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Summary 

Two key paradigms emerge out of the rustling of urban forms: certain cities resemble trees, 
others leaves. The structural difference between a tree and a leaf is huge: one is open, the 
other closed. Trees are entirely disconnected on a given scale: even if two twigs are 
spatially close, if they do not belong to the same branch, to go from one to the other 
implies moving down and then up all the hierarchy of branches. Leaves on the contrary are 
entirely connected on intermediary scales. The veins of a leaf are disconnected on the two 
larger scales but entirely connected on the two or three following intermediary scales 
before presenting tiny tree-like structures on the finest capillary scales. Deltas are leaves 
not trees. Neither galaxies nor whirlpools are trees.  

We will see that historical cities, like leaves, deltas, galaxies, lungs, brains and vein 
systems are all fractal structures, multiply connected and complex on all scales. These 
structures display the same degree of complexity and connectivity, regardless of the 
magnification scale on which we observe them. We say that these structures are scale 
invariant. Mathematical fractal forms are often generated recursively by applying again 
and again the same generator to an initiator. The iteration creates an arborescence. But 
scale-invariant structure is not synonymous with a recursive tree-like structure. The fractal 
structure of the leaf is much more complex than that of the tree by its multiconnectivity on 
three or more intermediary levels. In contrast, trees in the virgin forest, even when they 
seem to be entangled, horizontal, and rhizomic, have branches that are not interconnected 
to form a lattice.  

As we will see, the history of urban planning has evolved from leaf-like to tree-like 
networks, with a consequent loss of efficiency and resilience. Indeed, in a closed foliar 
path structure, the formation of cycles enables internal complexification and flow 
fluctuations due to the possibility of flow transfers, as is the case of historical walled cities. 

1 Universalities and fractals 

One of the central demonstrations is that an urban system’s structural efficiency is highest 
when it is configured according to a fractal structure. The spatial distribution of elements 
in such a structure obeys a Pareto distribution – that is, an inverse power law found 
throughout the organization of living organisms and economic systems. The scale 
relationships between the different hierarchic levels of an arborescence, a leaf, and the 
blood and oxygen circulation systems in our bodies obey such a mathematical law. It states 
the frequency of an element’s appearance and the span of a connection based on its 
hierarchic level: the smaller an element is, the more often it will be encountered in the 
system; the bigger an element is the rarer it will be. This fundamental law defines in itself 
the manner in which living organisms and things should be organized to optimize their 
access to energy, the use that they make of it, and their resilience. 
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1.1 The basic symmetry of nature and living organisms  

Why are fractal structures universal in nature? We know that symmetry plays a fundamental 
role in physical phenomena. Symmetries are certain properties of laws of physics that are 
conserved when a system undergoes a given geometric transformation. Equations in 
physics are, for example, invariant by translation in space and time. When we look for the 
most fundamental nature of physical interactions, we always find properties of symmetry. 
Emmy Noether was the first to discover that fundamental symmetries are at the origin of 
physical laws, such as energy conservation and the constant of motion. From this 
perspective, fractal geometry corresponds to a form of symmetry that is dilatation symmetry 
or scale invariance. It is found in countless natural phenomena and in living organisms 
whose evolution favoured fractal structures because of the efficiency and resilience they 
offer. 

1.2 The modernist crystal 

Modernist cities, the archetype of which is Le Corbusier’s Radiant City, do not provide 
fractal optimization. They are developed on one scale only, an inhuman scale of 
monotonous repetition of residential units and highways that distends and denatures the 
urban fabric. By their repetitive parallelepiped structures and extensive glass surfaces they 
take the form of rigid crystals, incapable of changing. In contrast, historical cities have 
acquired over time a hierarchic, multiconnected structure, like that of a leaf – a semi-lattice 
fractal structure. This structure connects and weaves the fabric of historical space. It 
contains small, narrow streets that connect to bigger, wider streets that are themselves 
connected a few very wide boulevards. This hierarchy results from the way in which such 
open systems far from equilibrium like cities are spontaneously organized in reaction to the 
fluctuations of flows that run through them, but also from the interventions of visionary 
planners like Haussmann in Paris who, by cutting wide avenues through the city’s built 
fabric, unconsciously added a scale to the structural hierarchy of the street network, 
rendering it more efficient and preparing it for the era of modern transport.  

