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Traffic crashes on two-lane rural roads present a critical challenge to transportation safety,
traditionally evaluated through retrospective crash data. To address this limitation, the present
study aims to proactively identify Hazardous Road Locations by evaluating subjective safety
and experts’ risk perception, and to compare these findings with the objective safety of the
roadway. To achieve this, the Fuzzy Delphi Method (FDM) was employed as a robust and
structured tool. For validation, a case study on the Kerman-Gonabad route involved 19
experts assessing driver-perspective images. By utilizing triangular fuzzy numbers (1, m, u),
FDM effectively modeled the uncertainties inherent in visual and linguistic judgments,
successfully achieving expert consensus in two rounds.

The findings demonstrated that the outputs of this novel analytical tool are completely
consistent with the statistical analyses from previous studies. Specifically, “horizontal curves
with inadequate sight distance” (Z=0.88), “vertical curves with inadequate sight distance”
(Z=0.81), and “sharp horizontal curves” (Z=0.80) were classified by the experts as
“completely unsafe,” highlighting the critical role of sight distance limitations in elevating
perceived risk. Conversely, a standard road section was accurately categorized as “safe”
(Z=0.27), as expected. The most significant contribution of this research is demonstrating the
high efficacy and potential of the Fuzzy Delphi Method as an innovative preventive tool. It
enables the precise screening of high-risk locations even in the absence of historical crash

data, thereby opening new horizons for proactive road safety management.
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Introduction

Traffic accidents constitute a severe public health crisis both globally and in Iran. The high
rate of fatalities (including the recording of 16,778deaths in Iran between March 2022 and
March 2023) underscores the imperative need for formulating fundamental safety strategies
and systematically identifying Hazardous Road Locations (HRLs). These locations are
typically identified through the analysis of statistical data over a period of 3 to 5 years,
employing standard methodologies (as outlined in the Highway Safety Manual) or
normalization techniques based on exposure rates.

However, the effectiveness of safety interventions is not solely limited to statistical data; it
fundamentally relies on users’ perceptions as well. Accordingly, road safety comprises two
distinct dimensions: “objective safety” and “subjective safety.” Objective safety is predicated
on quantitative metrics that are independent of users’ senses and experiences (such as crash
frequency and severity). In contrast, subjective safety is a multidimensional psychological
construct comprising cognitive (risk perception) and affective (feelings of fear and insecurity)
components. It is profoundly influenced by an individual’s sense of control (a perception that
may occasionally contradict statistical realities).

The fundamental distinction between these two concepts lies in the nature of their evaluation.
The assessment of objective safety is an inherently “retrospective” process, necessitating the
occurrence of accidents over time. Conversely, subjective safety analysis adopts a “proactive”
approach. This enables the evaluation of safety levels and the identification of potential
hazards prior to the operational phase of the road, relying solely on its design characteristics.
Therefore, as an indispensable complement, subjective safety assessment plays a vital role in
the proactive modification of projects prior to the occurrence of any adverse incidents.

Method

This research was conducted with the aim of proactively identifying Hazardous Road
Locations (HRLs) based on the assessment of subjective safety on two-lane rural roads
(specifically, the Kerman-Gonabad). Due to the high proportion of accidents on these types
of roads and the logistical limitations of conducting field visits for all evaluators, the initial
data were collected through standardized imagery captured from the driver’s perspective
(under appropriate lighting and weather conditions). These images comprised sections with
potential hazards arising from geometric and operational constraints, including a vertical
curve with insufficient sight distance, a sharp horizontal curve, an unsafe intersection,
insufficient road width, a combination of horizontal and vertical curves, the absence of a road
shoulder, the presence of rigid obstacles adjacent to the road, as well as a normal road segment
serving as a control point.

To evaluate the images, a panel consisting of 19 experts (including safety specialists from the
Ministry of Roads and Urban Development, municipal safety specialists, and university
professors) was convened. The evaluations were conducted using a five-point Likert scale. To
model the inherent uncertainty and ambiguity in human judgments, the Fuzzy Delphi Method
(FDM) was employed, utilizing Triangular Fuzzy Numbers (TFNs). For the aggregation of
expert opinions, the fuzzy arithmetic mean approach was selected to place greater emphasis
on the central tendency of the data, thereby yielding a stable representation of the collective
wisdom.
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To ensure a robust consensus, the framework implemented two distinct thresholds to manage
the consensus-building process. First, the “outlier identification threshold,” which was set at
0.227 based on the average distances of the fuzzy numbers within the Likert scale; opinions
deviating from the group mean by a distance greater than this value were referred back to the
respective expert for re-evaluation. Second, the “convergence and stopping criterion” which,
in accordance with Fuzzy Delphi standards, required the variation in opinions between two
consecutive rounds to be less than 0.2 to confirm the adequacy of the iterations.

