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The transition towards sustainable urban environments, embodied by the ”15-minute city” model, relies
heavily on inducing a significant shift in commuter behavior. Traditional urban planning often lacks tools that
can quantitatively link individual behavioral changes to global environmental outcomes. This research, part
of the SUMODO (Sustainable Urban MObility Development in Outskirts) project under the Driving Urban
Transitions (DUT) program, proposes a mathematical framework to simulate various behavioral scenarios and
their resulting impact on the modal split, evaluated through dynamic environmental Life Cycle Assessment
(LCA) indicators. The present research has been financed from the means of the National Centre for Research
and Development.

The core of the simulation lies in modeling the ”traveler’s decision surface”—a multi-variable function
where the choice of transport mode (pedestrian, micro-mobility, public transit, or private car) is determined by
perceived utility, distance, and time. By perturbing these behavioral parameters (e.g., increasing the propensity
to choose active travel for distances under 3 km), we simulate different scenarios of modal shift. These shifts
are mapped onto the urban graph, transforming the discrete traffic flow into a continuous representation of
demand.

For each simulation scenario, carbon footprint and other impact and damage categories (human health,
cumulative energy demand etc.) are calculated along the edges of the transport network. To move beyond tra-
ditional point-data, we employ spatial approximation techniques to generate ”Environmental Impact Surfaces.”
This approach allows us to treat the city’s environmental footprint as a continuous scalar field. By analyzing
the boundaries and gradients of these surfaces, we can identify ”tipping points” where minor changes in traveler
behavior lead to disproportionately large reductions in environmental load.

The study tests multiple scenarios of behavioral change, ranging from conservative to radical shifts in mobility
habits. We utilize the SUMODO movement model to predict future states based on these scenarios. The search
for a ”near-optimal” urban configuration is conducted by evaluating which behavioral shifts, combined with
15-minute city interventions, minimize the LCA indicators across the city’s surface. This methodology allows
for the identification of solutions that balance high urban accessibility with minimal environmental degradation.

The proposed method demonstrates that approximating environmental impacts as continuous surfaces pro-
vides a more understanding of urban sustainability than traditional tabular data. The results indicate that the
synergy between 15-minute accessibility and behavioral shifts can be mathematically optimized to reach envi-
ronmental targets. This provides local authorities with a powerful predictive tool to assess the environmental
efficiency of soft-policy measures in urban transport management

Joint work with: Grzegorz Sierpiński, Marcin Staniek.


