How the road network determines traffic
capacity
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billions of traffic measurements to reveal a set of
rules that enable us to easily estimate the critical
number of vehicles, and by extension, the traffic
capacity of a city's road network.
Analysis of traffic data from 41 cities
For their study in the journal Scientific Reports, the
researchers looked at billions of vehicle
observations from stationary traffic detectors in 41
cities around the world, including Tokyo and Los
Angeles, as well as numerous European hubs such
Rosengartenstrasse, Zurich. It is now possible to use a as Paris, London, Zurich, Basel, Bern and Lucerne.
city's infrastructure to estimate the number of cars it can Once the scientists had simplified the enormous
handle before congestion starts to build up. Credit:
datasets and put them into a usable form, they
Keystone/Ennio Leanza
started by calculating each city's individual traffic
capacity. They focused on cars, explicitly excluding
other forms of transport.
ETH researchers have shown that we can use the
structure of urban road networks to predict their
traffic capacity. This information enables urban and
transportation planners to quantify how changes
will influence traffic volumes.

They subsequently compared the cities' traffic
capacities and looked for characteristics that could
explain the differences between them. As a result,
they discovered that certain topological features
relating to the road system and bus network could
explain around 90 percent of the differences in
People who commute by car will have an idea of
traffic capacity that they observed between the
what "traffic capacity" means, drawn from their own various cities.
experience: as a stream of cars heads into a city
early in the morning, the flow of traffic initially
Four characteristic network variables
increases—until a critical point is reached in terms
of the number of vehicles on the roads. From this The researchers led by Axhausen and Menendez
point on, every additional car reduces the flow of
identified four factors that shape a city's road
traffic, and vehicles come to a standstill or form a
network and ultimately define its traffic capacity: the
traffic jam. This critical point represents a city's
road network density (measured in kilometers of
traffic capacity, or its possible maximum traffic
lanes per surface area), and the redundancy of the
volume.
network in providing alternative routes for getting to
The number of vehicles a road network can
support differs from city to city, and the factors that
influence these differing traffic capacities were
previously unquantified. ETH researchers led by
Kay Axhausen, Professor of Traffic and Transport
Planning, and Professor Monica Menendez (now at
New York University Abu Dhabi) have now used

a particular destination. The frequency of traffic
lights also had an impact, as did the density of bus
and tram lines that compete with vehicular traffic for
both space and rights of way (such as signal
priority or bus lanes, a common sight in Zurich).
"These four factors, all derived from bus/tram
networks and the road system, are astonishingly
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accurate at explaining the differences in capacity
that we see from city to city," explains Axhausen.
These findings enabled them to firm up a theory
that they had long been mulling over, drawn from
earlier simulations and a small amount of empirical
data: that, subject to the vehicular density in
various cities, traffic volumes behave in a similar
way and follow the same patterns.

their ideal infrastructure. "Our new understanding of
traffic capacity within urban networks may not do
away with traffic jams for good. However, it will
likely play a key role in improving the transport
situation," Axhausen explains.

More information: Allister Loder et al.
Understanding traffic capacity of urban networks,
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"This means that we can use a city's infrastructure 10.1038/s41598-019-51539-5
to predict the critical point, and by extension, the
traffic capacity of the network," explains Lukas
Ambühl, a doctoral student in the Traffic
Engineering group and one of the study's first
Provided by ETH Zurich
authors.
Calculating the ideal infrastructure
A layperson might think it rather obvious that a
network's form is linked to its traffic capacity.
However, the transport experts at ETH see it as
anything but self-evident that a system as chaotic
as an urban transport network, with thousands of
participants all acting independently, really would
follow the same patterns in all the cities examined.
This is why they are particularly fascinated by this
simple model.
The results are also of practical relevance: urban
planners can now quantify their expectations of
how planned investments or construction work will
improve or limit their network's traffic capacity. For
example, constructing (or removing) road lanes
changes the density of the network, while a key
bridge being rendered unusable due to renovation
work diminishes its redundancy. And if transport
companies arrange for public transport to run more
frequently, there will be more buses on the roads.
However, the authors also note the limitations of
the study. They explain that the sample, covering
41 cities, was small, and that most of these cities
were in Europe. In addition, they did not undertake
a detailed exploration of how traffic lights were
controlled at intersections. Finally, the study only
focused on infrastructure, disregarding questions of
demand, such as how commuters react to a
changed traffic situation.
Despite this, the results could help cities create
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