly number ranged from a minimum of 6 deaths to a maximum of 26 deaths.
These findings indicate that, despite some fluctuations over time, road accidents and related fatalities

remained consistently present throughout the study period.

Figure 1 illustrates the distribution of monthly road accidents in Albania during 2019-2025. The
distribution indicates substantial variability in monthly accident counts, with most observations
concentrated between approximately 90 and 140 accidents per month. A smaller number of months
exhibited exceptionally high accident frequencies, suggesting periods of elevated traffic risk. The
distribution pattern supports the descriptive findings regarding the relatively high variability of road

accidents across the study period.

Distribution of Monthly Road Accidents in Albania (2019-2025)
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Fig. 1 Distribution of monthly road accidents in Albania, 2019-2025.

Furthermore, monthly data were used to examine the seasonality of road accidents and fatalities. As
presented in Figure 2, accidents tended to increase during the summer months, particularly from July to
August, when traffic intensity and tourism activity are typically higher. Fatalities also exhibited seasonal
variation, with peaks observed in August and December. In contrast, lower averages were generally
recorded during February and April. The monthly trend analysis suggests that seasonal factors play an
important role in shaping the dynamics of road accidents and fatalities in Albania.
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A. Monthly Trend
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Fig. 2 Monthly seasonality of road accidents and fatalities in Albania, 2019-2025.
B. Regional Distribution, Fatalities, and Severity of Road Accidents in Albania (2019-2025)

The regional distribution of road accidents in Albania during the period 2019-2025 reveals significant
spatial disparities in both accident frequency and accident severity. To provide a more accurate comparison
across regions, accident rates per 100,000 inhabitants were used rather than absolute accident numbers.
This approach allows the analysis to account for differences in population size and better reflect the actual
level of road safety risk.

As presented in Table 1 and Figure 3, Lezhé recorded the highest average accident rate, with 145.29
accidents per 100,000 inhabitants, followed by Gjirokastér with 110.85. These findings indicate that some
smaller regions experienced disproportionately high accident risks relative to their population size. Tirana,
despite being the country’s largest and most densely populated region, exhibited a comparatively lower
average accident rate (73.67), suggesting that population-adjusted risk was lower than in several smaller
regions.

Table 1. Regional Road Accident Rates per 100,000 Inhabitants, 2019-2025.

Region Mean Accident Rate Standard Deviation Minimum Rate = Maximum Rate

Lezhé 145.29 26.71 110.48 177.50
Gjirokastér 110.85 24.71 70.85 141.11
Tirané 73.67 8.23 58.82 83.78
Kukés 64.19 16.38 44.09 89.27
Durrés 52.09 15.17 33.20 76.22
Vloré 47.77 34.15 10.81 106.33
Korgé 43.94 18.42 31.31 79.73
Fier 42.02 11.41 25.64 58.30
Shkodér 33.10 28.78 14.56 79.61
Elbasan 25.81 6.88 16.87 3591
Dibér 24.26 13.09 6.25 44.13
Berat 18.53 4.39 9.52 22.65
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Fig. 3 Regional distribution of road accident rates per 100,000 inhabitants in Albania, 2019-2025.

Regional accident rates also displayed substantial variability over time. Vloré and Shkodér showed the
highest standard deviations, indicating stronger fluctuations in accident occurrence during the study period.
In contrast, Berat and Elbasan demonstrated relatively stable accident patterns.

Beyond accident frequency, important regional differences also emerged in terms of fatalities and
accident severity. Table 2 presents fatality rates, injury rates, severity index values, and the total numbers
of fatalities and injuries across regions. Shkodér recorded the highest mean fatality rate (0.4480), followed
by Elbasan (0.3331) and Dibér (0.3010), indicating that accidents in these regions were more likely to result
in fatal outcomes.

Table 2. Fatality and Severity Indicators by Region, 2019-2025.

