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Abstract
This study investigates how street closures and shared mobility options impact travel behaviour and urban 
transport dynamics in Ghent, Belgium, focusing on car traffic redistribution, modal shifts, and neighbourhood 
disparities. Using an agent-based modelling approach, we explore how changes to the transport network influence 
daily travel patterns, aiming to shed light on the complex relationship between street closures, shared transport 
modes, and urban mobility. For this purpose, we used travel diaries from a sample of the population to feed the 
agent-based model to simulate multiple hypothetical scenarios. Our findings reveal a modest reduction in car 
traffic across most neighbourhoods after street closures. While bikesharing options promotes cycling and helps to 
ease car traffic, carsharing contributes to greater reliance on cars. These results require nuanced policy responses. 
Furthermore, street closures prompt changes in traffic routes, directing cars towards specific thoroughfares 
within the city. Despite these trends, the precise effects on walking and public transport usage remain unclear, 
underscoring the complexity of urban transport dynamics. This study advocates for systematic planning and 
interdisciplinary approaches to address the challenges posed by street closures, advocating for the integration of 
qualitative analysis to deepen our understanding of travel behaviour nuances.
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​​1  Introduction
Currently, a paradigm shift from car-oriented to people-
oriented urban planning is taking place. Cities are pur-
suing alternative ways of using their public space and 
rethinking mobility [10, 11, 47, 54]. The primary goals 
include creating more liveable cities while progress-
ing towards climate neutrality, as well as addressing 

other objectives related to health, education, social well-
being, and economic benefits [32]. Increasing attention 
is specifically directed towards initiating a modal shift, 
replacing cars with more active and sustainable trans-
port modes, while simultaneously driving them out of 
densely populated urban centres. Another initiative 
gaining traction to achieve these goals involves modifi-
cations in street design and functionality. Starting from 
the assumption that public space is scarce, especially in 
cities, a reallocation of the available street space is aimed 
for. This strategy is closely related to new and rehabili-
tated ideas such as circulation plans, 15-minute cities and 
-neighbourhoods, superblocks, tactical urbanism and 
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street experiments [10, 37, 42, 43, 47]. During COVID-
19 these concepts gained popularity, aiming to give more 
space to people and active modes [45, 46, 51, 55].

While previous studies have explored the impacts of 
street closures and shared mobility options individually, 
our research uniquely combines these interventions to 
examine their interactive effects on urban mobility. Spe-
cifically, we apply the Multi-Agent Transport Simulation 
(MATSim) to simulate multiple hypothetical scenarios in 
the city of Ghent, Belgium, using real-world travel diary 
data. This allows us to analyse how these measures jointly 
influence travel behaviour and traffic patterns at the 
neighbourhood level. While the modelling tool itself is 
well-established, our approach is novel because it analy-
ses both interventions together. This perspective offers a 
more nuanced understanding of how street closures and 
shared mobility can reinforce or counteract each other 
and helps to identify potential synergies and trade-offs in 
urban mobility planning.

This study focuses on Ghent, a medium-sized Bel-
gian city of approximately 270,000 inhabitants that has 
explicitly committed to enhancing liveability and pro-
moting sustainability. The city’s mobility plan outlines 
a transition away from automobile dependency toward 
active modes such as walking and cycling, alongside 
increased public transport use. In line with this strat-
egy, Ghent actively promotes shared mobility services, 
(City of Ghent, [17]). Two strategies used in relation to 
these objectives are street closures and shared mobil-
ity options. Their combined effects on neighbourhood 
travel behaviour remain unclear. To address this gap, this 
paper seeks to investigate the impact of street closures 
on local traffic patterns. Specifically, we aim to under-
stand how restricting vehicular access to certain streets 
affects traffic flow within surrounding neighbourhoods. 
Moreover, this study explores the relationship between 
street closures and shared mobility options, such as 
carsharing, bikesharing, and public transportation. We 
investigate whether these mobility services can comple-
ment or counterbalance the effects of street closures, and 
how their usage patterns might shift in response to these 
changes in the urban environment.

To make our research questions more explicit, we focus 
on the following key inquiries:

1.	 How do street closures affect vehicular traffic at the 
neighbourhood level?

2.	 In what ways do shared mobility options interact 
with street closures, and how do they influence travel 
behaviour?

3.	 Can shared mobility options mitigate any negative 
impacts of street closures, or do they amplify the 
changes in traffic patterns?