1.3 An evolutionist perspective  

Fractal organizations evolved over the long course of the history of living organisms with 
no preconceived design, but rather as a result of the natural selection of the organization 
most apt to survive and develop. Similarly, historical cities, shaped both by the human 
mind and by natural and historical forces, gradually evolved and have come down to us 
highly structured according to the same organizational laws that govern living organisms.  

We will be showing how historical cities have acquired over time a foliar hierarchic 
structure, that is to say, a multi-connected, arborescent fractal structure. From an evolutionist 
perspective, we can understand their capacity to absorb the abrupt or gradual fluctuations 
that their environment imposes on them, and to be rebuilt when these disturbances are 
destructive. The historical evolution of urban systems, like that of all living organisms, 
only allows those systems to subsist that can withstand the inevitable catastrophes of 
history, and rebuild and reinforce themselves every time their fabric is damaged, 
particularly those whose structure gives them the capacity to resist: this is called resilience. 
The fractal structure of historical cities tells us not only about the efficiency of a city, but 
also about what underpins its resilience. The Pareto distribution that underlies this structure 
increases resilience, firstly by limiting the spread of perturbations and absorbing the 
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strongest ones through a hierachic system, and secondly by increasing the complexity, and 
hence the field of information of the urban fabric. The densification of information 
authorized by the inverse power law allows the urban fabric to be partly recreated from 
what subsists in the case of a destructive perturbation. It also allows for an incremental 
adaptation of the fabric to minor fluctuations, as a result of its fine-grained textures that 
facilitate small-scale interventions. Thus, a foliar urban fabric, structured according to the 
Pareto distribution, is like a coat of mail, continually bending under pressure, whereas 
a modernist city is like the unbendable bars of a prison that will break when too much 
pressure is applied. 

2 Open systems far from equilibrium 

2.1 The “land” of Toledo and the openness of urban systems 

Why do the Pareto distribution and the foliar fractal structure have an impact on the 
efficiency and resilience as much of cities as of living organisms? What is the systemic 
nature of the capacities of adaptation of the fractal structures that evolution has left us: 
those of living organisms over billions of years or of cities over five thousand years? The 
original synthesis of the science of forms and thermodynamics in contemporary theories of 
complexity provide us with insight into these phenomena. Thermodynamics, a complexity 
science par excellence, enables us to describe vast systems, sites of numerous microscopic 
events, flows of energy and matter, by synthesizing them on a global scale by macroscopic 
parameters. Now, this is exactly what cities are: indescribable in their tiny details, but 
globally structured by the interactions between their forms and the flows that run through 
them.  

It is important to emphasize the fact that cities are not closed systems and do not 
obey the second principle of thermodynamics, and this from the very start, approximately 
five thousand years ago, when the surpluses produced by improved farming techniques put 
cities into a creative disequilibrium of forms and structures with a rural environment that 
was still their “land” in the 16th century and until very recently.  

“Gloria de España y luz de sus ciudades,” was how Cervantes still described “la gran 
Ciudad de Toledo” in his last work, at a time when the tide of destiny had already turned 
against the city in 1617. After having known great fortune and been the capital of Charles 
V’s empire “in which the sun never sets,” Toledo began its decline in 1563 with the 
departure of the court, ordered by Philip II, before becoming frozen in eternity. The sources 
of the city’s decline were in fact material: firstly, there was the cruel lack of water, which 
had to be brought up from the Tagus with pumping mechanisms worthy of Leonardo da 
Vinci or on the back of mules; and then, with even more dire consequences, there was the 
bitter, petty competition with agents in Madrid for supplies and the “land” of Toledo 
shrunk to next to nothing. Subjected to a rarefaction of its resources analogous to the one 
with which we are threatened today as a result of our finite world and climate change, the 
creative flows stopped running through city and it became nearly a closed system or at 
least one that henceforth opened onto a restricted territory not the Empire. Like Chang’an 
in China, the immense Tang capital, now the provincial city of Xian, it stopped growing in 
complexity.  
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2.2 Creating forms by breaking symmetry 

