
Urban Planning Group

A state-space representation to assess urban 
change

Alex Hagen-Zanker
a.h.hagen.zanker@tue.nl



Urban Planning Group

Research context

• Understanding urban processes by analysis of urban form
• Urban systems are far-from-equilibrium

• Drivers (e.g. population & economy)  change faster than urban form
• Therefore analysis of changes, rather than states



Urban Planning Group

Research context

• Understanding urban processes by analysis of urban form
• Urban systems are far-from-equilibrium

• Drivers (e.g. population & economy)  change faster than urban form
• Therefore analysis of changes, rather than states

Explanatory models of 
dynamics
• Cellular automata 
• Agent based models
• Spatial interaction



Urban Planning Group

Research context

• Understanding urban processes by analysis of urban form
• Urban systems are far-from-equilibrium

• Drivers (e.g. population & economy)  change faster than urban form
• Therefore analysis of changes, rather than states

Explanatory models of 
dynamics
• Cellular automata 
• Agent based models
• Spatial interaction

Descriptive models of states
• Structure metrics
• Fractal analysis
• Cluster size disdistribution
• Density gradients



Urban Planning Group

Research context

• Understanding urban processes by analysis of urban form
• Urban systems are far-from-equilibrium

• Drivers (e.g. population & economy)  change faster than urban form
• Therefore analysis of changes, rather than states

Explanatory models of 
dynamics
• Cellular automata 
• Agent based models
• Spatial interaction

Descriptive models of states
• Structure metrics
• Fractal analysis
• Cluster size disdistribution
• Density gradients

GAP

Descriptive models of 
change



Urban Planning Group

Research context

• Understanding urban processes by analysis of urban form
• Urban systems are far-from-equilibrium

• Drivers (e.g. population & economy)  change faster than urban form
• Therefore analysis of changes, rather than states

Explanatory models of 
dynamics
• Cellular automata 
• Agent based models
• Spatial interaction

Descriptive models of states
• Structure metrics
• Fractal analysis
• Cluster size disdistribution
• Density gradients

GAP

Descriptive models of 
change



Urban Planning Group

Richer information by delaying the aggregation

a

b

NOT LIKE THIS
Change [ Pattern ( a ), Pattern ( b ) ] 



Urban Planning Group

Richer information by delaying the aggregation

a

b

P(b)

P(a)

NOT LIKE THIS
Change [ Pattern ( a ), Pattern ( b ) ] 



Urban Planning Group

Richer information by delaying the aggregation

a

b

P(b)

P(a)

C [ P(a), P(b) ]

NOT LIKE THIS
Change [ Pattern ( a ), Pattern ( b ) ] 



Urban Planning Group

Richer information by delaying the aggregation

a

b

P(b)

P(a)

C [ P(a), P(b) ]

a

b

NOT LIKE THIS
Change [ Pattern ( a ), Pattern ( b ) ] 

BUT LIKE THIS
Pattern ( Change [ a , b ] ) 



Urban Planning Group

Richer information by delaying the aggregation

a

b

P(b)

P(a)

C [ P(a), P(b) ]

a

b

C[ a, b ]

NOT LIKE THIS
Change [ Pattern ( a ), Pattern ( b ) ] 

BUT LIKE THIS
Pattern ( Change [ a , b ] ) 



Urban Planning Group

Richer information by delaying the aggregation

a

b

P(b)

P(a)

C [ P(a), P(b) ]

a

b

C[ a, b ]

P ( C [ a, b ] )

NOT LIKE THIS
Change [ Pattern ( a ), Pattern ( b ) ] 

BUT LIKE THIS
Pattern ( Change [ a , b ] ) 



Urban Planning Group

Some earlier work

• Classification of change forms 
• Wilson et al. 2003,  Remote Sensing of Environment
• Xu et al. 2007, Landscape Ecology

• Three main classes of urban growth (Wilson et al. have 2 more)

Edge Infill Spontaneous
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Intuitive classification, but many border cases 

Edge / Spont. Infill / Spont. Edge / Infill

Edge Infill Spontaneous
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Methodology (2): Transition matrix

Clusters in state-space
- Here simple bins
- Alternatives are further work
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Methodology (2): Transition matrix

Clusters in state-space
- Here simple bins
- Alternatives are further work

“BIKE”

“WALK”

“LOW” “MEDIUM” “HIGH”

T+1
C1 C2 C3 C4 C5 C6

T

C1 T(1,1) T(2,1) etc.
C2 T(1,2) T(2,2)
C3 etc.
C4
C5
C6

Transition matrix

C1 C2 C3

C4 C5 C6
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Transition matrix is input for further analysis

• Application 1: Validation of spatial dynamic model by comparing 
modelled and real dynamics

• Application 2: Cluster analysis to find regions of similar urban 
dynamics in the Netherlands (see proceedings) 

• Application 3: Indicator of compactness of urban change
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Compactness of urban change: 
Summary statistic

Normalized to area growth

Impact = Relative drop in 
cumulative distribution
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Compactness of urban change: 
Summary statistic

0.334

0.1750.2840.735

0.9240.040
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Comparing European countries +/- 1990-2000

• CORINE land cover database (courtesy EEA).
• Distance to “Artificial Surfaces”
• 22 Countries
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Results – Compactness of urban change
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Further work

• Impact of errors in data
• Sensitivity to initial situation
• Applications at different scales: Region & Municipality
• Determinants of compact change
• Alternative (combinations of) attributes

Urban

Urban Non-urban

Non-urban

Replaced by Distance to urban
Replace by 

Distance to non-urban
??
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Conclusion

• Classification of the compactness of patterns of urban change
• Controlled for initial situation
• Controlled for total area of change

• Supplements other indicators of urban sprawl
• Density
• Area
• Concentration

• Scope for further analysis of urban transitions in urban form
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UrbanPulse - Instruments for monitoring and analysis of urban change

www.riks.nl/projects/urbanpulse
a.h.hagen.zanker@tue.nl

A cooperation of:
• Technical University Eindhoven
• Research Institute for Knowledge Systems

Supported by:
• Netherlands Organisation for Scientific Research (NWO-CASIMIR 018.002.017)

Questions?
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