This study offers insights to optimize urban mobility 
interventions. This paper consists of four sections. The 
first section provides an overview of the existing research 
on street closures and shared mobility options. The data 
and methodology section describes the input data used, 
the workflow of the agent-based model applied and how 
the latter addresses the research question. The results 
section presents the outcomes of the model, which are 
broken down by different scenarios, each compared to 
the baseline scenario. The conclusion presents the study’s 
findings, acknowledges limitations, and suggests future 
research directions.

2  Literature review
2.1  Street closures
Street closures are increasingly recognized as an effective 
tool for promoting sustainable urban mobility, with mul-
tiple studies pointing to their potential in reducing car 
dependency and reallocating public space for pedestrians 
and cyclists [10, 15, 55]. These interventions have gained 
traction through initiatives like pedestrian zones, tacti-
cal urbanism, and low-traffic neighbourhoods, which 
have been implemented in cities such as Brussels, Barce-
lona and London [43, 50]. Research has underscored the 
public health, safety, and environmental benefits of such 
measures, ranging from improved air quality to improved 
pedestrian safety [34, 43].

However, despite the widely acknowledged benefits, 
the impacts of street closures on local traffic flow and 
overall mobility patterns remain subject to debate. One 
critical issue is the displacement of car traffic to neigh-
bouring streets, a phenomenon referred to as “traffic dis-
placement” [13]. Several studies suggest that while traffic 
volumes may decrease within pedestrianized areas, sur-
rounding streets may experience higher traffic volumes, 
undermining the overall goal of reducing car dependency 
[41]. For example, in Ghent’s 2017 circulation plan, with 
strategic-located traffic filters instead of closure of entire 
streets, some streets experienced notable increases in car 
traffic despite the citywide modal shift towards active 
transportation (City of Ghent & TML, [21]). This out-
come points to the complex, often contradictory, effects 
of street closures on urban mobility, where improve-
ments in one area may lead to negative consequences in 
another.

Another critical aspect is the notion of traffic evapo-
ration, the reduction of total car trips rather than their 
mere displacement. While some studies observe modest 
reductions in overall traffic volumes [12, 29], others sug-
gest that such reductions are often limited. For instance, 
Nello-Deakin’s [44] study on Barcelona’s superblock 
program found that while traffic evaporation did occur, 
the overall impact on the city’s traffic dynamics was 
minimal, with only a slight increase in traffic in adjacent 
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streets. Similarly, in London’s Low Traffic Neighbor-
hoods (LTNs), Thomas and Aldred, [50] observed traffic 
reductions within LTNs but also slight increases in traffic 
on boundary roads. These mixed outcomes highlight the 
importance of local context and the scale of interventions 
when evaluating the effectiveness of street closures.

The underlying challenge is that street closures, while 
promoting active transport, may inadvertently exacerbate 
traffic problems in other parts of the city, depending on 
how they are implemented. Moreover, most studies focus 
on short-term impacts, and there remains a lack of lon-
gitudinal research examining the long-term sustainability 
of these interventions and their broader socio-economic 
impacts [30].

Thus, although street closures represent a promising 
avenue for transforming urban mobility, the literature 
reveals both positive and negative outcomes, with vary-
ing effects on traffic displacement and neighbourhoods. 
These complexities underscore the need for careful plan-
ning and context-specific solutions to maximize the ben-
efits while mitigating potential downsides.

2.2  Shared mobility options
Shared mobility options, such as carsharing, bikesharing, 
and e-scooters, have emerged as essential components 
of sustainable urban transport systems. These services 
provide users with flexible access to vehicles, reducing 
the need for private car ownership while potentially eas-
ing demand for parking spaces and encouraging shifts 
towards active modes of transport [10, 14]. Over the 
past two decades, cities have increasingly adopted these 
services as part of broader mobility strategies aimed at 
reducing urban congestion and promoting sustainable 
travel behaviour.

Despite their widespread adoption, shared mobility 
options present significant challenges. For instance, sur-
vey-based stated preference studies on carsharing reveal 
that although it reduces parking demand, it can lead to 
unintended modal shifts from public transport to car 
usage [26, 39]. In Ghent, the rapid growth of shared cars, 
over 1,000 cars and 14,000 users by 2022, exemplifies this 
trend (City of Ghent, [19]). While carsharing can serve as 
a substitute for private car ownership, evidence suggests 
that in some cases, shared cars increase total car usage, 
particularly for short trips that could otherwise be made 
by walking, cycling, or public transport [30].

