A multi-dimensional percolation approach to characterize sustainable mega-city regions The structure of road networks both translates its past growth dynamics and has a significant impact on the sustainability of territories it irrigates. A method to characterize topologies of these spatial networks is network percolation. Such approaches have been applied to the modeling of urban growth [START_REF] Makse | Modeling urban growth patterns with correlated percolation[END_REF] and to the analysis of street networks for example to extract endogenous urban regions [START_REF] Arcaute | Cities and regions in britain through hierarchical percolation[END_REF] or to characterize the spatial morphology of point patterns [START_REF] Huynh | Characterisation and comparison of spatial patterns in urban systems: A case study of us cities[END_REF]. Existing heuristics however generally focus on a single morphological dimension of networks, and leave out the functional properties of urban systems [START_REF] Burger | Form follows function? linking morphological and functional polycentricity[END_REF].

This communication addresses such a gap by introducing a multi-dimensional percolation heuristic, which is analog to multilayer network percolation [START_REF] Boccaletti | The structure and dynamics of multilayer networks[END_REF]. Given discrete spatial fields, site percolation is operated between two cells given a threshold parameter for each dimension and a distance threshold. We apply the heuristic to urban morphology and road network topology measures in Europe. More precisely, a grid with resolution 50km of population density morphology indicators and road network topology indicators, has been computed on spatial moving windows for all European Union by [START_REF] Raimbault | An urban morphogenesis model capturing interactions between networks and territories[END_REF]. We percolate the population density layer with a network characteristic layer, that we test among number of edges, number of vertices, cyclomatic number and euclidian efficiency, which capture functional properties especially for the two last.

We systematically explore the clusters obtained for 840 parameter configurations. Maps reveal that most configurations resemble the actual distribution of European mega-city regions, which are functionally integrated polycentric urban areas [START_REF] Hall | The polycentric metropolis: learning from mega-city regions in Europe[END_REF]. We use this endogenous definition of regional urban systems the percolation algorithm produced to evaluate their sustainability, in terms of conflicting objectives of economic integration and greenhouse gases emissions.

Applying a gravity model to each region, we estimate transportation flows within each and extrapolate emissions by coupling with the Edgar emission database [START_REF] Janssens-Maenhout | Edgar v4. 3.2 global atlas of the three major greenhouse gas emissions for the period 1970-2012[END_REF] and economic activities with a scaling law of population. We show therein that different population, network and distance thresholds yield different performances in terms of sustainability, exhibiting a Pareto front. This suggests policies in terms of regional integration to increase the sustainability of mega-city regions. Further work will consist in the use of calibration heuristics [START_REF] Reuillon | Openmole, a workflow engine specifically tailored for the distributed exploration of simulation models[END_REF] to find in a more robust way optimal parameter values.
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