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PERSPECTIVE

The Size, Scale, and Shape of Cities

Michael Batty

Despite a century of effort, our understanding of how cities evolve is still woefully inadequate.
Recent research, however, suggests that cities are complex systems that mainly grow from the
bottom up, their size and shape following well-defined scaling laws that result from intense
competition for space. An integrated theory of how cities evolve, linking urban economics and
transportation behavior to developments in network science, allometric growth, and fractal
geometry, is being slowly developed. This science provides new insights into the resource limits
facing cities in terms of the meaning of density, compactness, and sprawl, and related questions of
sustainability. It has the potential to enrich current approaches to city planning and replace
traditional top-down strategies with realistic city plans that benefit all city dwellers.

mentators universally damned the growth

of cities, the chorus rising to a crescendo
in the writings of William Morris, who spoke
of “the hell of London and Manchester” and
“the wretched suburbs that sprawl all round our
fairest and most ancient cities” (/). These sen-
timents have dominated our approach to cities
and their planning to this day: Cities are still seen
as manifesting a disorder and chaos requiring
control through the imposition of idealized
geometric plans. There have been few dissenting
voices, an exception being Jane Jacobs (2), who
argued half a century ago that far from being
homogeneous and soulless, cities are essential
crucibles for innovation, tolerance, diversity,
novelty, surprise, and most of all, for economic
prosperity.

In the past 25 years, our understanding of
cities has slowly begun to reflect Jacobs’s mes-
sage. Cities are no longer regarded as being dis-
ordered systems. Beneath the apparent chaos

Throughout the 19th century, social com-
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and diversity of physical form, there is strong
order and a pattern that emerges from the myriad
of decisions and processes required for a city to
develop and expand physically (3). Cities are
the example par excellence of complex systems:
emergent, far from equilibrium, requiring enor-
mous energies to maintain themselves, displaying
patterns of inequality spawned through agglom-
eration and intense competition for space, and
saturated flow systems that use capacity in what
appear to be barely sustainable but paradoxically
resilient networks.

The Size and Scale of Cities

Urban complexity has its basis in the regular
ordering of size and shape across many spatial
scales (4). Cities grow larger to facilitate a di-
vision of labor that generates scale economies
(%), and it is a simple consequence of compe-
tition and limits on resources that there are far
fewer large cities than small. However, the
self-similarity observed across many spatial
levels implies that the processes that drive ag-
glomeration and clustering in small cities are
similar to those in large cities; indeed in cities
of any size.

A lot of the work on scaling has taken cities,
firm sizes, and incomes as key exemplars. In the
1930s, Christaller first showed that market areas
or hinterlands around cities scaled across a geo-
metric hierarchy in terms of their population size
(6). Gibrat (7) argued that such scaling could
be approximated from log-normal distribu-
tions, which emerge when objects (cities and
firms) grow randomly but proportionately,
whereas Simon’s simple birth and death mod-
els (8) have been widely applied to demonstrate
the same logic. Recently Gabaix, Solomon, and
others (9, 10) have shown that such growth
generates scaling in the steady state, which is
consistent with various economic models that
explain how systems grow through agglom-
eration. A consequence of all this is that many
physical (geometric) and functional (economic)
explanations are converging (//, 12). The vol-
ume of work is now so extensive that a wide
variety of size distributions are now known to
show scaling (/3). Examples for city popula-
tions over 1 million, for cities in the United
States with over 100,000 people, and for the
200 tallest buildings in the world are shown in
Fig. 1A.

There are still many puzzles associated with
such scaling. Gibrat’s law assumes that not only
are growth rates random but so is their variance,
yet there is now considerable evidence that such
rates and their variances scale with size (74, 15).
Despite agglomeration effects that relate to size,
there is a strong suspicion that the best places
to locate new growth are in smaller rather than
larger cities, reflecting the tradeoff between
economies of scale and congestion, which both
increase as cities get bigger. The implications
are controversial. The age-old question of what
the “optimal” size for a city is is as open as it
has ever been.

Interactions, Networks, and Densities

Where the focus is on interactions between
cities in terms of trade or migration, and within
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