Moreover, while bikesharing schemes have been lauded 
for promoting cycling and reducing car usage, their over-
all impact on mobility patterns remains underexplored. 
For example, bikesharing systems can complement street 
closures by offering viable alternatives for residents in 
areas where car access is restricted. However, bikeshar-
ing is not without its challenges, such as the potential 
displacement of pedestrian space and issues with station 

placement [14]. Research on bikesharing in Ghent reveals 
a growing uptake, with over 1,500 shared bikes in use by 
2023 (City of Ghent, [20]). Increases in fleet size do not 
always result in increase in trips [31]. Nevertheless, there 
is limited evidence on how these systems interact with 
broader urban mobility interventions like street closures, 
although these start to happen more often like in Munich 
and London [48].

A critical gap in the literature is the lack of integrated 
studies that explore the combined effects of street clo-
sures and shared mobility options on travel behaviour. 
While both strategies aim to reduce car dependency 
and promote sustainable transport modes, their interac-
tions remain under-researched [38]. Understanding these 
dynamics is essential to creating urban mobility policies 
that leverage the synergies between shared mobility and 
street closures while avoiding unintended consequences, 
such as increased car usage or traffic displacement. 
Briefly, shared mobility options present both opportu-
nities and challenges for urban mobility systems. While 
these services can reduce the need for private cars and 
promote sustainable travel behaviour, they can also exac-
erbate traffic problems and modal shifts if not carefully 
integrated with broader urban planning strategies. More 
research is needed to understand how shared mobility 
and street closures can work together to create more sus-
tainable, efficient, and equitable urban transport systems.

2.3  Agent-based modelling
Agent-based modelling (ABM) has become a criti-
cal approach in urban transport simulation, allowing 
researchers to capture the dynamics of traffic systems by 
modelling individual agents, such as drivers and pedestri-
ans, who interact with each other and their environment. 
This method provides insights into how several fac-
tors influence travel behaviour, including cost, time, and 
social norms, which traditional aggregate models often 
overlook. For example, microscopic ABM frameworks 
like SimMobility and AIMSUN are utilized to simulate 
traffic flow dynamics at a lane-level resolution, enabling 
the analysis of individual behaviours during specific peak 
periods [8, 24, 52]. Research has shown that these mod-
els can effectively represent complex urban scenarios, 
including the impact of policy changes on travel choices, 
thereby facilitating better urban planning and decision-
making [2, 16, 28].

The examination of street closures through ABM 
allows for a detailed understanding of how such disrup-
tions affect traffic flow and traveller behaviour. Studies 
utilizing dynamic traffic assignment have demonstrated 
that when streets are closed due to construction or 
events, agents adapt by rerouting or switching modes of 
transport. For instance, in theoretical single-lane experi-
ments and localized corridor studies, research has shown 
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which varied in the extent of street closures and, in some 
cases, incorporated additional shared mobility options. 
Full details of these scenarios are provided in Sect. 3.2. In 
the third stage, each scenario was simulated in MATSim 
and compared against a business-as-usual (BAU) base-
line representing current travel conditions without net-
work modifications or additional transport services. This 
stepwise approach enables the systematic assessment of 
intervention effects by isolating changes in modal share, 
trip distribution, and traffic volume relative to the BAU.

3.1  Agent-based model development
To conduct simulations, MATSim was employed as a 
comprehensive tool for investigating mobility dynamics 
[5, 6, 8, 40]. For each scenario, comprehensive datasets 
encompassing both network data (e.g., street network 
attributes such as lane count, speed, capacity, and direc-
tion) and travel behaviour data (e.g., travel diaries repre-
senting a sample of the city’s population) were curated.

In the initial phase, a detailed network dataset, includ-
ing essential attributes, was generated utilizing the 
MATSim plugin in the Java OpenStreetMap Editor ([6] 
- Chap. 7.2). Subsequently, for the travel behaviour data-
set, a representative 2% sample (consisting of 10.035 trips 
for one day), derived from the real-life travel behaviour 
research conducted by the city of Ghent was utilized 
(City of Ghent, [18, 36]). This dataset comprised demo-
graphic information, travel attitudes, and a one-day travel 
diary obtained from each respondent. Table 1 shows a 
small example snapshot of the available dataset.

It is imperative to underscore that this dataset exclu-
sively encompasses travel behaviour data of individuals 
domiciled in Ghent. This implies that those living outside 
of Ghent and visiting the city to work, recreate or shop 
will not be simulated. Given the limitation of having only 
a subset of the population’s travel data, road capacities 
were scaled to 2% to restore equilibrium, as advocated by 
Axhausen et al., [6] - Chap. 2.3. To ensure network con-
nectivity, a minimum capacity of one vehicle per link was 
maintained.

