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Motivation

 Changes in land-use patterns deserve examination

• Accelerated expansion of urban/exurban areas

 urban sprawl; loss of cropland and forests; etc.

• Impacts: economic, social, environmental, global

• Policy implications

 Analysis of land-use changes requires spatial 

analysis

• Challenging in a discrete-choice framework

• Ignoring spatial dependence leads to inconsistent 

estimates

• Recent spatial estimators apply mostly to binary choice
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Objectives

 Employ a spatially-explicit econometric model of  

land-use conversion that reflects the landowner’s 

decision making process

 Develop a spatial discrete-choice estimator for multiple 

land uses that is computationally feasible in large 

samples

 Apply the model to actual data

 Data from Medina county, Ohio (Cleveland area)
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Economic Model of Land-Use Conversion

 Spatially-explicit model of land-use change

• E.g., Bockstael 1996; McMillen 1989; Irwin 2002; Irwin and 

Bockstael 2001; Hite et.al., 2003

 Some model assumptions:

• A risk-neutral, price-taking landowner maximizes the present 

discounted value of the expected stream of future net land 

returns

• Expected returns to conversion are a function of land attributes 

• Only a number of factors that affect conversion costs are 

observable
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Economic Model of Land-Use Conversion

 Land net returns for parcel i in use k:

where Xik denotes observed parcel characteristics 

 The landowner will choose to convert parcel i to use l

if :

where Cik is the cost of conversion and Zik denotes 

parcel characteristics that affect conversion costs 

( ) max { ( ) ( )},il il l k ik ik ik ikY X Y X C Z k  
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Economic Model of Land-Use Conversion

 The “latent” net returns are given by:

where X and Z are observed but not Y*

 Hence, a parcel of land will remain in use k if:

6



Methodology

 Spatial autoregressive lag (SAL) model:

where W is a spatial weighting matrix and ρ is the 

spatial lag parameter

ρ >0 implies clustering 

ρ <0 implies dispersion 

 Can be applied to land-use change decisions
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Methodology

 Continuous Y:

• Maximum likelihood methods (Anselin,1988)

• GMM approaches (Kelijian and Prucha, 1998)

 Discrete Y:

• Proposed estimation procedures mainly limited to the binary 

case (e.g., Case 1992; McMillen 1992; LeSage 2000; Pinkse

and Slade 1998)

• Many of these procedures become infeasible in large samples 

due to inversion of large matrices or use of simulation 

techniques.
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Proposed Estimator: Spatial MNL

 Extend Klier and McMillen (2008) binary choice 

“linearized logit” model to a multinomial setting

 Simple linearization reduces estimation to two 

steps:

1) A standard multinomial logit model

2) Two-stage least squares
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SMNL Estimator

 Model:

Covariance matrix:

• Define dik =1 if choice k is observed, =0 o/w, hence MNL model 

if errors are logistic

• But there is heteroskedasticity and autocorrelation in the errors 

unless ρ =0.

* * ,    ~Y WY X iid     

* 1 1( ) ( )Y I W X I W       
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SMNL Estimator

 The probability that individual i chooses alternative k: 

where:

• Define the generalized MNL residuals: 
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SMNL Estimator

 Idea: Use PS (1998) GMM estimator: 

• Z matrix of instruments, M positive definite matrix

• If M=(Z’Z)-1 
 non-linear TSLS

 Gradient terms:

where
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Insight by Klier and McMillen (2008)

 Linearization around Г0 =(β0, ρ0)’ possible since Gρi is 

non- zero when ρ=0 

 It simplifies the expressions of the gradients as: 

 Linearization avoids inversion of large matrices, 

making this estimator feasible in large samples

**

i iX X and    W 
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• Step 1: Estimate the model by standard multinomial 

logit to get estimated β’s. Calculate      and the 

gradient terms (    and        ).

• Step 2: Regress each gradient term on Z to get the 

fitted values        and        . Regress                          on 

the fitted values of the gradient terms. 

The coefficients are the estimated values of β and ρ.

Z are the “KP” instruments [X WX W2X W3X …] 

SMNL Estimator
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Monte Carlo Simulation

• Model:

Dependent variable: 

Independent variable: 

Weighting matrix (FL-S, ’09): 

Instruments:

Other parameters:       N=320 obs, M=1000 reps

0<ρ<0.9, β1=0 and β2,β3,β4=1
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Simulation Results
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Simulation Results
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Data

 Parcel-level data from Medina County in Cleveland, 

Ohio

 Data set: 1990 land use, major roads, soil type, 

location boundaries, socio-economic data.

 To estimate the model:

Y: choice of land use (ag, com, res, ind)

X: proximity to city center, distance to the nearest 

city, population density, housing density, proportion 

of surrounding land-use, and min. lot size zoning  

 Six W’s are used, specified as inverse Euclidean 

distance varying friction parameter (1 or 2) and cut-

off distances (400, 800, 1600 meters).
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Estimation Results
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Estimation Results
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Estimation Results
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Results Discussion

 Industrial land use becomes less attractive as distance 

from Cleveland increases

 Local markets and population density are important 

determinants of ag, com, and res land uses

 Minimum lot size policy affects all land uses but 

relatively less industrial

 The estimates of the spatial lag parameter indicate the 

presence of spatial spillover effects
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Conclusions

 Spatial dependence is important when analyzing land 

use decisions

 The proposed SMNL estimator has the following 

advantages:

• Easy to estimate and feasible in large sample

• Wide applicability in analyzing economic decisions

 Future work:

• A more complete exploration of finite sample properties of SMNL

• A more comprehensive analysis of the land-use change process

• Other applications
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