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Abstract

This study focuses on a extensive systematic review that explores the use of microsimulation and surrogate safety
measures (SSMs) to assess vehicular risk at intersections. A comprehensive review of systematically selected 48 studies
reveals that VISSIM being the predominant simulation tool, with SSMs providing proactive insights into vehicle-to-
vehicle conflicts. However, significant gaps exist in the application of these methods to mixed-traffic environments,
rural intersections, and non-motorized vehicles. The review highlights the need for scalable models and highlights the
necessity for robust calibration and validation of simulation model across diverse traffic environments.
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1 Introduction

Roadway intersections are a key focus in developing safe transport systems due to the complexity of traffic conflicts
within these areas (Chan et al., 2022). Traditional safety assessments rely on crash data, but surrogate measures offer a
proactive and broader approach to road safety analysis. (Guo et al., 2019). Vehicular conflicts often result from inade-
quate infrastructure, poor driver education, and erratic behaviors like abrupt lane changes or stopping mid-road at inter-
sections for passengers (del Valle et al., 2023). Microsimulation, based on traffic flow theories such as car-following,
lane-changing, and gap-acceptance models, provides a strong framework for assessing intersection safety and environ-
mental impact (Elsayed Mohamed et al., 2024). However rigorous validation and calibration processes are essential to
reflect existing traffic condition and ensuring transferability of microsimulation models at different sites (Gallelli &
Vaiana, 2019). This study provides a systematic review of the current literature on the surrogate safety assessment of
vehicular conflicts at intersections using micro-simulation models.

2 Methodology

A systematic literature review was conducted to analyze the application of microsimulation in surrogate safety assess-
ment for vehicle-to-vehicle conflicts at intersections involving human-driven vehicles. The review spanned three data-
bases viz. Google Scholar, Semantic Scholar, Scopus and the period from 2001 up to November, 2024. Keywords
included terms such as “traffic surrogate safety measures AND microsimulation,” "time to collision AND microsimu-
lation," and "post encroachment time AND microsimulation. "The search yielded a large dataset, which was refined by
removing duplicates and limiting results to English-language journal and conference papers. A targeted keyword search
using terms such as, "surrogate,” "TTC," "PET," "simulation," and "traffic conflict" further narrowed the pool. Abstracts
were screened for relevance using keywords like “conflict indicators,” "risk-based," and "near-miss." Studies related to
pedestrian conflicts, connected vehicles, or autonomous systems were

excluded as it is outside this paper’s scope. Review papers were also excluded. The final set of 48 articles met strict
inclusion criteria, addressing surrogate safety measures and microsimulation with a focus on traditional vehicular con-
flicts at intersections. The selection process for the review paper is illustrated in a PRISMA flow chart (Page et al.,
2021) in Figure.1.
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Figure 1. PRISMA flow diagram for the systematic review (Page et al., 2021)

3 Analysis

This section covers the topic’s relevance, study locations, traffic environments, microsimulation tools, calibration meth-
ods, and the use of surrogate safety measures to assess intersection safety. It also highlights research gaps in the reviewed
studies.

3.1 Study Relevance

The graph in Figure 2. indicates a significant decline in citations for selected studies on surrogate safety analysis studies
on vehicle-to-vehicle conflicts using microsimulation since 2020, despite steady publication levels. This may be due to
a shift towards emerging technologies like connected and automated vehicles, reduced methodological innovation, and
limited real-world validation. To address this, expanding to mixed traffic scenarios, integrating Al-driven approaches,
and enhancing validation efforts could reverse the declining relevance.
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Figure 2. Citation trends over time correlating with the number of publications of the selected studies

3.2 Characteristics of Study Locations and Traffic Environments

The research focuses heavily on urban intersections, with 44 studies highlighting their complexity and high traffic vol-
umes. Rural intersections are considered in just one study, while others examine a mix of urban and rural locations.
Signalized intersections dominate (31 studies), particularly with protected turning lanes (17 studies), while unsignalized
intersections account for 18 studies, including roundabouts (10) and stop-controlled intersections (3) (Figure 3). Three
studies analyzed both signalized and unsignalized intersections. Lane-based traffic systems feature in 47 studies, split
between homogeneous (26) and heterogeneous (21) environments, while non-lane-based roads appear in only 5 studies,
all in heterogeneous settings (Figure 4).
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Figure 4. Consideration of traffic environ-
Figure 3. Intersection Type Considered in Studies ment