MATSim plans were created for each respondent 
based on recorded origins and destinations, start and 
end times, and chosen modes. The georeferencing of 
addresses, given the absence of house numbers, involved 
consistently selecting the midpoint of each street. This 
approach facilitated the acquisition of all essential details, 
which served as the input data for the BAU-model. This 
model served as the baseline scenario and presented the 
mobility situation in Ghent as it is solely based on the 
available data.

3.2  Scenario development
Before developing the alternative scenarios, this BAU-
scenario was checked for internal consistency using 

that agents may opt for alternative routes or increase 
their use of public transit when faced with street closures, 
highlighting the flexibility of individual travel decisions in 
response to changing conditions [9, 52]. This adaptability 
is crucial for urban planners, as it provides insights into 
congestion patterns and potential mitigation strategies 
during disruptions.

The integration of shared mobility within MATSim has 
been extensively validated. For instance, Ciari et al., [16] 
and Tchervenkov et al., [49] demonstrated MATSim’s 
capacity to simulate carsharing in Zurich, focusing on 
how agents dynamically adjust activity chains based 
on vehicle availability. Further research has utilized 
MATSim to model shared modes as network-based enti-
ties, ensuring that vehicles are subject to the same con-
gestion and routing constraints as private traffic. This 
network-based approach is crucial when evaluating 
street closures, as it allows for a detailed understanding 
of how disruptions affect both private and shared trav-
eller behaviour simultaneously. Studies utilizing such 
dynamic traffic assignment have demonstrated that when 
streets are closed, agents adapt by rerouting or switch-
ing modes [9, 52]. Additionally, theoretical studies have 
utilized ABM to explore demand-responsive transport 
systems, where agents request rides from shared vehicles 
based on real-time needs. This capability illustrates how 
agent-based simulations can evaluate the potential ben-
efits of shared mobility solutions in urban environments, 
contributing to more sustainable transport policies and 
practices [16, 28].

Despite the established use of MATSim for modelling 
shared mobility or street closures in isolation, a critical 
research gap remains: the lack of integrated studies that 
explore the combined, full-day interaction between these 
two interventions. This study contributes to the literature 
by utilizing MATSim to analyse how permanent residen-
tial street closures interact with network-based shared 
mobility options in a real-world urban network, identify-
ing whether these strategies reinforce or counteract one 
another in achieving a sustainable modal shift.

3  Data and methodology
This study employs an agent-based model for the simu-
lation and analysis of the effects of multiple street clo-
sure scenarios within the city of Ghent. The advantages 
of this type of traffic model lie in the ability to capture 
complex travel behaviours and simulate scenarios that 
are difficult or impossible to evaluate in the real world. 
Additionally, it offers multiple insights into individual-
level decision-making [1, 6, 40, 56]. The applied method-
ology here consists of three parts. First, we constructed 
an agent-based model to replicate travel behaviour within 
Ghent based on observed mobility data. In the second 
stage, we designed several alternative mobility scenarios, 
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available traffic count data from selected locations across 
the city. The daily volumes on certain links along the R40 
were compared with available traffic count data using 
the GEH-statistic. This served as a general reference to 
assess whether modelled volumes aligned with observed 
patterns. In addition, a basic sensitivity check was con-
ducted to explore the model’s responsiveness to varia-
tions in key parameters. Specifically, we systematically 
varied attributes such as costs and average speed on the 
different modes and observed how these adjustments 
influenced simulated traffic volumes and route choices. 
The objective was not to recalibrate the model, but to 
verify that it responded in a logically consistent man-
ner, for instance, increasing speed for a certain mode 
resulted in higher simulated flows for that mode. In this 
MATSim-based framework, these modal shifts are driven 
by a utility-based scoring function where the marginal 
utility of travel time serves as the primary dynamic factor. 
These steps provided a reasonable level of confidence in 
the model setup, appropriate for the exploratory nature 
of this study. After running and calibrating the BAU-sce-
nario, we developed two street closure scenarios where 
several streets are no longer accessible to cars [25, 33].

The first scenario, titled “SC 65”, closed sixty-five 
streets from this program to cars while retaining access 
for pedestrians, cyclists, and public transport users. 
This aligns with the Living Street program in the city of 
Ghent, since we selected those streets that have been part 
of the programme both presently and in previous years. 
This initiative, introduced in 2012, empowers residents 
to petition the municipal authorities to either transform 
their street into a low-traffic zone or temporarily close it 
during specific periods in the summer [23, 27].

