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Introduction
Expanding urban land use
• Global phenomenon
• Linked to economic development?

Policy concerns
• Infrastructure provision
• Congestion and mobile-source pollution
• Employment decentralization and job access
• Open space access externality
• Should policies encourage the “compact” city?

Expansion is complex with rich microstructure
• Interior open spaces
• Infill development
• Peripheral or “outspill” development

Relation to more intensive development
• Building up rather than building out
• Difficult to measure on global scale



Vacant Land in Urban Areas
Preserved as public good or for public purposes
• Increased land values may not induce infill development
• Possibility of invasion by squatters displaced from other locations 

when land values increase?
Land is not homogeneous – differential cost to develop
• Increased land value will generate development of marginal ‘difficult’

parcels
Idiosyncratic payoff/utility functions for private or commercial
land owners
• Family farm or centrally located estate
• Open space functioning as a “consumption good”
• Increased land values increase price, reduces consumption and 

generates infill
Heterogeneous volatility increases value of vacant land in 
selected areas
• How does this work?
• Where (in the city) would this vacant land be located?



Vacant land as an option to develop
Titman (1985)
Simple model:
• 2 agent types – steep 

and flat
• 2 states of nature –

green & red
• Uncertainty in allocation 

of fixed population 
between agent types

• Generates volatility in 
land values between 
states of nature

Cunningham (2006)
• 1 σ increase in price 

volatility reduces 
P[development] by 11% Increased 

value of 
vacant land

Outspill
Development

Infill 
Development

Leapfrog 
Space



Heterogeneous volatility and infill
Numerical 
example
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Heterogeneous volatility with growth
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Growth 
leads to 
urban 
expansion
• NOT only 

at the 
periphery

In a context of population growth
• Development proceeds outwards
• Vacant land less valuable where 

volatility low
• Development occurs where volatility 

is lower
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Approach to analysis

Infill and outspill development should respond 
to the factors that drive urban expansion
• Population growth
• Income growth
• Transportation costs
• Agricultural land values
• Institutional structure

A global phenomena – test using global data
• Increased variance in data
• Policy interest in areas that are rapidly urbanizing



Data – a global sample of cities
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Display in Google Earth
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Hyderabad, India showing ‘Outspill’
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Development
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Hyderabad, India – November 1989

Internal Open Space



Hyderabad, India – October 2001

“Infill” development



Complete Classification

Infill

Urban T1

Urban T2

Internal 
open space 
and infill 
measured 
between 
image dates
Space is 
internal if it 
is impossible 
to find a 
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the space to 
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the image 
without 
crossing 
developed 
space



Data concerns
Classification accuracy
• Evaluation underway using ground truth photographs
• Preliminary evaluation of 12 cities encouraging

• T1 accuracy approximately 84%
• T2 accuracy approximately 82%
• Compare to NLCD accuracy of 72% to 87%

Land use versus land cover
• Remotely sensed data capture land cover
• Theory (mostly) relates to land use (entire parcels are 

purchased and used privately, commercially, etc.)
• Limited experience on success of using land cover as a 

proxy for land use
• Land use data not available on global scale



Descriptive Statistics
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Variation around the globe
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Determinants of total urban land use
Estimate a logarithmic 
model in levels

• IV strategy is indicated
• Environment and location as 

instruments
• Regional indicators to 

account for level fixed effects

Basic hypotheses of theory 
confirmed
• Population
• Income
• Agricultural land value
• Cost of transportation (fuel)
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Determinants of Infill and Outspill
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Concluding remarks
Global variation in microstructure of urban expansion
Boundaries can give rise to spatial heterogeneity in price volatility
• Commercial and residential
• Different classes of residential
• Residential and and agricultural 

Cross-sectional variation in levels of urban land use consistent with 
implications of theory
Cross sectional variation in changes in urban land use also largely 
consistent with theory
• Less total variance accounted for
• Some variation in what “theory” predicts for infill versus outspill
• Support for both non-homogeneity of land and for “vacant land as an option”

explanations
Surprisingly little role for regional ‘fixed effects’
• Limited role for policy and institutional structure?

Directions for future research
• Location of open space within the city
• Impact of land use regulation and enforcement
• Measures of volatility of structure demand and supply



Concluding remarks
Future papers
• Test sensitivity to other sources of price volatility 

– interest rate risk and regulatory taking
• Test spatial sorting

• Infill → Leapfrog → Outspill consistent with option 
value model

• Idiosyncratic explanations or heterogeneous 
development costs would show less spatial structure
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