Region Mean Fatality Rate Mean Injury Rate = Mean Severity Index Total Fatalities Total Injuries

Gjirokastér 0.1051 1.5882 1.6933 52 770
Dibér 0.3010 1.3415 1.6425 45 268
Lezhé 0.1334 1.4223 1.5557 139 1518
Durrés 0.2074 1.3316 1.5390 168 1131
Vloré 0.2696 1.1719 1.4414 83 596
Kukés 0.1421 1.2754 1.4176 38 371

Shkodér 0.4480 0.9678 1.4158 110 371
Fier 0.2584 1.1450 1.4034 178 865
Elbasan 0.3331 0.9589 1.2920 139 434
Berat 0.2738 0.9875 1.2613 47 189
Tirané 0.0669 1.1577 1.2246 261 4552
Korgé 0.1392 1.0742 1.2134 76 599

The geographical distribution of the severity index is illustrated in Figure 4. Gjirokastér exhibited the
highest mean severity index (1.6933), followed by Dibér (1.6425) and Lezhé (1.5557). Higher severity
index values suggest that accidents occurring in these regions resulted more frequently in fatalities or
serious injuries. By contrast, Tirana displayed the lowest severity index (1.2246), despite recording the
highest total numbers of fatalities (261) and injuries (4,552). This may reflect differences in road
infrastructure quality, emergency medical services, traffic conditions, and healthcare accessibility between
urban and rural regions.
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The findings demonstrate that regional disparities in road safety in Albania are not determined solely by
accident frequency, but also by the severity of accident outcomes. Regions with relatively lower traffic
volumes may still experience elevated fatality and severity risks, underlining the importance of region-
specific road safety strategies and targeted policy interventions.

Severity Index of Road Traffic Accidents by Region in Albania (2019-2025)

Severity Index

-

. 1.5
ot Elbasan ] 14

—1 A 1.3

Fig. 4 Regional distribution of the severity index in Albania, 2019-2025.
C. Regional Risk Classification of road accidents in Albania (2019-2025)

In the final stage of the analysis, Albanian regions were classified into three levels of road traffic accident
risk: low, medium, and high risk. The classification was based on a composite Risk Index constructed from
three standardized indicators: the Accident Rate (AR), Fatality Rate (FR), and Severity Index (SI). Equal
weights were assigned to each component in order to provide a balanced assessment of both accident
frequency and accident consequences.

Table 3 presents the regional ranking results, while Figure 5 illustrates the spatial distribution of the
composite Risk Index across Albania. The findings reveal substantial regional disparities in road safety
conditions. Lezhé recorded the highest composite risk score (0.786), followed by Gjirokastér (0.684),
Shkodér (0.448), and Dibér (0.401). These regions were therefore classified as high-risk areas. The results
indicate that these regions combine relatively high accident rates with elevated fatality and severity levels,
suggesting greater exposure to dangerous road conditions and more severe accident outcomes.

Figure 5 further demonstrates that high-risk regions are primarily concentrated in the northern and
southern parts of the country, whereas several central regions display comparatively lower risk levels. In
contrast, Tirana recorded the lowest composite risk score (-1.504), followed by Fier (-0.650) and Korgé (-
0.259), placing them in the low-risk category. Although Tirana experienced the highest number of accidents

216



International Journal of Advanced Natural Sciences and Engineering Researches

in absolute terms, its lower fatality and severity indicators contributed to a significantly lower overall risk
profile.

Table 3. Regional Road Traffic Accident Risk Ranking (2019-2025)

Rank Region Risk Index Risk Class
1 Lezhé 0.786 High risk
2 Gjirokastér 0.684 High risk
3 Shkodér 0.448 High risk
4 Dibér 0.401 High risk
5 Durrés 0.149 Medium risk
6 Kukés 0.071 Medium risk
7 Vloré 0.041 Medium risk
8 Berat -0.066 Medium risk
9 Elbasan -0.100 Low risk
10 Korgé -0.259 Low risk
11 Fier -0.650 Low risk
12 Tirané -1.504 Low risk

Regions such as Durrés, Kukés, Vloré, and Berat were classified as medium-risk regions, reflecting
intermediate levels of accident frequency and severity. These findings suggest that road safety risk in
Albania is multidimensional and cannot be evaluated solely through accident counts.

Normalized Road Traffic Accident Risk Index by Region in Albania (2019-2025)

Risk Index
= 0.0

-0.4

-0.8

Fig. 5 Spatial distribution of the composite road traffic accident Risk Index in Albania.