In a second scenario, entitled “SC 100”, we selected 
thirty-five additional similar residential streets in and 
around the city centre that have similar characteristics 
to the other locations. This resulted in a more extensive 
and spatially dispersed pattern of closures across resi-
dential neighbourhoods. Figure 1 shows the streets that 
are no longer available to cars in the network, while also 
showing the inner- (R40) and outer ring road (R4). This 

shows the spatial spread of the simulated street closures 
in Ghent for the two scenarios.

Ghent’s recent uptake of shared mobility is notable. In 
2010, the city hosted only ten shared cars; by 2022, this 
number had risen to more than 1,000 vehicles with over 
14,000 registered users (City of Ghent, [19]). Bikesharing 
has expanded even more rapidly: introduced in 2019, the 
fleet exceeded 1,500 shared bicycles by 2023, with sub-
stantial usage across the city (City of Ghent, [20]). These 
developments form an essential empirical backdrop for 
our scenarios, which integrate both carsharing and bike-
sharing options alongside street closure measures. In 
addition to the two scenarios, four more scenarios were 
formulated. These involved not only alterations to the 
existing network but also introduced an additional mode 
of transport as an alternative for the agents [16]. Specifi-
cally, here, car- and bikesharing options were incorpo-
rated, respectively “SC65 + CS” and “SC100 + CS” for 
the carsharing scenarios and SC65 + BS” and “SC100 + 
BS” for the bikesharing scenarios. Since we used here 
the station-based sharing alternative, we placed one sta-
tion at one of the ends of a closed of street (Balac & H 
örl, [7]). In each station, we placed either 3 shared cars or 
3 shared bikes. This decision was made in line with the 
criticism formulated by Henderson [30] where residents 
of low traffic zones experience a lack in viable transport 
alternatives.

In the case of the two scenarios involving street clo-
sures along with bikesharing, the current number of 
shared bikes was randomly distributed across the exist-
ing catchment area of the local bikesharing providers. 
Moreover, we made these sharing options extra appealing 
for the agents, in line with the original idea of the Living 
Streets project to give a mobility budget to residents to 
give them the opportunity to shift [27].

This approach was employed to analyse differences in 
modal shift and to assess overall effects in terms of total 
trips, distance, and time [22].

3.3  Analysis methodology
To conduct a thorough analysis of the simulation out-
puts for each scenario, an extensive examination of 

Table 1  Example of anonymised input data for five agents’ first trip (T1) for illustrative purposes
ID T1 Origin Address T1 Destination Address T1 Purpose T1 Depar-

ture Time
T1 Arrival 
Time

T1 
Mode

A1 Eendrachtstraat, 9000, Gent Bagattenstraat, 9000, Gent Bringing something/
someone

08:15:00 08:40:00 car

A2 Wazenaarstraat, 9050, Gent Korte Meer, 9000, Gent Leisure, sport, culture 09:30:00 09:55:00 bike

A3 Kouter, 9000, Gent Kon. Fabiolalaan, 9000, Gent Work 10:00:00 10:55:00 bus

A4 Zuidakkerlaan, 9041, Oostakker Salviastraat, 9040, Sint 
Amandsberg

Services (e.g. doctor, bank) 08:10:00 08:25:00 car

A5 Jacob Van Arteveldestraat, 9050, 
Gent

Kliniekstraat, 9050, Gent Shopping, groceries 14:15:00 14:35:00 walk

Source: City of Ghent, [18]
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neighbourhood effects was undertaken to pinpoint the 
key locations and regions responsible for the observed 
shift. This involved employing a data-driven approach 
to analyse the movement patterns of agents within the 
street network. A 150-meter hexagonal grid was super-
imposed on the study area to serve as the unit of analysis, 
similar to Dlugosch et al., [22]. This cell size was selected 
because it approximates the dimensions of a typical 
urban block in Ghent, thereby providing a spatial scale 
that is both meaningful for interpreting neighbourhood-
level mobility patterns and robust given the constraints 
of our input data. Since the travel diary dataset lacked 
house numbers and was limited to a 2% sample, aggregat-
ing traffic volumes to a 150-meter grid ensured that local 
mobility variations could be detected while avoiding mis-
leading artefacts. This resolution was chosen to filter out 
stochastic noise that arises when interpreting results at a 
finer street-level than a 2% sampling rate can statistically 
support. Subsequently, the cumulative traffic intensity 
in each grid cell was quantified by taking the sum of car 
traffic volume of all the street links within the respective 
grid cell. The rationale behind adopting this aggregating 
process lies in its alignment with our ABM output data, 
which conforms to a spatial variability, as evidenced by 

Lee et al., [35]. Figure 2 visualises this for the BAU-sce-
nario. The values represent the total daily traffic inten-
sity aggregated across all simulated trips within the study 
area. This cumulative representation allows us to identify 
spatial patterns of car use under current conditions and 
serves as the baseline against which alternative scenarios 
are compared.

