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Abstract 
This paper, based on the science of complex systems applied to cities, presents new findings on the 
impact of density on urban space economy: urban spatial expansion value added creation versus 
additional urbanization costs. The paper proposes a new metric, the hierarchy coefficient in Pareto 
distributions, to describe the distribution of densities across urban space. Based on case studies in 
London, Paris, New York, and a Chinese city, Zhengzhou, the paper reveals striking mathematical 
regularities, independent of the cities and their history, in the distribution of people, jobs, and energy 
densities within the urban space. This hidden order behind the apparent randomness of urban data 
points towards universality classes1 in the organization of cities. These findings have important policy 
implications for coordinating land use, transport, and economic policies in particular by determining a 
break-even point beyond which urban expansion costs more than the derived benefits.  
 
 
1. Decoupling 
In economic and environmental fields, decoupling is becoming increasingly used in the context of 
economic production and environmental quality. When used in this way, it refers to the ability of an 
economy to grow without corresponding increases in environmental pressure. In many economies, 
increasing production (GDP) raises pressure on the environment. A “decoupled” economy is able to 
increase GDP growth while decreasing its negative impact on environment.  

 

 
Decoupling human development and economic growth from escalating resource use and 
environmental degradation: Resource decoupling: less resource use per unit of output; Impact 
decoupling: less environmental impact per unit of output. Sources: International Resource Panel, 

                                                
1 In statistical mechanics, a universality class is a collection of mathematical models, which share a single scale 
invariant limit. Here universality is seen as the fact that, despite their different socio-economic dynamics, these 
urban systems all adopt a similar scaling pattern with regard to the distribution of their densities across urban 
space. 



Fischer-Kowalski, M., Swilling, M. (2011) Decoupling Natural Resource Use and Environmental 
Impacts from Economic Growth. Nairobi: UNEP 
This paper describes how shaping residential and economic densities at metropolitan scale is a 
powerful policy lever for decoupling.  
 
2. The Spiky Geography of Urban Productivity 
 
21. The 80/20 Rule in urban spatial economics 
The 80/20 Rule is observed in many social and economic phenomena. Vilfredo Pareto was the first to 
see in the early 1900s that 80% of Italy's land was owned by only 20% of the population. More 
recently, Pareto's Law or Principle, known also as the 80/20 rule, has been turned into the Murphy’s 
Law of management: 80% of profits are produced by only 20% of employees; 80% of customer 
service problems are created by only 20% of consumers; 80% of decisions are made during 20% of 
meeting time; and so on. The 80/20 Rule describes the same phenomenon: in most cases four-firths 
of our efforts are largely irrelevant. The 80/20 Rule structures social networks: 80% of links on the 
Web point only to 15% of Webpages; 80% of citations go to only 38% of scientists; 80% of links in 
Hollywood are connected to 30% of actors.  
The 80/20 Rule structures also the global economy. Today only 600 urban centers generate about 60 
percent of global GDP. Among these, the top 10 cities with 2% of the world population generate about 
11% of the world GDP. Only one city at the top of the global economy, Tokyo, generates about 20% of 
the top ten cities cumulated GDP. The 80/20 Rules structures also intra urban economic space. Within 
a city, 20% of the urban land produces 80% of the city's GDP. Inner London with 20% of Greater 
London area produces 70% of its GVA2 and concentrates 56% of all Greater London private sector 
jobs. This is due to strong agglomeration and localization economies.  
 
22. Bumpy and spiky economic landscapes 
 

 
Left: Residential FAR in Manhattan. Right: Office FAR in Manhattan. Office space in Manhattan (66 
km2) corresponds to 60 % of the entire New York City office space while NYC spans 780 km2 of 
emerged land with 8.5 million inhabitants. This office space is concentrated in only 6 km² of plots, 
which roughly correspond to 9 km² of urban land. Source: Urban Morphology Institute. 
Urban productivity results from a complex interaction of processes, including economies of scale and 
economies of agglomeration and localization induced by cost savings, location advantages, 
specialization premiums, and by the higher intensity of interactions between people and companies. 
Agglomeration forces translate into bumpy and spiky urban economic landscapes. In competitive 
cities, such as London and New York, one third of the jobs are agglomerated in about 1% of the 
metropolitan area creating intense knowledge spillovers, while the other two-thirds are clustered 
around transit stations3. High densities of jobs increase productivity, competitiveness and job creation: 

                                                
2 In 2009, Outer London produced 83 billion £ GVA and Inner London 186 billion £. Source: Regional and sub-
regional GVA estimates for London, UK Office for National Statistics Briefing Note, 2009.  
3 One third of New York City and Greater London jobs (1.5 million jobs of these two cities of 8.5 million 
inhabitants) are concentrated in only 15 km2   in each city while New York covers 790 km2 and Greater London 
covers 1,572 km2. 