3.3 Microsimulation Tools Used

VISSIM remains the dominant microsimulation tool that was used together with the Surrogate Safety Assessment Model
(SSAM) of the Federal Highway Administration (FHWA), a promising approach to assessing the safety of new facilities
(Pratelli et al., 2023). VISSIM was used for microscopic traffic simulation due to its extensive calibration options and
capability to model real-world complex traffic conditions (Shabaniverki et al., 2015) used AIMSUN for micro-simula-
tion of traffic flow and driver behavior and computed safety indicators from its outputs. S-Paramics evaluates traffic
conditions under different policies but additional programming is needed to derive safety indicators like PET (Pirdavani
etal., 2010). (L. Li et al.,2017) used PARAMICS as it provided flexible plug-in feature for transit signal priority coding.
Tritone models diverse road geometries, driver behaviors for its advanced modules for car-following and lane-changing
behaviors, however the accuracy is heavily dependent on the input data quality (Astarita et al., 2012). Some of the
studies as shown in Figure 5. used multiple microsimulation tools to utilize their individual strengths and for compari-
son. (Astarita et al., 2020) found VISSIM and AIMSUN to be similar in conflict assessment, while Tritone was better
at integrating custom crash dynamics simulation. PARAMICS uses psycho-physical car-following model and defines
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traffic parameters in detail while VISSIM is known for two car-following model. PARAMICS faced challenges in cap-
turing the spatial distribution of conflicts while VISSIM underestimated conflict occurrences ( Essa & Sayed, 2016a).
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Figure 5. Microsimulation tools used in studies

3.4 Calibration Techniques

The effectiveness of microsimulation models relies on rigorous calibration and validation to ensure alignment with real-
world traffic conditions. Analyzing the studies, we found a good number of studies if not all, employing various cali-
bration techniques. (Essa & Sayed, 2015;Guido et al., 2016) used Genetic Algorithm (GA)-based calibration to optimize
parameters. (C. Li et al., 2018) used Whale Optimization Algorithm (WOA) for minimizing deviations between ob-
served and simulated data and (lgene et al., 2024) employed Directed Brute Force (DBF) method to iteratively test
parameter combinations. (Mohamed Hasain & Ali Ahmed, 2021) conducted sensitivity analysis with ANOVA and Latin
Hypercube Sampling (LHS). (He et al., 2024) made the use of Mean Absolute Percentage Error (MAPE) and goodness-
of-fit measures. (Goh et al., 2013; Caliendo & Guida, 2012) applied GEH statistic, correlation coefficients, and hypoth-
esis testing. (Saleem, 2013;T. Giuffre et al., 2017) made adjustments to the Wiedemann car-following model parameters.
In (Lee et al., 2024) behavioral parameters were calibrated to align with urban traffic and bicyclist behavior using
existing Synchro models and Google Maps data. Studies also performed the calibration of crash-conflict relationships
using historical crash data and regression. (O. Giuffré et al., 2018) calibrated AIMSUN and VISSIM using field data on
traffic counts, vehicle speeds, and trajectory data. Some of the studies directly used field data for calibration to ensure
alignment with observed real-world conditions. Others focused on specific metrics or situations where standard calibra-
tion techniques may not apply. (Alsalhi et al., 2018) emphasized developing localized calibration parameters tailored to
varied conditions and expanding research to encompass multiple intersections. (Bulla-Cruz et al., 2020) introduced
innovative calibration methods for safety distance factors in VISSIM, that highlights the critical role of accurately re-
flecting local traffic behavior to enhance simulation precision.

3.5 Validation Techniques

Among the validation techniques used, goodness-of-fit and error metrics like R-squared, RMSE, MAPE and MAD
(Mean Absolute Deviation) were used to assess the accuracy in travel time, speed and flow in (Stevanovic & Zlatkovic,
2013). Statistical tests like Kolmogorov—-Smirnov tests and Chi-square tests were also used. Linear Regression and
Spearman Rank Correlation Coefficient (SRCC) validated observed and simulated conflicts in (F. Huang et al.,
2013;Abed & Ewadh, 2023).Separate datasets from other intersections were used to test the model parameters for
varying conditions. (Lopour, 2015) ran simulation through 25 different random seeds for validation. A good number of
studies compared crash modification factors CMFs, traffic conflict metrics(H. Huang et al., 2022) with actual field data.
(Corrales et al., 2022) compared simulation results with video-based field data.