Concurrently, an assessment of relative traffic flow dif-
ferences was undertaken between two scenarios at this 
mesoscale level, representing the urban street block. 
This evaluation involved computing the relative differ-
ence in car traffic volume for each grid cell between a 
given scenario and the BAU scenario. The classes were 
strategically distributed across the spectrum from the 
highest absolute increase (positive) to the highest abso-
lute decrease (negative) among the six scenarios. It was 
decided to include areas with no significant increase or 
decrease in the middle class (no net difference) to filter 
out minor fluctuations generated by the model and to 
only focus on the areas manifesting the most substantial 
changes.

Fig. 1  Locations of hypothetical street closures in Ghent (Belgium)
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4  Results
The absolute modal share values of four transport modes 
and the relative differences between each scenario and 
the BAU-scenario (in italic) are shown in Table 2. In this 
analysis, “public transport” (PT) encompasses bus, tram, 
and train.

In general, we can observe a modal shift from cars to 
other transport modes when street closures are in place. 
This is even more pronounced in the scenario with an 
increased amount of street closures. Introducing addi-
tional shared cars results in the adoption of this trans-
port mode, resulting from the typical modal shift from 

bike and walk towards this shared mode. Surprisingly, 
there is also a tendency for an increase in public trans-
port usage. In the two carsharing scenarios, we see that 
the outcomes become marginally more accentuated in 
the more extreme scenario. Conversely, the bikesharing 
scenarios show a less pronounced difference when more 
street closures are implemented. Nonetheless, the provi-
sion of shared bicycles leads to an adoption of this mode, 
which is mainly reflected in a reduction in car usage.

Figure 3 illustrates the disparity in car traffic volumes 
among each scenario compared to the BAU scenario. In 
the figure, red indicates an increase in car intensity, while 

Table 2  Modal share of trip modes (incl. for car- and bikesharing) and relative differences (in brackets) for simulated scenarios
Car Bike Walk PT

BAU 39,8% 32,0% 18,5% 9,7%

SC65 38,9% (-2,3%) 32,9% (+ 2,7%) 18,5% (+ 0,2%) 9,6% (-0,2%)

SC100 38,5% (-3,6%) 33,0% (+ 2,9%) 18,5% (+ 0,4%) 10,0% (+ 3,6%)

SC65 + CS 40,3% (+ 1,2%)
(3,30% CS)

31,2% (-2,7%) 14,8% (-24,4%) 13,7% (+ 29,3%)

SC100 + CS 40,4% (+ 1,3%)
(3,32% CS)

31,7% (-1,2%) 14,7% (-25,6%) 13,3% (+ 29,7%)

SC65 + BS 35,4% (-12,7%) 36,1% (+ 11,3%)
(2,7% BS)

18,0% (-2,6%) 10,5% (+ 8,0%)

SC100 + BS 35,8% (-11,3%) 35,7% (+ 10,4%)
(3% BS)

18,2% (-1,7%) 10,3% (+ 6,1%)

Fig. 2  Absolute car traffic volumes in the BAU scenario

 



Page 8 of 12Casier et al. European Transport Research Review           (2026) 18:35 

Fig. 3  Absolute difference in car traffic volume between each scenario and the BAU-scenario
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green signifies a reduction in car usage within the neigh-
bourhood, as modelled for the sample population in our 
ABM of active travellers in Ghent.

For the street closures scenarios (SC65 and SC100) 
we see that the overall decrease in car trips, mainly 
affects the principal car traffic axes going in and out of 
the city and along the R40 inner-ring road. The differ-
ence between these two scenarios mainly occurs within 
the city centre (within the inner-ring road) and along 
the inner-ring road. In the SC65-scenario, some traffic 
appears to be redirected from neighbourhoods with some 
street closures to neighbouring hexagons. This seems to 
be in line with the second hypothesis of Cairns et al., [13], 
suggesting rerouting of certain trips. This effect is ampli-
fied in the SC100-scenario, where a further shift away 
from car trips results in a larger number of areas that 
experience a decrease in car traffic.

