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Scaling laws for urban indicators:   A ~ Nβ 

  β > 1 : superlinear regime (increasing returns) 

Properties derived from the interactions between individuals 

e.g. wealth, crime, innovation, etc 

  β ≈ 1 : linear regime (proportional to population) 

Properties encoding the basic individual needs 

e.g. electricity consumption, number of households, etc. 

  β < 1 : sublinear regime (economies of scale) 

Properties related to services and infrastructure  

e.g.length of roads, number of gas stations, etc.  



L. Bettencourt et al, PNAS 2007. 





How is the theory tested?        Observables need to be classified 



Can all the observables be classified into 3 universality classes? 

Is there a need to distinguish between indicators providing interaction 
information WITHIN a city VS BETWEEN cities in the face of globalisation? 

How are observables such as infrastructure development towards more 
interaction between cities classified? E.g. rail?  



Is poor performance the result 
of ill-defined system of cities? 

Is the scaling exponent robust 
or too sensitive to boundary-
definitions? 

Problems with city definition in terms 
of LUZ:"
   random selection of cities  
   arbitrary extension of boundaries  
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Re-defining cities in terms 
of the most basic 
parameter: 

DENSITY 

1) Start from smallest unit used 
in the census: WARDS 

2) Cluster wards of density 
above a specific threshold  

3) Choose a density cutoff for 
system of cities such that: 

    Greater London Area 
recovered from cluster 

    Liverpool and Manchester 
are two different clusters 



Is the lack of abiding to expected 
scaling laws due to a bad definition of 
cities? 

Test scaling over all range of cluster 
cutoffs: 

  from cores of cities 
  to clusters merging cities 



Density cutoff:
14 people/ha 



Extend clusters to include areas 
contributing economically 

Defined through the proportion of 
commuters for different thresholds 



Extend clusters to include areas 
contributing economically 

Defined through the proportion of 
commuters for different thresholds 



Extend clusters to include areas 
contributing economically 

Defined through the proportion of 
commuters for different thresholds 



Extend clusters to include areas 
contributing economically 

Defined through the proportion of 
commuters for different thresholds 



Extend clusters to include areas 
contributing economically 

Defined through the proportion of 
commuters for different thresholds 



Extend clusters to include areas 
contributing economically 

Defined through the proportion of 
commuters for different thresholds 



Extend clusters to include areas 
contributing economically 

Defined through the proportion of 
commuters for different thresholds 



Extend clusters to include areas 
contributing economically 

Defined through the proportion of 
commuters for different thresholds 



Extend clusters to include areas 
contributing economically 

Defined through the proportion of 
commuters for different thresholds 



Results robust to city boundaries if  β≈1 
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Other results sensible to city boundaries  

Paolo Masucci, Kiril Stanilov, Michael Batty 
arXiv:1206.5298 



Paolo Masucci, Kiril Stanilov,  
Michael Batty 
arXiv:1206.5298 



Exponent for physical quantities is very sensitive to city definition!!!  

Paolo Masucci, Kiril Stanilov, Michael Batty 
arXiv:1206.5298 



Conclusions 
  How robust the scaling exponent needs to be with respect to city definition 
in order the reflect universality? 

 Clear identification of urban indicators in order to understand which 
properties can be transferred between systems 

  Incorporate properties of cities in the global context 

 Maybe need to think about different regimes in a theory:  

1)  System of cities with no primate city 

2)  General laws for primate cities 



Thank you! 