29% of Inner London office space is concentrated in less than 1% of its area, in the City of London 
(450,000 jobs in 2.9 km2 with a growth of 30% during the last decade); 60% of New York City office 
space is concentrated in 9 km2 in Manhattan, that is in about 1% of NYC area. These extreme 
concentrations peak at 150,000 jobs/km2 and are made livable by high quality public space like in 
London’s Canary Wharf or in the project of Hudson Yards in Manhattan. 

 
23. Pareto distributions: the hidden order of spiky economic landscapes 
Within the high spike of wealth and economic might of Central London (309 km2), the Square Mile of 
the City of London (2.9 km2, 10% of Central London, 1% of Inner London, and less than 0.2% of 
Greater London) concentrates a disproportionate part of economic power in an extreme spike. The 
Square Mile of the City of London generates £45 billion in economic output in 2014, equivalent to 14% 
of London’s output and 3% of the UK’s total GDP. The cascade of spikes within spikes, The City of 
London spiking extremely high within the high spike of Inner London, points to a fundamental property 
of the 80/20 rule when applied to urban spatial economy: the rule applies at all scales; there is no 
characteristic scale; the rule is scale-free.  
The new science of networks has shown that this scale free property is the intrinsic order to the 
number, size, and shape of the various attributes of networks (2).  And then in turn there is an intrinsic 
order of spaces and places that depend on urban networks.  As summarized by Michael Batty, “in 
essence, the distribution of elements that compose the city - the hubs or nodes that sustain them - 
present us with highly skewed distributions, reflecting the essential economic processes of competition 
that drive a city's functions and determine its form and structure (3).” These distributions usually 
describe large number of small objects and small number of large, following what are called scaling 
laws that, in turn, are usually configured as power laws, also called Pareto distributions in economy.  
Power laws reflect processes that scale, that in some sense are self-similar, and this signature of a 
system’s function implies that the system’s subsystems, components, elements, are ordered 
hierarchically. These scaling processes generate urban growth and underpin the city’s evolutionary 
architecture (3), opening up our theory and model of urban economy to the world of complexity theory, 
to forms that associate a high level of order in their macro-structure with a high level of diversity and 
randomness in their details. 

 
Inverse power laws: the hidden order of spiky economic landscapes. People, jobs, and economic 
densities, office space density, accessibility to jobs, rents, subway network centralities, and so on, 
across the urban space (4) follow skewed distributions that are modeled by inverse power laws known 
in economy for a long time under the name of Pareto distributions. They comprise a few large and 
very large values (in green on the left) and a ‘long tail’ of small values on the right. 

  
 
Left: The map of residential density in New York is aligned on the geography of transit accessibility to 
jobs. The higher the number of jobs a location has access, the more it is developed. Right: New York 



jobs are mainly concentrated in Midtown and in Lower Manhattan with densities above 150, 000 jobs 
per km2 in these 2 economic engines of New York. Source: Urban Morphology Institute. 
Densities in New York are articulated by power laws. Residential density in New York is extremely 
concentrated and aligned with the geography of transit accessibility to jobs, with a density above 
18,000 people/km2 on the densest 150 km2. 

 
The jobs density distribution across New York urban space follows a power law of hierarchy exponent  
-1 (in a rank size analysis) while office density is even sharper in its spatial hierarchy with a hierarchy 
exponent -1.7. Residential densities are distributed more evenly than jobs with a hierarchy coefficient 
of  - 0.74. Source: Urban Morphology Institute. 
New York and London as well as Paris have the same distribution of jobs densities – a power law with 
an exponent -1 – which points towards what is called a universality class in physics, that is a 
convergence of different phenomena towards the same geometric structure. In statistical mechanics, a 
universality class is a collection of mathematical models, which share a single scale invariant limit. 
While cities, such as Paris, London, and New York, may differ dramatically at small scales, their 
behavior will become increasingly similar as the limit scale is approached. In particular, asymptotic 
phenomena such as critical exponents will be the same for all cities in the class. Studies of cities as 
percolation systems with phase transition points may explain these universality classes in urban 
systems.  

 
3. The Spiky Landscape of Urban Energy 
The spiky economic landscape translates into very high energy density spikes. The geography of 
energy consumption in competitive cities is extremely uneven, and this is an important key to energy 
efficiency as the highest spikes of energy density are also the highest spikes of economic density. Like 
the urban economy, the urban energy is scaling according to Pareto distributions. Urban GDP and 
urban energy consumption/unit of urban land are highly concentrated in peaks in the cores of global 
cities while peripheries are less energy intensive but produce much less added value. The ratio of 
added value to energy inputs measures the different energy productivities across the urban space. 
The bumpy and spiky distribution of both energy consumption and value added per unit of land has 
important consequences for the choice of modes of decentralized energy supply, which varies 
between high energy intensity centers and low energy intensity peripheries. 
 
