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Simulation models  for the dynamics of systems of cities  have been developed to capture salient
stylised facts  of  such systems and understand underlying  processes  (Pumain  & Reuillon,  2017).
These agent-based models simulate the interactions between cities at the macroscopic scale, focusing
on different dimensions such as innovation or economic exchanges. They correspond to the highest
level of the multiscalar ontology described by Pumain (2011) for urban systems. In order to address
open issues related to multi-level governance of territorial sustainable transitions, models simulating
simultaneously multiple scales are however needed (Rozenblat & Pumain, 2018).

This contribution synthesises recent lessons learnt from the construction and exploration of such
strongly coupled multi-scalar models. The first model couples a macroscopic population dynamics
model with local urban morphogenesis models within each city (Raimbault, 2021), while the second
one simulates the diffusion of innovation between urban areas and its impact on urban growth at the
macroscopic scale, and innovation cluster dynamics within each area (Raimbault & Pumain, 2023).

A few pitfalls  have  been  identified  while  theoretically  constructing  the  models  and  empirically
exploring their parameter space using advanced model validation techniques with the OpenMOLE
software (Reuillon et al., 2013): (i) to obtain a strong coupling between scales, and thus effective
multiscalar dynamics rather than fixed effects at the meso scale only for example, both top-down and
bottom-up feedbacks have to be included explicitly,  and corresponding ontologies  and processes
must be identified; (ii) the parametrisation or calibration with empirical data is significantly more
cumbersome than with single level models, and synthetic systems are a first alternative to explore
model  behaviour;  (iii)  the  convergence  of  model  indicators  regarding  stochasticity  seems  more
difficult to obtain, possibly due to non-linear noise propagation between scales; (iv) a crucial aspect
remains to quantify the strength of emergence,  such that these approaches are not a superfluous
complication of simpler dynamics at a single scale – the indicators introduced by (Rosas et al., 2020)
are  good candidates  for  such measures  but  remain  to  be  tested  systematically  on  geosimulation
models.

First simulation results show that strong emergence appears in a significant number of regimes for
the  innovation  model,  and  that  contradictory  objectives  across  scales  can  be  simultaneously
optimised using multi-objective genetic algorithms for both models. The above issues provide open
research directions to develop this approach of coupling simulation models between the meso and
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macro scales of urban systems. Other directions to build multi-scalar models, such as heterogeneous
agents at multiple scales in a single agent-based model, remain also to be explored.
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