The scenarios with carsharing show a significant 
increase in car usage, which principally results, in con-
trast to the SC65- and SC100-scenario, in a higher car 
volume along the principal car traffic axes. This means 
that in these two scenarios, cars, and presumably also 
shared cars are mainly used for trips outside the inner-
ring road. Notably, the overall trend of decline in car 
traffic within the centre observed in the SC65- and 
SC100-scenario, is further augmented in the carshar-
ing scenarios, especially in the SC100 + CS-scenario. 
This observation appears counterintuitive, as one might 
anticipate a rise in the number of cars within the city cen-
tre due to the increased availability of shared cars. This 
might be explained by the existing mobility plan in Ghent 
(City of Ghent and TML, [21]), which is tailored to ban 
cars from the city centre towards the inner ring. More-
over, it confirms that in those neighbourhoods where 
street closures are implemented, the reduction in car 
traffic is most present.

In the bikesharing scenarios, the overall car traffic 
decrease is even more present. In these two scenarios 
it appears that car usage is mainly replaced by bike and 
shared bike usage, although an increase in public trans-
port also occurs. In the SC65 + BS scenario, we see some 
central areas with a slight increase in car traffic, yet this 
effect disappears when adding more shared bike stations 
(i.e. SC100 + BS), where a further shift towards cycling 
occurs.

5  Discussion and conclusion
The results and methodology of our study demonstrate 
a carefully developed approach to assessing how spe-
cific network alterations and the provision of alternative 
shared transport modes influence daily travel patterns. 
The exact effects in terms of travel behaviour tend to 
vary among the six different hypothetical scenarios com-
pared to the BAU-scenario. Similar effects across all were 

a reduction in cars when street closures were in place, 
combined with some traffic rerouting. The carsharing 
scenarios suggest that increasing vehicle availability can 
trigger potential perverse side-effects, most notably a 
shift from active travel toward carsharing. This outcome 
is expected when carsharing is implemented as a stand-
alone measure alongside street closures. To mitigate such 
unwanted modal shifts, integration with a diverse range 
of alternative transport options is essential. For instance, 
our findings suggest that bikesharing has the opposite 
effect: it reduces car dependency and facilitates a tran-
sition toward cycling. When combined, these measures 
effectively decrease car traffic across nearly all zones, 
potentially freeing up road space for sustainable modes. 
However, the precise impact on walking and public trans-
port usage remains ambiguous in these scenarios. One 
possible explanation for the results concerning the modal 
share of public transport could be an underestimation in 
the BAU-scenario.

When looking at neighbourhood-level disparities, 
some interesting observations emerge. Principally, we 
see that in the majority of the neighbourhoods, there is 
only a relatively marginal change in the number of cars. 
This implies that the implemented measures exert mini-
mal influence on the level of car traffic within these areas. 
This can be ascribed to the specific way the street clo-
sures were positioned across the city and suggests that 
street closures predominantly impact traffic in proximity 
of the intervention sites. However, our model also shows 
significant increase and decrease in car traffic in certain 
neighbourhoods, including those where no interven-
tions were implemented. These are unfortunately in line 
with the “Loser streets” or here loser neighbourhoods 
as mentioned by Appleyard [4]. Moreover, the change in 
car traffic primarily occurs along the main arterial roads 
around the city, serving as principal thoroughfares for 
vehicular access. Most prominently present in the car-
sharing scenarios with an increase on these locations and 
in the bikesharing scenarios showing the opposite result. 
This phenomenon can be attributed to a synergistic effect 
stemming from heightened availability of shared trans-
port options and intensified street closures. For the car-
sharing scenarios, the higher uptake of cars then results 
in a redirection of car traffic toward specific neighbour-
hoods within the city. Conversely, in the bikesharing sce-
nario, where car uptake is constrained, traffic that would 
otherwise be redirected does not manifest. These obser-
vations align with the second hypothesis proposed by 
Cairns et al., [13], suggesting a rerouting of certain trips. 
However, as our model shows, only in the case of street 
closures and street closures combined with shared car 
stations. Still, the outcomes underscore a broader-scale 
impact of all implemented interventions. Furthermore, 
a promising side-effect of street closures, the so-called 
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traffic evaporation cannot be observed in the current 
scenarios due to inherent assumptions in the model that 
force agents to perform their activities and by conse-
quence their linked transport needs.

In addition to these traffic implications, we would like 
to stress that the adoption of interventions like street 
closures in an urban context encompasses broader com-
plimentary considerations beyond mobility behavioural 
effects, as mentioned in the introduction. A range of 
other elements exists that are challenging to quantify 
in a mobility ABM, such as social interaction among 
residents of a street, sense of community, physical and 
mental health, as many other aspects of liveability [8]. 
Nevertheless, these elements undoubtedly play a role in 
the decision-making process involved in transitioning an 
urban residential street to a car-free or low-traffic street. 
For example, research shows that the presence of quieter 
traffic on a street correlates with stronger social bonds 
among its residents [3]. Equivalent results were observed 
during the introduction of a Living Street in Ghent [53]. 
The current main goal of Living Streets no longer evolves 
around mobility concerns but shifted towards strength-
ening social connections in a street. Also, specific forms 
of shared mobility, such as peer-to-peer sharing initia-
tives, can serve as a way to bring residents together and 
foster sense of community (Shaheen et al., [39]).