3.6 Integration of Microsimulation and Statistical Modelling

Regression analysis was commonly used by most studies to establish relationships between simulated and field-meas-
ured conflicts. (Sobhani, Young, & Sarvi, 2013) used Binary Probit Model for driver reaction, Log-Gamma regression
for speed change, and Multiple Linear Regression for injury severity score assessment. Negative Binomial model of
Generalized linear regression models (GLM) was the most popular method among the studies as it performed better in
handling data variability (Saulino et al., 2015). Factor Analysis Method (FAM) was used to correlate performance in-
dicators and classify them into efficiency and safety categories. Extreme Value Theory (EVT) computed the probability
of crash risk in a number of studies (Wang et al., 2018;Guo et al., 2021). (Cunto & Saccomanno, 2009) employed
ANOVA to analyze the effect of traffic parameters on safety indicators.
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3.7 Surrogate Safety Measures

Most studies focused on rear-end, crossing and lane changing conflicts. A few studies evaluated head-on, merging and
side swipe along with rear-end collision. Time- based SSM measures like TTC (Time -to-collision) and PET (Post-
Encroachment Time) were mostly used in the studies. TTC is effective for identifying rear-end conflicts, easy to com-
pute, widely accepted in safety analysis (Lai Zheng, 2019). PET was used to assess right-angled and right-turning col-
lisions (Mishra et al., 2017;Sobhani, Young, Sarvi, et al., 2013).Deceleration-based measures like (DRAC) better re-
flects braking capability and spacing conditions. However, it requires accurate speed data. Some other Speed based
safety measures used include Deceleration Rate (DR), Maximum Speed (MaxS), Speed Differential (Delta-S) (Islam et
al., 2021). Aggregate Crash Potential Metric (ACPM) which accounts for variability in reaction times and braking rates
provided better reliability than TTC (Wang & Stamatiadis, 2014). (Shahdah et al., 2015) used behavioral indicators
driver aggression and gap acceptance thresholds in VISSIM along with TTC. Modified surrogate measures combining
Time-to-collision (TTC), Time Exposed TTC (TET),Time Integrated TTC (TIT) and Time Exposed Rear-End Crash
Risk Index (TERCRI) were considered for identification of rear-end conflicts in (Rahman et al., 2019). Distance based
measure PSD (Potential Stopping Distance) and kinetic energy based indicators like Delta-V were also used.

3.8 Research Gaps and Limitations

The major gap in the existing research works are found to be limited attention to the heterogeneous traffic systems in
developing countries. Studies often lack validation against real-world data, limiting their applicability. Research tends
to focus on specific intersections and conflict types, with limited generalization to other intersection types (Liu et al.,
2020). The scope is usually restricted to specific safety indicators such as TTC and PET, overlooking a broader range
of indicators. There is minimal focus on conflicts involving non-motorized traffic participants Most studies rely on
surrogate measures and do not delve into behavioral analysis (Abed & Ewadh, 2021). Challenges persist in effectively
simulating illegal driving behavior due to dependence on predefined simulation data. Limited exploration of real-time
application challenges and their implications for safety assessment. Also simulated data often underrepresents conflicts
because of built-in collision avoidance mechanisms (Ali et al., 2022).

4 Future Research Direction

Future research should prioritize rural and mixed-control intersections, integrate non-motorized traffic and illegal driv-
ing behaviors, and enhance microsimulation tools for greater accuracy. Real-time safety assessment frameworks using
GPS and sensor data can link proactive analysis with immediate decision-making. Standardized calibration metrics,
composite safety measures, and naturalistic driver behavior (Astarita & Giofré, 2019) modeling are essential for im-
proved reliability. Al and big data can enhance scalability and predictive accuracy. Addressing these areas will advance
robust, globally applicable intersection safety models.

5 Conclusions

This systematic review highlights the advancements and limitations in intersection safety assessment using microsimu-
lation models. Urban signalized intersections dominate research due to their complexity, while rural, unsignalized, and
non-lane-based intersections remain underexplored. Tools like VISSIM and AIMSUN along with SSAM are widely
used but face challenges in accurately capturing conflicts, particularly in heterogeneous traffic systems. Calibration and
validation processes, though crucial, lack standardization, leading to inconsistent results. Surrogate safety measures
such as TTC and PET are extensively used, but composite and deceleration-based indicators provide deeper insights at
the cost of increased computational demands.
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