31. The hidden order of urban energy landscapes 
NYC energy landscape presents a high level of variation at each scale, from NYC scale (780 km2 of 
emerged land), to block scale, and to fiscal plot scale (200 m2). It is a scale-free landscape with no 
characteristic average value for the energy use on a plot of land. These energy density variations of 
100-fold within the same city matter and have strong impacts on the possible types of energy mix in 
each neighborhood. A power law orders the energy densities in New York. This is the signature of a 
scale free distribution of energy consumption across the urban space. 

 



 

 
The map represents an estimate of the total annual building energy consumption at the block level and 
at the tax lot level for New York City, and is expressed in kilowatt hours (kWh) per square meter of 
land area. A mathematical model based on statistics, not individual building data, was used to 
estimate the annual energy consumption values for buildings throughout the five boroughs.  
Map created by Shaky Sherpa of Sustainable Engineering Lab (formerly Modi Research Group. Data 
Source: Spatial distribution of urban building energy consumption by end use B. Howard, L. Parshall, 
J. Thompson, S. Hammer, J. Dickinson, V. Modi 

 
 

Heating energy by building in NYC. The energy consumption is ranked from the highest consuming 
large-scale office towers (on the left) to the long tail of residential houses (on the right). The 
distribution describes both the scale free structure of NYC urban fabric (here described by buildings) 
and the scale free structure of NYC building’s energy consumption across the urban space. Source: 
Urban Morphology Institute 

 
32. Spikes of economic density and energy correspond to higher energy efficiencies 
 
As shown in the following maps, London’s energy and economic landscapes reflect each other with 
peaks of high concentrations in the City of London and the Docklands (Canary Wharf). 
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London energy landscape is characterized by a high spike of energy density (here electricity per unit 
of land) of more than 300 MW/km2 in the City of London. 

 
Distribution of workplace densities in London, using Census Output Areas, with a peak of 150.000 jobs 
per km2 in the Square Mile of The City of London. Source: Urban Morphology Institute. 
The following charts show that in terms of energy productivity (GVA/E), the City of London stands out 
due to its agglomeration economies and specialization. 

 
 

  
Left: GVA and total energy consumption in London boroughs. Right: GVA and industrial and 
commercial energy consumption in London boroughs. Source: Urban Morphology Institute. 
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4. The Break-even Point 
 
In economics and business, specifically cost accounting, the break-even point (BEP) is the point at 
which cost or expenses and revenue are equal: there is no net loss or gain, and one has "broken 
even." Understanding the hierarchies in GDP creation across the urban space and the variations of 
costs of networks across urban space, allows determining a break-even point. There is a limit radius 
where further spatial expansion at low density produces less value added than it costs in 
infrastructures. 
Our empirical research has shown that urban GDP is, like jobs densities, distributed according to a 
Pareto principle with 20% of urban land producing 80% of urban GDP while 80% of the urban land 
produces only 20% of the GDP. This is verified with the differences in GDP between Inner London and 
Outer London, and has been verified under the form on an inverse power law of exponent -1 in a 
detailed study of Zhengzhou in China and is more broadly confirmed by the universal power law with 
an exponent close to -1 that organizes the distribution of jobs densities in the urban space in Paris, 
London and New York. The Pareto structure of urban economic space derives from two combined 
self-reinforcing effects: the Pareto distribution ordering jobs distribution across the urban space and 
the higher productivity per job in the left part of the Pareto curve because of strong agglomeration 
economies in this left part. Urban GDP follows a power law of exponent about  - 1.   
Networks lengths/km2 and costs/km2 decrease also with urban expansion because of their fractal 
nature but more smoothly (6) (7) (4). They decrease at the power - 0.5 for subway systems, due to the 
core and spokes structure of these networks (4), and more generally with a scaling exponent 
depending on the fractal nature of the specific network (3). 
Thus as GDP decreases more sharply than infrastructure costs with spatial expansion, beyond a 
certain radius, infrastructure lengths and costs (and embodied energy in infrastructures) become 
higher than additional economic output. As a result, urban land is less and less economically 
productive and more and more costly in terms of infrastructures, and embodied material and energy 
when moving away from the urban core. This pattern is captured in the following charts. 

 
GVA/km² versus infrastructure costs/km² 
Source: Urban Morphology and Complex Systems Institute based on international benchmarks of 
infrastructure costs per km² linking urban density and pavement costs, water network costs, waste 
water network costs (1) (5). 

 
The decrease in densities when moving away from the urban core induces also higher infrastructure 
costs per capita. The following chart describes the relationships between economic productivity 
(measured per capita) and infrastructure costs per capita. 
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GVA and costs per capita across urban space. Source: Urban Morphology and Complex Systems 
Institute. 
Sprawl is thus a highly inefficient pattern where costs become higher than economic benefits after a 
break-even point. Sprawl is central to our wasteful use of water, energy, and land. To move from 
sprawl toward more compact urban forms, urban connectivity and density must be intensified through 
changes in regulatory urban planning. Increasing densities around transit nodes will foster energy and 
resource productivity, decoupling urban economic growth from infrastructure costs and energy 
embodied in infrastructures.  
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