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To increase local road safety, municipalities need to take action to reduce road crashes. This
can be achieved by promoting safer driving behaviors, or by enforcing road policies. The choice
of the proper countermeasures obeys to a series of constraints imposed by local budgets,
municipal governments, urban planning strategies, existing infrastructure, and others. This
context originates a decision problem with the objectives of minimizing crashes, maximizing
safety, with the lower possible costs.

Since constraints and crash causes vary across municipalities, we have developed a decision
support tool to help local governments in updating their Municipal Road Safety Plans. The tool
suggests safety countermeasures according to the characteristics of the crash and the crash site.
The development of the proposed tool comprised three stages: (1) a literature review on road
safety countermeasures and their effectiveness, (2) a cluster analysis to characterize the types
of crashes, and (3) the development of a matrix to support the selection of countermeasures.

To aid in our study, we used data from three Portuguese municipalities: Castelo Branco, Loures,
and Vila Real. Having distinct characteristics concerning geography, road network, population,
and weather, we expected to have different crash types. Also, the data available from each
municipality was not homogeneous. For those reasons, we conducted three separate cluster
analysis (one for each municipality) using the PAM clustering algorithm (or k-medoids). The
databases included a total of 698, 2225, and 690 observations from Castelo Branco, Loures and
Vila Real, respectively. The observations corresponded only to injury crashes (light, severe, or
dead) that had occurred in local or national roads, since property-damage-only crashes are no
longer registered comprehensively. Motorways and high-speed roads were excluded as
municipalities do not have authority on them.

The separate analysis resulted in a total of 14 clusters (four for Castelo Branco, five for Loures,
and five for Vila Real). A thorough analysis of the resulting clusters suggested that, in the end,
the three municipalities presented the same four types of crashes (single light-vehicle crashes,
single two-wheeled-vehicle crashes, multi-vehicle collisions, and pedestrian-vehicle collisions)
and could be characterized in three dimensions (surrounding environment, horizontal/vertical
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alignment, and cross section and signing). Variables related to the surrounding environment
correspond to the aspects that decision-makers cannot change (e.g., rural/urban setting and
weather); variables related to the geometry of the road alignment require long term, strategic
investments to be improved; and variables related to cross section and signing account for easier
adaptations and tactical or operational investments. Grouping and characterizing crashes using
the 3x4 structure allowed to map the most relevant crash-context relationships.

The results were organized in a matrix that can be used to support decision-makers in selecting
a cost-efficient set of countermeasures. This association required an exploratory cause-effect
analysis to list possible crash causes. For instance, if a cluster is characterized by
pedestrian-vehicle collisions, and presents a high prevalence of crossing signs in flat and
straight roads, it suggests a speed related problem rather than a lack of pedestrian crossings.
Naturally that each measure should be tailored to each specific site, but this tool provides a
general overview on which kind of measures the municipality should invest in its territory. In
this way, the countermeasures for each group of crash type were ranked by expected cost. Listed
countermeasures go from adding vertical signs or improving road markings as simple and cheap
solutions, to redesigning the segment’s cross section or the intersection as more expensive ones.

The resulting decision support tool systematizes and prioritizes feasible countermeasures for
the most common crash types, improving the decision-making process in the short-, medium-
and long-term under the scope of the action plans. With this tool, we help local authorities in
answering: What countermeasures have the most effective impacts on crash reduction at the
lower costs?

As we encountered some data issues during our study, we will also be using this tool to show
how important data collection and treatment is. Moreover, we hope to have access to more
municipalities’ data to confirm the types of crashes detected and update the matrix in case other
clusters emerge. Furthermore, this study can be extended by including heuristics and
multicriteria methods to better aid the choice regarding countermeasures to be included in the
Road Safety Municipal Plans.
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