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Abstract
It is shown that under some conditions some properties of a road link -- such as its capacity and its fundamental diagram -- scale up when several links are joined together to form a regular structure (e.g., a ring). Of particular interest is the existence of a macroscopic fundamental diagram (MFD) relating a network’s space-mean flows, densities and speeds. 

By following moving observers that track either vehicles or “holes in traffic” we develop three linear upper bounds for the mean flow at any given mean density; and find that the flow-density MFD is generally enclosed within a trapezium. This trapezium turns out to be the exact MFD for translationally symmetric arterials and rotationally symmetric rings with either signalized or unsignalized intersections. Formulae are given. For less regular networks, tighter bounds are introduced. The formulae depend on the total length and surface area of the network; the average footprint of a vehicle; the distance between intersections; the speed limit; the saturation flow rate; and the method of intersection control. Simulations of San Francisco (USA) and a real-life experiment in Yokohama (Japan) confirm the formulae. A theory of urban traffic dynamics and an optimal control scheme that uses the MFD to improve mobility are also presented and illustrated. 
