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Extended abstract 

Problem description: Micromobility services have grown exponentially in many cities of the world 

within the last 10 years aiming to become an integral part of future transport systems. Micromobility 

modes are flexible transport modes with mass no more than 350 kg and a design speed of no higher than 

45 km/h, which can provide quick access from/to public transport terminals (Yanocha and Allan, 2019; 

OECD/ITF, 2020). Powered bicycles (or e-bikes) and standing or seated scooters (or e-scooters) are 

among the considered micromobility modes, according to the taxonomy of SAE International (2019). 

Nevertheless, several adverse impacts are presented in the literature for e-scooters, related to increased 

road accidents, reduced road capacity due to complex road user interactions and discomfort while riding 

in urban roads (Cao et al., 2021). Recent studies attempted to further explore and discuss travel patterns 

of micromobility by surveying user analysis (Glenn et al., 2020; Sanders, Branion-Calles and Nelson, 

2020; Nikiforiadis et al., 2021) and analyzing trajectories using spatial analysis techniques (McKenzie, 

2019; Caspi, Smart and Noland, 2020; Hosseinzadeh et al., 2021; Luo et al., 2021). Although, these 

approaches identified some interesting trends, they failed to predict the future impacts of micromobility 

and its overall contribution to sustainable urban mobility. Definitely, the dual riding behavior especially 

of e-scooter users is a significant barrier in modeling micromobility modes and predicting future 

impacts. Indeed, according to Tuncer et al (2020), e-scooters are capable to switch from vehicles’ 

roadway to pedestrians’ sidewalk. This issue creates a complicated multi-scale simulation problem that 

has not been addressed completely at network scale. 

Research objective: Agent-based models (ABMs), like MATSim, have been utilized to predict the 

impacts of innovative shared mobility services at network scale, e.g., shared autonomous vehicles 

(Bischoff and Maciejewski, 2016; Bösch, 2018), electric taxis (Bischoff and Maciejewski, 2014), etc. 

These services are quite similar to micromobility. Therefore, ABMs seem to be an interesting solution 

in simulating these innovative modes in large scale networks. The objective of this study refers to the 

development of a routing model based on which e-bike and e-scooter trips can be simulated physically 

using MATSim. This developed model aims to comprise a major component of a large-scale ABM 

simulation scenario of micromobility services for Athens, Greece.  

Approach: This study follows a similar approach with Ziemke et al. (2019), who introduced 

infrastructure parameters in scoring functions to model bicycle traffic. Yet, in the developed model, we 

hypothesize that perceived safety is a determinant factor of the utility function of micromobility models. 

It is an approach to integrate safety factors in MATSim framework for the first time. Therefore, this 

framework is further extended, so that perceived safety scores can be estimated per link and per time-

step based on the traffic conditions. The differences in travel behavior of e-bike and e-scooter riders are 

considered and discussed by integrating different parameters (i.e., weights) per mode. Perceived safety 

scores per mode are influenced by road design (i.e., existence of bike lane, sidewalk width, number of 

traffic lanes and surface condition) and the existence of different non-moving (e.g., obstacles in the 

sidewalk) and moving (i.e., vehicles or pedestrians) objects appearing in the urban road environment 

each time step (Livingston et al., 2018; Tzouras et al., 2021). We calibrate the scoring functions of 
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MATSim based on the outputs of a rating experiment, in which respondents rated perceived safety of 

riding an e-bike or an e-scooter in different road environments and under different traffic conditions. A 

small-scale scenario in Athens, Greece is utilized to test whether this new routing model may provide 

reasonable simulation results. The transferability of these tools in large-scale scenarios is further 

discussed in order to provide practical recommendations for future applications. 
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