Like all living organisms, and especially leaves with their capacity to photosynthesize solar 
energy, cities are open systems constantly exchanging energy and matter with the outside in 
order to maintain their structures. Flows run through them ceaselessly: people and goods, all 
forms of energy, water, wind, sun, and natural forces. Open systems cannot be described 
using classical thermodynamics of equilibrium as developed in the 19th century by 
Boltzmann. To understand them, we have to turn to the more recent work of Ilya Prigogine 
on the theory of dissipative structures, far-from-equilibrium thermodynamics, and self-
organizing systems. 

As Ilya Prigogine and Isabelle Stengers point out, “Equilibrium structures can be seen 
as the results of statistical compensation for the activity of microscopic elements (molecules, 
atoms). By definition they are inert at the global level. For this reason they are also 
‘immortal’. Once they have been formed, they may be isolated and maintained indefinitely 
without further interaction with their environment. When we examine a biological cell or 
a city, however, the situation is quite different: not only are these systems open, but also 
they exist only because they are open. They feed on the flux of matter and energy coming 
to them from the outside world. We can isolate a crystal, but cities and cells die when cut 
off from their environment. They form an integral part of the world from which they draw 
sustenance, and they cannot be separated from the fluxes that they incessantly transform.” 
Equilibrium thermodynamics cannot therefore account for the evolution of life (statistical 
selection of rare events) or for the complexification of societies and cities. 

This is a crucial distinction: while classic thermodynamics predicts the dissolution of 
any ordered structure and the ultimate reduction of any complexity, Prigogine's theory 
develops the creative potential of non-linear, far-from-equilibrium thermodynamics. 
“Prigogine shows that the second principle does indeed exclude the emergence of an order 
when the systems evolve close to thermodynamic equilibrium, but this is no longer the 
case far from equilibrium. More precisely, the passage from disorder to order is compatible 
with this principle when the systems studied satisfy two very specific conditions. First the 
systems have to be open, which means that there has to be an exchange of matter and/or 
energy with the outside world. This condition releases from the law of increasing entropy 
and hence from the disorder imposed by the second principle of isolated systems.” 

The theory of dissipative structures focuses on self-organizing phenomena, on the 
seemingly spontaneous emergence of an order, that is to say of a spatial and temporal 
morphology within a system made up of a great number of entities. In all cases, dissipative 
structures involve a “symmetry break”. A homogenous, undifferentiated state (spatially 
and temporally) gives way to a heterogeneous, differentiated state that is less symmetrical 
than the prior one.  

2.3 The flame of a candle  

Cities are not like stones or tables: they are not closed systems that can maintain their 
structure without exchanges of matter and energy with the outside. They are like candles 
whose flame burns steadily as a result of the disequilibrium in the energy flow that sustains 
it. We have to move beyond the very notion of closed/open systems or of equilibrium/ 
disequilibrium.  

The disequilibrium of an urban system allows it to maintain a state of apparent 
equilibrium, that is to say, a state of stability and continuity. But this equilibrium can only 
break down if the system becomes self-enclosed. Seemingly closed Islamic cities of the 
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past always had gates open onto the deserts, and the streets leading from the gates to the 
mosque were the very backbone of the urban structure. This was the case in the Islamic 
world but also in China where every city wall had its gates. The closed state is unstable 
and fragile, because it subjects the system to the second principle of thermodynamics, 
which states that all structures tend to dissipate in heat and disorder. On the other hand, in 
whirlpools, in flames, in our bodies, and in our cities, the openness allows the components 
to change within the structures, which remain stable, while slowly evolving. “In a way the 
system has to close itself off from the outside world to maintain its structures and its 
internal environment. If it did not, it would disintegrate. This closure is allowed by the fact 
that the system is open.” 