The temporal evolution of the Risk Index is illustrated in Figure 6 through a regional heatmap covering the
period 2019-2025. The heatmap reveals that Lezhé and Gjirokastér consistently maintained high-risk levels
throughout the study period, while Tirana remained relatively stable within the low-risk category. Some
regions, including Vloré and Shkodér, displayed stronger year-to-year fluctuations, indicating changing
accident dynamics over time.
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Regional Road Traffic Accident Risk Index in Albania (2019-2026)
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Fig. 6 Heatmap of the regional Risk Index in Albania, 2019-2025.

To evaluate the robustness of the proposed methodology, a sensitivity analysis was conducted using
alternative weighting schemes. Table 4 compares the results obtained under equal weighting, accident-
rate/fatality-priority weighting, and fatality-priority weighting scenarios. The analysis demonstrates that the
overall regional ranking remained relatively stable across different specifications. In particular, Lezhé,
Gjirokastér, Shkodé€r, and Dibér consistently ranked among the highest-risk regions regardless of the
weighting structure applied. This finding supports the reliability and robustness of the composite Risk Index

as a regional road safety assessment tool.

Table 4. Sensitivity Analysis of Alternative Weighting Schemes.

Region Equal Weights AR/FR Priority Fatality Priority
Lezhé 0.786 0.779 0.387
Gjirokastér 0.684 0.484 0.246
Shkodér 0.448 0.549 0.843
Dibér 0.401 0.209 0.477
Durrés 0.149 0.036 0.076
Kukés 0.071 0.087 0.067
Vloré 0.041 0.019 0.028
Berat -0.066 -0.060 -0.052
Elbasan -0.100 -0.129 -0.100
Korgé -0.259 -0.307 -0.247
Fier -0.650 -0.642 -0.490
Tirané -1.504 -1.606 -1.235

The results highlight the existence of clear regional inequalities in road traffic risk across Albania. The

evidence suggests that targeted regional interventions, infrastructure improvements, and differentiated road
safety policies are necessary, particularly in regions identified as persistently high-risk.
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1Iv.CONCLUSION

This study examined the temporal and regional patterns of road traffic accidents in Albania during the
period 2019-2025 through descriptive statistical analysis, seasonal trend evaluation, and the construction
of a composite regional Risk Index. The findings demonstrate that road traffic accidents remain a persistent
public safety challenge, characterized by substantial regional disparities and noticeable seasonal variation.

The analysis revealed that accident risk is not distributed uniformly across the country. Certain regions
consistently exhibited higher accident rates, higher fatality levels, and greater accident severity, indicating
the existence of structural differences in road safety conditions. In contrast, some highly urbanized regions,
despite recording larger numbers of accidents, showed comparatively lower severity levels, suggesting that
accident frequency alone is insufficient for evaluating overall road safety risk.

The seasonal analysis further highlighted the influence of temporal factors on accident dynamics, with
increases observed during periods associated with intensified mobility and traffic activity. These patterns
suggest that road safety outcomes are shaped by a combination of demographic, infrastructural, behavioral,
and environmental factors.

To provide a more comprehensive assessment of regional road safety conditions, the study developed a
composite Risk Index integrating accident rates, fatality rates, and severity indicators. The resulting
classification enabled the identification of high-risk, medium-risk, and low-risk regions and demonstrated
that regions with lower traffic volumes may still experience disproportionately severe accident outcomes.
The consistency of regional rankings across alternative weighting schemes further supports the robustness
of the proposed index as a practical tool for comparative road safety assessment.

The findings emphasize the need for region-specific road safety strategies in Albania. Policies aimed at
improving infrastructure quality, strengthening traffic law enforcement, enhancing emergency response
systems, and promoting preventive road safety measures should be adapted to the specific risk profiles of
individual regions rather than relying on uniform national approaches.

Despite its contributions, the study has several limitations. First, the analysis was constrained by the
absence of road-level or GPS-based accident data, limiting the ability to identify precise spatial hotspots
and localized accident patterns. Second, the study did not include information related to traffic volume,
weather conditions, or road infrastructure quality, factors that may significantly influence accident
occurrence and severity. Third, data on driver behaviour, such as speeding, alcohol consumption,
distraction, or seatbelt use, were not available. Finally, the possibility of underreporting in certain regions
may affect the completeness and comparability of the recorded accident data.

Future research could extend this analysis by incorporating geospatial data, traffic exposure measures,
socioeconomic indicators, and advanced econometric or machine-learning approaches to improve the
understanding and prediction of road-traffic accident risk in Albania.
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