In the final stage, following the successful attainment of expert consensus, the aggregated
fuzzy evaluations were converted into actionable, definitive metrics. To achieve this, a center-
weighted defuzzification technique was employed. This specific approach strategically
assigned greater significance to the central (more probable) value of the fuzzy numbers,
thereby mitigating the influence of extreme boundaries and providing a highly stable
representation of the collective perception. Subsequently, the resulting crisp values were
mapped to predefined linguistic risk intervals. Aligning logically with the established five-
point assessment scale, critical thresholds of 0.6 and 0.8 were designated for “unsafe” and
“completely unsafe”, respectively. Consequently, road sections yielding a crisp risk score
exceeding these thresholds were systematically categorized into the top two risk categories
(“unsafe” and “completely unsafe”) and definitively classified as proactive Hazardous Road
Locations (HRLs).

Results

The results of implementing the Fuzzy Delphi Method (FDM) indicated that the evaluation
process successfully achieved full expert consensus in the second round. The maximum
degree of disagreement between the first and second rounds was calculated at 0.026, which
was significantly lower than the predefined stopping threshold of 0.2. Consequently, the
survey process was concluded successfully at the end of the second round without the need
for further iterations.

Following the application of the defuzzification technique, definitive risk values were
extracted for each road section. Data analysis revealed that “horizontal curves with inadequate
sight distance” (with a crisp value of 0.88) exhibited the highest level of risk within the studied
corridor, followed by “vertical curves with inadequate sight distance” (with a crisp value of
0.81) and “sharp horizontal curves” (with a crisp value of 0.80). Conversely, the “normal road
sections,” as anticipated, accounted for the lowest risk level with a crisp value of 0.27.
Finally, to identify proactive Hazardous Road Locations (HRLs), the road sections were
categorized by mapping these crisp values to predefined linguistic risk intervals. Based on the
findings, two sections, vertical curves with inadequate sight distance and sharp horizontal
curves, were placed in the “completely unsafe” risk category. Furthermore, four sections,
including unsafe intersections, inadequate road width, combined horizontal and vertical
curves, and the absence of road shoulders, fell into the “unsafe” category. Collectively, these
sections are classified as HRLs. Additionally, the presence of rigid roadside obstacles was
evaluated as having a “moderate” risk, while the normal road sections were assessed as “safe.”

Conclusions
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The findings of this study highlight the critical role of sight distance limitations in shaping
drivers’ perceived risk on two-lane rural roads. Road sections where the driver’s field of view
is restricted, particularly along horizontal and vertical curves, were consistently perceived as
more hazardous than ordinary roadway segments. This pattern suggests that limited visibility
substantially affects the driver’s ability to anticipate upcoming roadway conditions and traffic
movements. From a behavioral and operational perspective, restricted sight distance may
reduce the available perception—reaction time, increase the likelihood of traffic conflicts, and
impose greater cognitive workload on drivers. These mechanisms collectively contribute to
higher levels of perceived danger in such locations and explain why curved segments with
inadequate visibility are frequently associated with elevated safety concerns.

Beyond identifying these patterns, this study demonstrates the value of integrating expert
perception-based assessment with the Fuzzy Delphi Method as a structured approach for
proactive road safety evaluation. By utilizing real roadway images captured from the driver’s
field of view and aggregating expert judgments through triangular fuzzy numbers, the
proposed framework provides a systematic way to account for uncertainty in safety
perception. Importantly, the results suggest that this approach can support the early
identification of potentially hazardous road locations even when reliable crash data are limited
or unavailable. Consequently, the proposed framework can complement traditional
accident-based analyses and serve as a practical tool for road safety audits, prioritizing safety
improvements, and supporting proactive road safety management strategies.
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  𝒁 = 𝟎 . 𝟖 𝟎


  𝒁 = 𝟎 . 𝟐 𝟕


    F  a v e = (    ∑  l  n ,      ∑  m  n ,    ∑  u  n )


    F  a v e


  d  ( A ,   B ) =   1 3  [    (   A  l −   B  l ) 2 +    (   A  m −   B  m ) 2 +    (   A  u −   B  u ) 2 ]


  d  ( A , B )


  S =  |  1 3  [  (   F  1 l ,     F  1 m ,     F  1 u ) −  (   F  2 l ,     F  2 m ,     F  2 u ) ] |
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  Z =   l + 4 m + u 6