For cities, like for all living systems, there is an indissoluble relationship between 
maintaining structure and changing components. Cities are systems that organize their 
closure (meaning their autonomy) in and through their openings.  

Two capital consequences result from this. They limit the closure of ecosystemic 
loops and the definition of carbon neutrality on the scale of the city, and a fortiori on the 
scale of its internal components, like districts and buildings. The laws of organization of 
cities are not of equilibrium, but rather of disequilibrium, counterbalanced or offset, of 
stabilized dynamism: the result is that the intelligibility of the system has to be found, not 
only within the system itself but also in its relationship to the environment. 

3 A city is not a machine 

3.1 Machines and living organisms 

By their openness to the environment and the productive disequilibrium created by the 
incessant activity of people and transformations of societies, cities exhibit a profoundly 
different nature and logic than machines. Cities are not artefacts; they are living organisms 
that are born, grow, age, and die. The organization of cities cannot be understood from the 
same perspective as artificial machines. Cities, like life itself, but unlike machines, have an 
aptitude to create complexity according to a much more complex logic than that of an 
artificial machine. At the heart of this ability is the phenomenon of self-organization. This 
phenomenon accounts for the adaptive capacities of life and cities. “The artefact machine 
components are extremely reliable,” Edgar Morin writes, “but the machine as a whole is 
much less reliable than its individual components. All it takes is an alteration in one of its 
components for the system as a whole to block and break down, and then it can only be 
repaired by external intervention. In contrast, the components of the living (self-
organizing) machine are not very reliable because molecules degrade very quickly, and all 
organs are, of course, made of molecules; moreover, in an organism, molecules, like cells, 
die and are renewed, but the organism remains identical to itself, even when all its 
components have been renewed. So in diametrical opposition to the artificial machine, the 
system is reliable while its components are not.” 

Cities share the self-organizing character of living organisms. Just look at the way 
Rome morphed from a Roman grid over the course of two thousand five hundred years to 
see the extent to which a city can be at once the same and different, and recreate the 
material and in part the form of all its elements over time. 
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3.2 The ways of life  

Self-organization also shows that there is a consubstantial relationship between 
disorganization and complex organization. To quote Edgar Morin again, “the phenomenon 
of disorganization (entropy) continues its course in the living, even more rapidly than in 
the artificial machine, but it is inseparable from the phenomenon of organization 
(negentropy). This then is the fundamental link between entropy and negentropy, which 
are by no means two opposing entities. In other words, there is a much closer, deeper link 
between life and death than metaphysics ever imagined.” 

The entropy of cities tends to ruin their organization, but paradoxically they can only 
grow and become more complex in an organic way out of disorder, or rather, to borrow 
Von Foester’s term, out of the “noise” in the information. This paradoxical basis of self-
organization is absolutely general and cities are but a particular example of living systems. 
Thus, ignoring or repressing the element of disorder and spontaneity in urban life, and 
replacing it, as Le Corbusier did, by a mechanistic view, frozen for all eternity, amounts to 
condemning the city to the death of artefacts, for nothing lives that is not constantly dying 
to renew itself. 

City planning today has lost all its complexity and hierarchy of scale. It has become 
so simplistic, mechanical, and functional that its structural inefficiency causes an enormous 
waste of energy. It should possess the qualities that history has conferred upon cities: 
complex, connected, and structured according to scale hierarchies based on the Pareto 
distribution.  

Leaves should be the paradigm of our approach to the cities of the future. To gain 
a better understanding of this paradigm, that is at once new and very old, we are now going 
to set out to explore the infinite variety of urban forms, starting with the very notion of the 
complex urban form. 
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