Although the model was compared with available traffic 
count data (3.2) and subjected to a basic sensitivity analy-
sis, its validation remains limited. External validation 
using broader datasets (such as cycling or public trans-
port flows) was not feasible, and the one-day simulation 
based on a 2% sample restricts generalisability. Moreover, 
the assumption of fully rational agents may overstate 
mode-switching responses [16, 40]. Future work should 
therefore include additional empirical validation and lon-
gitudinal data to enhance the model’s robustness.

When endeavouring to explicate the rationale behind 
certain results and relative disparities between the two 
scenarios, due attention must be directed towards poten-
tial undesired side-effects and biases inherent within our 
model. These factors necessitate careful consideration to 
ensure a comprehensive understanding of the outcomes 
and their interpretation within the broader context of the 
model’s design and implementation.

Firstly, the dataset used for the travel diaries of the 
agents is based only on residents of the city of Ghent. 
Within the suburban region of Flanders, this may yield 
unintended consequences in our model, potentially 
resulting in an underestimation of cyclist numbers par-
ticularly, as it does not account for students not domi-
ciled in Ghent.

Additionally, concerning the highways, we see a con-
siderable underestimation of the number of car traffic. 
For this study, this was accepted since focus was mainly 

on the changes in travel patterns within the city centre 
and on the inner ring road, with street closures primar-
ily affecting local residential streets. The selected closure 
extent and station placements were designed to reflect 
realistic municipal planning constraints in Ghent. While 
a more systematic spatial permutation of these interven-
tions was beyond the current scope, the chosen con-
figuration serves as a high-fidelity ‘stress test’ for local 
residential traffic displacement.

Another assumption made in the ABM is that agents 
have full knowledge of all available mobility options and 
thus act perfectly rationally and economically. Personal 
attitudes and emotions towards certain transport mode 
options are neither considered [16]. Furthermore, we did 
not consider socioeconomic attributes such as age, gen-
der, income, or vehicle ownership. We acknowledge this 
as a significant limitation, as these attributes are known 
to influence travel preferences and accessibility. Future 
studies will incorporate such variables to increase the 
model’s applicability and to explore transport equity 
more thoroughly. Lastly, the model forces agents to exe-
cute their daily plans, preventing possible traffic evapo-
ration. Previous research has proven that this effect truly 
happens [12, 41, 44, 50]. Additionally, although we used 
a fixed random seed to ensure comparability across sce-
narios, the model retains an inherent stochastic nature. 
Running multiple simulation iterations would allow for 
a better understanding of variability in the results, and 
we recognize this as an important direction for future 
research.

In general, if implemented effectively, these interven-
tions hold great potential for creating benefits for both 
the residents of the affected streets and the broader com-
munity. However, the optimal configuration of interven-
tion locations is contingent upon specific contextual 
factors. Presently, such decisions are often made oppor-
tunistically, lacking systematic planning. Therefore, 
further research is warranted to explore this topic com-
prehensively, including the effects of introducing car- and 
bikesharing initiatives and other alternative modes of 
transport in urban settings. While the focus of this study 
is specific to Ghent, the modelling approach is adaptable 
to other urban contexts, provided similar behavioural 
data is available. Future research could apply this frame-
work in different cities to better understand how local 
urban form and policy conditions influence the effects 
of similar interventions. Moreover, qualitative analysis 
should be employed to investigate how travel behaviour 
is influenced by the implementation of street closures, 
considering factors such as emotionally driven attitudes. 
Comparing the current findings with similar scenarios in 
other cities could improve the robustness of the results. 
Additionally, addressing the mentioned limitations would 
increase the resilience of the findings.
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The combination of shared cars and street closures 
seems promising but must be well embedded in a range 
of other policy decisions, especially to avoid that a shift 
happens from sustainable transport modes to (shared) 
cars. On the used methodology, we can conclude that 
employing an agent-based model to simulate various 
mobility scenarios offers a robust approach to exploring 
the impact of human movement, including traffic inten-
sities. Especially the use of real-life travel diary dataset 
proofs promising in this prospect. This methodology not 
only facilitates the exploration of how the movement of 
people can be affected but also provides an accessible and 
reliable means to simulate such scenarios.
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