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Spatial properties of congestion in street networks

Streets networks are the primary facilitators of movement in urban systems, allowing residents to navigate 
the different functional components of a city. Since navigability is a key ingredient of socioeconomic activity, 
roads represent one of its most important infrastructural components and a large body of work has 
elucidated its structural properties. One such important metric, intricately related to the flow of people and 
goods and services, is the betweenness centrality. The betweenness centrality, a path-based global measure 
of flow, is a static predictor of congestion and load on networks. We demonstrate that its statistical 
distribution is invariant for any street network in any city irrespective of topography, geography or urban 
planning choices. This invariance is a consequence of spatial embedding of the street network in a 2D plane 
leading to an underlying tree structure for high betweenness nodes that controls the majority of the flow. 
Furthermore, these high congestion streets display increasing spatial correlation as a function of the 
increasing density of streets. Counterintuitively building more streets does not alleviate congestion but diverts 
it further to the city center. This hints at a geometric flavor for the well-known Braess's paradox from 
transportation theory. Urban policy planners are thus better served in investing in multimodal transportation 
systems and innovative policies such as congestion pricing, than merely building more traditional connectivity. 
We confirm our analysis through empirical results on street networks from 97 cities worldwide as well as 200 
years of street data for Paris.

Gourab Ghoshal is an Assistant Professor of Physics and Astronomy at the University of Rochester. Prior to 
joining Rochester, he was at Harvard University at the Department of Earth and Planetary Sciences and a 
member of Harvard’s multidisciplinary Origins of Life initiative. Hailing from New Delhi, India, Professor 
Ghoshal got his bachelor’s and master’s degree at the University of London, UK. He did his doctoral-thesis 
work at the University of Michigan, Ann Arbor, during which he attended the prestigious Complex Systems 
summer school at the Santa Fe Institute, NM and the Theoretical Physics school at Les Houches near 
Chamonix in France. Following his Ph.D., he was a postdoctoral scientist jointly at Northeastern University and 
Harvard Medical School as well as a visiting scientist at the Media Lab, MIT. Professor Ghoshal is trained as a 
Statistical Physicist and works in the field of Complex Systems. His research interests are in the theory and 
applications of Complex Networks as well as Non-equilibrium Statistical Physics, Computational Social Science, 
Urban systems, Econophysics, Dynamical Systems and the Origins of Life.
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